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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 V̇O2peak in COPD. The included 59 studies involving 
2191 participants demonstrated that V̇O2peak 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% CI 
0.32;0.81, intervention arms=86) and the addition of 
non- invasive ventilation (SMD 0.55 95% CI 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.

Pulmonary rehabilitation (PR) is an accepted treat-
ment for COPD demonstrating improvements in 
peak oxygen uptake (V̇O2peak), the gold standard 
measure of cardiorespiratory fitness.1 However, 
PR is a complex intervention with significant vari-
ation in design and delivery across settings and the 
optimal programme design remains uncertain.2 
Furthermore, there is substantial heterogeneity in 
response to PR in both clinical trials3 and real world 
clinical practice4 which is only partially explained 
by differences in disease severity.1 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.5–7 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.8 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 V̇O2peak for people with 
COPD following a programme that included aerobic 
exercise training.1 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 V ̇O2peak.

METHODS
This is an extended analysis of data from a previous 
systematic review, full methods of which are 
detailed elsewhere1 including prospective regis-
tration on PROSPERO (CRD42018099300). A 
comprehensive database search was performed 
based on ‘COPD’, ‘exercise training’ and ‘V̇O2peak’ 
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 
3 weeks and a direct measure of V̇O2peak 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 plots9 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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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 V̇O2peak 
(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 V̇O2peak (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 
V̇O2peak. While high intensity training modalities resulted in 
the greatest increase in V̇O2peak, the differences compared with 
moderate intensity training were not significant (p>0.05 for 

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 V̇O2peak 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 V̇O2peak, 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.

Figure 1 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. : interval training, : continuous training, : cycling, : walking, High: high intensity, Mod: 
Moderate intensity, UC: Usual care.
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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.6 10 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,11 our results 
suggest that high intensity exercise training may be more effec-
tive than moderate intensity training for people with COPD. 

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”.

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”.
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The similarity between interval and continuous training is 
similar to previous work.12

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 V̇O2peak 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.

Twitter Thomas JC Ward @tom_jc_ward and Rachael A Evans @REvans_Breathe

Contributors TJCW, MCS and RAE developed the concept with input from TED. 
TJCW and CDP screened abstracts. TJCW, CDP, TED, LL, SJS, MRL, MCS, RF, AVJ and 
RAE screened full papers. TJCW and RAE resolved conflicts. AVJ, RT, AVF and TJCW 
assessed bias. TJCW and LL extracted data. TJCW performed the analysis and drafted 
the manuscript. All authors revised the final manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors. Dr Ward is funded 
by the NIHR [Academic Clinical Lectureship CL- 2020- 11- 004]. The views expressed 
are those of the author(s) and not necessarily those of the NIHR or the Department 
of Health and Social Care.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Thomas JC Ward http://orcid.org/0000-0002-2748-4063
Thomas E Dolmage http://orcid.org/0000-0003-1369-8981
Ruth Trethewey http://orcid.org/0000-0001-5578-6408
Lorna Latimer http://orcid.org/0000-0003-3561-438X
Rachael A Evans http://orcid.org/0000-0002-1667-868X

REFERENCES
 1 Ward TJC, Plumptre CD, Dolmage TE, et al. Change in V’O2Peak in response 

to aerobic exercise training and the relationship with exercise prescription 
in people with COPD: A systematic review and meta- analysis. Chest 
2020;158:S0012- 3692(20)30440- 2:131–44.:. 

 2 Holland AE, Singh SJ, Casaburi R. Defining modern pulmonary rehabilitation. 
An Official American Thoracic Society Workshop Report Ann Am Thorac Soc 
2021:E12–29.

 3 McCarthy B, Casey D, Devane D, et al. Pulmonary rehabilitation for chronic obstructive 
pulmonary disease. Cochrane Database Syst Rev 2015;2015.

 4 Spruit MA, Augustin IML, Vanfleteren LE, et al. Differential response to pulmonary 
rehabilitation in COPD: multidimensional profiling. Eur Respir J 2015;46:1625–35.

 5 Camillo CA, Osadnik CR, van Remoortel H, et al. Effect of "add- on" interventions 
on exercise training in individuals with COPD: a systematic review. ERJ Open Res 
2016;2:00078- 2015. 

 6 Zainuldin R, Mackey MG, Alison JA, et al. Optimal intensity and type of leg exercise 
training for people with chronic obstructive pulmonary disease. Cochrane Database of 
Systematic Reviews 2011;2014.

 7 Beauchamp MK, Janaudis- Ferreira T, Goldstein RS, et al. Optimal duration of 
pulmonary rehabilitation for individuals with chronic obstructive pulmonary disease - 
A systematic review. Chron Respir Dis 2011;8:129–40. 

 8 Hartmann-Boyce J, Ordóñez-Mena JM, Livingstone-Banks J, et al. Behavioural 
programmes for cigarette smoking cessation: investigating interactions between 
behavioural, motivational and delivery components in a systematic review and 
component network meta-analysis. Addiction 2022;117:2145–56. Available https:// 
onlinelibrary.wiley.com/toc/13600443/117/8

 9 Krahn U, Binder H, König J. A graphical tool for locating inconsistency in network 
meta- analyses. BMC Med Res Methodol 2013;13:35. 

 10 Menadue C, Piper AJ, van ’t Hul AJ, et al. Non- Invasive ventilation during exercise 
training for people with chronic obstructive pulmonary disease. Cochrane Database 
Syst Rev 2014:CD007714.

 11 Morris NR, Walsh J, Adams L, et al. Exercise training in COPD: what is it about 
intensity Respirology 2016;21:1185–92. 

 12 Beauchamp MK, Nonoyama M, Goldstein RS, et al. Interval versus continuous training 
in individuals with chronic obstructive pulmonary disease--a systematic review. Thorax 
2010;65:157–64. 

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

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thorax-2023-220071 on 1 June 2023. D

ow
nloaded from

 

https://twitter.com/tom_jc_ward
https://twitter.com/REvans_Breathe
http://orcid.org/0000-0002-2748-4063
http://orcid.org/0000-0003-1369-8981
http://orcid.org/0000-0001-5578-6408
http://orcid.org/0000-0003-3561-438X
http://orcid.org/0000-0002-1667-868X
http://dx.doi.org/10.1016/j.chest.2020.01.053
http://dx.doi.org/33929307
http://dx.doi.org/10.1002/14651858.CD003793.pub3
http://dx.doi.org/10.1183/13993003.00350-2015
http://dx.doi.org/10.1183/23120541.00078-2015
http://dx.doi.org/10.1002/14651858.CD008008.pub2
http://dx.doi.org/10.1002/14651858.CD008008.pub2
http://dx.doi.org/10.1177/1479972311404256
http://dx.doi.org/10.1111/add.15791
https://onlinelibrary.wiley.com/toc/13600443/117/8
https://onlinelibrary.wiley.com/toc/13600443/117/8
http://dx.doi.org/10.1186/1471-2288-13-35
http://dx.doi.org/10.1002/14651858.CD007714.pub2
http://dx.doi.org/10.1002/14651858.CD007714.pub2
http://dx.doi.org/10.1111/resp.12864
http://dx.doi.org/10.1136/thx.2009.123000
http://thorax.bmj.com/

	Understanding the effectiveness of different exercise training programme designs on V̇O2peak in COPD: a component network meta-analysis
	Abstract
	Methods
	Results
	Discussion
	References


