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Exercise-training is a well-established cornerstone of COPD management, with the Global Initiative for Chronic Obstructive Lung Disease (GOLD) recognising that pulmonary rehabilitation is “the most effective therapeutic strategy to improve shortness of breath, health status and exercise tolerance” (1). Despite this seemingly lofty position, the journey to firmly establish the role of exercise-training in COPD has been long and arduous. Initially, many believed that the mechanisms behind the observed clinical improvements with pulmonary rehabilitation were psychological, rather than physiological, and there was scepticism as to whether patients with ventilatory limitation could exercise to a sufficient intensity to induce physiological changes. However, pioneering work in the 1990s demonstrated that high intensity training was associated with reduced exercise-induced lactic acidosis and improved skeletal muscle oxidative capacity in patients with COPD (2, 3). 
[bookmark: _Hlk31559859]In this issue of CHEST, Ward and colleagues provide further evidence of the physiological benefits of exercise-training in COPD. Oxygen uptake at peak exercise (V̇O2peak) is the gold standard objective marker of cardiorespiratory fitness. The authors conducted a rigorous evidence synthesis, systematic review and meta-analysis, drawing on data from 3484 participants across 112 studies (4). The meta-analysis from 13 randomized controlled trials (n=540) demonstrated an overall moderate increase in V̇O2peak following aerobic exercise-training as compared to usual care, with an effect size of 0.52 (CI: 0.34 – 0.69) equating to an absolute change of 142 ml.min-1 (4).
An interesting aspect of the systematic review was the authors’ attempts to investigate the influence of exercise-training parameters (typically known as FITT: Frequency, Intensity, Time and Type) on outcomes. This was challenging as some of the included studies often had perfunctory description of the exercise intervention. In particular, there was significant heterogeneity in prescribing intensity with some using a percentage of a “maximum” physiological parameter (eg. V̇O2peak, peak work, maximum heart rate or maximum walking speed) and others using subjective measures (eg. patient-reported symptom levels). Ward et al addressed this heterogeneity by assigning the interventions into quasi-objective “intensity categories” ranging from low to very high intensity, although creation of such categories would have inevitably required a degree of subjectivity. The authors were further thwarted by the inconsistent description of progression within the included studies with only 40% of studies reporting how intensity or duration were progressed, 29% of studies reporting the criteria for progression, and only crude recording of adherence. 
For the other FITT parameters, the authors were not able to demonstrate a clear signal to suggest that frequency or type of exercise influences the response of V̇O2peak to exercise-training. However, this systematic review does provide evidence for a dose response effect around exercise-training. Meta-regression, controlling for age and gender, identified target exercise duration, total number of exercise sessions, and programmes greater than 12 weeks as factors associated with improved V̇O2peak response, suggesting that exercise volume (or “time” in FITT parlance) is important. However, this association was much weaker or became non-significant when disease severity, as measured by FEV1, was taken into account.
What are the implications from this study? First, it demonstrates that aerobic exercise-training results in clear physiological benefit for patients with COPD, supporting previous research findings. Second, based on their observations, the authors propose quality standards for reporting exercise interventions in future trials. This should be applauded and will undoubtedly facilitate the future repeatability, interpretation and pooling of exercise-training trials in COPD. The aim should be to enhance the quality of such trials to the standard of trials of investigational medicinal products, where the dose, duration, frequency, or method of administration are invariably stated. However, exercise prescription can be inconsistent, particularly where there is limited access to specialist exercise equipment or cardiometabolic monitoring (for example, in community or home settings (5, 6)), or where there is only light touch supervision to guide progression (7). Personal monitoring of energy expenditure during exercise-training may provide one route for a more objective way of quantifying exercise intensity and duration (8).
Third, the authors have demonstrated a dose-response effect from exercise-training; the greater exercise volume the greater the physiological benefit. The question is: how much is enough? This is particularly pertinent for healthcare systems where there may be limited reimbursement (9), or only finite resources. As an example, the British Thoracic Society Guidelines for Pulmonary Rehabilitation acknowledged that the benefits were greater from programmes with a duration of three months or longer, but “for practical and economic reasons, programmes lasting longer than 6–8 weeks are not standard” (10). The United Kingdom health service has therefore opted for shorter duration pulmonary rehabilitation programmes in exchange for more universal coverage and accessibility.
[bookmark: _GoBack]Finally, the most cogent finding of this systematic review and meta-analysis is that patient factors are more influential on exercise-training response than programme factors.  FEV1 was the most important individual factor determining the V̇O2peak response to exercise-training, and some of the associations between exercise volume and V̇O2peak response disappeared after controlling for FEV1. The authors speculate that those with lower FEV1 are more likely to have a ventilatory limitation to exercise and propose alternative training strategies or adjuncts to exercise-training that reduce ventilatory load during exercise for patients with severe COPD. It is also plausible that patients with more severe disease have a higher prevalence of factors that impair adherence to exercise-training such as socioeconomic deprivation (11) or frailty (12). Regardless, the learning point is that exercise-training programmes must be adapted for the patient and for communities so there is optimal engagement with aerobic training with a view to long term behavioural change (5). Rather than debating whether cycling is better than treadmill, three times a week is better than two, or even whether six months is better than six weeks, the attention may be best focused on ensuring pulmonary rehabilitation programmes meet the individual needs of the patients they serve.
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