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Abstract
Chronic obstructive pulmonary disease (COPD) is a major cause of
morbidity and mortality worldwide and an important cause of
disability and handicap. For a thorough patient-centered outcome
assessment and comprehensive management of the disease, measures
of lung function, exercise capacity, and health-related quality of life,
but also of functional capacity in activities of daily life, are necessary.
In Part 2 of this seminar series, we discuss the main functional tests to
assess upper and lower body functional capacity in patients with
COPD to help clinicians substantiate their choice of functional
outcome measures in COPD. In agreement with the International
Classiﬁcation of Functioning, Disability and Health to assess
functional capacity representative of daily life activities, this review
focuses on functional tests that include components such as changing
and maintaining body positions, walking, moving, and climbing, as

well as carrying, moving, and handling objects. We review the
validity, reliability, and responsiveness of these tests. With 11 links to
the International Classiﬁcation of Functioning, Disability and Health
framework addressing several upper and lower body components of
functional activities, the Glittre Activities of Daily Life test seems to be
the most promising and comprehensive test to evaluate functional
capacity in activities of daily life. The links between functional
capacity tests and real participation in daily life, as well as with
important clinical outcomes such as morbidity and mortality, need
further investigation. More studies are also recommended to
document minimal detectable changes, minimal clinically important
differences, and normative values for these functional tests.
Keywords: chronic obstructive pulmonary disease; patient
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In the ﬁrst section of this two-part
Annals seminar series, we delineated the
background, rationale, and utility of
functional tests to track limitations in daily
life activities of patients with chronic
obstructive pulmonary disease (COPD).
This second part is devoted to reviewing,
describing, and critiquing functional tests
that have been developed to assess upper
and lower body functional capacity. We
focus on outcome measures that are
relevant to physical functional activities,
as referred to in the World Health
Organization’s International Classiﬁcation
of Functioning, Disability, and Health (ICF)
Seminar for Clinicians

Chapter 4, “Mobility” (1), and the Brief and
Comprehensive ICF Core Sets for COPD
(2–4). These include maintaining a
standing position, changing the basic
body position, walking and moving, and
carrying, moving, and handling objects (1).
Part 2 is intended to help health
care professionals choose among functional
outcome measures and tests to be used in the
clinical evaluation of patients with COPD by
providing detailed information on the
methodological aspects of the various tests.
The measurement properties of the tests are
also discussed (see Table 1 for deﬁnitions of
properties), and the most promising

functional tests for practical application
in COPD management are highlighted.
Readers can also refer to Table 2 and
Table 3, in which we link the different
functional tests described in this article with
the ICF’s activity and participation
categories.

Maintaining a
Standing Position
Recent studies have shown that balance and
postural control are impaired in patients
with COPD, resulting in a fear of falling
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Table 1. Measurement properties and deﬁnitions
Measurement Properties
Longitudinal change
Minimal clinically important difference
(MCID)
Minimal detectable change (MDC)
Reliability
Internal consistency
Interrater/observer agreement (or
reliability)
Intrarater/observer agreement (or
reliability)
Test-retest reliability
Standard error of measurement (SEM)

Validity
Concurrent validity

Construct validity
Convergent validity
Criterion validity
Discriminative validity
Speciﬁcity
Sensitivity

Deﬁnition
Ability to detect clinically signiﬁcant changes
over time
The smallest change necessary to show a
signiﬁcant change for the patient
The smallest change that can be detectable
statistically superior to the standard error of
measurement
Ability to give similar results in the same
context, on various occasions and without
random errors.
Correlation between elements that should
measure the same concept in the same test
or questionnaire
Ability of more than one evaluator to repeat the
same measure with the same participants in
the same context, on different occasions,
and to obtain similar results
Ability of one evaluator to repeat the same
measure with the same participants in the
same context, and to obtain the same results
Ability to give the same results with repeated
assessments, in the same conditions, in
different moments
Quantiﬁcation of reliability in the same unit as
the original measure; represents standard
deviation of errors of measurements for a
given test.
Ability of a test, instrument, or questionnaire to
measure what it was designed to measure,
without systematic errors.
Level of association of results obtained with
test, instrument, or questionnaire and those
obtained with the reference test, instrument,
or questionnaire.
Level of association of results obtained with
two tests that reﬂect the same phenomenon
Ability to give highly correlated results with
another test, instrument, or questionnaire
that measures a similar construct
How well-related a measure is to the reference
measure (gold standard)
Ability to distinguish results that are obtained
by two groups with different characteristics
Ability of a test to accurately identify patients
without the condition of interest
Ability of a test to accurately identify patients
with the condition of interest

