
Best Protocol for the Sit-to-Stand Test in Subjects With COPD

Andrea A Morita MSc, Gianna W Bisca PhD, Felipe V C Machado PT, Nidia A Hernandes PhD,
Fabio Pitta PhD, and Vanessa S Probst PhD

BACKGROUND: Different protocols for the sit-to-stand test (STS) are available for assessing
functional capacity in COPD. We sought to correlate each protocol of the STS (ie, the 5-repetition
[5-rep STS], the 30-s STS, and the 1-min STS) with clinical outcomes in subjects with COPD. We also
aimed to compare the 3 protocols of the STS, to verify their association and agreement, and to verify
whether the 3 protocols are able to predict functional exercise capacity and physical activity in daily life
(PADL). METHODS: 23 subjects with COPD (11 men; FEV1 53 � 15% predicted) performed 3 pro-
tocols of the STS. Subjects also underwent the following assessments: incremental shuttle walking test,
6-min walk test (6MWT), 4-m gait speed test (4MGS), 1-repetition maximum of quadriceps muscle,
assessment of PADL, and questionnaires on health-related quality of life and functional status. RE-
SULTS: The 1-min STS showed significant correlations with the 6MWT (r � 0.40), 4MGS (r � 0.64),
and PADL (0.40 < r < 0.52), and the 5-rep STS and 30-s STS were associated with the 4MGS (r � 0.54
and r � 0.52, respectively). The speed differed for each protocol (5-rep STS 0.53 � 0.16 rep/s, 30-s STS
0.48 � 0.13 rep/s, 1-min STS 0.45 � 0.11 rep/s, P � .01). However, they presented good agreement
(intraclass correlation coefficient > 0.73 for all) and correlated well with each other (r > 0.68 for all).
More marked changes in peripheral oxygen saturation (P � .004), heart rate (P < .001), blood pressure
(P < .001), dyspnea (P < .001), and leg fatigue (P < .001) were found after the 1-min STS protocol.
Furthermore, the 3 protocols were equally able to identify subjects with low exercise capacity or
preserved exercise capacity. CONCLUSIONS: The 1-min STS generated higher hemodynamic de-
mands and correlated better with clinical outcomes in subjects with COPD. Despite the difference in
speed performance and physiological demands between the 5-rep STS and 1-min STS, there was a good
level of agreement among the 3 protocols. In addition, all 3 tests were able to identify subjects with low
exercise capacity or preserved exercise capacity. Key words: pulmonary disease; chronic obstructive;
exercise test; motor activity; activities of daily living; hemodynamics; patient outcome assessment. [Respir
Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

It is well known that COPD is described as a systemic
disease and not just pulmonary impairment. Extrapulmo-
nary effects, such as muscle dysfunction, cardiovascular
and metabolic disorders,1 and decreased functional capac-

ity are potential risk factors for health status decline over
time.2 Considering these factors, a marked impairment ob-
served in patients with COPD is a functional capacity
limitation. This condition implies constraints in basic phys-
ical actions.3 For this reason, assessment of functional ca-
pacity is extremely important and necessary.4
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One of the most common and reliable tools for assess-
ing functional capacity in patients with COPD is the 6-min
walk test (6MWT).5,6 Although it is considered a simple
test, it requires space, time, and trained staff.5 To over-
come these barriers, recent studies have suggested the
use of the sit-to-stand test (STS) as an alternative in this
population. The STS and the 6MWT correlate well with
each other and show similar results, such as in hemo-
dynamic response and symptoms, supporting the STS as
an option.7,8

The STS is a simple and practical test, widely adopted
to evaluate functionality in community-dwelling elderly.9-11

The movement of standing up and sitting down are im-
portant functions of daily life, and the inability to perform
these basic skills is associated with mortality and with
impairment of function and mobility.12 Application of the
STS in different populations, such as those with neuro-
logic13 and orthopedic14,15 conditions, has been widely in-
vestigated. In contrast, only recent studies have explored
the test in depth in the COPD population.16-19 Among the
available information, it is known that the 5-repetition STS
(5-rep STS) test is considered reliable and responsive,16

and the 1-min protocol (1-min STS) is a predictor of mor-
tality in subjects with COPD.18

Many studies describe the relationship between the
STS and commonly measured outcomes in subjects with
COPD, such as exercise capacity, dyspnea, health-re-
lated questionnaires, and muscle strength, among oth-
ers.16,20-24 However, these results were observed in a
variety of protocols (ie, 5-rep STS, 30-s STS, and 1-min
STS),25 and it is unknown which is the best protocol for
assessing this population. Therefore, the primary objec-
tive of this study was to identify the best protocol ac-
cording to the correlation of each of these tests with
important clinical outcomes in subjects with COPD. We
also aimed to compare and to verify the agreement of
the protocols as well as whether they are able to predict
functional exercise capacity and physical activity in daily
life (PADL). The initial hypothesis was that there was a
difference among the protocols, mainly between the 5-rep
STS and the 1-min STS. Furthermore, we hypothesized
that tests that lasted longer, such as the 1-min STS,
could be more discriminative and would therefore be
better correlated with functional capacity, muscle
strength, maximal exercise capacity, health-related ques-
tionnaires, and PADL.

