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Yes, standard REM sleep usually shows prefrontal deactivation with limbic activation, though
hippocampal evidence is more nuanced.

1. Introduction

Standard REM sleep is generally characterized by reduced activity in executive prefrontal regions together with increased activity
in limbic and paralimbic regions, especially the amygdala. Foundational PET studies found bilateral dorsolateral prefrontal
deactivation during REM alongside increased blood flow in both amygdaloid complexes (® Magquet et al., 1996). Later reviews and
syntheses converged on the same broad pattern, describing REM as activation of limbic, thalamic, and temporo-occipital regions
with deactivation of prefrontal areas (® Dang-Vu et al., 2010; Brown et al., 2012). Meta-analytic work also places most REM
deactivations in prefrontal cortex, even while many activated clusters overlap medial temporal and default-mode regions (® Fox et
al., 2013).

The amygdala finding is especially consistent across methods. FDG-PET found increased glucose use in the amygdaloid complex
during REM (® Nofzinger et al., 1997). Intracranial recordings then showed direct phasic amygdala activation time-locked to REM
eye movements (Corsi-Cabrera et al., 2016). By contrast, hippocampal involvement is better described as relative activation,
oscillatory engagement, or region-specific dynamics than as uniformly “high activation.” Human imaging reviews report increased
activity in the hippocampal formation during REM (® Scarpelli et al., 2015), but newer intracranial and fMRI work emphasizes that
REM effects differ across hippocampus, medial temporal lobe, cortex, and phasic versus tonic REM events (Lendner et al., 2023;
Hong et al., 2021).

Is standard REM sleep characterized by the deactivation of the prefrontal cortex and high activation of the amygdala
and hippocampus?

@ Yes 100% - Possibly 0% - @ Mixed 0% - @ No 0%

FIGURE 1 Consensus on REM prefrontal and limbic activity

The literature supports a clear “yes” for prefrontal deactivation and amygdala activation, but only a qualified “yes” for the
hippocampus because its REM signature depends on subregion, measure, and comparison state (® Scarpelli et al., 2015; McDevitt
et al., 2025).

2. Methods

This Deep Search ran over more than 170 million research papers indexed in Consensus, including Semantic Scholar, PubMed, and
other sources. The workflow identified 117,462 papers in the initial search, expanded through citation crawling and targeted follow-
up searches, screened 228 papers with machine-learned relevance filtering, retained 123 eligible papers after deduplication and
thresholding, and included the top 50 most relevant papers for synthesis.

Search Strategy

5.5M 2.1K 50
> >
Retrieved Eligible Included
@, 21searches 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 21 searches and 1
citation graph use.

FIGURE 2 Search and screening flow for included papers
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# Consensus

The search combined foundational REM neuroimaging, subregional limbic-prefrontal studies, REM-versus-NREM contrasts,
electrophysiology, and emotional-memory papers.

3. Results

3.1 Key Papers

A small set of papers anchors the field because they established the canonical REM pattern in humans and then refined it with
Dang-Vu et al., 2010; Corsi-Cabrera et al., 2016). The table below
highlights the most central studies for the specific question asked.

network and intracranial evidence (® Maquet et al., 1996;

Paper Summary

(Goldstein & Walker, Establishes amygdala activation and dorsolateral prefrontal deactivation during human REM (
2014) Magquet et al., 1996)

(Lendner et al., 2023) Shows REM limbic/paralimbic activation with only limited deactivation overall (® Nofzinger et al.,

(® Fox et al.,, 2013)

FIGURE 3 Foundational papers on REM activation patterns

1997)

Reviews consensus: REM activates limbic areas and deactivates prefrontal areas (® Dang-Vu et al.,

2010)

