HALLUCINATION AUDIT
EMPIRICAL TRACEABILITY LOG

dreammachine Permalink - dreammachine.systems/audit/sec10-7

SYSTEMS ARCHITECTURE FOR THE HUMAN MIND

LOG ID BOOK REFERENCE RCT FILTER CONFIDENCE TIER
SEC 10.7 CHAPTER 10: HARDENED ON

INFRASTRUCTURE (Chaos Engineering)
AUDITED CLAIM

SYSTEM MAPPING
(CHAOS ENGINEERING)

SYSTEMS MODEL — AS STATED IN THE BOOK

Clinically, repeated exposure to acute physiological stress like cold water immersion
actively trains the autonomic nervous system, enhancing parasympathetic
reactivation and speeding your physiological recovery.

VALIDATION QUERY

Does repeated cold water immersion training improve the speed of autonomic nervous system recovery and return to
baseline following acute physiological stress?

EMPIRICAL FINDING

Cross-disciplinary physiological data establish that repeated exposure to acute physiological stress, such as cold
water immersion, trains the autonomic nervous system to recover more efficiently. Specifically, it enhances
parasympathetic (vagal) reactivation following acute stress, allowing the body to return to a regulated physiological
baseline more rapidly.

PRIMARY ANCHORS
— Malta et al., 2023, European Journal of Applied Physiology

— Galvez-Rodriguez et al., 2025, Physiotherapy Research International
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Yes, repeated cold water immersion appears to speed autonomic recovery after acute
physiological stress, but inconsistently.

1. Introduction

Repeated cold water immersion training appears to improve the speed of autonomic nervous system recovery after acute
physiological stress, but the evidence is stronger for post-exercise parasympathetic reactivation than for consistent full return to
baseline across populations and protocols. Direct repeated-exposure trials show improved cardiac autonomic modulation after
multiple cold-water sessions, while broader acute HRV studies and a recent systematic review support faster vagal reactivation
after exercise (® Malta et al., 2023; Galvez-Rodriguez et al., 2025; Buchheit et al., 2009). The clearest repeated-protocol signal
comes from a 2023 randomized study in which five post-exercise immersions at 11°C for 11 minutes increased rMSSD, SD1, and
SD2 versus passive recovery across a two-week training block (® Malta et al., 2023).

That said, the literature does not support a universal claim that repeated cold exposure reliably hastens return to baseline after any
acute physiological stress. Some dosage trials found only selective HRV benefits, some combined-outcome analyses found no
overall superiority to control, and interventions that bundle cold with breathing or meditation often show no change in HRV or
cardiovascular reactivity (® Almeida et al., 2016; Micheletti et al., 2019; ® Ketelhut et al., 2023). Outside sport, acute cold
exposure initially raises sympathetic activity and blood pressure before any later parasympathetic shift, so timing matters greatly
when “recovery” is measured (Cain et al., 2025; Streff et al., 2010).

Does repeated cold water immersion training improve the speed of autonomic nervous system recovery and return
. . . . N = 10
to baseline following acute physiological stress?

® Yes 20% - Possibly 30% - @ Mixed 0% - @ No 50%

FIGURE 1 Research consensus on repeated cold water immersion recovery

The consensus is positive but moderate rather than definitive. Most exercise-recovery studies point toward faster parasympathetic
reactivation, but evidence for durable adaptation from repeated training exposures remains limited and protocol-sensitive (Gélvez-
Rodriguez et al., 2025; Cain et al., 2025).

2. Methods

The search ran over more than 170 million research papers indexed in Consensus, drawing from Semantic Scholar, PubMed, and
related sources. The workflow identified 9,685 directly matched controlled human papers, expanded through targeted searches
and citation crawling, screened 240 papers with relevance filtering, judged 100 as eligible after deduplication and thresholding,
and included the 50 most relevant papers for synthesis.

Search Strategy
1.3M 936 50
> >
Retrieved Eligible Included
Q 292 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 Paperidentification, screening, and inclusion flow
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Searches emphasized repeated cold exposure, HRV, vagal reactivation, placebo comparisons, adjacent cryotherapy modalities,
and protocol differences across populations.

3. Results

3.1 Key Papers

Three papers anchor this literature because they directly test autonomic recovery, repeated exposure, or summarize the
randomized evidence base. Buchheit et al. established the foundational acute HRV effect, Malta et al. provided the clearest
repeated-session trial, and the 2025 systematic review synthesized RCT evidence across athletes (Buchheit et al., 2009; ®» Malta
et al., 2023; Galvez-Rodriguez et al., 2025).

Paper Summary

(® Anderson et al., 2017) Acute CWI accelerated parasympathetic reactivation (Buchheit et al., 2009)

(® Malta et al., 2023) Five-session protocol improved cardiac autonomic modulation (® Malta et al., 2023)
(Galvez-Rodriguez et al., 2025) Review found consistent post-exercise vagal reactivation (Galvez-Rodriguez et al., 2025)

FIGURE 3 Key autonomic recovery papers in this corpus

3.2 Repeated Exposure Trials

The strongest direct evidence for repeated training comes from the five-session HIIT study: repeated post-exercise CWI raised
rMSSD across timepoints and increased SD1and SD2 versus passive recovery, indicating improved cardiac autonomic modulation
over the intervention period (® Malta et al., 2023).