Methods

Study Design

This was a cross-sectional and observational study con-
ducted from January 2014 to May 2015 at the Laboratory
of Research in Respiratory Physiotherapy of the State Uni-

versity of Londrina in Brazil. All subjects with COPD
underwent the following assessments: lung function, max-
imum and functional exercise capacity, peripheral muscle
strength, PADL, and health-related quality-of-life and func-
tional status questionnaires. Individuals also underwent
3 different protocols of the STS (5-rep STS, 30-s STS, and
1-min STS) in a randomized sequence. The study was
approved by the ethics committee of the State University
of Londrina, Brazil (080/2014), and all subjects signed a
written informed consent.

Participants

A convenience sample was recruited through advertise-
ments in media and health centers. The inclusion criteria
of this study were subjects with a diagnosis of COPD
according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria,26 clinical stability (absence
of exacerbations within the previous 3 months), and no
participation in regular rehabilitation or physical exercise
programs in the previous year.

Participants were excluded if they had any severe co-
morbidity that could impair performance in the tests, such
as severe cardiovascular, orthopedic, or neuromuscular con-
ditions, or if they, for any reason, did not complete all of
the assessments.

QUICK LOOK

Current knowledge

The sit-to-stand test (STS) is a simple and practical test
aimed to evaluate functionality in patients with COPD.
It is valid, reliable, and responsive, and it is also asso-
ciated with many important clinical outcomes in this
population. However, there are a variety of protocols
available in the literature, and the best option to eval-
uate patients with COPD remains unknown.

What this paper contributes to our knowledge

Among different protocols of the STS test, the 1-min
STS was the best to evaluate subjects with COPD be-
cause it was better associated with important clinical
outcomes such as functional exercise capacity, func-
tional status, and physical activity in daily life. The
5-rep and 1-min STS protocols were significantly dif-
ferent in terms of speed performance and physiologic
demand; however, they were correlated and had a good
level of agreement. All 3 STS protocols were able to
identify subjects with low exercise capacity or preserved
exercise capacity.
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Sit-to-Stand Test Protocols

Three protocols of STS (5-rep STS, 30-s STS, and 1-min
STS) were chosen to make comparisons among tests. The
reason for choosing these protocols is that they are the
most commonly described in the literature for subjects
with COPD.25 All 3 tests were performed in an armless
chair with a height of 46 cm; subjects were instructed to
fold their arms across their chest and perform the stand up
and sit down movement as quickly as possible. According
to the protocol described by Jones et al,16 in the 5-rep test,
subjects performed 5 movements of standing up and sit-
ting down as quickly as they could, and a stopwatch was
used to measure the time spent in the activity. In the 30-s
and 1-min protocols, subjects were instructed to sit down
and stand up as many times as possible within 30 s20 and
1 min,7 respectively, and the number of repetitions was
recorded. Moreover, because the outcomes of these 3 pro-
tocols were different (time and number of repetitions), the
speed (number of repetitions per s) was considered in the
analysis. Heart rate, oxygen saturation (SpO2

), blood pres-
sure, and symptoms of dyspnea and fatigue (rated with the
modified Borg scale27) were measured before and after
each test. The order of the tests was randomized for each
subject, and the rest period between them was empirically
standardized. After the 5-rep STS test, there was at least a
5-min interval for rest; after the 30-s STS protocol, at least
15 min of rest; and after the 1-min STS, at least 30 min of
rest. Reference values for these 3 STS tests and the per-
centage of predicted time or repetitions were calculated for
all of the protocols.9,28,29

Assessments

Lung function was assessed by spirometry using a por-
table spirometer (Spiropalm, COSMED, Italy). The test
was performed according to the American Thoracic Soci-
ety/European Respiratory Society (ATS/ERS) statement,30

and the predicted values were calculated using a specific
equation for the Brazilian population.31

Maximum and functional exercise capacity were assessed
with the incremental shuttle walking test (ISWT) and the
6MWT, respectively. The ISWT and the 6MWT were per-
formed according to the ERS/ATS technical standard for
field walking tests in chronic respiratory disease,5 and ref-
erence values for Brazilians were used for each test.32,33

Oxygen supplementation was provided when necessary.
Subjects were separated into 2 groups according to the
percentage of the predicted value for the distance walked
in the 6MWT: those who covered � 82% of the predicted
distance34 were classified as having low exercise capacity,
and those above this threshold were considered to have
preserved exercise capacity. Functional capacity was also
evaluated with the 4-m gait speed (4MGS) test, in which

subjects were instructed to walk at their own pace, with a
self-selected speed, along a 4-m corridor.35 Two tests with-
out rest were performed, and the fastest test was consid-
ered.

