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CHAPTER 8

Summary and general discussion
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Patients with chronic obstructive pulmonary disease (COPD) frequently
experience limitations in their physical performance, which can be characterized
by a reduction in functional performance, exercise capacity, exercise tolerance,
and/or peripheral muscle function." Timely and extensive evaluation of a patient’s
physical performance is essential to identify the severity and specific domain of
the impairment in order to prescribe a personalized intervention. Therefore, tests
that evaluate physical performance measures must be feasible, valid, reliable, and,
in case of interventions, responsive. The purpose of this thesis was to expand the
existing knowledge regarding the feasibility, validity, and responsiveness of physical
performance outcome measures in patients with COPD. In this chapter, the main
findings will be discussed in depth according to their physical performance domain.

FUNCTIONAL PERFORMANCE

The short physical performance battery (SPPB) is a functional performance measure
that evaluates mobility and balance.’ In Chapter 2, univariate regression analyses were
performed in a large sample of patients with COPD (n=900) to assess the validity of
the SPPB in regards to, amongst others, the 6-minute walk distance, maximal workload
on a symptom-limited cardiopulmonary cycle exercise test, time-to-exhaustion on a
constant work rate cycle test, and isotonic and isokinetic lower-limb muscle function.
Our data revealed significant correlations between the SPPB summary score and
patient’s exercise capacity, exercise tolerance, and peripheral muscle function. This
is in line with previously reported relations between the SPPB and exercise capacity
and peripheral muscle function in patients with COPD.®” However, in Chapter 2 a
multivariate linear regression analysis explained only 29% of the variance in SPPB
summary score, of which the largest contribution came from the 6-minute walk
distance. This finding demonstrates that only a small portion of the SPPB summary
score is determined by exercise capacity, exercise tolerance, and peripheral muscle
function. Thus, this emphasizes the additional value of implementation of functional
tests in complement to exercise tests that assess exercise capacity, exercise tolerance,
or peripheral muscle function in order to obtain an extensive overview of the
patient’s physical performance. Furthermore, it is important to note that the standing
balance, 4-meter gait speed (4MGS), and 5-repetition sit-to-stand (5STS) subtests of
the SPPB contribute independently to the SPPB summary score. These 3 subtests
are related to different outcome measures. The standing balance subtest is not or to
a lesser extent related to exercise capacity and exercise tolerance than the other 2
subtests, as maintenance of balance requires complex integration and coordination of
musculoskeletal and neural systems.®® The 4MGS is associated with exercise capacity
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and psychological factors and is an excellent screening measure for exercise capacity
and frailty.>® The 55TS is the only subtest that correlates with health-related quality of
life in patients with COPD and thus has additional value in evaluating the impact of
COPD on the patient’s life.> ° In addition, Bernabeau-Mora et al. determined the clinical
validity of the SPPB summary score and its 3 components for identifying mobility
limitations in patients with COPD."" They revealed that only the 55TS and the SPPB
summary score showed a good discriminative capability for self-reported mobility
limitations. Taken together with the notion that the greatest variation in scores was
reported for the 5STS in Chapter 2 and previously by Mohan et al.,” it is suggested
that the 5STS has the highest discriminative power among the subtests of the SPPB to
identify functional limitation in patients with COPD. Furthermore, additional analyses
with data from Chapter 3 (not reported) revealed only weak correlations between
balance, 4MGS, and 5STS scores at baseline (p=0.142-0.329, all P-values <0.001) and no
significant correlations between the changes following a pulmonary rehabilitation (PR)
program. Again, this substantiates that each of the 3 SPPB subtests provides distinct
information regarding the patient’s mobility and balance. Therefore, it is recommended
to perform all 3 SPPB subtests in patients with COPD, especially considering the
great feasibility due to the simplicity of the test in terms of test duration and
required equipment.

To date, functional performance outcome measures such as the SPPB are often
incorporated in pre- and post-intervention assessments. Therefore, it is important

