


Yes, slow deep diaphragmatic breathing increases parasympathetic activity and usually
reduces acute sympathetic arousal.

1. Introduction

Slow deep diaphragmatic breathing activates the parasympathetic nervous system and usually reduces acute sympathetic nervous
system arousal. Across controlled human studies, the most consistent acute findings are increased heart rate variability or cardiac
vagal tone during breathing at about 6 breaths/min, along with lower heart rate, lower blood pressure, lower perceived arousal, or
reduced skin conductance (  Joseph et al., 2005;  Kromenacker et al., 2018;  Botha et al., 2014). This pattern appears in
healthy adults, children, athletes, and several clinical groups, and it is seen after single sessions as well as with short training
programs (  Ertürk & Özden, 2025;  Obradović et al., 2021;  Pozzato et al., 2025).

The evidence is strongest for cardiac vagal activation during the exercise itself, not for a large or durable whole-body autonomic
reset. Some studies show clear sympathetic withdrawal, including lower skin conductance, lower LF/HF ratio, lower pulse, or lower
blood pressure (  Botha et al., 2014;  Levi et al., 2022;  Ertürk & Özden, 2025). But not every trial finds downstream
physiological changes outside HRV, and some chronic studies report improved stress or symptoms without clear long-term HRV
shifts (Jurek et al., 2021;  Gamboa et al., 2025; Birdee et al., 2023).

Does slow deep diaphragmatic breathing activate the parasympathetic nervous system and reduce acute
sympathetic nervous system arousal?

N = 37

30 4 3

Yes 81% · Possibly 11% · Mixed 0% · No 8%

FIGURE 1  Research consensus on breathing and autonomic arousal

Most of the corpus supports a yes answer for acute autonomic effects. The main nuance is that parasympathetic activation is
measured most reliably by HRV-based vagal indices, while direct evidence for reduced sympathetic arousal is positive but
somewhat less uniform across measures and populations (  Vosseler et al., 2021;  Gholamrezaei et al., 2021;  Pérez-Alcalde et
al., 2024).

2. Methods

This Deep Search ran over more than 170 million research papers indexed in Consensus, drawing from Semantic Scholar, PubMed,
and other sources. The workflow first identified 4,428 directly relevant controlled human papers for the exact question, then
expanded with targeted mechanism and terminology searches and citation crawling. After machine-learning relevance screening,
229 papers were screened in detail, 119 met relevance thresholds, and 50 were included in the final ranked corpus for synthesis.

The review prioritized controlled human studies on slow-paced, deep, diaphragmatic, coherent, or yogic breathing that reported
autonomic outcomes such as heart rate variability, cardiac vagal tone, blood pressure, heart rate, skin conductance, perceived
arousal, or related stress physiology. Higher weight was given to randomized or crossover designs, direct acute comparisons
against spontaneous or faster breathing, and studies separating autonomic effects from adjacent outcomes such as pain or mood.
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Search Strategy

1.9M

Retrieved

21 searches

1 citation graph use

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

2.2K

Eligible

Papers meeting relevance and quality criteria,
after deduplication

50

Included

Top papers selected to be included in the final
analysis

FIGURE 2  Deep search study identification and screening flow

Searches combined direct-query retrieval, mechanism-focused rephrasing, contrastive searches, and citation expansion to capture
both foundational and recent controlled studies.

3. Results

3.1 Key Papers

A few papers anchor the literature because they directly test slow breathing against faster or usual breathing and measure
autonomic outputs with controlled designs. The most influential include the hypertension experiment showing reduced blood
pressure and increased baroreflex sensitivity at 6 breaths/min, the pharmacologic blockade study showing low-frequency HRV
during slow breathing is predominantly vagally mediated, and the crossover oesophageal pain study showing higher cardiac vagal
tone with lower skin conductance during deep breathing (  Joseph et al., 2005;  Kromenacker et al., 2018;  Botha et al., 2014).

Paper Summary

(  Ertürk & Özden, 2025) Lowers BP, raises baroreflex sensitivity (  Joseph et al., 2005)

(  Yeh & Ho, 2024) Low-frequency HRV is vagally mediated (  Kromenacker et al., 2018)

(  You et al., 2020) Increases vagal tone, lowers skin conductance (  Botha et al., 2014)

FIGURE 3  Foundational papers on breathing and autonomic effects

3.2 Acute Autonomic Effects

Acute studies repeatedly show that slow breathing at about 0.1 Hz or 6 breaths/min raises vagally mediated HRV indices during
the maneuver. This was seen in healthy adults during oral glucose testing, where RMSSD increased under slow deep breathing (
Vosseler et al., 2021); in athletes, where RMSSD was higher during the session but returned to baseline afterward (  You et al.,
2020); and in healthy older adults, where SDNN and RMSSD increased during both structured and natural deep breathing (  Yeh &
Ho, 2024).

