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ABSTRACT

Background Moving from sitting to standing is a
common activity of daily living. The five-repetition sit-to-
stand test (5STS) is a test of lower limb function that
measures the fastest time taken to stand five times from
a chair with arms folded. The 5STS has been validated
in healthy community-dwelling adults, but data in
chronic obstructive pulmonary disease (COPD)
populations are lacking.

Aims To determine the reliability, validity and
responsiveness of the 5STS in patients with COPD.
Methods Test-retest and interobserver reliability of the
5STS was measured in 50 patients with COPD. To
address construct validity we collected data on the 5STS,
exercise capacity (incremental shuttle walk (ISW)), lower
limb strength (quadriceps maximum voluntary contraction
(QMVQ)), health status (St George's Respiratory
Questionnaire (SGRQ)) and composite mortality indices
(Age Dyspnoea Obstruction index (ADO), BODE index
(iBODE)). Responsiveness was determined by measuring
5STS before and after outpatient pulmonary
rehabilitation (PR) in 239 patients. Minimum clinically
important difference (MCID) was estimated using
anchor-based methods.

Results Test-retest and interobserver intraclass
correlation coefficients were 0.97 and 0.99, respectively.
5STS time correlated significantly with ISW, QMVC,
SGRQ, ADO and iBODE (r=—0.59, —0.38, 0.35, 0.42
and 0.46, respectively; all p<0.001). Median (25th, 75th
centiles) 5STS time decreased with PR (Pre; 14.1 (11.5,
21.3) vs Post: 12.4 (10.2, 16.3) s; p<0.001). Using
different anchors, a conservative estimate for the MCID
was 1.7 s.

Conclusions The 5STS is reliable, valid and responsive
in patients with COPD with an estimated MCID of 1.7 s.
It is a practical functional outcome measure suitable for
use in most healthcare settings.

INTRODUCTION

Exercise performance captures the integrated and
multisystemic effects of chronic obstructive pul-
monary disease (COPD) and predicts adverse out-
comes such as mortality.! Although several
laboratory-based and field tests have been validated
in COPD, limitations exist which may prevent
widespread use in some healthcare settings.
Laboratory tests are expensive, labour intensive and
require specialist equipment, personnel and space.
Field walking tests are simpler and cheaper but are
still not routinely used in primary, acute or home
care settings as they are not practical in terms of
space or time. For example, the 6 min walk test

What is the key question?

» s the five-repetition sit-to-stand test (5STS) a
reliable and valid functional outcome measure
in patients with chronic obstructive pulmonary
disease (COPD)?

What is the bottom line?

» The 5STS shows excellent reliability, correlates
with exercise capacity and lower limb strength
and is responsive to pulmonary rehabilitation in
COPD.

Why read on?

» The 5STS is a simple assessment tool that is
feasible in all healthcare settings (including the
home), and may be a rapid method of
assessing changes in exercise capacity in COPD
and screening for poor physical functioning
individuals.

(6MWT) requires a 30 m flat course while the
incremental shuttle walk (ISW) test requires a 10 m
course; both require a repeat walk either on a dif-
ferent day or following adequate rest on the same
day to account for learning effect.” > There is a
need for reliable physical performance tests that are
easy and quick to perform in most clinical settings,
including the bedside.

The sit-to-stand (STS) manoeuvre is a common
activity of daily living* and is partly dependent on
lower limb muscle function and balance.” °©
Variations of the STS manoeuvre have been
adapted as functional performance measures,
including time taken to perform a given number of
STS manoeuvres’ or the maximum number of STS
manoeuvres in a given time period, usually 30 or
60s.® ° These have been shown to correlate well
with other objective physical performance measures
such as Timed Up and Go, gait speed'® and the
6MWT? in healthy older community-living popula-
tions as well as patients with stroke, Parkinson’s
disease and vestibular disorders.

The five-repetition STS test (5STS), which mea-
sures the time taken to stand five times from a
sitting position as rapidly as possible, is the best
described STS test in older adults. Normative
values” and data on reliability’! and validity'?
have been well described in healthy older
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community-dwelling individuals, but there is a paucity of data
in COPD populations.

