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Abstract

Anxiety and fear-related disorders are highly prevalent, yet many affected individuals fail to benefit from
exposure-based therapies, likely due to the intense distress of repeatedly confronting feared stimuli. To address
this challenge, I used a two-day threat conditioning paradigm combined with continuous flash suppression to
test whether fear-related memories can be modulated while bypassing perceptual awareness and subjective
discomfort. Across three studies, I demonstrated that extinction with minimal or absent visual awareness
reduces defensive pupillometric responses and elicits less arousal than extinction with full awareness.
Neuroimaging data revealed that aware extinction engaged the amygdala, hippocampus, and prefrontal regions,
whereas unaware extinction primarily involved the cerebellum, posterior cingulate cortex (PCC), and
precuneus, with distinct representational patterns observed in the hippocampus and cerebellum. Resting-state
functional connectivity further showed that cerebellar networks supported extinction independently of
awareness level, while cortical pathways differentiated between aware (right angular gyrus—PFC) and unaware
(left angular gyrus—PCC) extinction. Together, these findings provide converging evidence that threat
extinction can occur with minimal visual awareness and subjective discomfort, supported by both cortical and
cerebellar circuits. They contribute to the limited literature on unconscious fear modulation and highlight new
directions for interventions that may improve treatment seeking and adherence in anxiety and fear-related
disorders.
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