Direct markers of sympathetic arousal often move in the opposite direction. Deep breathing reduced skin conductance responses
in the oesophageal hypersensitivity crossover trial (  Botha et al., 2014). A field experiment in 342 children found RSA increased
and heart rate decreased during a brief guided deep-breathing video, indicating lower concurrent physiological arousal (
Obradović et al., 2021).

3.3 Landmark Trial

One landmark mechanistic study is the slow-breathing pharmacologic blockade experiment.
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Feature Result

Study type Placebo-controlled blockade experiment (  Kromenacker et al., 2018)

Population Six healthy young adults (  Kromenacker et al., 2018)

Breathing rates 4-9 breaths per minute (  Kromenacker et al., 2018)

Primary autonomic readout HRV power at breathing frequency (  Kromenacker et al., 2018)

Parasympathetic blockade effect Nearly eliminated HRV power (  Kromenacker et al., 2018)

Sympathetic blockade effect No meaningful change (  Kromenacker et al., 2018)

Main inference Slow-breathing HRV changes are vagal (  Kromenacker et al., 2018)

This strongly supports the claim that slow-paced breathing’s acute HRV enhancement is primarily parasympathetic rather than
sympathetic in origin (  Kromenacker et al., 2018).

3.4 Population Differences

Dimension Healthy/General Populations Clinical Populations Citations

Acute vagal HRV
response

Usually increases during
breathing

Often increases, but sometimes
blunted

(  Ertürk & Özden, 2025; 
Böttcher et al., 2024)

Sympathetic arousal
markers

HR, BP, arousal often fall Similar direction, more variable (Gholamrezaei et al., 2021; 
Ismail et al., 2025)

Persistence after
session

Often transient Less certain (  You et al., 2020; Jurek et al.,
2021)

Chronic training
effects

Mixed for HRV, better for
stress symptoms

Often symptom benefits with
variable autonomics

(Birdee et al., 2023;  Mauro et
al., 2024)

Dysfunctional ANS
states

Response still present in some
groups

Impaired magnitude in MDD,
diabetes

(  Böttcher et al., 2024; 
Rasmussen et al., 2022)

Healthy participants usually show the clearest acute parasympathetic shift. Clinical groups still often respond, but baseline
autonomic dysfunction can limit magnitude or persistence, as seen in major depression, diabetes, IBS, and long COVID (
Böttcher et al., 2024;  Subbalakshmi et al., 2013; Jurek et al., 2021;  Mauro et al., 2024).
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Results Timeline

FIGURE 4  Timeline of breathing-autonomic studies; larger markers indicate more citations

Top Contributors

Type Name Papers

Author L. Bernardi [cb0401a10b6454099d3ae5faacd3344e][fddaaa3ee344515ab8b507a2a1762818]

Author A. Gholamrezaei [615bbac7c7c45e90a23f538c4877ee85][bc2c59a1edbf5620a878878ab0eeff62]
[bd06b82f33205320a12f0558bc17b5f4]

Author Q. Aziz [615bbac7c7c45e90a23f538c4877ee85][9f4f8ee0014953daa1f40b2080f6c9b1]
[bc2c59a1edbf5620a878878ab0eeff62]

Journal Psychophysiology [bc2c59a1edbf5620a878878ab0eeff62][1601675b928351df92eaf18136029097]
[7e3a0197fb9b582d82218b500be7646d]

Journal Neurogastroenterology &
Motility

[e81f5acd9d0b57a68199e1ba9203a4d8][615bbac7c7c45e90a23f538c4877ee85]
[16f6feac01e55c1bbf74f72c3e110ace]

Journal Scientific Reports [bd06b82f33205320a12f0558bc17b5f4][6c758c118dd851a38c9af6b023721f4d]

FIGURE 5  Authors and journals most frequent in included papers

4. Discussion

The central claim is well supported: slow deep diaphragmatic breathing acutely increases parasympathetic cardiac modulation.
That finding is replicated across randomized, crossover, field, and mechanistic studies using RMSSD, RSA, cardiac vagal tone,
expiratory-inspiratory ratios, and baroreflex sensitivity (  Vosseler et al., 2021;  Obradović et al., 2021;  Subbalakshmi et al.,
2013;  Joseph et al., 2005). The strongest mechanistic evidence comes from the blockade experiment showing that slow-
breathing low-frequency HRV power disappears under vagal blockade but not sympathetic blockade (  Kromenacker et al., 2018).

