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Yes, stress-induced sweating is partly thermoregulatory, while crying reflects autonomic
arousal; tremor evidence here is indirect.

1. Introduction

Acute stress recruits coordinated autonomic, endocrine, cardiovascular, respiratory, and somatic responses rather than a single
effector pathway (Ulrich-Lai & Herman, 2009; Godoy et al., 2018; Man et al., 2022). Emotion and stress studies consistently
place electrodermal, cardiovascular, and respiratory signals among the main peripheral expressions of autonomic arousal
(Siegel et al., 2018; Zaehringer et al., 2020; Kreibig, 2010). The sweating literature distinguishes two functions: widely distributed
eccrine sweating on hairy skin serves thermoregulation, whereas palmar and plantar “emotional sweating” is preferentially
driven by mental stress and supports grip rather than cooling (Asahina et al., 2015).

This makes the first half of the question only partly correct. Stress-linked sweating can contribute to cooling, and perspiration
can lower skin temperature, but emotional sudomotor responses are also used as markers of sympathetic arousal and are not
reducible to thermoregulation alone (Gioia et al., 2023; Posada-Quintero & Chon, 2020; Del Paso & De La Coba, 2020). The
crying literature is smaller and less settled, but available human studies show clear cardiorespiratory shifts around crying
episodes, including respiration changes, heart-rate deceleration, and in one recent case study, very large sympathetic neural
activation during stress-induced crying (Sharman et al., 2020; Bigalke & Carter, 2025). By contrast, the papers here provide only
indirect support for psychogenic tremors as expressions of acute autonomic arousal, mostly through broader links between
stress, hand tremor, autonomic activation, and motor-autonomic integration (Taskasaplidis et al., 2024; Nakamura et al., 2021;
Venkatraman et al., 2017).

Does stress-induced sweating function as a thermoregulatory effector, while emotional crying and psychogenic tremors

act as motor and cardiorespiratory expressions of acute autonomic arousal?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1 Consensus on sweating, crying, and tremor roles

The literature supports a qualified yes for sweating and crying, but not a strong yes for psychogenic tremor specifically. The
clearest consensus is that sweating is multifunctional and that crying can co-occur with acute autonomic and cardiorespiratory
shifts (Asahina et al., 2015; Bigalke & Carter, 2025).

2. Methods

This Deep Search synthesis drew on Consensus searches over more than 170 million research papers indexed from Semantic
Scholar, PubMed, and related sources. The workflow identified 1,186 papers in the primary search, expanded the pool through
targeted sub-searches and citation crawling, screened 238 high-relevance papers, retained 177 after relevance filtering and
deduplication, and included the top 50 ranked papers for synthesis.

Search Strategy

13.8M 2.3K 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

L5 1citation graph use

All papers retrieved from 22 searches and 1

citation graph use.

FIGURE 2 Deep search screening and inclusion workflow
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Searches decomposed sweating, crying, tremor, autonomic arousal, thermoregulation, and motor-autonomic integration across
human-focused physiology and neuroscience literatures.

3. Results

3.1 Key Papers

A few papers anchor the corpus because they define the autonomic architecture of emotion, the dual role of sweating, and the
strongest available human crying evidence (Kreibig, 2010; Asahina et al., 2015; Bigalke & Carter, 2025). These studies are
complemented by mechanistic reviews linking psychogenic stress to hypothalamic and brainstem pathways that jointly drive
autonomic and somatic outputs (Nakamura et al., 2021; Venkatraman et al., 2017).

Paper Summary

(Ulrich-Lai & Herman, 2009) Emotion shows ANS response specificity (Kreibig, 2010)

(Gullett et al., 2023) Emotional sweating differs from thermal sweating (Asahina et al., 2015)
(Liu et al., 2024) Crying linked to marked sympathetic activation (Bigalke & Carter, 2025)

FIGURE 3 Foundational papers for this literature

3.2 Sweating Functions

The sweating evidence favors a mixed functional model rather than a purely thermoregulatory one. Most sweat glands primarily
support thermoregulation, and increased body temperature normally elicits sweating for evaporative cooling (Posada-Quintero
& Chon, 2020; Del Paso & De La Coba, 2020; Cheshire, 2016). Yet palmar and plantar glands respond more strongly to
psychological than thermal stimuli, and emotional sweating on these surfaces appears adapted to prevent slippage during
grasping (Posada-Quintero & Chon, 2020; Asahina et al., 2015).

