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Yes, nasal breathing increases nitric oxide, but blood oxygenation benefits are context-
dependent and often modest.

1. Introduction

Nasal breathing increases nitric oxide exposure compared with mouth breathing, and that part of the question is supported
consistently across foundational physiology studies and disease cohorts. In healthy controls, exhaled NO is much higher during
nasal than oral breathing, with classic studies reporting roughly 23-35 ppb during nasal breathing versus 7-14 ppb during oral
breathing, and direct tracheostomy sampling showing that most exhaled NO comes from the upper airway rather than the lower
lung (Alving et al., 1993; Lundberg et al., 1994). The paranasal sinuses appear to be the main source, and nasal NO remains high
across many healthy and inflammatory states unless sinonasal disease disrupts production or outflow (Zhang et al., 2018; Kharitonov
et al., 1997; Frendg et al., 2018).

The second part of the question has a more qualified answer. Mechanistically, nasally derived NO could improve ventilation-
perfusion matching and reduce pulmonary vascular resistance, but direct evidence that ordinary nasal breathing reliably raises
arterial oxygenation or SpO2 over mouth breathing is mixed. Small exercise studies suggest improved ventilatory efficiency or
oxygen uptake in selected patients, especially heart failure, yet several studies in athletes and COPD show no clear SpO2
advantage, and broader oxygen-delivery literatures on nasal oxygenation show benefits that depend strongly on flow, closed-mouth
breathing, and clinical context rather than on nasal route alone (Eser et al., 2024; Hussain et al., 2025; Gonzalez-Montesinos et al.,
2020).

Does nasal breathing increase nitric oxide production and improve oxygen absorption or blood oxygenation compared to
mouth breathing?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1 Consensus on nasal breathing nitric oxide and oxygenation

The literature supports a clear “yes” for increased nitric oxide exposure, but only a conditional “sometimes” for improved oxygen
absorption or blood oxygenation (Lundberg et al., 1994; Eser et al., 2024; Katayama et al., 1997).

2. Methods

This Deep Search reviewed research from a corpus built over more than 170 million papers indexed in Consensus, drawing from
Semantic Scholar, PubMed, and related sources. The search identified 4,252 directly relevant papers, expanded through targeted
synonym, mechanism, comparison, and clinical-context searches, screened 230 papers after machine-learned relevance filtering,
and included the top 50 human controlled studies for synthesis.

Search Strategy

1.1M 1.8K 50
= =
Retrieved Eligible Included
@, 21searches Papers meeting relevance and quality criteria, Top papers selected to be included in the final
after deduplication analysis

LS 1citation graph use

All papers retrieved from 21 searches and 1
citation graph use.

FIGURE 2 Paper identification and screening flow

The strategy combined direct breathing-mode comparisons, nitric oxide physiology, oxygenation trials, and null-result studies
across rest, exercise, and clinical care.
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3. Results

3.1 Key Papers

A small set of papers anchors this literature because they directly compare nasal and oral breathing or establish where airway nitric
oxide originates. The strongest foundation comes from Lundberg and colleagues’ mechanistic studies and later direct breathing-
mode comparisons, with recent exercise physiology extending the question to oxygen uptake and ventilatory efficiency (Lundberg
et al., 1994; Martin et al., 1996; Eser et al., 2024).

Paper Summary

(Lyons et al., 2023) Most exhaled NO is upper-airway derived (Lundberg et al., 1994)

(Alving et al., 1993) Nasal breathing doubles exhaled NO vs oral (Martin et al., 1996)

(Frendg et al., 2018) Nasal breathing improved exercise ventilatory efficiency (Eser et al., 2024)

FIGURE 3 Foundational papers in nasal breathing literature

3.2 Nitric Oxide Differences

Direct comparisons show higher NO with nasal breathing in healthy people and in rhinitis. Healthy controls had about 24.7 ppb
during nasal exhalation versus 11.1 ppb during oral exhalation in one study, while another found 23.2 ppb during nasal breathing
versus 9.1 ppb during oral breathing (Martin et al., 1996; Alving et al., 1993). In tracheostomized adults, NO stayed very low through
the tracheostomy but rose markedly during nasal and oral exhalation, supporting a predominantly upper-airway origin (Lundberg et
al., 1994).

