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Abstract

Deficits in social engagement emerge in autism during the infant and toddler period and may be 

related to emotion regulation and stress response systems. This study examined patterns of growth 

in autonomic functioning related to autism diagnosis and addresses the hypothesis that there are 

differences in autonomic functioning related to autism in infancy. Heart rate (HR) and respiratory 

sinus arrhythmia (RSA) were measured at 8 time points from 1 to 72 months of age in infants later 

diagnosed with autism (n=12) and a non-autistic comparison group (n=106). Multilevel models 

were used to describe the developmental course of HR and RSA and to test the effect of autism 

diagnosis on growth trajectories. Both groups showed an expected age-related decrease in HR and 

increase in RSA. Groups did not differ in the rate of decrease of HR over time. However, infants 

with autism demonstrated a smaller linear increase in RSA, indicating slower growth in RSA over 
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time in comparison to controls. These results suggest that differences in physiological regulation 

may develop with age in autism. The slowed RSA growth in autism was most evident after 18 

months of age, at a time when behavioral symptoms become prominent. This is consistent with the 

view that RSA is a marker of functional status in autism rather than a cause of social deficits in 

autism.

Introduction

Potential markers of risk for autism in infancy include diminished social responses 

(Chawarska, Macari, & Shic, 2013), visual attention to social information (Jones & Klin, 

2013) atypical cry and vocal development (Esposito & Venuti, 2010; Patten et al., 2014; 

Paul, Fuerst, Ramsay, Chawarska, & Klin, 2011; Sheinkopf, Iverson, Rinaldi, & Lester, 

2012; English, Tenenbaum, Levine, Lester, & Sheinkopf, 2018), and delays in early motor 

development (Iverson & Wozniak, 2007). Deficits in social communication and social 

attention associated with autism emerge as infants approach 12 months of age and become 

more prominent during the toddler and preschool period (Jones & Klin, 2013; Landa & 

Garrett-Mayer, 2006; Ozonoff et al., 2010). Physiologic systems regulating arousal and 

attention are thought to play a role in the development of social behaviors in autism and may 

be useful as biomarkers of risk or functional status in this population.

One such physiologic measure of regulation is respiratory sinus arrhythmia (RSA). RSA is 

an index of central nervous system regulation of heart rate and is a measure of the autonomic 

response system. RSA is mediated by phasic inhibitory input to the heart from brainstem 

nuclei via the vagus, resulting in oscillations in heart rate related to respiration. Higher RSA 

amplitude has been proposed to be an indicator of the integrity of a neural system supporting 

social engagement (Beauchaine, 2001; Porges, 2001; Porges et al., 2013). However, 

diminished RSA has also been linked to stress response and early adversity and experience 

(Conradt, Abar, et al., 2013). Thus, diminished RSA in autism may be thought of as either 

impairing social engagement or as secondary to the overall level of disability present in 

autism. Longitudinal studies during early development will help to differentiate these 

possible models.

Some studies have found that RSA is diminished in autism and correlated with social and 

communication functioning (Cohen, Masyn, Mastergeorge, & Hessl, 2013; Vaughan Van 

Hecke et al., 2009). However, other studies have failed to find differences in RSA associated 

with autism (Levine et al., 2012; Sheinkopf, Neal-Beevers, Levine, Miller-Loncar, & Lester, 

2013), or instead have found highly variable physiologic responses (Toichi & Kamio, 2003). 

There is evidence that higher RSA is associated with better language skills in children with 

autism (Patriquin, Lorenzi, Scarpa, & Bell, 2013; Watson, Baranek, Roberts, David, & 

Perryman, 2010), and that changes in RSA in response to a social challenge is associated 

with social adaptive functioning in young children with autism (Sheinkopf et al., 2013). A 

relevant study of typically developing children found that RSA trajectories in infancy and 

early childhood correlated with measures of social engagement (Patriquin, Scarpa, 

Friedman, & Porges, 2013).
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In typically developing children, the amplitude of RSA increases over the course of infancy 

and approaches adult levels by 6 years of age (Bornstein & Suess, 2000; Porges, Doussard-

Roosevelt, Portales, & Suess, 1994). One recent study found that 4-month-old infants later 

diagnosed with autism had an altered RSA response to a social stressor as compared to non-

autistic infants (McCormick et al., 2018). This study found lower RSA during a mildly 

stressful social challenge, specifically a face-to-face interaction with a novel adult. This 

preliminary finding suggests that differences in regulatory capacity may be evidenced in 

early infancy if measured in the appropriate context. However, the early trajectory of RSA in 

children with autism is not known, and mapping the early developmental course of RSA 

would improve our understanding of which aspects of autism are primary to the disorder and 

which are secondary outcomes or effects of autism over time. One possibility is that 

diminished RSA is present early in development as a precursor of later developing 

symptoms. Alternatively, RSA may be an index of functional status that is secondary to or 

an effect of stress and coping processes associated with autism.