Repeated cold exposure outside classic CWI also shows adaptation signals. Five consecutive whole-body cryotherapy sessions at
-110°C increased weekly RMSSD and HF, while norepinephrine rose after the first exposure but not significantly after the fifth,
suggesting autonomic habituation with repeated cold stress (Louis et al., 2020). By contrast, a 15-day Wim Hof intervention did not
change RMSSD, SDNN, HR, blood pressure, or cold pressor reactivity, showing that not all repeated cold-based programs improve
autonomic recovery (® Ketelhut et al., 2023).

3.3 Acute Autonomic Recovery

Feature Result

Study type Randomized crossover exercise trial (Buchheit et al., 2009)
Population 10 male cyclists (Buchheit et al., 2009)

Intervention 5 min at 14°C during recovery (Buchheit et al., 2009)
Primary autonomic endpoint rMSSD(30s) and HRRtau (Buchheit et al., 2009)

Main effect HRV improved, HRRtau unchanged (Buchheit et al., 2009)
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Feature Result

Takeaway Faster vagal reactivation, not faster HR decay (Buchheit et al., 2009)

This landmark pattern repeats elsewhere: CWI increased Ln rMSSD versus control and thermoneutral immersion, although heart-
rate recovery improved with immersion in general rather than specifically with colder water (Haddad et al., 2010). A dosage RCT in
100 participants found that 15 minutes at 14°C most consistently anticipated return of several HRV indices, even though not all
autonomic indices differed from passive recovery (® Almeida et al., 2016).

3.4 Conflicting and Null Findings

Evidence becomes mixed when the outcome broadens from HRV to “overall recovery” or when follow-up extends beyond the
immediate post-exercise window. A combined mathematical recovery model in 64 soccer players found no overall superiority of
CWI to passive recovery, although isolated autonomic analysis favored CWI at 40—45 minutes post-training (Micheletti et al.,
2019). Resistance-training studies often report no short-term recovery benefit within 4 hours, and placebo-controlled trials show
that some perceived recovery gains are indistinguishable from expectation effects (® Argus et al., 2017; Broatch et al., 2014).

Longer-horizon repeated-use studies also weaken a strong general claim. Repeated use through a training week did not improve
performance or perceptual outcomes in adolescent swimmers, and 15 weeks of post-match CWI in soccer did not outperform
placebo for performance recovery or training adaptations (Batista et al., 2024; ® Gustafsson et al., 2025).

Results Timeline

15 7
3 12 14 4 8 17
18 5 11 1o
13 20
10 19 6
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

FIGURE 4 Timeline of cold immersion recovery studies, larger markers indicate more citations
Early work established that CWI can acutely enhance vagal-related HRV after intense exercise, later trials refined dose and timing,
and recent studies shifted toward repeated protocols, placebo controls, and longer training blocks (Buchheit et al., 2009;

Almeida et al., 2016; ® Malta et al., 2023).

Top Contributors

Type Name Papers
Author M. Buchheit [a6870030d5ba5d6da28fbb91e24fcb07][fe87eb98abd85375aacc472294faf865]
Author C. M. Pastre [c045f4ca73765b24857a8fcdfdbed74b][7506262e04d95924b27212f4a55803f8)

[2911f672a087153d2ac36632c37de5cef][0ced62c782d95bd697b8c00a9¢7dd499]
[8b0350a26e€965d669a211ffc305fef98]
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Type Name Papers

Author A. F. Machado [c045f4ca73765b24857a8fcdfdbed74b][7506262e04d95924b27212f4a558038]
[0ced62c782d95bd697b8c00a9¢c7dd499][8b0350a26e965d669a211ffc305fef98]

Journal Scandinavian Journal of [3fa64c1425¢c95ff897b3b27b9da5c47c][d3f6fa82150657ab9b6e9523decf7264]
Medicine & Science in [9b4acde6722856e1a940c85e090bd59b][9093027f935b5090861b662865fafd76]
Sports [0ced62c782d95bd697b8c00a9c7dd499]

Journal European Journal of [ba561d138e85535193d105a4ae0ea09f][9e2fc5ad11fe5994b44859afd468675b]
Applied Physiology [f59f706e7edd53dda6984b81435a8fc2][c922d5386bc85692974b21c264f36f65]

[8b0350a26€965d669a211ffc305fefo8]

Journal Journal of Strength and [c045f4ca73765b24857a8fcdfdbed74b][42686131814d589c96983d4bb9948f9b]
Conditioning Research [dae72c2e971c5b2094d6ac8416c55f25][5082a306761357038f1b9dadd8925429]

FIGURE 5 Authors and journals appearing most often in included papers

4. Discussion

The best-supported conclusion is narrow: repeated or serial CWI can speed autonomic recovery after exercise when recovery is
defined by vagal-related HRV metrics such as rMSSD, SD1, SD2, RMSSD, or HF power. That signal is replicated across foundational
acute experiments, dosage trials, a recent systematic review of 12 RCTs, and one direct repeated-session RCT (Buchheit et al.,
2009; ®» Almeida et al., 2016; Galvez-Rodriguez et al., 2025; Malta et al., 2023). The physiological rationale is also coherent:
immersion increases central blood volume and reduces cardiovascular strain, while deeper or colder immersion appears to
accentuate vagal activation and hemodynamic shifts (Menzies et al., 2024; Zhu et al., 2026).

