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Abstract

Rationale Pharmacological intervention for autism spectrum
disorder (ASD) is an important addition to treatment, yet cur-
rently available agents target co-morbid psychiatric concerns,
such as aggression and irritability. Propranolol, a beta-
adrenergic antagonist with anxiolytic effects, has been shown
to improve verbal fluency and working memory in adults and
adolescents with ASD in single-dose challenges.

Objectives The present pilot study explores the acute effects
of propranolol on a measure of conversational reciprocity in
this population. We also examined whether autonomic activity
and anxiety moderate or mediate response to the drug, given
relationships between these variables and ASD, as well as the
drug’s effects.
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Methods In a within-subject crossover design, 20 individuals
with ASD received a single dose of propranolol or placebo
during two sessions in a double-blinded, counterbalanced
manner. After drug administration, participants performed a
conversational reciprocity task by engaging in a short conver-
sation with the researcher. Measurements of autonomic activ-
ity and anxiety were obtained before and after drug
administration.

Results Propranolol significantly improved performance on
the conversational reciprocity task total [d=0.40] and nonver-
bal communication domain scores when compared to the pla-
cebo condition. However, neither autonomic activity nor anx-
iety was significantly associated with drug response.
Conclusions Acute propranolol administration improved con-
versational reciprocity in ASD. Further exploration of these
preliminary findings, as well as other potential treatment re-
sponse predictors, with serial doses is warranted.

Keywords Autism - Propranolol - Conversational
reciprocity - Noradrenergic - Autonomic - Anxiety

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by social communication impairments
and restricted, repetitive behaviors (American Psychiatric
Association 2013). Pharmacological intervention can be an
important component of treatment for ASD symptoms.
However, most currently available agents target psychiatric
symptoms associated with ASD, such as irritability and agita-
tion (Myers and Johnson 2007). No pharmacological treat-
ments have been reliably shown to improve core symptoms
of ASD (Volkmar 2001), especially when it comes to impair-
ments in social functioning (Farmer et al. 2013). A few pilot
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investigations involving the neurohormone oxytocin
(Hollander et al. 2007) and glutamatergic (Erickson et al.
2007) and GABAergic agents (Erickson et al. 2014) have
shown some promise in the social domain, but larger, random-
ized trials have not yet demonstrated significant benefits
(Dadds et al. 2014; Young and Findling 2015). Exploring
additional agents for these symptoms is crucial for the ad-
vancement of pharmacological intervention for ASD, espe-
cially in the adult population, for which behavioral therapy
is less developed and studied (Gaus 2011; Myers and
Johnson 2007).

The noradrenergic system may be a potential target for
effective pharmacological intervention for ASD. Previous
studies have suggested increased noradrenergic activity in au-
tism (Lake et al. 1977; Launay et al. 1987), which may relate
negatively to vocabulary ability (Cook et al. 1990). However,
some studies have not supported these noradrenergic alter-
ations (Minderaa et al. 1994). Other studies have shown that
stress responses (Tordjman et al. 1997) and anxiety levels
(Gillott et al. 2001), both of which involve increases in nor-
adrenergic activity (Charney and Redmond 1983; Ward et al.
1983), are heightened in ASD. Previous studies have also
indicated that these symptoms relate to social impairments in
ASD (Bellini 2004), further suggesting the potential benefit of
a pharmacological agent aimed at the noradrenergic system.

Propranolol, a centrally and peripherally active nonselec-
tive beta-adrenergic antagonist, reduces noradrenergic system
activity. This known anxiolytic has been used off-label for test
anxiety (Faigel 1991) and performance anxiety (Lader 1988)
for several decades. Propranolol was first explored within the
context of ASD in an uncontrolled case series, which reported
improvements in language and sociability (Ratey et al. 1987).
Our laboratory has since investigated the effects of this agent
on a wide range of behaviors known to be affected in ASD,
including verbal abilities (Beversdorf et al. 2008; Beversdorf
et al. 2011), working memory (Bodner et al. 2012), facial
scanning (Zamzow et al. 2014), as well as functional connec-
tivity (Narayanan et al. 2010) in single-dose psychopharma-
cological challenge studies. To date, no double-blinded,
placebo-controlled study has examined the effects of propran-
olol on social-related impairments in ASD. In the present pilot
study, we explored whether acute propranolol administration
improves social functioning, in the form of conversational
reciprocity, in ASD during a single-dose psychopharmacolog-
ical challenge. We predicted that propranolol would improve
conversational reciprocity.

