Understanding the effectiveness of different exercise
training programme designs on VO, .. in COPD: a
component network meta-analysis
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ABSTRACT

Pulmonary rehabilitation programmes including aerobic
training improve cardiorespiratory fitness in patients with
COPD, but the optimal programme design is unclear.
We used random effects additive component network
meta-analysis to investigate the relative effectiveness of
different programme components on fitness measured
by VO, in COPD. The included 59 studies involving
2191 participants demonstrated that VO, increased
after aerobic training of at least moderate intensity with
the greatest improvement seen following high intensity
training. Lower limb aerobic training (SMD 0.56 95% Cl
0.32;0.81, intervention arms=86) and the addition of
non-invasive ventilation (SMD 0.55 95% Cl 0.04;1.06,
intervention arms=4) appeared to offer additional
benefit but there was limited evidence for effectiveness
of other exercise and non-exercise components.
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Pulmonary rehabilitation (PR) is an accepted treat-
ment for COPD demonstrating improvements in
peak oxygen uptake (VO, ), the gold standard
measure of cardiorespiratory fitness.! However,
PR is a complex intervention with significant vari-
ation in design and delivery across settings and the
optimal programme design remains uncertain.*
Furthermore, there is substantial heterogeneity in
response to PR in both clinical trials® and real world
clinical practice* which is only partially explained
by differences in disease severity.! It is possible that
some of the heterogeneity in response could be
explained by variation in PR design.

Previous pairwise meta-analyses have examined
individual elements of PR in isolation including
the volume and modality of training as well as the
addition of non-exercise components.”™ While this
approach may give useful information, a pairwise
meta-analysis can only include homogeneous trials
in which a single component of PR programme
design varies between treatment arms, and therefore
ignores the wider complexity of PR. Component
network meta-analysis (CNMA) is a novel statis-
tical technique which allows inclusion of differing
intervention designs in a single analysis to increase
the power to detect differences in the effectiveness
of individual components.® CNMA assumes the
effects of individual components within complex
interventions are additive and therefore allows esti-
mation of the individual effect of each component
in isolation.

Our previous systematic review demonstrated a
moderate improvement in VO,  for people with
COPD following a programme that included aerobic
exercise training." We performed a secondary anal-
ysis on this data using CNMA to investigate the
effect of specific exercise and non-exercise compo-

nents on improvements in VO, ..
peak

METHODS

This is an extended analysis of data from a previous
systematic review, full methods of which are
detailed elsewhere' including prospective regis-
tration on PROSPERO (CRD42018099300). A
comprehensive database search was performed
based on ‘COPD?’, ‘exercise training’ and VO, °
from inception to April 2018. The eligibility criteria
for inclusion were a diagnosis of COPD in=90% of
the population, an intervention group performing
directly supervised lower limb aerobic training, at
a minimum frequency of once a week for at least
3weeks and a direct measure of VO, , using any
exercise modality. The current analysis was limited
to both controlled trials comparing an interven-
tion incorporating supervised lower limb aerobic
training with no training, and controlled trials
comparing different interventions for which super-
vised lower limb aerobic training was a component.

A frequentist random effects additive CNMA was
performed using the netmeta package in R (version
4.1.1). We created two models: Model 1, a model
with traditional lower limb aerobic training modal-
ities combined in a single component to investigate
the effects of non-aerobic exercise components and
Model 2, a split model comparing different lower
limb aerobic training components.

We performed multiple sensitivity analyses by
excluding studies at high risk of bias and studies of
low quality, and with imputation of data using a
conservative estimate of correlation coefficient (0.5).
To examine inconsistency, unconnected studies were
excluded to create connected networks and results
from net heat plots’ and node splitting were assessed.