3.2 Prefrontal Versus Limbic Pattern

Dimension

Foundational
human PET

Review-level
consensus

Direct intracranial
evidence

Network-level
analyses

Newer human
intracranial work

Prefrontal Cortex

DLPFC decreases

Prefrontal deactivation

Region-specific cortical
effects

Right
frontoparietal/salience
deactivation

Strong frontal REM
modulation

FIGURE 4 Regional patterns across REM sleep studies

Amygdala

Bilateral
activation

Limbic activation

Phasic gamma
increase after
REMs

Limbic emphasis
retained

Not measured
directly

Hippocampus

Not primary result

Hippocampal formation
activation reported

REM-like rhythmic slow
activity described

Parahippocampal
network involvement

MTL pattern reversed
from PFC

Citations

(® Maquet et al.,
1996)

(®» Dang-Vu et al.,
2010; ® Scarpelli et
al., 2015)

(Corsi-Cabrera et al.,
2016; Ruby et al.,
2021)

(Uitermarkt et al.,
2020)

(Lendner et al., 2023)

The key difference is that amygdala activation is directly and repeatedly observed, while hippocampal findings are often inferred

from medial temporal activation, theta-like rhythms, or state-dependent electrophysiology rather than simple uniformly elevated
metabolic activity (Corsi-Cabrera et al., 2016; Rasch & Born, 2013).
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3.3 Hippocampal Nuance

Hippocampal participation in REM is well supported, but “high activation” oversimplifies it. Reviews and imaging studies report
increased activity in the hippocampal formation and medial temporal structures during REM (® Scarpelli et al., 2015; ® Fox et al.,
2013). REM is also marked by strong hippocampal theta-related dynamics in animals and by conserved state-dependent
hippocampal electrophysiology in humans and rodents (Trouche et al., 2020; Lendner et al., 2023).

At the same time, some phasic REM fMRI analyses found that the hippocampal formation did not show REM-locked activation and
instead sat among regions with attenuated responses or modest decreases, especially within default-mode nodes (Hong et al.,
2021). Human intracranial work also shows that REM modulates medial temporal lobe dynamics differently from frontal cortex
rather than simply increasing both in parallel (Lendner et al., 2023).

3.4 Functional Meaning

REM’s limbic-prefrontal pattern appears linked to emotional processing and memory recalibration. More consolidated REM
predicts overnight reductions in amygdala reactivity, whereas restless or fragmented REM impedes that adaptation (Wassing et al.,
2019). Higher baseline REM is also associated with reduced fear-related activity in the amygdala, hippocampus, and ventromedial
prefrontal cortex during later conditioning (Lerner et al., 2017). Conversely, selective REM suppression increases next-day negative
affect and amygdala responses (Glosemeyer et al., 2020), and reduced REM is linked to weaker amygdala-medial prefrontal
connectivity and worse mood (Motomura et al., 2017).

Results Timeline

13 12

20 16 19

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

FIGURE 5 Timeline of REM sleep findings, larger markers indicate more citations

Top Contributors

Type Name Papers
Author P. Maquet [7b155d07413f5571af2f5ec4d335e1fb][a01d8213aed15c78b96d36f88497bafa]
Author M. Walker [57cb8adcb2a6583a899eb16d9b646d55][5a7f7eb7c345544198497eb0d0198fda)

[a5e97855916f59158282142664c62584]

Author J. A [1570d4e55c17510a8481ced115a2d9be][72e752530ef75e58af49e18dd73abf71]
Hobson

Journal Nature [7b155d07413f5571af2f5ec4d335e1fb]

Journal Science [546ef58092735175af137c36cd911ae6][a4fOeeacdffe59998f24f572672be99e]
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# Consensus

Type Name Papers

Journal Sleep [a01d8213aed15c78b96d36f88497bafa][d6323e5dbf7456129eaab3595¢812072]

FIGURE 6 Authors and journals appearing most often

4. Discussion

The strongest evidence for the user’s question comes from converging human PET, fMRI review, meta-analytic, and intracranial
studies. Across these methods, dorsolateral and other executive prefrontal regions are repeatedly described as less active in REM
than wakefulness, while the amygdala is repeatedly described as more active (® Maquet et al., 1996; Brown et al., 2012; Uitermarkt
et al., 2020; Corsi-Cabrera et al., 2016). That part of the claim is close to consensus.