(5, 6) and an increased risk for falls (7).
One frequently used functional outcome
measure for functional balance and postural
control in COPD management is the Berg
Balance Scale (BBS).
BBS

The BBS measures balance via 14 different
functional tasks, including maintaining
a body position (sitting or standing),
transferring oneself, retrieving objects from
the ﬂoor, and standing on one foot.
With this test, the risk of falling can be
786

quantiﬁed by evaluating the balance while
completing several functional tasks. A
score of 0–4 is used for each functional
task. The total score is the sum of the
scores for 14 tasks (see Appendix E1 and
Appendix E2, panel A, in the online
supplement). A score above 45/56 indicates a
low probability of falling in daily life (8),
whereas a score below 45/56 indicates
the need for further investigation, in terms
of requiring walking devices or assistance (9).
The BBS takes 15–20 minutes. For
generally healthy elderly subjects, the BBS

is highly speciﬁc (96%) for identifying
individuals at risk of falling. The normative
score ranges between 53 and 55 (10). Some
validation studies on the BBS have shown
high levels of interrater (8, 11) and
intrarater agreement (intraclass coefﬁcient
correlation [ICC], 0.98 [11]), as well as
concurrent validity with measures of
postural sway (9).
Lower BBS scores in patients with
moderate to severe COPD indicate an
increased fall risk (12), with a signiﬁcant
correlation between the frequency of falls/
stumbles and COPD (13). In patients with
COPD, the BBS was found to be sensitive
enough to indicate fall risk factors (12);
however, more prospective studies are
necessary to validate the cutoff values for
predicting falls.
BBS scores are correlated signiﬁcantly
with the severity of airﬂow limitation (12),
dyspnea, leg fatigue, hypoxemia, oxygen
desaturation, and the distance walked
during the 6-minute walk test (6MWT)
(13). Although a minimal detectable change
(MDC) has yet to be established for
patients with COPD in the same way that it
has been among healthy elderly people (14),
a difference of between 3.5 and 6.2 points in
the BBS score may discriminate accurately
between COPD fallers (>1 fall per year)
and nonfallers (no self-reported fall in the
preceding 12 mo) (5, 15).
A small but signiﬁcant improvement in
BBS score was recorded after 6 weeks of
pulmonary rehabilitation in a small study
involving 29 patients with COPD (mean
change, 2.8 6 2.8; P = 0.001) (16). However,
a signiﬁcant mean increase of 5.4 points
(95% conﬁdence interval [CI], 2.1–8.6
points; P , 0.01) from a baseline score of
45.6 6 5.8 has been reported via the BBS in
patients with COPD after 6 weeks of
pulmonary rehabilitation, when paired with
speciﬁc balance training consisting of
various modalities such as stance, transition
and gait exercises, and functional
strengthening (17). The BBS may thus be
considered responsive to speciﬁc balance
training in COPD, showing changes that are
above the proposed MDC for this parameter.
In healthy elderly people, various balance
training parameters, such as training
frequency, period, and volume can affect the
posttraining improvement seen in balance tests
such as the BBS, as well as on the magnitude
of the reduction of the fall risk (18).
Readers can refer to a randomized
controlled trial (17) for more details on

AnnalsATS Volume 14 Number 5 | May 2017

SEMINAR FOR CLINICIANS
Table 2. Functional tests links to ICF A&P categories (d410-d429 changing and maintaining body positions)
Tests

D410 Changing Basic Position
d4103
d4104
d4105
Sitting Standing Bending

BBS
TUG
5STS
6MWT
ESWT
4MGS
3MST
6MST
SCPT
6PBRT
UULEX
GST
Glittre
SPPB

X
X
X

X
X
X

d4106 Shifting the
Body’s Center of
Gravity

X

X

D415 Maintaining a Body Position
d4153 Maintaining d4154 Maintaining a
a Sitting Position
Standing Position

