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Summary 
Autism spectrum disorder (ASD) is a serious neurodevelopmental 
disorder, associated with autonomic dysregulation. However, the 
pathomechanism leading to autonomic abnormalities is still 
unclear. The aim of this study was to assess autonomic nervous 
system (ANS) activity during baseline in homogenous group of 
autistic children using electrodermal activity (EDA), as an index of 
sympathetic activity and short-term heart rate variability (HRV) 
reflecting predominantly cardiac vagal control. Fifteen ASD boys 
and 15 healthy age-matched boys at the age of 7-15 years were 
examined. The continuous EDA and ECG were recorded during 
resting phase in a supine position. Evaluated parameters: EDA 
amplitude (µS), RR interval, spectral power, peak frequency and 
power spectral density in low (LF-HRV: 0.04-0.15 Hz) and high-
frequency (HF-HRV: 0.15-0.4 Hz) bands of HRV spectral analysis. 
In ASD group we found significantly shortened RR intervals 
(729±20 ms vs. 843±30 ms, p=0.005), lower mean EDA 
(0.66±0.13 µS vs. 1.66±0.42 µS, p=0.033), reduced spectral 
activity and power spectral density in HF-HRV compared to 
controls (2.93±0.12 ms2 vs. 3.38±0.10 ms2, p=0.01; 4.12± 
0.10 ms2/Hz vs. 4.56±0.11 ms2/Hz, p=0.008, respectively). We 
suggest that impairment in resting autonomic regulation 
associated with ASD could represent an important 
pathomechanism leading to potential cardiovascular 
complications in ASD.  
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Introduction 
 

The autonomic nervous system (ANS) is 
responsible for maintaining homeostasis, adaptability and 
physiological flexibility of the organism. Physiologically, 
both of the sympathetic and parasympathetic systems 
work at dynamic balance at rest as well as in response to 
stress. Dysfunction of ANS can lead to a variety of 
serious problems exhibited in multiple organ systems, 
such as tachycardia, anxiety, sleep disorders and others 
(Axelrod et al. 2006, Ming et al. 2011). Moreover, it is 
assumed that autonomic dysfunction with a broad range 
of maladaptive conditions is associated with increased 
risk of cardiovascular adverse outcomes (Thayer and 
Sternberg 2006, Ming et al. 2011). 

Autism spectrum disorder (ASD) is a serious 
neurodevelopmental disorder that impairs ability of 
person to communicate and interact with others. 
Specifically, the core behavioral symptoms in ASD 
include atypical social and communicative development 
along with restricted repetitive behaviors, interests and 
activities. Exact etiology of autism is still unclear, but 
numbers of new findings clearly show that autism is not 
a single clinical entity but a behavioral manifestation of 
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tens or perhaps hundreds of genetic disorders, influenced 
additionally by environmental factors (Betancur 2011, 
Ostatnikova et al. 2015). Abnormal brain structures (the 
prefrontal lobes, the amygdala, the anterior insular cortex, 
the anterior cingulate cortex, the cerebellum) have been 
found in ASD people examined with functional magnetic 
resonance imaging (fMRI) or in post mortem studies 
(Courchesne et al. 2001, 2003, Amaral et al. 2008, 
Schumann et al. 2009, Uddin and Menon 2009). 
Additionally, the abnormal levels of neurotransmitters or 
their imbalance of excitation (influence of glutamate, 
serotonin) and inhibition (GABA effect) in neural circuits 
complicate entire developmental process in autistic 
children (Gillberg and Coleman 2000, Purcell et al. 2001, 
Kelemenova 2010). Thus, existing evidence of structural 
and functional abnormalities in central nervous system in 
ASD people may be associated with autonomic 
dysregulation.  

