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ABSTRACT
Changes  in  cardiovascular  reactivity  have been used as  a  psychophysiological  marker  of 
various emotional states in both children and adults. Recent decades have seen increasing use 
of heart rate variability as a non-invasive marker of cardiac autonomic function and of central 
processes  involved  in  autonomic  function  regulation.  Developmental  research  has  linked 
cardiac vagal tone to an individual’s responsivity to environmental challenges and a decrease 
in vagal component of heart rate variability may reflect deficiencies in emotional regulatory 
system.  Studies with children and adolescents suggest that attenuated cardiac vagal function 
is seen in various pathophysiological conditions characterised by emotional dysregulation. 
Thus, alteration in cardiac vagal modulation may be the common mechanism underpinning 
the association between negative affective states, emotional dysregulation and risk for cardiac 
disease. 
Key  Words: Childhood  psychopathology;  cardiovascular  disease;  heart  rate  variability; 
cardiac vagal tone.
 

It  is  being  increasingly  recognized  that  childhood  emotional  disorders  are  highly 
prevalent,  persistent and  are  related  to  the  later  development  of  adult  onset  anxiety  and 
depressive disorders.1-3 Given the close relationship that exists between childhood emotional 
disorders and adult psychopathology, there has been suggestion that early intervention during 
childhood and adolescent  years  might  prevent  the later  onset of adult  psychopathology.4-6 

These  findings  have  spurred  considerable  interest  in  understanding  the  biological 
underpinning  of  childhood  emotional  disorders  with  particular  emphasis  on  identifying 
physiological markers of early vulnerability. 7-9 In this regard study of psychophysiological 
changes that accompany various negative affective states in children has been particularly 
useful.

Among  the  various  psychophysiological  markers,  cardiovascular  reactivity  has 
attracted  considerable  attention  as  it  demonstrates  a  high  degree  of  stability  through 
childhood  and  adolescence.10-11  Initial  research  that  studied  the  association  between 
cardiovascular  reactivity  and  childhood  psychopathology  noted  a  consistent  association 
between childhood disruptive behaviour and a lower resting heart rate,12  as opposed to an 
elevated  resting  heart  rate  in  childhood  anxiety  disorders.13 These  initial  observations 
received further support from the findings that children with high resting heart rate and high 
anxiety have less disruptive behaviours,14 and more importantly lower resting heart rate in 
adolescence was predictive of criminal acts in adulthood.15 Thus, autonomic under-arousal in 
children with conduct disorder as manifested by a lower resting heart rate and autonomic 
hyper-arousal  in  children  with  anxiety  disorders  were  hypothesized  as  possible 
neurobiological underpinnings of childhood negative affective states.13 Resting heart rate is 
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under the dual influence of parasympathetic  and sympathetic  nervous system and thus,  a 
higher  resting  heart  rate  could  conceivably  be  a  consequence  of  either  heightened 
sympathetic  modulation  to  the  heart  or  a  withdrawal  of  cardiac  vagal  modulation.16,17 In 
addition,  many emotional states such as anxiety,  anger, hostility and response to stressful 
situations  are  transitory  in  nature  and  involve  rapid  mobilization  of  responses  to 
environmental  challenges. As affect  regulation involves integration of both biological and 
psychological domain, psychophysiological markers of emotional dysregulation must reflect 
integration across various domains: affective, cognitive, behavioural, central nervous system 
and autonomic nervous system.18 Several psychophysiological measures have been used to 
index affect  regulation.  This article  will  focus on one such psychophysiological  measure, 
heart  rate  variability  and  its  relationship  to  negative  affective  states  in  childhood  and 
adolescence.

Measures of heart rate variability (HRV)
Neural  mechanisms  governing  cardiovascular  system  play  an  important  role  in 

maintaining homeostasis by enabling rapid dynamic responses to changing physiologic and 
environmental challenges. Various physiological manoeuvres have been used to gain a deeper 
understanding into the functioning of the autonomic nervous system as provocative measures 
tend to reveal between group differences in cardiovascular autonomic control beyond those 
seen at rest.19 Beat-to-beat fluctuations in heart rate and blood pressure are referred to as heart 
rate  variability  and  blood  pressure  variability.  Many  factors  like  age,  level  of  physical 
activity, exercise, medications, sleep-wake cycle, respiratory activity, heart rate and posture 
influence the measurement of HRV.