Quadriceps muscle strength was assessed by the 1-rep-
etition maximum test with multi-gym equipment (CRW
1000; Embreex, Brusque, Brazil). The test was performed
according to the Procedures Recommendations for Accu-
rate Assessment of Muscular Strength and Power guide-
line.36

Two activity monitors assessed PADL: the DynaPort
Activity Monitor (McRoberts BV, The Hague, The Neth-
erlands) and the multisensor SenseWear Armband (Body-
Media, Pittsburgh, Pennsylvania). The main variables ob-
tained by these devices were time spent in various activities:
walking, standing, sitting, lying down, and locomotion per
day (assessed with the DynaPort Activity Monitor); total
energy expenditure; and time spent doing sedentary, mod-
erate, intense, and very intense activities (assessed with
the SenseWear Armband). Subjects were instructed to wear
both devices for 7 d, 12 h/d, and the mean values from the
7 d were considered. For statistical analysis, subjects were
separated into an active group and an inactive group ac-
cording to the American College of Sports and Medicine
(ACSM) recommendations.37 The active and inactive
groups performed respectively above or below 30 min/d of
physical activity with at least moderate intensity. To clas-
sify moderate intensity of physical activity, the metabolic
equivalents (METs) threshold was considered, according
to ACSM standard (ie, 4.0–5.9 METs for subjects 40–
64 y old, 3.2–4.7 METs for subjects � 65 y old).37

Health-related quality of life was assessed with the St
George Respiratory Questionnaire,38 and self-reported
functional status was assessed with the Pulmonary Func-
tional Status and Dyspnea Questionnaire – modified ver-
sion (PFSDQ-M).39

Statistical Analyses

All analyses were performed using the statistics soft-
ware packages SPSS version 20.0 (SPSS, Chicago, Illi-
nois), GraphPad Prism 6.0 (GraphPad Software, San Di-
ego, California), and Medcalc version 15.8 (MedCalc
Software, Ostend, Belgium). The normality of continuous
variables was checked with the Shapiro-Wilk test and de-
scribed as mean � SD or median (interquartile range).
Correlations between the STS test and clinical outcomes
were obtained using Pearson or Spearman correlation co-
efficients. Comparisons among the 3 STS protocols and
variables measured before and after each test were ana-
lyzed by repeated measures analysis of variance or Fried-
man test followed by the Tukey or Dunn’s post hoc tests,
respectively. Likewise, the differences in heart rate, SpO2

,
blood pressure, and scores of dyspnea and fatigue before
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and after each test were assessed with the Student t test or
Wilcoxon test. To analyze agreement between protocols,
the intraclass correlation coefficient (ICC) and Bland-Alt-
man plot were used.40 P � .05 indicated statistical signif-
icance.

Receiver operating characteristic (ROC) curve analy-
sis41 was used to show the ability of each STS protocol to
identify subjects with low or preserved functional exercise
capacity on the 6MWT and as physically inactive or active
in terms of PADL. The comparisons of areas under the
ROC curve (AUC) were performed by the Hanley-McNeil
method.42

Sample size calculation was performed with GPower 3.1.3
software (Franz Faul, Universitat Kiel, Germany), consid-
ering the study of Ozalevli et al.7 Taking into account a
correlation between the 6MWT and the 1-min STS test
of �0.75, an alpha value of 0.01, a power of 90%, and
20% loss during the evaluation period, the number of sub-
jects of a convenience sample for this study was 23 sub-
jects.

Results

A total of 29 subjects with COPD took part in the
study (Fig. 1), and 6 subjects were excluded before
analysis; subject characteristics are described in Table
1.43 Overall, the majority of the sample was composed
of subjects with a moderate degree of air flow obstruc-
tion and who were classified as GOLD II. Subjects
walked a mean � SD distance of 476 � 63 m in the
6MWT, and 9 subjects (39%) used oxygen supplemen-
tation during the test.

Association of STS Protocols With Clinical Outcomes

Table 2 presents the correlations found between the 3 pro-
tocols of the STS and clinical outcomes such as functional
exercise capacity, functional status, and PADL. A signif-
icant association was found between the 5-rep STS and
functional capacity evaluated by the 4MGS. The 30-s STS
protocol was also correlated with the 4MGS. Some vari-
ables of PADL measured with the DynaPort Activity Mon-
itor, such as walking and locomotion, were also associated
with this protocol (Table 2).