X

X

D420 Transferring Oneself
d4200 Transferring
Oneself while Sitting

X

X
X
X
X
X

X
X
X

X
X

X
X

Definition of abbreviations: 3MST = 3-minute constant rate step test; 4MGS = 4-m gait speed; 5STS = five-repetition sit-to-stand; 6MST = 6-minute step
test of free cadence; 6MWT = 6-minute-walk test; 6PBRT = 6-minute pegboard and ring test; A&P = activities and participation; BBS = Berg Balance Scale;
ESWT = endurance shuttle walk test; GST = grocery shelving task; ICF = International Classification of Functioning, Disability and Health; SCPT = Stair Climb
Power Test; SPPB = short physical performance battery; TUG = timed up and go; UULEX = unsupported upper limb exercise test.

balance training in COPD and to a
systematic review and meta-analysis for
further reading on the effects of balance
training on balance performance in healthy
elderly people (18).

Changing Body Position
Changing body position from a sitting to a
standing position is a common functional
daily activity (19) that is necessary for
autonomy. The most frequently used and
investigated tests in patients with COPD
are the timed up and go (TUG) test and the
ﬁve-repetition sit-to-stand test (5STS).
Timed Up and Go Test

The TUG test measures a person’s mobility,
including both static and dynamic balance,
by assessing the time it takes to rise from a
chair, walk 3 m, turn around, walk back to
the chair, and sit down (Appendix E1 and
Appendix E2, panel B).The TUG test is
widely used in clinical and research settings
because of its moderate to excellent
reliability in various conditions (20–25), the
minimal use of equipment, and its easy
administration (26), and because it
incorporates various functional
components essential for independent
living (27). It correlates with mobility and
strength) (28–30) and can differentiate
Seminar for Clinicians

fallers (>1 self-reported fall in the
preceding year) from nonfallers (no selfreported fall in the last 12 mo) (28).
Normative data stratiﬁed by decade and sex
for people older than 60 years has been
established in a small study by Steffen and
colleagues (10).
In patients with COPD, fallers took
3.1 seconds longer to complete the test than
nonfallers (15). In a study that pooled patients
with severe and very severe COPD, chronic
heart failure, or chronic renal failure (20), the
within-day test-retest reliability was excellent
(ICC among three trials, 0.94; 95% CI, 0.92–
0.96; P , 0.0001), with a possible learning
effect between the ﬁrst and second trial (20).
One study involving 60 patients with COPD
(mean forced expiratory volume in 1 second
[FEV1], 65 6 22% of predicted value)
reported a MDC of 1.84 seconds and
excellent inter- and intrarater reliability, with
an ICC of 0.99 and 0.92, respectively (31). A
signiﬁcant reduction of 1.5 seconds (P = 0.003)
in TUG performance was found after 6 weeks
of pulmonary rehabilitation in patients with
COPD, suggesting the TUG is a responsive
evaluation tool (16). However, to our
knowledge, there are no existing studies that
have determined longitudinal change of the
TUG test in patients with COPD.
5STS

The 5STS is the most recently documented
alternative for assessing the ability to change

from a sitting to a standing position
repeatedly. This test provides an overall
assessment of lower limb muscle function,
with a focus on the quadriceps, by
measuring the fastest time taken to stand
ﬁve times from a chair with arms folded
across the chest (see Appendix E1 and
Appendix E2, panel C).
The 5STS has good test-retest reliability
(32, 33) and validity, as well as a signiﬁcant
correlation with TUG tests results and gait
speed in healthy community-dwelling
populations (34). Reference values are
available (35); however, the studies
examined for this article contained many
methodological differences (the chair
height varied between 43 and 48 cm, for
example, and the start/end points for time
completion varied).
The 5STS demonstrates excellent testretest and interobserver reliability, with
ICCs of 0.97 (95% CI, 0.95–0.99) and 0.99
(95% CI, 0.99–1.00), respectively, without
any signiﬁcant difference in 5STS time
being noted in the test-retest (36). Patients
with COPD took 21% longer than healthy
subjects to complete the 5STS test (37). A
cross-sectional study involving 475 patients
with COPD reported a positive association
between a slower 5STS time, the healthrelated quality of life, and the Medical
Research Council’s dyspnea scores, as well
as a negative correlation between 5STS
time and exercise capacity (as measured
787
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X
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X
X
X
X

