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Yes, the amygdala and autonomic systems often respond first, but prefrontal appraisal
rapidly shapes and regulates them.

1. Introduction

The autonomic nervous system and amygdala do process many non-verbal physiological and emotionally salient cues before full
conscious appraisal by prefrontal cortex, but the literature does not support a simple one-way “amygdala first, cortex later”
model. Reviews of fear and emotion processing consistently describe fast, automatic amygdala-linked and brainstem/autonomic
responses to threat and arousal cues, alongside slower prefrontal mechanisms for conscious evaluation, reappraisal, and
regulation (® Lang et al., 2000; = Phillips et al., 2003; ® Lamotte et al., 2021). Human lesion, psychophysiology, and intracranial
recording studies further show that amygdala activity can precede dorsomedial prefrontal responses, and that amygdala integrity
is important for coupling arousing stimuli to autonomic outputs such as skin conductance (® Sun et al., 2023; ® Gléascher &
Adolphs, 2003; Bechara et al., 1999).

At the same time, stronger contemporary models argue against a rigid “low road” in which the amygdala independently handles
affective signals outside cortex. The amygdala is embedded in a broader central autonomic and salience network with insula,
cingulate, hypothalamus, PAG, and prefrontal regions, and cortical input can be essential even for rapid evaluation of biological
significance ( ® Pessoa & Adolphs, 2010; ® Beissner et al., 2013; Ince et al., 2023). This matters for cues like pupil dilation and
respiration shifts because those signals are partly autonomic readouts and partly interoceptive inputs, so they can reflect both
early arousal and later cognitive effort or conscious appraisal (Morawetz & Basten, 2024; ® Lamotte et al., 2021; Dixon et al.,
2017).

Do the autonomic nervous system and amygdala process non-verbal physiological cues like pupil dilation and

N =15
respiration shifts prior to conscious appraisal by the prefrontal cortex?

Yes 80% - Possibly 13% - @ Mixed 0% - @ No 7%

FIGURE 1 Consensus on early autonomic and amygdala cue processing

2. Methods

This Deep Search reviewed evidence on whether autonomic and amygdala responses to non-verbal physiological and emotional
cues precede conscious prefrontal appraisal. The search ran over more than 170 million research papers in Consensus, drawing
from Semantic Scholar, PubMed, and other sources. Initial searches identified 13,277 directly relevant human papers, with broader
follow-up searches returning substantially larger adjacent literatures. After relevance filtering, 248 papers were screened, 163
were judged eligible, and 50 were included in the final synthesis.

Search Strategy

3.6M 2.2K 50
= =
Retrieved Eligible Included
Q 23 searches Papers meeting relevance and quality criteria, Top papers selected to be included in the final
after deduplication analysis

L9 1citation graph use

All papers retrieved from 23 searches and 1
citation graph use.

FIGURE 2 Deep Search screening and inclusion flow
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# Consensus

The strategy combined foundational theories, cue-specific searches, conscious-versus-preconscious contrasts, adjacent
interoceptive systems, and multimethod human evidence.

3. Results

3.1 Key Papers

Several papers anchor this literature because they define the timing, circuitry, and limits of early amygdala-autonomic processing.
Foundational reviews map fast subcortical-defensive responding and slower cortical appraisal, while lesion and intracranial

studies provide stronger causal or temporal evidence than fMRI alone (® Lang et al., 2000; ® Pessoa & Adolphs, 2010; ® Sun et
al., 2023).

Paper Summary

(®» Lamotte et al., Amygdala neurons responded earlier than dmPFC during ambiguous emotion processing (® Sun et al.,

2021) 2023)

(Critchley, 2005) Amygdala damage disrupted SCR-arousal coupling to emotional stimuli (® Glascher & Adolphs, 2003)

(® Beissneretal., Challenges a dominant amygdala-only low road account (® Pessoa & Adolphs, 2010)

2013)

FIGURE 3 Foundational papers on timing and circuitry

3.2 Early Processing

Direct timing evidence supports early amygdala involvement. Intracranial recordings found amygdala responses to emotional
facial expressions beginning at about 130 ms, earlier than later action-relevance effects and earlier than dmPFC responses in
Sun et al., 2023). Broader reviews of fear processing similarly conclude that
Lang et al., 2000).