The current study examined RSA longitudinally in a sample of infants observed from the 

neonatal period and later diagnosed with autism. Subjects were ascertained from a 

longitudinal cohort that was large enough to yield a sample of infants with autism, but not 

selected on the basis of risk for autism specifically. Most research on autism in infancy uses 

an infant sibling design, based on recruiting infant siblings of children with autism. While 

such enriched risk samples have the advantage of increasing the likelihood of studying 

infants who have a later diagnosis, results from such studies may not be generalizable to the 

more general population of children with autism. This study employed a case control 

methodology to identify an unbiased comparison sample from the longitudinal cohort, 

controlling for pre- and perinatal risks present in the sample. Longitudinal growth analyses 

were used to model the developmental course of RSA in these two groups. Developmental 

changes in heart rate (HR) were also examined as it can be expected that as RSA increases 

developmentally (Bornstein & Suess, 2000), HR should decrease over the same time frame 

(Flemming et al, 2011).

Methods

Participants

Infants were selected from a sample of 1,388 infants from the Maternal Lifestyle Study 

(MLS), a multi-site investigation of the effects of prenatal exposure to cocaine and other 

substances (Lester et al., 2001; Lester et al., 2003). The study had approval from the 

institutional review board at each site. Prenatal cocaine exposure was identified by maternal 

report or positive meconium assay. History of prenatal exposure to other substances 

(tobacco, alcohol, marijuana) was determined by maternal interview (opiate exposure was 

exclusionary for this analysis). Details on the sampling criteria and cohort matching have 

been previously reported (Lester et al., 2003).

Children with possible autism diagnoses were identified using information collected from 

study-specific medical history interview forms that were used to ask caregivers about basic 

health history at each study visit, and by having study site personnel review study records 

for notes that indicated potential autism diagnoses. There were 19 children with potential 
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diagnoses of autism. Diagnostic confirmation was performed at age 9 years or later. 

Diagnostic confirmation was defined as having scores that exceeded standard thresholds for 

autism or autism spectrum on the Autism Diagnostic Observation Schedule (ADOS; Lord et 

al., 1989), and overall clinical impression by an experienced clinician (author 1 or 2). 

Diagnosis was confirmed for 13 of 19 children. Of the children with unconfirmed diagnoses, 

4 could not be contacted and 2 had below threshold scores on the ADOS and clinician 

impressions that autism was not present.

A case-control comparison sample was developed by first identifying potential controls from 

the overall MLS sample who were matched on the presence or absence of cocaine exposure, 

presence or absence of other substance exposure, and birth weight (in 3 groups: <1500g, 

1500-2499g, and ≥2500g). Each autistic case had a variable number of potential non-autistic 

matches, with some cases competing for controls with similar characteristics. The number of 

controls to be selected as matches was limited by the cases with the fewest available 

controls. Based on this approach, nine (9) controls per autism case were randomly selected 

from the group of potential controls. Children born less than 36 weeks gestational age 

(obstetrician best estimate) were excluded from these analyses, including one child with 

autism born at 28 weeks. Two additional controls were excluded due inconsistent data on 

birth weight and gestational age. The final sample included 12 children with autism and 106 

comparison participants. Characteristics of the groups are presented in Table 1.

