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• The predefined network reliably discriminates the spectral signatures of restricted from free breaths

• Gamma band activity emerges as the main frequency range carrying discriminative information within cerebrum ROIs

• Decoding accuracy peaks at two distinct time windows within the trial, suggesting that the neural representation of the

two conditions is dynamic rather than sustained

• This points to a role of gamma oscillations in encoding of early stimulus features and signalling sensory prediction

error10,11,12,13

• Relating gamma activity to perceptual sensitivity measures (e.g. threshold) would help disentangle whether early activity

reflects low-level sensory processing and later activity accompanies metacognitive performance (e.g. confidence ratings)

• Integrating behavioural and neural markers offers translational potential for conditions such as anxiety disorders by using

questionnaire data to link subjective affective experiences with underlying neural mechanisms
Saltafossi et al., 

J Aff Dis 2025
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Preliminary results

Transdiagnostic

Brain-Body

Data acquisition

• 275-sensor whole-head MEG

• respiration + ECG

• continuous head motion tracking

• individual T1-weighted MRI scan

Procedure

• task tutorial (5 minutes)

• task (5 blocks, 45 minutes)

• questionnaires: Body Perception 

Questionnaires (BPQ-SF);  Depression, Anxiety, 

Stress Scale (DASS); Multidimentional

Assessment of Interoceptive Awareness 

(MAIA); Multidimentional Dyspnoea Profile 

(MDP); Positive and Negative Affective

Schedule (PANAS)

Task

• 2IFC design

• accuracy

• metacognition

o confidence

o unpleasantness
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Fig. 2 Respiratory Resistance Sensitivity Task (RRST) apparatus8. a, Trial

representation of the 2 intervals forced choice design (2IFC). On each trial, participants

take two sequential breaths, paced to the expansion of a visual ring. A resistive load is

randomly applied to either the first or the second breath. Participants indicate via button

press which breath felt more difficult and then rate their confidence in that choice. Across

trials, the difference between the loaded events is adaptively controlled using a Psi

psychophysical staircase procedure. The task comprises 5 blocks of 20 trials each. At the

end of every block, participants are prompted to rate the unpleasantness of the breathing

sensations. b, The hardware consists of a custom 3D-printed apparatus capable of

delivering finely graded inspiratory resistive loads. The device is housed within a

magnetically shielded metal box to prevent interference with MEG recordings.

Participants breathe through a mouthpiece connected to silicone tubing. Unbeknownst to

participants, a small step motor drives a wedge into the tubing, thereby compressing it

and increasing the respiratory resistance.

Fig. 4. Psychometric task

results. Left, trial-by-trial Psi

threshold estimates for all

participants, indicating the % of

tube obstruction on each

loaded event. Right, grand-

mean psychometric function fit

showing that the average

respiratory thresholds are

around 88% obstruction.

Fig. 1 Respiratory interoception and its link to affective disorders. a, Respiration is uniquely malleable among visceral signals and closely linked to

anxiety and panic disorders1. In affective disorders, altered brain-body coupling appears as reduced heartbeat perception in major depressive disorder

(MDD)2 and heightened sensitivity to cardiac signals3 and inspiratory loads (measured as the respiratory-related evoked potential, RREP) in anxiety

disorders4. b, Dysfunctional activity in the anterior cingulate cortex (ACC) and insula leads to maladaptive interoceptive predictions, causing neutral

stimuli to be perceived as stressors and sustaining elevated metabolic activity in affective disorders5. c, In individuals with moderate trait anxiety,

predicted breathing resistance increased anterior insula activity rather than producing deactivation. This suggests heightened salience attribution and

overestimation of anticipated threat, consistent with altered predictive processing in anxiety6. d, Using the Respiratory Resistance Sensitivity Task

(RRST), respiroception can be decomposed within a predictive processing framework and linked to regional brain microstructure. Longitudinal

relaxation rate (R1) values in the postcentral gyrus positively correlate with respiroceptive precision (slope), whereas magnetization transfer (MT) values

in the anterior insula negatively correlate with respiroceptive sensitivity (threshold)7.
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• Respiroception is associated with temporally specific neural activity reflecting sensory encoding and 

perceptual decision-making

• Individual differences in affective traits will be related to neural and behavioural markers of 

respiroception

Fig. 3 Classification of time-frequency data using Multivariate Pattern Analysis (MVPA)9. a, TFRs of neural signals were computed for restricted and free breaths

within an AAL atlas-based ROI network, and LDA-MVPA was applied (10-fold cross-validation, z-score normalisation, PCA preprocessing) to decode the two conditions

across frequencies (1-100 Hz) and time (0-0.8 s). Main results are shown as a time-frequency accuracy map and a time-resolved accuracy plot, highlighting spectral

and temporal windows best discriminating the two conditions. b, ROIs contributions were then assessed using time points as features, and decoding was focused on

the gamma range (50-100 Hz) within top-contributing ROIs. Finally, temporal generalisation analysis - training and testing across all time-point combinations - assessed

whether discriminating neural patterns are stable or dynamic over time.

Fig. 5. Task performance. Left,

raincloud plot depicting threshold

estimates highlighting substantive

inter-individual variance. Middle and

right plots, average stimulus level

and median RTs presented for each

participant, for correct and incorrect

trials, showing that stimuli were

easier on correct trials.
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