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Abstract

Background & Objectives: Autism Spectrum Disorder (ASD) being a complex neuro-developmental
disorder is found to be associated with Autonomic Nervous System (ANS) dysfunction. The sympatho-
vagal continual dynamic excitatory- inhibitory interactions leads to Heart Rate Variability (HRV) which is
an index of cardiac autonomic regulation. Aim of the study was to evaluate cardiac autonomic regulation in
children with ASD at rest using short-term HRV analysis and to correlate it with severity of autism.

Methods: A total of 30 subjects were evaluated in the study comprising of 15 ASD children and 15 healthy
controls. A five minutes recording of resting ECG was carried out from which R-R intervals were procured
and HRV indices were analysed. Frequency domain analysis of HRV was carried out and the following
parameters were evaluated: Spectral powers in low frequency (LF) bands, High frequency (HF) bands, total
power (TP), LF/HF ratio and average heart rate (HR) were evaluated. HRV indices between the groups were
compared using Student’s t test. Severity of autism was correlated with the evaluated HRV indices using
Pearson correlation test.

Results: Cardiac sympathetic activity as assessed by low frequency power spectrum (‘p’ value 0.034) and
total power (‘p’ value 0.023) of the HRV spectrum was significantly higher in autistic children compared
to that of normal controls. However, the association between severity of ASDs and HRV indices were not
statistically significant.

Conclusion: Study concludes that here was no significant association between HRV indices and severity of
autism.
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Introduction

Autonomic nervous system (ANS) incorporates two
opposing branches, the sympathetic and parasympathetic
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systems that maintain body homeostasis.! Functionally,
the sympathetic system is activated during “fight-
or- flight” situations and is associated with catabolic
processes while the parasympathetic system is
concerned with the vegetative functions of routine living
and mediates anabolic processes of the body.?> The
parasympathetic division usually opposes or balances
the actions of sympathetic division. ANS plays an
important role in a wide range of visceral-somatic and
mental diseases.

A network of brain areas like prefrontal cortex,
amygdala and hypothalamus controls the ANS as
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well as socio-emotional and cognitive processes. The
central autonomic network has tonic, reflexive and
adaptive control over autonomic functions and monitors
cognitive, emotional and behavioural responses and its
dysregulation is noted in various neuro-psychological
ailments.! Rising evidence portrays the association of
Autism spectrum disorders (ASDs) with the dysfunction
of ANS.

ASD is a complex neurological and developmental
disorder categorized by impaired social communication,
limiting interests, and conventional repetitive
behaviors.! Differences in development in 3 main
areas: communication (verbal and non-verbal), social
interactions and imagination. This is stated to as
the triad of impairments. It is known as a ‘spectrum
disorder’ because the severity of symptoms may range
from a mild learning and social disability, to more
complex needs with multiple complications and often
very unusual behaviour. The Diagnostic and statistical
manual for mental disorders -V (DSM-V) in May 2013
established the use of unique term ‘Autism Spectrum
Disorders (ASDs)’.> At least one comorbid mental
disorder is associated with about 70% of ASDs and 40%
may have two or more comorbid mental disorders.* The
incidence of Autism has revealed a swift increase over

1

the last few years. Current international studies show
that about 1 in 68 people have autism and its incidence is
believed to be steady around the world.? Males are more
often affected with autism than females, at a ratio of 4:1
(males: females).’ The onset of symptoms of ASDs are
gradual for most children; although they develop before
the age of 3 years.

Autonomic imbalance, in which one branch of the
ANS dominates over the other, is related to a lack of
active flexibility and fitness. Clinical symptoms of these
disorders are often non-characteristic and so to identify
them it is vital to know the procedures of assessment
of ANS function.® Autonomic activity dysfunctions
may be related to social functioning in individuals with
ASD. The mutual regions of the brain that are associated
with both autonomic dysfunction and socio-emotional
deregulations, make autonomic status a good biomarker
for ASD.

Heart rate is complexly modified by the coordination
of autonomic, respiratory, circulatory, endocrine and
mechanical influences over time. It is an important
parameter for the assessment of autonomic function
and reflects the autonomic activity of sinoatrial node.'