Emotion-evoked sweating also extends beyond the palms and soles, and electrodermal activity is widely used as an objective
measure of sympathetic arousal (Posada-Quintero & Chon, 2020; Ghiasi et al., 2020). Direct microneurography further shows
that emotional images increase skin sympathetic nerve activity, with sweat release only inconsistently tracking that neural
outflow (Brown et al., 2012).

3.3 Crying And Arousal

Available crying studies support the idea that crying is accompanied by motor and cardiorespiratory adjustments during acute
arousal, but the direction of change is not a simple “global activation” pattern. In a laboratory sadness paradigm, respiration
increased in neutral participants and noncriers, whereas criers maintained stable respiration, and heart rate decelerated just
before crying before returning toward baseline during the first crying period (Sharman et al., 2020). These findings fit the view
that crying can help maintain homeostasis rather than simply amplify sympathetic discharge (Sharman et al., 2020).

A newer mental-stress case study points in a different but complementary direction: involuntary stress-induced crying was
associated with substantially elevated muscle sympathetic nerve activity that exceeded typical mental-stress responses,
despite only modest blood-pressure changes (Bigalke & Carter, 2025). Thermal imaging work also reports region-specific facial
temperature changes during sympathetic crying, including maxillary cooling attributed to emotional sweating (Liu et al., 2024).

3.4 Tremor, Motor Output, And Cardiorespiratory Coupling

Dimension Sweating Crying Psychogenic Tremor
Main evidence Strong sudomotor Small but direct human studies Mostly indirect/contextual
in corpus literature (Posada- (Sharman et al., 2020) (Taskasaplidis et al., 2024)
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# Consensus

Dimension Sweating

Quintero & Chon, 2020)

Typical effector Sudomotor and thermal

Crying

Motor, respiratory, cardiovascular

CONSENSUS . APP

Psychogenic Tremor

Somatic motor with stress linkage

domain (Asahina et al., 2015) (Sharman et al., 2020) (Nakamura et al., 2021)

Link to Robust (Posada-Quintero Appears present, variable pattern Plausible, not directly established
sympathetic & Chon, 2020) (Bigalke & Carter, 2025; Sharman here (Venkatraman et al., 2017)
arousal et al., 2020)

Key caveat Sweat output is imperfect Very limited direct MSNA data No dedicated psychogenic tremor

(Bigalke & Carter, 2025) study in this set (Taskasaplidis et al.,

2024)

proxy for SSNA (Brown et
al., 2012)

FIGURE 4 Comparison of evidence across three effectors

For tremor, the corpus supports only a mechanistic inference. Stress reviews note that body movement and hand tremors are
studied in stress detection systems (Taskasaplidis et al., 2024). Reviews of environmental-stress circuitry show that
psychological stress signals project from prefrontal cortex to dorsomedial hypothalamus to drive both sympathetic and
behavioral responses via autonomic and somatic motor systems (Nakamura et al., 2021). Brainstem reviews likewise describe
emotion as integrating autonomic function with motor control and fixed-action responses (Venkatraman et al., 2017).

Results Timeline

9
1 6 4 10 18 8
20 7 16 15 5 3 13 12
2 11 14 17
19
2010 2012 2014 2016 2018 2020 2022 2024 2026

FIGURE 5 Research timeline; larger markers indicate more citations

The field moves from broad autonomic theories and neuroanatomy to multichannel peripheral measurement and, most recently,
direct crying-related sympathetic recordings. Evidence for sweating is mature, for crying emerging, and for psychogenic tremor
still sparse (Critchley, 2005; Pasquini et al., 2022; Bigalke & Carter, 2025).

Top Contributors

Name Papers

Type

Author H. Critchley [630f79f2495¢c59¢cc8f405e704ee65cac][cdff647099db5a5ea8768eceOb6e7eea)

[617c6c65ad27579f9f92924489b01d76]
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Type Name

Author J. Herman

Author K. Nakamura

Journal Psychophysiology
Journal Autonomic neuroscience :

basic & clinical

Journal Frontiers in Physiology

Papers

[8de0a3fOb53b55a1825922bb460e45d0]
[€601948d8fc955598dd02cb28532714b]

[9a17c6¢321b65ee7afc34afcOb20556b]
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[c39b0c87ceee552a88833269d67770ac][ed0189f9e6085413b90d1b8ebfae01a2]

[cdff647099db5a5ea8768eceOb6e7eeal[a980e83d28095903b601732¢3986bc15]

[fd3d255e747957bd8efcfee0d19f3500]

FIGURE 6 Authors and journals most frequent in corpus

4. Discussion

The strongest part of the evidence concerns sweating. Multiple reviews and human experiments converge that eccrine

sweating is both an autonomic effector for thermal control and an expression of emotional arousal, with body site being crucial

to function (Asahina et al., 2015). Direct SSNA recordings strengthen this conclusion by showing that emotional stimuli increase

cutaneous sympathetic outflow even when sweat release itself is delayed or inconsistent (Brown et al., 2012).

