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Yes, voluntary hyperventilation changes blood gases and can reduce cerebral blood flow, but
DMN-specific neuroplasticity remains unproven.

1. Introduction

Voluntary hyperventilation reliably lowers arterial carbon dioxide and shifts blood chemistry toward respiratory alkalosis, and
controlled CO2 manipulation strongly affects cerebral blood flow (Yilmaz et al., 2025; Coles et al., 2002). The DMN is also sensitive
to cerebrovascular physiology: hypercapnia alters DMN-network cerebrovascular reactivity, concussion-related cerebrovascular
changes track DMN functional connectivity, and several non-breath interventions can modulate DMN connectivity over days to
weeks (Marshall et al., 2016; Militana et al., 2015; Chapman et al., 2013).

What the corpus does not show is a direct experimental chain from voluntary hyperventilation or holotropic breathwork to
measured DMN hypoperfusion and then to transient neuroplasticity in humans. Instead, the evidence comes in three partially
connected literatures: blood-gas manipulation and cerebral perfusion, DMN modulation by
meditation/exercise/psychedelics/stimulation, and broader neuroplasticity markers induced by other physiological interventions
(Welch et al., 2022; Jinich-Diamant et al., 2025; Skosnik et al., 2023).

Does voluntary hyperventilation or holotropic breathwork alter blood gas ratios to decrease blood flow to the Default Mode
Network (DMN) and induce transient neuroplasticity?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1 Consensus on hyperventilation, DMN flow, and plasticity

The strongest part of the evidence is the blood-gas effect; the weakest part is the DMN-specific plasticity claim. Evidence for
holotropic breathwork itself is especially sparse in this corpus, so most inference rests on voluntary hyperventilation, CO2
physiology, and adjacent altered-state interventions (Fincham et al., 2023; Welch et al., 2022).

2. Methods

The search ran over more than 170 million research papers indexed in Consensus, including Semantic Scholar, PubMed, and related
sources. The workflow identified 170 unique papers after deduplication, screened 240 machine-ranked candidates, and included
the 50 most relevant human and controlled-study papers for synthesis.

Search Strategy
1.1M 2.2K 50
= =
Retrieved Eligible Included
Papers meeting relevance and quality criteria, Top papers selected to be included in the final
@, 22 searches
after deduplication analysis

L5 1citation graph use

All papers retrieved from 22 searches and 1
citation graph use.

FIGURE 2 Deep search screening and inclusion flow

Searches combined breathwork, voluntary hyperventilation, holotropic breathwork, hypocapnia, hypercapnia, DMN, cerebral blood
flow, and neuroplasticity concepts.
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# Consensus

3. Results

3.1 Key Papers

The anchor papers are the hyperventilation cerebral-blood-flow study in traumatic brain injury, the human acute intermittent
hypercapnic-hypoxia experiment showing respiratory motor plasticity, and the breathwork RCT showing acute physiological effects
without direct neuroimaging (Coles et al., 2002; Welch et al., 2022; Balban et al., 2023). Together they establish the strongest direct
evidence for the physiology, while also showing where the DMN-plasticity link remains missing.

Paper Summary

(Kim et al., 2025) Hyperventilation reduced global cerebral blood flow and increased hypoperfused tissue (Coles et al.,

2002)
(Singh et al., 2020) AlIHH increased diaphragm MEPs by 28%, indicating central respiratory plasticity (Welch et al., 2022)

(Marshall et al.,
2016)

Daily breathwork improved mood and lowered respiratory rate, especially cyclic sighing (Balban et al., 2023)

FIGURE 3 Key anchor papers for physiology and plasticity

3.2 Blood Gas And Flow

Direct human evidence shows that voluntary hyperventilation reduces PaCO2 and raises blood pH, producing hypocapnia and
respiratory alkalosis (Yilmaz et al., 2025). In injured human brains, reducing PaCO2 from about 36 to 29 torr decreased global
cerebral blood flow from 31to 23 mL/100 g/min and increased severely hypoperfused tissue volume (Coles et al., 2002).

Hypercapnia shows the opposite direction: higher PaCO2 appears to increase cerebral blood flow, which is why it has been
explored as potentially neuroprotective after cardiac arrest, although the large randomized trial found no neurologic benefit at 6
months (Eastwood et al., 2023). That bidirectionality makes it biologically plausible that hyperventilation could transiently lower flow
in DMN regions, but the corpus does not include a study directly measuring DMN perfusion during voluntary hyperventilation in

healthy humans.

