Psychosomatic Effect of Stress on the Heart Rate Variability
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Neurovisceral integration model shows that many neural structures - medial prefrontal cortex (mPFC), insular

cortex, amygdala, hypothalamus, medullar autonomic centers - participate in adaptation mechanisms to
psychoemotional stress. They functionate hierarchically as the role of higher centers is to regulate and inhibit
the lower ones with accuracy. The medial prefrontal cortex (mPFC) is engaged in the regulation of cognitive
functions, sentiment, and social understanding, as well as cardiovascular functions. It consistently restrains
the amygdala and the sympathetic excitatory subcortical circuits in response to stress. The adaptable brain
system involved in adjustment can be assessed through the variability of heart rate (HRV). Individuals with
greater capacity for emotion control, depending on the surroundings and established objectives, have been
shown to exhibit higher levels of resting HRV. This measure may indicate the extent to which affective
conditions dynamically affect the peripheral autonomic nervous system (ANS). The fluctuations in HRV are
linked to certain somatic and psychological disorders. It is diminished in various psychiatric conditions and
is connected to the risk factors of cardiovascular diseases and the mortality due to cardiovascular accidents.
Psychological processes, including emotional and social understanding, as well as psychosomatic conditions
impacting the nervous and cardiovascular systems under stress, can be conveniently assessed using the

physiological measure of heart rate variability.

1 BACKGROUND

Stress is a state of threatened homeostasis. The
adaptive response to stress includes physiological and
behavioral reactions, thus restoring the organism’s
equilibrium. The key systems activated under stress
include cortical and subcortical neural structures, the
autonomic nervous system and the endocrine system.
The autonomic centers in the brainstem are controlled
by the endbrain cortex and by the hypothalamus. The
hypothalamus affects most autonomic and endocrine
functions, and the emotional behavior.
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2 NEURAL STRUCTURES
INVOLVED IN STRESS
RESPONSES

In accordance with the neurovisceral integration
model (Thayer & Lane, 2000; Thayer & Lane, 2009),
adaptations to environmental dynamics are
determined by physiological, emotional, behavioral,
cognitive, social, and environmental factors. This
allows the adaptation systems to flexibly react to
changes. A system of structures, including especially
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amygdala and the medial prefrontal cortex (mMPFC),
functions in the brain, which integrates the signals
from the external and the internal environment and
regulates the cognitive, perceptual, motor and
autonomic processes. It constantly monitors the
information inflow for the existence of threatening or
favorable stimuli for the organism’s functioning. The
latter plays a major role for the representation of both
internal and external context in the mind and for the
use of this information to regulate behavior and
physiological processes. The mPFC is characterized
by a number of cognitive functions (Cerqueira et al,
2003), e.g. the sense of the self (Kelley et al, 2002;
Morthoff et al, 2006) and emotional appraisal (Urry
et al, 2006; Wager et al, 2008). It shapes behavior in
accordance with superior inner goals set. It integrates
information from various stimuli and generates
behavioral and physiological responses, such as fear
responses (Delgado et al, 2008; Milad et al, 2007,
Schiller et al, 2008), heart-rate changes related to
social threat (Wager et al, 2009b) and other stress
responses (Lane & Wager, 2009). Its functions are
performed through connectivity with the brainstem
(Saper, 2003; Wager et al, 2009b). The mPFC is
involved in the regulation of cardiovascular functions
(Resstel & Correa, 2006; Tavares et al, 2009a) and is
morphologically modified under stress, as indicated
by volume loss and dendritic atrophy (Cerqueira et al,
2007; Cerqueira et al, 2008). This leads to an
autonomic imbalance in favor of the sympathetic
system and to stress-related cardiovascular diseases
(Hilz et al, 2006).

The hypothalamus, in particular the n.
posterolateralis (NPL) and the n. paraventricularis
(NPV), are important integrative centers of
viscerosensory information (Allen & Cechetto, 1992;
Allen & Cechetto, 1993). NPV is functionally
involved in cardiovascular reactivity under stress
(Tavares et al, 2009b), regulates sympathetic activity
(Kannan et al, 1989) and secrets corticotropin
releasing factor that activates the hypothalamic—
pituitary—adrenal axis (Kageyama & Suda, 2009).

The amygdala possesses outgoing connections
with the autonomic nervous system (ANS), the
endocrine, and other regulatory systems. It is
acknowledged as a swift detector of potential hazards
and a mediator of adaptable "fear" reactions (LeDoux,
1996). The instinctive reaction to uncertainty,
surprise, and danger is the sympathoexcitatory
stimulation widely referred to as the "fight or flight"
response (Thayer & Lane, 2009; Herry et al, 2007).
The mPFC may also inhibit the amygdala’s activity
and reduce stress responses and fear behavior (Amat
et al, 2008; Quirk & Beer, 2006). Thus

sympathoexcitatory, cardioacceleratory subcortical
circuits responding to stress are under tonic inhibitory
control by the prefrontal cortex (Thayer, 2006).