It is also important to explore potential moderators and
mediators of this agent’s effects, as ASD is characterized by
profound clinical heterogeneity (Geschwind 2009). Although
there are many potential pathways through which propranolol
could influence behavior, both at the central and peripheral
level (Damasio 1996; Hasselmo et al. 1997), we explored
two hypotheses informed by the expected effects of
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propranolol and known characteristics of ASD. Given the role
of noradrenergic activity in autonomic nervous system func-
tioning, changes in autonomic activity associated with pro-
pranolol may mediate this agent’s other effects. It is also pos-
sible that baseline levels of autonomic activity could deter-
mine which individuals experience benefits from this agent.
Furthermore, previous studies have suggested autonomic dys-
regulation in the ASD population (Bal et al. 2010; Ming et al.
2005), which may be related to social and emotional function-
ing, language, and cognition (Guy et al. 2014; Neuhaus et al.
2014; Patriquin et al. 2013). Additionally, the known anxio-
lytic actions of propranolol, evidence of increased anxiety in
ASD (Gillott et al. 2001), and a potential association between
autonomic dysregulation and anxiety in this population (Guy
et al. 2014) suggest that anxiety may influence propranolol’s
effects. Accordingly, in the present study, we examined how
autonomic activity and anxiety levels might moderate or me-
diate the effects of propranolol, suggesting potential treatment
response markers for future explorations of this agent.

Patients and methods
Patients

A sample of 20 individuals with high-functioning ASD [mean
age 21.39+4.55 (SD), 19 males] was recruited from the
University of Missouri Thompson Center for Autism and
Neurodevelopmental Disorders (Table 1). In line with our pre-
vious studies, ASD diagnoses were confirmed by the Autism
Diagnostic Interview-Revised (ADI-R) (Lord et al. 1994).
Eighteen participants met full criteria for autism. Both remain-
ing participants met criteria for clinical diagnoses of Asperger
syndrome according to DSM-IV criteria (American
Psychiatric Association 2000), and one met criteria for ASD
on three ADI-R subscales but was one point below criteria on
the restricted, repetitive behavior subscale. All participants
had an estimated full-scale IQ of at least 85, as confirmed by
the Wechsler Abbreviated Scale of Intelligence (WASI)
(Wechsler 1999), were native English speakers, and had no
other secondary language or learning disorders. None of the
participants were taking any noradrenergic agents or stimu-
lants at the time of study participation, but noncontraindicated
medications were allowed to continue. As such, five partici-
pants were concurrently taking selective serotonin reup-
take inhibitors, and two were taking atypical antipsy-
chotics. Participants with risk factors for exposure to
propranolol, such as current diagnoses of asthma, bra-
dycardia, and depression, were excluded. All partici-
pants provided informed consent in accordance with
the Health Sciences Institutional Review Board of the
University of Missouri.
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Table 1  Participant demographics

N (M/F) 20 (19:1)

Age (mean + SD) (range)
WASI verbal IQ (mean + SD)
WASI performance 1Q (mean + SD)

21.39+4.55 (15.13:31.20)
109.55+13.77
108.95+15.35

WASI full-scale IQ (mean + SD) 110.75+14.58

ADI-R social subscore (mean + SD) 18.15+5.68

ADI-R communication (mean + SD) 12.20+3.97

ADI-R repetitive behavior subscore 5.80+2.14
(mean + SD)

ADI-R age of abnormality subscore 3.00+1.03
(mean + SD)

N number of participants, M male, F' female, SD standard deviation, WASI
Wechsler Abbreviated Scale of Intelligence, ADI-R Autism Diagnostic
Interview-Revised

Procedure and drug administration

Each participant completed two testing sessions in a within-
subject, crossover design. At the start of each session, baseline
psychophysiological measurements of autonomic activity
were recorded. Drug was then administered in a double-
blinded, counterbalanced manner. For the first study session,
participants were randomized to receive 40 mg propranolol,
the dose used in our previous studies, or placebo via oral
capsule. At the second study session, participants received
the drug not given at the first study session. Following drug
administration and a 60-min waiting period to allow for peak
drug effects, participants were then administered a series of
behavioral tasks, including our primary social outcome mea-
sure of conversational reciprocity, and questionnaires, during
which psychophysiological measurements were continuously
recorded. Study sessions for each participant were conducted
at least 24 h apart to allow for complete clearance of the drug.