The crying evidence is more limited and less uniform. One experimental study suggests homeostatic regulation around crying

through stabilized respiration and transient heart-rate deceleration (Sharman et al., 2020). A single-subject microneurography

report instead suggests crying during mental stress can involve extreme sympathetic activation beyond standard laboratory

stress (Bigalke & Carter, 2025). These are not contradictory: crying likely contains both parasympathetic-like regulatory features

and sympathetic arousal, with timing and context determining which dominates (Quadt et al., 2022; Candia-Rivera et al., 2022).

The weakest part of the claim is psychogenic tremor. The corpus supports that emotional states recruit integrated autonomic
and somatic motor systems, and that stress can involve tremor-related signals, but it does not directly establish psychogenic
tremors as a defined cardiorespiratory expression of acute autonomic arousal (Nakamura et al., 2021; Venkatraman et al., 2017;

Taskasaplidis et al., 2024). More broadly, this limitation fits a recurring problem in affective psychophysiology: autonomic

measures often vary by task, context, and effector channel, so single-readout explanations are often too simple (Brown et al.,
2012; Siegel et al., 2018; Beutler et al., 2022).

Claim

Stress-related sweating is
multifunctional, combining
thermoregulation with
emotional/sympathetic expression.

Emotional sweating is not a pure
thermoregulatory effector, especially
on palms and soles.

Emotional crying appears to involve
motor and cardiorespiratory
expressions of acute autonomic
arousal.

Evidence
Strength Reasoning
Supported by multiple reviews and
direct human SSNA/EDA studies;
St .
rong replicated across methods and
body sites.
Strong anatomical and functional
differentiation by gland location
Strong .
and stimulus type.
Direct human evidence exists, but
from few studies with differing
Moderate

patterns and one case report.
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Evidence

Claim Strength Reasoning Papers
Stress-induced crying can show "' Direct but single-case (Bigalke & Carter, 2025)
marked sympathetic neural Weak microneurography evidence;
activation. biologically plausible, not yet

replicated.
Psychogenic tremors are established Corpus offers only indirect (Taskasaplidis et al.,
here as cardiorespiratory expressions mechanistic support and no 2024; Nakamura et al.,
of acute autonomic arousal. Weak dedicated psychogenic tremor 2021; Venkatraman et

study. al., 2017)

FIGURE 7 Key claims and evidence in included papers

5. Conclusion

The literature supports a qualified version of the proposed framework. Stress-induced sweating clearly includes
thermoregulatory function, but emotional sweating is also a distinct sympathetic effector tied to arousal, grip, and signaling
(Asahina et al., 2015). Emotional crying does appear to recruit motor, respiratory, cardiovascular, and sometimes strong
sympathetic responses, but the direct evidence base is still small (Sharman et al., 2020; Bigalke & Carter, 2025).

Research Gaps

The biggest gap is tremor-specific evidence. The corpus is rich in sweating and general autonomic arousal, but thin on direct
psychogenic tremor physiology and on simultaneous measurement of crying, respiration, cardiovascular signals, and
sympathetic nerve activity (Taskasaplidis et al., 2024; Beutler et al., 2022).

Direct Human Multichannel ANS Mechanistic
Topic/Outcome Physiology Measures Replication Specificity

Emotional sweating

Stress-induced crying S 2 1 3

Psychogenic tremor GAP 1 GAP 1

Cardiorespiratory
coupling

Thermal imaging
markers

Open Research Questions

Direct tests are now needed that measure sudomotor, cardiovascular, respiratory, lacrimal, and motor outputs in the same
stress paradigm.
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Question Why
Do psychogenic tremors co-occur with distinct sympathetic, This would test the weakest part of the current claim and
respiratory, and cardiovascular signatures during acute separate motor expression from generalized arousal.

emotional stress?

Does crying shift from sympathetic activation to Existing studies suggest both patterns, and time-resolved
parasympathetic recovery across its time course? measurements could reconcile the apparent
inconsistency.

How do body site and stimulus type determine whether stress This would clarify when sweating is thermoregulatory
sweating serves cooling, grip enhancement, or emotional versus when it mainly indexes emotional autonomic
signaling? output.