to ensure the responsiveness and determine minimal important differences (MIDs)
of the SPPB. Chapter 3 evaluated the effect of a comprehensive PR program on the
SPPB and determined MIDs in patients with COPD. Our data reported improvements
in 4MGS, 5STS, and SPPB summary scores following the PR program, but no change
was observed in balance standing test scores. This is consistent with recent studies
evaluating the effect of PR programs on SPPB summary scores and/or SPPB
subtests.’® 26 These findings might indicate that improvements in SPPB summary
scores following PR are predominantly caused by changes in 4MGS and 5STS and
perhaps not, or to a lesser extent, by changes in balance standing tests. The latter
can be the result of a ceiling effect as 85% of the patients in Chapter 2 obtained
the maximal standing balance score of 4. Subsequently, 15% of these moderate-to-
severe patients with COPD report balance impairments at the start of the PR program.
An additional analysis revealed that 74% of these patients with balance impairments
did show improvements of at least 1 point in balance standing score following the
PR program (data not reported). Thus, it seems that the balance standing subtest is
clinically relevant to perform in patients with moderate-to-severe COPD. However,
the incidence of patients with balance impairments observed in Chapter 2 is
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lower than the 20% to 45% described by previous studies.'”” Furthermore, 40% of
patients with COPD, and with comparable baseline characteristics as the patients in
Chapter 2, reported falls within the previous 12 months.’ This might indicate that
the balance standing subtest of the SPPB alone can perhaps only identify patients
with extreme balance impairments, and is not adequately sensitive in patients with
milder balance deficits. Therefore, more comprehensive tests such as the (mini-)
Balance Evaluation Systems Test or Berg Balance Scale may be more useful in patients
with COPD."™

In addition, Chapter 3 reported a distribution-based MID estimate of 0.83-0.96
points (1 point as the SPPB summary score is reported in whole numbers) for the
SPPB summary score. This indicates that an improvement of =1 point following
a PR intervention can be considered a statistically significant improvement,
which is consistent with the study of Perera et al. who reported a substantial
change of 1.0 point for SPPB summary scores in older adults.?® For the 4MGS, a
MID range of 0.05-0.13 m/s was obtained using distribution- and anchor-based
(6-minute walk distance as anchor) methods in Chapter 3. This is in line with the
MID estimate of Kon et al. (0.11 m/s)."® Finally, a distribution-based MID range of
2.19-6.33 seconds was observed for the 55TS in Chapter 3. These MID estimates
are larger than the anchor-based MID estimate by Jones et al. of 1.7 seconds
in patients with COPD after an 8-week outpatient PR program in the United
Kingdom.™ The discrepancy between both MID estimates can be explained by the
different methods used to calculate the MIDs. Distribution-based MIDs indicate
a statistically significant difference and anchor-based MIDs describe a clinically
meaningful difference. In Chapter 3 only distribution-based MID estimates for the
5STS could be determined because no significant moderate or strong correlations
were present between the 5STS and both anchors (i.e., COPD Assessment Test
and 6-minute walk test). Jones et al. used a 5-point Likert scale (ranging from 1
‘feeling much better’ to 5 ‘feeling much worse’) to calculate anchor-based
MIDs and did not report distribution-based MIDs."® With the reported standard
deviation for the baseline 5STS time (SD=6.5 s),'° 2 distribution-based calculations
can be performed (SD *\/(1-intraclass correlation coefficient)=1.1 s and
0.5*SD
in Chapter 3. However, it is also important to note that differences in for example

baseline

basaline=3+3 5). The latter MID is more comparable to the MID estimates obtained
study population and intervention might explain the discrepancy between the MIDs.
The choice for an appropriate MID is therefore dependent on the study population,
intervention, and method used to estimate the MID.
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EXERCISE CAPACITY AND TOLERANCE

To date, it is still unclear whether and to what extent patient-reported outcomes
(PROs) mirror the physical performance of patients with COPD, especially for exercise
tests other than the 6-minute walk test.2' Therefore, Chapter 4 used univariate
correlations to evaluate the validity of exercise capacity (6-minute walk distance and
cardiopulmonary exercise test), exercise tolerance (constant work rate cycle test),
functional performance (timed ‘Up and Go’ test), and peripheral muscle function
(isokinetic peak torque and total work of the quadriceps) in comparison to patient-
reported health-related quality of life, mood status, dyspnoea, and care dependency.
This study revealed weak-to-moderate correlations and demonstrated that physical
performance exercise tests and PROs assess different aspects in patients with COPD.
These findings are recently confirmed by Quadflieg et al. who concluded that exercise
tests are generally poorly related to PROs during a severe exacerbation of COPD.?
Furthermore, recent studies in other populations demonstrated predominantly weak
correlations between PROs and performance-based measures as well.?>% Therefore,
additional assessment of health-related quality of life, anxiety, depression, and/or the
level of care dependency is recommended in addition to exercise tests.