X

X
X

X

X
X
X
BBS
TUG
5STS
6MWT
ESWT
4MGS
3MST
6MST
SCPT
6PBRT
UULEX
GST
Glittre ADL-test
SPPB

Definition of abbreviations: 3MST = 3-minute constant rate step test; 4MGS = 4-m gait speed; 5STS = five-repetition sit-to-stand; 6MST = 6-minute step test of free cadence; 6MWT =
6-minute-walk test; 6PBRT = 6-minute pegboard and ring test; A&P = activities and participation; BBS = Berg Balance Scale; ESWT = endurance shuttle walk test; GST = grocery shelving
task; ICF = International Classification of Functioning, Disability and Health; SCPT = Stair Climb Power Test; SPPB = short physical performance battery; TUG = timed up and go; UULEX =
unsupported upper limb exercise test.

X

X

X

X

X
X

X
X

X
X

X

X
X
X

X

d4551 Climbing
d4503
Walking
around
obstacles
d4501
Walking
long
distances

D450-d469 Walking and Moving

d4500
Walking
short
distances
d4458 Hand
and arm use,
other
speciﬁed*

D445 Hand and Arm Use

d4400
d4401
d4403
d4452
Picking Grasping Releasing Reaching
up

D440 Fine Hand Use

d4305
Putting
down
objects
d4303
Carrying on
shoulders, hip
and back
d4301
Carrying
in the
hands
d4300
Lifting

D430 Lifting and Carrying Objects
Tests

Table 3. Functional tests links to ICF A&P categories (d430-d449 carrying, moving and handling objects; d450-d469 walking and moving)

D455 Moving around
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by the Incremental Shuttle Walk Test
[ISWT]), and a negative relationship
between 5STS time and lower limb muscle
strength, suggesting excellent convergent
validity (36).
The 5STS time was reduced
signiﬁcantly (21.4 s) in 239 patients
with COPD after outpatient pulmonary
rehabilitation (36). This was correlated
with changes in ISWT distance (36) (r =
0.13; P , 0.05). On the basis of the
results of the study, the authors suggest
there is a minimal clinically important
difference, ranging from 1.3 to 1.7
seconds. The 5STS therefore seems to
be reliable and responsive to pulmonary
rehabilitation, in addition to being a
time-efﬁcient, low-cost, and simple test,
with no apparent learning effect (36).
Patients who were unable to attempt
or complete the test had signiﬁcantly
reduced exercise capacity and
quadriceps strength, thus indicating
good discriminative validity for the
5STS for patients with COPD (36).
Variations of the 5STS are
sometimes used. For example, some
studies have assessed the time to perform
10 full stands from a sitting position
(38), or the maximal number of full
stands performed in 1 minute (39–41)
or in 30 seconds (17, 42). Such
variations have not been investigated as
thoroughly, however, among patients
with COPD.
The 1-minute sit-to-stand test shows
promising results in this population,
generates higher hemodynamic demand
than the 5STS or its 30-second variation,
and presents signiﬁcant correlations
with the 6MWT, the 4-m gait speed
(4MGS), quadriceps muscle strength,
and fat-free muscle mass (41, 43). The
1-minute sit-to-stand test is also responsive
to pulmonary rehabilitation; an
improvement of at least three repetitions is
consistent with physical beneﬁts after this
intervention (anchor-based MDC of 2.5
repetitions) (41).

