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Yes, 5.5 breaths/min resonant breathing generally synchronizes respiration and heart rate,
while blood pressure coupling is more variable.

1. Introduction

Breathing at a resonant frequency of about 5.5 breaths per minute generally synchronizes respiration with heart-rate oscillations,
and often recruits blood-pressure oscillations into the same ~0.1 Hz rhythm, but the blood-pressure component is less uniformly
demonstrated across populations and study designs. Foundational mechanistic papers describe resonance near 0.1 Hz, where
respiration and heart rate oscillate in phase and baroreflex-related blood-pressure responses become strongly organized, often
with a characteristic phase delay rather than exact in-phase alignment (Steffen et al., 2017; Pagaduan et al., 2019; Li et al., 2024).
Acute experimental studies also show that 5.5-6 breaths/min increases HRV amplitude, shifts respiratory sinus arrhythmia into the
low-frequency band, and can lower systolic blood pressure or increase baroreflex sensitivity (Lin et al., 2014; Pagaduan et al., 2019;
Larson et al., 2020).

The evidence is strongest for cardiorespiratory synchronization and weaker for a universal three-way synchronization of
respiration, heart rate, and blood pressure in all settings. Healthy participants, athletes, stroke survivors, psychiatric inpatients, and
caregivers repeatedly show larger low-frequency heart-rate oscillations during slow or resonant breathing (You et al., 2023; Li et
al., 2024; Canazei et al., 2025). Older adults and some clinical groups show autonomic changes without clear blood-pressure
shifts, and patients with heart failure, hypertension, diabetes, or autonomic disorders can show impaired or altered coupling
despite paced breathing (Yeh & Ho, 2024; Radaelli et al., 2023; Rivera et al., 2016; Novak et al., 1994).

Does breathing at a resonant frequency of 5.5 breaths per minute synchronize respiration, heart rate, and blood pressure
oscillations?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1 Consensus on resonance breathing synchronization effects

The literature supports a yes for respiration—heart-rate synchronization, and a qualified yes for blood-pressure entrainment. The
main nuance is that blood pressure often oscillates coherently at the same frequency but can show delayed phase relations,
smaller effects, or impaired coupling in disease states (Pagaduan et al., 2019; Radaelli et al., 2023; Pitzalis et al., 1999).

2. Methods

This Deep Search synthesized evidence from Consensus, which searches over 170 million research papers across Semantic
Scholar, PubMed, and other sources. The workflow identified 2,828 initially relevant controlled human studies, expanded through
citation crawling and targeted follow-up searches, screened 240 high-relevance papers, judged 134 eligible after relevance
filtering, and included the top 50 ranked papers for this synthesis.

Search Strategy

1.1M 1.9K 50
= =
Retrieved Eligible Included
@, 22 searches 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 22 searches and 1
citation graph use.

FIGURE 2 Search and screening flow for included papers

The strategy combined foundational physiology, direct synchronization studies, null-result searches, related slow-breathing
interventions, and population-specific evidence.
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3. Results

3.1 Key Papers

A small set of papers anchors the corpus because they directly address resonance physiology, compare nearby breathing
frequencies, or test clinical consequences of 0.1 Hz breathing. Together they establish the mechanistic claim that slow breathing
near 5.5-6 breaths/min amplifies cardiorespiratory oscillations and often improves baroreflex-linked regulation (Steffen et al.,
2017; Pagaduan et al., 2019; Novak et al., 1994).

Paper Summary

(Pagaduan et al., 2019) Defines RF as heart-breath synchronization near 0.1 Hz (Steffen et al., 2017)

(Li et al., 2024) Shows 0° HR-respiration and delayed BP phase (Pagaduan et al., 2019)

(Iniguez et al., 2022) Demonstrates paced respiration entrains RR and BP oscillations (Novak et al., 1994)

FIGURE 3 Foundational papers on resonance breathing physiology

3.2 Cardiorespiratory Synchronization

Across healthy samples, slow breathing near 5—6 breaths/min consistently increases heart-rate oscillation amplitude and places
respiratory-driven HRV in the low-frequency band. Lin et al. found that 5.5 breaths/min with equal inhalation and exhalation
produced higher SDNN and LF power than nearby breathing patterns (Lin et al., 2014). Steffen et al. describe resonance frequency
breathing as the point where breathing and heart rate synchronize and yield maximal HRV, typically around 4.5-7 breaths/min and
commonly 5.5 breaths/min (Steffen et al., 2017).