3.3 DMN Findings

Dimension

DMN sensitivity
to vascular state

Direction of
DMN change

Evidence for
hypoperfusion

Hypercapnia /
Cerebrovascular
Studies

DMN CVR
measurable and
abnormal in disease

Hypercapnia increases
flow reactivity metrics

Indirect, not
breathwork-DMN
specific

Meditation / Breath-
Adjacent Practices

Not primarily vascular
measures

Often reduced DMN
activity/connectivity
during practice

Rarely measured
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Psychedelics /
Neuromodulation

Usually connectivity,
not perfusion

Often DMN
decoupling or
redistribution

Rarely measured

Citations

(Marshall et al., 2016)

(Pasquini et al., 2019;

Jinich-Diamant et al.,

2025; Zacharias et al.,
2019)

(Wu et al., 2020)
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Hypercapnia /

Cerebrovascular Meditation / Breath- Psychedelics /
Dimension Studies Adjacent Practices Neuromodulation Citations
Time scale Acute physiology State and weeks-long Acute to days-weeks (Pasquini et al., 2019;
training Yue et al., 2023;
Skosnik et al., 2023)
Plasticity claim Weak for DMN Moderate for repeated Moderate for (Berkovich-Ohana et
strength practice pharmacologic al., 2012; Skosnik et
interventions al., 2023)

Key differences are clear. DMN modulation is common across meditation, yoga nidra, psychedelics, stimulation, and rehabilitation,
but those studies usually measure connectivity or oscillations rather than blood gases or regional perfusion (Fialoke et al., 2024;
Clancy et al., 2021; Wu et al., 2020). The missing study is one that simultaneously measures end-tidal or arterial CO2, DMN
perfusion, and post-session plasticity markers during hyperventilation or holotropic breathwork.

3.4 Neuroplasticity Evidence

Human studies do show that transient physiological interventions can induce plasticity, but mostly outside the exact breathwork-
DMN context. Acute intermittent hypercapnic-hypoxia increased TMS-evoked diaphragm potentials by 28% and raised respiratory
drive, supporting central respiratory motor plasticity in voluntary breathing pathways (Welch et al., 2022). Exercise interventions
increase BDNF, IGF-1, VEGF, lactate-related signaling, cerebral blood flow, and white-matter or network changes, supporting a
broader literature that physiology can drive transient or lasting plasticity (Arazi et al., 2021; Montero-Almagro et al., 2024; Lehmann
et al.,, 2020).

Meditation and related mind-body practices also modify DMN organization. One month of mindfulness increased interactions
among DMN, salience, and executive networks, while other meditation paradigms reduced intra-DMN connectivity or produced
DMN decoupling during practice (Bremer et al., 2022; Jinich-Diamant et al., 2025; Fialoke et al., 2024). Psychedelic studies similarly
report DMN decoupling, altered self-related processing, and sustained EEG correlates consistent with plasticity, but these are
pharmacologic rather than hyperventilation effects (Smigielski et al., 2019; Pasquini et al., 2019; Skosnik et al., 2023).

Results Timeline

15 10 5,
13
2 16 5 4 14 ¢ 11 17
3 m 7
19 9 20
8
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

FIGURE 4 Timeline of included studies; larger markers indicate more citations
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Type Name Papers
Author Hanzhang Lu [ba0e1b27954b595bb05bd7ddc8512828][237d6d813a3457a8a899e171e5da989c]
[a142284d230e5e6186d1284c7b241245]

Author F. Vollenweider [b7b7120180ef510792a8ffd55bf56268][d5a90e98bae25fb2bd15a40b7b69d7d9]

Author A. Mitchell [500a8b15807f5c5d982293e9¢c2009¢eef]

Journal Journal of NeuroEngineering and [32f458d9ee0154ca974af249ea9f0ae5][0cf0d47025ee5026b71914ad7adfadcd]
Rehabilitation [c518d612f3ac5583ac44b7a75d283661]

Journal Neurolmage [b7b7120180ef510792a8ffd55bf56268][47e36839dfa55fad80286d72d729d33f]

Journal Scientific Reports [5b5857ffcb6e5d37998015f312068027][67948e92f727511bac7ed233667f4a12]

[33bd5dd1b37c52f805919f9fd701d306]

FIGURE 5 Authors and journals appearing most often

4. Discussion

The evidence supports a narrow yes on physiology and a broader no on the full mechanistic chain. Hyperventilation-induced

hypocapnia and alkalosis are well supported, and reduced cerebral blood flow under lowered PaCO2 is directly shown in human

imaging (Yilmaz et al., 2025; Coles et al., 2002). That makes a transient flow reduction in DMN territories plausible, especially

because DMN nodes such as posterior cingulate and precuneus are vascularly responsive and central to resting-state perfusion
studies (Thomas et al., 2013; Chapman et al., 2013).

