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The quest to understand the pathophysiology of autism spectrum disorder (ASD) has led

to extensive literature that purports to provide evidence for autonomic dysfunction based

on heart rate and heart rate variability (HRV), in particular respiratory sinus arrhythmia

(RSA), a measure of parasympathetic functioning. Many studies conclude that autism

is associated with vagal withdrawal and sympathetic hyperactivation based on HRV

and electrodermal analyses. We will argue that a critical analysis of the data leads to

the hypothesis that autonomic nervous system dysfunction is not a dominant feature of

autism. Most children with ASD have normal parasympathetic baseline values and normal

autonomic responses to social stimuli. The existing HRV and electrodermal data cannot

lead to the conclusion of an over-excitation of the sympathetic nervous system. A small

subgroup of ASD children in experimental settings has relatively low RSA values and

relatively high heart rates. The data suggest that this is likely associated with a relatively

high level of anxiety during study conditions, associated with co-morbidities such as

constipation, or due to the use of psychoactive medication. Many studies interpret their

data to conform with a preferred hypothesis of autonomic dysfunction as a trait of autism,

related to the polyvagal theory, but the HRV evidence is to the contrary. HRV analysis may

identify children with ASD having autonomic dysfunction due to co-morbidities.

Keywords: parasympathetic and sympathetic reactivity, autism (ASD), gastrointestinal disorders, respiratory sinus

arrhythmia (RSA), autonomic nervous system, heart rate variability (HRV), electrodermal activity

INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental condition that affects social
communication and social interaction. Heterogeneity of the condition results in a broad spectrum
of presentations through symptoms and levels of functioning. ASD is often characterized by
restrictive and repetitive patterns of behavior (1–3) and atypical social interactions (e.g., non-
verbal behaviors, eye-gaze, and facial expressions) (4). Porges (5) proposed the idea that children
with ASD are unable to display appropriate psychophysiological flexibility in response to stimuli
due to autonomic inflexibility and chronic sympathetic activation. Individuals with ASD are
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described as in a chronic state of hyperarousal (6). The polyvagal
theory proposes that a functional “vagal brake”, or spontaneous
engagement and disengagement of themyelinated vagus based on
environmental risk, is associated with behavioral flexibility and
lowered vulnerability to stress (5, 7). It is suggested that children
with ASD do not execute this vagal brake, therefore, they do
not show autonomic flexibility to stimuli. The polyvagal theory
indicates that this is due to dysfunction of the neuroception
of a threat, leading to chronic vagal withdrawal and decreases
in parasympathetic activity, specifically to unfamiliar social
stimuli (8).

The measurement of respiratory sinus arrhythmia (RSA), a
parasympathetic parameter of heart rate variability, is integral
to the polyvagal theory, no doubt the reason why many
studies on autonomic functioning in ASD often exclusively
measure RSA. RSA is proposed as a portal, allowing accurate
measurement of the dynamic influence of myelinated vagal
efferent pathways onto the sino-atrial node; specifically, the
communication between the nucleus ambiguous and the heart.
The nucleus ambiguous is also critical for esophageal function
and facial expressions associated with emotion (9). Although
there are several mechanisms to modulate heart rate, only the
myelinated vagal efferent pathways from the nucleus ambiguous
via nicotinic preganglionic receptors on the sino-atrial node are
proposed to be capable of the rapid, instantaneous changes that
characterize RSA (10). Efferent projections from the nucleus
ambiguous are involved with processes associated with feeding
and breathing, facial movements to express emotion, and to
communicate internal states in a social context; RSA is proposed
to measure this neuronal traffic (9).

Our objective was to evaluate the literature that measured
features of the autonomic nervous system such as heart rate
variability and electrodermal activity to evaluate the evidence of
autonomic dysfunction in ASD.

ASSESSING AUTONOMIC DYSFUNCTION
IN ASD VIA HEART RATE AND HEART
RATE VARIABILITY

Heart rate can react momentarily to changes in nervous
input from the autonomic nervous system, and this property
establishes heart rate variability (HRV) as a mirror of autonomic
activity (11–13). HRV has been widely used to evaluate
autonomic functioning, not only pertaining to cardiac function
but to many other physiological and psychological aspects of
body functioning (11, 14, 15). HRV does not reflect exclusively
cardiac control systems. For example, the parasympathetic
regulation of breathing influences blood pressure and the
subsequent activation of baroreceptors influences heart rate
variability (16, 17). Hence, the autonomic regulation of breathing
is seen in HRV. It is important to realize that the different
HRV parameters for sympathetic or parasympathetic activity

Abbreviations: ASD, Autism spectrum disorder; ANS, Autonomic nervous

system; HRV, Heart rate variability; RSA, Respiratory sinus arrhythmia; RMSSD,

root mean square of successive differences between heartbeats; bpm, beats

per minute.

will not reflect all autonomic activity occurring throughout the
body. Organs have distinct sympathetic and parasympathetic
neuronal circuitries and activities that may or may not directly
or indirectly influence HRV. Although there are many potential
HRV parameters that can be evaluated, most autism studies
employ heart rate and RSA (18). Although the sympathetic
nervous system is considered relevant to ASD and the polyvagal
theory, it is usually not assessed, and if assessed, electrodermal
activity is the dominant technique used.

General Conclusions Found in the
Literature Based on Heart Rate and HRV
Analysis
All studies that use HRV as a measure of autonomic functioning
in ASD link their findings to the polyvagal theory, but few provide
actual raw data on HRV parameters which was also noted in a
review by Benevides and Lane (19). High baseline RSA is thought
to be associated with adaptive social functioning (20), while low
baseline RSA is believed to be associated with stress (21) and
emotional dysregulation (22). In socially safe contexts, heart rate
is thought to decrease due to vagal activity from the nucleus
ambiguous acting on the heart and promoting appropriate social
behavior (7). Studies evaluating ANS functioning in ASD suggest
chronic sympathetic activation and vagal withdrawal in autism
due to findings of lower RSA and higher heart rate at baseline
and in response to stimuli, compared to controls (22–24). When
studies report lower RSA and higher heart rate averages in both
adults and children with ASD compared to a control group,
the conclusion is that individuals with ASD exhibit chronic
mobilization and impairment of the soothed autonomic state
(8, 22). It is suggested that children with ASD have inaccurate
nervous system perception when assessing risk, preventing the
inhibition of limbic structures for immobilization and resulting
in chronic vagal withdrawal (8, 24). We will argue that the
perceived attractiveness of the polyvagal theory leads many
authors to conclude that their HRV results are consistent with
the theory, despite their data indicating otherwise.

CRITICAL ANALYSIS OF HRV PARAMETER
ASSESSMENTS

Do Children With ASD Have an Abnormal
Baseline RSA?
Despite numerous assertions in the literature to the contrary, the
absolute values of baseline RSA of children with ASD are almost
all within the normal range. The wide range of normal RSA values
in children was documented by Harteveld et al., who reported
on 4,822 children aged 0.5–20 years (25). Harteveld et al. (25)
used the peak-valley method, measuring RSA by subtracting the
shortest inter-beat interval during inhalation from the longest
inter-beat interval during exhalation, and found that for 328
children aged 13–15, the RSA ranged from 18.7 to 186.7ms
(2.5–97.5 percentile), hence a very wide normal range. In a
personal communication, Harteveld calculated the range of RSA
values (2.5–97.5 percentile) in 99 typically developing children,
aged 4–18, to be 4.5–8.8 ln(ms2) (Table 1). Dollar et al. studied
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TABLE 1 | Control values for RSA in a cohort of healthy children from a study by Nederend et al. (26) as shown in Harteveld et al. (25).

Age RSA, ln(ms2)

Boys Girls

N Median Percentile Mean SD N Median Percentile Mean SD

2.5th 97.5th 2.5th 97.5th

1–3 8 5.01 4.68 6.42 5.42 0.74 10 5.34 3.33 7.28 5.26 1.27

4–7 17 7.62 5.06 8.63 7.13 1.12 6 7.09 6.43 8.74 7.39 0.94

8–10 8 7.70 5.53 8.63 7.54 1.06 12 7.07 4.45 8.84 6.73 1.44

11–12 9 7.16 5.94 9.01 7.35 1.05 8 7.50 5.72 8.01 7.38 0.79

13–15 11 7.03 5.02 7.69 6.90 0.78 13 7.22 5.82 9.31 7.32 1.06

16–18 8 6.54 5.45 7.19 6.61 0.58 7 6.02 4.74 8.33 6.37 1.23

Data was obtained through personal communication with Dr. L. M. Harteveld with permission.

270 children and followed them from 2 to 15 years. For ∼200
children, the RSA at 10 and 15 years ranged from 5.5 to 7.8
ln(ms2) (Figure 1) (28).

When the values of heart rate or RSA of a cohort of children
with ASD are compared to neurotypical children, the average
values can show statistically significant differences. However,
almost all children with ASD in those studies have values within
the normal range, even when compared to the control group of
that study (Figure 1). If most children with ASD have values
within the range of control values, one cannot make the general
statement that children with ASD have abnormal RSA values,
implying autonomic dysfunction (29). Suppose some children
with ASD fall outside of chosen confidence levels, say outside
the 95% confidence interval. In that case, a subgroup may be the
reason for the significant difference from the control group, and
the existence of a subgroup may be highly clinically significant.
It is well known that ASD has heterogeneous pathophysiology.
Once a statistically significant difference is found, the reason
for it should be established. Then the question ought to be
whether the difference is physiologically and clinically significant
or relevant. Hence, the statement that “a group of children with
ASD have a statistically significant lower RSA baseline compared
to a group of normally developing children” is not equivalent
to the statement that “children with ASD have a low RSA
baseline” and most certainly not that “children with ASD have
autonomic dysfunction.”

Kushki et al. (27) and Muscatello et al. (30) did not observe
baseline RSA differences. Corbett et al. reported that children
with ASD did not show poor autonomic regulation during
social interaction with novel peers, based on similar RSA values
(31). Vaughan van Hecke et al. (24) reported baseline RSA to
be significantly lower in an ASD group compared to typically
developing controls. While statistically significant, the RSA
values in the group of children with ASD fall within the normal
range of control values (25), and most values also fall within
the experimental control group values (Figure 1); hence their
conclusion that “ASD patients have a lower baseline RSA” is
not correct. The only valid conclusion is that a small subgroup

of patients with RSA values falls outside the control group’s
confidence levels (or average± one standard deviation range).