Nasal NO is not constant across diseases. It is elevated in allergic rhinitis and sleep-disordered breathing, but reduced in cystic
fibrosis and chronic rhinosinusitis with polyps, showing that nasal pathology can either increase production or impair sinus outflow
(Kharitonov et al., 1997; Gut et al., 2016; Pioch et al., 2024; Frendg et al., 2018).

3.3 Oxygenation Comparisons

Dimension Nasal Breathing Mouth/Oral Breathing Citations

Resting NO exposure Higher Lower (Martin et al., 1996)

Exercise ventilatory efficiency Often better Often worse (Eser et al., 2024)

Measured VO2 in heart failure Slightly higher Lower (Eser et al., 2024)

SpO2 during COPD exercise Similar Similar (Gonzélez-Montesinos et al., 2020)
Maximal athletic performance No clear advantage No clear disadvantage (Hussain et al., 2025)

FIGURE 4 Breathing mode comparisons across oxygenation outcomes

The pattern is consistent: physiological proxies often improve with nasal breathing, but hard blood oxygenation outcomes do not
improve uniformly across populations.
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3.4 Clinical Oxygenation Context

A large adjacent literature on high-flow nasal oxygen shows that nasal oxygen delivery can improve oxygenation in some clinical
settings, but these gains cannot be attributed simply to normal nasal breathing. During anesthesia induction, meta-analysis found
higher PaO2 and longer safe apnea time with high-flow nasal oxygen than facemask ventilation (Song et al., 2021). During
procedural sedation, meta-analysis found lower hypoxemia risk and higher minimum oxygen saturation with high-flow nasal oxygen
than conventional oxygen therapy (Thiruvenkatarajan et al., 2022).

These benefits depend on setup. Closed-mouth breathing substantially improves preoxygenation through nasal cannulae, whereas
open-mouth breathing often fails to achieve high end-tidal oxygen values (Sjéblom et al., 2024). Other trials found no clear
oxygenation advantage for high-flow nasal oxygen in bronchoscopy, COVID-related hypoxemic failure, or critical-care intubation,
showing that nasal-route oxygenation is not universally superior (Burton et al., 2026; Perkins et al., 2022; Semler et al., 2016).

Results Timeline

Nasal breathing research has moved from NO source identification to context-specific oxygenation trials.

18 5 16
18 19 8 17 4 7
11 20

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

FIGURE 5 Timeline of nasal breathing studies, larger markers indicate more citations

The arc is clear: early studies established that the nose is the dominant NO source, while later work tested whether that translates
into meaningful oxygenation gains. Translation has been partial rather than universal (Lundberg et al., 1994; Eser et al., 2024; Perkins
et al., 2022).

Top Contributors

Type Name Papers

Author J. Lundberg [849e3266c74f57689a59eea378184514][d6eca5e312d65e8ab58b563d9eca07b6]
[f0085ebe584e50768144d374b3ef9545]

Author E. Weitzberg [849e3266c74f57689a59eea378184514][d6eca5e312d65e8ab58b563d9eca07b6]
[f0085ebe584e50768144d374b3ef9545]

Author K. Alving [f0085ebe584e50768144d374b3ef9545][849e3266c74f57689a59eea378184514]
[d6eca5e312d65e8ab58b563d9eca07b6]

Journal Anaesthesia [13bdab0c5aeb5f36b90ee2d2d1c5035a][09a92f2b5f075ee388¢c28d772a603948]
[8fb559bd5bb151cf990bfa5d7d76e003]
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Type Name Papers

Journal JAMA [660e3e8feb7959f29d910b535c737ff5][a3b1143392145387a4636dcc4add3285]
[964ab09e0831501bb952a9b3¢c85064b3]

Journal The European [f0085ebe584e50768144d374b3ef9545][849e3266c74f57689a59eea378184514]
respiratory journal [e14514ed11€2562280d3c70540f03843]

FIGURE 6 Authors and journals most frequent in included papers

4. Discussion

The evidence that nasal breathing increases nitric oxide exposure is strong because it is direct, mechanistic, and replicated across
several study designs. Multiple classic studies converge on the same conclusion: nasal exhalation contains much more NO than oral
exhalation, tracheostomy samples are low, and direct nasal sampling is high, which localizes the dominant source to the upper
airway and especially the paranasal sinuses (Alving et al., 1993; Lundberg et al., 1994). That part of the literature is also internally
coherent across normal subjects, rhinitis, pediatric cohorts, and disease states such as cystic fibrosis and primary ciliary dyskinesia
(Kharitonov et al., 1997; Détsch et al., 1996; Leigh et al., 2026).