Power spectral analysis of HRV has been used extensively as a non-invasive tool to 
study  the  cardiac  autonomic  nervous  system  ever  since  Akselrod  and  his  colleagues 
characterized the autonomic basis of the observed peaks in the heart rate power spectrum.20 

Power spectral analysis of heart rate variability reveals three spectral components: the very 
low (≤ 0.04 Hz), low (0.04-0.15 Hz) and high frequency components (0.15-0.4Hz).21 There is 
considerable  evidence  to  suggest  that  the  high  frequency  power  is  largely  a  function  of 
parasympathetic  influences  to the heart.  The low frequency power may not solely reflect 
sympathetic activity but is used, most often normalized for total power, as a representative 
index of sympathetic influences to the heart.21,22 The low frequency / high frequency power 
ratio has been used by several investigators as a marker of sympathovagal balance although 
the use of this index has been debated in recent years.23,24 

Brainstem  mechanisms  in  concert  with  limbic  structures  such  as  amygdala  are 
involved in the control of cardiac pacemaker activity.25 This provides the rationale for the use 
of HRV as a non-invasive marker of limbic activity. Studies have also shown that HRV is 
associated with pre-frontal  cortex activity,26 especially the anterior neural  circuits  that  are 
involved  in  affective,  cognitive  and  autonomic  modulation.27 Thus,  HRV is  an  index  of 
central and peripheral neural feedback and central nervous system-autonomic nervous system 
integration and is a useful non-invasive tool to study central processes involved in autonomic 
regulation thereby emphasizing its relevance in various psychiatric conditions. 

HRV and emotional dysregulation in childhood
Emotional regulation and HRV

Porges and his colleagues in a series of studies in infants and children showed that 
vagal tone as measured by HRV is an index of emotion and attentional regulation.28 Low 
vagal tone is associated with poor affect regulation, decreased responsivity to stimuli and 
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increased  vulnerability  to  stress  in  infancy  and  childhood.29 Infants  with  difficulties  in 
decreasing vagal tone during a social / attention task at 9 months of age had significantly 
greater behavioural problems at 3 years of age.30 Kagan and his colleagues have described the 
construct of behavioural inhibition, a temperamental attribute in children, which they showed 
to  be  related  to  later  development  of  anxiety  disorders.31,32 Consistent  withdrawal  when 
exposed to unfamiliar situations is one of the characteristics of these children. Children who 
were more likely to show behavioural inhibition to unfamiliar situations had high stable heart 
rate  at  both  baseline  and  during  cognitive  stress  compared  to  children  who  were  not 
behaviourally inhibited.33 In addition, there was a greater shift towards low frequency power 
in HRV under cognitive stress in behaviourally inhibited children. Inhibited and uninhibited 
children  also  differed  on  other  physiological  indices  such  as  salivary  cortisol  levels, 
norepinephrine levels and pupillary size at both baseline and in response to cognitive stress.31 

The authors interpreted these findings as suggestive of heightened sympathetic activity with 
involvement of neural circuits in the limbic system as the basis for behavioural inhibition.34 

The emphasis  on sympathetic arousal in Kagan’s hypothesis  contrasts with findings from 
other studies where cholinergic modulation was associated with emotional regulation. These 
differences  are  probably related  to  methodological  issues  with Kagan and his  colleagues 
using time domain method to analyze HRV as opposed to frequency domain method used by 
others. Others have noted an excessive vagal reactivity to various environmental challenges 
among children who are temperamentally shy and angrily reactive.35,36 In contrast, vagal tone 
is  positively  correlated  with  children’s  social  engagement,  with  teacher  reports  of  social 
competence and expression of empathy towards others in distress.37-39. Higher vagal tone also 
appears to protect children who are exposed to marital discord and hostility from developing 
behavioural problems.40 Thus, based on these findings Porges has proposed that development 
of appropriate social behaviour is dependent on the ability to regulate cardiac vagal tone,30 

and  cardiac  vagal  tone  mirrors  an  individual’s  response  and  adaptivity  to  environmental 
challenges and demands.41-44

To  summarize,  vagally  mediated  component  of  HRV  reflects  adaptivity  (mal 
adaptivity)  to  environmental  challenges  and  indexes  ability  (inability)  to  modulate  affect 
responses.  Several  structures  within  the  CNS  coordinate  autonomic,  endocrine  and 
behavioural  responses  to  environmental  challenges.  HRV  especially  the  parasympathetic 
component indexes this central  nervous system-autonomic nervous system integration and 
consequently is a psychophysiological marker for adaptive emotional regulation27.
Childhood psychopathology and HRV

