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Yes, chronic cognitive rumination increases arousal and appears to contribute to mental
fatigue, often through impaired sleep.

1. Introduction

Chronic cognitive rumination, worry, and related perseverative cognition are consistently linked to prolonged physiological
activation beyond the original stressor, especially lower heart rate variability, higher heart rate, higher blood pressure, and altered
cortisol regulation (Ottaviani et al., 2016; Brosschot et al., 2006). A 2016 meta-analysis of 60 studies found effect sizes for higher
systolic and diastolic blood pressure, higher heart rate, higher cortisol, and lower heart rate variability, supporting the view that
perseverative cognition sustains cardiovascular, autonomic, and endocrine activation (Ottaviani et al., 2016). Reviews since then
have largely reinforced that model, arguing that rumination chronically reactivates stress representations and can maintain
sympathetic dominance or parasympathetic withdrawal long after the stressor ends (Watkins & Roberts, 2020; Brosschot, 2010).

The fatigue link is also supported, but the evidence is less direct. Large occupational and student studies show that affective
rumination predicts acute and chronic fatigue, often partly through worse sleep quality, and clinical samples with generalized
anxiety disorder show that repetitive negative thinking fully accounts for group differences in mental and physical fatigue, with
sleep quality explaining much of that association (® Querstret & Cropley, 2012; Leung et al., 2022). Across non-clinical
populations, perseverative cognition is also associated with poorer sleep quality, shorter total sleep time, and longer sleep onset
latency, which is a plausible pathway from chronic arousal to mental fatigue (Clancy et al., 2020). Still, the strongest evidence for
fatigue is observational and mediated through sleep or stress recovery, not direct demonstrations that rumination alone causes
chronic mental fatigue (Leung et al., 2022; Kamalifar et al., 2025).

Does chronic cognitive rumination increase sympathetic nervous system arousal and contribute to mental fatigue? n -5

® Yes 60% - Possibly 20% - @ Mixed 0% - @ No 20%

FIGURE 1 Research consensus on rumination, arousal, and fatigue

2. Methods

This Deep Search ran over more than 170 million research papers indexed by Consensus across Semantic Scholar, PubMed, and
other sources. The workflow identified 179,614 initially relevant human-study papers for the core query, expanded the search with
six targeted research groups, screened 240 papers after machine-learned relevance filtering, judged 167 as eligible after
deduplication and relevance review, and included the top 50 most relevant papers for this synthesis.

The search strategy emphasized foundational theory, alternate terminology such as perseverative cognition and repetitive
negative thinking, physiological mechanisms, conflicting findings, adjacent pathways including sleep and chronic stress, and
intervention or measurement studies.

Search Strategy

25.8M 2.3K 50
> >
Retrieved Eligible Included
Q 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 Deep search paper identification and screening flow
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# Consensus

Six complementary searches targeted theory, mechanisms, adjacent pathways, null findings, and intervention evidence across

human rumination-arousal-fatigue research.
3. Results

3.1 Key Papers

Three papers anchor this literature: the foundational perseverative cognition review that framed rumination as prolonged stress
activation, the later meta-analysis that quantified autonomic and endocrine effects, and the occupational fatigue study linking
affective rumination to acute and chronic fatigue through sleep and recovery (Brosschot et al., 2006; Ottaviani et al., 2016;
Querstret & Cropley, 2012).

Paper Summary

(Arnold & Young, 2025) Foundational model of prolonged physiological activation (Brosschot et al., 2006)

(Ottaviani et al., 2016) Meta-analysis quantifying autonomic and endocrine effects (Ottaviani et al., 2016)

(Jelsma et al., 2021) Affective rumination predicts work fatigue (® Querstret & Cropley, 2012)

FIGURE 3 Foundational papers in rumination and fatigue research

3.2 Autonomic Arousal

Experimental, ambulatory, and clinical studies converge on reduced parasympathetic regulation during perseverative cognition.
In daily life sampling, perseverative cognition was characterized by lower HRV than mind wandering, and this autonomic
inflexibility was present in both healthy adults and people with major depression (Ottaviani et al., 2015). In generalized anxiety
disorder, inducing perseverative cognition reduced HRV, and brain connectivity changes predicted the magnitude of that HRV
reduction, linking worry and rumination to autonomic dyscontrol rather than only subjective distress (Makovac et al., 2016). A
longitudinal study also found that resting HRV was negatively correlated with rumination and later mediated the link between
earlier rumination and later depressive symptoms (Carnevali et al., 2017).

State-focused studies point more specifically to sympathetic activation. Dysphoric rumination increased electrodermal activity
and shortened pre-ejection period, a sympathetic pattern, even in a non-clinical sample (Stone et al., 2020). Real-world diary plus
wearable work showed that rumination about racial discrimination was directly related to increased sympathetic arousal in
natural settings, especially among participants high in anger or anxiety (Jelsma et al., 2021).