An emerging body of literature suggests the link 
between ASD symptoms and ANS dysfunction related to 
sympathetic overarousal, parasympathetic underactivity, 
or atypical interaction of both systems. Recent research 
has focused on parasympathetic activity, due to its 
potential role in regulating emotional and behavioral 
function (Porges et al. 2013). The findings are 
inconsistent, including reduced or unaltered 
parasympathetic activity (Benevides and Lane 2015). 
Moreover, reduced parasympathetic activity indexed by 
respiratory sinus arrhythmia (RSA), has been associated 
with social and emotional difficulties (Porges et al. 2013, 
Neuhaus et al. 2014), worse language skills (Patriquin et 
al. 2013), or slower emotion recognition (Bal et al. 
2010). On the other side, autistic children with higher 
RSA amplitude showed better social behavior and 
cognitive function (Patriquin et al. 2013). Regarding 
sympathetic activity quantified by electrodermal activity 
(EDA), existing findings in ASD are mixed, such as 
increased (Kushki et al. 2013, O'Haire et al. 2015) and 
unaltered (Levine et al. 2012, Legiša et al. 2013) basal 
skin conductance, as well as atypical EDA reactivity to 
faces (Hirstein et al. 2001) or eye contact (Kylliäinen and 
Hietanen 2006).  

Based on these studies, we addressed the 
hypothesis that ASD children are characterized by altered 
autonomic activity. Therefore, the aim of this study was 
to assess resting activity of the autonomic nervous system 
in children suffering from autism spectrum disorder using 
electrodermal activity and spectral analysis of heart rate 
variability that is not sufficiently described in ASD. 

Methods 
 
Participants 

We examined 15 children (males aged 7-15, 
mean age 11.3±0.5 years, BMI 18.9±0.8 kg/m2), 
diagnosed with Asperger syndrome (n=11) or with high-
functioning autism (n=4). The patients were recruited 
from Psychiatric Clinic at the University Hospital in 
Martin and from Regional Autism Centre in Žilina. 
Inclusion criteria used for enrolling children for the ASD 
group were: primary ASD diagnosis, IQ above 70, ability 
to perform the study and body mass index (BMI) 
calculated for age growth (in order to exclude obesity, 
overweight or underweight). The ASD diagnosis was 
assessed by child and adolescent psychiatrist according to 
DSM-IV-TR and DSM-5 (American Psychiatric 
Association 2000, 2013). Diagnosis was consecutively 
confirmed by supervised qualified specialist in child and 
adolescent psychiatry prior to inclusion of the  
ASD patients in this study. Five autistic children suffered  
from comorbid attention-deficit/hyperactivity disorder 
(ADHD), but the ADHD symptoms – hyperactivity, 
impulsivity and inattention – were not clinically manifest 
at the time of examination. Furthermore, absence of any 
psychiatric symptoms and other comorbid mental 
disorders in ASD group was confirmed by supervised 
qualified specialist in child and adolescent psychiatry 
according to DSM-5 diagnostic criteria prior to 
examination on the same day. Importantly, the  
ASD patients were specially instructed for the 
examination to avoid potential stress and anxious effect. 

The intellectual functioning, measured by 
Wechsler Intelligence Scale for Children (WISC III) was 
conducted by a licensed practitioner – clinical 
psychologist. Full scale IQ scores were above 80. 
Medications potentially influencing autonomic nervous 
system were administered last time 24 h before 
examination. 

The age and gender-matched control group 
(n=15) was examined. The participants were volunteers 
recruited through advertising at nearby schools and had 
no history of mental and neurodevelopmental disorders 
and had normal school performance. Exclusion criteria 
for both groups were following: acute infection, 
cardiovascular, endocrine, respiratory disease or mental 
and other disease potentially influencing ANS (obesity, 
underweight, alcohol or drug abuse). All control children 
were healthy without taking of any medications. Basic 
groups´ characteristics are presented in Table 1. 
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Table 1. The characteristics of studied groups. 
 