Conversational reciprocity task

Conversational reciprocity was assessed using the
Conversational Reciprocity task of the General Social
Outcome Measure (GSOM CR), a psychometrically valid
measure of social competence that has been shown to be sen-
sitive to changes in behavior over time (Stichter et al. 2012).
During this task, several social skills were assessed during a
brief conversation between the participant and a researcher. At
the start of the task, participants chose between two topics for
the conversation (e.g., “plans for the weekend” or “hobbies™),
and then, the researcher provided an open-ended comment or
question to initiate a conversation. Following standard admin-
istration procedures, a single, consistent researcher, blind to
drug conditions, rated the participant’s performance across six
domains of social skills related to maintaining a reciprocal

conversation: (1) staying on topic—maintaining the chosen
topic or appropriately shifting to a related topic, (2) sharing
information—the frequency of sharing new information, (3)
reciprocity—providing or eliciting information (i.e., asking a
question) beyond simple or vague comments, (4) transitions/
interruptions—ability to transition appropriately from listener
to speaker role, (5) nonverbal communication—indication of
physical engagement via nodding and body posture, and (6)
eye contact—degree of appropriateness of provided eye con-
tact. Each domain was scored on a scale of 0 to 2. An opera-
tional definition was provided for each score across each do-
main, but generally, a score of 0 was given when the social
skill was not demonstrated or was presented in an inappropri-
ate manner. Demonstrations of skills to a fair but less than
typical degree were given a score of 1, and a score of 2 was
reserved for demonstrations of skills that were representative
of typical performance. During the conversation, the research-
er could provide a single prompt, such as a question or “tell
me more about . . .” statement, encouraging the participant to
provide additional information and continue the conversation.
Additional prompts required to accurately assess the conver-
sation resulted in a 0.5-point deduction from the sharing in-
formation domain score. A total score for the task was also
computed by summing the domain scores.

Self-report anxiety questionnaires

Self-report anxicty was assessed via the Spence Children’s
Anxiety Scale (SCAS) (Spence 1998) and the Beck Anxiety
Inventory (BAI) (Beck et al. 1988). The SCAS was adminis-
tered prior to drug administration to assess baseline anxiety
levels. This well-validated, 45-item self-report questionnaire
is scored across six subscales: separation anxiety, social pho-
bia, obsessive compulsive, panic/agoraphobia, physical injury
fears, and generalized anxiety. The SCAS has been used pre-
viously to assess anxiety in individuals with autism, including
adults, given a paucity of assessment measures for this popu-
lation (Gillott and Standen 2007). The BAI was administered
after drug administration to assess between-drug differences
in anxiety levels. This 21-item self-report measure assesses
the degree to which a participant is experiencing anxiety-
related symptoms.

Psychophysiological measurements

Autonomic activity was assessed via psychophysiological
measurements of electrocardiography (ECG) and skin con-
ductance. During each study session, ECG and skin conduc-
tance data were recorded at baseline for a period of 5 min after
3 min of acclimation, as well as continuously during task
administration, using a BIOPAC MP150 acquisition unit with
GSR100c and ECG100c amplifier modules (BIOPAC
Systems, Inc., Goleta, CA). For ECG recordings, two
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disposable electrodes were placed on the chest: one just below
the right collarbone and the other below the left breast. For
skin conductance recordings, transducers prepared with iso-
tonic gel were placed on the middle and index fingers of the
nondominant hand and secured with Velcro straps.

Psychophysiological data processing

Baseline and during-task ECG and skin conductance data
were collected using AcqKnowledge 4.1 (BIOPAC Systems,
Inc.). R-R intervals were extracted from ECG data in
AcqKnowledge 4.1 and then edited as previously described
(Lewis et al. 2012) to remove artifacts with CardioEdit soft-
ware (Brain-Body Center, University of Illinois at Chicago,
2007). The intervals were linearly interpolated and filtered
(0.12-0.40 Hz) to remove the effects of spontaneous breathing
(Porges 1995). CardioBatch software (Brain-Body Center,
University of Illinois at Chicago, 2007) (Porges 1985;
Porges and Bohrer 1990) was then used to analyze the data
and measure respiratory sinus arrhythmia (RSA), naturally
occurring heart rate variability associated with respiration.
RSA is commonly used as an index of parasympathetic activ-
ity (Berntson et al. 1993) and has been proposed as an indica-
tor of behavioral and physiological functioning in ASD
(Porges 2005). Data for RSA was quantified for sequential
15-s epochs and averaged across each baseline or during-
task data collection period. Prior to skin conductance analyses,
data were visually examined and segments containing motion
artifact, as confirmed by experimenter notes indicating partic-
ipant movement, were manually removed using
AcqKnowledge 4.1. Skin conductance data was averaged to
determine mean skin conductance level (SCL), an index of
sympathetic activity (Dawson et al. 2007), both at baseline
and during task administration.