Because the MLS was not initially designed as a study of autism, and because of variation in 

later functional levels in the children with autism, standardized assessments of cognitive and 

language abilities were not available at all ages in the children with autism. The Bayley 

Scales of Infant Development (Bayley, 1993) were administered at 12, 24, and 36 months, 

and the Wechsler Preschool and Primary Scales of Intelligence, revised (Wechsler, 1989) at 

48 and 54 months of age. Composite scores from both measures have a mean of 100 and a 

standard deviation of 15. Overall developmental ability level was estimated from the 

composite score from the latest available age at which an individual was assessed. For the 

autism group, the mean cognitive score was 72.6 (SD = 24.6; min = 50; max = 127), with 5 

of 12 (42%) having scores ≥ 80. The latest available cognitive scores for the autism group 

were as follows: 12 month Bayley scales for 2 children, 36 month Bayley scales for 1 child, 

48 month WPPSI scales for 3 children and 54 months WPPSI scores for 6 children (one 

child did not have cognitive scores at any time point). For the non-autistic comparison 

group, the mean cognitive score at 54 months was 84.0 (n = 79; SD = 13.4; min = 60; max = 

120), with 64% having scores ≥ 80.

ECG Acquisition and Processing

Electrocardiogram (ECG) recordings were collected at multiple time points beginning at 1 

month of age (assessment ages were corrected for prematurity up to age 24 months). ECG 

was recorded via three electrodes placed on the chest and abdomen. The ECG signal was 

sampled at 1kHz and stored on a computer for later analysis. Interbeat intervals were defined 

by detection of R-waves to the nearest millisecond.

A series of automated algorithms were used to detect R-R (inter-beat) intervals outside of 

expected values. Missed or spurious R-waves were flagged and corrected by linear 
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interpolation. Heart rate (HR) and RSA were derived from the R-R time-series. A 21-point 

moving polynomial was applied to remove low frequency trends in the HR signal. A 

bandpass filter extracted the variance in heart period within the frequency band of 

spontaneous respiration in infants (0.24-1.04 Hz) by removing periodicities in the ECG 

signal that are outside the frequency range of the respiratory cycle. RSA was computed as 

the natural logarithm of heart period variance and reported in units of milliseconds (ms) 

squared, ln(ms)2 using Porges’ algorithm (Porges, 1985, 1986). RSA was calculated in 30 

second overlapping windows and then averaged within each observational period at each age 

of measurement. The RSA data for an individual was used as long as there was a 30-s 

segment with less than 20% of the segment identified with artifact (Jennings et al., 1981). 

Small amounts of artifact can be expected to have a minimal effect on measures of heart rate 

variability such as RSA (Berntson et al., 1997). The ECG acquisition and analysis process 

used in this study have been previously reported (Conradt et al., 2013; Sheinkopf et al., 

2008).

ECG was acquired at 1, 12, 18, 24, 36, 48, 60, and 72 months of age. At 1 month, RSA and 

HR were assessed during the orientation portion of a newborn infant examination, the NICU 

Network Neurobehavioral Scales (NNNS; Lester & Tronick, 2004). This section of the 

NNNS was selected because it offered a contiguous period of time (about 6 minutes) when 

infants were in a calm but awake state. At the other ages, RSA and HR were assessed during 

3 minutes of quiet toy play while children sat on a parent’s lap or in a high chair or chair as 

appropriate for the child’s age. The recording conditions (procedures) for ECG acquisition 

were consistent across children within each time point. These observations were not 

designed to be highly stressful and thus were useful as a means to assess time related trends 

in HR and RSA across the first 6 years of life. For the non-autistic children estimates of 

RSA across this age range were similar to those reported by other studies using the same 

algorithm for calculating RSA (Bornstein & Suess, 2000; Calkins & Keane, 2004; Patriquin, 

Lorenzi, et al., 2013; Porges et al., 1994).

Analytic Strategy

Multilevel models were fit in SAS 9.4 with the PROC MIXED procedure using a full 

information maximum likelihood estimator to account for missing data over time. Missing 

data was due to a child missing a specific age visit or technical or administration problems 

resulting in missing or unusable physiology data. Heart rate and RSA were available for the 

follow number of participants at each age point: 116 (1 month); 68 (21 months); 57 (18 

months); 46 (24 months); 63 (36 months); 65 (48 months); 57 (60 months); 63 (72 months). 

Three models were tested to examine change in RSA and HR across this developmental 

period: no growth, linear slope, and quadratic growth. For the linear and quadratic models, 

time was entered as age at assessment. Group (ASD) and biological sex (female) were 

included in the model as main effects. In the linear and quadratic models, interactions 

between group (ASD) and slope were included to examine group differences in growth over 

time. In the case of significant interactions between group and slope, the model was re-run 

with time centered at each assessment (1 month, 12 months, 18 months, 2 years, 3 years, 4 

years, 5 years, 6 years) to explore the main effect of group at each age point. Model fit was 
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evaluated with akaike information criteria (AIC), bayesian information criteria (BIC), and 

chi-square log-likelihood deviance tests.