Patients assessed for
eligibility

29

Vascular and orthopedic
limitations: 2

Incomplete
assessments:* 4

Eligible patients
27

Subjects enrolled
23

Subjects analyzed
23

Fig. 1. Flow chart. *Reasons for incomplete assessments include
exacerbation, personal reasons, and death.

Table 1. Characteristics of Subjects With COPD

Gender, n (male/female) 11/12
Age, y 68 � 8
Body mass index, kg/m2 26 � 5
VEF1, L 1.31 � 0.43
VEF1, % predicted 53 � 15
FEV1/FVC, % 55 � 11
GOLD II/III/IV 16/6/1
5-rep STS, s 10 � 3
5-rep STS predicted, s 12.12 � 0.61
5-rep STS % predicted, s 84 � 24
30-s STS, repetitions 14 � 3
30-s STS predicted, s 16 � 1
30-s STS % predicted, s 89 � 27
1-min STS, repetitions 27 � 6
1-min STS predicted, repetitions 32 � 3
1-min STS % predicted, repetition) 85 � 23
6MWD, m 476 � 63
6MWT, % predicted 90 � 14
ISWT, m 448 � 102
ISWT, % predicted 77 � 26
1-RM quadriceps, k 16 � 7
4-MGS test, m/s 1.42 � 0.27
SGRQ total score 38 (22–42)
PFSDQ-M dyspnea score 6 (2–13)
PFSDQ-M fatigue score 5 (0.75–10)
PFSDQ-M activity score 5 (0.75–9)
PAL index 1.47 � 0.11
TEE, kcal 2029 � 395
PAD � moderate intensity, min 48 (18–138)

Data expressed as absolute frequency, mean � SD or median (interquartile range �IQR�).
N � 23
GOLD � Global Initiative for Chronic Lung Disease
5-rep STS � 5-repetition sit-to-stand test
30-s STS � 30-s sit-to-stand test
1-min STS � 1-min sit-to-stand test
6MWD � 6-min walk distance
6MWT � 6-min walk test
ISWT � incremental shuttle walking test
1-RM � 1-repetition maximum
4MGS � 4-m gait speed
SGRQ � St George’s Respiratory Questionnaire
PFSDQ-M � Modified Pulmonary Functional Status and Dyspnea Questionnaire
PAL � physical activity level index
TEE � total energy expenditure
PAD � physical activity duration
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Many other variables, such as the 6MWT (r � 0.40,
P � .058), the activity score of the PFSDQ-M question-
naire, physical activity duration, and standing position were
associated with the 1-min STS, as well as the 4MGS,
walking, and locomotion variables. The values of correla-
tion of this protocol and the 4MGS and PADL outcomes
were higher than for the other 2 STS tests (Table 2).

None of the other assessed outcomes, such as lung func-
tion (P � 0.901 for 5-rep STS; P � 0.649 for the 30-s
STS; P � 0.375 for the 1-min STS), ISWT (P � 0.386 for
5-rep STS; P � 0.126 for the 30-s STS; P � 0.264 for the
1-min STS), St George Respiratory Questionnaire (P �
0.196 for 5-rep STS; P � 0.287 for the 30-s STS; P � 0.09
for the 1-min STS), and quadriceps strength (P � 0.926
for 5-rep STS; P � 0.858 for the 30-s STS; P � 0.525 for
the 1-min STS) were associated with the 5-rep STS, 30-s
STS, or 1-min STS protocols.

Comparisons Among Protocols

The mean � SD speeds (repetitions [rep]/s) of the 3 STS
protocols differed (5-rep STS 0.53 � 0.16 rep/s, 30-s STS
0.48 � 0.13 rep/s, 1-min STS 0.45 � 0.11 rep/s, P � .01)
(Fig. 2). Post hoc analysis showed a difference between
the 5-rep STS and 1-min STS, meaning that subjects per-
formed the 5-rep STS protocol faster than the 1-min STS
(P � .01).

Subjects started all of the tests with similar SpO2
(P �

0.290), heart rate (P � 0.391), and systolic (P � 0.283)
and diastolic blood pressure (P � 0.964). Moreover, there
were no differences in the symptoms of dyspnea (P �
0.085) and fatigue (P � 0.309) measured before each pro-
tocol.

The comparisons of the changes in oxygen saturation,
hemodynamic responses, and symptoms’ variables, de-
scribed in Table 3, differed among the protocols except for
the diastolic blood pressure. In the 1-min STS protocol,
subjects presented higher oxygen desaturation, increased
heart rate, and symptoms of fatigue compared to the 5-rep
STS and the 30-s STS. Similarly, in the comparison of the
5-rep STS and 30-s STS, the latter showed a greater in-
crease in heart rate, systolic blood pressure, and dyspnea
(Table 3).

