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Passaddhi (Liquid Cooling System): The physical relaxation of the chassis.
It activates parasympathetic regulators to quiet the hardware’s fight-or-
flight response.

VALIDATION QUERY

Do deliberate somatic relaxation techniques activate the parasympathetic nervous system and reduce sympathetic
arousal?

EMPIRICAL FINDING

A robust body of controlled human studies demonstrates that deliberate somatic relaxation techniques actively
stimulate the parasympathetic nervous system (vagal tone) and mechanically down-regulate the sympathetic fight-
or-flight response. This provides a direct physiological "cooling" effect against systemic arousal.

PRIMARY ANCHORS
— Zouetal., 2018, Journal of Clinical Medicine

— Pascoe et al., 2017, Psychoneuroendocrinology
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n EXPERIMENTAL — contested, extrapolated, or
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Q1/Q2 journals only, preprints excluded, human studies only. If a hypothesis fails the audit,
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Yes, deliberate somatic relaxation techniques usually increase parasympathetic activity and
reduce sympathetic arousal, though not uniformly.

1. Introduction

Deliberate somatic relaxation techniques do activate the parasympathetic nervous system and reduce sympathetic arousal in
most controlled human studies, especially for slow breathing, diaphragmatic breathing, yoga-based breathing, massage, and
some mindfulness-based practices. Randomized trials report higher vagally mediated HRV indices such as RMSSD or HF-HRV,
alongside lower heart rate, blood pressure, skin conductance, cortisol, or stress-related sympathetic reactivity after these
interventions (® Maniaci et al., 2024; ® Sujan et al., 2025; ® Meier et al., 2020). Meta-analyses also support this overall pattern:
yoga and Tai Chi/Yoga interventions improve HRV parameters consistent with better sympathovagal balance, while breathwork
reduces subjective stress with a small-to-medium pooled effect (® Zou et al., 2018; Fincham et al., 2023).

The evidence is strongest for slow or paced breathing and multicomponent mind-body practices that include breathing,
posture, or muscle relaxation. In healthy adults, a single deep-breathing session increased parasympathetic indices and reduced
pulse, blood pressure, and perceived stress (® Ertiirk & Ozden, 2025). In chronic kidney disease, 8 weeks of mindfulness-based
stress reduction reduced muscle sympathetic nerve activity reactivity during mental stress, one of the more direct measures of
sympathetic outflow in this corpus (® Jeong et al., 2024). Still, not every study is positive: some brief interventions show no
autonomic change, some effects depend on the exact breathing pattern, and some benefits appear more psychological than
physiological (® Smith & Norman, 2017; Birdee et al., 2023; = Cavanagh et al., 2024).

Do deliberate somatic relaxation techniques activate the parasympathetic nervous system and reduce
sympathetic arousal?

Yes 78% - Possibly 17% - @ Mixed 0% - @ No 6%

FIGURE 1 Research consensus on relaxation and autonomic regulation

Most of the corpus points in the same direction, but effect size and reliability vary by technique, duration, population, and
autonomic metric.

2. Methods

The search ran across more than 170 million research papers indexed in Consensus, including Semantic Scholar, PubMed, and
related sources. It identified 4,389 initial records for the core question, expanded through targeted searches on breathing,
progressive muscle relaxation, yoga, mindfulness, autonomic balance, vagal tone, and null findings. After machine-learning
relevance filtering and screening, 144 papers were considered eligible and the top 50 most relevant controlled human studies
were included for this synthesis.

Search Strategy

4.3M 2.2K 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
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The strategy combined direct yes/no searching, synonym expansion, contrasting-evidence searches, and population-specific
queries spanning healthy, clinical, and athletic cohorts.

3. Results

3.1 Key Papers

A few papers anchor the literature because they either provide pooled evidence, direct autonomic measures, or influential
randomized designs. The strongest anchors here are the HRV meta-analysis of Tai Chi/Yoga, the yoga stress-physiology meta-
analysis, and a randomized trial showing reduced sympathetic nerve reactivity after mindfulness training (® Zou et al., 2018;
Pascoe et al., 2017; ® Jeong et al., 2024).

Paper Summary

(Canazei et al., 2025) HRV shifts toward parasympathetic balance (® Zou et al., 2018)

(® Ertirk & Ozden, 2025) Yoga lowers stress physiology markers (® Pascoe et al., 2017)

(Liu et al., 2020) MBSR reduces sympathetic stress reactivity (® Jeong et al., 2024)

FIGURE 3 Foundational papers anchoring the included corpus

3.2 Breathing Interventions

Breathing-based techniques show the most consistent autonomic effects across the corpus. A remote randomized trial found that
5 minutes per day of breathwork reduced physiological arousal over a month, with exhale-focused cyclic sighing producing the
largest reduction in respiratory rate and better mood than mindfulness meditation (Balban et al., 2023). A pilot RCT after
psychosocial stress found deep diaphragmatic breathing increased RMSSD, lowered breathing rate, and decreased cortisol and
inflammatory cytokines (® Maniaci et al., 2024).