Walking and Moving
Field Walking Tests

The European Respiratory Society and
American Thoracic Society recently
published an ofﬁcial systematic review (44)
of, and standard operating procedures (45)
for, the measurement properties of the
AnnalsATS Volume 14 Number 5 | May 2017
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6-minute walk distance test (6MWT), the
ISWT, and the Endurance Shuttle Walk
Test (ESWT). The methodological
properties of these tests (Appendix E2)
and the standard operating procedure
(Appendix E1) are summarized here.
The 6MWT is a self-paced walking
test, which measures the distance covered
by an individual over the course of 6
minutes while walking back and forth on a
30-m ﬂat course (see Appendix E2, panel
D). The 6MWT has strong validity and
reliability, with a large body of evidence
to support its clinical and research use for
a COPD population (46). Responsiveness
to intervention has been conﬁrmed after
pulmonary rehabilitation (mean effect of
44 m [47]), but not after bronchodilation
(48). Construct validity is supported
by a large body of data (correlation
coefﬁcients 0.6–0.9 with measurements
_ 2 peak
for maximal exercise capacity [VO
and peak work capacity] and 0.4–0.9 with
physical activity) (44). The relationships
with respiratory function and healthrelated quality of life are of weak
to moderate strength, with correlation
coefﬁcients of 0.10–0.59 and 0.03–0.65,
respectively (44). The 6MWT has good
reliability (ICC, 0.82–0.99), despite a
clear learning effect when two or more
tests are conducted (44). Reference values
based on age and sex for healthy adults
are available for the test (49). The
median estimate for the MDC is 30 m
in most recent studies of patients with
COPD (45).
The ISWT differs from the reality
of daily life because standardized and
incremental speed increases are imposed
during the test (45). The ISWT is often used
to assess cardiopulmonary maximal
exercise capacity and has been shown
to elicit physiological responses in
ways that are similar to results for
incremental tests on stationary bicycles
and treadmills (45).
The ESWT requires patients to
maintain a predetermined walking pace
(based on their maximal performance during
a previous ISWT) while walking back and
forth between two cones set on a ﬂat 10-m
course (45, 50). This walking pace should
be maintained until exhaustion, to a
maximum of 20 minutes (see Appendix
E1 and Appendix E2, panel E). The ESWT
also provides reliable measurements for
dyspnea, with good repeatability in the
modiﬁed Borg dyspnea score when the
Seminar for Clinicians

test is repeated (45) and no signiﬁcant
learning effect among patients with
COPD.
The main outcome is most frequently
reported as time in minutes and seconds, but
can also be expressed as distance completed
in meters (45). There is a lack of research
on the relationship between the ESWT and
clinical outcomes such as survival and
readmission (45). The MDC may be
speciﬁc to the context or intervention,
and a change after bronchodilation of
65 seconds (95% CI, 45–85 s) or 85 m
(95% CI, 60–115 m), representing 13–15%
of the baseline, is likely to be detected by
patients (45). The ESWT has a good
responsiveness to treatment, with a
standard error of measurement of between
0.52 and 1.27 (44). However, because the
ESWT requires the execution of an
ISWT beforehand to set the speed, it is a
rather time-consuming functional capacity
test (50).
Gait Speed Tests

The 4MGS test measures the walking speed
by recording the fastest time of either of two
recorded trials for walking 4 m at one’s usual
speed (Appendix E1 and Appendix E2,
panel F). In patients with COPD, the 4MGS
has been validated (51), with the results
showing good test-retest and interobserver
reliability (ICC, 0.97 [95% CI, 0.95–0.98]
and 0.99 [95% CI, 0.98–0.99], respectively)
(52), low measurement variability without
systematic variability (standard error of
measurement: interobserver, 1.4%; testretest, 1.5%) (52), a strong positive
correlation with the ISWT (51, 52) and
6MWT (53), and responsiveness to
pulmonary rehabilitation (a signiﬁcant
increase of 0.08 m/s; effect size, 0.4) (51).
The MCID varies between 0.08 meters per
second (95% CI, 0.05–0.10 m/s) in patients
who reported “feeling better” after
pulmonary rehabilitation and 0.11 meters
per second (95% CI, 0.09–0.13 m/s) in
patients who achieved the MCID in the
ISWT (51).
The 4MGS test, the maximal 4MGS,
and the related 10-m gait speed and
maximal 10-m gait speed tests have proven
useful for stable patients with COPD (54). A
considerable difference (0.1 m/s) between
gait speeds measured with longer (10-m)
and shorter (4-m) courses suggests,
however, that adherence to only one
protocol of gait speed measurement is
preferable in longitudinal studies, in which