Results

Heart Rate

Results indicated that the model with a random intercept and fixed linear and quadratic 

terms provided the best for the data. The interaction between diagnostic group and the linear 

and quadratic slope terms reached significance, therefore group differences were tested at 

each time point by recentering age. Main effect of group reached significance when the 

model was centered at 18 months and subsequent assessment points up to age 5. Results are 

reported from the model centered at the 18-month time point. Model parameters are reported 

in Table 2. The significant main effect of diagnostic group (β = 6.42, p < .05) revealed that 

on average the ASD group had a higher heart rate, 132.70 CI [ 129.89, 135.52] than the 

control group, 126.28 CI [125.27, 127.29]. The model revealed a significant main effect of 

sex (β = 4.38, p < .01). On average, females demonstrated higher heart rate, 130.66 CI 

[129.28, 132.04] compared to males 126.28 CI [125.27, 127.29]. The significant negative 

linear slope (β=−1.29, p <.001) and positive quadratic slope (β= .01, p <.001) indicate that 

for controls HR declines across this developmental period but that decline gradually 

decreases. The significant linear (β = 0.38, p < .01) and quadratic (β = −0.01, p <.05) 

interaction terms with diagnostic group indicate the infants with an ASD outcome have a 

more attenuated decrease in HR compared to controls and essentially no plateauing during 

this developmental period.

Respiratory Sinus Arrhythmia

Results indicated that the model with a random intercept fixed linear and quadratic terms 

provided the best fit for the data. The interaction between diagnostic group and the linear 

and quadratic slope terms reached significance, therefore group differences were tested at 

each time point by recentering age. Main effect of group reached significance when the 

model was centered at 18 months and subsequent assessment points up to age 60 months. 

The group difference was not statistically significant at 72 months. Results are reported from 

the model centered at the 18-month time point. Model parameters are reported in Table 2. At 

this time point, children in the ASD group demonstrated lower RSA, 2.98 CI [2.71, 3.25], 

than controls, 4.50 CI [4.28, 4.72], The significant linear (β = 0.07, p <.0001) and quadratic 

(β = −0.0008, p <.0001) terms indicate that in the control group RSA increases and then 

gradually flattens. The significant linear (β = −0.04, p <.001) and quadratic (β = 0.001, p < .

01) interaction terms with group indicate that participants with ASD have a slower increase 

in RSA compared to controls and essentially no plateauing across this developmental period. 

These results are depicted in Figure 1.

Model results indicated that the main effect of sex did not reach significance. In addition, we 

evaluated the potential impact of cognitive ability at outcome as a potential confound to the 

earlier RSA differences. We tested whether RSA was correlated with IQ at 54 months within 

the control group. None of the correlation coefficients reached statistical significance, and 

Sheinkopf et al. Page 6

Biol Psychol. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



only one of the tests had a p value <0.10 (the correlation between RSA at 24 months 

outcome IQ was r = −0.25, p = .08).

Discussion

Infants later diagnosed with autism were matched to a longitudinal comparison group and 

measures of heart rate (HR) and respiratory sinus arrhythmia (RSA) were examined over 

time. Growth curve models revealed that the autistic group had diminished growth in RSA, 

with lower RSA in the autistic group by the 18 month assessment point as compared to the 

non-autistic children. This result suggests that disruptions in physiologic systems regulating 

engagement with the environment emerge, or at least magnify with development in autism.

These findings are unique in part because they are based on prospective, longitudinal 

observations of infants later diagnosed with autism. Roberts et al. (2012) reported that lower 

RSA was associated with increased autism symptoms in a group of infants with Fragile X 

syndrome beginning at 22 months of age. The age at which RSA growth in the ASD group 

diverged from the comparison group in the current results is consistent with the age range 

studied by Roberts et al. where relations between autism symptoms and RSA were found. 

