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            Abstract
The brain contains both generalized and stimulus-type-specific representations of aversive events, but models of how these are integrated and related to subjective experience are lacking. We combined functional magnetic resonance imaging with predictive modeling to identify representations of generalized (common) and stimulus-type-specific negative affect across mechanical pain, thermal pain, aversive sounds and aversive images of four intensity levels each. This allowed us to examine how generalized and stimulus-specific representations jointly contribute to aversive experience. Stimulus-type-specific negative affect was largely encoded in early sensory pathways, whereas generalized negative affect was encoded in a distributed set of midline, forebrain, insular and somatosensory regions. All models specifically predicted negative affect rather than general salience or arousal and accurately predicted negative affect in independent samples, demonstrating robustness and generalizability. Common and stimulus-type-specific models were jointly important for predicting subjective experience. Together, these findings offer an integrated account of how negative affect is constructed in the brain and provide predictive neuromarkers for future studies.
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                    Fig. 1: Task design and main analyses.[image: ]


Fig. 2: Model evaluation and joint contributions to predicting negative affect.[image: ]


Fig. 3: Core brain systems for multimodal and stimulus-type-specific negative affect.[image: ]


Fig. 4: The proposed neural architecture of multimodal negative affect.[image: ]


Fig. 5: Prediction of negative affect in new datasets.[image: ]


Fig. 6: Valence specificity and additional validation tests.[image: ]
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Extended data

Extended Data Fig. 1 PLS-R models trained to predict normative ratings to negative (aversive) and positive (pleasant) IAPS images.
(a) PLS-R procedure to estimate brain patterns for ‘arousal’ (common across stimuli) and for stimulus type-specific outcomes (IAPS norm ratings) simultaneously (b) Behavior plots. Left: normative ratings shown for each individual stimulus (that is, IAPS image); original IAPS scales (1–9 scales for Valence (higher score = less negative / more positive; 0 is neutral) and Arousal (higher score = more arousing). Right: norm ratings averaged per bin (‘stimulus intensity level’, used for PLS-R training) and shown on a 0–4 split scale (higher score = more negative / more positive; 0 is neutral); Pattern response plots. Relationship between observed and predicted ratings. Circles reflect mean values across participants for each stimulus type, error bars reflect within-participant SEM. ‘Arousal’ model (panel 1), trained on all stimuli, significantly predicted ratings across stimulus types. Stimulus type-specific models (panels 2–3) significantly predicted ratings to target (color-matched), but not off-target stimulus type. r, mean within-participant Pearson correlation between predicted and observed ratings; two-sided P-values based on a 10,000 samples bootstrap test of within-participant r values. (c) Left: PLS-R model weight maps showing which brain areas make a reliable contribution to each model’s prediction (based on bootstrapping with 10,000 samples and displayed here at t > 3, retaining positive values). Right: Model encoding maps showing where in the brain voxel-wise activity correlates with PLS model outcomes, corrected for multiple comparisons using q < 0.05 FDR and thresholded at t > 3, retaining positive values. (d) Violin plots showing average BOLD response per stimulus intensity (x-axis) in bilateral ventral striatum (vStr) and amygdala ROIs (Supplementary Table 7), * p = 0.047, ** p = 0.002, * p < 0.001 (left panels); Mean structure coefficient values for each model, averaged across in-ROI voxels across both hemispheres, * p < 0.001, only p-values associated with positive t-values are marked and interpreted, each dot is a participant (right panels); one-sample t-test on n = 55 participants, treating participant as random effect, bars reflect mean values across participants for each stimulus type, error bars reflect within-participant SEM.(e) 3D surface maps of vStr and amy are displaying FDR-corrected model encoding maps for PLS ‘norm’ models of positive and negative images, and for the PLS model trained on participants’ ratings of negative images (Analysis 1).
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