Externalizing disorders of childhood and HRV: Mezzacappa et al in a study of HRV 
in adolescent males found that antisocial behaviour was associated with deficient modulation 
of  vagally  mediated  phasic  respiratory effects  on heart  rate.45 In  a  related  study in  male 
children and adolescents problems with impulse control were associated with decreased vagal 
component  of  HRV.46 In  a  study  of  7-11  years  old  younger  brothers  of  adjudicated 
delinquents at  risk for delinquency,  Pine et  al observed that continuous measures of both 
externalizing and internalizing psychopathology were associated with decrements in vagal 
components of HRV.47 These associations were independent of other potential confounders 
such as age, ethnicity,  social class, body size or family history of hypertension. While the 
study was on high risk subjects,  the sample  did include  children  who had obtained  high 
scores on Childhood Behaviour Checklist (CBCL) indicative of significant psychopathology. 

Literature suggests that problems with behavioural modulation especially deficits in 
executive and motivational control appear to be linked to conduct disorder.48,49 In a study that 
assessed executive and motivational influences on motor behaviour in 10 year old children, 
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competence in executive control was associated with greater vagal modulation of HRV.50 

This  finding  is  consistent  with  earlier  observations  that  antisocial  adolescents  had 
deficiencies in both executive control and parasympathetic modulation of HRV.45 Studies by 
Porges and colleagues had suggested that vagal modulation of HRV is closely associated with 
attentional  regulation.  In  clinical  samples  of  children  with  attention  deficit  hyperactivity 
disorder, there was an association of HRV and poor performance on continuous performance 
tasks.51 Similar association between reduced HRV especially the vagal component and poorer 
performance on attentional tasks was observed in 7-12 year  old boys  exposed in utero to 
opiates  and  alcohol.52  Thus,  a   variety  of  behavioural  problems  and  externalizing 
psychopathology  in  children  and  adolescents  are  associated  with  deficiencies  in  vagal 
component of HRV. 

Internalizing disorders of childhood and HRV: While studies of HRV in adult patients 
with anxiety and depressive disorders have shown decreased cholinergic modulation to the 
heart,53,54 studies in childhood  emotional disorders and HRV are only beginning to emerge.55 

Mezzacappa et al in a study of 15-year old boys reported that anxiety, based on self-report 
and ratings obtained from mothers and teachers, was associated with postural induced change 
in measures  of HRV.43 The authors interpreted their  findings as suggestive of heightened 
sympathetic mediation of HRV in adolescents with anxiety. In contrast, in a study of boys at 
risk for delinquency, a continuous measure of internalizing psychopathology was associated 
with decreased HRV mainly in the parasympathetic component.47 While the aforementioned 
studies were conducted on non-clinical samples, Monk et al studied 22 children (9-18 years) 
meeting  DSM-IV  criteria  for  various  anxiety  disorders  (separation  anxiety  disorder, 
overanxious disorder, panic disorder/ panic attacks,  and social  phobia) using standardized 
parent and child interviews and 12 normal children.56 The investigators used 15 minutes of 
exposure to 5% CO2 , a stressor known to increase anxiety in patients with anxiety disorders. 
Anxious children had higher and less fluctuating heart rate at baseline. In addition, children 
with anxiety disorders showed less change in HRV especially in high frequency power as 
opposed to healthy controls who exhibited a significant decrease in HRV in the initial phases 
of CO2 inhalation. These findings suggest that children with anxiety disorders fail to modulate 
appropriately the vagal component of HRV when faced with an environmental  challenge. 
This is in agreement with earlier observations that inappropriate vagal modulation in the face 
of environmental demand is predictive of maladaptive behaviour.30  

While the aforementioned studies have all used linear measures of HRV, increasingly 
investigators have begun to employ non-linear measures of HRV in addition to routine linear 
measures of HRV. In a small study, a significant decrease in a non-linear measure of HRV 
was observed in children with anxiety disorders (n=7) compared to controls, while linear 
measures of HRV did not differentiate the groups.57 The authors interpreted their findings as 
suggestive of a decrease in vagal function as the Largest Lyapunov Exponent (a non-linear 
measure  used  in  the  study)  is  diminished  by  atropine  blockade.58 Similarly,  children  of 
parents with panic disorder (who are at an increased risk for developing anxiety syndromes) 
had significantly lower LLE compared to children of controls.59 Thus, data from clinically ill 
population  lends  support  to  the  earlier  findings  that  vagal  modulation  of  HRV  indexes 
responses  to  environmental  demands  and  is  consistent  with  clinical  observations  of 
maladaptive behavioural patterns seen across diverse situations in children and adolescents 
with psychopathology60. 