Pharmacologic blockade data strengthen the mechanism: low-frequency HRV produced by 4-9 breaths/min breathing is almost
eliminated by vagal blockade but unchanged by sympathetic blockade, indicating that these oscillations are predominantly vagally
mediated rather than sympathetic noise (Kromenacker et al., 2018). Other studies across athletes, stroke survivors, and stressed
caregivers show the same pattern of increased SDNN, LF power, or vagally mediated HRV during slow breathing, even when the
exact optimum varies somewhat between individuals (You et al., 2023; Larson et al., 2020; Im et al., 2026).

3.3 Blood Pressure and Baroreflex Coupling

Nearby or Control

Dimension Resonant/0.1 Hz Breathing Breathing Citations

HR-respiration phase Near 0° phase Less optimized (Pagaduan et al., 2019)

BP relation to HR About 180° phase, ~5 s delay Less explicitly organized (Pagaduan et al., 2019)

Systolic BP acute Often lower Smaller or absent (Pagaduan et al., 2019)

effect change

Barorefiex sensitivity Often increased Lower at faster (Larson et al., 2020; Radaelli et
breathing al., 2023)

BP oscillation Common in healthy/hypertensive Impaired in some (Novak et al., 1994; Radaelli et

entrainment controls diseases al., 2023)

FIGURE 4 Blood pressure and baroreflex effects near 0.1 hertz
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The key difference is that blood pressure participates in resonance, but not as a simple in-phase copy of respiration. Pagaduan et
al. report a 0° phase shift between heart rate and respiration, while blood-pressure responses from heart rate show a 180° phase
shift with an approximately 5-second delay (Pagaduan et al., 2019). Older mechanistic work also shows that slowing respiration
entrains respiratory fluctuations in RR interval and systolic and diastolic pressure across a wide frequency range, with maxima
around 0.07-0.09 Hz in hypertensive patients (Novak et al., 1994).

3.4 Boundary Conditions

The strongest caveat is that synchronization degrades in some pathological states, especially when autonomic or vascular control
is impaired. In heart failure, slow breathing can improve cardiorespiratory coupling while failing to restore respiration—blood-
pressure coupling, suggesting preserved modulation of RR intervals but impaired vascular responsiveness (Radaelli et al., 2023). In
chronic heart failure studied earlier with paced breathing, controls maintained constant phase between cardiovascular and
respiratory oscillations whereas patients showed continuous phase variation and central uncoupling (Mangin et al., 2002).

Other disorders show altered rather than absent coupling. Diabetes reduces the power of the 0.1 Hz controlled-breathing peak and
weakens breathing—heart coupling (Rivera et al., 2016). Hypertension preserves respiratory entrainment of RR and blood pressure
but with diminished transfer from respiration into RR intervals (Novak et al., 1994). Some healthy older adults also show HRV
increases during deep breathing without significant blood-pressure change, indicating that autonomic reorganization can occur
even when overt hemodynamic effects are small (Yeh & Ho, 2024).

Results Timeline

Resonance-breathing research has moved from physiological entrainment to clinical translation.

18

14
6
4 % 4y

10 13 9 7

19

11 12 15

16

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

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

The overall arc starts with 1990s-2000s mechanistic studies on respiratory entrainment of RR and blood pressure, then shifts
toward 2010s validation of 5.5-6 breaths/min protocols, and more recently toward testing in specific patient groups and digital or
home-based delivery (Novak et al., 1994; Lin et al., 2014; Lin, 2018).

Top Contributors

Type Name Papers

Author I. Lin [fOf300c9f401555daa62bb558cebfcee][188f9d199b9155019d9eb2980c4d735¢€]
[1570a796b40753879258421298ff9a96]

Author P. Steffen [a02303ab1a815a9983cfleeb7ec8cc31][3ecda705d4f954458661732db3462ac6]

Author S. Laborde [33988ac03ff75b94a50f615371365330][b8cf6d0c9eb85d3d86e58f9a74569396)
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# Consensus

Type Name Papers

Journal Applied Psychophysiology and [b1155b943b025e0f80c6819585fc0cba][33988ac03ff75b94a50f6f5371365330]

Biofeedback [188f9d199b9155019d9eb2980c4d735¢]

Journal International Journal of [fOf300c9f401555daa62bb558cebfcee][1570a796b40753879258421298ff9a96]
Psychophysiology

Journal Psychophysiology [edee81d9970658e8bfd5bac264104357][2cbca828b47e548bb8bdffd903e4c666]

FIGURE 6 Authors and journals most frequent in included papers

4. Discussion

The evidence that resonant breathing around 5.5—6 breaths/min synchronizes respiration and heart-rate oscillations is strong
because it is mechanistically coherent, replicated across many acute experiments, and observed in both healthy and clinical
populations (Steffen et al., 2017; Li et al., 2024). The underlying physiology is also unusually well specified for a behavioral
intervention: RSA shifts into the low-frequency band, the oscillatory peak approaches 0.1 Hz, and vagal blockade largely abolishes
the effect (Yeh & Ho, 2024; Kromenacker et al., 2018; Steffen et al., 2021).