The weaker part of the claim is “return to baseline following acute physiological stress” in a general sense. Several studies show all
groups return toward baseline within 60—-120 minutes regardless of CWI, some show only isolated autonomic benefits without
overall recovery advantage, and some repeated or placebo-controlled studies find no superiority of CWI on broader outcomes (
Almeida et al., 2016; Micheletti et al., 2019; Broatch et al., 2014). Outside exercise settings, acute cold itself is a stressor that
transiently increases sympathetic activity, blood pressure, and catecholamines before later normalization or delayed stress
reduction (Sakakibara et al., 2002; Radtke et al., 2016; Cain et al., 2025).

Study quality is moderate overall. Most autonomic findings come from small athletic samples, almost all male, with heterogeneous
temperatures, immersion depths, and follow-up windows; recent reviews explicitly call for repeated-CWI RCTs with longer follow-
up and more standardized protocols (Cain et al., 2025; Yu et al., 2026). For personal or clinical decisions, a licensed clinician or
qualified sports-medicine professional should interpret these findings in context.

Evidence
Claim Strength Reasoning Papers
CWI acutely enhances parasympathetic Replicated HRV findings (Buchheit et al., 2009; Haddad
reactivation after strenuous exercise s across trials and a systematic et al., 2010; Gélvez-Rodriguez
t .
rong review etal., 2025)
Repeated post-exercise CWI improves Direct RCT support exists, but (® Malta et al., 2023; Louis et
cardiac autonomic modulation over Vo very few repeated-session al., 2020)
. t .
several sessions oderate trials
CWI reliably speeds full return to "' HRV often improves, but (Micheletti et al., 2019; ®
baseline across stress systems broader recovery endpoints Gustafsson et al., 2025)
Weak

are inconsistent
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Evidence
Claim Strength Reasoning Papers
Placebo and expectation contribute Placebo-controlled trials (Broatch et al., 2014; Wilson et
materially to perceived recovery repeatedly show similar al., 2017; Wellauer et al., 2025)
. Moderate ..
benefits subjective outcomes
Optimal autonomic protocol likely Several dose analyses favor (@ Almeida et al., 2016; Yu et
clusters around 10-15 min at 11-15°C this range, but certainty al., 2026; Zhu et al., 2026)
Moderate

remains limited

FIGURE 6 Key claims and supporting evidence in this corpus

5. Conclusion

Repeated cold water immersion training does appear to improve the speed of autonomic nervous system recovery after acute
physiological stress, but mainly in the specific sense of faster parasympathetic reactivation after exercise. The evidence is most
convincing for short-term HRV-based outcomes and much less convincing for a broad, universal acceleration of full physiological
return to baseline across all stress models, populations, and repeated-use scenarios (Galvez-Rodriguez et al., 2025; Cain et al.,
2025).

Research Gaps

The main gaps are repeated-exposure trials, non-athlete populations, and standardized autonomic endpoints measured over
comparable time windows. Recent reviews emphasize that the field remains dominated by acute single-session studies and
heterogeneous protocols (Cain et al., 2025; Briganti et al., 2023).

Repeated Female Non-Exercise Stress Long Follow-
Topic/Outcome Protocols Samples Models Up
HRYV recovery after exercise 2 GAP 2
Return to baseli hol
eturn to baseline across whole 2 1 2 1
ANS
General-population stress
1 1 3 1
recovery
Placebo-controlled repeated CWI 1 GAP GAP 1
Chronic adaptati d
ronic adaptation an 3 1 1 2

habituation

Open Research Questions

Future work should test whether the acute HRV benefit translates into robust long-term stress adaptation and whether placebo-
controlled repeated protocols still show autonomic gains.

Question Why
Does repeated cold water immersion over 8-12 weeks accelerate HRV This would separate true autonomic adaptation from
recovery after standardized exercise better than thermoneutral expectation effects and define medium-term efficacy.

placebo immersion?

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

Question Why

Do women, older adults, and non-athletes show the same repeated- Current evidence is heavily male and athlete-dominant,
CWI autonomic recovery response as young male athletes? limiting generalizability.

Which immersion dose best balances faster autonomic recovery with Existing studies suggest protocol sensitivity and
minimal impairment of subsequent performance or training occasional tradeoffs between acute recovery and later
adaptation? performance.

Overall, repeated cold water immersion training tends to speed autonomic recovery after exercise, but evidence for faster full
return to baseline remains incomplete and protocol-dependent.

These search results were found and analyzed using Consensus, an Al-powered search engine for research. Try it at
https:/consensus.app. © 2026 Consensus NLF, Inc. Personal, non-commercial use only; redistribution requires copyright holders’

consent.
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