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Several studies have suggested a correlation between heart rate variability (HRV), emotion regulation (ER), and

consequent psychopathological conditions. Specifically, recent data seem to support the hypothesis that low-frequency

heart rate variability (LF-HRV), an index of sympathetic cardiac control, correlates with worse ER and specific

psychopathological dimensions. The present work aims to review the previous findings on these topics and integrate them

from two main cornerstones of this perspective: Porges’ Polyvagal Theory and Thayer and Lane’s Neurovisceral

Integration Model, which are necessary to understand these associations better. For this reason, based on these two

approaches, we point out that low HRV is associated with emotional dysregulation and transversal psychopathological

conditions. This understanding is beneficial as a theoretical ground from which to start for further research studies and as

a starting point for new theoretical perspectives useful in clinical practice. 
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1. Introduction

Heart rate variability (HRV) has been increasingly recognized as a useful tool in medical research and psychological

investigations as can be considered a transdiagnostic biomarker related with emotion regulation abilities . The

autonomic nervous system (ANS) activity, due to the actions of the sympathetic and parasympathetic reactivity, is linked to

automatic reactions such as the "fight or flight" responses , and to emotional responses . The vagus nerve is a

major component of the ANS, and it has an essential role in connecting the heart and the brain, supporting their

communication during emotional reactions. Porges Polyvagal Theory  provides an important explanation of the vagus

nerve's role in regulating internal viscera and, again, the communication between the heart and the brain. The vagus

nerve originates into two different nuclei of the brainstem: the Dorsal Motor Nucleus of the vagus (DNMX) and the

Nucleus ambiguus (NA), ending in the sinoatrial node. However, only NA controls the respiratory sinus arrhythmia (RSA),

an index of cardiac vagal modulation associated with emotion regulation (ER).

The DNMX and NA act competitively on the sinoatrial node, adjusting the anabolic parasympathetic activity and the

catabolic sympathetic one. In this way, these two branches of the vagus's independent action have different effects on

RSA and HRV. The sympathetic nervous system (SNS) innervates the cardio-accelerating center of the heart, the lungs

(increased ventilatory rhythm and dilatation of the bronchi), and the non-striated muscles (artery contraction), releasing

adrenaline and noradrenaline. On the contrary, the parasympathetic nervous system (PNS), which uses the

neurotransmitter acetylcholine (ACh), innervates the cardiomoderator center of the heart, the lungs (slower

ventilatoryrhythm and contraction of the bronchi), and the non-striated muscles (artery dilatation), reducing the experience

of stress. Notably, these two systems act agonistically on the heart, respectively, through the stellate ganglion (a collection

of sympathetic nerves) and the vagus nerve (a parasympathetic nerve). Heart rate variability (HRV) is a beat-to-beat

variability , consisting of changes, fluctuations in intervals between heartbeats and reflects the autonomic balance,

blood pressure, heart, gut, and vascular tone . The Task Force of the European Society of Cardiology and the North

American Society of Pacing and Electrophysiology  divided heart rate (HR) oscillations into different bands, better

known as ultra-low-frequency (ULF), very-low-frequency (VLF), low-frequency (LF), and high-frequency (HF). The HF

component measures vagal activity, while the LF component is related to both vagal and sympathetic activities, and the

LF/HF ratio reflects the cardiac sympathovagal balance .
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2. Porges Polyvagal Theory and the Neurovisceral Integration Model from
Thayer and Lane

Porges  claims that in mammals, the vagal tone is high when there are no external demands, no challenging situations

coming from the external world, while it is low when there are situations that demand to be active such as during stress

exercise and attention. According to Porges, mammals have a brainstem organization characterized by a ventral vagal

complex that influences attention, emotion, motion, and communication. The Polyvagal Theory explains three evolutionary

phylogenetic stages behind the development of the vagus nerve. These phylogenetic stages follow a hierarchical

structure. The dorsal vagal system is the unmyelinated system, and it is considered the most archaic, so phylogenetically

the oldest one. This system is associated with processes linked to immobilization (death-feigning), vasovagal syncope,

and behavioral shutdown. After the dorsal vagal system, the sympathetic vagal system is described. This system is

associated with "fight-flight" responses, so all the mechanisms behave to avoid the threat. The last step of this evolution

recognizes the ventral vagal system, which is the newest and myelinated one, and it is associated with behaviors

involving social and complex human experience such as communication (facial expression, vocalization, and listening).

