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b Different noise levels may encourage complementary features

The apple illustrates how noise level can change the recovery task, from overall
shape to fine detail. We hypothesize that varying the noise level during fMRI
denoising may encourage complementary features for downstream prediction.
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🧠Brain-DiT: A Universal Multi-state fMRI
Foundation Model with Metadata-Conditioned Pretraining

Motivation

Framework

a Brain activity varies across states and individuals.

Brain activity differs across states and individuals. This diversity motivates a shared model that
captures common patterns while accounting for individual characteristics.

Real fMRI

With metadata

Complementary representations

Brain-DiT learns to denoise fMRI from multiple brain states. Subject metadata—including age,
sex, and diagnosis—conditions the denoising process. The pretrained DiT extracts features
across noise levels and network layers. A learnable aggregator combines these features for
downstream classification and regression.

a Meta-data Pretraining 

b Downstream Adaption

Generation

Follow up

Brain-DiT learns transferable representations

Metadata-conditioned generation achieves higher mean group-level FC structure similarity than
unconditional generation across the seven datasets shown.

Subject metadata guides generation toward cohort-specific brain connectivity. Brain-DiT learns to combine information differently for different tasks

Moderate noise can improve prediction over clean inputs

Broader brain-state coverage lowers error at a fixed pretraining budget
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