the test is to be performed on several
occasions (55).
Stair Climbing Tests

Among various available stair-step tests
(56–60), the 3-minute constant rate step
test, the 6-minute step test, and the stair
climb power test have been validated for
patients with COPD (Appendix E1). In
the 3-minute test, patients are asked to
step up with one foot after the other on to
the ﬁrst stair of the step, and then to step
down to the ﬂoor again, one foot after
the other. The rate of the movement is
imposed by an audio signal, and it
should be maintained for the 3-minute
duration of the test (Appendix E2, panel
G). The primary outcome is dyspnea.
The test shows excellent reproducibility
for monitoring dyspnea (ICC, 0.91)
(60), as well as detecting improvements
in activity-related dyspnea after
bronchodilation (61) and enabling the
presence and severity of breathlessness/
ventilatory limitations when patients are
faced with climbing or descending stairs
to be assessed (60).
The 6-minute step test of free cadence
(Appendix E2, panel H) was built using the
6MWT canvas and the same standardized
instructions. In this test, patients are
instructed to step on and off a 20-cm-tall
step as many times as possible in 6 minutes,
using a free-step cadence. The results are
correlated strongly with exercise capacity
(r = 0.734 [59]), and the test has an excellent
intrarater reproducibility (ICC . 0.8 [58]).
There is a cutoff value of 78 steps for
determining which patients have low
physical capacity (59), and a standard error
and MDC of 4.8 and 11.1 steps, respectively
(58). One advantage of this test over the
6MWT is that it may be used to assess
functional capacity when long hallways are
unavailable.
The stair climb power test, in which
patients are instructed to ascend a 10-step
ﬂight of stairs as fast (and as safely) as they
can (29, 62–64) (Appendix E2, panel I), is
the most recent test used to assess leg
muscle power (62). The scores for velocity,
force, and power that are recorded via this
test are associated more closely with
mobility limitations than with muscle
strength (65) The stair climb power test
is strongly associated with eccentric
quadriceps strength (29, 63) and has a high
test-retest reliability (ICC, 0.90) in patients
with COPD (63).
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Carrying, Moving, and
Handling Objects
For individuals with COPD, simple
domestic activities of daily life that involve
the arms can be impaired and induce
symptoms, which may limit their
independence in everyday life (66–69). In
comparison with healthy control patients,
patients with COPD experience worse
dyspnea and hyperinﬂation during peak
arm exercises, highlighting the importance
of measuring upper extremity function in
these individuals (70).The most frequently
used and well-researched tests to assess the
carrying, moving, and handling of objects
in patients with COPD are the 6-minute
pegboard and ring test (6PBRT), the
unsupported upper-limb exercise test
(UULEX), and the grocery shelving test
(GST).
6PBRT

One functional upper extremity test that has
received increased attention lately is the
6PBRT (71). The test measures isometric
shoulder function by assessing the total
number of rings moved back and forth
between two sets of two pegs (one placed at
shoulder level and another placed 20 cm
above) in 6 minutes (Appendix E1 and
Appendix E2, panel J).
The 6PBRT involves moving and
handling objects and is performed with
arms held, unsupported, at shoulder
height. The test, which requires good
ﬁnger dexterity, focuses on isometric
shoulder ﬂexion, even though a small
dynamic movement is performed (72).
The 6PBRT has excellent test-retest
reliability (r = 0.91) (71) and convergent
and discriminant validity; it is moderately
correlated with different aspects of
lung function (r = 0.52–0.71) (73).
Furthermore, it appears to be responsive
to change after limb muscle strength
(standardized response mean, 1.8)
(73) and limb muscle endurance training
(mean group difference, 20 rings
[95% CI, 3–37 rings]; effect size, 0.73
[74]).
Janaudis-Ferreira and colleagues (73)
reported that the 6PBRT is moderately
(r = 0.41) related to isometric shoulder
muscle strength when measured at 908 of
shoulder ﬂexion in patients with COPD.
Nyberg and associates (74) found,
however, that although the 6PBRT is
790

positively correlated with isokinetic
shoulder ﬂexion endurance (r = 0.40), it
is negatively correlated with isokinetic
shoulder muscle strength (results at
approximately 308 –408 of shoulder
ﬂexion; r = 20.45). These apparently
conﬂicting results could, to some extent,
be explained by the different angles used
to measure strength. Furthermore, the
6PBRT seems to be moderately related to
activities of daily living, as measured
subjectively via the Pulmonary Functional
Status and Dyspnea Questionnaire
(a questionnaire on upper extremity
activity subdomains; P = 20.49) and
objectively, using a wrist accelerometer
(r = 0.54) (75).
UULEX