Edmiston et al. (23) recorded baseline RSA values in ASD
children, finding that the average value was different from that in
controls (Figure 1) and concluded that children with ASD have
“reduced physiological self-regulation.” This conclusion must
be rejected since the average RSA value of children with ASD,
between 12 and 18 years, was ∼6.9 ln(ms2) which is entirely
normal. There are no data that show that an RSA of 6.9 ln(ms2)
constitutes autonomic dysfunction. Bal et al. (32), based on RSA
baseline values, stated that children with autism have “lower
overall vagal regulation of the heart”; this is not only incorrect,
since the absolute baseline values fall within the overall normal
range, it is also misleading to suggest that something is wrong
with regulation of cardiac function. Neuhaus correlated baseline
RSA values with autism features, but the average baseline RSA
of 6.9 ln(ms2) in the children with autism cannot be interpreted
as indicating autonomic dysfunction (33). Miller tried to relate
baseline RSA values, which are mainly normal, with features of
autism, but no linear relationships were found (34, 35).

It is illustrative to point out that when normal findings
are found, they are often judged to be unreliable, indicating
the desire to find dysfunction. For example: “Adults with
autism demonstrated significantly higher baseline HRV
[using the root mean square of successive differences
(RMSSD)] compared to control groups (36) possibly suggesting
effective interventions/supports to develop control over their
physiological state or, alternatively, that higher RMSSD values
may have been inflated due to movement, or heart rate and
respiratory influences” (8). Zahn et al. concluded that none
of the variables to index the construct of autonomic nervous
system arousal was significantly different from controls (36).
When Smeekens et al. did not find any differences in autonomic
or endocrine activity with social functioning in adults, it was
thought to be due to lack of power (37), and a non-significant
effect was worded as a “blunted increase.”

Bricout et al. (38) used a clinically prominent test for
autonomic dysfunction and found that childrenwith ASDdid not
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FIGURE 1 | RSA is expressed in comparative studies with an ASD group (red) and typically developing children (control, black). RSA ± 1SD; *P < 0.05 compared to

in-study controls. Others: no significant difference. Note that comparisons cannot be absolute because of differences in measuring RSA. Muscatello et al. and Corbett

et al. used ln(HF power) with the HF range of 0.12–0.40Hz, Kuski et al. (27) used 0.24–1.04Hz. Edmiston et al. (23) used 0.15–0.40Hz. Guy et al. (22) report that the

amplitude of RSA was calculated as the natural logarithm of the extracted variance for each successive 30-s epoch within 12–1Hz (probably 0.12–1Hz). Vaughan van

Hecke et al. (24) chose the natural logarithm of the variance of the band-pass series from HF, 0.12–1Hz. At the bottom, the orange control values are derived from a

study that examined RSA over time in 270 children (28); we used a range based on their average values ± 1 SD from ages 7–15, obtaining a normal range of 5.3–8.4

ln(ms2).

have clinical signs of dysautonomia in response to the head-up
tilt test. As reflected by RMSSD, their baseline parasympathetic
tone was also not different from controls. In a case series of 6
patients with ASDwho had symptoms of autonomic dysfunction:
postural lightheadedness, near syncope, constipation, diarrhea
and early satiety, all had postural tachycardia, but no orthostatic
hypotension (39). The absence of orthostatic hypotension is
interesting since it is a common feature of neurodegenerative
disorders (40).

Do Children With ASD Have an Abnormal
RSA in Response to Stimuli?
Assessment of RSA reactivity to stimuli is probably the most
relevant experimental condition to be studied concerning
potential autonomic dysfunction related to ASD in the context of
HRV. This has been assessed in two ways: analysis of differences
in absolute values of RSA during the experimental conditions
(Figure 3) and reactivity, the difference between baseline and
experimental condition. In response to a stressful mental load,
HRV shows a consistent decrease, including a decrease in RSA
(35). Hence a decrease would show autonomic flexibility.

Figure 2 shows data from an important study by Kushki et
al. (27). The data pertaining to baseline RSA and RSA reactivity
and baseline heart rate and heart rate reactivity to various stimuli
leave us with only one logical conclusion, that ASD children
have normal autonomic functioning. Tasks are accompanied by
an increase in heart rate and a decrease in RSA, similar to
controls, consistent with the author’s results statement: “After
controlling for age, sex and full-scale IQ, the performance of
children in the ASD group was not significantly different from
that of the typically developing control group on any of the five
tasks in this study.” Yet, the authors state: “In the absence of
such differences, ANS atypicalities may suggest compensatory
mechanisms applied by the ASD group” (27). A simpler and
likely better explanation is that the ASD children do not show
any clinically significant autonomic dysfunction. The desire
to find differences can be deduced from this statement: “Our
results suggest atypical cardiac findings. . . in particular, while
not statistically significant, we found that the ASD group had
an elevated heart rate during the experimental session” (27).
Hence, even though there was no statistical difference between
children with autism and the control group, this non-difference

Frontiers in Psychiatry | www.frontiersin.org 4 March 2022 | Volume 13 | Article 830234

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Barbier et al. Autonomic Functioning in Autism Based on HRV

FIGURE 2 | Children with ASD have a normal baseline HRV parameter and a normal autonomic response to social stimuli. This figure is taken from a study by Kushki

et al. (27); they studied autonomic regulation in children with autism while performing tasks that elicit anxiety, attention, response inhibition and social cognition.

(Continued)
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FIGURE 2 | Expressed are heart rate (A) and RSA (B). The authors conclude that children with ASD show overall autonomic hyperarousal and selective atypical

reactivity to social tasks. (A) The average baseline heart rate of the children with ASD was 88 bpm, which is not indicative of cardiac dysfunction nor an overactive

sympathetic nervous system; it cannot be interpreted to show that children with ASD show hyperarousal. (B) There were no statistical differences in baseline RSA nor

general group differences. Evaluating each task, there were no differences in RSA reactivity in the Stroop, public speaking or rapid visual information processing tasks.

The reading the mind in the eyes task also did not show a significant difference except when the medication group was excluded. However, both the control group

and the ASD children showed a normal strong decrease in RSA, and there is no evidence that this difference is clinically significant. (TD), n = 34, and ASD children, n

= 40. “Movie”: considered resting baseline; “Stroop”: eliciting a stress reaction; “Speech”: public speaking considered anxiety eliciting; “RVP”: rapid visual information

processing, eliciting sustained attention; “SS”: stop-signal task, testing response inhibition; “Eyes”: reading the mind in the eyes, testing social cognition. This figure

labels RSA to be log(ms2) however the values indicate that RSA is likely ln(ms2).

FIGURE 3 | RSA values in response to stimuli. RSA values are expressed comparing the response to stimuli in children with ASD (red) and a control group (black).

RSA ± 1SD. *P < 0.05. Others: no significant difference. RSA is expressed in ln(ms2 ).

is suggested to be an “atypical cardiac finding.” The conclusion of
the authors that “ASD children show selective atypical reactivity”
does not appear to have clinical relevance.

Guy et al. (22) conducted a study investigating the RSA
response to cognitive and social stimuli in children with
ASD compared to age- and IQ-matched typically developing
controls. The study reports that ASD is associated with abnormal
HRV (lower RSA) across all tasks, corroborating the polyvagal
theory and concluding that low RSA in autism is due to less
parasympathetic activity and vagal withdrawal. While differences
in reported RSA values are statistically significant, the absolute
values of RSA in ASD groups (Figure 3) [6.29 ln(ms2) during a
cognitive task; 6.61 ln(ms2) during a social task] fall categorically
within the normal range of typically developing controls. Hence,
the conclusion of abnormal RSA in children with ASD is not
supported. The discussion states that all findings could be related
to anxiety, and yet it is stated that the data support the use of HRV
as a biomarker for ASD (22).

Muscatello et al. (30) exposed participants to a social
interaction protocol, the Trier Social Stress Test-Friendly (TSST-
F). The data show that “ASD and typically developing youth did
not differ in mean RSA or RSA responsivity during the TSST-
F paradigm when controlling for age.” Instead of giving the
study the title that no evidence of autonomic dysfunction was
found, the title became “Evidence for decreased parasympathetic
response to a novel peer interaction in older children with autism
spectrum disorder.” The term “decreased parasympathetic” does
not appear in the study itself; instead, the term “blunted” is used;
however, no statistical differences were found.

Toichi and Kamio (35) studied high functioning young
adults with ASD to avoid confounding factors such as the
inability to sit still. They did not find any differences with
a control group related to heart rate, sympathetic activity or
resting parasympathetic activity. The parasympathetic activity
(measured based on the Lorenz plot) decreased in 18/20 controls
with no change in 2/20. The ASD group showed a decrease
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in 10/20, 3/20 did not show a response and 7/10 showed an
increase, although this increase was not repeated when other
types of mental activity were examined. The authors suggest
several explanations for an increase in parasympathetic activity.
Some persons with ASD might find mental tasks relaxing, or
it may be related to the functioning of the amygdala (35).
Interestingly, Muscatello et al. (30) studied the effect of social
interactions to promote a relaxing environment. Indeed, the
RSA increased, but did so similarly in the control and the
ASD group. The increase in RSA in both the control and
the ASD group in the study by Guy et al. related to a social
task that involved a positive social engagement with an adult
clinician (22).

Edmiston et al. (23) concluded that social problems in ASD
may be linked to the RSA response to social stress; however,
the RSA response to the stress was the same as in controls, a
reduction of∼1 unit ln(ms2). The absolute values of RSA during
social judgment were statistically different from the control
group. Still, the response was the same, and the absolute values
were also normal and strongly overlapping.

Watson et al. (41) showed that RSA findings for children
with ASD who had no or limited expressive language showed
no significant difference from control groups in response
to both non-social and social stimuli, concluding that their
findings do not show that ASD participants have an underactive
parasympathetic nervous system or disproportional arousal
when attending to social vs. non-social stimuli.