The oxygenation claim is less settled because the literature measures different things. Some studies report higher VO2, lower
VE/VCO2, higher PETCO2, or lower respiratory rate with nasal breathing, which suggests more efficient breathing rather than
consistently higher blood oxygenation (Eser et al., 2024). But studies using harder outcomes such as SpO2, PaO2, desaturation, or
maximal performance often show small, null, or context-specific differences (Hussain et al., 2025; Schutzer-Weissmann et al., 2022;
Semler et al., 2016).

|

Important caveats explain some disagreement. Mouth opening dilutes inspired oxygen during nasal oxygen delivery, so “nasa
conditions are not equivalent unless the mouth is controlled (Sjéblom et al., 2024; Burton et al., 2026). Inhaled nitric oxide itself also
does not uniformly improve gas exchange; in COPD and even healthy volunteers it can worsen TcPO2, implying that NO’s effect
depends on disease physiology and ventilation-perfusion balance rather than acting as a universal oxygenation enhancer (Katayama
et al., 1997).

Claims And Evidence

Evidence
Claim Strength Reasoning Papers
Nasal breathing increases Direct replicated physiological (Martin et al., 1996; Alving et al.,
airway nitric oxide exposure vs s comparisons across healthy and 1993; Lundberg et al., 1994)
. t .
mouth breathing rong diseased cohorts
Most exhaled NO in healthy Tracheostomy and direct sampling (Lundberg et al., 1994)
people originates in the upper strongly localize source
. Strong
airway
Nasal breathing can improve Supported in cardiac and COPD- (Eser et al., 2024; Gonzélez-
ventilatory efficiency during Vo related exercise studies, but not Montesinos et al., 2020)
. t .
exercise oderate universal
Nasal breathing reliably "' Direct evidence is mixed and (Gonzélez-Montesinos et al., 2020;
improves blood oxygenation Weak often null on SpO2 or Hussain et al., 2025; Katayama et
over mouth breathing . performance endpoints al., 1997)
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Evidence
Claim Strength Reasoning Papers
High-flow nasal oxygen is " Meta-analyses and trials show (Song et al., 2021; Perkins et al.,
superior to other oxygen Weslk benefit in some settings but not all 2022; Thiruvenkatarajan et al., 2021)
ea

strategies in all settings

FIGURE 7 Key claims and evidence across included papers

5. Conclusion

Nasal breathing does increase nitric oxide exposure compared with mouth breathing, and that is the clearest finding in this corpus.
What happens next is more conditional: nasal breathing sometimes improves ventilatory efficiency and may help oxygen uptake in
specific settings, but it does not consistently raise blood oxygenation or SpO2 across all people and conditions.

Research Gaps

The biggest gap is the shortage of direct nasal-versus-mouth randomized studies measuring arterial oxygenation, oxygen
saturation, or tissue oxygen delivery during ordinary spontaneous breathing rather than device-assisted oxygen therapy.

Direct breathing- Arterial oxygenation Exercise/real-world Disease-specific
Topic/Outcome mode trials outcomes settings replication
Nitric oxide difference 10 4 4
SpO2 / PaO2 difference 3 3 4 3
Mechanistic V/Q effects 2 2 2 3

High-flow nasal oxygen
translation

Open Research Questions

Future work needs to connect the established NO mechanism to harder oxygenation outcomes under tightly controlled breathing

conditions.

Question Why

Does ordinary nasal breathing increase arterial oxygen saturation or Direct evidence for everyday resting oxygenation remains

PaO2 versus mouth breathing at rest in healthy adults when sparse despite strong mechanistic evidence for higher

ventilation is tightly controlled? nasal nitric oxide.

Do the oxygenation effects of nasal breathing differ in heart failure, Current studies suggest strong population differences,

COPD, sleep apnea, and healthy athletes? but head-to-head replication across disease groups is
limited.

How much of any oxygenation benefit from nasal breathing is Several plausible mechanisms coexist, and current studies

mediated by nitric oxide versus airflow resistance, dead-space rarely isolate nitric oxide from other physiological

washout, or mouth closure? changes.

Overall, nasal breathing clearly increases nitric oxide, but evidence that it consistently improves oxygen absorption or blood
oxygenation over mouth breathing remains mixed and context-specific.

5/ 1


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

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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