Overall, the evidence says yes for sweating as a partly thermoregulatory but also emotional effector, yes in moderate form for
crying as an autonomic motor-cardiorespiratory expression, and not yet firmly yes for psychogenic tremors.

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.

References

Asahina, M., Poudel, A., & Hirano, S. (2015). Sweating on the palm and sole: physiological and clinical relevance. Clinical
Autonomic Research, 25,153-159. https://doi.org/10.1007/s10286-015-0282-1

Beutler, S., Mertens, Y., Ladner, L. R, Schellong, J., Croy, I., & Daniels, J. (2022). Trauma-related dissociation and the autonomic
nervous system: a systematic literature review of psychophysiological correlates of dissociative experiencing in PTSD patients.
European Journal of Psychotraumatology, 13. https://doi.org/10.1080/20008066.2022.2132599

Bigalke, J. A., & Carter, J. R. (2025). Sympathetic neural and cardiovascular responsiveness to involuntary stress-induced
crying.. Journal of applied physiology. https://doi.org/10.1152/japplphysiol.00419.2025

Brown, R., James, C., Henderson, L., & Macefield, V. (2012). Autonomic markers of emotional processing: skin sympathetic
nerve activity in humans during exposure to emotionally charged images. Frontiers in Physiology, 3.
https://doi.org/10.3389/fphys.2012.00394

Candia-Rivera, D., Catrambone, V., Thayer, J., Gentili, C., & Valenza, G. (2022). Cardiac sympathetic-vagal activity initiates a
functional brain—body response to emotional arousal. Proceedings of the National Academy of Sciences of the United States of
America, 119. https://doi.org/10.1073/pnas.2119599119

Cheshire, W. (2016). Thermoregulatory disorders and iliness related to heat and cold stress.. Autonomic neuroscience : basic &
clinical, 196, 91-104. https://doi.org/10.1016/j.autneu.2016.01.001

Critchley, H. (2005). Neural mechanisms of autonomic, affective, and cognitive integration. Journal of Comparative Neurology,
493. https://doi.org/10.1002/cne.20749

Del Paso, G. R. A., & De La Coba, P. (2020). Reduced activity, reactivity and functionality of the sympathetic nervous system in
fibromyalgia: An electrodermal study. PLoS ONE, 15. https://doi.org/10.1371/journal.pone.0241154

Ghiasi, S., Greco, A., Barbieri, R., Scilingo, E., & Valenza, G. (2020). Assessing Autonomic Function from Electrodermal Activity
and Heart Rate Variability During Cold-Pressor Test and Emotional Challenge. Scientific Reports, 10.
https://doi.org/10.1038/s41598-020-62225-2

Gioia, F., Nardelli, M., Scilingo, E. P., & Greco, A. (2023). Autonomic Regulation of Facial Temperature during Stress: A Cross-
Mapping Analysis. Sensors (Basel, Switzerland), 23. https://doi.org/10.3390/523146403

6 / 17


https://consensus.app/
https://doi.org/10.1007/s10286-015-0282-1
https://doi.org/10.1080/20008066.2022.2132599
https://doi.org/10.1152/japplphysiol.00419.2025
https://doi.org/10.3389/fphys.2012.00394
https://doi.org/10.1073/pnas.2119599119
https://doi.org/10.1016/j.autneu.2016.01.001
https://doi.org/10.1002/cne.20749
https://doi.org/10.1371/journal.pone.0241154
https://doi.org/10.1038/s41598-020-62225-2
https://doi.org/10.3390/s23146403
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

Godoy, L. D., Rossignoli, M. T., Delfino-Pereira, P., Garcia-Cairasco, N., & De Lima Umeoka, E. H. (2018). A Comprehensive
Overview on Stress Neurobiology: Basic Concepts and Clinical Implications. Frontiers in Behavioral Neuroscience, 12.
https://doi.org/10.3389/fnbeh.2018.00127

Gullett, N., Zajkowska, Z., Walsh, A., Harper, R., & Mondelli, V. (2023). Heart rate variability (HRV) as a way to understand
associations between the autonomic nervous system (ANS) and affective states: A critical review of the literature.. International
journal of psychophysiology : official journal of the International Organization of Psychophysiology.
https://doi.org/10.1016/j.ijpsycho.2023.08.001

Kreibig, S. D. (2010). Autonomic nervous system activity in emotion: a review.. Biological psychology, 84 3, 394-421.
https://doi.org/10.1016/j.biopsycho.2010.03.010