In accordance with the Hughlings Jackson
principle of hierarchical integration, higher brain
structures  constantly inhibit the lower and
evolutionally older ones, while the latter are activated
when the higher centers are inhibited, i.e. by
disinhibition (Jackson, 1884). The ANS is also
organized hierarchically. The inhibitive processes are
of utmost importance for the adaptation and their
deficit may lead to emotional and psychological
disturbances (Beauchaine, 2001).

The capacity to control emotion is closely linked
to the capacity to adaptably mold perceptual and
emotional brain processes in reaction to changing
circumstances. Emotions are formed by individual's
perception of personally significant environmental
interactions and the ability to answer to them (Frijda,
1986). A suitable emotional response signifies the
choice of an optimal reaction and restraint of less
fitting reactions from an array of behavioral patterns.

The perception, analysis and generation of
responses to the intentions, dispositions and
behaviors of others are known as social cognition
(Green et al, 2008). The recognition of facial
expressions and of the likely mental states of other
people are an important characteristic of social
cognition and go beyond the traditional
neurocognitive assessments of working memory,
psychomotor speed, and attention (Bora et al, 2006).
The mPFC and ANS are important neural circuitry
involved in social cognition.

Porges' polyvagal theory (Porges, 2007) suggests
that ANS is crucial for the survival, reproduction and
social engagement of the species. An important role
is played by the bidirectional connection between
brain and body (through the nucleus ambiguus) and
body and brain (via the nucleus tractus solitarius).
When an individual is threatened, vagal tone is
inhibited; when the surrounding environment is
deemed safe, the vagal tone is increased thus
inhibiting the sinoatrial node and promoting social
behavior. The polyvagal theory suggests that optimal
social adaptation, which includes also the recognition
of emotion in faces, is facilitated by a calm
physiological state (Porges, 2003).

The polyvagal theory and neurovisceral
integration model emphasize the significant function
performed by the autonomic nervous system (ANS)
in recognizing emotions and social cognition.
Effective regulation of cardiac activity enables
greater adaptability in interacting with the



surroundings and enhances the efficiency of emotion
regulation (Appelhans & Luecken, 2006).

The proper functioning of the PFC is important for
the precise evaluation of the stimuli as either
threatening or safe, for preserving the system’s
integrity and for health protection. When the PFC is
inhibited, the amygdala is disinhibited and the
sympathetic nervous system is activated. If this state
is prolonged, it produces excessive exhaustion of the
system components and is characterized by McEwen
as “allostatic status” (McEwen, 1998).

3 HRV AS A BRAIN FUNCTION
INDEX

Neurocardiology examines the interconnections
between the brain centers and the cardiovascular
system. It is widely acknowledged that the control of
cardiac function relies on medullary centers,
specifically the nucleus of the solitary tract (NTS) and
the rostroventrolateral medulla (RVLM) (Saper,
2004). NTS receives afferents from baroreceptors and
the visceral sensorial information derived from
cranial nerves, while the RVLM is mainly composed
by excitatory neurons that are responsible for the
generation of the sympathetic response. Modern
research shows that cardiac regulation is also
dependent on supramedullary regions.

The insular cortex is a critical area in controlling
the sympathetic and the parasympathetic tones. It is
estimated that stroke victims with insular damage are
associated with a higher risk of autonomic disbalance
and cardiovascular sudden death (Tokglozoglu et al,
1999). The loss of the inhibition exerted by the insular
cortex over inferior areas of cardiovascular centers
results in rhythm instability of the heart
(Oppenheimer, 1993).

Based on their studies, Thayer and Brosschot
(Thayer & Brosschot, 2005) and Thayer and Lane
(Thayer & Lane, 2000; Thayer & Lane, 2000) have
proposed that the flexible brain system involved in
adaptation may be evaluated through heart rate
variability (HRV). This is a method for evaluating the
quick and slow heart rate changes specified as time
and frequency parameters. It allows for distinguishing
the effects of both parts of the ANS on the sinoatrial
node and for estimating the parasympathetic effects
on the heart.

Dynamical systems are characterized by multiple
processes influencing each other. When processes
mutually limit one another, the system as a whole
tends to fluctuate within a range of states. A balance

between the various processes is achieved and thus
the system can respond flexibly to a number of stimuli
(Thayer & Stermberg, 2006). In case of a dishalance,
a particular process comes to dominate and the
system becomes more rigid, unresponsive and limited
to a specific type of reaction. When applied to the
heart, this model explains why the healthy heart is
characterized by a high HRV, whereas a diseased
heart shows a lower one.