The sympatho-vagal continual dynamic excitatory-
inhibitory interactions leads to heat rate instantaneous
oscillations called Heart rate variability (HRV)
which is assessed by computing R-R intervals.? HRV
pattern variations provide an advanced indicator of
health involvements. Higher HRV is a signal of good
adaptation and symbolizes a healthy person with well-
organized autonomic mechanisms, while lower HRV
is frequently an indicator of abnormal and inadequate
adaptation of the ANS. HRV is a useful non-invasive
tool to study central processes involved in autonomic
regulation, thereby emphasizing its relevance in various
psychiatric conditions. As per literature, fluctuations in
HRYV reflects both the sympathetic and parasympathetic
responses and the sympathovagal balance can also be
assessed.’” Various HRV indices are widely recognized
as useful and powerful indicators of physiological and
psychological interaction.®

As suggested by literature, the link between ASD
symptoms and ANS dysfunction can be related to
parasympathetic sympathetic
arousal, or an atypical interaction between these
systems.”!! Some studies have reported no significant
differences in resting autonomic activity in children with
ASD compared to controls.'*!* Both sympathetic and

underactivity, over-

parasympathetic lower resting activity were revealed
in studies done by Bujnakova et al. in 2016, indicating
autonomic under arousal in ASD children.'* Studies
assessing orthostatic stress in ASD children have
shown higher parasympathetic responses with the same
sympathetic modulation, suggesting parasympathetic
dominance in this population.'® Thus, the inconsistencies
in the existing literature on autonomic function in ASD
propose a large heterogeneity in this population.

Many paediatric autonomic disorders occur as
a result of developmental abnormalities caused by
specific genetic mutations and others as a result of
generalized central dysfunction. In addition to traditional
neurodevelopmental symptoms, autism also produce
symptoms attributable to other organ systems that suggest
underlying autonomic dysfunction. Aim of the present
study was to evaluate cardiac autonomic regulation in
autistic children using HRV as an assessment tool and
compare HRV indices between normal and autistic
children. The study also correlated the severity of autism
with the obtained HRV indices.
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Materials and Method

Study population: The study was conducted on
Children diagnosed with ASDs and age and gender
matched controls. 40 children were recruited for the
study including 24 autistic children and 16 controls.
Excluding dropouts during ECG recording and HRV
analysis reliable statistical data could be obtained only
for 15 autistic and 15 normal children. Out of the autistic
children 9 were boys and rest 6 were girls whereas
normal group comprised of 8 boys and 7 girls. Children
aged between 3 and 14 years were recruited for the study.

Selection Method: Children with ASDs were
diagnosed by a Psychiatrist or clinical Psychologist
using DSM-V criteria (APA, 2013).

Exclusion criteria: Children with diagnosis of
disruptive behaviour disorders, severe and profound
Intellectual disability, and with autonomic dysfunction
were excluded as all these conditions affected HRV
parameters evaluated in the study.

Study setting: Study was conducted in the research
lab of Department of Physiology of K. S. Hegde Medical
Academy, Mangalore. Subjects were recruited from
Psychiatric, Paediatric & Speech language pathology
departments of K.S Hegde Charitable Hospital.

Ethical clearance: Institutional and Central ethics
committee approval was obtained from Nitte University
for the study. Study procedure was explained in detail
to the parents’ of children recruited and written consent
was procured from them.

Assessment of severity of autism: Diagnosis of
ASD was made by experienced Psychiatrist or Clinical
Psychologist according to DSM-5° criteria and based
on previous psychiatric reports. Medical practitioner
confirmed ASD diagnosis in autistic group and normal
functioning in control group. Severity of autism was rated
using Childhood Autism Rating Scale (CARS-2), which
is a behaviour rating scale. It consists of two 15-item
rating scales which is completed by a trained clinician
and a Parent/Caregiver questionnaire. CARS-2 identifies
children 2 years and older with ASD and distinguishes
between mild to moderate and severe autism.

Experimental procedure: Subjects suitable for
our study criteria were screened. The time required
for recording varied from subject to subject depending
on their psychological status during the procedure.
For normal children the study procedure went for

approximately 20-25 minutes, including the initial time
taken for subjects to adapt to the study setting. Basal
Blood pressure (BP) and anthropometric characteristics
like height, weight and body mass index (BMI) were
evaluated.

