
though indirect support was presented, several points that
refute this hypothesis should be considered. First, a second
acceleration in fR versus oxygen uptake (V̇O2) relationship does
not always identify with RCP (1). Second, attenuation of
metabolic acidosis by intravenous sodium bicarbonate infusion
delays the appearance of RCP (4). Third, with ramp-incremen-
tal exercise of varying slope, the V̇O2 associated with RCP is
remarkably similar within an individual despite occurring at
largely varying power outputs (e.g., 2.83 L/min at 212 W
versus 2.86 L/min at 247 W for 5 versus 30 W/min ramp,
respectively) (2), reflecting an uncoupling of the excitatory
neuronal circuits controlling respiratory and locomotor output.
Fourth, the V̇O2 at RCP approximates closely with the maximal
metabolic steady state (3), indicating a link between the hy-
perventilatory response and the metabolic rate at which hydro-
gen ions begin to accumulate in arterial blood. Given that
metabolic acidosis is a hallmark of severe-intensity exercise
and that ventilation is our main defender of arterial pH at these
intensities, it is difficult to reconcile how the rise in [H⫹]
would not factor meaningfully into the hyperventilatory re-
sponse above RCP.
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ADDITIONAL CONSIDERATIONS FOR THE MANY LAYERS

REGULATING EXERCISE HYPERPNEA

TO THE EDITOR: In their Viewpoint, Nicolò et al. (3) encourage
researchers to consider existing evidence for the contribution
of central command and afferent feedback in regulating exer-
cise ventilation above the respiratory compensation point
(RCP). In the context of central command, Mitchell and Babb
(1) propose that adaptive control strategies (e.g., short-term
modulation) may adjust the ventilatory response for a given
feedforward stimulus when blood gas homeostasis has been

challenged (i.e., during exercise). For example, when the level
of resting ventilatory drive is raised by experimentally impos-
ing added external dead space, the exercise ventilatory re-
sponse is augmented to maintain isocapnia relative to resting
values, presumably via a mechanism independent of chemore-
ceptor feedback (4, 5). This postulated mechanism, which has
been shown in goats (2), occurs by stimulation of brain stem
serotonergic raphe neurons, elevating serotonin release near
respiratory motor neurons, thereby increasing respiratory mo-
tor neuron excitability (2). With exercise onset, a given feed-
forward exercise stimulus is subsequently amplified at the level
of the respiratory motor neurons, resulting in a greater drive to
the respiratory muscles and an augmented exercise ventilatory
response to prevent the loss of blood gas homeostasis. Thus,
adaptive control strategies have the capacity in certain condi-
tions to alter ventilation independent of any change in central
command and/or afferent feedback, which adds additional
considerations for the many layers of ventilatory regulation
during exercise. We also note that further research is necessary
before we have a full understanding of the contribution of
adaptive control strategies in regulating exercise ventilation
above the RCP.
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COMMENTARY ON VIEWPOINT: TIME TO RECONSIDER

HOW VENTILATION IS REGULATED ABOVE THE

RESPIRATORY COMPENSATION POINT DURING

INCREMENTAL EXERCISE: DON’T BE FOOLED BY

RANDOMNESS

TO THE EDITOR: We appreciate the Viewpoint of Nicolò et al. (2)
that put forward the control of tidal volume (VT) and breathing
frequency (fR) during exercise. Their interest in fR during
exercise comes from a simple correlation analysis, which we
believe can be misleading. It is important to mention that the
studies aiming to investigate the control of ventilation record
ventilatory data breath-by-breath. This means that fR is ob-

*B. N. Balmain and D. P. Wilhite contributed equally to the fourth
Commentary on this Viewpoint.

