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Yes, slow nasal breathing and hypoventilation training can raise CO2 and improve
vascular function, but cerebral oxygenation gains are inconsistent.

1. Introduction

Slow nasal breathing and hypoventilation training appear to affect all three targets in the question, but not with equal
certainty. The strongest evidence is that these practices can shift breathing toward slower, deeper patterns with higher
end-tidal or tissue CO2 in at least some settings, especially when the intervention explicitly trains hypocapnia correction
or hypoventilation rather than just slower breathing alone (Ritz et al., 2014; Norweg et al., 2025; Eser et al., 2024). Evidence
is also fairly consistent that slow breathing improves autonomic balance and some vascular markers, including lower blood
pressure, improved arterial function, and better microvascular function, which supports a vasodilatory or reduced
vasoconstrictive state even when direct vessel diameter is not measured (Bernardi et al., 2017; Garg et al., 2023; Jurek et
al., 2021).

The weakest part of the claim is cerebral tissue oxygenation via the Bohr effect specifically. Foundational physiology in this
corpus supports the mechanism that higher CO2 lowers hemoglobin oxygen affinity and promotes vasodilation,
particularly in cerebral circulation (Schmidt et al., 2023). But intervention studies on slow breathing or hypoventilation do
not consistently show improved cerebral oxygenation: some CO2-enriching or hypoxia-related interventions increase
cerebral blood flow or cerebral tissue oxygenation, whereas hypoventilation training in athletes often leaves cerebral
oxygenation unchanged or even suggests blood redistribution away from brain toward muscle (Zhang et al., 2024,
Schmidt et al., 2023; Woorons et al., 2024).

Does slow nasal breathing or hypoventilation training increase CO2 tolerance, promote vasodilation, and enhance

cerebral tissue oxygenation via the Bohr effect?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1 Consensus on breathing interventions and CO2-related outcomes

2. Methods

The search ran over more than 170 million research papers indexed in Consensus, drawing from Semantic Scholar,
PubMed, and other sources. The workflow identified 97 directly relevant papers from the initial query, expanded through
targeted sub-searches and citation crawling, screened 249 papers after relevance filtering, and included the top 50
human controlled studies for synthesis.

The corpus was designed to cover mechanism, intervention trials, null results, adjacent respiratory physiology, and
cerebrovascular outcomes across clinical, athletic, and laboratory populations.

Search Strategy

1.3M 2K 50
> >
Retrieved Eligible Included
Q 23 searches Papers meeting relevance and quality Top papers selected to be included in the
criteria, after deduplication final analysis

45 1citation graph use

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

FIGURE 2 Deep-search paper identification and screening flow

1/ 7


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

o Consensus CONSENSUS . APP

Six focused searches captured mechanisms, interventions, contradictory findings, adjacent fields, and separate CO?2,
vascular, and cerebral oxygenation outcomes.

3. Results

3.1 Key Papers

Three papers anchor the corpus because they directly test whether breathing interventions raise CO2, improve ventilatory
efficiency, or change clinically meaningful physiology. The asthma RCT distinguishes hypoventilation-driven CO2
elevation from slow breathing alone, the cardiac nasal-breathing trial quantifies acute PETCO2 changes during exercise,
and the diabetes trial links slow breathing to improved arterial function (Ritz et al., 2014; Eser et al., 2024; Bernardi et al.,
2017).

Paper Summary

(Eser et al., 2024) Raising Pco2 outperformed slow breathing on some lung outcomes (Ritz et al., 2014)
(Ritz et al., 2014) Nasal breathing increased PETCO2 and lowered VE/VCO2 (Eser et al., 2024)

(Fraser et al., 2016) Slow breathing improved arterial function and diastolic pressure (Bernardi et al., 2017)

FIGURE 3 Anchor papers for CO2 and vascular outcomes

3.2 CO2 Regulation

Interventions that explicitly target CO2 tend to change CO2 more reliably than generic slow breathing. In asthma, both
slow breathing and capnometry-assisted hypoventilation improved control, but the hypoventilation arm produced larger
PCO2 increases and some superior physiological benefits (Ritz et al., 2014). In COPD, capnography-assisted slow nasal
breathing improved end-tidal CO2 and oxygen saturation versus usual care (Norweg et al., 2025). In hyperventilation
syndrome, nasal breathing and voluntary hypoventilation were similarly effective overall, and delayed shift away from nasal
breathing correlated with plasma bicarbonate, consistent with improved ventilatory alkalosis handling rather than clear
superiority of one method (Gouzi et al., 2022).