Liu, I., Liu, F., Zhong, Q., F., & Ni, S. (2024). Your blush gives you away: detecting hidden mental states with remote
photoplethysmography and thermal imaging. PeerJ Computer Science, 10. https://doi.org/10.7717/peerj-cs.1912

Man, I. S. C., Shao, R., Hou, W., Li, S. X,, Liu, F. Y., Lee, M., Wing, K. Y., Yau, S. S. Y., & Lee, T. M. C. (2022). Multi-Systemic
Evaluation of Biological and Emotional Responses to the Trier Social Stress Test: A Meta-Analysis and Systematic Review..
Frontiers in neuroendocrinology, 101050. https://doi.org/10.1016/j.yfrne.2022.101050

Nakamura, K., Nakamura, Y., & Kataoka, N. (2021). A hypothalamomedullary network for physiological responses to
environmental stresses. Nature Reviews Neuroscience, 23, 35 - 52. https://doi.org/10.1038/s41583-021-00532-x

Pasquini, L., Noohi, F., Veziris, C. R., Kosik, E., Holley, S. R., Lee, A., Brown, J. A., Roy, A. R. K., Chow, T. E., Allen, |., Rosen, H.,
Kramer, J., Miller, B., Saggar, M., Seeley, W., & Sturm, V. (2022). Dynamic autonomic nervous system states arise during
emotions and manifest in basal physiology. Psychophysiology, 60, e14218 - e14218. https:/doi.org/10.1111/psyp.14218

Posada-Quintero, H. F., & Chon, K. (2020). Innovations in Electrodermal Activity Data Collection and Signal Processing: A
Systematic Review. Sensors (Basel, Switzerland), 20. https://doi.org/10.3390/520020479

Quadt, L., Critchley, H., & Nagai, Y. (2022). Cognition, emotion, and the central autonomic network.. Autonomic neuroscience :
basic & clinical, 238,102948. https://doi.org/10.1016/j.autneu.2022.102948

Sharman, L., Dingle, G., Vingerhoets, A., & Vanman, E. (2020). Using crying to cope: Physiological responses to stress following
tears of sadness.. Emotion. https://doi.org/10.1037/emo0000633

Siegel, E. H., Sands, M., Van Den Noortgate, W., Condon, P., Chang, Y., Dy, J. G., Quigley, K., & Barrett, L. F. (2018). Emotion
Fingerprints or Emotion Populations? A Meta-Analytic Investigation of Autonomic Features of Emotion Categories.
Psychological bulletin, 144, 343 - 393. https://doi.org/10.1037/bul0000128

Taskasaplidis, G. V., Fotiadis, D. A., & Bamidis, P. (2024). Review of Stress Detection Methods Using Wearable Sensors. IEEE
Access, 12, 38219-38246. https://doi.org/10.1109/access.2024.3373010

Ulrich-Lai, Y., & Herman, J. (2009). Neural Regulation of Endocrine and Autonomic Stress Responses. Nature reviews.
Neuroscience, 10, 397 - 409. https:/doi.org/10.1038/nrn2647

Venkatraman, A., Edlow, B., & Immordino-Yang, M. (2017). The Brainstem in Emotion: A Review. Frontiers in Neuroanatomy, 11.
https://doi.org/10.3389/fnana.2017.00015

Zaehringer, J., Jennen-Steinmetz, C., Schmabhl, C., Ende, G., & Paret, C. (2020). Psychophysiological Effects of Downregulating
Negative Emotions: Insights From a Meta-Analysis of Healthy Adults. Frontiers in Psychology, 11.
https:/doi.org/10.3389/fpsyg.2020.00470

771


https://doi.org/10.3389/fnbeh.2018.00127
https://doi.org/10.1016/j.ijpsycho.2023.08.001
https://doi.org/10.1016/j.biopsycho.2010.03.010
https://doi.org/10.7717/peerj-cs.1912
https://doi.org/10.1016/j.yfrne.2022.101050
https://doi.org/10.1038/s41583-021-00532-x
https://doi.org/10.1111/psyp.14218
https://doi.org/10.3390/s20020479
https://doi.org/10.1016/j.autneu.2022.102948
https://doi.org/10.1037/emo0000633
https://doi.org/10.1037/bul0000128
https://doi.org/10.1109/access.2024.3373010
https://doi.org/10.1038/nrn2647
https://doi.org/10.3389/fnana.2017.00015
https://doi.org/10.3389/fpsyg.2020.00470
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