In addition to this analysis, Table 4 shows the differ-
ences between oxygen saturation and the hemodynamic
and symptom variables measured before and after each
protocol. In the 5-rep STS, the final heart rate, systolic
blood pressure, and symptoms of dyspnea were higher
than at the beginning of the test. The 30-s STS and 1-min
STS protocols showed significant desaturation and in-
creases in heart rate, systolic blood pressure, and symp-

Table 2. Correlations Between STS Protocols and Clinical Variables in Subjects With COPD

5-rep
STS (rep/s)

30-s
STS (rep/s)

1-min
STS (rep/s)

r P r P r P

5-rep STS (rep/s) NA NA 0.71 �.001 0.71 �.001
30-s STS (rep/s) 0.71 �.001 NA NA 0.68 �.001
1-min STS (rep/s) 0.71 �.001 0.68 �.001 NA NA
4MGS test (m/s) 0.54 .009 0.52 .01 0.64 .001
PFSDQ-M activity score 0.38 .08 0.04 .85 0.43 .043
Walking (min) 0.19 .37 0.46 .02 0.40 .054
Standing (min) 0.35 .10 0.17 .42 0.49 .01
Locomotion (min) 0.37 .08 0.48 .02 0.52 .01

r � Pearson or Spearman correlation coefficient value
5-rep STS � 5-repetition sit-to-stand test
30-s STS � 30-s sit-to-stand test
1-min STS � 1-min sit-to-stand test
4MGS � 4-m gait speed
PFSDQ-M � Modified Pulmonary Functional Status and Dyspnea Questionnaire
NA � not applicable

S
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 s
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ed
 (r
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s/

s)

0

0.2

0.4

0.6

0.8 P = .01

5-rep 30-s 1-min

Fig. 2. Comparison of the speed among the 5-rep, 30-s, and 1-min
protocols of the sit-to-stand (STS) test.
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toms of dyspnea and fatigue. The diastolic blood pressure
significantly increased in the 1-min STS and did not pres-
ent changes in the 30-s STS protocol.

Correlation and Agreement Among Protocols

The 5-rep STS, 30-s STS, and 1-min STS tests had a
significant correlation with each other, with r values � 0.68
(Table 2). These protocols also showed a good agreement
pairwise (ICC for 5-rep STS and 30-s STS � 0.85 [95% CI
0.61– 0.93, P � .001]; ICC for 5-rep STS and 1-min STS �
0.73 [95% CI 0.22–0.89, P � .001]; ICC for 30-s STS and
1-min STS � 0.77 [95% CI 0.46–0.90, P � .001]), illus-
trated by the Bland-Altman plot (Fig. 3).

Sit-to-Stand Test to Predict Functional Exercise
Capacity and PADL

Concerning functional exercise capacity assessed by the
6MWT, 15 (65%) subjects were considered to have pre-

served capacity, and 8 subjects (35%) had a predicted
distance � 82%. The AUC calculated for the 3 protocols
had discriminative values for poor and preserved exercise
capacity: 5-rep STS 0.71 [95% CI 0.48–0.93], 30-s STS
0.85 [95% CI 0.70–0.10], and 1-min STS 0.82 [95% CI
0.64–1.0]. Subsequently, the comparison of AUCs (Fig. 4)
did not present any difference (difference between areas:
5-rep STS vs 30-s STS � 0.14, P � .11; 5-rep STS vs
1-min STS � 0.11, P � .13; 30-s STS vs 1-min STS �
0.02, P � .73).

Analysis regarding PADL showed that 11 (48%) sub-
jects were classified as active and 12 (52%) as inactive.
The 5-rep STS had an AUC of 0.65 [95% CI 0.42–0.87],
the 30-s STS had an AUC of 0.65 [95% CI 0.41–0.87],
and the 1-min STS had an AUC of 0.57 [95% CI 0.32–
0.83], which did not allow distinguishing between active
and inactive subjects. There were no differences between
these AUCs (Fig. 4), and the values of the differences
between areas were 0.02 for the 5-rep STS versus 30-s
STS (P � .79), 0.10 for the 5-rep STS versus 1-min STS

Table 3. Comparison of the Changes in Observed in Each of the STS Protocols

5-rep STS 30-s STS 1-min STS P

	 SpO2
, % �1 � 2 �1 � 2 �3 � 4*† .004

	 Heart rate, beats/min 7 � 7† 16 � 10* 22 � 13*† � .001
	 Systolic blood pressure, mm Hg 0 (0–10)† 20 (0–30)* 30 (10–40)* � .001
	 Diastolic blood pressure, mm Hg 0 (0–10) 0 (0–0) 0 (0–10) NS
	 Dyspnea score (Borg scale) 0 (0–0.5)† 1 (0.5–2)* 2.5 (1–3)* � .001
	 Fatigue score (Borg scale 0 (0–0.5) 0.5 (0–2) 2 (1–3)*† � .001