3.3 Fatigue Pathways

Dimension Rumination/Fatigue Link Likely Mediator Citations

Workers Strongest predictor of acute and chronic Partial mediation by sleep (® Querstret &

Women with

fatigue

Higher RNT linked to higher mental and

quality

Relationship fully accounted

Cropley, 2012)

(Leung et al., 2022)

GAD physical fatigue for by sleep quality

College Rumination predicts depressive symptoms Fatigue as mediator (Ye et al., 2020)
students partly via fatigue

Cancer Intrusive rumination positively associated with Resilience also involved (® Ocalan & Uzar-
survivors cancer-related fatigue dzgetin, 2021)
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Dimension Rumination/Fatigue Link Likely Mediator Citations
Emergency Persistent rumination associated with job Recovery disruption and shift (Kamalifar et al.,
personnel fatigue burden strain 2025)

FIGURE 4 Observed pathways from rumination to fatigue outcomes

The pattern is consistent: chronic rumination rarely appears as an isolated fatigue generator, but it repeatedly predicts fatigue
where sleep loss, impaired recovery, and sustained strain are present.

3.4 Sleep and Recovery

Sleep is the clearest bridge between rumination and fatigue. A meta-analysis of 55 studies found that higher perseverative
cognition was associated with poorer sleep quality, shorter sleep time, and longer sleep onset latency, with somewhat stronger
associations for rumination than worry (Clancy et al., 2020). In 2-week daily data, people high in rumination and worry showed a
stronger link between stress and pre-sleep arousal, and cognitive arousal explained more of the stress-sleep relationship than
somatic arousal (Tousignant et al., 2019). Daily rumination about stress predicted higher waking cortisol the next morning and
flatter diurnal cortisol slopes, supporting a carryover effect into the next day (Sladek et al., 2019).

This pathway has intervention support. A CBT-based workshop reduced affective work-related rumination and chronic fatigue at
six months, though it did not significantly improve sleep quality, suggesting that not all fatigue reduction must pass through
measured sleep outcomes (Querstret et al., 2016). More recent exploratory intervention work also found that reducing repetitive
negative thinking improved recovery-phase negative affect, but not biological stress responses, underscoring that subjective
recovery can improve before physiology clearly changes (Funk et al., 2024).

Results Timeline

Rumination research has moved from theory to quantified physiology to recovery and intervention.

. 13
18 6
16 20
2 4 5 9 T 3 2 19 .
15
g 17 14
2008 2010 2012 2014 2016 2018 2020 2022 2024

FIGURE 5 Timeline of rumination research; larger markers indicate more citations

Early work established the perseverative cognition hypothesis and emphasized prolonged physiological activation after stressors
(Brosschot et al., 2006; Brosschot, 2010). Mid-period studies quantified autonomic changes such as lower HRV and higher
cortisol, while recent work has expanded toward sleep-mediated fatigue, wearable detection, and preliminary interventions
(Ottaviani et al., 2016; Arnold & Young, 2025; Funk et al., 2024).
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Top Contributors

Type Name Papers

Author C. Ottaviani [d893ce611828519db5231884fea2c092][d98b49a343ab5711ad23289¢c651b3807]
[af707387e9d550378dd8cb75fd2a45d7][653bcbf645275111b916ba5c01d9¢c95d]
[b9b0f4a2d3ad5dc4848ade5d74127e73)

Author J. Brosschot [d893ce611828519db5231884fea2c092][b39bd640a20f5bf09525d3868fe4af48]
[dff69733e9795b94becb73ffb04e8766][b9b0f4a2d3ad5dc4848ade5d74f27e73]

Author J. Thayer [d893ce611828519db5231884fea2c092][dff69733e9795b94becb73ffb04e8766)
[b9b0f4a2d3ad5dc4848ade5d74127e73]

Journal Psychophysiology [b7202ff53596588fab51258ce5a6036d][aa98b606e00e587ebba6d61f0573beeb]
[725e367a46f457c7b65b0da8977f6132][f8c0c30d019a598897e526462eb1392a]

Journal Behavioral and Brain [402a0687a9525242982f6d4bccc2f13a]
Functions : BBF

Journal Journal of [dff69733e9795b94becb73ffb04e8766][4071dff973465201aa564ffc3ddeb6e2]
Psychosomatic
Research

FIGURE 6 Authors and journals appearing most in included papers

4. Discussion

The evidence that rumination increases autonomic arousal is strong. It rests on a foundational theoretical framework, a sizable
meta-analysis, ambulatory HRV studies, and convergent experimental evidence using multiple autonomic measures including
HRV, electrodermal activity, blood pressure, and cortisol (Ottaviani et al., 2016; Stone et al., 2020). The most reproducible signal
is reduced parasympathetic flexibility or lower HRV during or around perseverative cognition, often interpreted as relative
sympathetic dominance rather than pure sympathetic activation in every setting (Ottaviani et al., 2015; ® Mizuno et al., 2011;
Gullett et al., 2023).