The aims of the study were therefore to establish (1) test-retest
and interobserver reliability of the 5STS; (2) convergent validity,
by demonstrating significant correlations with established mea-
sures of exercise capacity and lower limb muscle strength, health
status and composite indices of mortality in patients with
COPD; (3) discriminative validity, by demonstrating significantly
reduced exercise capacity and lower limb muscle strength in
patients unable to complete the 5STS; (4) responsiveness of the
5STS to intervention (ie, pulmonary rehabilitation (PR)); and
(5) minimum clinically important difference (MCID) of the
5STS in patients with COPD. Our hypothesis was that 5STS
time would correlate strongly with worsening exercise capacity
and increasing quadriceps weakness and less strongly with
health status and disease severity (as assessed by composite
indices of mortality). We also hypothesised that the 5STS time
would decrease significantly following PR and that this reduc-
tion in time would correlate significantly with improvement in
an established field walking test.

METHODS

Subjects

Patients with stable COPD diagnosed according to the Global
initiative for chronic Obstructive Lung Disease (GOLD) guide-
lines'® were recruited from outpatient respiratory and PR clinics
at Harefield Hospital, UK. Exclusion criteria included exacerba-
tion within preceding 4 weeks, lower limb joint surgery within
preceding 3 months, unstable cardiac disease or predominant
neurological limitation to walking (eg, significant hemiplegia).
Some of the data have been previously presented in abstract
form.™

Measurement of the 5STS

Measurements were made in an outpatient consultation room.
A straight-backed armless chair with a hard seat was stabilised
by placing it against a wall. Floor to seat height was 48 cm.
Seated participants were asked to come forward on the chair
seat until the feet were flat on the floor and to fold their upper
limbs across the chest. Participants were then instructed to stand
up all the way and sit down once without using the upper limbs.
For those unable to complete the initial manoeuvre or who
required assistance, the test was terminated. If successful on the
initial sit to stand, participants were then asked to stand up all
the way and sit down landing firmly, as fast as possible, five
times without using the arms. Timing with a stopwatch was
started on the command ‘go’ and stopped at the end of the
completed fifth stand; the time taken was recorded as the parti-
cipant’s score.

Test-retest and interobserver reliability

Fifty patients with COPD had a 5STS measurement on two
occasions 24-48 h apart made by the same operator. The same
50 patients had 5STS measured simultaneously by two observers
on the same occasion.

Cross-sectional study

5STS was measured in a convenience sample of 475 patients
with COPD. Exercise capacity was measured using the ISW as
previously described.> The better of two walks after a minimum
of 30 min rest was used for analysis. Lower limb strength was
assessed by isometric maximum voluntary contraction of the
quadriceps (QMVC) using a specially adapted chair fitted with a
calibrated strain gauge and expressed as percentage

predicted.’® Further measurements included the health-related
quality of life St George’s Respiratory Questionnaire (SGRQ),"”
COPD Assessment Test (CAT),'® the Medical Research Council
Dyspnoea scale (MRC)'® and spirometry. Composite indices of
COPD mortality prediction, the BODE index (iBODE)*° and
Age Dyspnoea Obstruction index (ADO),*! were calculated.
Comorbidities were recorded as the age-adjusted Charlson
Index.?? Clinical characteristics of participants stratified accord-
ing to the ability to complete the S5STS were described.

Response to PR

Three hundred and five patients in the cross-sectional conveni-
ence sample were subsequently referred for clinical reasons to
an outpatient PR programme. The PR programme was an
8-week multidisciplinary outpatient exercise and education pro-
gramme comprising two supervised and at least one additional
home session per week. The exercise training was individualised
and included a mixture of aerobic and strength training. Initial
walking exercise prescription was based on the outcome of the
ISW and speed set at 80% of predicted peak oxygen consump-
tion while the initial cycling prescription was based on symptom
scores. Workloads and duration of exercise were increased
through the programme as tolerated. 5STS, ISW and SGRQ
were prospectively measured and data before and after PR com-
pared. Participants unable to attempt or complete five stands or
unable to complete the test within 1 min were automatically
assigned a score of 60 s.