 Controls (n=15) ASD (n=15) p-value 

Age (years) 11.1 ± 0.5 11.3 ± 0.5 0.800 
HR (bpm) 72.1 ± 2.5 83.0 ± 2.3 0.004 
SBP (mm Hg) 96.5 ± 2.5 99.7 ± 2.8 0.394 
DBP (mm Hg) 51.9 ± 2.1 58.5 ± 2.6 0.062 
BMI (kg/m2) 18.0 ± 0.8 18.9 ± 0.8 0.178 
Weight (kg) 41.0 ± 3.6 43.7 ± 3.4 0.578 
WHR 0.80 ± 0.01 0.84 ± 0.01 0.007 

Comorbidities - 
ADHD (5) 

selective mutism (1) 
allergy (1) 

 

Medication - 

atomoxetine (2) 
methylphenidate (2) 

valproate (1) 
desloratadine (1) 

 

 
ASD – autism spectrum disorder, HR – heart rate, bpm – beats per minute, SBP – systolic blood pressure, DBP – diastolic blood 
pressure, WHR – waist to hip ratio, BMI – body mass index, ADHD – attention deficit/hyperactivity disorder. Values are expressed as 
mean ± SEM. Probability p<0.05 was considered as significant. 
 

 
Ethics statement 

The study was approved by the Ethics 
Committee of the Jessenius Faculty of Medicine in 
Martin, Comenius University in Bratislava in accordance 
with the Declaration of Helsinki (2000) of the World 
Medical Association. All children and their guardians 
were carefully informed about the study protocol and 
informed written consent was obtained. 
 
Protocol 

All the children were examined under standard 
conditions between 8:00 am and 12:30 pm in a quiet 
room with temperature of 22 to 24 degrees. Light 
breakfast 1 h before examination was recommended. 
After mean heart rate evaluation, blood pressure 
measurement by auscultatory method and anthropometric 
examination using InBody 120 (Biospace Co., Ltd., 
Korea), they were instructed to remain in sitting position 
for the initial phase necessary to avoid the potential stress 
effect. The sensors for physiological measurement were 
placed on the child´s fingers (EDA sensors) and chest 
(ECG sensor). Then they were instructed to lie down and 
remain for 5 min without speaking and movement to 
stabilize the ANS. Subsequently, EDA and HRV were 
recorded continuously during a 5-min rest period. 
 
Physiological measures 

Electrodermal activity is considered as 

a sensitive marker of sympathetic cholinergic nervous 
system. EDA was continuously recorded using device 
FlexComp Infiniti (Thought Technology Ltd., Canada) 
applying a constant electrical voltage between two 
electrodes, usually strapped to two fingers of one hand. 
Two SC-Flex/Pro sensors (dry Ag/AgCl electrodes) were 
attached to the palmar surface of the medial phalanges of 
the second and fourth digits of non-dominant hand and 
fastened using velcro straps. This allows measurement of 
skin conductance level, which vary with sweat gland 
activity due to stress or emotional excitement. The 
sensors sampled signals at the rate of 2048 samples/s and 
passed data to the host computer via the microprocessor-
controlled FlexComp Infiniti encoder unit for subsequent 
analysis. Responses contaminated by children´s body 
movements were easily distinguished on the output trace 
and excluded from the analysis. Mean EDA level (μS) 
was evaluated as the skin conductance amplitude 
averaged in baseline phase.  

Heart rate variability: The ECG signal was 
recorded using the telemetric diagnostic system DiANS 
PF8 (DIMEA Group, Ltd., Czech Republic). Continuous 
recording of RR intervals was performed with sampling 
frequency of 1 kHz. The time phase was 5 min, according 
to recommendations of Task Force (1996) for short-term 
HRV analysis enabling evaluation of the sympathovagal 
balance changes. Before spectral analysis, transmitted 
data were visually checked and any artifacts were 
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removed manually. Then, data were evaluated by using 
the Fast Fourier Transform (FFT) method (using 
a window length of 256 samples) with partly modified 
CGSA (Coarse-graining Spectral Analysis) procedures 
(Yamamoto and Hughson 1991). The linear (spectral) 
analysis of HRV provides quantification of heart rate 
oscillations and allows to evaluate the faster high 
frequency (HF: 0.15-0.4 Hz) component, primarily 
influenced by vagal activity, and slower low frequency 
(LF: 0.04-0.15 Hz) component reflecting both cardiac-
linked sympathetic and parasympathetic activity mediated 
through baroreflex (Task Force 1996). Evaluated HRV 
parameters: RR interval (ms), spectral power in low 
frequency band (LF-HRV in ms2) and high frequency 
band (HF-HRV in ms2), peak frequency in low frequency 
band (freqLF-HRV in Hz) and high frequency band 
(freqHF-HRV in Hz), power spectral density in low 
frequency band (PSD LF-HRV, ms2/Hz) and high 
frequency band (PSD HF-HRV, ms2/Hz). Importantly, 
spectral activity in the high frequency band (HF-HRV: 
0.15-0.4 Hz) is accepted as an index of cardiac vagal 
control (Task Force 1996). 