Bazelmans et al. (42) showed that watching naturalistic videos
did not show differences in heart rate or RSA between ASD and
typically developing children and concluded that HRV did not
produce biomarkers for ASD. In autistic adults, no differences
in autonomic or endocrine parameters were found in response
to a social interaction with an unfamiliar person, compared to a
control group (37, 43).

A recent meta-analysis incorporating most studies reported
here states that their analysis supports low HRV as a potential
biomarker of ASD without critically evaluating the studies (44).
Their bias was formulated in the introduction: “ASD feature
stereotyped thought, behavior and problems of social interaction,
therefore the connection between individuals with ASD and
low HRV should be intuitive.” The study concludes that HRV
does not differentiate ASD from other psychiatric disorders
and suggests that results and conclusions should be viewed
cautiously because co-morbidities might affect HRV, and this was
not accounted for (44). Hence, the conclusion that HRV is a
biomarker for ASD is not warranted.

Do Children With ASD Have an Increased
Abnormal Basal Heart Rate?
In many studies, the average baseline heart rate value in a
cohort of children with ASD is higher compared to the control
group. However, most ASD children have a heart rate that falls
not only into the general normal heart rate range (45), it also
falls within the range of normal values of the controls in the
study, indicating that most ASD children have a normal heart

rate from any perspective. Throughout the ASD literature, all
heart rates are obtained in an experimental condition. Hence,
if some children with ASD feel a higher level of anxiety in an
experimental setting (46), the average heart rate of children with
ASD in that group would likely be higher than the average heart
rate of controls. The experimental conditions of studies are rarely
accounted for. Yet, they are a valid factor that may account
for higher averages of heart rate often seen in ASD groups,
despite most individual ASD participants showing normal heart
rate values. When a group of ASD children is compared to a
group of typically developing controls, and the average heart
rate value is higher in the ASD group, but most children in the
ASD group have a normal heart rate, one can conclude that “the
autism group has a significantly increased heart rate compared
to the control group,” but one cannot conclude that “children
with autism have an increased heart rate” and one can definitely
not make the general statement that “children with ASD show
sympathetic hyperarousal.”

Bal et al. (32) conclude that children with ASD have
significantly faster baseline heart rate than typically developing
controls. While the ASD group’s mean heart rate value was
significantly higher than the typically developing control group,
the heart rate of the ASD group was still within the normal
range of the age demographics (45) as shown in Figure 4. The
study concludes that ASD children had “lower overall vagal
regulation of heart rate” and “hyperactive sympathetic activity”
(32). These conclusions cannot be supported as the children with
ASD have a clinically normal heart rate. A simple statement
about sympathetic activity should also not be made based on
heart rate alone, without measuring sympathetic activity directly.
Kushki et al. (27) concluded that children with ASD have “overall
autonomic hyperarousal” based on a “marginally elevated basal
heart rate.” The average baseline heart rate of the children
with ASD was 88 bpm, which is not indicative of cardiac
dysfunction nor an overactive sympathetic nervous system (see
Figure 4).

Bujnakova et al. (47) concluded that a higher heart rate at
baseline in children with ASD compared to the age-matched
control group indicated tachycardia; however, an average heart
rate of 83 bpm in 7–15-year-old children does not indicate
tachycardia. The heart rate values in this study are within
the normal range of its age and gender demographics (45);
hence it is unreasonable to conclude autonomic deficits based
on these baseline heart rate data. The authors do mention
the questionability of their findings related to comorbid
psychiatric symptoms.

When children with ASDwere grouped into those with known
autonomic dysfunction (gastrointestinal motility problems or
syncope, etc.) and those without, the heart rate and blood
pressure were similar in controls and asymptomatics. They
increased in symptomatics suggesting the higher heart rate to be
due to comorbidity and not autism per se (48).

A group of 116 controls and 154 children with ASD showed an
average heart rate of 90.1 and 95.2 bpm, respectively, which was
significantly different; however, when only the 82 non-medicated
ASD children were assessed, there was no difference with the
control group (43).
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FIGURE 4 | Heart rate values (HR ± 1SD) at baseline. HR expressed in comparative studies with an ASD group (red) and a group with typically developing children

(control, black) and normal HR values in a large of children taken from Ostchega et al. (orange) (45). *P < 0.05. Others: no significant difference.

Do Children With ASD Have an Abnormal
Increase in Heart Rate in Response to
Stimuli?
Many studies in the autism literature find a higher heart rate in
ASD groups at baseline, which remains consistent throughout
exposure to stimuli, but this does not constitute a higher heart
rate response. Kushki et al. (27) found no significant group
differences for heart rate reactivity in the Stroop, Rapid Visual
Information Processing, Stop Signal, or Reading the Mind in
the Eyes tasks (Figure 2). The authors report blunted heart rate
reactivity to social anxiety tasks due to reduced responsivity
to the public speaking task; however data pertaining to heart
rate responsivity in each task suggest excellent autonomic
reactivity (Figure 2). They conclude atypical heart rate reactivity
to social tasks, despite the increase in heart rate seen in both
the ASD and control groups for all stimuli, which suggests
that no autonomic dysfunction is present in the ASD group.
Sheinkopf et al. (18) found that the ASD and control groups
did not differ in mean heart rate during all stimulus conditions.
With “distal stranger” stimuli, both groups had a heart rate
that remained approximately the same, whereas with “proximal
stranger” stimuli, both groups had decreased heart rate with no
differences shown among groups.

Neuhaus et al. (49) found that, in contrast to their
expectations, the children with ASD had a normal heart rate and
RSA response to interactions with a novel partner, indicating
typical autonomic reactivity (Figure 5).

Watson et al. (41) found that an ASD group had a faster heart
rate than age-matched controls, but heart rate was not specific
to stimulus type for non-social and social stimuli. They conclude

that their data do not support an underactive parasympathetic
system nor disproportionate arousal when attending social
stimuli. No differences in RSA in response to stimuli were
observed between the ASD group and controls.

Can Potential Parasympathetic Autonomic
Dysfunction in ASD Be Assessed Using the
Pupillary Light Reflex?
The pupillary light reflex expresses the constriction and
subsequent dilation of the pupil in response to light as
a result of the antagonistic actions of the iris sphincter
and the dilator muscles (50). Latency and constriction are
under parasympathetic control. Subsequent relaxation is due
to sympathetic inhibition of parasympathetic neurons at the
Edinger-Westphal nucleus as well as sympathetic contraction of
the iris dilator muscle (50). Nyström et al. concluded that “infants
at risk for autism have a hypersensitive pupillary light reflex,”
suggested to be due to cholinergic autonomic “disruptions”;
however, most infants had latency and constriction amplitudes
that fell within the range of the control values (51). Daluwatte et
al. showed that children with ASD, on average, have significantly
longer latency and reduced pupil constriction amplitude in
response to light compared to typically developing children;
the difference in reflex parameters was suggested to be due to
parasympathetic dysfunction, but it was not accompanied by a
significant difference in RMSSD values (43). Fan et al. studied
a group of children and young adults with ASD (52). They
showed that the pupillary light reflex features, in particular the
reflex latency, could discriminate between the ASD group and a
control group, particularly the reflex latency. Lower constriction
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FIGURE 5 | Heart rate values (HR ± 1SD) in response to stimuli. HR is expressed in comparative studies with an ASD group (red) and typically developing children

(control, black). *P < 0.05. Others: no significant difference.

velocities were found in children with ASD compared with
the typically developing control group, but this was statistically
significant only at a light-adapted reflex stimulus intensity of
872 cd/m2 and not at other intensities; the ASD group exhibited
significantly smaller relative constriction at a dark-adapted reflex
stimulus intensity of 794 cd/m2 but not at other intensities (52).
There was no statistical difference in the reflex recovery velocity
between the two groups (52). Hence, children with autism have
a robust pupillary light reflex. They may have a response that
is not different from typically developing children, or they may
have a response that is different in some features but not in
other characteristics. The question is whether such a difference
indicates pathophysiology, and if so, how this may correlate with
autonomic functioning related to ASD traits or comorbidities.

ASSESSMENT OF SYMPATHETIC
ACTIVITY

The polyvagal theory predicts that children with autism would
have a “hyper-responsive sympathetic system” (32, 53). To
support this theory, autistic children should have a high
sympathetic tone and exaggerated sympathetic responses to
stress-provoking stimuli. An often-cited study by Hirstein et
al. (54) makes strong statements about sympathetic autonomic
dysfunction in children with autism, but it is dominated by
discussion, with very few study data presented, and hence should
be interpreted with caution. Hirstein et al. hypothesize that
amygdala damage in children with autism causes disastrous

brain malfunctions. They hypothesize that autistic children
have chronic high sympathetic activity that they try to reduce
by calming activities such as repetitive behaviors and that
“autistic children use overt behavior in order to control a
malfunctioning autonomic nervous system,” but no data to
support this are provided.

Most studies on sympathetic activity in children with ASD
use electrodermal activity. Electrodermal activity is defined as the
electrical conductivity between two electrodes on the skin over
time; it provides an index of sympathetic nervous system activity
since eccrine sweat glands are innervated by the sympathetic but
not parasympathetic branch of the autonomic nervous system
(55). Although the study of electrodermal activity appears to
be a logical non-invasive choice, there is no direct evidence
that whatever brain sympathetic activity we are interested in
is faithfully captured by electrodermal activity, but it might.
The expectation is that during mental exercises, the sympathetic
nervous system will be activated to respond to energy demand
to increase blood glucose. If an exercise were accompanied by
marked anxiety, this would further increase sympathetic activity.

Most studies using electrodermal activity do not support the
theory of an overactive sympathetic system. Panju expected to
find sympathetic hyperarousal and studied ASD children with
high and low levels of anxiety; compared to a control group,
ASD children with low levels of anxiety were not different from
controls in baseline electrodermal activity nor in sympathetic
responses to any stimulus (53). Contrary to their expectations,
the baseline electrodermal activity in children with high anxiety
levels was lower than controls. Levine et al. showed that in
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FIGURE 6 | Children do not show a significant difference in sympathetic

response to stimuli. Expression of skin conductance as a measure of activity in

the sympathetic nervous system. From Vernetti et al. (92). Note the wide range

of values in both the control and ASD groups. Eliciting anger, frustration or joy

evoked a similar increase in sympathetic activity in the ASD and control group.