1451

J Appl Physiol • doi:10.1152/japplphysiol.00259.2020 • www.jap.org
Downloaded from journals.physiology.org/journal/jappl at Uppsala Universitetsbibliotek (130.238.007.040) on May 15, 2020.



tained from computing the inverse of the breath duration
(Ttot). The scarce studies reporting Ttot during incremental
exercise showed a linear decrease for this variable all along the
trials (1). The nonlinear increase pointed out in the Viewpoint
of Nicolò et al. (2) seems to be nothing more than a mathe-
matical misunderstanding. Indeed, the rate of the workload
increment during incremental exercise will influence the ki-
netic of decrease of Ttot (3) through the known controller (2).
Thus, the higher the coefficient of the slope is, the higher the
nonlinear increase is as the result of the reciprocal function
properties.

Furthermore, why airway anesthesia studies (5) do not
prevent fR from increasing nonlinearly has been explained
above. However, this manipulation highlights the fact that
pulmonary stretch receptors (PSR) influence fR even at high
intensity. Indeed, VT stabilization has no influence on fR, but
the velocity of lung inflation could be an important driver of fR
during exercise (4). This Commentary aimed to mention a few
points omitted by the authors not rejected by experiments.
These cannot be put aside when dealing with ventilatory
control during exercise.
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COMMENTARY ON VIEWPOINT: TIME TO RECONSIDER

HOW VENTILATION IS REGULATED ABOVE THE

RESPIRATORY COMPENSATION POINT DURING

INCREMENTAL EXERCISE

TO THE EDITOR: How does ventilation (V̇E) increase during
exercise? Certainly, this is one of the most fundamental ques-
tions to exercise/respiratory physiologists. We agree with Ni-
colò and colleagues’ Viewpoint (3) that ventilatory pattern
during exercise may contain information that has been com-
monly neglected. However, we think their hypothesis that fast
inputs exert a major role in regulating respiratory frequency
(fR) above the respiratory compensation point (RCP) should be
taken cautiously, based on the following:
1) Péronnet et al. (4) showed intravenous infusion of bicar-

bonate during incremental exercise, to maintain plasma pH
close to resting level, delayed RCP appearance due to a
fR-dependent V̇E reduction; 2) their database is limited and
results may be restricted to specific experimental designs
focused on the postexercise period (3); 3) no mechanism
activated in isolation, under physiological levels, generates a

small fraction of the pronounced changes that may be observed
in V̇E (20⫻), fR (5⫻), and tidal volume (VT) (5⫻) from resting
to maximal dynamic exercise (3); 4) simultaneous activation of
two reflexes may provoke greater V̇E response than the
summed effect of isolated reflexes responses (i.e., hyperaddi-
tive response) (2, 5); and 5) the mechanisms and neural
pathways at the respiratory neural network adjusting fR and VT

are not completely clear. For instance, focal acidification of a
brain stem chemoreceptor region in unanesthetized animals
elicited an augmented V̇E by either fR or VT (1).

In sum, breathing regulation during exercise is highly re-
dundant and interactions among fast and slow inputs likely
underlie V̇E, fR, and VT responses to severe-intensity exercise.
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NEGATIVE EMOTIONS DURING EXERCISE MAY INDUCE

SPECIFIC VENTILATORY PATTERNS

TO THE EDITOR: Routine cardiopulmonary exercise testing
(CPET) is mainly interpreted in terms of changes in physio-
logical variables to further tailor training and therapeutic in-
terventions. We believe that psychological factors such as
emotions or affective responses should also be considered
when evaluating breathing patterns during CPET. For example,
unpleasant emotions such as anxiety or fear may alter breathing
patterns, including specific respiratory frequency and tidal
volume responses, independently of metabolic influences (3,
5). Negative emotions may specifically arise due to preexercise
anticipation and be reinforced throughout exercise. Exercises
performed at intensities above the respiratory compensation
point (RCP) may worsen affective responses, consequently
exacerbating negative emotions (1). As the limbic system is
involved in both emotions and respiration regulation (3), it is
plausible that exercise-related negative emotions may alter the
interaction between the brain stem and higher respiratory
centers. Such alteration could lead to subtle changes in exer-
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