 
Statistical analysis 

Statistical analysis was accomplished using the 
statistical software MYSTAT 12 for Windows 2008 (SSI, 
Richmond, CA, USA). Absolute values of HRV 
parameters – LF-HRV, HF-HRV, PSD LF-HRV and PSD 
HF-HRV – differed greatly among individuals, therefore, 
they were logarithmically transformed for next statistical 
analysis. The non-gaussian/gaussian distribution was 
ascertained by Shapiro-Wilk normality test. The Kruskal 
Wallis nonparametric test was used for data with non-
gaussian distribution and unpaired Student’s t-test was 
used for variables with gaussian distribution. A value of 

p<0.05 was considered as significant. Data were 
expressed as the mean ± SEM. 
 
Results 
 
Cardiovascular parameters 

The mean heart rate was significantly higher in 
ASD group compared to controls (83.0±2.3 bpm vs. 
72.1±2.5 bpm, p=0.004). Systolic and diastolic blood 
pressure was without significant between-group 
differences (Table 1). 

 
EDA magnitude 

The EDA individual values for each subject 
from studied groups are presented in the Figure 1A. 
Statistical analysis revealed that resting mean amplitude 
of electrodermal activity was significantly lower in 
the ASD (0.66±0.13 µS vs. 1.66±0.42 µS, p=0.033) 
compared to controls (Fig. 1B). 

 
HRV parameters 

RR interval was significantly shortened in ASD 
group compared to controls (729±20 ms vs. 843±30 ms, 
p=0.005).  

The logHF-HRV individual values for each 
subject from studied groups are presented in the Figure 
2A. With respect to vagal activity, the logHF-HRV 
during baseline was significantly lower (2.93±0.12 ms2 
vs. 3.38±0.10 ms2, p=0.01, Fig. 2B) and the logPSD  
HF-HRV was significantly decreased in the ASD group 
compared to control group (4.12±0.10 ms2/Hz vs. 
4.56±0.11 ms2/Hz, p=0.008, Table 2). No significant 
differences were found in other HRV parameters. All 
HRV parameters are noted in the Table 2. 

 

 
Fig. 1. Electrodermal activity (EDA) during rest: A) The individual values of EDA in control group (white bars) and children suffering 
from autism spectrum disorder (ASD) (shaded bars). B) Mean EDA in control group and children suffering from autism spectrum 
disorder (ASD). * p<0.05. 
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Fig. 2. The high frequency band of heart rate variability (logHF-HRV): A) The individual values of logHF in control group (white bars) 
and children suffering from autism spectrum disorder (ASD) (shaded bars). B) Mean values of logHF in control group and children 
suffering from autism spectrum disorder (ASD). * p<0.05. 
 
 
Table 2. HRV parameters in ASD and control group. 
 