In response to a fear-inducing stimulus, the control group exhibited an increase

while the ASD group exhibited a decrease in sympathetic activity. However, the

scatter plots show that most children with ASD and controls have a response

that centers around 0, and most values in the ASD group fall within the range

of control values. Hence a correct conclusion is that some children with ASD

have a decreased arousal response to fear stimuli. The authors did not find a

statistically significant difference in baseline sympathetic values and no

correlation between the degree of sympathetic responses and the severity of

autism. They conclude that toddlers with ASD should not be labeled as

“dysregulated” or “upregulated” with respect to autonomic functioning.

response to the Trier Social Stress Test, both ASD children
and a control group showed a similar increase in sympathetic
(electrodermal) activity (56). Toddlers with ASD displayed
comparable electrodermal reactivity as typically developing peers
in response to sensory stimuli in visual, auditory, tactile, and
olfactory modalities as well as visual displays of repetitive
movement (57). Joseph et al. showed normal baseline values.
In measuring face recognition accuracy by skin conductance
response, almost all children with ASD fell into the normal
range with a few outliers (58). In an excellent study on assessing
sympathetic activity in toddlers using skin conductance, where
all the data were displayed in scatter plots (92), eliciting anger,
frustration or joy evoked a similar increase in sympathetic
activity in the ASD and control group (Figure 6). In response to
a fear-inducing stimulus, the control group exhibited an increase

while the ASD group exhibited a decrease in sympathetic activity,
although the scatter plots show that most children with ASD and
controls have a response that centers around 0 (Figure 6). Hence
a correct conclusion appears that some children with ASD have
a decreased sympathetic response to fear stimuli. The authors
did not find a statistically significant difference in baseline
sympathetic values and no correlation between the degree of
sympathetic responses and the severity of autism. They conclude
that toddlers with ASD should not be labeled as “dysregulated”
or “upregulated” (92). However, unfortunately, they chose a title
to their study that suggests the opposite. Bujnakova et al. (47)
found lower values in children with ASD and suggested under-
arousal, but discussed that this might reflect co-morbidities and
not autism per se.

Muscatello et al. (30) studied the pre-ejection period, and no
difference was found related to social tasks. However, the pre-
ejection period is a measure of ventricular contractility and is
not a good measure of general sympathetic functioning (59). For
example, the pre-ejection period does not change with postural
change from supine to standing, whereas it is well known that
sympathetic activity markedly increases (59).

Using the Poincaré plot, no sympathetic differences in resting
conditions, nor responses to a mental task, were found in
adolescents with ASD compared to controls (35).

In summary, the overall conclusion must be that assessments
of sympathetic activity in children with ASD using HRV
measures or electrodermal activity do not support sympathetic
autonomic dysfunction associated with autism. In response to
tasks, the sympathetic activity goes up, similar to typically
developing children, but there is no hyper-arousal.

EFFECT OF MEDICATION ON HRV

Almost all studies involving children with ASD are small, and
given that there is a wide range of studied variables, this makes
comparison and interpretation difficult. Mathewson et al. (60)
measured RSA and heart rate to evaluate autonomic response to
a challenging task, the Stroop test, dividing an adult ASD group
based on the usage of antipsychotic medications. Controls were
IQ-matched, and no subjects were intellectually impaired. The
ASD-medication group had a significantly higher heart rate and
lower RSA than both the control and ASD-no-medication group
at baseline. Baseline RSA and heart rate were not significantly
different between the control and ASD-no-medication groups.
Contrary to their expectations, the autonomic responsiveness to
the Stroop test was the same for the ASD and control group (60).
Thapa et al. confirmed this in autistic children: no differences
in heart rate, RMSSD, nor high-frequency power were observed
in children not on psychotropic medication, compared to a
control group (61). Hence, medication is likely a major factor in
the higher heart rate found in ASD groups. A study involving
616 controls and 1,479 adults with anxiety showed that lower
RSA in anxious subjects (52.1 vs. 45.1ms; peak–valley method)
survived adjustment for possible confounding factors as health
indicators and lifestyle, but further adjustment for antidepressant
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use rendered all associations non-significant (62). Hence, drug
use is a critical factor affecting HRV.

AUTISM AND CO-MORBIDITIES

Anxiety
Children with autism, on average, experience a higher level
of anxiety than those without ASD (46, 63) however, anxiety
is not a diagnostic criterium for autism spectrum disorder
(2021). Anxiety can be a symptom, but it is difficult to
differentiate the “appropriate” or “normal” level of anxiety to
a stimulus experienced by a neurotypical person vs. someone
with autism. It cannot be said that autism causes anxiety or vice
versa; therefore, it is most appropriate to look at anxiety and
autism independently.

A meta-analysis on the relationship between anxiety disorders
and controls related to HRV parameters gave mixed results, with
many studies finding on average a lower HRV in patients with
anxiety disorders but many other studies finding no differences
with controls (64).

All studies on ASD children are done, by definition, in
experimental settings, and anxiety or stress will play a part
in such studies in both controls and children with ASD.
Studies on anxiety and autism give mixed conclusions, indicating
that some but not all children with ASD have increased
anxiety related to specific social stimuli (22, 65–68). Guy
et al. reported that correlational analyses from their study
indicated that low RSA was driven by factors that were part
and perhaps entirely transdiagnostic— namely, symptoms of
anxiety (22). Hence, some children with a high heart rate
and/or low RSA may have, during the experimental conditions,
a relatively high level of anxiety. An interesting study on autistic
adults using self-reported frequency of autonomic nervous
system-related physical health problems found that anxiety and
stress but not autistic traits were correlated with autonomic
dysfunction (69).

Studies in children with ASD always include stimuli that are
thought to activate a stress response. But the response may just
reflect the amount of physical activity and the accompanying
metabolic demand (70). Koolhaas et al. suggest that a true
stressor involves uncontrollability and unpredictability (70). It
is suggested that a stress effect is more related to the recovery
of a physiological response than the magnitude of the response
(70). Children with ASD may be used to finding themselves in a
situation that is not desirable, they may have found ways to adapt
to it, and this may influence the response to a stimulus.

Parma et al. concluded that “ASD is related to reduced
variability in basal sympathetic arousal and vagal modulation
which can be taken as markers for inflexible responses” (71,
72). This conclusion is not consistent with their data. First,
no responses were evaluated, only baseline values. There were
no significant differences between control groups and patients
with or without anxiety concerning baseline skin conductance,
and there were no significant differences in the high-frequency
component (RSA) between autistic children with and without
anxiety and a control group with anxiety.

Gastrointestinal Symptoms
Compared to typically developing children, there is a significantly
higher prevalence of gastrointestinal symptoms in children
with ASD (73), with functional constipation the most common
gastrointestinal symptom. The autonomic nervous system plays
a critical role in gut motility control. Vagal parasympathetic
efferents provide parasympathetic innervation of the upper
gastrointestinal tract, while sacral parasympathetic pathways
innervate the distal gastrointestinal tract (74) to initiate
propulsive contractile activity. Sympathetic nerves inhibit enteric
cholinergic excitation to colonic smooth muscle and contract
sphincters, contributing to decreased transit that may lead to
constipation (75).

Ferguson et al. (76) investigated the relationship between
autonomic nervous system activity and gastrointestinal
symptoms in children with autism, finding a significant
correlation between lower gastrointestinal tract symptoms, such
as constipation, and lower parasympathetic tone. This supports
the idea that, to a certain extent, lower gastrointestinal motility
is controlled by parasympathetic activity (77). Parasympathetic
activity at baseline was particularly strongly related to lower
gastrointestinal symptoms in participants who reported a co-
occurring anxiety disorder. Hence, a subgroup of ASD children
may have a low RSA due to gastrointestinal symptoms.

DOES MEASURING HRV PARAMETERS IN
CHILDREN WITH ASD HAVE RELEVANCE?

Based on heart rate and RSA data, most children with autism
do not display autonomic dysfunction. Hence, these parameters
should not be studied to learn more about the pathophysiology
underlying the symptoms related to the diagnostic criteria of
autism. However, if a better understanding of co-morbidities with
autonomic dysfunction is to be obtained, it may be worthwhile to
study HRV parameters.

How Should HRV Be Measured?
When autonomic functioning is to be assessed in patients with
ASD, it is not advisable to only pay attention to RSA, just
because it is the focus of the polyvagal theory. A comprehensive
assessment should include other parameters as outlined by task
forces (78). This should include the Baevsky stress index (13,
59, 79) for sympathetic function. Recently, the Baevsky index
has been shown to be a reliable measure of sympathetic activity
in the active standing test (77). Beversdorf reviewed the role
of adrenergic antagonists in ASD treatment, and evaluation of
their potential use may rely on HRV assessment as well as
plasma catecholamine levels (80). Some parameters of HRV can
be graphically captured using the Poincaré plot. The Poincaré
plot is primarily a non-linear technique, but the most often
used descriptors SD1 and SD2 are measuring linear aspects
of the heartbeat intervals; they do not add value to existing
HRV indexes (81). In particular SD1, which is mathematically
equivalent to RMSSD; RMSSD =

√
2 × SD1 (82). SD2 is also

highly correlated with RMSSD and should therefore not be used
as a sympathetic descriptor (82, 83). It is important to note
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that if HRV parameters are used to study co-morbidities with
autonomic dysfunction, one has to account for covariates that
affect autonomic function such as age, sex, body posture at the
time of recording, and time of day of the recording (25). Several
studies provide evidence that HRV parameters are different for
children who are intellectually impaired (IQ < 70) compared
to non-intellectually impaired children (IQ ≥ 70) (8). However,
the appropriateness of subdividing children according to IQ is
questionable since intelligence can be expressed and measured in
various ways.