ambiguity processing (Guex et al., 2020;
physiological responses can occur independently of slower language-based appraisal processes (

Automatic survival-related autonomic output is also a repeated theme. The central autonomic network review states that the
amygdala and BNST provide automatic emotional tagging and trigger survival responses through hypothalamic, PAG, and
Lamotte et al., 2021). Meta-analysis of human autonomic neuroimaging places the left amygdala, insula, and
Beissner et al., 2013).

brainstem outputs (
midcingulate at the core of central autonomic processing (

3.3 Autonomic Cue Integration

Dimension

Functional role

Pupil dilation

Respiration /

autonomic shifts

Skin conductance

Amygdala / ANS

Rapid salience and arousal
tagging

Tracks arousal but also effort

Part of CAN output and
bodily-state signaling

Strongly linked to amygdala
integrity

Prefrontal Cortex

Conscious appraisal and
regulation

Often increases during
reappraisal demand

Integrated into viscero-

motor predictions

Modulated during conscious
evaluation
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Dimension Amygdala / ANS Prefrontal Cortex Citations
Threat uncertainty Amygdala and SCR rise to mPFC supports conscious (Morriss et al., 2021)
threat cues threat appraisal

FIGURE 4 Amygdala-autonomic versus prefrontal cue processing

The key distinction is that pupil dilation and related bodily shifts are not pure readouts of unconscious emotion. Reviews
emphasize that physiological signals can be fast and relatively unconscious, but pupil diameter in particular is confounded by
cognitive effort, especially during regulation tasks (Morawetz & Basten, 2024).

3.4 Prefrontal Modulation

Conscious appraisal tends to alter, rather than initiate, many of these responses. During cognitive evaluation of threatening
pictures, right prefrontal and anterior cingulate activity increased while amygdala responses attenuated, and skin conductance
changed in parallel (® Hariri et al., 2003). Meta-analyses of reappraisal likewise show robust prefrontal-amygdala coupling during
emotion regulation, especially involving vIPFC, dIPFC, and dmPFC (Berboth & Morawetz, 2021).

Still, the PFC is not only a late-stage controller. Integrative reviews argue that some PFC subregions appraise viscero-sensory and
viscero-motor signals directly, and anatomical accounts place medial/orbital PFC in pathways that can mediate autonomic
responses (Dixon et al., 2017; Salzman & Fusi, 2010). So the strongest model is parallel and recurrent processing, not a strict serial
handoff.

Results Timeline

16 5 14 7 1 e .
6 1 8 19 3
12 9 10
2 20 15 1
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

FIGURE 5 Research arc with larger markers indicating more citations

Top Contributors

Type Name Papers

Author P. Lang [be560f89e9095364aada20e4ff8673f3][3a6d1b59afce504d952ce61a7d7e0155]

Author C. Morawetz [5922e5e956a8512bbfdea9e2883b71fb][42de53213e2350f877fb56535ea96f2]
[036¢8596ec525b3fa71f28e93b344771][7f035d06e5¢c75d0f9217860d39511d99]

Author H. Critchley [630f79f2495¢c59¢cc8f405e704ee65cac][af707387e9d550378dd8cb75fd2a45d7]
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FIGURE 6 Authors and journals most frequent in corpus

4. Discussion

The strongest conclusion is that early autonomic and amygdala-linked processing of salient non-verbal cues is real, but it is

embedded in distributed circuits rather than isolated from cortex. Timing evidence from intracranial recordings, lesion findings

linking amygdala damage to disrupted SCR and arousal decoding, and central autonomic network meta-analyses all converge on

an early role for amygdala-autonomic systems (Guex et al., 2020;

makes the broad answer to the user’s question yes.

Glascher & Adolphs, 2003;

Beissner et al., 2013). That

But the literature is less supportive of the stronger claim that these processes occur wholly prior to, or independently of, prefrontal

involvement. Pessoa and Adolphs explicitly argue against a dominant human subcortical “low road” and instead assign cortex a

major role in evaluating biological significance (® Pessoa & Adolphs, 2010). Other reviews describe ventral emotion systems and

dorsal regulatory systems as interacting continuously, while newer work finds both bottom-up amygdala-to-PFC and top-down

dmPFC regulation during ambiguity processing (

Phillips et al., 2003; ® Sun et al., 2023).