Statistical analyses

All statistical analyses were conducted by a blinded researcher
using the Statistical Package for the Social Sciences (SPSS)
(IBM SPSS Statistics 22, Chicago, IL). To explore our a priori
hypothesis of an effect of propranolol on conversational reci-
procity, we used paired samples ¢ tests and Wilcoxon signed-
rank tests, when the data were non-normal according to the
Kolmogorov-Smirnov test, to compare the GSOM CR task
total and domain scores between drug conditions.
Bonferroni corrections for multiple comparisons were
employed for the task domain tests. We examined the data
for potential order effects on task performance via paired sam-
ples ¢ tests between study sessions 1 and 2. We used Wilcoxon
signed-rank tests to explore drug effects on BAI scores, as this
data was not normally distributed.

A series of regression models were used to evaluate rela-
tionships between baseline measurements of autonomic
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activity and response to propranolol for the GSOM CR task.
To define response to propranolol, the placebo condition task
scores were subtracted from the propranolol condition scores.
Regressions were only run for GSOM CR task domains for
which there was a significant between-drug difference in task
performance. In these regressions, we tested the average of
baseline data for each autonomic variable (RSA and SCL)
across both study visits as potential moderators. We also ex-
plored the individual study visits separately, as missing or
excessively noisy data resulted in only one session of data
for some participants. We used simple linear regressions when
examining the response to propranolol on the GSOM CR total
score and binary logistic regressions for the nonverbal com-
munication score, as the data was distributed in a binomial
fashion. Simple linear regressions and binary logistic regres-
sions were also used to assess relationships between baseline
anxiety (SCAS scores) and response to propranolol for the
GSOM CR task total score and nonverbal communication
score, respectively. Bonferroni corrections were used to adjust
for the number of hypotheses tested.

We also explored drug effects on autonomic variables via
two-way (drug by time point) repeated measures ANOVAS, in
which baseline and during-task autonomic data for each drug
condition were included as repeated measures. These tests
were followed by mediation analyses to explore whether drug
effects on conversational reciprocity were mediated by indi-
rect effects on autonomic activity or anxiety. These analyses
were performed as described in Judd et al. 2001 with the
MEMORE macro for SPSS, which makes inferences about
indirect effects based on 5000 bootstrap samples and conducts
Sobel tests of significance (Montoya and Hayes 2015). In
three separate tests, autonomic activity (RSA and SCL) and
anxiety data collected during each drug condition were includ-
ed as mediators and GSOM CR task total scores from each
condition were included as dependent variables. The binomial
distribution of the nonverbal communication domain scores
precluded mediation analyses for this outcome.

Results
Behavioral tasks and questionnaires

Propranolol improved performance on the GSOM CR task
total score when compared to the placebo condition
[#(19)=2.36, p=0.03, d=0.40] (Fig. la). As expected with
the scales used, data for each domain of the task was not
distributed normally [D(20)>0.20, p<0.001 in all instances].
Performance on the nonverbal communication domain scores
improved with propranolol, as compared to placebo, accord-
ing to Wilcoxon signed-rank tests [Z=2.00, p<0.05, r=0.45].
However, this finding did not withstand Bonferroni correc-
tions for multiple comparisons for the domain scores. There
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Fig. 1 Effects of propranolol on the General Social Outcome Measure
Conversational Reciprocity task (GSOM CR) total and domain scores. a
The total task score was significantly greater in the propranolol condition
as compared to the placebo condition. b Within individual conversation
domains, there was a significant increase in the nonverbal communication

was also a trend suggesting that propranolol improved sharing
information scores [Z=1.64, p=0.10] (Fig. 1b). Task perfor-
mance did not differ between propranolol and placebo for any
other domain [all p>0.10]. As the length of the conversations
in the GSOM CR task varied between study sessions and
participants, we compared conversation length between drug
conditions but found no significant difference [p>0.10].
Additionally, we did not observe any order effects on task
performance, as the total and subscale scores did not differ
significantly between the first and second study visits
[>0.50 in each instance].