Evidence that slow breathing reduces acute sympathetic arousal is also good, but more measure-dependent. Skin conductance
withdrawal, lower heart rate, lower blood pressure, lower respiratory rate, and reduced self-reported arousal are reported in
multiple settings (  Botha et al., 2014;  Ertürk & Özden, 2025; Gholamrezaei et al., 2021;  Pilcher et al., 2025). However, some
studies detect parasympathetic activation without parallel blood pressure changes, and long-term HRV changes are less consistent
than acute within-session effects (  Yeh & Ho, 2024;  Gamboa et al., 2025).
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A key limitation is that much of the literature infers autonomic balance from cardiovascular surrogates rather than direct neural
recordings. Another is that the strongest effects often occur during the breathing bout and may fade quickly afterward (  You et
al., 2020). Population heterogeneity also matters: autonomic impairment in depression or diabetes can blunt absolute vagal tone
even when relative responsiveness is preserved (  Böttcher et al., 2024;  Subbalakshmi et al., 2013).

Claim
Evidence
Strength Reasoning Papers

Slow breathing acutely
increases cardiac
parasympathetic activity

Strong

Replicated across controlled studies
and mechanistic blockade work

(  Kromenacker et al., 2018;
 Vosseler et al., 2021;  You

et al., 2020)

Slow breathing often reduces
acute sympathetic arousal

Strong

Supported by HR, BP, skin
conductance, and arousal outcomes,
though less uniform than HRV

(  Botha et al., 2014; 
Joseph et al., 2005; 
Obradović et al., 2021)

Exhale-focused or 6-bpm
breathing may be especially
effective

Moderate

Several studies favor prolonged
exhalation or resonance-rate breathing,
but comparisons are not definitive

(  Yeh & Ho, 2024; Balban et
al., 2023;  Pilcher et al.,
2025)

Chronic practice reliably
produces lasting HRV
improvements

Moderate

Some long-term trials improve HRV,
others improve symptoms without HRV
change

(  Kuppusamy et al., 2020;
Jurek et al., 2021;  Gamboa
et al., 2025)

Slow breathing’s benefits are
mediated entirely by
autonomic shifts

Weak

Pain and mood studies suggest
attentional or emotional mechanisms
also contribute

(Gholamrezaei et al., 2021; 
Gholamrezaei et al., 2021;
Khng, 2017)

FIGURE 6  Key claims and evidence across included studies

5. Conclusion

Slow deep diaphragmatic breathing does activate the parasympathetic nervous system and usually reduces acute sympathetic
nervous system arousal. The clearest evidence is an acute rise in vagally mediated HRV and baroreflex sensitivity during breathing
around 6 breaths/min, often accompanied by lower heart rate, blood pressure, skin conductance, or subjective arousal (  Joseph
et al., 2005;  Botha et al., 2014;  You et al., 2020). The main uncertainty is not whether the acute effect exists, but how durable
and how system-wide it is outside the breathing session.

Research Gaps

The evidence base is strongest for acute cardiac autonomic readouts and thinner for direct sympathetic measures, long-term
persistence, and clinical translation across disorders.

Topic/Outcome
RCT
Data

Direct Sympathetic
Measures

Long-Term Follow-
Up

Clinical
Generalization

Acute HRV/vagal activation 10 6 3 8

Acute sympathetic
withdrawal

7 4 2 6

Mechanistic vagal pathways 5 3 1 3
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Topic/Outcome
RCT
Data

Direct Sympathetic
Measures

Long-Term Follow-
Up

Clinical
Generalization

Chronic training effects 8 3 6 7

High-risk clinical populations 5 2 4 5

Open Research Questions

Future studies should test which breathing parameters produce the strongest sympathetic withdrawal and whether repeated
practice leads to durable autonomic remodeling rather than transient session effects.

Question Why

Which breathing features most strongly reduce acute
sympathetic arousal: respiratory rate, diaphragmatic depth,
exhale length, or breath holds?

Current studies bundle these features, making it hard to
identify the active ingredient for sympathetic inhibition.

How long do parasympathetic gains persist after a single slow
diaphragmatic breathing session in different populations?

Several studies show strong during-session effects, but
persistence beyond minutes to hours remains unclear.

Do patients with autonomic dysregulation benefit through the
same vagal mechanisms as healthy adults?

Clinical groups often improve symptomatically even when
HRV changes are smaller or inconsistent, suggesting partially
distinct mechanisms.

Overall, the literature supports a yes: slow deep diaphragmatic breathing reliably boosts acute parasympathetic activity and usually
dampens acute sympathetic arousal, especially during the breathing practice itself.

These search results were found and analyzed using Consensus, an AI-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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