 
Controls 
(n=15) 

ASD 
(n=15) 

p-value 

RR interval (ms) 843±30.0 729±20.0 0.005 
logLF-HRV (ms2) 2.76±0.12 2.66±0.12 0.561 
logHF-HRV (ms2) 3.38±0.10 2.93±0.12 0.010 
freqLF-HRV (Hz) 0.10±0.01 0.10±0.01 0.992 
freqHF-HRV (Hz) 0.26±0.02 0.28±0.02 0.542 
logPSD LF-HRV 
(ms2/Hz) 

4.35±0.12 4.17±0.11 0.253 

logPSD HF-HRV 
(ms2/Hz) 

4.56±0.11 4.12±0.10 0.008 

 
HRV – heart rate variability, ASD – autism spectrum disorder, 
logLF-HRV – spectral power in low frequency band logarithmically 
transformed (0.04-0.15 Hz), logHF-HRV – spectral power in high 
frequency band logarithmically transformed (0.15-0.4 Hz), 
freqLF-HRV – the peak frequency in the low frequency band, 
freqHF-HRV – the peak frequency in the high frequency band, 
logPSD LF-HRV – power spectral density of the low frequency 
band logarithmically transformed, logPSD HF-HRV – power 
spectral density of the high frequency band logarithmically 
transformed. Values are expressed as mean ± SEM. The 
probability p<0.05 was considered as significant. 
 
 
Discussion 

 
In this study, we assessed autonomic activity in 

group of autistic children using autonomic indices: 
electrodermal activity (EDA), such as a sympathetic 
index and short-term heart rate variability (HRV), which 
is predominantly mediated by cardiac vagal control. 
Our results found tachycardia, lower HRV indices 
(logHF-HRV, logPSD HF-HRV) and decreased EDA 
indicating impaired both sympathetic and cardiovagal 
regulation at rest in ASD children.  

Autism is characterized by complex social, 
behavioral and communicational impairment. In addition 
to the neurodevelopmental symptoms, children with ASD 
seem to suffer more frequently from cardiovascular 
dysregulation manifested by cold extremities, altered 
peripheral perfusion, syncope, and exaggerated heart rate 
and blood pressure responses to stress (Palkovitz and 
Wiesenfeld 1980, Ming et al. 2005, Axelrod et al. 2006, 
Ming et al. 2016). In particular, increased heart rate was 
repeatedly found in children with ASD compared to 
typically developing controls under resting conditions as 
well as during mental stress (e.g. Kushki et al. 2013, 
Porges et al. 2013). With respect to central-peripheral 
autonomic pathways, the altered cardiovascular 
regulation seems to be predominantly mediated by 
parasympathetic system, specifically the reduced 
cardiovagal control at rest and in response to stress, and 
lower cardiac sensitivity to baroreceptor reflex 
(Benevides and Lane 2015, Klusek et al. 2015, Ming et 
al. 2016). Regarding the sympathetic cardiac regulation, 
the studies examining beta-adrenergic activation indexed 
by pre-ejection period did not find significant differences 
between autistic children and typically developing 
controls at rest (Schaaf et al. 2015, Neuhaus et al. 2016). 
However, children with ASD showed increased 
sympathetic activity indexed by pre-ejection period 
during social interaction with familiar person, whereas 
typically developing children were characterized by 
decrease of sympathetic influence (Neuhaus et al. 2016). 
From this context, detailed study of the central regulatory 
effects on peripheral organs could help to understand 
complex abnormalities of autonomic control mechanisms 
in children with ASD. 

The cardiac function is extremely sensitive to 
autonomic regulatory outputs (Beauchaine 2001). 
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Spontaneous heart rate ''beat-to-beat'' oscillations, i.e. 
heart rate variability (HRV), represent the highly 
integrated cardiac neural control and the HRV analysis 
symbolizes a noninvasive window into complex cardiac 
chronotropic regulation (Calkovska and Javorka 2008, 
Tonhajzerova et al. 2011, Tonhajzerova et al. 2012). Our 
findings of cardiovagal decreased modulation are 
consistent with most previous studies reported decreased 
vagal cardiac regulation in ASD (Ming et al. 2005, Bal et 
al. 2010, Porges et al. 2013, Neuhaus et al. 2014). 
Therefore, higher heart rate found in our ASD group 
could reflect cardiac-linked parasympathetic 
underactivity (indexed by lower logHF-HRV and logPSD 
HF-HRV) rather than dominance of cardiac-linked 
sympathetic activity. In this context, on the other side, 
electrodermal activity as a sensitive physiological marker 
of sympathetic cholinergic system regulated the activity 
of sweat glands (Dawson et al. 2000, Vetrugno et al. 
2003) was reduced in ASD children. These findings of 
sympathetic underarousal indicating potential deficit in 
sympathetic cholinergic modulation in ASD are in 
contrast with most previous studies showing increased or 
unaltered amplitude of mean EDA in ASD (Levine et al. 
2012, Kushki et al. 2013, Legiša et al. 2013, O'Haire et 
al. 2015).  

