
Dyspnoea modifies the recognition of
fearful expressions by healthy humans

To the Editor:

Brainstem neural oscillators normally generate resting breathing. Yet cortical premotor and motor
respiratory-related networks can operate voluntary breathing and compensate for defective automatic
respiratory drive [1, 2]. These networks are engaged when the respiratory system load-capacity balance is
compromised, typically during experimental inspiratory loading [3] that is associated with dyspnoea of the
“excessive inspiratory effort” type. An emerging body of evidence suggests that respiratory-related cortical
activation (and by extension the corresponding dyspnoea) can have a cognitive cost [4–6], thought to
derive from competition for resources (dual-tasking) or attentional distraction. Of note, dyspnoea can also
occur in response to carbon dioxide (CO2) stimulation; in this instance, the dyspnoea is not associated
with motor respiratory-related cortical activation [3] but with intense activation of limbic regions of the
brain, including the insular cortex [7]. This provokes air hunger and strong emotional reactions that could
interfere with the capacity to process concurrent emotions. Here we tested the hypothesis that inspiratory
loading and hypercapnic stimulation affect executive and emotional processing tasks and do so in
different ways.

After ethical committee approval (CPP Île-de-France 6, France), we studied 12 healthy volunteers (eight
men, mean age 22.5) who gave written consent. The protocol is described in figure 1. The subjects
participated in two separate sessions in randomised order. Each session started and ended with a baseline
condition. Session 1 comprised two conditions: in the dyspnoea “load” condition, subjects had to wear a
nose clip and breathe through a mouthpiece against a spring-loaded valve (inspiratory threshold load,
PowerBreathe®, Southam, UK) adjusted to obtain a rating of about 50% on a visual analogue scale
anchored by “no breathing discomfort” and “intolerable breathing discomfort”; in the “motor” condition,
the subjects breathed freely but had to press a pedal with their left foot in a steady rhythm. Session 2
comprised a “CO2 condition” in which dyspnoea was induced by increasing the inspiratory fraction of
CO2 on demand to obtain the same ratings as during the “load” condition. In each condition, the subjects
were asked to perform an executive task, i.e. an adapted version of the classical colour-word interference
task (Stroop’s test), and an emotion-processing task, i.e. a fear-recognition task (always in this order).
During the Stroop’s test, the colour words “green” and “red” were presented congruently, i.e. “green” typed
in green and “red” typed in red, or incongruently, i.e. “green” typed in red and vice versa. The subjects
had to judge the colour in which the word was printed as fast as possible. During the fear-recognition
task, 10 versions of 18 faces (nine male, nine female; Karolinska Directed Emotional Faces [8]) ranging
from “neutral” to “intensely fearful” were presented to the subjects, who were required to decide as fast as
possible whether there was an expression of fear. The stimuli were presented using E-Prime® (Psychology
Software Tools, Sharpsburg, PA, USA). Statistical analyses were performed with MATLAB® (Statistics and
Machine Learning Toolbox; significance threshold 0.05). For Stroop data, accuracy was analysed using
logistic mixed-effect regression and reaction times were analysed using linear mixed-effect regression, with
two fixed categorical factors (congruence and experimental condition) and their interaction, one fixed
continuous factor (time, encoded as the number of trials already performed, to account for putative
learning and fatigue effects) and one random factor (intercept by subject). After encoding emotional
judgement as a binary variable (0 for “neutral” faces, 1 for “emotional” faces), fear-recognition data were
analysed using a logistic mixed-effect regression with one categorical factor (experimental condition), two
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continuous factors (intensity of fear valence and time) and two random factors (intercept by subject and
face identity).