Long-Term Measurements
In addition to the short-term HRV parameters to measure
baseline and response to stimuli, long-term 24 h HRV analysis
may reveal important information. Not so much average HRV
parameters over 24 h since this is very much dependent on
activities performed during the day and night, but analysis of
events and analysis of HRV during sleep (84). Children with ASD
frequently suffer from difficulties falling asleep or nightmares
(85, 86). Research is ongoing to examine HRV descriptors for
dynamic changes over time that are not captured by the classic
short-term parameters (84). Long-term assessments have the
additional advantage of being implemented in a familiar setting.

Reporting Absolute Values
of reporting absolute values of HRV parameters in the ASD
literature is common but makes it difficult to compare studies
and relate the findings to overall control values. In some
studies, neither absolute values are reported nor comparisons to
control values (87). Any RSA response should also be related
to the absolute value at baseline. It is possible that when
the hypothesis is tested whether a stimulus is increasing the
RSA, a subject with an RSA of 9 ln(ms2) is less likely to
respond in this way compared to a subject with an RSA of
5 ln(ms2), because in the first, the parasympathetic nervous
system may be in a heightened state of arousal. It is also
important to report all individual values. This will show
“outliers” that might be clinically highly relevant. In this
respect, the bar graphs we present here may not reflect an
exact distribution in that they suggest an even distribution of
values, but the individual values are not shown in the reported
studies. What is needed is knowledge of the distribution of
values, hence the reporting of all absolute values in scatter
plots. Concerning RSA obtained from HF power, it may be
worthwhile to show the distribution of HF power, since RSA is
a logarithmic transformation of HF power and as such (designed
to) diminish outliers. If data are too extensive to be put in the
publication, they can be expressed as violin plots or submitted as
Supplementary Material.

What Are Suitable Control Values?
HRV parameters have a wide range of control values and are very
susceptible to circumstances, such as simple body movements.
Harteveld et al. studied control values in 4,822 children and
concluded that the wide range of normal values would cause
problems of interpretation for clinical studies (25). A very small
group of typically developing children does not give us a true

normal range of control baseline values, assumed to represent
general parasympathetic health. A study investigating changes in
response to stimuli obviously needs a control group. Comparing
the changes in response to stimuli is likely more relevant than
focusing on the absolute values in such studies. Responses should
also be related to the baseline absolute values.

Mentioning Units of Measurement
It is common in the ASD-HRV literature not to mention
units for HRV parameters. This is unfortunate since this
makes comparisons and interpretations by others difficult. For
example, numerical values are given to the term “HRV”, but the
definition of HRV as a specific autonomic function parameter
is variable. Sometimes it is used as equivalent to RMSSD and
sometimes used as equivalent to RSA. Sometimes absolute values
are used and sometimes logarithmic transformations. RSA is
most often derived from the power of the high-frequency
range of inter-beat intervals, but sometimes it is measured by
subtracting the shortest inter-beat interval during inhalation
from the longest inter-beat interval during exhalation. The high-
frequency range is most often, but not always, defined as 0.15–
0.40Hz, equivalent to the normal breathing frequency range
of 8–25 breaths per min. Sometimes the term “normalized
units” is used, but it is often not explained how the data are
normalized. This results in difficulties of interpretation and may
result in inaccurate comparisons between studies. For RSA,
it is best first to report the raw values of HF power and
determine the distribution of values since we are emphasizing
the recognition of subgroups within an ASD cohort, and it
should be noted that the logarithmic transformation from HF
power to RSA may obscure “outliers”; it is in fact designed to
“normalize” the data, but the “outliers” may constitute a clinically
significant subgroup.

HRV studies are always time-consuming and involve patient
and parent time. It is, therefore, unfortunate that usually only
RSA is measured, no doubt because of its emphasis within the
polyvagal theory. To get an optimal picture of HRV, all possible
parameters should be reported, including the Baevski index
derived from heartbeat intervals.

THE POLYVAGAL THEORY AND ASD

The polyvagal theory proposes that children with ASD have
chronic sympathetic activation or a chronically mobilized state
(8), but studies with electrodermal activity do not support this.
Electrodermal activity does register sympathetic responses to
social activities, but abnormal excitation is not seen. Another
proposed measure of chronic sympathetic activation is elevated
heart rate. Porges et al. make strong statements that fail
scrutiny, such as: “In particular, children and adolescents
aged 8–18 years with ASD and intellectual impairment have
a heart rate that is 20 beats per min higher than typically
developing controls” (8) with reference to Goodwin et al.
(2006). This sounds like a definitive statement about ASD;
however, Goodwin et al. report on five children with ASD
and five children with normal development, with one normal
child having a heart rate of 50 bpm; hence this can hardly be
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accepted as a definitive statement on ASD. Excess excitation
of the sympathetic nervous system is central to the polyvagal
autonomic dysfunction theory. The tasks that ASD children
are asked to do are designed to emphasize the typical events
that the children are deemed to have difficulty with due
to ASD. These tasks increase sympathetic activity, as shown
by electrodermal activity. Hence the conditions appear to be
perfect for showing exaggerated sympathetic arousal, but it is
not observed.

The polyvagal theory proposes that children with autism
show vagal withdrawal or “chronic mobilization” that would
lead to low baseline RSA. RSA is integral to the polyvagal
theory. It is proposed to reflect autonomic activity from the
nucleus ambiguous involved in heart rate regulation, breathing,
and responses involving emotion. Most children with ASD have
a baseline RSA that is the same as controls, and there is no
evidence that the absolute baseline value of RSA in children
with ASD can be considered a sign of autonomic dysfunction.
Furthermore, Porges et al. (5) propose the idea that children with
ASD are unable to display “appropriate” psychophysiological
flexibility in response to stimuli due to autonomic inflexibility.
Expressly, children with ASDmay be at one particular autonomic
“setting” and are not able to demonstrate psychophysiological
flexibility to stimuli (e.g., appropriate vagal withdrawal to
attention-demanding stimuli) (8). Most studies do not support
abnormal RSA responsiveness in children with ASD, which
means that either this neural communication involving the
nucleus ambiguous is normal in most children with ASD or
that RSA is not the best window to observe relevant autonomic
functioning in ASD. It is acknowledged that RSA is but one of
the windows into autonomic functioning and that other brain
areas such as the amygdala and its effect on the functioning
of the nucleus ambiguous deserve our attention to understand
the physiology behind the behaviors of children with ASD (8,
35, 88). Furthermore, the hypothalamic pituitary adrenocortical
axis and the adrenal medulla are critical players in the response
to (potential) stress stimuli in metabolic and cardiovascular
preparation of the body to perform behavior (70, 89).

PERSPECTIVE

In many studies with ASD children, statistical differences
in HRV parameters are uncritically deemed to be clinically
relevant. Children with ASD are categorized as having inhibited
parasympathetic activation and being in a state of chronic
vagal withdrawal and heightened sympathetic arousal based
on statistical differences between groups that may have no
clinical importance. Based on generally accepted control values,
almost all children with ASD have a normal heart rate and a
normal RSA at baseline, and most children also fall within the
control values of the study control group. Hence, there is no
evidence that baseline HRV values in children with ASD point
to autonomic dysfunction underlying the typical symptoms that
define ASD. The autonomic nervous system plays a vital role
in children’s adjustment to physical stimuli such as standing
up, walking, change in outside temperature etc. It is assumed

that this is also true for social or emotional stimuli and would
be measurable by HRV assessment. Children with ASD often
have an atypical reaction to provocations; hence, evaluating
autonomic functioning in response to such stimuli would be
logical. A stressful social interaction, similar to standing up,
usually increases heart rate and decreases RSA (e.g., Figure 2).
The fact is that in most studies, the autonomic nervous system
of children with ASD reacts to social stimuli in this normal
manner, very similar to control groups. Interestingly, when RSA
goes up in response to a positive, relaxing intervention, it does so
similarly in controls and children with ASD (30). A recent review
by Benevides and Lane (19) also concluded that no apparent
differences in resting parasympathetic activity emerged from the
literature, nor differences in task-related ANS activity (19). The
data from almost all HRV studies on ASD herald the positive
news that there is no evidence of general autonomic dysfunction
associated with the typical ASD traits. It is disheartening that
most conclusions stated in these studies suggest the opposite.

This leaves us with the finding that some children with ASD
have a baseline value or a reaction to stimuli that fall outside of
the “normal range” being defined as within the 95% confidence
interval or a value of <1 SD away from the mean. It is supported
by many studies that a relatively low RSA or a relatively high
heart rate is associated with a comorbidity that is related to
autonomic dysfunction, such as anxiety or gastrointestinal motor
dysfunctions. Hence, it may be worthwhile to do HRV analysis to
identify those children with ASD suspected of having underlying
autonomic conditions, e.g., a low RSA may benefit from exercise
training to promote healthy parasympathetic reactivity (90, 91).

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

FUNDING

Financial support was received from the Canadian Institutes of
Health Research.

ACKNOWLEDGMENTS

AB is an Autism Support Associate.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2022.830234/full#supplementary-material

Frontiers in Psychiatry | www.frontiersin.org 13 March 2022 | Volume 13 | Article 830234

https://www.frontiersin.org/articles/10.3389/fpsyt.2022.830234/full#supplementary-material
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Barbier et al. Autonomic Functioning in Autism Based on HRV

REFERENCES

1. Szatmari P. The causes of autism spectrum disorders. BMJ. (2003) 326:173–

4. doi: 10.1136/bmj.326.7382.173

2. American Association of Psychiatrists. What is Autism Spectrum Disorder?

American Association of Psychiatrists (2021). Available online at: https://

www.psychiatry.org/patients-families/autism/what-is-autism-spectrum-

disorder (accessed February 20, 2022).

3. Centers for Disease Control and Prevention; Autism SpectrumDisorder. (2021).

Available online at: https://www.cdc.gov/ncbddd/autism/facts.html (accessed

Febraury 20, 2022).

4. Lord C, Pickles A, McLennan J, Rutter M, Bregman J, Folstein S, et al.

Diagnosing autism: analyses of data from the Autism Diagnostic Interview.