The neurophysiological mechanisms leading to 
atypical EDA and HRV pattern related to ASD are still 
unexplored. Benarroch (1993) described the central 
autonomic network as highly integrated system, 
regulating visceromotor, neuroendocrine, and behavioral 
responses that are critical for physiological adaptability. 
The mechanisms of autonomic regulation, specifically of 
cardiac vagal control are complicated by the large 
number of cortical, subcortical and brainstem structures 
such as prefrontal cortex, anterior cingulate cortex, 
hypothalamus, amygdala or nucleus of the solitary tract. 
Similarly, central control of EDA, with excitatory and 
inhibitory influences on the sympathetic nervous system, 
includes two main distinct groups of structures: limbic-
hypothalamic, related to emotions and thermoregulation 
and premotor-basal ganglia, related to preparation for 
motor movements. The hypothalamus is considered as 
main integrative structure of ANS control (Dawson et al. 
2000, Boucsein 2012). Importantly, structures as 
prefrontal cortex, anterior cingulate cortex and amygdala, 
involved in regulation of both cardiac vagal control and 
skin conductance, are considered as abnormal in autistic 
children (Brambilla et al. 2003, Amaral et al. 2008, 
Schumann et al. 2009, Stoner et al. 2014).  

In particular, the amygdala is regarded as 
a neuropathological marker in autism research, given its 
established role in the regulation of emotions and social 
behavior (Schumann et al. 2009) and due to its extensive 
connections with hypothalamus and ventromedial 
prefrontal cortex (vmPFC), amygdala is significantly 
implicated in central autonomic control (Critchley 2002, 
Arnsten 2009). Physiologically, the amygdala, which 
becomes active during threat/uncertainty, is under tonic 
inhibitory control from the prefrontal cortex. Thus, in 
case of threat or novelty, the prefrontal cortex becomes 
hypoactive. This hypoactive state is related to 
disinhibition of sympathoexcitatory defensive circuits  
and inhibition of parasympathoexcitatory neurons 
accompanied by an increase in heart rate (HR) and 
decrease of vagally mediated HRV (Hänsel and von 
Känel 2008, Thayer and Lane 2009). Moreover, the 
sympathetic branch activity is under tonic inhibitory 
control via GABAergic mediated projections from the 
prefrontal cortex (Thayer and Lane 2009). In addition, the 
importance of inhibitory processes by prefrontal cortex is 
essential to the preservation of the integrity of the system 
(Thayer and Sternberg 2006).  

In ASD children, the amygdala is initially larger 
than normal and adult size reaches before adolescence. 
This abnormal growth trajectory of amygdala seems to be 
related with severity of social and communication 
impairments in ASD (Sparks et al. 2002, Schumann et al. 
2004, Schultz et al. 2005, Amaral et al. 2008, Schumann 
et al. 2009). Moreover, Schumann et al. (2004) assumed 
that although amygdala of older autistic children is 
approximately the same size as older typically developing 
children, its neuroanatomical or functional organization 
seems to be different in ASD. Thus, the amygdala role in 
regulation of HRV and EDA in autistic children is more 
complicated and still discussed. 