The BAI scores were also non-normally distributed
[D(20)>0.20, p<0.01 in both instances]. Propranolol did
not influence scores on this self-report measure of anxiety,
according to a Wilcoxon signed-rank test [Z=0.18, p=0.86].

Evaluation of potential treatment response predictors

Prior to RSA analyses, missing data or excessive motion arti-
fact resulted in the exclusion of two participants’ baseline data
from one study session and eight participants’ during-task data
from one or both sessions. Using the remaining baseline data
(N=20 with at least one session), we then examined relation-
ships between RSA and response to propranolol on the
GSOM CR task (both total score and nonverbal communica-
tion score). Baseline RSA did not significantly influence the
drug effect on this task in the form of linear or logistic rela-
tionships, when we explored RSA averaged across both study
sessions or each study session separately [all p>0.10].
However, we did observe a positive (U-shaped) quadratic re-
lationship between baseline RSA and response to propranolol
on the GSOM CR total score but only for the study session
during which placebo was later administered, and this finding
did not withstand correction for multiple comparisons [F(2,
15)=6.39, p=0.01 (uncorrected), R*=0.46].

We then explored whether propranolol affected RSA via
two-way ANOVAs and found a significant main effect of time

Topic Share Info Reciprocity Trans/Interr Nonverbal Eye Contact

score and a trend for an increase in the sharing information score in the
propranolol condition. There was a ceiling effect for the transitions/
interruptions domain. Bars represent SEM. *p <0.05, #p=0.10
(uncorrected)

point, in which during-task RSA was significantly greater than
baseline RSA [F(1,10)=18.74, p<0.01, 77,,2:0.65] but no
main effect of drug [F(1,10)=1.39, p=0.27] or drug by time
point interaction [F(1,10)=2.79, p=0.13]. Additionally, me-
diation analyses did not reveal a significant indirect effect of
propranolol on GSOM CR total scores through RSA
[ab=-0.30, 95 % CI[-0.98, 0.67], Sobel z=-0.85, p=0.39].

Examination of skin conductance data revealed that 15 par-
ticipants had some degree of motion in their baseline data,
which was corrected, and no participants were subsequently
excluded. Data collected during the GSOM CR task was miss-
ing for two of the participants. Nine of the remaining partici-
pants’ data (V= 18) had motion artifact, which was corrected,
and no additional participants were excluded. There were no
significant differences between drug conditions in the amount
of data removed due to artifact from baseline or during-task
data [all p>0.10]. Following calculations of mean SCL, nat-
ural logarithmic transformations were performed, as some of
the data was positively skewed [p<0.001]. Baseline SCL did
not significantly influence drug effect on the GSOM CR task
[all p>0.05]. Two-way ANOVAs revealed a significant main
effect of time point, in which during-task SCL was significant-
ly greater than baseline SCL [F(1,17)=39.86, p<0.001,
nP220.70] but no main effect of drug [F(1,17)=0.09,
p=0.77] or drug by time point interaction [F(1,17)=0.25,
p=0.62]. Moreover, mediation analyses did not show a sig-
nificant indirect effect of propranolol on GSOM CR task per-
formance through mean SCL [ab=0.001, 95 % CI [-0.24,
0.38], Sobel z=0.01, p=0.99].

We also explored relationships between baseline anxiety,
measured with SCAS scores, and response to propranolol on
the GSOM CR task. Data from the separation anxiety, panic/
agoraphobia, and physical injury fears SCAS subscales were
transformed via square root, as they were positively skewed
[all p<0.05]. Additionally, one participant was missing data
for the social phobia subscale. SCAS scores were not signif-
icantly associated with drug response on the GSOM CR task
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total score [all p>0.10], though these analyses may have been
hindered by a considerable floor effect in the data. The SCAS
obsessive compulsive subscale score was associated with drug
effect on the GSOM nonverbal communication domain score
[x°(1)=3.94, p=0.047 (uncorrected), Nagelkerke R’ =0.28],
though this finding did not withstand Bonferroni correction.
Prior to explorations of anxiety as a potential mediator of the
effect of propranolol on GSOM CR performance, BAI scores
for both drug conditions were transformed via natural loga-
rithm. Subsequent mediation analyses did not reveal a signif-
icant indirect effect [ab=-0.02, 95 % CI [-0.32, 0.22], Sobel
z=-0.17, p=0.87].