As already mentioned, exercise tests used to evaluate the effect of interventions
must be able to pick up the improvements following the intervention. Therefore,
Chapter 4 assessed the responsiveness of exercise capacity (6-minute walk distance),

exercise tolerance (constant work rate cycle test), functional performance (Timed ‘Up
and Go'test), and peripheral muscle function (isokinetic peak torque and total work
of the quadriceps during a fatigue protocol) to a comprehensive PR program and
reported a significant improvement for all outcome measures. In addition, univariate
correlations between changes in exercise capacity, exercise tolerance, functional
performance, and peripheral muscle function with changes in patient-reported health-
related quality of life, mood status, dyspnoea, and care dependency were obtained.
Our data revealed only very weak-to-weak correlations between changes in exercise
tests and changes in PROs following a PR program. Again, this highlights that physical
performance outcomes need to be supported by PROs to get a more comprehensive
insight into the effectiveness of a PR program. It should be noted that the specific
goals and the content of the PR program are personalized and a patient is thus not
expected to improve in all aspects. Therefore, outcome measures used to evaluate the
responsiveness of the intervention should match the patient’s goals.

The endurance shuttle walk test (ESWT) is a feasible, valid, reliable, and responsive
measure to evaluate exercise tolerance in patients with COPD.?”*¢ Unfortunately,
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there is a large interindividual variability in tolerated duration (Tlim) of the
ESWT,** 373 which was confirmed in Chapter 5 as half of the patients had a test
duration exceeding the desired 3-8 minutes. This large variability in ESWT Tlim
complicates the interpretation of intervention efficacy and increases the required
number of patients in clinical studies. An option to reduce the variability would be to
perform a second ESWT at an adapted pace in patients with an ESWT Tlim exceeding
the desired duration of 3-8 minutes. However, this is not always feasible due to logistic
constraints. Thus, it is important to evaluate determinants of the ESWT Tlim in patients
with COPD (i.e., validity) to better understand this large variation and possibly even
adapt the ESWT pace prior to the ESWT test in order to reduce variability. Univariate
regression analyses in Chapter 5 revealed significant correlations between ESWT Tlim
and pulmonary function, physical performance, physical activity, and incremental
shuttle walk test (ISWT) performance measures, and not with isometric quadriceps
muscle strength, in patients with moderate-to-severe COPD. This emphasizes
that exercise capacity, exercise tolerance, and peripheral muscle function are not
completely independent and distinctive components of physical performance but
are somehow interrelated. However, it is still important to evaluate multiple, if not all,
components of physical performance to obtain an extensive and complete overview
of the patient’s physical performance. Furthermore, a multivariate regression model
showed that next to maximal ISWT speed, other ISWT performance measures as well
as clinical measures of pulmonary function, exercise capacity, and physical activity
were independent determinants of ESWT Tlim. Nevertheless, these determinants
only explained ~30% of the variability in ESWT Tlim, indicating that the variance is
predominantly related to other outcome measures than those assessed in Chapter
5. Furthermore, this makes it currently difficult to individualize the ESWT pace
more accurately before the ESWT itself in order to reduce the large variability. To
date, others have also tried to reduce the interindividual variability in ESWT Tlim.
Dolmage et al. suggested the use of predetermined usual and fast walk speeds to
provide a simple, quick, and inexpensive method for clinicians to set an acceptable
endurance walk speed.® In addition, Hill et al. found that participants with milder
symptoms of dyspnoea (Borg score <4) and leg fatigue (Borg score <2) on completion
of baseline 6MWT and ISWT may achieve a longer ESWT Tlim. They recommended
repeating the ESWT at a higher walking speed to achieve an ESWT Tlim between the
desired duration.*' Thus, no accurate prediction formula is available yet to determine
the individual ESWT pace that will result in a desired pre-intervention ESWT Tlim.
Therefore, the performance of a second ESWT would be preferable when the pre-
intervention ESWT Tlim exceeds the desired duration of 3-8 minutes. Future studies
with additional outcome measures like dynamic hyperinflation and peripheral muscle
endurance are necessary in order to obtain such a prediction formula.
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PERIPHERAL MUSCLE FUNCTION