Minimum clinically important difference

To determine the MCID of 5STS, anchor-based approaches
were used. These compare the change in the outcome of interest
against the change in another outcome measure, considered an
anchor or external criterion.>® This is typically the response to a
global assessment rating or a validated outcome measure. In this
study we examined the median ‘within patient’ change in the
5STS against the following anchors: ‘feeling much better’ or
‘better’ on a 5-point Likert scale (ranging from 1 (feeling much
better) to 5 (feeling much worse), as previously described)'®; a
‘within patient’ achievement of the MCID for the ISW
(>47.5 m improvement)**; and a ‘within patient’ achievement
of the MCID for the SGRQ (>4 point reduction) following
PR.Y” We corroborated these results by using receiver operator
characteristic (ROC) curves to identify the change in 5STS with
highest C-statistic to discriminate between patients according to
anchor cut-offs for the Likert scale, ISWand SGRQ.

Statistical analysis

Statistical analyses and graphical representations were made
using GraphPad Prism 5.0 and SPSS V.21. Single measure intra-
class correlation coefficients (ICCs) of consistency and random
effect were calculated with 95% CIs to examine test-retest and
interobserver reliability. A paired t test was performed to assess
any learning effect between test and retest observations. Bland-
Altman plots were plotted to demonstrate the 95% limits of
agreement. For convergent validity, Spearman rank correlation
was used to quantify the association between 5STS and other
outcome measures. For discriminative validity (or validity by
extreme groups), unpaired t tests or non-parametric equivalent
were used to compare between groups able and unable to
perform the 5STS test. Pre- and post-PR measurements were
compared by paired t tests or non-parametric equivalent.
Substantially skewed data were log transformed before analysis
to calculate effect sizes. Cohen’s d was calculated to estimate
effect size using the mean difference and SD before and after
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PR; this allowed an assessment of the magnitude of change with
PR. A p value<0.05 was considered significant.

RESULTS

Reliability

The 5STS showed excellent test-retest and interobserver reliabil-
ity with an ICC of 0.97 (95% CI 0.95 to 0.99) and 0.99 (95%
CI 0.99 to 1.00), respectively. There was no significant differ-
ence in 5STS time recorded between test and retest observations
with a mean difference of 0.04 (95% CI —-0.21 to 0.29)s;
p=0.78. Bland-Altman plots are shown in figure 1, demonstrat-
ing a bias of —0.00 and —0.04 s for interobserver and test-retest
measurement error, respectively.

Convergent validity

Baseline characteristics of the cross-sectional cohort are shown
in table 1. Aside from age, there was no relationship between
SSTS and anthropometric measures. The strongest relationship
observed was a significant negative correlation between 5STS
time and exercise capacity (as measured by ISW) (table 1 and
figure 2). Inspection of figure 2 shows a curvilinear relationship
(second-order polynomial) between 5STS and ISW (goodness of
fitt R?=0.32) with the curve flatter at low ISW values.
Although, as expected, there was a negative relationship
between 5STS time and lower limb muscle strength (as mea-
sured by QMVC and QMVC percentage predicted; table 1 and
figure 2), this was not as strong as the relationship between
5STS and ISW.

There was also a positive association between slower 5STS
time and worse health-related quality of life (higher SGRQ and
CAT) and MRC dyspnoea score. Furthermore, increased 5STS
time correlated significantly with worsening prognosis indices
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Figure 1  Bland—Altman plots for (A) interobserver and (B) test-retest

reliability, with difference between measurements (y axis) plotted
against mean of the measurements (x axis). The upper and lower
dotted lines represent the 95% limits of agreement for the comparison
while the middle dotted line represents the mean bias. The bias was
—0.00 for interobserver measurement error and —0.04 s for test-retest.