RESULTS

Fifty-nine studies involving 2191 participants
were included (eTable 1). These included 15 trials
of aerobic training vs “usual care” or structured
education in isolation, 37 controlled trials in which
both arms performed aerobic training in different
forms or with different “add-ons”, and seven 3-arm
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Network graph showing comparisons made in studies included in the component network metaanalysis for type of aerobic training

(model 2). The size of each node is proportional to the number of studies including that intervention and the thickness of the lines is proportional

to the number of times each comparison was made.
Moderate intensity, UC: Usual care.

studies with three interventions or two interventions vs “usual
care”. Of these, 50 studies were included in Model 1 (eFigure 1)
and 30 studies were included in Model 2 (figure 1).

Lower limb aerobic training, non-invasive ventilation (NIV)
during exercise and administration of ghrelin alongside exer-
cise training resulted in significant improvements in VO,
(figure 2). No other components provided additional benefit
when performed alongside lower limb aerobic training. Both
moderate to high intensity continuous cycling and walking
training modalities, and high intensity interval cycling and
walking resulted in improvements in VO, . (all p<0.05,
figure 3). Addition of stair climbing (SMD —0.79 95% CI —1.28
to —0.31 k=4) and low intensity walking (SMD —0.43 95% CI
—0.83 to —0.03 k=2) appeared to reduce improvements in
VO,,..- While high intensity training modalities resulted in
the greatest increase in VO, ,, the differences compared with
moderate intensity training were not significant (p>0.05 for

interval training, | : continuous training, &: cycling, %: walking, High: high intensity, Mod:

all pairwise comparisons). Results of multiple sensitivity anal-
yses, bias assessment and validity assessment can be found in the
supplement (eTable 2 and eFigures 2-3).

DISCUSSION

This study used novel methodology to investigate the effect of
different potential components of PR on change in VO, , for
people with COPD, demonstrating robust evidence that lower
limb aerobic training is the core component for improvements
in maximal exercise capacity. Although most moderate to high
intensity aerobic exercise components resulted in improvement
in VO, the largest numeric improvement was seen with high
intensity training modalities. The addition of NIV to aerobic
exercise appeared to enhance outcomes but there was limited
evidence for the effectiveness of other components in the
included trials.
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Number of Standardised mean

Component comparisons difference [95% CI]
Anabolic steroids 2 -0.40[-0.96, 0.16]
Growth hormone supplementation 1 ' | -0.25[-1.29, 0.80]
Upper limb resistance training 20 —— -0.23 [-0.56, 0.11]
Polyunsaturated fatty acid supplementation 1 ' | -0.14 [-0.71, 0.44]
Breathing retraining 8 e -0.09 [-0.49, 0.31]
Arm cycling 6 —— -0.03 [-0.41, 0.35]
Helium hypernoea 2 b | -0.03 [-0.58, 0.52]
Eccentric cycling 1 1 0.00 [-0.87, 0.87]
Supplemental oxygen during exercise 6 —_— 0.05 [-0.35, 0.45]
Resistance training - modality unclear 5 ' | 0.05 [-0.55, 0.65]
Inspiratory muscle training 8 — 0.06 [-0.21, 0.34]
Structured education 35 —— 0.09 [-0.283, 0.41]
Coaching and goal setting 1 0.13[-0.52, 0.79]
Lower limb resistance training 10 o 0.19 [-0.25, 0.62]
Sildenafil treatment 1 | 0.41[-0.21, 1.03]
Creatine supplementation 1 ' | 0.47 [-0.40, 1.35]
Non-invasive ventilation during exercise 4 L i 0.55[0.04, 1.06]
Lower limb aerobic exercise training 86 —— 0.56 [ 0.32,0.81]
Vitamin D supplementation 1 [ { 0.65 [-0.02, 1.33]
Ghrelin supplementation 1 1.13[0.13, 2.14]

f T T T 1
-2 -1 0 1 2 3

Favors Care As Usual

Oxygen uptake at peak exercise (Standardised mean difference)

Favors Intervention

Figure 2 Forest plot showing the individual effect of programme components on oxygen uptake at peak exercise within an additive component
network meta-analysis (model 1). The results represent the unique contribution of each individual component when performed as part of a multi-
component intervention. All intervention groups included supervised lower limb aerobic training. Reference group is “usual care”.