Discussion

The present pilot study is the first single-dose, placebo-
controlled investigation of the acute effects of propranolol
on conversational reciprocity in individuals with ASD. As
we predicted, propranolol significantly improved performance
on a conversational reciprocity task. This benefit may be part-
ly driven by an improvement in nonverbal communication
abilities in response to propranolol. These findings extend
the previously demonstrated effects of propranolol in this pop-
ulation (Beversdorfet al. 2008; Beversdorfetal. 2011; Bodner
etal. 2012; Narayanan et al. 2010; Ratey et al. 1987; Zamzow
et al. 2014) and suggest the social domain as an additional
target for future investigations of this agent. Further explora-
tion of these findings with a trial of serial doses is warranted.
Contrary to our predictions, autonomic activity at baseline
did not significantly influence drug effect. Moreover, it does
not appear that the effect of propranolol on conversational
reciprocity was specifically mediated by changes in autonom-
ic activity. Although parasympathetic activity may regulate
social behavior (Porges 2007) and beta-adrenergic antagonists
have been previously shown to increase RSA (Pitzalis et al.
1998), we did not observe these relationships in the present
study. Increases in RSA between baseline and during-task
time points were not specific to propranolol and thus did not
seem to influence drug response. These findings may reflect
generalized increases in RSA in response to a social task, as
has been demonstrated previously in typically developing
children (Heilman et al. 2008). Sympathetic activity was also
not related to drug response, though this finding could have
been influenced by the sensitivity of skin conductance mea-
surements to motion (Hirstein et al. 2001). Lastly, the presence
and manifestation of autonomic dysregulation is heteroge-
neous across individuals with autism (Schaaf et al. 2013).
Accordingly, a more in-depth investigation of the relationship
between autonomic activity and propranolol response with a
larger sample of individuals with ASD is necessary.
Additionally, propranolol did not reduce anxiety in the
present study, and anxiety levels did not definitively moderate
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or mediate response to propranolol on the conversational rec-
iprocity task. It has been argued that self-report measures,
which were used to assess anxiety in the present study, may
not accurately reflect symptom severity in individuals with
ASD due to difficulties with introspection (Gillott et al.
2001). This is supported by considerable floor effects ob-
served in both anxiety measures used in the present study.
Future studies should utilize parent or clinician report mea-
sures and newer assessments designed specifically for mea-
suring anxiety in individuals with ASD (Kemns et al. 2015).
Further investigation is needed to explore these and other po-
tential factors that may influence the effects of propranolol in
individuals with ASD, as the identification of treatment re-
sponse markers is critical for this heterogeneous population.

Despite the promising nature of these preliminary findings,
a few other limitations should be noted. The present study
used only the CR task of the GSOM, limiting the generaliz-
ability of our results to additional domains of social function-
ing, such as interpreting the emotional expressions of others.
Future investigations would benefit from using the now-
developed full set of GSOM tasks (Stichter et al. 2012), which
assesses additional social behaviors. Although it is not the
standard for this task, recording testing sessions in future stud-
ies would allow for multiple raters and calculations of inter-
rater reliability. Although it is notable that conversational rec-
iprocity improvements were observed with a single dose of
propranolol, the relatively small effect sizes for these findings
may limit their clinical salience. It is currently unknown
whether serial doses will result in a greater effect, though an
uncontrolled case series suggests a potential benefit (Ratey et
al. 1987). Lastly, the present study’s small sample size and
relatively limited age and IQ range also limit the generaliz-
ability of our findings.

Overall, the present pilot study demonstrates a potential
benefit of propranolol for conversational reciprocity in ASD,
suggesting an effect on social interaction in this population.
Given the paucity of agents affecting ASD symptomatology,
this finding warrants further exploration of propranolol as a
potential therapeutic agent. Future studies exploring propran-
olol’s effects in larger randomized, controlled clinical trials are
imperative for further characterizing its benefits for this pop-
ulation, as well as predicting which individuals are most likely
to respond.
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