When this system fails in its functionality, the sympathetic vagal system is engaged by displaying the fight or flight

response behavior.  If this structure fails, the most ancient structure gets involved through an immobilization response 

. Dyfunctional emotional regulation (ER) comes from a failure in the functionality of the latest structures.

According to Porges , communications between the peripheral organs and the brain allows mammalians to reach

homeostatic balance. Neuroception, a term coined by Porges to describe the mechanism by which our brain can detect

dangerous environmental stimuli by analyzing the information coming from our senses through body scanning, supports

this communication between the brain and peripheral organs. In fact, the homeostatic balance is interrupted by a threat

that our brain detects (consciously or unconsciously).

The Polyvagal Theory  provides a plausible explanation for the correlation between atypical autonomic regulation (e.g.,

reduced vagal influence on the heart) and psychiatric and behavioral disorders, outlining a complex framework of human

thinking and behavior.

Beauchaine and Thayer  highlight the validity of respiratory sinus arrhythmia (RSA), an index for parasympathetic

activity, and a transdiagnostic biomarker of emotional dysregulation and concurrent psychopathology in humans. The

stress degree-level of an organism can be detected by measuring RSA, which is estimated by heart rate variability (HRV)

that registers increased heart rate during inspiration and a decrease during expiration.

In line with the Research Domain Criteria (RDoC) project for the re-conceptualization of psychopathology ,

Beauchaine and Thayer claim that, in order to address knowledge on psychopathological transdiagnostic mechanisms, it

is necessary to use psychophysiological measures. Thayer and Lane  introduced the neurovisceral integrated

model of the heart-brain activity, where HRV is an index of integrity or not of the neural network involved in emotion-

cognition interactions. In this model, HRV is both related to attentional and affect regulation, and this model improves

understanding of the role of the central autonomic network (CAN), already pointed out by Benarroch . They concluded

that it is an integrated component of a complex regulation system by which the brain controls visceromotor,

neuroendocrine, and behavioral responses, which are essential for goal-directed behavior and human adaptability. There

are several regions of the central nervous system (CNS) such as the anterior cingulated, insular, orbitofrontal, and

ventromedial prefrontal cortices together with the central nucleus of the amygdala (CeA), the paraventricular and related

nuclei of the hypothalamus, the periaqueductal gray matter, the parabrachial nucleus, the nucleus of the solitary tract

(NTS), the nucleus ambiguus (NA), the ventrolateral and ventromedial medulla, and the medullary tegmented field that

are included in the CAN. These regions are reciprocally interconnected, and this interconnection leads the information

flowing bidirectionally between lower and higher brain levels. According to this model, prefrontal-subcortical inhibitory

circuits linked to self-regulation are connected with the heart through the functionality of the vagus nerve .

3. Emotion regulation abilities and Heart Rate Variability

 Accumulating evidence confirms that HRV can be used as an index of self-regulation . In fact, functional and adaptive

top-down and bottom-up cognitive processes seem to associate with higher resting HRV, while maladaptive cognitive

responses and hyper-vigilant responses are associated with lower resting HR, leading to impairment in emotion regulation

abilities . Individual differences in regulation ability are associated with greater baseline HRV . This is also

confirmed by both task-related HRV , and phasic increases in HRV in response to emotion-inducing situations that are

associated with better and effective emotion regulation . By contrast, low HRV is associated with emotion

dysregulation, and emotion dysregulation is associated with many if not all psychopathologies .

Porges  has been one of the first in underlining the relationship between low HRV and emotional dysregulation visible
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in behaviors characterized by anxiety and rigid attentional threat processing. A meta-analysis by Zahn et al.  confirmed

a clear relationship between low HRV and worse self-control over dysfunctional thoughts, impulses, behaviors, and

emotions . Low HRV is also associated with specific diagnostic categories, such as panic disorder ,

schizophrenia , borderline personality disorder , attention deficit hyperactivity disorder (ADHD) , neuroticism ,

and major depression .