The main inferential gap is specificity. None of the included studies directly tested voluntary hyperventilation or holotropic

breathwork while measuring DMN perfusion and subsequent plasticity markers in the same participants. Even stroke-rehabilitation

authors note that without cerebrovascular reactivity data, functional connectivity changes cannot be cleanly separated from

neurovascular coupling changes (Wu et al., 2020). Breathwork trials also emphasize mood and autonomic outcomes more than

brain imaging or molecular plasticity endpoints (Balban et al., 2023; Fincham et al., 2023).

The neuroplasticity part is therefore only partially supported by analogies. AIHH demonstrates transient respiratory motor plasticity

in humans (Welch et al., 2022). Mindfulness, yoga nidra, psychedelics, exercise, ketamine, and stimulation each show short-term
DMN or plasticity-related changes, but through different mechanisms and timescales (Yue et al., 2023; Fialoke et al., 2024; Skosnik

et al., 2023; Clancy et al., 2021).

Claim

Voluntary hyperventilation lowers CO2
and shifts blood pH toward alkalosis

Lowering PaCO2 reduces cerebral
blood flow

Hyperventilation likely can reduce flow
in DMN regions

Evidence
Strength Reasoning Papers
Direct physiological measurements (Yilmaz et al., 2025)
and consistent mechanistic literature
Strong
Strong human imaging evidence, (Coles et al., 2002)
though mostly not DMN-specific
Strong
Plausible from vascular physiology (Marshall et al., 2016;
plus DMN vascular sensitivity, but Thomas et al., 2013;
Moderate

not directly tested
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Evidence
Claim Strength Reasoning Papers
Breath-related altered physiology can Direct for respiratory motor (Welch et al., 2022)
induce transient neural plasticity pathways under AIHH, indirect for

Moderate

DMN
Holotropic breathwork induces DMN- “ No direct human study in this corpus (Welch et al., 2022; Wu
specific transient neuroplasticity via tests the full causal sequence et al., 2020; Fincham et
. Weak

hypoperfusion e al., 2023)

FIGURE 6 Key claims and supporting evidence strengths

5. Conclusion

Voluntary hyperventilation does alter blood gases in the expected direction and can reduce cerebral blood flow. The leap from that
physiology to selective DMN hypoperfusion and then to transient DMN neuroplasticity is biologically plausible but not
demonstrated directly in this corpus.

Research Gaps

The literature is strongest on gas physiology and weakest on integrated multimodal tests of the proposed mechanism.

Direct breathwork DMN Blood gas Plasticity follow-
Topic/Outcome studies imaging measurement up

Voluntary hyperventilation and
PaCO2

Holotropic breathwork and DMN GAP GAP GAP GAP

CO2 manipulation and DMN
perfusion

Breathwork and neuroplasticity
biomarkers

Altered states and sustained DMN
change

Open Research Questions

Direct multimodal experiments are the clearest next step.

Question Why

Does voluntary hyperventilation acutely lower perfusion specifically in This would test the missing link between hypocapnia
core DMN nodes such as posterior cingulate and medial prefrontal and network-specific perfusion rather than whole-
cortex? brain blood-flow change.

Do holotropic-style breathwork sessions produce short-lived changes in This would connect physiology, network dynamics,
DMN connectivity alongside measured end-tidal CO2 and plasticity and candidate plasticity markers within one
biomarkers such as BDNF or EEG LTP proxies? experiment.
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Question Why
Are any DMN changes after breathwork driven by neurovascular coupling This would separate true circuit reorganization from
shifts rather than neural plasticity? vascular confounding, a major limitation in current

network studies.

On current evidence, voluntary hyperventilation likely changes blood gases and can lower cerebral blood flow, but DMN-specific
transient neuroplasticity from holotropic breathwork remains unproven.

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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