Table 1 Baseline characteristics expressed as mean (SD) and
Spearman rank correlation with five-repetition sit-to-stand (55TS)
manoeuvres

Characteristic Mean (SD) Spearman rank p Value
Age 69 (10) 0.15 <0.01
Sex (M/F) 262/213 —0.06 0.24
Height (m) 1.66 (0.10) —0.08 0.09
Weight (kg) 77.0 (21.7) 0.00 0.95
BMI (kg/mz) 27.8 (6.8) 0.04 0.37
FEV;% predicted 47.6 (20.6) -0.10 0.05
ISW (m) 203 (145) —0.59 <0.01
ISW (% predicted) 34 (23) —-0.51 <0.01
QMVC (kg) 24.6 (9.5) -0.33 <0.01
QMVC (% predicted) 57.8 (16.9) -0.38 <0.01
MRC 3.5(1.1) 0.43 <0.01
SGRQ 53.6 (16.6) 0.35 <0.01
CAT 22.2 (7.9) 0.31 <0.01
Charlson 4.2 (1.6) 0.14 <0.01
ADO 5.1 (1.7) 0.42 <0.01
iBODE 4.6 (2.6) 0.46 <0.01
5STS (s) 15.4 (6.5) 1.00 <0.01

ADO, Age Dyspnoea Obstruction index; BMI, body mass index; CAT, COPD
Assessment Test; Charlson, age-adjusted Charlson Index; FEV;, forced expiratory
volume in 1 s; iBODE, BODE index with incremental shuttle walk as measure of
exercise capacity; ISW, incremental shuttle walk; MRC, Medical Research Council
dyspnoea score; QMVC, quadriceps maximum voluntary contraction; SGRQ, St
George's Respiratory Questionnaire.
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Figure 2 Relationship between the five-repetition sit-to-stand test
(55TS) and (A) the incremental shuttle walk (ISW) test and (B)
quadriceps maximum voluntary contraction (QMVC).
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score (higher ADO and iBODE). These relationships were mod-
erate and in line with the strength of association between 5STS
and lower limb muscle strength. No significant association was
seen between forced expiratory volume in 1s (FEV, percentage
predicted) and 5STS.

Discriminative validity

Seventy patients (15% of total cohort) failed to complete the
SSTS. The clinical characteristics of those who completed and
those who failed to complete the 5STS are shown in table 2.
Those who failed to complete the 5STS had very significantly
reduced exercise capacity and quadriceps strength compared
with those able to complete the test.

Responsiveness to PR

Of the 305 patients referred for PR, 18 failed to start, 40 failed
to attend at least 50% of the supervised sessions and 8 com-
pleted but failed to attend post-PR assessment. Data from the
remaining 239 participants (136 men) were analysed. Baseline
characteristics, expressed as mean (SD), were age 70 (9) years,
body mass index 27.5 (6.1) kg/m?, FEV, percentage predicted
48.1 (19.8) and MRC dyspnoea 3.3 (1.1).

Table 3 shows the changes and Cohen’s d effect sizes in 5STS,
ISW and SGRQ following PR. There was a significant reduction
in median 5STS with PR (—1.4 s), which correlated significantly
with change in ISW (r=-0.13; p<0.05). For those ‘feeling
much better’ or ‘better’ after PR, the median (25th, 75th cen-
tiles) change in 5STS was —1.5 (=3.9, —0.2)s. The median
(25th, 75th centiles) change in 5STS in those achieving the
MCID in the ISW and SGRQ following PR was —1.7 (-4.4,
—0.3) and —1.7 (=3.7, —=0.1) s, respectively. Using ROC plots,
the change in SSTS that best discriminated patients ‘feeling
much better’ or ‘better’ was —1.3 s, achieving the MCID in the
ISW was —1.4s and achieving the MCID in the SGRQ was
—1.4 s. Using the most conservative estimate for the MCID, the

Table 2 Comparison between patients with chronic obstructive
pulmonary disease who completed or failed to complete the
five-repetition sit-to-stand (5STS) manoeuvre

Characteristic B p Value

Completed Failed

n=405 n=70
Age (years) 68 (10) 73 (10) <0.01
Sex (M/F) 222/183 40/30 0.80
BMI (kg/mz) 27.5 (6.4) 29.2 (8.4) 0.05
FEV; (%predicted) 47.7 (20.4) 46.9 (21.7) 0.76
MRC 3.3(1.1) 4.1 (1.0) <0.01
ISW (m) 224 (146) 84 (66) <0.01
ISW (% predicted) 37 (23) 16 (12) <0.01
QMVC (kg) 25.6 (9.4) 17.6 (6.7) <0.01
QMVC (% predicted) 59.6 (16.5) 443 (13.5) <0.01
SGRQ 53.0 (16.4) 57.5 (17.0) 0.05
Charlson Index 4.1 (1.6) 49 (1.7) <0.01
ADO 4.9 (1.7) 6.0 (1.5) <0.01
iBODE 4.3 (2.6) 6.2 (2.2) <0.01

Data expressed as mean (SD). Groups compared using unpaired t test.