Assessment of HRV: Lead II Electrocardiogram
(ECG) was recorded using a computerised 4- channel
data acquisition unit (Power lab 26-T, AD instruments,
Australia) in sitting position for 5 minutes. From the ECG
recording a sequential series of successive R-R intervals
were obtained which was validated before analysis using
a standardised procedure as recommended by the Task
Force of European Society of Cardiology.” The data so
gathered was then subjected to spectral analysis of HRV
using Fast Fourier Transform (FFT) and indices were
calculated. Two main spectral components were retained
to quantify the power spectral density: low frequency (LF;
0.04 to 0.15 Hz); high frequency (HF; 0.15 to 0.40 Hz)
bands and total power (TP: variance of all RR intervals).
LF components represent both parasympathetic and
sympathetic modulations'® whereas HF is associated
to parasympathetic modulation’. Additional calculation
included LF/HF ratio which constitutes evaluation of the
ANS balance (sympathetic/parasympathetic). If this ratio
is <1, there is a parasympathetic predominance, whereas
a ratio above 1 reflects a sympathetic predominance.”!”
These data formed a tachogram and were exported. From
the report obtained total power (TP in ms?), absolute &
normalized units of HF and LF HRV indices and LF/HF
ratio were considered for statistical analysis.

Statistical Analysis

Statistical analysis was performed using SPSS 20.0.
(SPSS-Inc., 233 South Wacker Drive, Chicago) software
package.HRYV indices recorded were expressed in terms
of Mean + Standard error. Comparison of HRV indices
between autistic and control group was performed using
Student‘t’ test. Probability value p <0.05 was considered
as statistically significant. The strength of association of
severity of autism with HRV indices was assessed using
Pearson correlation for parametric variables.

Results

Subject characteristics

The general subject characteristics are summarized
in Table 1. The results suggest that autistic children
exhibited a significantly higher weight (p= 0.020) and
BMI kg/m? (p= 0.041) compared to their non-autistic
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counterparts. All other characteristics like age, height, SBP, DBP, and basal heart rate did not show any significant

difference between the groups.

Table 1- Subject characteristics

Characteristics ASD Control
Age (years) 10.1 £ 1.01 8+1.03
Weight (kg) 32.7+£4.36* 20+£1.9
Height (m) 1.3+0.07 1.24+0.05
BMI (kg/m2) 18.8 £2.07* 13.9+0.46
SBP (mm Hg) 97.7+5.3 98.3+2.84
DBP (mm Hg) 70.7 +£5.09 67+2.4
Heart rate (bpm) 94.42 +3.47 98.02 +3.19

Abbreviations: BMI- Body Mass Index, calculated as Weight (kg)/Height (m?), SBP- Systolic blood pressure, DBP-

Diastolic blood pressure, *p < 0.05

Table 2 shows comparison of HRV indices between the study groups. The LF absolute units were found to be
significantly higher in the ASD group than the control group (p = 0.034); on the contrary, the HF absolute indices,
despite exhibiting a lower range in ASD, was not significantly higher (p = 0.008) compared to their non-autistic
counterparts. The HF and LF nu did not show statistical significance between the groups. . The TP values (p = 0.023)
on the other side exhibited a significantly higher value in ASD group compared to controls.

Table 2- Heart Rate Variability Indices

HRYV INDICES ASD Control

HF absolute (ms2) 651.57+123.3 1262.62 +295.90
HF normalized 37.47+3.6 43.1£5.09

LF absolute (ms2) 1028.32 + 138.46* 552.26+59.3

LF normalized 40.55+3.7 36.51£4.32

TP (ms2) 4097.00 = 877.2* 2180.78 +364.8
LF/HF ratio 1.12+£0.241 0.85+0.25

Abbreviations: HF- High frequency, LF- Low frequency, TP- Total power, * p< 0.05

Table 3 shows the results of assessment of strength of association of severity of autism with cardiac autonomic
parameter using Spearman rank correlation for non-parametric variables and Pearson correlation for parametric

variables.
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Table 3: Correlation of autonomic indices with severity of ASD.