The abnormalities of the prefrontal cortex, such 
as minicolumnar pathology (Casanova et al. 2006), or 
abnormal laminar cytoarchitecture (Stoner et al. 2014), 
confirmed our assumption that prefrontal cortex 
underactivity could be associated with reduced HRV and 
EDA in autism. Importantly, Courchesne and Pierce 
(2005) clarified that connectivity within frontal lobe in 
ASD is excessive and disorganized, whereas connectivity 
between frontal cortex and other systems is reduced. 
Therefore, it is suggested that aberrant brain connectivity 
would impair the basic frontal function of integrating 
information from widespread systems resulting in altered 
autonomic activity in ASD (Courchesne and Pierce 
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2005). We assume that differences in neuroanatomy, 
function and connectivity in these regions may affect 
sympathetic as well parasympathetic function in  
ASD children quantified by EDA and HRV, respectively.  

From this context, symptoms of anxiety in 
autism were assumed to be associated with lower 
functional connectivity between frontal cortex and limbic 
system, as an impaired frontal inhibition of limbic system 
(Wang et al. 2016). Interestingly, Panju et al. (2015) 
studied two groups of ASD (low-anxiety and high-
anxiety) and they found significantly decreased mean 
EDA in high-anxiety ASD group. Lower sympathetic 
activity was found also in several mental disorders such 
as ADHD or depression (Dawson et al. 2000, Snoek et al. 
2004). Our study revealed sympathetic underactivity 
indexed by lower EDA in ASD as a result of potential 
abnormalities in cortical and subcortical regulatory areas 
associated with autistic children. However, it is 
questionable whether our findings of altered autonomic 
activity are predominantly related to autism-linked 
abnormal central autonomic control or it could reflect 
potential subclinical and asymptomatic comorbid 
psychiatric symptoms associated with autism (e.g. 
anxiety). 

With regard to cardiac vagal control, polyvagal 
theory (Porges 1995, 2003, Porges et al. 2013) reported 
that myelinated vagus is a dynamic contributor to the 
processes of the emotion and social interaction. 
Functionally, the “vagal brake” by modulating visceral 
state (slowing or speeding heart rate) enables the 
individual to promptly engage and disengage with objects 
and to support self-soothing and calm behavioral states. It 
seems that higher cardiac vagal control is associated with 
better social behavior and cognitive function; however, 
these cardiovagal patterns are specifically compromised 
in autism (Porges 2003). Therefore, lower cardiac vagal 
regulation found in our ASD children may indicate a less 
effective "vagal brake" associated with deficits in 
behavioral and psychological features of the social 
engagement system. Moreover, the impaired cardiac 
vagal regulation in autistic children could refer to worse 
language skills and deficits in social, emotional 
regulation.  

Limitations of the study 
This study included a relatively small group of 

children suffering from ASD, therefore, further validation 
in larger sample size of autistic children is needed. 
Furthermore, cardiac autonomic activity has been 
affected by specific medication as methylphenidate (Kim 
et al. 2015). Despite the fact that we do not assume 
a significant treatment effect on the studied autonomic 
parameters due to small sample of treated autistic 
children and exclusion of treatment before the 
examination in this study, a comparison between treated 
and non-treated ASD patients might clarify this crucial 
issue in future studies.  

In this study, clinical measures of anxiety or 
other psychiatric symptoms by special scales were not 
evaluated in ASD patients. We assume that the 
interaction between psychiatric symptoms and  
ASD-linked abnormal autonomic activity could 
illuminate the pathway linking sympathovagal imbalance 
and autism. Moreover, the ANS function was examined 
only during resting phase. From this point of view, 
autonomic reactivity in response to physiological or 
mental stress might bring more information about 
autonomic regulatory mechanisms in ASD. Further 
research in these fields is needed. 

 
Conclusion 

 
This study revealed both sympathetic and 

parasympathetic lower resting activity indicating 
autonomic underarousal in ASD children. We assume that 
the assessment of early and subclinical symptoms of 
impaired complex neurocardiac regulation could elucidate 
potential pathomechanism leading to cardiovascular and 
other complications associated with ASD. 
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