ADO, Age Dyspnoea Obstruction index; BMI, body mass index; Charlson, age-adjusted
Charlson Index; FEV;, forced expiratory volume in 1 s; iBODE, BODE index with
incremental shuttle walk as measure of exercise capacity; ISW, incremental shuttle
walk; MRC, Medical Research Council dyspnoea score; QMVC, quadriceps maximum
voluntary contraction; SGRQ, St George's Respiratory Questionnaire.

Table 3 Response to pulmonary rehabilitation (PR)

Outcome Pre-PR Change with PR Effect size  p Value
5STS (s) 14.1 (115, 21.3) —1.4(-3.9, 0.0) 0.32 <0.01
ISW (m) 200 (80, 340) 50 (10, 100) 0.46 <0.01
SGRQ Total ~ 52.2 (16.4) —4.7 (12.0) 0.22 <0.01

Data expressed as median (25th, 75th centiles) or mean (SD).
ISW, incremental shuttle walk; SGRQ, St George's Respiratory Questionnaire; 5STS,
five-repetition sit-to-stand test.

proportion of patients in whom the 5STS was reduced by
>1.7 s with PR was 44%, similar to the proportion achieving an
improvement in MCID in the ISW (50%; p=0.20, Fisher exact
test).

DISCUSSION

We have demonstrated that the 5STS shows good test-retest and
interobserver reliability in COPD. In a cohort of patients with
stable COPD, 5STS was significantly correlated with measures
of exercise capacity, lower limb strength, health-related quality
of life and dyspnoea, supporting convergent validity for the
measure. Stratification according to failure to complete the
SSTS identified significant impairment in exercise capacity and
profound quadriceps muscle weakness, supporting discrimina-
tive validity. Furthermore, we were able to demonstrate that the
5STS is responsive to PR in COPD and have proposed a MCID,
suggesting potential utility as an outcome measure.

Reliability and validity of 5STS in COPD
Previous data on the STS manoeuvre in patients with COPD are
limited to a few studies. Roig et a/*> measured the 5STS in 21
patients with stable COPD and 21 healthy age-matched controls
and showed that patients with COPD needed 21% more time to
complete the 5STS than controls. However, they were not able
to demonstrate any significant relationship between 5STS and
knee extensor muscle strength or muscle cross-sectional area as
measured by CT, perhaps due to the small sample size. In a con-
venience sample of 53 patients with COPD, Ozalevli et al’
demonstrated a significant relationship between the maximum
number of STS manoeuvres performed in 1 min and 6 min walk
test and quadriceps muscle strength. The 5STS is also noted to
be a single component of the short physical performance
battery (SPPB), a standardised objective tool which consistently
identifies poor prognosis in community-dwelling older adults.?®
The SPPB has been studied in a single cohort of relatively young
COPD patients with milder disease, demonstrating lower scores
compared with age-matched healthy controls and associations
with lung function, body composition and increased risk of dis-
ability.?”=%°

Apart from the considerably larger sample size, our data adds
to the current literature by demonstrating the test-retest and
interobserver reliability of the SSTS in patients with COPD.
The ICCs were high in our study and in line with the results
from a systematic review by Bohannon'! of 10 studies per-
formed largely in community-dwelling older adults who
reported test-retest ICC ranging from 0.64 to 0.96. We also
demonstrated a strong correlation between 5STS and maximum
exercise performance as measured by ISW, supporting the poten-
tial use of the SSTS as a simple functional outcome measure.
Although the 5STS is purported to be a measure of lower limb
strength in older adults, we found only a modest (but signifi-
cant) relationship with quadriceps strength. A possible
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explanation is that, in patients with COPD, factors other than
lower limb muscle strength, such as impaired lung function or
balance, have a more significant influence on 5STS performance
than in health community-dwelling older adults.