In contrast to the 6PBRT, the UULEX
involves more dynamic movement and a
larger upper extremity range of motion
(76), mimicking frequently performed
activities of daily living that require arm
movements below and above shoulder
height (Appendix E1 and Appendix E2,
panel K).
The UULEX measures dynamic upper
limb shoulder ﬂexion endurance above and
below shoulder height. In cases of COPD,
the UULEX has an excellent test-retest
reliability (ICC, 0.98) and is considered
valid (76). It is correlated with oxygen
consumption, pulmonary ventilation
during exercise, tidal volume, muscle
fatigue, and dyspnea ratings (r = 0.58–0.86)
and is responsive to change after upper
limb muscle strength training (standardized
response mean, 1.8) (73) and endurance
training (mean group difference, 127 s
[95% CI, 78–176 s]; effect size, 1.46). The
UULEX is related to isometric shoulder
muscle strength (r = 0.56) (73) and
isokinetic shoulder muscle endurance
(r = 0.50), but not to isokinetic shoulder
muscle strength (74).
GST

The GST replicates an everyday activity
and includes unsupported arm activity
(Appendix E1 and Appendix E2, panel L)
(77). The purpose of the GST is to
determine the extent to which the ability
to use the arms is impaired when
performing everyday activities is
impaired. In the GST, patients are instructed
to move 20 items from two shopping bags
on the ﬂoor up to a 90-cm-high cart

(placed 30 cm in front of the patient), and
then up to a shelf (placed 15 cm above
shoulder level).
The GST has been shown to have
excellent test-retest reliability during a
6-week period (ICC, 0.97), with an
absolute change between test-retest
of 20.7 seconds (95% limits of
agreement, 23.9 and 2.5 s; effect size, 0.5)
(77). The GST is responsive to change
after pulmonary rehabilitation (mean
difference, 3.3 s [77]) and has
demonstrated construct validity (72, 77).
It is also moderately to strongly
correlated (r = 0.69–0.85) with the
UULEX, in terms of cardiorespiratory
responses (77).
An advantage of the GST over the
6PBRT and the UULEX is that it involves
not only shoulder ﬂexion but also bending
over, reaching overhead, and lifting and
placing objects. It has been argued that the
relatively high noise-to-signal ratio (mean
change of 3.3 s during a 30–40-s duration)
may compromise the responsiveness of the
test (72). Further reliability and validation studies
are warranted to ensure the reproducibility of
intra- and interrater timing here.

Tests with Subcomponents
The Glittre Activities of Daily
Living Test

Global tests that reproduce daily activities
are preferred in the assessment of
functional capacity and limitations over
tests focused on isolated components of
functional activity (78). In this regard, the
Glittre Activity of Daily Living test
(Glitter ADL; Appendix E1 and Appendix
E2, panel M) is appealing because it
incorporates 11 functional activities
included in the ICF framework (Table 2
and Table 3) (79), such as standing up
from a chair, walking 10 m, climbing a
3-stair staircase, and lifting the arms
without support while moving 1-kg
cartons one at a time from one shelf at
shoulder level to another at waist level,
and to the ﬂoor (and back up again, in
reverse order). The whole circuit is
completed ﬁve times, as fast as possible.
In COPD, the Glittre ADL test has
excellent test-retest reliability (r = 0.93). The
mean difference between tests ranges from
17 (80) to 22 seconds (95% CI, 12–32 s)
(79), and is considered valid, as it is related
moderately to FEV1, St. George’s
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Respiratory Questionnaire activity subscore
(r = 0.43), dyspnea during activities of daily
living (r = 0.35), and hospitalization rate
(r = 0.35) (79, 81).
The Glittre ADL test is responsive to
change after pulmonary rehabilitation,
with a mean difference of 253 seconds
after 4 weeks of rehabilitation (95% CI,
229 to 278 s) (79). No MDC has
been determined, but a decrease of
approximately 1 minute in Glittre ADL test
time has been suggested to be clinically
meaningful (81).
The Glittre ADL test is able to
discriminate between patients with COPD
and healthy subjects, in terms of their
functional capacity (82). It induces slightly
higher oxygen uptake than the 6MWT,
with similar cardiovascular and ventilatory
demand in patients with moderate to very
severe COPD (83). The Glittre ADL test is
also correlated with functional activities
such as time sitting (r = 0.50) and walking
(r = 20.46), the number of steps climbed
(r = 20.53), and walking energy
expenditure (r = 20.50) (2), as well
as average daily energy expenditure
(r = 0.91) (3). Notably, the Global Initiative
for COPD (GOLD) spirometric stage does
not seem to inﬂuence Glittre ADL-test
performance (84).
Cardiovascular, ventilatory, and
metabolic variables are highly reproducible
_ 2,
in Glittre ADL tests (80, 83), with the VO
heart rate and pulmonary ventilation
during exercise reaching 79–89% of the
peak values obtained from a maximal
incremental test on a treadmill (85). The
feasibility of the Glittre ADL test in patients
with multiple comorbidities or who are
oxygen dependent remains to be conﬁrmed.
However, the requirement of wearing a
weighted backpack throughout the test was
implemented to imitate the use of oxygen
breathing apparatus.
The Short Physical Performance
Battery Test