Peripheral muscle endurance is more severely reduced than muscle strength in
patients with COPD and requires different training strategies.**** This highlights
the clinical relevance of the assessment of peripheral muscle endurance in these
patients. Peripheral muscle endurance is most commonly assessed using isokinetic
contractions in patients with COPD.* Recent studies already reported good reliability
and feasibility in those patients but were only performed in research settings.*?
Therefore, Chapter 6 assessed the feasibility of isokinetic evaluation of quadriceps
muscle endurance in patients with COPD in a PR centre. The findings revealed that 3
out of 4 patients with COPD performed the isokinetic quadriceps test correctly during
baseline PR assessment. The main reasons for an invalid test performance were
premature test termination (i.e., not completing 30 repetitions) and not reaching
peak torque within the first 5 repetitions. Furthermore, Chapter 7 reported that 4
out of 26 patients (15%) performed the isokinetic test incorrectly. Those patients
with an invalid test performance at baseline in Chapter 6 were characterized by
a lower exercise capacity and a lower isotonic peripheral and respiratory muscle
strength than patients with a valid test. However, it is unclear whether repeating
the baseline test will improve the feasibility in those patients with an invalid test,
or whether these patients are just not capable of performing the test correctly for
other unknown reasons. Therefore, further research should reveal whether a second
endurance test at baseline is beneficial in patients with an invalid test. As it might

not always be feasible to repeat the isokinetic endurance test in research or clinical
settings, a second option would be to perform a different quadriceps endurance
test. Hence, it is important to determine the feasibility of isotonic and isometric
quadriceps endurance tests in clinical settings as well. Chapter 7 showed already
promising results regarding the feasibility of the isometric quadriceps endurance
test as all 26 patients with COPD performed the isometric endurance test correctly.

To date, it is still unknown whether isokinetic evaluation of quadriceps muscle
endurance can pick up improvements following a PR program. In addition, MIDs
are currently lacking, which complicates the interpretation of intervention efficacy.
Therefore, Chapter 6 evaluated the response of isokinetic quadriceps muscle
endurance following PR and determined MIDs. Our data demonstrated that isokinetic
muscle strength (i.e., peak torque) and total work improved following PR, but no
change was observed for work fatigue index. The improvement in isokinetic total
work was also observed following a low-load/high-repetition resistance training in
patients with COPD.***’ The lack of change in work fatigue index following PR might
be explained by the low test-retest intraclass correlation coefficient*® or the fact that
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the current program did not specifically focus on the fatiguability of the quadriceps
muscle. Unfortunately, no other study has evaluated the effect of an exercise training
intervention on work fatigue index yet. Therefore, additional studies are needed to
evaluate the responsiveness of the work fatigue index following an intervention that
focuses on the fatiguability of the quadriceps muscle. In addition, sex-specific MIDs
were calculated as differences between peak torque, total work, and work fatigue
index were observed between healthy males and females.* Chapter 6 revealed
distribution-based MIDs for peak torque ranging between 6-7 Nm or 8% change for
males, and 4-5 Nm or 7% change for females. For total work, the distribution-based
MIDs ranged between 97-135 J or 24-25% change for males, and between 62-99 J
or 13-14% change for females. Furthermore, it is important to note that these MIDs
only apply to patients who perform a valid baseline and post PR test. Lastly, it should
be emphasized that there was a strong relation observed in Chapter 6 between
isokinetic peak torque (i.e., muscle strength) and total work at baseline and following
a PR intervention. This might question whether total work is the most appropriate
outcome measure to evaluate peripheral muscle endurance. In addition, it should
be highlighted that a computerized dynamometer is expensive and requires trained
personnel, and not all centres have a computerized dynamometer available. In
these cases, isotonic protocols might be an alternative as these tests require simpler
equipment like elastic bands, exercise platforms or benches, or a pully system. These
protocols are performed with a constant external load and standardized range of
motion and speed and have a great reliability and feasibility in patients with COPD.*
Furthermore, isotonic peripheral muscle endurance is correlated with functional
performance and exercise capacity and is better associated with daily physical
activity than isokinetic and isometric peripheral muscle endurance.*® !