J Autism Dev Disord. (1997) 27:501–17. doi: 10.1023/A:1025873925661

5. Porges SW, Macellaio M, Stanfill SD, McCue K, Lewis GF, Harden ER, et al.

Respiratory sinus arrhythmia and auditory processing in autism: modifiable

deficits of an integrated social engagement system. Int J Psychophysiol. (2013)

88:261–70. doi: 10.1016/j.ijpsycho.2012.11.009

6. Hutt C, Hutt SJ, Lee D, Ounsted C. Arousal and childhood autism. Nature.

(1964) 204:908–9. doi: 10.1038/204908a0

7. Porges SW. A phylogenetic journey through the vague and ambiguous Xth

cranial nerve: a commentary on contemporary heart rate variability research.

Biol Psychol. (2007) 74:301–7. doi: 10.1016/j.biopsycho.2006.08.007

8. Patriquin MA, Hartwig EM, Friedman BH, Porges SW, Scarpa

A. Autonomic response in autism spectrum disorder: relationship

to social and cognitive functioning. Biol Psychol. (2019) 145:185–

97. doi: 10.1016/j.biopsycho.2019.05.004

9. Porges SW. Orienting in a defensive world: mammalian modifications of

our evolutionary heritage. Polyvagal Theory Psychophysiol. (1995) 32:301–

18. doi: 10.1111/j.1469-8986.1995.tb01213.x

10. Porges SW. The polyvagal perspective. Biol Psychol. (2007) 74:116–

43. doi: 10.1016/j.biopsycho.2006.06.009

11. Shaffer F, Ginsberg JP. An overview of heart rate variabilitymetrics and norms.

Front Public Health. (2017) 5:258. doi: 10.3389/fpubh.2017.00258

12. Thayer JF, Ahs F, Fredrikson M, Sollers JJ, Wager TD. A meta-analysis of

heart rate variability and neuroimaging studies: implications for heart rate

variability as a marker of stress and health. Neurosci Biobehav Rev. (2012)

36:747–56. doi: 10.1016/j.neubiorev.2011.11.009

13. Baevsky RM, Chernikova AG. Heart rate variability analysis:

physiological foundations and main methods. Cardiometry. (2017)

10:66–76. doi: 10.12710/cardiometry.2017.10.6676

14. Berntson GG, Bigger JT, Eckberg DL, Grossman P, Kaufmann PG, Malik

M, et al. Heart rate variability: origins, methods, and interpretive caveats.

Psychophysiology. (1997) 34:623–48. doi: 10.1111/j.1469-8986.1997.tb0

2140.x

15. Ernst G. Heart-rate variability-more than heart beats. Front Public Health.

(2017) 5:240. doi: 10.3389/fpubh.2017.00240

16. Liang C, Wang KY, Yu Z, Xu B. Development of a novel

mouse constipation model. World J Gastroenterol. (2016)

22:2799–810. doi: 10.3748/wjg.v22.i9.2799

17. Grossman P, Taylor EW. Toward understanding respiratory sinus arrhythmia:

relations to cardiac vagal tone, evolution and biobehavioral functions. Biol

Psychol. (2007) 74:263–85. doi: 10.1016/j.biopsycho.2005.11.014

18. Sheinkopf SJ, Neal-Beevers AR, Levine TP, Miller-Loncar C, Lester

B. Parasympathetic response profiles related to social functioning

in young children with autistic disorder. Autism Res Treat. (2013)

2013:868396. doi: 10.1155/2013/868396

19. Benevides TW, Lane SJ. A review of cardiac autonomic measures:

considerations for examination of physiological response in children

with autism spectrum disorder. J Autism Dev Disord. (2015) 45:560–

75. doi: 10.1007/s10803-013-1971-z

20. Diamond LM, Hicks AM, Otter-Henderson KD. Individual

differences in vagal regulation moderate associations between daily

affect and daily couple interactions. Pers Soc Psychol Bull. (2011)

37:731–44. doi: 10.1177/0146167211400620

21. Pico-Alfonso MA, Mastorci F, Ceresini G, Ceda GP, Manghi

M, Pino O, et al. Acute psychosocial challenge and cardiac

autonomic response in women: the role of estrogens, corticosteroids,

and behavioral coping styles. Psychoneuroendocrinology. (2007)

32:451–63. doi: 10.1016/j.psyneuen.2007.02.009

22. Guy L, Souders M, Bradstreet L, DeLussey C, Herrington JD.

Brief report: emotion regulation and respiratory sinus arrhythmia

in autism spectrum disorder. J Autism Dev Disord. (2014)

44:2614–20. doi: 10.1007/s10803-014-2124-8

23. Edmiston EK, Jones RM, Corbett BA. Physiological response to social

evaluative threat in adolescents with autism spectrum disorder. J

Autism Dev Disord. (2016) 46:2992–3005. doi: 10.1007/s10803-01

6-2842-1

24. Vaughan Van Hecke A, Lebow J, Bal E, Lamb D, Harden E, Kramer

A, et al. Electroencephalogram and heart rate regulation to familiar and

unfamiliar people in children with autism spectrum disorders. Child Dev.

(2009) 80:1118–33. doi: 10.1111/j.1467-8624.2009.01320.x

25. Harteveld LM, Nederend I, Ten Harkel ADJ, Schutte NM, De Rooij

SR, Vrijkotte TGM, et al. Maturation of the cardiac autonomic nervous

system activity in children and adolescents. J Am Heart Assoc. (2021)

10:e017405. doi: 10.1161/JAHA.120.017405

26. Nederend I, Ten Harkel ADJ, Blom NA, Berntson GG, de Geus EJC.

Impedance cardiography in healthy children and children with congenital

heart disease: improving stroke volume assessment. Int J Psychophysiol. (2017)

120:136–47. doi: 10.1016/j.ijpsycho.2017.07.015

27. Kushki A, Brian J, Dupuis A, Anagnostou E. Functional autonomic nervous

system profile in children with autism spectrum disorder.Mol Autism. (2014)

5:39. doi: 10.1186/2040-2392-5-39

28. Dollar JM, Calkins SD, Berry NT, Perry NB, Keane SP, Shanahan L, et al.

Developmental patterns of respiratory sinus arrhythmia from toddlerhood to

adolescence. Dev Psychol. (2020) 56:783–94. doi: 10.1037/dev0000894

29. Huizinga JD, Mathewson KJ, Yuan Y, Chen J. Probing heart rate

variability to determine parasympathetic dysfunction. Physiol Rep. (2018)

6:e13713. doi: 10.14814/phy2.13713

30. Muscatello RA, Vandekar SN, Corbett BA. Evidence for decreased

parasympathetic response to a novel peer interaction in older children with

autism spectrum disorder: a case-control study. J Neurodev Disord. (2021)

13:6. doi: 10.1186/s11689-020-09354-x

31. Corbett BA, Muscatello RA, Baldinger C. Comparing stress and arousal

systems in response to different social contexts in children with ASD. Biol

Psychol. (2019) 140:119–30. doi: 10.1016/j.biopsycho.2018.12.010

32. Bal E, Harden E, Lamb D, Van Hecke AV, Denver JW, Porges SW.

Emotion recognition in children with autism spectrum disorders: relations

to eye gaze and autonomic state. J Autism Dev Disord. (2010) 40:358–

70. doi: 10.1007/s10803-009-0884-3

33. Neuhaus E, Bernier R, Beauchaine TP. Brief report: social skills, internalizing

and externalizing symptoms, and respiratory sinus arrhythmia in autism. J

Autism Dev Disord. (2014) 44:730–7. doi: 10.1007/s10803-013-1923-7

34. Miller JG, Kahle S, Hastings PD. Moderate baseline vagal tone

predicts greater prosociality in children. Dev Psychol. (2017)

53:274–89. doi: 10.1037/dev0000238

35. Toichi M, Kamio Y. Paradoxical autonomic response to

mental tasks in autism. J Autism Dev Disord. (2003) 33:417–

26. doi: 10.1023/A:1025062812374

36. Zahn TP, Rumsey JM, Van Kammen DP. Autonomic nervous system activity

in autistic, schizophrenic, and normal men: effects of stimulus significance. J

Abnorm Psychol. (1987) 96:135–44. doi: 10.1037/0021-843X.96.2.135

37. Smeekens I, Didden R, Verhoeven EW. Exploring the relationship of

autonomic and endocrine activity with social functioning in adults

with autism spectrum disorders. J Autism Dev Disord. (2015) 45:495–

505. doi: 10.1007/s10803-013-1947-z

38. Bricout VA, Pace M, Dumortier L, Favre-Juvin A, Guinot M. Autonomic

Responses to Head-Up Tilt Test in Children with Autism SpectrumDisorders.

J Abnorm Child Psychol. (2018) 46:1121–8. doi: 10.1007/s10802-017-

0339-9

39. Goodman B. Autonomic dysfunction in autism spectrum disorders (ASD)

(P5. 117). Neurology. (2016) 86(Suppl. P5):117. Available online at: https://

n.neurology.org/content/86/16_Supplement/P5.117.short (accessed February

20, 2022).