Data expressed as mean � SD and median (interquartile range �IQR�).
* P � .05 versus 5-rep- STS.
† P � .05 versus 30-s STS.
5-rep STS � 5-repetition sit-to-stand test
30-s STS � 30-s sit-to-stand test
1-min STS � 1-min sit-to-stand test
NS � not significant

Table 4. Comparison of Variables Measured Before and After Each STS Protocol

5-rep STS 30-s STS 1-min STS

Before After P Before After P Before After P

SpO2
(%) 95 � 3 94 � 2 .12 95 � 2 94 � 3 .01 95 � 2 91 � 5 � .001

Heart rate, beats/min 87 � 13 95 � 13 � .001 86 � 12 102 � 13 � .001 86 � 12 109 � 17 � .001
Systolic blood pressure,

mm Hg
120 (110–140) 130 (120–140) .003 120 (110–130) 140 (130–150) � .001 130 (120–140) 150 (140–180) � .001

Diastolic blood pressure,
mm Hg

80 (70–90) 90 (80–90) .11 80 (70–90) 80 (70–90) .88 80 (80–90) 90 (80–100) .007

Dyspnea score (Borg scale) 0 (0–1) 0 (0–2) .031 0 (0–1) 2 (1–3) � .001 0.5 (0–2) 3 (2–5) � .001
Fatigue score (Borg scale) 0 (0–2) 0 (0–2) .24 0 (0–0.5) 1 (0–3) � .001 0 (0–0.5) 2 (1–5) � .001

Data expressed as mean � SD and median (interquartile range �IQR�).
5-rep STS � 5-repetition sit-to-stand test
30-s STS � 30-s sit-to-stand test
1-min STS � 1-min sit-to-stand test
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(P � .22), and 0.08 for the 30-s STS versus 1-min STS
(P � .42).

Discussion

This research studied which STS protocol (5-rep STS,
30-s STS, and 1-min STS) had the strongest correlation
with important clinical outcomes in subjects with COPD.
All 3 protocols exhibited associations with functional ca-
pacity measured by the 4MGS. The 30-s STS protocol
correlated with PADL, and the 1-min STS showed asso-
ciation with the 6MWT, the PFSDQ-M questionnaire, and
PADL. There was a difference between the 5-rep STS and
the 1-min STS protocol, in that subjects stood up and sat
down faster in the 5-rep STS than in the 1-min STS pro-
tocol. The comparison among changes in oxygen satura-
tion and cardiovascular and symptom variables revealed
that the 1-min STS was more stressful, with the exception
of diastolic blood pressure. Furthermore, there was more
desaturation and heart rate, systolic and diastolic blood
pressure, and symptoms of dyspnea and fatigue were in-
creased at the end of the 1-min STS test. Despite these
differences, the 3 protocols correlated well with each other
and had good agreement. Moreover, the 3 protocols were
able to identify subjects with low exercise capacity and
preserved exercise capacity in the 6MWT with AUC� 0.71;
however, this was not the case for PADL because none of
the protocols were able to adequately predict subjects clas-
sified as active or inactive.

The STS test was first described by Csuka and Mc-
Carty,44 in which a protocol of 10 repetitions was used. It
was considered an inexpensive, simple, rapid, and repro-
ducible test to assess lower limb muscle strength in healthy
subjects. After this study, many other protocols of the STS
were used to test functional capacity of the lower limbs in
a variety of populations, including subjects with COPD. A
large number of protocols are available, and this study is
the first to show the best correlation of these tests with
clinical outcomes in COPD as well as the differences among
the tests in this population.
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All 3 protocols were associated with the 4MGS, which
is also considered a functional test.25 This result was ex-
pected because both tests assess lower limb function with
usually adopted movements in daily life. Ozalevli et al
showed that the STS correlated with the score of daily
walking activities of the Nottingham Health Profile Sur-
vey questionnaire in subjects with COPD.7 Likewise, Whit-
ney et al verified a moderate correlation between the 5-rep
STS and gait analysis in subjects with balance disorders.45