Feature Result

Study Type Pilot RCT after stress (® Maniaci et al., 2024)

Population 44 healthy subjects (® Maniaci et al., 2024)

Intervention Single-session deep breathing protocol (® Maniaci et al., 2024)
Autonomic Endpoint Higher RMSSD versus control (® Maniaci et al., 2024)

Other Physiologic Effects Lower cortisol and cytokines (® Maniaci et al., 2024)

Interpretation Cardiac parasympathetic response elicited (® Maniaci et al., 2024)

FIGURE 4 Deep breathing trial showing parasympathetic activation
Breathing effects are not uniform across all protocols. One crossover study using a 1:1 6-breaths-per-minute pattern found no

RMSSD increase and even suggested measured breathing might lower HRV, underscoring that breath ratio and implementation
matter (© Cavanagh et al., 2024).
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3.3 Other Somatic Techniques

Progressive muscle relaxation, massage, and combined movement-breathing practices also tend to shift autonomic balance
toward relaxation. In randomized massage studies, both standardized massage protocols increased HF-HRV more than rest, and
rhythmical massage stimulated HRV immediately after treatment and over 24 hours (® Meier et al., 2020; ® Seifert et al., 2018).
A crossover sports trial found both robotic and manual massage decreased skin conductance, consistent with downregulated
physiological arousal, although interpretation of LF/HF remained debated (® Kerautret et al., 2023).

Paced breathing combined with rhythmic muscle contraction appears stronger than either component alone under stress. In a
pilot experiment, synchronized breathing plus contraction produced 150% higher parasympathetic activation than control and
45.9% higher response than contraction alone (® Chin & Kales, 2019). In multiple sclerosis, both deep breathing and progressive
muscle relaxation altered autonomic activity after a fatigue task, although only PMR clearly reduced subjective fatigue (® Garis
et al., 2023).

3.4 Boundary Conditions

Several studies temper the headline conclusion. In healthy novices, a single 10-minute deep breathing or PMR session did not
change pain responses or physiological responses during a cold pain task (® Smith & Norman, 2017). A 16-week yoga and
mindfulness school program in children showed no significant group differences in HRV, though exploratory analyses suggested
possible nocturnal parasympathetic gains (= Ivaki et al., 2021).

Psychological benefit can also exceed physiologic change. A 12-week slow-breathing trial reduced anxiety scores but did not
significantly change HRV, and different exhale ratios were not clearly different (Birdee et al., 2023). Likewise, game-based
meditation in traumatized adolescents reduced basal sympathetic activity but did not clearly improve parasympathetic or stress-
task autonomic reactivity (® Schuurmans et al., 2021).

Results Timeline
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FIGURE 5 Timeline of included studies, larger markers indicate more citations
Top Contributors
Type Name Papers
Author M. Pascoe [6615705662ef5777a8f86f7888914fdb][ed2f605210955afa862b732abda5618d]
Author Yi-Yuan Tang [fofddf59447654508bd4f3f86175c6e1]
Author Maria Meier [758¢c72a09962d5faf94280f3403892¢74][fa793b82245c5cbdaffe9f2b89590fa5]
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Type Name Papers

Journal Stress and Health [0330383b93565a1b8682bcfe63c27c81][3e663aedbfe2518597323a8239e5b2c]
[0b324a61f21d543cb7939ed268cafb0d]

Journal Complementary Therapies [02ee534a3e595f559¢924d1d91daa58c][1ed7b9c12352506b92¢94d11f60d7892]
in Medicine [47bbeafd528b5655ae2a89068b38a95¢]
Journal Scientific Reports [fd0e00c884b0500c8d8de567eb80a671][758c7a09962d5faf94280f3403892¢74]

[47b3b407e9505d2298d4ed70da367884]

FIGURE 6 Authors and journals appearing most in included papers

4. Discussion

The core finding is robust: across breathing, yoga, massage, PMR, and mindfulness-related interventions, autonomic changes
usually move in a relaxation direction. This includes higher HF-HRV, RMSSD, or related vagal markers and lower heart rate, blood
pressure, skin conductance, cortisol, or sympathetic stress reactivity (® Sujan et al., 2025; Tang et al., 2009; ® Turer et al., 2023).
The evidence is strongest when outcomes are captured during or immediately after the intervention, when breathing is slow and
deliberate, and when the study uses active controls or randomized designs (® Ertiirk & Ozden, 2025; Balban et al., 2023; Canazei
et al., 2025).