40. Metzler M, Duerr S, Granata R, Krismer F, Robertson D, Wenning

GK. Neurogenic orthostatic hypotension: pathophysiology, evaluation,

Frontiers in Psychiatry | www.frontiersin.org 14 March 2022 | Volume 13 | Article 830234

https://doi.org/10.1136/bmj.326.7382.173
https://www.psychiatry.org/patients-families/autism/what-is-autism-spectrum-disorder
https://www.psychiatry.org/patients-families/autism/what-is-autism-spectrum-disorder
https://www.psychiatry.org/patients-families/autism/what-is-autism-spectrum-disorder
https://www.cdc.gov/ncbddd/autism/facts.html
https://doi.org/10.1023/A:1025873925661
https://doi.org/10.1016/j.ijpsycho.2012.11.009
https://doi.org/10.1038/204908a0
https://doi.org/10.1016/j.biopsycho.2006.08.007
https://doi.org/10.1016/j.biopsycho.2019.05.004
https://doi.org/10.1111/j.1469-8986.1995.tb01213.x
https://doi.org/10.1016/j.biopsycho.2006.06.009
https://doi.org/10.3389/fpubh.2017.00258
https://doi.org/10.1016/j.neubiorev.2011.11.009
https://doi.org/10.12710/cardiometry.2017.10.6676
https://doi.org/10.1111/j.1469-8986.1997.tb02140.x
https://doi.org/10.3389/fpubh.2017.00240
https://doi.org/10.3748/wjg.v22.i9.2799
https://doi.org/10.1016/j.biopsycho.2005.11.014
https://doi.org/10.1155/2013/868396
https://doi.org/10.1007/s10803-013-1971-z
https://doi.org/10.1177/0146167211400620
https://doi.org/10.1016/j.psyneuen.2007.02.009
https://doi.org/10.1007/s10803-014-2124-8
https://doi.org/10.1007/s10803-016-2842-1
https://doi.org/10.1111/j.1467-8624.2009.01320.x
https://doi.org/10.1161/JAHA.120.017405
https://doi.org/10.1016/j.ijpsycho.2017.07.015
https://doi.org/10.1186/2040-2392-5-39
https://doi.org/10.1037/dev0000894
https://doi.org/10.14814/phy2.13713
https://doi.org/10.1186/s11689-020-09354-x
https://doi.org/10.1016/j.biopsycho.2018.12.010
https://doi.org/10.1007/s10803-009-0884-3
https://doi.org/10.1007/s10803-013-1923-7
https://doi.org/10.1037/dev0000238
https://doi.org/10.1023/A:1025062812374
https://doi.org/10.1037/0021-843X.96.2.135
https://doi.org/10.1007/s10803-013-1947-z
https://doi.org/10.1007/s10802-017-0339-9
https://n.neurology.org/content/86/16_Supplement/P5.117.short
https://n.neurology.org/content/86/16_Supplement/P5.117.short
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Barbier et al. Autonomic Functioning in Autism Based on HRV

and management. J Neurol. (2013) 260:2212–9. doi: 10.1007/s00415-012-

6736-7

41. Watson LR, Roberts JE, Baranek GT, Mandulak KC, Dalton JC. Behavioral

and physiological responses to child-directed speech of children with autism

spectrum disorders or typical development. J Autism Dev Disord. (2012)

42:1616–29. doi: 10.1007/s10803-011-1401-z

42. Bazelmans T, Jones EJH, Ghods S, Corrigan S, Toth K, Charman T, et al.

Heart rate mean and variability as a biomarker for phenotypic variation

in preschoolers with autism spectrum disorder. Autism Res. (2019) 12:39–

52. doi: 10.1002/aur.1982

43. Daluwatte C, Miles JH, Christ SE, Beversdorf DQ, Takahashi TN, Yao

G. Atypical pupillary light reflex and heart rate variability in children

with autism spectrum disorder. J Autism Dev Disord. (2013) 43:1910–

25. doi: 10.1007/s10803-012-1741-3

44. Cheng Y-C, Huang Y-C, HuangW-L. Heart rate variability in individuals with

autism spectrum disorders: a meta-analysis. Neurosci Biobehav Rev. (2020)

118:463–71. doi: 10.1016/j.neubiorev.2020.08.007

45. Ostchega Y, Porter KS, Hughes J, Dillon CF, Nwankwo T. Resting pulse rate

reference data for children, adolescents, and adults: United States, 1999-2008.

Natl Health Stat Report. (2011) 41:1–16. Available online at: https://www.cdc.

gov/nchs/data/nhsr/nhsr041.pdf (accessed February 20, 2022).

46. Russell E, Sofronoff K. Anxiety and social worries in children

with Asperger syndrome. Aust N Zeal J Psychiatry. (2005)

39:633–8. doi: 10.1080/j.1440-1614.2005.01637.x

47. Bujnakova I, Ondrejka I, Mestanik M, Visnovcova Z, Mestanikova A,

Hrtanek I, et al. Autism spectrum disorder is associated with autonomic

underarousal. Physiol Res. (2016) 65:933528. doi: 10.33549/physiolres.

933528

48. Ming X, Julu PO, Brimacombe M, Connor S, Daniels ML. Reduced cardiac

parasympathetic activity in children with autism. Brain Dev. (2005) 27:509–

16. doi: 10.1016/j.braindev.2005.01.003

49. Neuhaus E, Bernier RA, Beauchaine TP. Children with autism show altered

autonomic adaptation to novel and familiar social partners.AutismRes. (2016)

9:579–91. doi: 10.1002/aur.1543

50. Hall CA, Chilcott RP. Eyeing up the future of the pupillary light reflex

in neurodiagnostics. Diagnostics. (2018) 8:E19. doi: 10.3390/diagnostics

8010019

51. Nyström P, Gredebäck G, Bölte S, Falck-Ytter T, EASET. Hypersensitive

pupillary light reflex in infants at risk for autism. Mol Autism. (2015)

6:10. doi: 10.1186/s13229-015-0011-6

52. Fan X,Miles JH, Takahashi N, Yao G. Abnormal transient pupillary light reflex

in individuals with autism spectrum disorders. J Autism Dev Disord. (2009)

39:1499–508. doi: 10.1007/s10803-009-0767-7

53. Panju S, Brian J, Dupuis A, Anagnostou E, Kushki A. Atypical

sympathetic arousal in children with autism spectrum disorder and

its association with anxiety symptomatology. Mol Autism. (2015)

6:64. doi: 10.1186/s13229-015-0057-5

54. Hirstein W, Iversen P, Ramachandran VS. Autonomic responses of

autistic children to people and objects. Proc Biol Sci. (2001) 268:1883–

8. doi: 10.1098/rspb.2001.1724

55. Boucsein W, Fowles DC, Grimnes S, Ben-Shakhar G, Roth WT, Dawson ME,

et al. Publication recommendations for electrodermal measurements.

Psychophysiology. (2012) 49:1017–34. doi: 10.1111/j.1469-8986.2012.

01384.x

56. Levine TP, Sheinkopf SJ, Pescosolido M, Rodino A, Elia G, Lester

B. Physiologic arousal to social stress in children with autism

spectrum disorders: a pilot study. Res Autism Spectr Disord. (2012)

6:177–83. doi: 10.1016/j.rasd.2011.04.003

57. McCormick C, Hessl D, Macari SL, Ozonoff S, Green C, Rogers SJ.

Electrodermal and behavioral responses of children with autism spectrum

disorders to sensory and repetitive stimuli. Autism Res. (2014) 7:468–

80. doi: 10.1002/aur.1382

58. Joseph RM, Ehrman K, McNally R, Keehn B. Affective response to eye contact

and face recognition ability in children with ASD. J Int Neuropsychol Soc.

(2008) 14:947–55. doi: 10.1017/S1355617708081344

59. Ali MK, Liu L, Chen J-H, Huizinga JD. Optimization of autonomic

function analysis related to human colon motor activity. Front Physiol Auton

Neurosci (2021) 1–14. doi: 10.3389/fphys.2021.619722

60. Mathewson KJ, Drmic IE, Jetha MK, Bryson SE, Goldberg JO, Hall GB,

et al. Behavioral and cardiac responses to emotional stroop in adults with

autism spectrum disorders: influence of medication. Autism Res. (2011) 4:98–

108. doi: 10.1002/aur.176

61. Thapa R, Pokorski I, Ambarchi Z, Thomas E, Demayo M, Boulton K, et

al. Heart rate variability in children with autism spectrum disorder and

associations with medication and symptom severity. Autism Res. (2021)

14:75–85. doi: 10.1002/aur.2437

62. Licht CM, de Geus EJ, van Dyck R, Penninx BW. Association between

anxiety disorders and heart rate variability in The Netherlands Study

of Depression and Anxiety (NESDA). Psychosom Med. (2009) 71:508–

18. doi: 10.1097/PSY.0b013e3181a292a6

63. Gillott A, Furniss F, Walter A. Anxiety in high-functioning children

with autism. Autism. (2001) 5:277–86. doi: 10.1177/136236130100500

3005

64. Chalmers JA, Quintana DS, Abbott MJ, Kemp AH. Anxiety disorders

are associated with reduced heart rate variability: a meta-analysis. Front

Psychiatry. (2014) 5:80. doi: 10.3389/fpsyt.2014.00080

65. Jitlina K, Zumbo B, Mirenda P, Ford L, Bennett T, Georgiades S, et al.

Psychometric properties of the spence children’s anxiety scale: parent report

in children with autism spectrum disorder. J Autism Dev Disord. (2017)

47:3847–56. doi: 10.1007/s10803-017-3110-8

66. Mazurek MO, Petroski GF. Sleep problems in children with autism spectrum

disorder: examining the contributions of sensory over-responsivity and

anxiety. Sleep Med. (2015) 16:270–9. doi: 10.1016/j.sleep.2014.11.006

67. White SW, Oswald D, Ollendick T, Scahill L. Anxiety in children and

adolescents with autism spectrum disorders. Clin Psychol Rev. (2009) 29:216–

29. doi: 10.1016/j.cpr.2009.01.003

68. White SW, Roberson-Nay R. Anxiety, social deficits, and loneliness in youth

with autism spectrum disorders. J Autism Dev Disord. (2009) 39:1006–

13. doi: 10.1007/s10803-009-0713-8

69. Taylor EC, Livingston LA, Callan MJ, Ashwin C, Shah P. Autonomic

dysfunction in autism: the roles of anxiety, depression, and stress. Autism.