ASD severity
Autonomic Indices

R P
HF absolute (ms2) 0.034 0.83
HF normalized (nu) 0.06 0.71
LF absolute (ms2) 0.17 0.29
LF normalized (nu) 0.08 0.63
TP (ms2) 0.04 0.81
LF/HF ratio 0.02 0.89

Abbreviations: [R- Pearsons correlation coefficient, P- statistical significance,HF- High frequency, LF- Low frequency, TP- Total

power]

Table 3 shows the results of assessment of strength of
association of severity of autism with cardiac autonomic
parameter using Pearson correlation for parametric
variables.

Discussion

Cardiac autonomic regulation has emerged as one of
the important psycho-physiological measures of various
behavioral features in children and adults. Children with
autism spectrum disorder are known to exhibit altered
behavioral aspects. Since HRV is a validated indicator
of the function of cardiac autonomic regulation, this
study attempted to compare the short-term HRV power
spectrums between children with and without autism
spectrum disorders.

Findings of our study indicate that children
with autism spectrum disorders are associated with
cardiac autonomic dysfunction. This is reflected by a
significantly higher absolute low frequency spectral
band, the surrogate of cardiac sympathetic nervous
activity, among autistic children compared to that of
healthy controls. Further, the total power of HRV was
also significantly higher in autistic children indicating
that they have an overall greater cardiac autonomic
modulation. However, the indices like absolute power
of HF band and normalized HF and LF powers did not
exhibit any statistical difference between the groups.

Measures of HRV are being increasingly applied in
investigations of the central autonomic state and to study
the fundamental links between various psychological
processes and physiological functions.® It has been
reported earlier that there is low baseline cardiac vagal

tone with elevated sympathetic activity in autistic
children.'! Another study reported that autistic children
are associated with lower resting cardiac vagal activity
with no significant difference in sympathetic function.'®
Studies also have shown that elevated sympathetic
activity is linked with several cardiovascular diseases. LF
spectrum is a parameter that includes both sympathetic
and parasympathetic activities'® ' and the presence of
a significant difference of LF values, and TP between
our two groups confirms that ASD and control groups
have an altered cardiac autonomic function. Studies
in children with ASD compared to TD controls under
resting conditions as well as during mental stress have
frequently reported increased heart rate suggesting an
increased sympathetic activity. 2% °

Autism severity of the study subjects were evaluated
by administering the Childhood Autism Rating Scale
(CARS). Based on the obtained scores, we assessed
the strength of association of severity of autism with
HRV indices using Spearman rank correlation for
non-parametric variables and Pearson correlation for
parametric variables. However, there was no statistically
significant correlation of severity with any of the
variables (Table 3). This could be due to the relatively
lesser number of autistic children in the severe grade in
our study.

Findings of the present study indicate that children
with autism are associated with elevated cardiac
sympathetic activity with no difference in resting cardiac
vagal tone indicating that autistic children have an early
risk for cardiovascular disease. Further, higher total
power observed in children with autism in this study is
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contributed by their greater LF power spectrum of HRV.
The behavioral response in ASD could be associated
with their impaired sympathetic nervous activity. Our
finding is based on relatively smaller sample size;
therefore, evaluation including larger study population
and using sensitive psycho-physiological measures
like sympathetic skin response would help in better
understanding of autonomic neural activity in autism
spectrum disorders. The study of autonomic regulation
in childhood psychiatric disorders may provide a better
understanding of the etiology and aids in the prevention
of cardiovascular diseases in adults.?!

Conclusion

Study concludes that severity of autism was not
associated with cardiac autonomic indices. ASD
children exhibit altered cardiac sympathetic nervous
activity. The altered behavioral responses in ASDs could
be associated with their impaired sympathetic nervous
activity. The core autistic symptoms which include
impaired social interaction, repetitive and stereotypical
behaviour could be a result of the differences in baseline
arousal or stress which may be associated with impaired
autonomic nervous activity. Future studies are needed
to examine the association of this deregulation of ANS
with symptoms and co-morbidity of ASDs.
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