References

1. Szemenyei, E., Kocsel, N., Orkenyi, A., & Kokonyei, G. Emotion regulation and heart rate variability. Neuropsychophar
macologia Hungarica: a Magyar Pszichofarmakologiai Egyesulet Lapja= Official Journal of the Hungarian Association o
f Psychopharmacology, 20(2). 2018, 46-58.

2. Richter, M., & Wright, R. A. Autonomic Nervous System (ANS). Encyclopedia of Behavioral Medicine/Gellman MD, Turn
er JR (eds). Springer, New York, NY. 2013, 165.

3. Gibbons, C. H. Basics of autonomic nervous system function. Handbook of clinical neurology, 160. 2019, 407-418.

4. Kreibig, S. D. Autonomic nervous system activity in emotion: A review. Biological psychology, 84(3). 2010, 394-421.

5. Porges, S.W. Orienting in a defensive world: Mammalian modifications of our evolutionary heritage. A polyvagal theory.
Psychophysiology. 1995, 32, 301–318.

6. Servant, D.; Logier, R.; Mouster, Y.; Goudemand, M. La variabilité de la fréquence cardiaque. Intérêts en psychiatrie [H
eart rate variability. Applications in psychiatry]. L’Encéph. Rev. Psychiatr. Clin. Biol. Thér. 2009, 35, 423–428

7. Shaffer, F., & Ginsberg, J. P. An overview of heart rate variability metrics and norms. Frontiers in public health, 5. 2017,
258.

8. Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology. He
art rate variability: standards of measurement, physiological interpretation and clinical use. Circulation. 1996 Mar 1;93
(5):1043-65. PMID: 8598068.

9. Porges, S.W.; Furman, S.A. The early development of the autonomic nervous system provides a neural platform for so
cialbehaviour: A polyvagal perspective. Infant Child Dev. 2011, 20, 106–118.

10. Porges, S.W. The polyvagal perspective. Biol. Psychol. 2007, 74, 116–143.

11. Porges, S.W. The polyvagal theory: New insights into adaptive reactions of the autonomic nervous system. Clevel. Clin.
J. Med. 2009, 76(Suppl. 2), S86–S90

12. Beauchaine, T.P.; Thayer, J.F. Heart rate variability as a transdiagnostic biomarker of psychopathology. Int. J. Psychoph
ysiol. 2015, 98, 338–350

13. Insel, T.; Cuthbert, B.; Garvey, M.; Heinssen, R.; Pine, D.S.; Quinn, K.; Sanislow, C.; Wang, P. Research domain criteria
(RDoC): Toward a new classification framework for research on mental disorders. Am. J. Psychiatry. 2010, 167, 748–75
1.

14. Sanislow, C.A.; Pine, D.S.; Quinn, K.J.; Kozak, M.J.; Garvey, M.A.; Heinssen, R.K.; Wang, P.S.-E.; Cuthbert, B.N. Deve
loping constructs for psychopathology research: Research domain criteria. J. Abnorm. Psychol. 2010, 119, 631–639.

15. Cuthbert, B.N.; Kozak, M.J. Constructing constructs for psychopathology: The NIMH research domain criteria. J. Abnor
m. Psychol. 2013, 122, 928–937.

16. Shankman, S.A.; Gorka, S.M. Psychopathology research in the RDoC era: Unanswered questions and the importance
of the psychophysiological unit of analysis. Int. J. Psychophysiol. 2015, 98, 330–337

17. Thayer, J.F.; Lane, R.D. A model of neurovisceral integration in emotion regulation and dysregulation. J. Affect. Disord.
2000, 61, 201–216.

18. Thayer, J.F.; Lane, R.D. Claude Bernard and the heart-brain connection: Further elaboration of a model of neuroviscera
l integration. Neurosci. Biobehav. Rev. 2009, 33, 81–88

19. Benarroch, E.E. The central autonomic network: Functional organization, dysfunction, and perspective. In Mayo Clinic
Proceedings; Elsevier: Amsterdam, The Netherlands, 1993; Volume 68, pp. 988–1001.

20. Park, G., & Thayer, J. F. From the heart to the mind: cardiac vagal tone modulates top-down and bottom-up visual perc
eption and attention to emotional stimuli. Frontiers in psychology, 5. 2014, 278.

