Cover sheet
“VO₂ kinetics and aerobic performance: Evidence missing in action”


Comment on

Exercise training-induced speeding of VO2 kinetics is not intensity domain-specific or correlated with indices of exercise performance.
Inglis EC, Rasica L, Iannetta D, Sales KM, Keir DA, MacInnis MJ, Murias JM. Eur J Appl Physiol. 2025 May;125(5):1297-1310. doi: 10.1007/s00421-024-05674-1. 


Simon Marwood1, Richie P. Goulding2

1School of Health & Sport Sciences, Faculty of Human & Digital Sciences, Liverpool Hope University, Liverpool, UK
2Department of Human Movement Sciences, Faculty of Behavioral and Human Movement Sciences, Amsterdam Movement Sciences, Vrije Universiteit Amsterdam, Amsterdam, the Netherlands.






To the Editor,
We are writing to express concerns about the recently published article by Inglis et al. (2025) published in the European Journal of Applied Physiology. In our view, the manuscript contains conceptual, methodological, and statistical limitations that weaken its conclusions and risk misleading readers. 
1. Neglect of foundational literature. 
As part of the rationale for their study, the authors state:
“…data directly linking changes in V̇O₂ kinetics with changes in performance outcomes are lacking”, and that “interventional studies that can determine whether a speeding V̇O₂ kinetics [sic] directly improves performance are needed” (p. 1298).
Moreover, within the Discussion:
“However, evidence directly comparing changes in τV̇O₂ and performance measures in response to an exercise training intervention was lacking.” (p.1308).
[bookmark: _heading=h.sopcom80pzak]These statements unfortunately neglect an entire body of work that has addressed the causal relationship between V̇O₂ kinetics and exercise performance. For example, studies from our own group demonstrated that when V̇O₂ kinetics (specifically, tV̇O₂) were acutely slowed, critical power was reduced (Goulding et al., 2018a,b), and when V̇O₂ kinetics were speeded, critical power was increased (Goulding et al., 2017, 2019, 2020). Similarly, other groups have shown that acute reductions in tV̇O₂ and speeding of the overall V̇O₂ kinetics via training (Bailey et al. 2009), fast-start pacing (Turnes et al. 2014; Wood et al. 2014) and priming exercise (Burnley et al. 2011; Brock et al. 2018) result in an improvement in performance. Computer simulation studies also show that changes in mitochondrial oxidative capacity affect tV̇O₂ and critical power in opposite directions (Korzeniewski et al. 2025). Hence, a substantial body of relevant evidence exists, yet it was not addressed in the manuscript. 
In presenting this issue as unexamined, the authors give the impression of overlooking or disregarding prior work, which mischaracterises the state of the field.
2. Superficial consideration of indices of aerobic function
Inglis et al. (2025) consider the relationship between tV̇O₂ and other indices of aerobic function in a somewhat superficial manner. These variables all depend on common physiological determinants, such as mitochondrial oxidative capacity and convective and diffusive oxygen transport, but the relative weighting of these components differs across exercise intensities. During the moderate-intensity transitions used to determine tV̇O₂, oxygen delivery is rarely limiting, and the kinetic response primarily reflects intracellular respiratory control. By contrast, within the severe domain, which elicits V̇O₂max, the same underlying determinants remain operative, but the relative influence of the recruitment of less oxidative fibre pools and convective and diffusive transport increases as the system operates closer to its maximal capacity. Expecting linear correlations among variables drawn from these distinct intensity domains is thus physiologically unfounded: their shared determinants manifest differently depending on which step of the O₂ transport–utilization pathway exerts the greatest degree of control over metabolic flux.
This is exemplified by the weak or non-existent linear relationships between tV̇O₂ and V̇O₂max that have previously been highlighted (Whipp et al., 2002; Moore & Rossiter, 2021). In contrast, when 𝛕V̇O₂ is assessed within the same severe exercise intensity domain that defines critical power, their relationship is strong and mechanistically coherent (Murgatroyd et al., 2011; Goulding et al., 2021). Even then, however, as for V̇O2max (Moore & Rossiter, 2021), the underlying relationship is fundamentally hyperbolic rather than linear. Consequently, rather than indicating a missing physiological link, the lack of a linear relationship between moderate-domain 𝛕V̇O₂ and high-intensity performance indices in Inglis et al. appears to reflect the predictable outcome of comparing measures governed by different domain-specific constraints. The interpretation of this null correlation as evidence of “no association” is therefore misplaced. 