Interestingly, we were also able to show significant correla-
tions between 5STS and validated prognostic indices (iBODE
and ADO), established health-related quality of life measures
and dyspnoea, further supporting its potential value as a global
marker of COPD disease severity. This significant association
with established indices of prognosis in COPD—such as ISW*°
QMVGC,*! iBODE*® and ADO?*'—suggests that the 5STS may
also have value as a prognostic marker, and preliminary longitu-
dinal studies appear to support this hypothesis.**

Responsiveness of 5STS in COPD

As the STS manoeuvre is related to lower limb muscle function
and reflects an important activity of daily living, previous train-
ing studies in patients with COPD have used this as an outcome
measure. However, due to the heterogeneity of the population
and interventions and the small sample sizes, data regarding the
responsiveness of the STS in COPD have been inconsistent.
Kongsgaard et al*® randomised elderly men with COPD to
12 weeks of resistance training or control. There was no signifi-
cant improvement in the number of STS manoeuvres completed
in 30 s in either group, although only six patients completed
resistance training. Two studies have used STS to evaluate the
effect of additional resistance training in patients with COPD
undergoing traditional aerobic-based PR. Panton et a/l** demon-
strated a significant between-group improvement in the number
of increased STS manoeuvres in 1 min in the additional resist-
ance group, while Phillips et a/*>> showed no between-group dif-
ferences in the number of STS repetitions. More recently,
Gloeckl et al*® randomised 72 patients to a supervised squat
exercise programme with or without additional whole body
vibration, and showed significant improvements in the 5STS
within both groups but no between-group differences.

In the current study we were able to demonstrate a significant
improvement in SSTS time in a large COPD cohort undergoing
outpatient PR, which correlated with change in ISW. The effect
size was modest (d=0.32) and somewhere between the SGRQ
and ISW, measures which are routinely used in PR. Interestingly,
despite using different clinical anchors (patient self-report, exer-
cise capacity, health-related quality of life) and different anchor-
based approaches, we obtained a consistent estimate of between
1.3 s and 1.7 s for the MCID of the 5STS.

Advantages and limitations of the 5STS in COPD

There are obvious advantages to the 5STS as an assessment tool
in COPD. First, it is quick to perform (all patients completed
the test within 2 min) and our data suggest there is no learning
effect. This contrasts with the 6MWT and the ISW, both of
which require repeat walks with adequate rest between tests
(usually 30 min).” * Second, the 5STS is cheap to perform with
easily available equipment (chair and stopwatch). Third, the test
requires only limited space, which makes it feasible in most
healthcare settings including the home setting.

The major limitation to the test is the presence of a ‘floor’
effect, with up to 15% of our cohort unable to attempt or com-
plete the test. Hence, the 5STS may have increased value as a
functional outcome measure in better functioning patients.
Other simple functional outcome tests, such as the habitual gait
speed over 4 m,®>” or a battery of physical performance mea-
sures, such as the SPPB,>® may be more appropriate for more
poorly functioning individuals. We propose that the 5STS may

Chronic obstructive pulmonary disease

be particularly useful as a functional outcome tool in certain
healthcare settings, such as the outpatient clinic or home setting,
where space and equipment may be at a premium.

Another potential use for the 5STS is as a stratification tool.
Our data showed that patients unable to complete the 5STS had
grossly reduced exercise capacity and considerable quadriceps
weakness (table 2, figure 2), and we propose that the 5STS
could be used as a simple bedside or clinic assessment tool to
identify significantly impaired walking capacity or lower limb
weakness. For example, the risk of mortality increases markedly
when ISW falls below 170 m®’; using receiver-operator charac-
teristic curves plotted for our cohort, the 5STS had a C-statistic
(area under the curve) of 0.82 to identify an ISW below 170 m.

In summary, the 5STS is reliable, correlates with exercise cap-
acity and quadriceps strength and is responsive to PR in COPD.
It is a practical functional outcome measure suitable for use in
most healthcare settings.
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