The literature is weaker on durability, specificity, and mechanism. HRV is widely used but not always interpreted consistently,
especially LF/HF ratio, and some studies report mixed HRV patterns despite overall relaxation benefits (® Kerautret et al., 2023;

Yeh & Ho, 2024). A few null or contradictory trials show that brief practice, novice participants, children, or suboptimal
breathing patterns can blunt or erase detectable autonomic effects (® Smith & Norman, 2017; « Ivaki et al., 2021; = Cavanagh
et al., 2024).

Direct sympathetic measures are relatively rare, which makes the chronic kidney disease trial particularly important: it showed
reduced muscle sympathetic nerve activity reactivity after mindfulness training, going beyond HRV inference (® Jeong et al.,
2024). Lower-ranked recent studies also reinforce the broader pattern, including reduced sympathetic dominance during dental
care in children, improved HRV after military mindfulness training, and lower basal sympathetic activity in adolescents receiving
meditation therapy (® Levi et al., 2022; Lee et al., 2025; ® Schuurmans et al., 2021).

The clinical implication is limited but plausible: these techniques appear to be useful adjuncts for stress regulation, not
replacements for medical treatment. For personal treatment decisions, especially in clinical conditions, a licensed clinician should
interpret whether autonomic benefits are relevant to the individual case.

Evidence
Claim Strength Reasoning Papers
Slow or paced breathing usually Multiple RCTs and mechanistic (® Erturk & Ozden, 2025;
increases vagally mediated S studies show higher RMSSD, HF- Maniaci et al., 2024;

. t . .

autonomic markers acutely. rong HRV, or preserved vagal regulation. Chiron et al., 2025)
Mind-body programs often reduce Meta-analyses and trials show lower (® Pascoe et al., 2017;
sympathetic stress physiology. HR, BP, cortisol, or sympathetic Jeong et al., 2024,

St ..

rong reactivity. Turer et al., 2023)
Massage and muscle-based Controlled trials show higher HF- (® Meier et al., 2020;
relaxation can induce Vod HRV or stimulated HRV after Seifert et al., 2018;
t

parasympathetic shifts. ocerate massage-based interventions. Kerautret et al., 2023)
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Evidence
Claim Strength Reasoning Papers
Exhale-heavy breathing is superior Some studies favor exhale-focused (Balban et al., 2023; Birdee
to other slow-breath ratios. protocols, but head-to-head etal., 2023)

Moderate . . .

differences are inconsistent.
Any brief relaxation exercise " Several trials found null or mixed (® Smith & Norman, 2017;
reliably changes autonomic physiologic effects despite Ivaki et al., 2021; ®
. . . Weak . .

physiology in all populations. ee psychological benefit. Kahraman et al., 2021)

FIGURE 7 Key claims and evidence across included studies

5. Conclusion

The literature overall supports a yes: deliberate somatic relaxation techniques generally activate parasympathetic processes and
reduce sympathetic arousal, especially when they involve slow controlled breathing, progressive relaxation, massage, or
integrated mind-body practice. The pattern is replicated across healthy adults, clinical samples, athletes, and procedural stress
settings, but the magnitude and reliability vary with technique design, session length, and how autonomic activity is measured ( ®
Erturk & Ozden, 2025; ® Zou et al., 2018; Lee et al., 2025).

Research Gaps

The main gaps are direct sympathetic measurement, long-term follow-up, pediatric replication, and technique-specific dose-
response testing.

Long-Term Follow- Direct SNS Pediatric Head-to-Head
Topic/Outcome Up Measures Evidence Protocols

Slow breathing

Progressive muscle
relaxation

Mindfulness meditation

Massage/manual
techniques

Open Research Questions

Future work should test which ingredients matter most and whether acute autonomic shifts translate into durable clinical benefit.

Question Why

Which breathing parameters most reliably increase Existing trials use different rates and inhale-exhale ratios, and
parasympathetic activity across ages and clinical states? at least one protocol produced mixed or contrary HRV effects.
Do repeated autonomic gains from relaxation techniques Most studies infer autonomic change from HRV rather than
produce sustained reductions in directly measured direct sympathetic recordings such as MSNA or

sympathetic outflow? catecholamine responses.
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Question Why

Which somatic techniques work best for children and Pediatric evidence remains sparse and mixed despite

adolescents under real-world stress? promising results in dental anxiety and trauma-related
settings.

Deliberate somatic relaxation techniques therefore appear to activate parasympathetic regulation and reduce sympathetic
arousal, but not every protocol works equally well.

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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