The short physical performance battery
test (SPPB) was developed from three
performance measures already in use (86):
standing balance test in three positions,
usual gait speed for a 4-m course (87), and
the 5STS (Appendix E1 and Appendix E2,
Panel N). Each of these subtests is scored
from 0 (unable/ unsafe) to 4 (best
performance) points, and a summative
score (on a scale ranging from 0 to 12) is
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established at the very end of the test. The
internal consistency of these three subtests’
grouped scores is acceptable (Cronbach’s
alpha = 0.76 [86]).
Poor lower extremity function as
measured with the SPPB test predicts an
increased risk for COPD-related disability
(odds ratio, 2.57; 95% CI, 1.65–4.01)
(88, 89). The SPPB predicted disability
with good accuracy in a 2-year follow-up
study (odds ratio, 2.57; 95% CI, 1.65–
4.01). A signiﬁcant difference in SPPB
scoring was also found between control
subjects and patients with COPD (mean
change, 21.0 [95% CI, 21.25 to 20.73;
P , 0.0001) (90). In the absence of
validation of the SPPB test for the COPD
population, it is too early to recommend
its widespread use to assess functional
capacity in this population.
Clinical Perspective

Although several studies have focused
on lower extremity function in patients
with COPD, there is more to daily
participation than changes in position
and movement activities. As shown in this
seminar, studies on upper limb functional
tests are promising and highlight reduced
arm exercise capacity in patients with
COPD (90). From a clinical functional
perspective, the most promising and
comprehensive test presented is the
Glittre ADL test, with 11 links to ICF
categories that address upper and lower
body capacity through various activities,
all of which are important for mobility
and daily participation.
By highlighting measurement
properties and linking common functional
tests to the ICF for patients with COPD,
this review should assist health care
professionals in substantiating their
decisions regarding the use of speciﬁc
functional tests for COPD assessment and
management where functional capacities
and participation in physical activities
of daily life are concerned. Improving
patient-centered outcomes that echo the
requirements for daily participation is
essential in promoting patient autonomy,
as well as maximizing patient’s exercise
capacity and functional status. In this
way, the quality of life and participation
in activities of daily living can be
increased (91).
The choice regarding the most
appropriate functional test to use in a given

situation should take into consideration the
ease of administration, the measurement
properties, and whether or not the test
addresses activities relevant and limited
for the patient (see part 1 of the seminar
series). Apart from the ﬁeld walking tests
(6MWT, ESWT), for which the absolute
and relative contraindications are
consistent with those in maximal exercise
testing (45, 92), there are no speciﬁc
contraindications for the other functional
tests addressed in this review. In the
interim, it would seem prudent to
apply the relative and absolute
contraindications that are recommended
for the ﬁeld walking tests, considering that
the functional tests often produce
ventilatory and heart rate requirements
that are similar to those for the ﬁeld
walking tests.
Adequate functional capacity
assessment will give clinicians a proper
insight into the implications of COPD
for patients, in terms of their usual activities,
as well as enabling clear rehabilitation
objectives to be established. Such
information is required to prescribe
adequate individualized exercises or
interventions that can maximize patients’
daily participation and autonomy, as well as
help reaching their signiﬁcant goal of
staying longer in their own homes.

Conclusions
This 2-part seminar emphasizes the
growing interest in and importance of
assessing functional capacity using patientcentered outcome measures that reﬂect
the functional performance of patients
with COPD, not only in a pulmonary
rehabilitation context but also in disease
management.
Further studies addressing the
methodological aspects and measurement
properties of these functional tests in patients
with COPD are recommended. Furthermore,
the effect of pharmacotherapies on the
performance of the tests must also be
examined, especially for the Glittre ADL
test, which has been found to be the most
comprehensive measure examined here
because of the high number of ICF
functional activities included in the
assessment. n
Author disclosures are available with the text
of this article at www.atsjournals.org.
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