The cue-specific evidence for pupil dilation and respiration shifts is moderate rather than definitive. Pupil diameter is repeatedly

treated as an autonomic marker, but several reviews stress that it also indexes cognitive demand, making it an imperfect proxy for

preconscious affect (Morawetz & Basten, 2024). Respiration is even less directly resolved in this corpus; autonomic frameworks

include respiratory control within the CAN, but the included studies more often measure SCR, HR, or HRV than respiration itself (
Beissner et al., 2013; Morawetz & Basten, 2024).

Claim

The amygdala and autonomic systems
often respond rapidly to salient non-
verbal cues before full conscious
appraisal.

Prefrontal cortex rapidly regulates and
reshapes these responses during
conscious evaluation.

Human emotion processing follows a
strict serial “amygdala first, cortex
later” pathway.

Pupil dilation is a clean marker of
preconscious autonomic appraisal.

Evidence
Strength

Strong

Strong

Weak

Moderate

Reasoning

Supported by intracranial timing,
lesion, psychophysiology, and
convergent reviews.

Strong meta-analytic and task-
fMRI support for top-down
modulation.

Directly challenged by cortical-
network accounts and mixed

timing models.

Useful but confounded by

cognitive effort and task demands.

4 /1

Papers

(® Sunetal., 2023;
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Lamotte et al., 2021)
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Berboth & Morawetz,
2021; Buhle et al., 2014)

(® Pessoa & Adolphs,
2010; ® Sun et al., 2023)

(Morawetz & Basten,
2024; ® Urry et al., 2009;
Morawetz & Basten, 2024)
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Evidence
Claim Strength Reasoning
Respiration shifts specifically precede " Plausible from CAN theory, but
prefrontal appraisal in humans. Weak directly measured evidence is
ea

sparse here.

FIGURE 7 Key claims and supporting evidence strengths

5. Conclusion

CONSENSUS . APP

Papers

(@ Beissner et al., 2013;
® Lamotte et al., 2021;
Morawetz & Basten, 2024)

Across this corpus, the answer is yes in the broad sense: the amygdala and central autonomic systems can register and express

salient non-verbal physiological information rapidly, often before full conscious appraisal is completed. The better-supported

model, however, is not a strict sequence but a fast recurrent loop in which amygdala, insula, cingulate, hypothalamus, brainstem,
and prefrontal regions interact over very short timescales (® Beissner et al., 2013; Ince et al., 2023; McEwen & Gianaros, 2010).

Research Gaps

The main gaps are cue specificity, temporal precision, and direct body-brain coupling during naturalistic social perception.

Direct Timing Pupil Respiration Simultaneous PFC-ANS

Topic/Outcome Evidence Measures Measures Coupling
Amygdala before PFC 1 GAP 2
Pupil-linked appraisal 2 GAP 3
Respiration-linked

pIr 1 GAP 2 1
appraisal
Social threat cues 3 1
Open Research Questions
Several next-step questions would sharpen the answer substantially.
Question Why
Do pupil and respiration changes temporally precede Most included studies use static pictures, lab tasks, or indirect
prefrontal appraisal during naturalistic social interactions? autonomic proxies rather than naturalistic multimodal interactions.
Which prefrontal subregions participate earliest in Current evidence supports heterogeneous PFC roles, but timing
appraisal of bodily cues, and which only regulate later? resolution across subregions remains limited.
How tightly do amygdala signals couple to respiratory SCR and HRV dominate this literature, leaving respiration
versus electrodermal responses across threat contexts? undermeasured despite its central autonomic relevance.

In short, the autonomic nervous system and amygdala do process many non-verbal physiological cues before full conscious

prefrontal appraisal, but conscious appraisal begins quickly and interacts with those early signals rather than simply following

them.
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These search results were found and analyzed using Consensus, an Al-powered search engine for research. Try it at
https://consensus.app. © 2026 Consensus NLP, Inc. Personal, non-commercial use only; redistribution requires copyright

holders’ consent.
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