The current results are also consistent with findings from a non-clinical cohort by Patriquin 

et al. (2013) who reported that a two-group model explained individual differences in RSA 

over a similar time frame as the present study. Patriquin et al. identified a subgroup of 

infants with diminished RSA growth in the 24 to 48 month age range coinciding with 

parental ratings of diminished social functioning. The current study adds to this body of 

evidence by showing that developmental differences in RSA, a measure of autonomic 

regulatory capacity, emerge longitudinally in infants later diagnosed with autism.

Slower RSA growth resulted in the group differences reaching statistical significance by 18 

months of age, and group differences remained significant out to the 60-month time point. 

This finding is additional evidence that RSA is a marker of functional status in autism at 

specific ages (Patriquin, Scarpa, et al., 2013; Roberts et al., 2012; Sheinkopf et al., 2013; 

Vaughan Van Hecke et al., 2009). However, it is possible that the lack of initial differences in 

RSA in early infancy is the result of developmental floor effects on RSA early in life and/or 

due to low statistical power due the small sample size of the autistic group in this study. An 

alternative explanation is that differences in RSA (and perhaps other measures of stress, 

coping, and regulatory processes) are not present early in life and could be secondary to the 

social communication and developmental impairments that become especially prominent in 

the toddler and preschool period. The current findings are consistent with this latter 

explanation, but the presence of smaller but meaningful differences in RSA earlier in infancy 

cannot be ruled out.

While the autism group had lower RSA values from 18 to 60 months, there was not a 

significant group difference at 72 months. However, visual inspection of the data in Figure 1 

indicates that there was a significant amount of variability in the autism group. Certainly 

other studies have reported a high degree of variability in autonomic cardiorespiratory 

responses in individuals with autism (Levine et al, 2012; Sheinkopf et al. 2013, Toichi & 

Kamio, 2003). There is strong interest in the nature of heterogeneity in course and outcome 
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of individuals with autism, and biologically based measures, including indices of autonomic 

responses, have the potential to help parse this heterogeneity into clinically meaningful 

subgroups (Masi, DeMayo, Glozier & Guastell, 2017). While speculative, it is possible that 

the individual differences seen at the end of the observational period in this study may be 

reflective of underlying subgroups. Clearly, however, much larger sample sizes will be 

needed to determine the presence or absence, and clinical significance of such subgroups.

A unique aspect of this study is the use of a non-infant-sibling design to study autism in 

infancy. Studies of infants later diagnosed with autism have primarily relied upon 

observations of infants who have an older sibling with this condition, and prior review 

papers have nicely summarized this important work (Jones, Gliga, Bedford, Charman, & 

Johnson, 2014; Rogers, 2009; Zwaigenbaum et al., 2006). Such infant sibling studies have 

the advantage of increased efficiency of identifying babies who go on to have a diagnosis. 

However, the drawback to the infant sibling approach is that there is unknown 

generalizability of findings to the wider population of individuals with autism. Both 

enriched risk cohort designs (such as infant sibling studies) and research on less selected 

samples are needed to provide a full view of the range of developmental patterns associated 

with later diagnoses. By leveraging a large longitudinal cohort of infants, this study provides 

one model for such research.

Limitations of this study are acknowledged. First, the size of autism group was relatively 

small, and there was missing data on infants at various time points. The latent modeling 

method addressed this problem of missing data. The small sample size limits statistical 

power to detect differences at specific ages. The limited sample size also precludes the 

identification of subgroups of children with autism. Lower RSA associated with autism have 

been reported only inconsistently in prior research (Benevides & Lane, 2015), and this may 

in part be a function of variable underlying characteristics in children with autism. 

Nonetheless, the shape of the growth curve in RSA was statistically different in the infants 

with autism than in the controls, indicating that there is likely to be an interaction between 

age and diagnosis on developmental changes in regulatory processes across infancy. 

Describing the nature and timing of departures from typical developmental processes can be 

expected to inform efforts to improve screening and treatment development (Jones & Klin, 

2009). Second, participants were drawn from a high-risk cohort designed to investigate the 

developmental effects of prenatal drug exposure. Prior reports based on this cohort have 

documented effects of prenatal drug exposure on RSA at one month of age (Conradt, 

Sheinkopf, et al., 2013), and combined effects of prenatal substance exposure and 

environmental adversity on RSA growth between 3 and 6 years of age (Conradt, Abar, et al., 

2013). In the present study, the case-control method matched infants on the presence of pre- 

and perinatal risks reducing the likelihood that our findings were confounded influences of 

prenatal substance exposure, birth weight, or prematurity.