A related but distinct literature on nasal high flow shows that nasal interfaces can reduce respiratory rate and dead-space

|ss

rebreathing, often lowering tissue CO2 rather than increasing it, so “nasa
(Méller et al., 2016; Fraser et al., 2016; Mishima et al., 2020).

breathing per se does not uniformly raise CO2

3.3 Vascular Effects

Feature Result

Study type Randomized and crossover human trials (Bernardi et al., 2017; Garg et al., 2023)

Slow-breathing dose 6 breaths/min acutely or repeated training (Bernardi et al., 2017; Yuenyongchaiwat et al.,
2024)

Arterial function Improved PWV and Alx75 in type 1diabetes (Bernardi et al., 2017)

Blood pressure SBP and DBP fall modestly overall (Garg et al., 2023)
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Feature Result

Mechanistic Reduced sympathetic tone supports arteriolar dilation (Garg et al., 2023; Bernardi et al., 2017)
interpretation

Microvasculature Cutaneous vascular conductance increased after 4 weeks (Jurek et al., 2021)

These findings support vascular benefit, but mostly through indirect markers of vasodilation or endothelial function rather
than direct imaging of vessel caliber.

3.4 Cerebral Oxygenation

Evidence for improved cerebral oxygenation is mixed and context dependent. In pulmonary hypertension, inhaled nitric
oxide and supplemental oxygen improved cerebral tissue oxygenation, showing that vasodilation and oxygen delivery can
raise brain oxygenation when pulmonary vascular limitation is present (Miller-Mottet et al., 2015). In healthy adults,
intermittent hypoxia training increased cerebral blood-flow velocity and conductance but did not increase oxygen
saturation or cognition, indicating that higher cerebral perfusion does not necessarily translate into measurable
oxygenation gains (Zhang et al., 2024).

For CO2 specifically, adding 5% CO2 to oxygen in anesthetized obese patients increased cerebral tissue oxygenation,
consistent with CO2-mediated cerebral vasodilation and the Bohr effect (Schmidt et al., 2023). But hypoventilation
training in elite judo athletes did not improve cerebral oxygenation, and the authors interpreted the pattern as blood-
volume redistribution toward muscle perfusion instead (Woorons et al., 2024).

Results Timeline
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FIGURE 4 Research timeline with larger markers indicating more citations

Top Contributors

Type Name Papers

Author L. Bernardi [2860588a7cf256c5adcb0d170bd0425¢]
[3c737892dda055a4839b2786d3a841b2]
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Type Name Papers

Author X. Woorons [69¢716539fdb5498a5600ce8ebb0fco4]
[603d232a72315aed97eec7c6d5a74bb5]

Author A. Norweg [ebaad599460f59f2aafa5d37d57eab79][22d1bfbd47e153e0be734a94e7c1156€]

Journal Frontiers in Physiology [498939a13a665a2fb4682619776e479]
[603d232a72315aed97eec7c6d5a74bb5]
[04554d7ddaf55d959ae06b6c9fb6344c]

Journal Journal of Applied [efdaeef8f2c25418a4c2f0af9ceacabb][b567bfadad055¢cicb4a966d4ac24a758]
Physiology [f52b0328bcae5d0eac21ee65b4f97843]

Journal Respiratory Physiology & [09ee53c1852551ae8e440e729ff7805¢][301369f138495926bdf3cd4871805546]
Neurobiology

FIGURE 5 Authors and journals appearing most in corpus

4. Discussion

The literature supports a qualified “yes,” but the three outcomes should not be collapsed into one mechanism. Slow nasal
breathing and capnometry-assisted hypoventilation can raise PETCO2 or ETCO2 and improve symptoms or ventilatory
efficiency, especially in people with dysfunctional breathing, asthma, COPD, or heart disease (Eser et al., 2024; Ritz et al.,
2014; Norweg et al., 2025). Slow breathing alone, however, does not always change CO2 much, and some authors
explicitly note that compensatory tidal-volume changes can preserve gas exchange (Ritz et al., 2014).