Previous evidence synthesis assessing comparative effec-
tiveness of PR components has been limited to analysis of
trials which performed the same head-to-head comparison of
different programme designs.® '* Our study takes a different
approach, allowing multiple programme designs to be

compared in a single analysis, providing novel insights into the
effectiveness of individual components of complex interven-
tions such as PR. In contrast to previous analyses,'* our results
suggest that high intensity exercise training may be more effec-
tive than moderate intensity training for people with COPD.

Number of Standardised mean
Component interventions difference [95% CI]
Stair climbing —_——— -0.79 [-1.28, -0.31]
Low intensity continuous walking 2 e m— -0.43[-0.83, -0.03]
Moderate intensity interval cycling 1 0.04 [-0.85, 0.93]
Moderate intensity continuous walking 8 —a— 0.36[0.08, 0.63]
Moderate intensity continuous cycling 9 —— 0.36[0.06, 0.67]
Callisthenics 6 —— 0.38[-0.03, 0.78]
Water based callisthenics 1 0.41[-0.26, 1.09]
High intensity interval cycling 9 —— 0.44[0.07, 0.80]
High intensity continuous walking 6 — 0.53[0.14, 0.92]
High intensity interval walking 4 —_——— 0.61[0.16, 1.07]
High intensity continuous cycling 12 —a— 0.68[0.43, 0.94]

T T T 1

-2 -1 0 1 2

Favors Care As Usual

Oxygen uptake at peak exercise (Standardised mean difference)

Favors Intervention

Figure 3  Forest plot showing the individual effect of different components of the aerobic training aspect of the intervention on oxygen uptake
at peak exercise within an additive component network meta-analysis (model 2). The results represent the unique contribution of each individual
component when performed as part of a multi-component intervention. Reference group is “usual care”.

Ward TJC, et al. Thorax 2023;78:1035-1038. doi:10.1136/thorax-2023-220071

1037

"yBuAdos Aq paloalold 1sanb Aq +20z ‘0z [1dy uo jwod g xeloyy/:dny woly papeojumoqd "£20Z auni T UO T20022-£202-Xeloyy9sTT 0T St paysiiand 1s1y :xeloy L


http://thorax.bmj.com/

The similarity between interval and continuous training is
similar to previous work.'

This analysis had several limitations. Only one outcome was
investigated and repeating this analysis with a wider range of
outcome measures might allow conclusions to be made on
the effectiveness of PR on other patient related outcomes. We
excluded studies in which the intervention arm performed exer-
cise for less than six sessions in 3 weeks or exercise that was not
considered to be aerobically demanding, and we cannot there-
fore comment on the effect of very low intensity exercise or resis-
tance training in isolation. Our analysis investigated the effects
of components and did not consider confounding from factors
such as programme duration and frequency, or disease severity.
Participants in most studies were not blinded to their interven-
tion introducing the possibility of performance bias however
high intensity continuous aerobic training remained effective in
those studies at low risk of performance bias. Finally, some of
the components included were investigated in a small number
of studies and we have therefore avoided making definitive
conclusions for components with fewer than three comparisons
including the potentially promising effect of ghrelin supplemen-
tation alongside exercise training.

In conclusion, lower limb aerobic training is the core effective
component of PR to improve VO, _, and there is evidence that
NIV during exercise may enhance outcomes. We found limited
evidence of the effectiveness of other programme components
for additional gains in cardiorespiratory fitness. These results
demonstrate the significant heterogeneity that exists in the
current delivery of PR programmes and highlights the need for
a standardised approach. Although high intensity training may
be challenging for patients, our data supports this as the optimal
target, and this should be considered in future PR guidelines and
standards. Further research is needed to understand the impact
of PR components on other patient reported outcomes and to
understand the interaction of PR components, training dose and
patient demographics.
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