Studies reviewed here suggest that alteration in autonomic functions as indexed by 
HRV is implicated in a variety of psychiatric conditions. This is consistent with the view 
advanced by Porges and colleagues that HRV especially the vagal component reflect 
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attentional and emotional regulation, which are implicated in. diverse childhood psychiatric 
conditions. Findings of reduced HRV and psychopathology across the life span suggest that 
both may be influenced by similar neurobiological mechanisms such as alterations in limbic 
system.33 

Pharmacological treatment in childhood disorders and HRV
Cardiovascular side effects of antidepressant medication including reports of sudden 

death in children being treated with medication is of great concern.61,62 Walsh et al noted that 
desimipramine  reduced  both  low frequency  and  high  frequency  components  of  HRV  in 
subjects younger than 30 years of age.63 These findings were replicated in another study with 
tricyclic antidepressant use resulting in a significant decrement in vagal component of HRV.64 

In a more recent study using both linear and non-linear measures of HRV, imipramine even 
in small doses significantly decreased vagal component of HRV in children who were being 
treated for enuresis.65 The effect of medication on measures of HRV in these studies was 
independent  of  confounders  such  as  age  and psychopathology.  As  autonomic  maturation 
proceeds  at  different  rates  in  different  children some children  may be  at  greater  risk for 
developing  adverse  cardiac  events  on  exposure  to  tricyclic  antidepressants.64 In  addition, 
children  with  anxiety  disorders  may  be  particularly  vulnerable  to  cardiac  side  effects  of 
tricyclic antidepressants as anxiety is associated with altered cardiac autonomic regulation.55 

These findings assume importance as several studies have suggested an association between 
decreased HRV and an increased risk for cardiovascular morbidity in adults and children with 
heart disease.66-68 

Implications of altered HRV in childhood psychopathology
Studies  in  adults  have  implicated  various  negative  affective  dispositions  such  as 

anger, anxiety, depression and hostility as risk factors for coronary artery disease and cardiac 
mortality.69-71 One of the potential mechanisms that link negative affective states and risk for 
cardiovascular  morbidity  is  altered  cardiac  autonomic  regulation.  Considerable  evidence 
exists that decreased HRV especially in the parasympathetic component is associated with an 
increased risk for cardiovascular morbidity and mortality in adults and children with heart 
disease66-68.  Similar  associations  of  decreased  HRV  in  children  with  emotional  and 
behavioural  problems  suggest  that  altered  cardiac  autonomic  regulation  during  childhood 
indicates  later  risk  for  cardiovascular  morbidity.  Thus,  pathogenesis  of  coronary  artery 
disease and hypertension may have its origins in childhood.72,73 A number of studies have 
shown an association between behavioural profiles in childhood and adolescence and future 
cardiovascular funtioning74,75. 

The  study  of  autonomic  regulation  in  childhood  psychiatric  disorders  may  have 
important implications for the understanding of etiology and prevention of cardiovascular 
diseases  in  adults.76 Early  identification  and  treatment  of  negative  affective  states  in 
childhood may reduce risk for future cardiovascular  disease.  In a study of middle school 
students,  subjects  trained  in  emotional  self-management  skills  exhibited  significantly 
increased  HRV  during  recovery  from  stress  compared  to  controls.77  As  decreased  vagal 
function may antedate the onset of several risk factors in relation to cardiovascular illness,78 

enhancing cardiac vagal functioning may positively impact negative affective states,79,80,81 and 
confer cardiovascular health benefits.82,83 More intervention studies targeting children with 
risky  behavioural  patterns  such  as  impulsivity,  hostility  and  aggression  and  those  with 
internalizing pathology are needed to examine the impact on health and behaviour. Future 
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studies should explore the influence of psychological variables such as attachment status, and 
parent-child relationship because of their impact on emotional regulation and health.84,85
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