The vasodilation claim is better supported than the cerebral-oxygenation claim. Slow breathing improves arterial function
in diabetes, lowers blood pressure across hypertension trials, and improves cutaneous microvascular conductance in IBS,
all consistent with reduced sympathetic vasoconstrictor tone and better vascular regulation (Bernardi et al., 2017; Garg et
al., 2023; Jurek et al., 2021). But most studies infer vasodilation from hemodynamics or function rather than measuring
vessel diameter directly.

The cerebral oxygenation claim remains the most contested. CO2-enriched breathing can raise cerebral tissue
oxygenation in anesthesia, and interventions that alter pulmonary or cerebral vascular tone can improve cerebral
oxygenation in pulmonary hypertension (Schmidt et al., 2023; Miiller-Mottet et al., 2015). Yet direct evidence that slow
nasal breathing or hypoventilation training itself reliably enhances cerebral tissue oxygenation is limited, and athlete
hypoventilation studies often show no cerebral oxygenation gain (Woorons et al., 2024).

Evidence
Claim Strength Reasoning Papers
Slow nasal breathing can Replicated acute physiological (Eser et al., 2024; Gonzalez-
improve ventilatory efficiency effects across patient and Montesinos et al., 2020;
and increase PETCO2 during Strong athlete settings. Gonzalez-Montesinos et al.,
exercise. 2021)
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iC Consensus

Claim

Hypoventilation training can
increase CO2 more reliably than
slow breathing alone.

Slow breathing promotes
vascular function consistent with
vasodilation.

These interventions increase
cerebral tissue oxygenation
through the Bohr effect.

Hypoventilation training
improves cerebral oxygenation in
healthy athletes.

FIGURE 6 Key claims and supporting evidence in corpus

5. Conclusion

Evidence
Strength

Moderate

Moderate

Weak

Weak

Reasoning

Supported by a large RCT and
capnography-guided
interventions, but not
universal.

Multiple trials and meta-
analysis show lower BP and
improved vascular indices.

Mechanistically plausible, but
direct intervention evidence is
sparse and mixed.

Best direct training studies are
null or suggest redistribution
away from brain.

CONSENSUS . APP

Papers

(Ritz et al., 2014; Norweg et
al., 2025; Gouzi et al., 2022)

(Bernardi et al., 2017; Garg
et al., 2023; Jurek et al.,
2021)

(Schmidt et al., 2023;
Woorons et al., 2024)

(Woorons et al., 2024)

Across this corpus, slow nasal breathing and hypoventilation training do appear to influence CO2 handling and vascular

physiology, but the outcomes separate into strong, moderate, and weak evidence tiers. The strongest support is for

slower, more efficient breathing with higher CO2 in some protocols and for improved vascular function. The weakest

support is for consistent enhancement of cerebral tissue oxygenation specifically via the Bohr effect.

Research Gaps

Direct tests linking breathing training to simultaneous CO2 change, vasodilation, and cerebral oxygenation are rare. Most

studies measure only one or two parts of that chain.

Direct CO2

Topic/Outcome

Slow nasal breathing

Capnometry
hypoventilation

Athletic VHL training

CO2-enriched breathing

Open Research Questions

measure

Direct vascular
measure

Cerebral

oxygenation

Long-term
training

The next studies need to measure the whole causal chain at once rather than infer it from partial outcomes.
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Question Why

Does slow nasal breathing increase cerebral tissue Current studies usually measure only ventilatory
oxygenation in humans when PETCOZ2, cerebral blood flow, efficiency or only vascular surrogates, leaving the CO2-
and NIRS are measured simultaneously? to-brain-oxygenation pathway unproven.

Does capnometry-assisted hypoventilation improve CO2 The asthma trial supports stronger CO2 effects, but
tolerance and cerebral oxygenation more than slow long-term brain oxygenation outcomes have not been
breathing alone over months? tested directly.

Are vascular benefits of slow breathing mediated mainly by Blood pressure and arterial function improve, but the
autonomic shifts or by CO2-related endothelial effects? dominant physiological pathway remains unresolved

across populations.

So, slow nasal breathing and hypoventilation training likely improve CO2 handling and vascular function, but they do not
yet reliably show enhanced cerebral tissue oxygenation via the Bohr effect.

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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