(2021) 25:744–52. doi: 10.1177/1362361320985658

70. Koolhaas JM, Bartolomucci A, Buwalda B, de Boer SF, Flügge G, Korte SM, et

al. Stress revisited: a critical evaluation of the stress concept.Neurosci Biobehav

Rev. (2011) 35:1291–301. doi: 10.1016/j.neubiorev.2011.02.003

71. Thayer JF, Brosschot JF. Psychosomatics and psychopathology: looking

up and down from the brain. Psychoneuroendocrinology. (2005) 30:1050–

8. doi: 10.1016/j.psyneuen.2005.04.014

72. Parma V, Cellini N, Guy L, McVey AJ, Rump K, Worley J, et al. Profiles

of autonomic activity in autism spectrum disorder with and without

anxiety. J Autism Dev Disord. (2021) 51:4459–70. doi: 10.1007/s10803-020-

04862-0

73. McElhanon BO, McCracken C, Karpen S, Sharp WG. Gastrointestinal

symptoms in autism spectrum disorder: a meta-analysis. Pediatrics. (2014)

133:872–83. doi: 10.1542/peds.2013-3995

74. Brookes SJ, Dinning PG, Gladman MA. Neuroanatomy and

physiology of colorectal function and defaecation: from basic

science to human clinical studies. Neurogastroenterol Motil. (2009)

21:29–19. doi: 10.1111/j.1365-2982.2009.01400.x

75. Lomax AE, Sharkey KA, Furness JB. The participation of the sympathetic

innervation of the gastrointestinal tract in disease states. Neurogastroenterol

Motil. (2010) 22:7–18. doi: 10.1111/j.1365-2982.2009.01381.x

76. Ferguson BJ, Marler S, Altstein LL, Lee EB, Akers J, Sohl

K, et al. Psychophysiological associations with gastrointestinal

symptomatology in autism spectrum disorder. Autism Res. (2017)

10:276–88. doi: 10.1002/aur.1646

77. Yuan Y, Ali MK, Mathewson KJ, Sharma K, Faiyaz M, Tan W, et

al. Associations between colonic motor patterns and autonomic nervous

system activity assessed by high-resolution manometry and concurrent heart

rate variability. Front Neurosci. (2020) 13:1447. doi: 10.3389/fnins.2019.

01447

78. Camm J, Malik M, Bigger JT, Breithardt G, Cerutti S, Cohen RJ. Task Force of

the European society of cardiology and the North American Society of Pacing

and Electrophysiology. Heart Rate Variability: Standarts of measurement,

physiological interpretation and clinical use. Circulation. (1996) 93:1043–

65. doi: 10.1161/01.CIR.93.5.1043

Frontiers in Psychiatry | www.frontiersin.org 15 March 2022 | Volume 13 | Article 830234

https://doi.org/10.1007/s00415-012-6736-7
https://doi.org/10.1007/s10803-011-1401-z
https://doi.org/10.1002/aur.1982
https://doi.org/10.1007/s10803-012-1741-3
https://doi.org/10.1016/j.neubiorev.2020.08.007
https://www.cdc.gov/nchs/data/nhsr/nhsr041.pdf
https://www.cdc.gov/nchs/data/nhsr/nhsr041.pdf
https://doi.org/10.1080/j.1440-1614.2005.01637.x
https://doi.org/10.33549/physiolres.933528
https://doi.org/10.1016/j.braindev.2005.01.003
https://doi.org/10.1002/aur.1543
https://doi.org/10.3390/diagnostics8010019
https://doi.org/10.1186/s13229-015-0011-6
https://doi.org/10.1007/s10803-009-0767-7
https://doi.org/10.1186/s13229-015-0057-5
https://doi.org/10.1098/rspb.2001.1724
https://doi.org/10.1111/j.1469-8986.2012.01384.x
https://doi.org/10.1016/j.rasd.2011.04.003
https://doi.org/10.1002/aur.1382
https://doi.org/10.1017/S1355617708081344
https://doi.org/10.3389/fphys.2021.619722
https://doi.org/10.1002/aur.176
https://doi.org/10.1002/aur.2437
https://doi.org/10.1097/PSY.0b013e3181a292a6
https://doi.org/10.1177/1362361301005003005
https://doi.org/10.3389/fpsyt.2014.00080
https://doi.org/10.1007/s10803-017-3110-8
https://doi.org/10.1016/j.sleep.2014.11.006
https://doi.org/10.1016/j.cpr.2009.01.003
https://doi.org/10.1007/s10803-009-0713-8
https://doi.org/10.1177/1362361320985658
https://doi.org/10.1016/j.neubiorev.2011.02.003
https://doi.org/10.1016/j.psyneuen.2005.04.014
https://doi.org/10.1007/s10803-020-04862-0
https://doi.org/10.1542/peds.2013-3995
https://doi.org/10.1111/j.1365-2982.2009.01400.x
https://doi.org/10.1111/j.1365-2982.2009.01381.x
https://doi.org/10.1002/aur.1646
https://doi.org/10.3389/fnins.2019.01447
https://doi.org/10.1161/01.CIR.93.5.1043
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Barbier et al. Autonomic Functioning in Autism Based on HRV

79. Olbrich S, K. Preller KH, Vollenweider FX. LSD and ketanserin and their

impact on the human autonomic nervous system. Psychophysiology (2021)

58:e13822. doi: 10.1111/psyp.13822

80. Beversdorf DQ. The role of the noradrenergic system in autism spectrum

disorders, implications for treatment. Semin Pediatr Neurol. (2020)

35:100834. doi: 10.1016/j.spen.2020.100834

81. Brennan M, Palaniswami M, Kamen P. Do existing measures of Poincaré

plot geometry reflect nonlinear features of heart rate variability. IEEE Trans

Biomed Eng. (2001) 48:1342–7. doi: 10.1109/10.959330

82. Guzik P, Piskorski J, Krauze T, Schneider R, Wesseling KH, Wykretowicz

A, et al. Correlations between the Poincaré plot and conventional heart rate

variability parameters assessed during paced breathing. J Physiol Sci. (2007)

57:63–71. doi: 10.2170/physiolsci.RP005506

83. Hoshi RA, Pastre CM, Vanderlei LC, Godoy MF. Poincaré plot

indexes of heart rate variability: relationships with other nonlinear

variables. Auton Neurosci. (2013) 177:271–4. doi: 10.1016/j.autneu.2013.

05.004

84. Hayano J, Yuda E. Assessment of autonomic function by long-term

heart rate variability: beyond the classical framework of LF and HF

measurements. J Physiol Anthropol. (2021) 40:1–15. doi: 10.1186/s40101-021-

00272-y

85. Verhoeff ME, Blanken LME, Kocevska D, Mileva-Seitz VR, Jaddoe VWV,

White T, et al. The bidirectional association between sleep problems and

autism spectrum disorder: a population-based cohort study. Mol Autism.

(2018) 9:1–9. doi: 10.1186/s13229-018-0194-8

86. Leader G, Barrett A, Ferrari C, Casburn M, Maher L, Naughton K, et al.

Quality of life, gastrointestinal symptoms, sleep problems, social support, and

social functioning in adults with autism spectrum disorder. Res Dev Disabil.

(2021) 112:103915. doi: 10.1016/j.ridd.2021.103915

87. Patriquin MA, Scarpa A, Friedman BH, Porges SW. Respiratory sinus

arrhythmia: a marker for positive social functioning and receptive language

skills in children with autism spectrum disorders. Dev Psychobiol. (2013)

55:101–12. doi: 10.1002/dev.21002

88. Schumann CM, Bauman MD, Amaral DG. Abnormal structure

or function of the amygdala is a common component of

neurodevelopmental disorders. Neuropsychologia. (2011) 49:745–

59. doi: 10.1016/j.neuropsychologia.2010.09.028

89. Sapolsky RM, Romero LM, Munck AU. How do glucocorticoids influence

stress responses? Integrating permissive, suppressive, stimulatory, and

preparative actions. Endocr Rev. (2000) 21:55–89. doi: 10.1210/edrv.21.1.0389

90. Fu Q, Levine BD. Exercise and non-pharmacological treatment of POTS.

Auton Neurosci. (2018) 215:20–7. doi: 10.1016/j.autneu.2018.07.001

91. Cook GA, Sandroni P. Management of headache and chronic pain in POTS.

Auton Neurosci. (2018) 215:37–45. doi: 10.1016/j.autneu.2018.06.004

92. Vernetti A, Shic F, Boccanfuso L, Macari S, Kane-Grade F, Milgramm A, et al.

Atypical emotional electrodermal activity in toddlers with autism spectrum

disorder. Autism Res. (2020) 13:1476–88. doi: 10.1002/aur.2374

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Barbier, Chen and Huizinga. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Psychiatry | www.frontiersin.org 16 March 2022 | Volume 13 | Article 830234

https://doi.org/10.1111/psyp.13822
https://doi.org/10.1016/j.spen.2020.100834
https://doi.org/10.1109/10.959330
https://doi.org/10.2170/physiolsci.RP005506
https://doi.org/10.1016/j.autneu.2013.05.004
https://doi.org/10.1186/s40101-021-00272-y
https://doi.org/10.1186/s13229-018-0194-8
https://doi.org/10.1016/j.ridd.2021.103915
https://doi.org/10.1002/dev.21002
https://doi.org/10.1016/j.neuropsychologia.2010.09.028
https://doi.org/10.1210/edrv.21.1.0389
https://doi.org/10.1016/j.autneu.2018.07.001
https://doi.org/10.1016/j.autneu.2018.06.004
https://doi.org/10.1002/aur.2374
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Autism Spectrum Disorder in Children Is Not Associated With Abnormal Autonomic Nervous System Function: Hypothesis and Theory
	Introduction
	Assessing Autonomic Dysfunction in ASD via Heart Rate and Heart Rate Variability
	General Conclusions Found in the Literature Based on Heart Rate and HRV Analysis

	Critical Analysis of HRV Parameter Assessments
	Do Children With ASD Have an Abnormal Baseline RSA?
	Do Children With ASD Have an Abnormal RSA in Response to Stimuli?
	Do Children With ASD Have an Increased Abnormal Basal Heart Rate?
	Do Children With ASD Have an Abnormal Increase in Heart Rate in Response to Stimuli?
	Can Potential Parasympathetic Autonomic Dysfunction in ASD Be Assessed Using the Pupillary Light Reflex?

	Assessment of Sympathetic Activity
	Effect of Medication on HRV
	Autism and Co-Morbidities
	Anxiety
	Gastrointestinal Symptoms

	Does Measuring HRV Parameters in Children with ASD Have Relevance?
	How Should HRV Be Measured?
	Long-Term Measurements
	Reporting Absolute Values
	What Are Suitable Control Values?
	Mentioning Units of Measurement

	The Polyvagal Theory and ASD
	Perspective
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