21. Porges, S.W. Autonomic regulation and attention. InAttention and Information Processing in Infants and Adults: Perspe
ctives from Human and Animal Research; Campbell, B.A., Hayne, H., Richardson, R., Eds.; Lawrence Erlbaum Associa
tes, Inc.: Mahwah, NJ, USA, 1992; pp. 201–223

[27]

[28] [29][30]

[31] [32] [33] [34]

[35]



22. Appelhans, B.M.; Luecken, L.J. Heart rate variability as an index of regulated emotional responding. Rev. Gen. Psycho
l. 2006, 10, 229–240.

23. Thayer, J.F.; Yamamoto, S.S.; Brosschot, J.F. The relationship of autonomic imbalance, heart rate variability and cardio
vascular disease risk factors. Int. J. Cardiol. 2010, 141, 122–131

24. Frederickson, J. J., Messina, I., & Grecucci, A. Dysregulated anxiety and dysregulating defenses: Toward an emotion re
gulation informed dynamic psychotherapy. Frontiers in psychology, 9. 2018, 2054.

25. Pappaianni, E., De Pisapia, N., Siugzdaite, R., Crescentini, C., Calcagnì, A., Job, R., Grecucci, A. Less is more: psycho
logical and morphometric differences between low vs high reappraisers. Cognitive, Affective & Behavioral Neuroscienc
e, 20. 2019, 128–140.

26. Grecucci, A., Messina, I., Amodeo, L., Lapomarda, G., Crescentini, C., Dadomo, H., Panzeri, M., Theuninck, A., Frederi
ckson, J. A dual route model for regulating emotions: Comparing models, techniques and biological mechanisms. Fronti
ers in Psychology, 11. 2020, 930.

27. Zahn, D.; Adams, J.; Krohn, J.; Wenzel, M.; Mann, C.G.; Gomille, L.K.; Jacobi-Scherbening, V.; Kubiak, T. Heart rate va
riability and self-control—A meta-analysis. Biol. Psychol. 2016, 115, 9–26.

28. De Ridder, D.T.; Lensvelt-Mulders, G.; Finkenauer, C.; Stok, F.M.; Baumeister, R.F. Taking stock of self-control: A meta-
analysis of how trait self-control relates to a wide range of behaviors. Personal. Soc. Psychol. Rev. 2012, 16, 76–99

29. Friedman, B.H.; Thayer, J.F. Autonomic balance revisited: Panic anxiety and heart rate variability. J. Psychosom. Res.
1998, 44,133–151.

30. Friedman, B.H. An autonomic flexibility–neurovisceral integration model of anxiety and cardiac vagal tone. Biol. Psycho
l. 2007, 74, 185–199

31. Castro, M.N.; Vigo, D.E.; Weidema, H.; Fahrer, R.D.; Chu, E.M.; De Achaval, D.; Nogués, M.; Leiguarda, R.C.; Cardinal
i, D.P.; Guinjoan, S.M. Heart rate variability response to mental arithmetic stress in patients with schizophrenia: Autono
mic response to stress in schizophrenia. Schizophr. Res. 2008, 99, 294–303

32. Meyer, P.W.; Müller, L.E.; Zastrow, A.; Schmidinger, I.; Bohus, M.; Herpertz, S.C.; Bertsch, K. Heart rate variability in pa
tients with post-traumatic stress disorder or borderline personality disorder: Relationship to early life maltreatment. J. N
eural Transm. 2016, 123, 1107–1118

33. Rukmani, M.R.; Seshadri, S.P.; Thennarasu, K.; Raju, T.R.; Sathyaprabha, T.N. Heart rate variability in children with att
ention-deficit/hyperactivity disorder: A pilot study. Ann. Neurosci. 2016, 23, 81–88.

34. Di Simplicio, M.; Costoloni, G.; Western, D.; Hanson, B.; Taggart, P.; Harmer, C.J. Decreased heart rate variability durin
g emotion regulation in subjects at risk for psychopathology. Psychol. Med. 2012, 42, 1775–1783.

35. Koch, C.; Wilhelm, M.; Salzmann, S.; Rief, W.; Euteneuer, F. A meta-analysis of heart rate variability in major depressio
n. Psychol. Med. 2019, 49, 1948–1957

Retrieved from https://encyclopedia.pub/entry/history/show/33826