Another important correlation we found was between
PADL and the 30-min STS protocol, as well as with the
1-min STS protocol. However, the 1-min STS had a better
association with PADL in COPD compared to the 30-s
STS protocol. Similar results of a correlation between STS
and PADL were found by van Gestel et al,24 who showed
a correlation between the 1-min STS protocol and objec-
tively measured physical activity.24 Indeed, this associa-
tion could be explained because motion sensor devices (ie,
accelerometers) are valid for measuring STS movement
duration in the elderly.46,47 Only the 1-min STS correlated
with other variables such as the 6MWT and the activity
score of the PFSDQ-M questionnaire. There is some evi-
dence in the literature suggesting the STS as an alternative
to the 6MWT for measuring functional capacity.7,8 Both
tests have a good correlation, and the advantage of the STS
is that it causes less hemodynamic stress for patients with
COPD than the 6MWT.7 Moreover, the functional status
obtained by the PFSDQ-M questionnaire was significantly
associated with the 1-min STS test. This correlation prob-
ably occurred because both tools are used to evaluate func-
tion in subjects with COPD.48

In this study, we verified a difference among protocols.
Subjects completed the 5-rep STS faster than the 1-min
STS. This fact might have occurred due to an increase of
symptoms during the 1-min STS test compared to the 5-rep
STS protocol (Table 3), resulting in lower performance.
Similar results have been demonstrated in the gait speed
test, in which healthy elderly had a higher value of speed
for shorter distances (comparison of 5 m and 10 m).49

Moreover, the 1-min STS test presented higher oxygen
desaturation and higher hemodynamic and symptom de-
mands in comparison to the other 2 tests (Tables 3 and 4).
It is reasonable that the longest test (1-min STS) demanded
higher physical effort. Despite this difference, the 3 STS
protocols had a moderate association (r� 0.68) and good
agreement (ICC � 0.73) among them.

Lower limb strength is a meaningful factor that could
potentially limit an elderly person’s ability to stand up and
sit down from a chair.51 Even though many studies in the
literature have shown a correlation between the STS and
quadriceps muscle strength, both in healthy subjects51-56

and in subjects with COPD,16,20-23 in this study we did not
find any correlation between these variables. One plausi-
ble explanation for this could be related to the limitation of

the assessment method for muscle force used in our study
(ie, the 1-repetition maximum test). The use of a more
accurate tool to assess muscle strength, such as dynamom-
etry, may have led to different findings. The absence of an
association between STS and quadriceps muscle strength
could also be explained by the requirement of other abil-
ities in daily life rather than muscle force, such as postural
and balance control17,45 and hip and ankle motion.55

In a discriminative analysis, subjects with COPD with
low or preserved exercise capacity according to the 6MWT
were adequately identified by the proposed STS protocols.
All 3 tests showed a similar AUC, meaning that they have
similarity in predicting exercise capacity. Similar results
were found in the study by Jones et al, in which the STS
was considered a stratification tool to identify impaired
walking capacity obtained by the ISWT (AUC � 0.82).16

Moreover, a recent study showed that the 5-rep STS is a
clinical determinant of poor exercise capacity in the
6MWT.57 On the other hand, none of these tests was able
to predict active or inactive subjects. This finding resem-
bles the study of van Gestel et al, in which the STS was not
able to predict inactive lifestyle in subjects with COPD
(AUC � 0.31).24 This result was expected because there
was no correlation between the STS and the physical ac-
tivity duration variable in this study. In addition, consid-
ering the STS as a functional capacity test, Pitta et al
showed that tests such as the 6MWT might predict activ-
ities in daily life better than single variables of physical
functioning.58

Although many STS protocols are available in the lit-
erature, choosing 1 of the 3 most broadly used in patients
with COPD is important to evaluate lower limb function.
Hence, this study suggests that the 1-min STS protocol
could be better for evaluating functional capacity in this
population because it had better correlations with impor-
tant clinical outcomes. While the time spent performing
the 1-min STS protocol is longer than the other 2 proto-
cols, it still remains a quick, practical, and useful test in
clinical settings.

Limitations

First, although it is known that chair height can influ-
ence the performance of the STS,59-61 this study could not
ensure that subjects were positioned to have exactly 90° of
hip and knee flexion in the chair. However, we standard-
ized the chair height (46 cm) by using the same chair for
all subjects, similar to the majority of previous stud-
ies.16,18,22 We believe this limitation did not negatively
affect the study results because in daily life chair height is
standardized for the overall population, and it is not usu-
ally possible to adjust chairs individually.25

Second, the 3 protocols of the STS were performed in a
randomized sequence, and the resting time after each test
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was empirically determined. Even though this study did
not analyze this recovery time in depth, this period be-
tween the tests appeared to be adequate because there were
no differences among SpO2

, heart rate, systolic and dia-
stolic blood pressure, and symptoms of dyspnea and fa-
tigue recorded before each test.

Finally, there was no subject classified as GOLD I in
our sample. The lack of subjects classified in the mild
stage of COPD and the average FEV1 restricts these results
to subjects with moderate to severe degrees of air flow
obstruction.