The fatigue claim is more moderate because most studies are cross-sectional or indirect. Rumination predicts chronic fatigue in
workers, cancer survivors, students, and anxiety samples, but much of that relationship appears to operate through sleep
disruption, impaired recovery, and sustained negative affect rather than through direct proof that sympathetic arousal itself
causes fatigue (® Querstret & Cropley, 2012; Leung et al., 2022; Ye et al., 2020). This matters because mental fatigue research
itself shows autonomic findings are real but heterogeneous: some reviews find increased heart rate and blood pressure with
cognitive fatigue, while others note inconsistent HRV directions and limited endocrine replication (Goodman et al., 2025; Csathd
et al., 2023).

There are also meaningful exceptions. A trauma-rumination experiment found increased subjective distress without detectable
physiological arousal relative to imagery, suggesting that not every rumination induction produces measurable autonomic
activation (® Wisco et al., 2023). Insomnia reviews likewise conclude that cognitive-emotional hyperarousal is strongly
supported, but evidence for specific autonomic markers such as heart rate and HRV remains inconclusive in that disorder
(Dressle & Riemann, 2023).

Mental fatigue itself is a plausible downstream consequence of chronic rumination because prolonged cognitive load elevates
blood pressure and heart rate, shifts autonomic balance, and impairs sustained cognitive performance (Goodman et al., 2025;
Mizuno et al., 2011). But the field still lacks many long-duration studies directly measuring rumination, autonomic activation, sleep,
and fatigue together over time.
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i Consensus

Claim

Rumination increases autonomic
arousal and reduces parasympathetic
fexibility

Rumination contributes to fatigue
mainly through sleep and recovery
disruption

Mental fatigue is associated with
sympathetic hyperactivity after
prolonged cognitive load

Sympathetic arousal is the main
causal bridge from rumination to
fatigue

Rumination uniformly elevates
physiological arousal across all

Evidence
Strength

Strong

Moderate

Strong

Moderate

Weak

contexts

FIGURE 7 Key claims and evidence across included studies

5. Conclusion

Reasoning

Supported by meta-analysis,
ambulatory studies, experiments,
and mechanistic reviews

Repeated observational support
across workers, students, and GAD
samples

Supported by experimental fatigue
studies and recent meta-analysis

Mechanistically plausible, but
direct longitudinal mediation
evidence is limited

Some experiments show null
physiological effects despite
greater distress
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Papers

(Ottaviani et al., 2016;
Ottaviani et al., 2015;
Stone et al., 2020)

(® Querstret & Cropley,
2012; Leung et al., 2022;
Clancy et al., 2020)

(® Mizuno et al., 2011;
Goodman et al., 2025)

(Cropley et al., 2015;
Leung et al., 2022;
Goodman et al., 2025)

(® Wisco et al., 2023)

Across this corpus, chronic cognitive rumination does increase sympathetic-related arousal or relative autonomic imbalance, and

it also appears to contribute to mental fatigue. The strongest part of the evidence concerns prolonged physiological activation;

the fatigue evidence is real but more often indirect, with sleep disturbance and failed recovery as the main mediators (Cropley et

al., 2015; ® Querstret & Cropley, 2012; Clancy et al., 2020).

Research Gaps

The main gap is not whether rumination and fatigue are related, but whether autonomic dysregulation directly mediates that

relationship over months or years in everyday life. The literature is broad on pairwise links and much thinner on integrated,

longitudinal, multimodal studies.

Longitudinal
Topic/Outcome data
Rumination to HRV/arousal 4
Rumination to fatigue 5
Arousal to mental fatigue 4
Integrated rumination-arousal-fatigue 1

models

FIGURE 8 Research coverage across rumination, arousal, and fatigue

Direct SNS Sleep
measures integration
1
10
1
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Open Research Questions

Future work should test causal chains more directly and in more diverse real-world populations.

Question Why

Does day-to-day sympathetic activation mediate the effect This would directly test the central mechanistic claim that

of trait rumination on next-day mental fatigue? current evidence mostly infers from separate literatures.

Do interventions that reduce rumination also normalize Existing intervention studies improve rumination and fatigue, but
autonomic markers and improve fatigue over months? biological recovery effects remain inconsistent or unmeasured.
Which rumination subtype most strongly predicts chronic Current studies suggest subtype matters, especially for intrusive
fatigue: intrusive, affective, self-critical, or work-related? and affective forms, but head-to-head comparisons are sparse.

Chronic cognitive rumination does appear to increase sympathetic nervous system arousal and contribute to mental fatigue, but
the fatigue pathway is most convincingly explained by disrupted sleep and impaired recovery rather than by a single proven
autonomic mechanism.

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

holders’ consent.
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