Regarding the Stroop task, overall accuracy was very high (about 98%) and slightly decreased with time
(t=−3.3, p<0.001), with no other significant effect. Reaction times were higher during incongruent
presentation (t=3.7, p<0.001) and decreased with time (t=−9.6, p<0.001), compatible with a speed–
accuracy trade-off. Reaction times were higher than at baseline in all conditions (all p<0.001), without any
interaction between congruence and session. Increases in reaction times (between the baseline “pre”
condition and the experimental condition itself ) were significantly more marked during the “motor”
condition (+51 ms) than during the “load” (+8 ms) or “CO2” (+12 ms) conditions, without a significant
difference between the “load” and “CO2” conditions (figure 1).
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FIGURE 1 a) Schematic representation of the experimental protocol (“load”: inspiratory threshold loading to
induce dyspnoea; “motor”: motor dual task imposed on the subjects during the behavioural tasks; “CO2”:
carbon dioxide stimulation to induce dyspnoea). For the colour-word interference task, each trial started with
a 250 ms fixation cross, which was replaced by a colour word (either “vert” or “rouge”, respectively green and
red in French), presented centrally in Courier New 20-point font. After 200 ms, the word was replaced by a
fixation cross for 1100 ms. In the congruent condition, the word was printed in the congruent colour (e.g.
“green” printed in green). In the incongruent condition, the colour word was printed in the incongruent colour
(e.g. “green” printed in red). Subjects were instructed to maintain their gaze on the fixation cross and were
asked to judge the colour in which the word was printed as quickly as possible. The answer was recorded
during the 1120 ms but the subject was asked to answer faster if he took more than 800 ms to answer.
Subjects had no other feedback on their performance. Each block included 80 congruent trials and 80
incongruent trials (40 “red” and 40 “green” in each condition) in a randomised order. During the
fear-recognition task, each trial started with a 250 ms fixation cross, which was replaced by a face, centred
on fixation. After 200 ms, the word was replaced by a fixation cross for 1100 ms. Subjects were instructed to
maintain their gaze on the fixation cross and were required to decide whether or not there was an expression
of fear on these faces. The answer was recorded during the 1300 ms but the subject was asked to answer
faster if he took more than 1100 ms to answer. Subjects had no other feedback on their performance. In each
block, each face was presented once. b) Effects of the respiratory and motor conditions on the difference in
reaction times as recorded at the end of the baseline condition and during the respiratory and motor
conditions (congruent and incongruent stimulation aggregated); there was no significant difference between
“load” and “CO2”, but the differences between “load” and “motor” and between “CO2” and “motor” were both
significant (p=0.001 and p=0.0001, respectively). c) Examples of faces shown to the subjects during the
fear-recognition task and results expressed in terms of the estimates of the regressors (mixed-effect
logistical regression). The negative value during “load” indicates that the subjects recognised fewer faces as
fearful, the opposite being true for the positive values during “CO2”. There was no difference between the
“motor” condition and baseline. RT: reaction time.
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Regarding fear recognition, there was a strong valence effect (fearful faces more often categorised as fearful,
t=72.1, p<0.001), validating the scale construction. There was also a positive effect of time (the more the
subjects saw faces, the more they judged them fearful; t=4.3, p<0.001). Critically, faces were less often
categorised as fearful during the “load” condition (t=−3.7, p<0.001) and more often categorised as fearful
during the “CO2” condition (t=2.5, p=0.01). No effect was noted during the “motor” condition (figure 1).

In this exploratory study, the colour-word interference test was not perturbed by dyspnoea whereas it was
markedly impaired by the motor task. The “CO2” dyspnoea condition was not expected to activate the
premotor and motor respiratory-related cortical network and therefore not expected to induce a
dual-tasking effect; this suggests that dyspnoea did not have a strong-enough attentional effect to disrupt
the behavioural task. In the case of the “load” condition, the lack of interference with Stroop’s test
contrasts with the previously observed deterioration of a motor executive test in similar conditions [5].
This could stem from a lack of activation of the respiratory-related network (or from insufficient activation
to produce a dual-tasking effect), or from a rapid cortical automatisation of the respiratory task [9]. Of
note, hyperventilation does not deteriorate Stroop performances [10] even though it activates cortical
respiratory networks [1]. Strikingly, in our study both types of dyspnogenic stimulation had an impact on
fear recognition, which was blunted by inspiratory loading and sharpened by CO2 stimulation (figure 1).
Although many layers of evidence connect fear and dyspnoea [11–13], the fact that dyspnoea can modify
the capacity of individuals to recognise fear in others has never been described before. Our observations
are coherent with the modulation of the neural processing of emotional pictures by perceived and
anticipated respiratory threats that has been described by means of event-related potentials [14]. We
acknowledge that our data are descriptive and preliminary: they need corroboration, mechanistic studies,
and translation from experimental to clinical dyspnoea. Yet they could form the basis of a novel vision of
the impact of chronic respiratory diseases on the life of concerned patients. It is important to emphasise
that the production and recognition of facial expressions are key factors of emotional processing, itself a
major determinant of human behaviour and way of life. Depression, common in patients with chronic
respiratory diseases, produces negative biases in emotional processing that can be documented using
fear-recognition tasks similar to the one we used [15] and that are reversed by antidepressant drugs before
any self-report of mood improvement [15]. Emotional processing also has a fundamental societal function.
Its deterioration is a determinant of social isolation (also common in patients with chronic respiratory
diseases) or social deviance and its improvement can correct these phenomena [16]. We submit that our
results have the potential to open novel research avenues: questions like “do patients with chronic
respiratory diseases have trouble identifying the emotions of others?”, “do certain types of dyspnoea
constitute particular risk factors for depression through their impact on emotional processing” and “can
therapeutic interventions correct emotional processing?” will be fascinating to investigate clinically but also
regarding the anthropology of chronic respiratory diseases.
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