The basic idea of the Neurovisceral Integration
Model is that HRV is not just a heart function index,
but it also reflects the activity of the brain integrative
system for the dynamic adaptation of organisms
under stress. The correlation between HRV and PFC
activity shows that this brain area is part of the
descending “visceromotor” system that controls the
autonomic nervous system and the neuroendocrine
functions based on the relevant emotional context.
Disturbances in the PFC activity results in
disinhibition of the amygdala and the
cardioacceleratory center, with increased HR and
decreased HRV.

4 CONNECTION BETWEEN HRV
AND EMOTIONAL AND
SOCIAL COGNITION

Emotion regulation depends on the interaction
between the mPFC and the amygdala and is linked to
the HRV (Appelhans Luecken, 2006; Thayer &
Brosschot, 2005). Individuals with greater ability for
emotion regulation depending on the environment
and the goals set have been shown to have greater
levels of resting HRV (Appelhans & Luecken, 2006;
Thayer & Lane, 2009). During successful emotion
regulation by way of reassessment or inhibition, the
HRYV appears to be increased (Butler et al, 2006). This
is accompanied by cerebral blood flow changes in
structures associated with emotional regulation and
inhibitory processes (Lane & Wager, 2009).
Individuals with low resting HRV show delayed
recovery of the parameters of the cardiovascular,
endocrine,  and immune  systems  upon
psychoemotional stress as compared to those with
higher levels of resting HRV (Weber et al, 2010).
Therefore, individuals with elevated baseline levels
of heart rate variability (HRV) demonstrate a greater
capacity to generate responses appropriate to the
context and exhibit faster recovery after the stressor
ceases. HRV serves as an indicator of an organism's
stress levels, as well as their resilience, adaptability,
and flexibility. Additionally, HRV can serve as a



measure of the activity within the "PFC — brain stem
— physiological reactions" axis, reflecting the
dynamic influence of affective states on the
peripheral autonomic nervous system from a
psychological perspective. The inhibitory function of
the prefrontal cortex (PFC) is also crucial for
cognitive processes.

Emotional intelligence can be evaluated by means
of an RMET (the Reading the Mind in the Eyes Test
— (Baron-Cohen et al, 2001)). Poor performance in
the RMET is associated with autism (Baron-Cohen et
al, 2001) and depression (Lee et al, 2005). The
oxytocin enhances the HRV (Kemp et al, 2012a;
Norman et al, 2011) and the RMET performance with
mentally healthy people (Domes et al, 2007) and
youth with autism spectrum disorders (Guastella et al,
2010).

5 CONNECTION BETWEEN HRV
AND EMOTIONAL AND
SOCIAL COGNITION

Emotion regulation depends on the interaction
between the mPFC and the amygdala and is linked to
the HRV (Appelhans & Luecken, 2006; Thayer &
Brosschot, 2005). Individuals with greater ability for
emotion regulation depending on the environment
and the goals set have been shown to have greater
levels of resting HRV (Appelhans & Luecken, 2006;
Thayer & Lane, 2009). During successful emotion
regulation by way of reassessment or inhibition, the
HRYV appears to be increased (Butler et al, 2006). This
is accompanied by cerebral blood flow changes in
structures associated with emotional regulation and
inhibitory processes (Lane & Wager, 2009).
Individuals with low resting HRV show delayed
recovery of the parameters of the cardiovascular,
endocrine, and immune systems upon
psychoemotional stress as compared to those with
higher levels of resting HRV (Weber et al, 2010).
Thus, individuals with higher resting levels of HRV
appear more able to produce context appropriate
responses and show quicker recovery after the
stressor has ended. The HRV is therefore a parameter
showing organisms’ stress levels as well as their
endurance, flexibility and adaptivity. HRV may as
well be a parameter for the activity of the “PFC —
brain stem — physiological reactions” axis and may
reflect, in psychological terms, the level at which
affective conditions dynamically influence the
peripheral ANS. The inhibitory role of the PFC is also
important for cognition (Thayer & Lane, 2000).

Emotional intelligence can be evaluated by means
of an RMET (the Reading the Mind in the Eyes Test
— (Baron-Cohen et al, 2001)). Poor performance in
the RMET is associated with autism (Baron-Cohen et
al, 2001) and depression (Lee et al, 2005). The
oxytocin enhances the HRV (Kemp et at, 2012a;
Norman et al, 2011) and the RMET performance with
mentally healthy people (Domes et al, 2007) and
youth with autism spectrum disorders (Guastella et al,
2010).

6 HRV IN CASE OF
PSYCHIATRIC DISORDERS

The HRV fluctuations correlate with some somatic
and psychological disorders (Beauchaine, 2001;
Friedman, 2007). HRV is decreased in case of a
number of psychiatric conditions such as depression,
anxiety disorder and alcoholism (Thayer & Lane
2000; Friedman, 2007; Kemp et al, 2012b; Kemp et
al, 2010; Ingjaldsson et al, 2003). This is an indicator
of inadequate autonomic regulation and poor social
adaptation in case of such conditions (Baron-Cohen
etal, 2000; Demenescu et al, 2010; Hasin et al, 2007).
Itis therefore estimated that HRV is lower in children
with autism (Van Hecke et al, 2009).