There is still no consensus yet on the best protocol to evaluate peripheral muscle
endurance in patients with COPD. Therefore, Chapter 7 evaluated the validity of
volitional isometric and isokinetic quadriceps endurance tests by assessing its
relation to non-volitional electrically stimulated isometric quadriceps endurance in
patients with COPD. The study reported that outcome measures of the 2 volitional
endurance tests correlate significantly and strongly. So, these 2 protocols evaluate
a great amount of similarity in quadriceps endurance despite the difference in
contraction type. However, neither of those volitional tests showed a significant
correlation with non-volitionally assessed quadriceps muscle endurance. This
might imply that volitional and non-volitional tests evaluate different constructs
of quadriceps muscle endurance in patients with COPD. Recent studies have
already reported that volitional isometric and isokinetic endurance exercises are
related to the oxidative metabolism of the active muscle.>*** However, the severity
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of dyspnoea and central fatigue (i.e., the deficient drive of motor cortical output
attenuating performance or even stopping the activity)*® is expected to intervene to
a greater extent in volitional tests than non-volitional tests. Therefore, the preferred
protocol for quadriceps endurance assessment is dependent on the aim of the
measurement. Non-volitional tests are less influenced by the severity of dyspnoea
and the motivation and cooperation of the patient and are presumably a truer
reflection of fatigue mechanisms within the peripheral muscle. However, these tests
are less practical because they require more time and trained personnel and are
not always tolerated by patients. This latter is supported by Chapter 7 in which 5
of the 21 patients (24%) had an invalid non-volitional endurance test. Furthermore,
the purpose of muscle function tests in clinical settings is also to prescribe an
individualized exercise training. Dyspnoea and central fatigue intervene in the
performance of these endurance training exercises, and thus may volitional tests
perhaps be more suitable in a clinical setting.

CONCLUSIONS

Taken together, this thesis underpins the evidence that functional performance,
exercise capacity, exercise tolerance, and peripheral muscle function are 4 distinctive,
but partly related, domains of physical performance. All 4 domains should be
evaluated to identify appropriate targets for an effective and individualized

exercise intervention.

The present thesis demonstrates that the SPPB is a valid and responsive outcome
measure for functional performance in patients with moderate-to-severe COPD.
Furthermore, the performance of all 3 SPPB subtests is advisable in current clinical
practice because they provide distinct information about the patient’s mobility and
frailty. Nevertheless, it should be noted that the balance standing subtest might
not be adequately sensitive to pick up mild balance deficits in these patients.
This knowledge will help clinicians to screen for a reduced mobility and balance
in patients with COPD and therefore supports them to establish an effective
treatment strategy.

PROs and exercise test outcomes establish different disease-related aspects in
patients with COPD. Thus, it is recommended that exercise tests are supported
by PROs to obtain a comprehensive overview of the patient and provide a more
detailed insight in the efficacy of interventions. Moreover, this thesis substantiates
a large interindividual variability in the outcome measure of the ESWT exercise test
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(Tlim), which complicates the interpretation of intervention efficacy. Unfortunately,
the current findings are largely not able to explain this variability. So, until a more
specific prediction formula is available, a second ESWT is recommended when Tlim
exceeds 3-8 minutes.

This thesis shows that an improvement of >7% or >8% in volitional isokinetic
quadriceps muscle strength following a PR program can be considered as a true
effect in female and male patients with COPD respectively. The effectiveness of a
PR program on volitional isokinetic quadriceps muscle endurance depends on the
outcome measures of endurance that are being applied. Nevertheless, the current
thesis also indicates that a great extent of similarity in quadriceps muscle endurance
can be assessed using either volitional isometric or isokinetic contractions. However,
volitional and non-volitional outcome measures evaluate partly different aspects
of quadriceps muscle endurance in patients with COPD. Accordingly, volitional and
non-volitional outcome measures of quadriceps endurance should not be used
interchangeably. Finally, this thesis reports a greater feasibility, in terms of percentage
patients with a valid test performance, for the volitional isometric protocol than the
volitional isokinetic and non-volitional isometric protocols. A better understanding
of these protocols will guide clinicians and researchers to make an informed decision
about which protocol is most suitable to perform in their specific context.

FUTURE DIRECTIONS

Even though this thesis has brought new insights into the feasibility, validity, and
responsiveness of physical performance measures in patients with COPD, some
aspects need to be addressed in the future. Firstly, validation of the established
MID for 5STS in Chapter 3 is needed to help clinicians and researchers interpret
intervention efficacy, ideally using both anchor-based and distribution-based
methods. Furthermore, additional studies on determinants of ESWT Tlim are
necessary to develop an accurate prediction formula for ESWT pace to reduce the
ESWT Tlim variability. As previously mentioned, this will improve the interpretation
of intervention efficacy and, in turn, lead to the development of more optimal
endurance training programs. Lastly, the fatiguability of the quadriceps muscles
is known to be greatly reduced in patients with COPD but only limited studies
have focused on the effectiveness of appropriate exercise interventions on the
fatiguability of peripheral muscles in these patients. Thus, future research is needed
to assess the effectiveness of exercise interventions targeting the fatiguability of the
quadriceps muscle in patients with COPD. Accordingly, it is important to evaluate
which quadriceps muscle endurance outcomes can be used to optimize effective
individualized exercise programs.
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