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1c.  The Gambling Task

Fig. 1a. Calibration, a 3-

minute breath.

1a. 1d. The Expected Value

3 blocks for each condition, 40 trials per block

Gain: 10 - 30 €   Loss : 5 -15 €

Fig. 2b. The comparison of mean respiration
rate revealed a significant reduction under
ProLEx.

2b.

2c

Fig. 3a. The comparison of Root Mean
Square of Successive Differences
(RMSSD) revealed a significant increase
during ProLEx.

Fig. 5. Individuals showing larger parasympathetic shifts under ProlEx also exhibited stronger reward-related activity in the ventromedial prefrontal
cortex (vmPFC) (MNI coordinates: x=−6, y=39, z=−18; t (33) =4.79, PFWE < 0.05, cluster-level corrected) and the precuneus (MNI coordinates:
x=0, y=−51, z=60; (32) =3.75, PFWE < 0.05, cluster-level corrected).

1. Prolonged Exhalation significantly enhanced parasympathetic indices (e.g., RMSSD, 
RSA).

2. Under this increased parasympathetic state, participants showed heightened
sensitivity to large potential gains in risk decisions.

3. Neuroimaging further revealed that larger vagal shifts under ProlEx correlate with
stronger gain-related activity in reward-processing regions (e.g., vmPFC), linking
autonomic modulation to amplified valuation of positive outcomes.

Breathing, essential for life, can be consciously regulated to meet behavioral needs. Brain
structures governing breathing are closely linked with the limbic system, enabling respiratory
signals to impact cognitive functions.1

Voluntary changes in breathing rhythm promote changes in autonomic and central nervous system
activity and can affect mood, arousal and also decision making, the focus of this research.2

Prolonged exhalation is a breathing technique of rapid inhalation and slow exhalation that has
sustained effects on lowering physiological and psychological.3

Neural activity in brain regions such as the striatum, limbic system, and somatosensory
cortex correlates with variability in risk decision making，i.e. the tendency for individuals to be

more sensitive to potential losses than to equivalent gains.4

RQ1: How does Prolonged Exhalation affect
risk propensity in a risk decision-making
task?

RQ2: Does Prolonged Exhalation modulate
neurophysiological activity during a risk
decision-making task?

Neurophysiological underpinnings 

of prolonged exhalation impacting 

Risk behavior
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Eye tracking Fig. 1c. The Gambling Task: Participants were asked to make a 

choice, in the same time, they need to breathe according to the rate 
of the respiratory progress bar. 

Fig. 2a. Examples of Normal Breathing and Prolonged Exhalation respiratory signals. 

5a. 5b.

Fig. 1d. : The expected value for each 
trial were sampled from the gain/loss : 
EV = 0.5 × Gain - 0.5 × Loss; large 

probable gain and small probable loss 
leads to high EV (Tom et al., 2007). 

Respiration Quality (They breath well!) ProlEx Boosts Gain Sensitivity

Respiration-Driven Parasympathetic Shifts Amplify Neural Gain Encoding
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Fig. 2c. The comparison of exhalation 
durations revealed a significant 
increase under ProlEx.

3a. 3b.

ProlEx Enhances Parasympathetic Activity

Fig. 4a. The model showed that “gain" was significantly
associated with a higher likelihood of choosing the accept ,
whereas “Loss" had a significant negative effect Moreover,
there was a significant interaction between ProlEx and
Gain.

Fig. 3b. The comparison of
Respiratory sinus arrhythmia (RSA)
revealed a significant increase
during ProLEx.

Calibration 1b.  Training Eupnea & ProlEx

Fig. 1b. Training, Breathing 
exercises
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