In addition, we evaluated the potential for both cognitive level at outcome and sex to be 

potential confounding factors. With respect to cognitive levels, we did not find any 

significant correlations between RSA at any age point and later cognitive ability. While 

variation in cognitive outcome is unlikely to play a significant role in these specific results, 

appropriate matching and/or statistical control in future studies will be needed to clarify both 
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the sensitivity and specificity of differences in autonomic functioning in relation to ASD 

outcomes. We also evaluated the potential impact of sex on our findings. We did not find a 

sex effect on RSA levels or growth. However, we did find that heart rate was higher in 

females than males in the control group. An inspection of confidence intervals for the HR 

model indicated that the ASD group (all males) had higher heart rate than both the overall 

control group and the males in the control group. Some normative data report higher rate for 

females , with differences smaller and less consistent in childhood and somewhat larger in 

adolescence (Semizel, Ozturk, Bostan, Cil, & Ediz, 2008). However, the group difference on 

heart rate was not an effect of sex, and sex differences did not appear to confound the effects 

reported in this study. Nonetheless, as noted by Benevides and Lane (2015), prior research 

on autonomic functioning in ASD has not consistently controlled for sex or gender. Such 

effects should be controlled for in future work in this area. In addition, larger study samples 

will allow for tests of sex and gender differences within groups who share an ASD 

diagnosis.

Conclusion

This is the first study to describe the longitudinal course of autonomic functioning in infants 

later diagnosed with autism. Specifically, infants with later autism diagnoses had attenuated 

growth in RSA, a physiologic process related to social and adaptive functioning. The results 

suggest that differences in physiological regulation may develop with age in autism, with 

attenuations in RSA emerging during a period where autism symptoms become prominent 

and have been shown to be associated with reduced RSA in other samples. This is consistent 

with the view that RSA is a marker of functional status in autism and raises the hypothesis 

that differences in RSA emerge as a secondary to symptoms and experiences related to 

autism. Measures of autonomic function may prove useful as biomarkers of functioning and 

perhaps early treatment effects in infants at risk for autism.
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Highlights

• Infants with later autism demonstrated expected decline in resting heart rate

• Infants with later autism had slower growth in heart rate variability

• Lower heart rate variability in infants with autism was seen by 18 months of 

age
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Figure 1: 
Growth in RSA for the infants with later autism diagnoses in comparison to non-autistic 

infants from 1 to 72 months of age.
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Table 1:

Subject Characteristics

Autistic (n=12) non-Autistic (n=106) p

Gender (n) .001

 Male 12 58

 Female 0 48

Race/Ethnicity (n) .001

 Black 4 86

 White 6 17

 Hispanic 2 3

SES – Hollingshead (n) ns

 Mid/High (levels I – III) 7 49

 Low (levels IV– V) 5 56

Prenatal Drug Exposure, n (%)

 Cocaine 3 (25%) 35 (33%) ns

 Other drugs/substances 11 (91%) 79 (75%) ns

Gestational Age, weeks: mean (SD) 38.8 (1.9) 38.4 (1.7) ns

Birth weight, grams: mean (SD) 3191.5 (722.9) 3033.2 (645.5) ns

APGAR, 5 minutes: median 9 9 ns

Biol Psychol. Author manuscript; available in PMC 2020 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sheinkopf et al. Page 16

Table 2

Parameter estimates of HR and RSA at the 18 month time point

HR RSA

Fixed effects

 Intercept (controls) 126.28**** 4.10****

 age −1.29**** 0.07****

 Age*age 0.01**** −0.001****

 ASD 6.42* −0.76**

 sex 4.38** −0.10

 Age*ASD 0.38** −0.04***

 Age*age*ASD −0.01* 0.001**

Random effects

 Within-person 108.15*** 0.82***

 Intercept 23.90*** 0.31***

Note.

*
p<.05

**
p<.01

***
p<.001

****
p<.0001

Biol Psychol. Author manuscript; available in PMC 2020 March 01.


	Abstract
	Introduction
	Methods
	Participants
	ECG Acquisition and Processing
	Analytic Strategy

	Results
	Heart Rate
	Respiratory Sinus Arrhythmia

	Discussion
	Conclusion
	References
	Figure 1:
	Table 1:
	Table 2