The hippocampus is the main source of nuance. Some studies and reviews report increased hippocampal or medial temporal
activation during REM (® Scarpelli et al., 2015;
hippocampal formation or emphasizes uncoupling from cortex, phasic dependence, and region-specific electrophysiology (Hong

Fox et al., 2013), but other work finds attenuated REM-locked responses in the

et al., 2021; McDevitt et al., 2025; Mufioz-Torres et al., 2022). The literature therefore supports hippocampal engagement in REM
more strongly than it supports a blanket statement of uniformly high hippocampal activation.

Another limitation is that “prefrontal cortex” is not a single functional unit during REM. Executive lateral prefrontal regions are

commonly deactivated, but orbitofrontal, anterior cingulate, and anterior paralimbic zones can show activation or reactivation (
Nofzinger et al., 1997; Perrier et al., 2015;
heterogeneous REM microstates within PFC rather than global shutdown (Aime et al., 2022).

Scarpelli et al., 2015). Newer cellular and intracranial work also suggests

Evidence
Claim Strength Reasoning Papers
REM includes prefrontal Replicated across foundational PET, (® Maquet et al., 1996;
deactivation, especially S reviews, and network analyses Dang-Vu et al., 2010;
. t .
executive lateral PFC rong Uitermarkt et al., 2020)
REM includes amygdala Supported by PET, reviews, and direct (® Nofzinger et al., 1997;
activation s intracranial recordings Brown et al., 2012; Corsi-
t
rong Cabrera et al., 2016)
REM includes hippocampal Multiple studies support activation or (® Scarpelli et al., 2015;
engagement oscillatory involvement, but measures Lendner et al., 2023; Trouche
Moderate

REM shows uniformly high
hippocampal activation

vary

Too strong because phasic and
network analyses show attenuation or

et al., 2020)

(Hong et al., 2021; Lendner et
al., 2023)

Weak .
heterogeneity
REM architecture supports Human experimental and correlational (Wassing et al., 2019;
amygdala-prefrontal emotional Vo work is consistent but not Motomura et al., 2017;
oderate

recalibration

FIGURE 7 Key claims and supporting evidence strength

mechanistically complete

4 /1

Glosemeyer et al., 2020)


https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export

c Consensus CONSENSUS . APP

5. Conclusion

Overall, the literature supports the classic view that standard REM sleep combines reduced activity in executive prefrontal cortex
with increased activity in limbic circuitry, especially the amygdala. That pattern has been stable from early PET studies through later
reviews, network analyses, and intracranial recordings (® Maquet et al., 1996; ® Dang-Vu et al., 2010; Corsi-Cabrera et al., 2016).
The hippocampus belongs in this REM network, but its role is more dynamic and state-dependent than the phrase “high activation”
implies (Lendner et al., 2023; Hong et al., 2021).

Research Gaps
The main open issue is not whether REM involves these regions, but how tonic versus phasic REM, hippocampal subregions, and

prefrontal subregions contribute differently across tasks and populations.

Human Intracranial human Subregional Disorder
Topic/Outcome PET/fMRI data precision generalization

Lateral PFC deactivation 2 8

Amygdala activation 3 2

Hippocampal activation 4 2 4
Phasic vs tonic REM 3 3 1 2
effects

PFC-limbic connectivity 5 2 2 5

Open Research Questions

Clarifying these questions would sharpen the current broad consensus into a circuit-level account.

Question Why

Does tonic REM and phasic REM produce different Current studies mix REM sub-states, which likely obscures when
hippocampal activation signatures in humans? hippocampal activity rises, attenuates, or decouples from cortex.
Which prefrontal subregions deactivate versus Existing evidence suggests lateral executive PFC deactivates while
reactivate during standard REM sleep? orbitofrontal and paralimbic sectors can remain active.

How does REM continuity alter amygdala- Fragmented REM impairs amygdala adaptation, but the full network
hippocampus-prefrontal coupling the next day? mechanism remains incompletely mapped in humans.

So, standard REM sleep is best described as prefrontal executive deactivation plus strong amygdala-centered limbic activation,
with hippocampal involvement that is real but not uniformly high in every sense.

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

consent.
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