Conclusions

In summary, the 1-min STS seems to be the best pro-
tocol to evaluate subjects with COPD because it was better
associated with important clinical outcomes such as func-
tional exercise capacity, functional status, and PADL. It
also generated higher hemodynamic demands than the other
studied tests. The 5-rep STS and 1-min STS protocols
were significantly different in terms of speed performance
and physiological demands; however, they were correlated
and had a good level of agreement. Furthermore, all 3 pro-
tocols were able to identify subjects with low exercise
capacity or preserved exercise capacity, although none of
the protocols could classify subjects as active or inactive
in daily life.

ACKNOWLEDGMENTS

We are grateful to our colleagues at the Laboratory of Research in Re-
spiratory Physiotherapy of State University of Londrina Brazil and CAPES
for their contributions to this study.

REFERENCES

1. Couillard A, Muir JF, Veale D. COPD recent findings: impact on
clinical practice. COPD 2010;7(3):204-213.

2. Eisner MD, Iribarren C, Blanc PD, Yelin EH, Ackerson L, Byl N,
et al. Development of disability in chronic obstructive pulmonary
disease: beyond lung function. Thorax 2011;66(2):108-114.

3. Eisner MD, Blanc PD, Yelin EH, Sidney S, Katz PP, Ackerson L,
et al. COPD as a systemic disease: impact on physical functional
limitations. Am J Med 2008;121(9):789-796.

4. Downs CA. Functional assessment of chronic obstructive pulmonary
disease. J Am Acad Nurse Pract 2011;23(4):161-167.

5. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D,
et al. An official European Respiratory Society/American Thoracic
Society technical standard: field walking tests in chronic respiratory
disease. Eur Respir J 2014;44(6):1428-1446.

6. Kocks JW, Asijee GM, Tsiligianni IG, Kerstjens HA, van der Molen
T. Functional status measurement in COPD: a review of available
methods and their feasibility in primary care. Prim Care Respir J
2011;20(3):269-275.

7. Ozalevli S, Ozden A, Itil O, Akkoclu A. Comparison of the sit-to-
stand test with 6-min walk test in patients with chronic obstructive
pulmonary disease. Respir Med 2007;101(2):286-293.

8. Aguilaniu B, Roth H, Gonzalez-Bermejo J, Jondot M, Maitre J,
Denis F, et al. A simple semipaced 3-minute chair rise test for

routine exercise tolerance testing in COPD. Int J COPD 2014;9:
1009-1019.

9. Bohannon RW. Reference values for the five-repetition sit-to-stand
test: a descriptive meta-analysis of data from elders. Percept Mot
Skills 2006;103(1):215-222.

10. Zhang F, Ferrucci L, Culham E, Metter EJ, Guralnik J, Deshpande
N. Performance on five times sit-to-stand task as a predictor of
subsequent falls and disability in older persons. J Aging Health
2013;25(3):478-492.

11. Millor N, Lecumberri P, Gomez M, Martinez-Ramirez A, Izquierdo
M. An evaluation of the 30-s chair stand test in older adults: frailty
detection based on kinematic parameters from a single inertial unit.
J Neuroeng Rehabil 2013;10:86.

12. Janssen WG, Bussmann HB, Stam HJ. Determinants of the sit-to-
stand movement: a review. Phys Ther 2002;82(9):866-879.

13. Silva PF, Quintino LF, Franco J, Faria CD. Measurement properties
and feasibility of clinical tests to assess sit-to-stand/stand-to-sit tasks
in subjects with neurological disease: A systematic review. Braz J
Phys Ther 2014;18(2):99-110.

14. Abujaber SB, Marmon AR, Pozzi F, Rubano JJ, Zeni JA, Jr. Sit-to-
stand biomechanics before and after total hip arthroplasty. J Arthro-
plasty 2015;30(11):2017-2033.

15. Bouchouras G, Patsika G, Hatzitaki V, Kellis E. Kinematics and
knee muscle activation during sit-to-stand movement in women with
knee osteoarthritis. Clin Biomech 2015;30(6):599-607.

16. Jones SE, Kon SS, Canavan JL, Patel MS, Clark AL, Nolan CM,
et al. The five-repetition sit-to-stand test as a functional outcome
measure in COPD. Thorax 2013;68(11):1015-1020.

17. Janssens L, Brumagne S, McConnell AK, Claeys K, Pijnenburg M,
Goossens N, et al. Impaired postural control reduces sit-to-stand-to-
sit performance in individuals with chronic obstructive pulmonary
disease. PLoS One 2014;9(2):e88247.

18. Puhan MA, Siebeling L, Zoller M, Muggensturm P, ter Riet G.
Simple functional performance tests and mortality in COPD. Eur
Respir J 2013;42(4):956-963.

19. Pessoa BV, Jamami M, Basso RP, Regueiro EMG, Di Lorenzo VAP,
Costa D. Teste do degrau e teste da cadeira: comportamento das
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