The parasympathetic tone to the heart at rest is
important and provides cardiac stability and
improved reactivity (Levy, 1990; Verrier, 1987). The
high frequencies of the HRV (HF) reflect the
Respiratory sinus arrhythmia (RSA) which is
parasympathetically mediated (Thayer & Lane 2000).
Anxiety disorders are associated with lower levels of
RSA and HRV (Llera & Newman, 2010; Hofmann et
al, 2005), thus showing a limited reactivity of the
parasympathetic nervous system. “Physiological
rigidity” (Hoehn-Saric et al, 2004) and decreased
adaptivity to environmental demands (Hoehn-Saric &
McLeod, 2000) are observed. The increased heart rate
and the decreased HRV are also due to the chronically
increased sympathetic tone in case of such conditions
(Grippo & Johnson, 2009; Grippo et al, 2002). This
explains the relationship between worry, poor
cardiovascular health (Kubzansy et al, 1997) and the
overall physical morbidity and mortality (Lipsitz &
Goldberger, 1992; Peng et al, 1994). The cortisol
levels correlate with the increased HR and the
decreased HRV under stress (Looser et al, 2010).

7 HRV AS AN INDICATOR OF
PSYCHOSOMATIC EFFECTS



ON THE CARDIOVASCULAR
SYSTEM

The decreased HRV is associated with the risk factors
of the cardiovascular morbidity and mortality,
including psychosocial stress (Thayer & Lane, 2007;
Thayer et al, 2010b; Thayer et al, 2010a).
Furthermore, anxiety disorders are associated with a
higher risk of cardiovascular diseases such as
myocardial ischemia, sudden cardiac death, and
myocardial infarction (Frasure-Smith & Lesperance,
2008; Martens et al, 2010).

Diminished vagally mediated RSA has been
shown to correlate with congestive heart failure,
arterial hypertension (Curtis & O’Keefe, 2002) and
cardiovascular morbidity (Stys & Stys, 1998). Itis a
significant risk factor for all-cause mortality (Tsuji et
al, 1994).

Chronic activation of the sympathetic system
and/or decreased activity of the parasympathetic
nervous system are also characteristic of
cardiovascular diseases (Fauchier et al, 1999; Joyner
et al, 2010). The activation of the sympathetic
nervous system contributes to  endothelial
dysfunction, hypertension, atherosclerosis, insulin
resistance, and dyslipidemia. It triggers left
ventricular hypertrophy, elevates the occurrence of
arrhythmias, and facilitates renal dysfunction through
the stimulation of sodium and fluid retention,
glomerulosclerosis, and activation of the renin-
angiotensin-aldosterone system (RAAS) (Lamber et
al, 2010). The sympathetic nervous system is
persistently activated in patients with heart failure and
leads to its progression (Kaye & Esler, 2005).

Centrally activated RAAS participates in the
development of hypertension and heart failure
(Francis et al, 2004). Apart from the effects on the
vascular tone and the renal ion transport, RAAS
regulates the metabolism and the cardiac rhythm. It
modulates membrane and sarcoplasmatic reticulum
ion channels and has therefore a proarrhythmic effect
(Iravanian & Dudley, 2008). The altered hormonal
environment (hyperleptinemia, hyperinsulinemia,
hypercortisolemia and hyperaldosteronism) acts back
in the brain and maintains the activation of the
sympathetic system (Mark et al, 2006; Landsberg,
1986). Aldosterone and angiotensin Il also regulate
the sympathetic tone by their central action in the
RVLM.

8 CONCLUSIONS

Recent data shows that stress-related pathology and
depression are found to represent not only
neuropsychological disorders, but also factors leading
to cardiovascular diseases. The heart-brain
interaction is known to be bidirectional, but it seems
that regulation of the brain over heart and vessels is
more prevalent as shown by the increased risk of
cardiovascular diseases in case of neuropsychological
disorders, such as anxiety disorders, depression,
epilepsy or stroke.

The proper functioning of the brain structures
responding in case of psychoemotional stress
influence the mental health and the social adaptation
of individuals, as well as the autonomic balance and
the cardiovascular system, respectively. These
psychosomatic conditions may be easily and non-
invasively evaluated by the physiological parameter
heart rate variability. Considering the significant
psychoemotional stress characteristic of the
contemporary social environment and the increasing
cardiovascular morbidity and mortality, the analysis
of the relationships between the psychological and the
neuroendocrine factors and the heart health is of
utmost importance and will be a subject of future
studies.
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