This superficial consideration of tV̇O₂ extended to the suggestion that participants were close to a floor for tV̇O₂ at ~22 s, beyond which no further speeding of V̇O₂ kinetics is possible (p. 1308). This is at odds with data on elite athletes where tV̇O₂ can be as low as ~8 - 12 s (Jones & Koppo, 2013; Jones et al. 2021) and that the association between the rate constant (i.e., 1/ tV̇O₂) and V̇O₂max/critical power remains linear well beyond the range of values reported by Inglis et al. (2025) (Moore & Rossiter, 2021; Goulding & Marwood, 2023). The alternative proposal by Inglis et al., that tV̇O₂ merely reflects “a more efficient oxidative system” (p.1308) is somewhat moot since the gain of V̇O₂ during moderate intensity exercise was unaltered with training in all groups.  
Such conceptual issues surrounding the relationship between tV̇O₂ and V̇O₂max may have been compounded by practical issues with the measurement of V̇O₂max, where there was apparently no familiarisation, or validation of its achievement via subsequent testing (Poole & Jones, 2017). This is significant when the mean change with training was just 4 - 6% for some groups and thus close to the expected day-to-day variability (Knaier et al. 2019). 
3. Misinterpretation of null findings. 
The authors’ central conclusions, that V̇O₂ kinetics were uniformly improved across training intensities are drawn from comparisons that were likely underpowered. With only ~14 participants per group across six groups and three measurement points, the study was ill-equipped to detect the crucial interaction effects. Unfortunately, therefore, the non-significant p-value provides no meaningful evidence of “no effect”. Indeed, if the intent is to claim absence of a meaningful interaction, this would be best served with equivalence testing or reference to a pre-specified smallest-important effect, rather than inferred from underpowered null results. There was also no apparent consideration of assumptions such as sphericity, normality, or variance homogeneity, which are fundamental for the validity of the inferential statistics employed.
The above issues are compounded by the fact that the reported changes in tV̇O₂ were small in magnitude relative to the width of the 95% confidence intervals (CI) of the tV̇O₂ estimates. For instance, the SIT group displayed a reduction in tV̇O₂ from 29.8 ± 9.4 s to 21.7 ± 6.3 s, but this effect overlapped with the corresponding 95% CI widths, which were 5.9 ± 3.3 s to 5.5 ± 3.8 s. Similar patterns were observed across all groups. With such wide 95% CIs relative to the magnitude of change in tV̇O₂, and no information on the test-retest reliability data for tV̇O₂, the study was not able to detect meaningful correlations between kinetic changes and performance outcomes, nor to convincingly compare the effects of different training intensities on tV̇O₂. 
There are also features of the fundamental study design that warrant comment in relation to the null findings. The modest initial fitness of the participants means that improvements would likely occur regardless of the training intensity prescribed. Moreover, a six-week training period with no increases in training frequency, and thus only modest increases in training load, is unlikely to produce large enough differential effects to robustly compare training intensities. Unfortunately, this context was largely missing from the interpretation of the data.
Whilst the authors are to be commended for their ambition and the scale of this dataset, the omission of the most directly relevant literature is a serious concern. Furthermore, the study’s conceptual framing, statistical power, and methodological execution fall short of being able to support the central conclusions. We therefore encourage readers to interpret the null findings with caution, and suggest that future work in this area more carefully engage with the substantial body of existing evidence and mechanistic insight linking V̇O2 kinetics with indices of aerobic function and exercise performance.
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