The evidence for synchronized blood-pressure oscillations is moderate rather than absolute. Several studies show reduced systolic
blood pressure, increased baroreflex sensitivity, or explicit entrainment of systolic and diastolic pressure oscillations during paced
slow breathing (Pagaduan et al., 2019; Garg et al., 2023; Novak et al., 1994). But some populations show stable blood pressure
despite clear HRV changes, and pathological states such as heart failure, diabetes, or neurogenic disorders can preserve some
couplings while disrupting others (Yeh & Ho, 2024; Radaelli et al., 2023; Grabov et al., 2024).

A second limitation is that “resonance” is partly individualized. Several studies describe a typical range of 4.5-7 breaths/min, with
5.5 or 6.0 often close to optimum but not universally identical across people (Steffen et al., 2017; Hasuo et al., 2020; Canazei et al.,
2025). This explains why some experiments find minimal differences between true resonance frequency and RF+1, especially for
acute hemodynamics (Pagaduan et al., 2019).

Evidence
Claim Strength Reasoning Papers
Resonant breathing near 5.5—6 breaths/min Replicated mechanistic and (Steffen et al., 2017; Li et
synchronizes respiration and heart-rate intervention evidence across al., 2024; Lin et al., 2022)
A St .
oscillations. rong populations.
Resonant breathing often recruits blood- Multiple direct studies, but (Pagaduan et al., 2019;
pressure oscillations and baroreflex activity Vod effects vary by outcome and Larson et al., 2020;
. . t .
into the same ~0.1 Hz regime. oderate population. Novak et al., 1994)
5.5 breaths/min is a useful default, but the Supported by individualized (Steffen et al., 2017;
exact optimum is individualized. RF protocols and between- Hasuo et al., 2020;
Moderate .. .
person variation. Canazei et al., 2025)
Blood-pressure lowering from acute Some trials show lower SBP, (Pagaduan et al., 2019;
resonant breathing is modest and others show no significant BP Yeh & Ho, 2024; Zou et
Moderate

inconsistent.

change.
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Evidence
Claim Strength

Full three-way synchronization is impaired in "'

some diseases despite paced breathing.
Weak

FIGURE 7 Key claims and evidence across included studies

5. Conclusion

Reasoning

Supported, but mainly by
smaller disease-specific
mechanistic studies.
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Papers

(Radaelli et al., 2023;
Rivera et al., 2016;
Mangin et al., 2002)

The literature supports a qualified yes: breathing at a resonant frequency around 5.5 breaths per minute generally synchronizes

respiration with heart-rate oscillations and often organizes blood-pressure oscillations around the same 0.1 Hz rhythm. The effect is

strongest and most reproducible for respiration—heart-rate coupling, while blood-pressure involvement depends more on phase

definition, vascular function, and disease state (Pagaduan et al., 2019; Kromenacker et al., 2018; Radaelli et al., 2023).

Research Gaps

The biggest remaining gap is not whether resonance breathing affects autonomic oscillations, but when that effect extends cleanly

to blood pressure and clinically meaningful outcomes.

Topic/Outcome RCTs Direct phase analysis

Respiration-HR synchronization

Respiration-BP synchronization 5 4
Exact 5.5 bpm versus individualized RF 4
Heart failure and autonomic disease 3 4
Hard clinical endpoints 2

Open Research Questions

Clinical populations

Long-term follow-up

Direct phase-resolved studies and longer clinical trials would most efficiently reduce the current uncertainty.

Question

Does individualized resonance-frequency breathing improve blood-
pressure synchronization more than a fixed 5.5 breaths-per-minute
protocol?

Which disease states preserve heart-rate entrainment but impair
blood-pressure entrainment during 0.1 Hz breathing?

Do repeated weeks of resonant breathing produce durable
improvements in baroreflex-mediated blood-pressure regulation?

Why

Individual variation is repeatedly reported, but direct

head-to-head synchronization outcomes remain sparse.

Heart failure, diabetes, and autonomic disorders

suggest selective breakdown of vascular coupling

mechanisms.

Acute oscillatory effects are common, but long-term

hemodynamic persistence is less consistently

measured.

Breathing at a resonant frequency of 5.5 breaths per minute does synchronize respiration and heart-rate oscillations, and it often

coordinates blood-pressure oscillations too, but that third component is the main scientific qualifier.

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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