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ARTICLE

A randomized, placebo-controlled trial of extended-release
guanfacine in children with autism spectrum disorder and
ADHD symptoms: an analysis of secondary outcome measures
Laura C. Politte1, Lawrence Scahill2, Janet Figueroa3, James T. McCracken4, Bryan King5 and Christopher J. McDougle6

In a prior report, we showed that extended-release guanfacine (GEXR) is safe and effective for children with autism spectrum
disorder (ASD) accompanied by ADHD symptoms. Here, we examine the impact of GEXR on oppositional behavior, anxiety,
repetitive behavior, and sleep disturbance. Sixty-two subjects with ASD (53 boys, 9 girls; ages 5–14 years) were randomly assigned
to GEXR (n= 30) or placebo (n= 32) for 8 weeks. Outcomes include the Home Situation Questionnaire-Modified for ASD (HSQ-ASD),
Anxiety scale of the Child and Adolescent Symptom Inventory (CASI), Children’s Yale-Brown Obsessive-Compulsive Scale-Modified
for ASD (CYBOCS-ASD), and Children’s Sleep Habits Questionnaire (CSHQ). A repeated measures linear mixed model was used to
determine the effects of treatment group and time on HSQ scores. For other measures, change from baseline was evaluated with
Analysis of Covariance (ANCOVA).

After 8 weeks of treatment, parent ratings of oppositional behavior on the HSQ declined by 44% (per item mean from 3.4 to 1.9) in
the GEXR group compared to 12% (from 3.3 to 2.9) for placebo (p= 0.004). Repetitive behavior on the CYBOCS-ASD showed a
significantly greater decline in GEXR-treated participants compared to placebo (24% vs. <1%, p= 0.01). No group differences were
observed on CASI Anxiety or CSHQ (p= 0.64 and 0.75, respectively). GEXR was effective in reducing oppositional behavior and,
more modestly, repetitive behavior. GEXR was not superior to placebo for anxiety, though baseline anxiety ratings were low. GEXR
did not significantly improve sleep habits. Future studies could focus on repetitive behavior or anxiety, symptoms with limited
treatment options.

Neuropsychopharmacology (2018) 43:1772–1778; https://doi.org/10.1038/s41386-018-0039-3

INTRODUCTION
Autism spectrum disorder (ASD) is a heterogeneous condition
characterized by impaired social communication, restricted
interests and repetitive behaviors [1] with an estimated worldwide
prevalence of 0.6–0.7% [2, 3]. The etiology of ASD is poorly
understood and likely involves interplay of genetic vulnerabilities
and environmental exposures, resulting in an array of develop-
mental and behavioral phenotypes. Across the range of severity,
ASD is often associated with lifelong burden for affected
individuals and their families. No medications are currently
approved by the Food and Drug Administration (FDA) to treat
core symptoms of ASD. However, commonly associated problems
such as tantrums, aggression, oppositional behavior, anxiety,
hyperactivity, and impulsiveness are frequently the target of
pharmacological intervention in youth with ASD [4]. Accumulated
evidence supports the use of methylphenidate, atomoxetine, and
guanfacine to treat ADHD symptoms in children with ASD [5–11],
yet treatment options for oppositional behavior, anxiety, and
repetitive behavior are limited.

Guanfacine is a selective alpha2A adrenergic receptor agonist that
stimulates postsynaptic alpha2A receptors in the prefrontal cortex
(PFC), potentiating noradrenergic transmission and strengthening
the connectivity of PFC networks [12, 13]. This mechanism of action
likely mediates the therapeutic effects of guanfacine on working
memory, attention, and behavioral control [13]. The extended
release formulation (GEXR) is approved by the FDA for treatment of
ADHD in children and adolescents aged 6–17-year-old.
Our group recently reported the results of an 8-week,

randomized, placebo-controlled trial of GEXR in 62 children (mean
age 8.5 years) with ASD accompanied by hyperactivity and
impulsiveness [10]. In that study, 15 of 30 (50%) GEXR-treated
participants were rated ‘much improved’ or ‘very much improved’
on the Clinical Global Impressions Improvement Scale (CGI-I)
compared to 3 of 32 (9.4%) in the placebo group. Scores on the
Aberrant Behavior Checklist (ABC)-Hyperactivity subscale, the
primary outcome, declined by a mean of 43.6% in the GEXR
group compared to 13.2% in the placebo group. GEXR use was
safe and generally well-tolerated in this sample.
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Studies in non-ASD pediatric samples suggest that GEXR may
be beneficial for oppositional behavior in ADHD and for treatment
of anxiety disorders [14–16]. A pilot study by Murphy and
colleagues showed no difference between GEXR and placebo
for the treatment of tics [17]. The preliminary findings for
oppositional behavior and anxiety are limited. Immediate-release
alpha2A-agonists, including guanfacine and clonidine, are
commonly prescribed “off label” in pediatric populations to treat
insomnia due to their sedating properties [18]. However, a recent
placebo-controlled study of GEXR in 29 children with ADHD and
co-occurring sleep problems was terminated early after finding
that GEXR was associated with decreased total sleep time on
polysomnography compared with placebo [19].
In this analysis of secondary outcome measures from a

randomized, placebo-controlled trial of GEXR in children with
ASD and significant symptoms of ADHD [10], we tested whether
GEXR would result in greater improvements in oppositional
behavior, anxiety, repetitive behavior, and sleep disturbance than
placebo.

METHODS
Study design
Details of the study design have been previously published [10].
Briefly, participants were randomly assigned 1:1 to GEXR or
placebo at one of 5 sites (University of California at Los Angeles,
Emory University, Massachusetts General Hospital, University of
Washington at Seattle, and Yale University) for 8 weeks.
Randomization was conducted within sites using permuted
blocks. The primary outcome measure was the parent-rated,
16-item Aberrant Behavior Checklist-Hyperactivity subscale that
includes overactivity, impulsiveness, inattention, and oppositional
behavior in youth with developmental disabilities [20]. Screening
assessments included routine laboratory tests (blood counts,
electrolytes, glucose, liver function tests, blood urea nitrogen,
creatinine, and urinalysis), medical and psychiatric histories,
physical examination, vital signs, and routine electrocardiogram
(ECG). Subjects were assessed by a treating clinician and an
independent evaluator weekly for the first 4 weeks and then at
weeks 6 and 8 during the 8-week double-blind phase. Blood
pressure, pulse, height, weight, and adverse events were
monitored at every visit; an ECG was repeated at Week 8.
Written informed consent was obtained from a parent

(or guardian) before study data were collected; capable children
also provided assent. The study was approved by the local
institutional review boards at each of the 5 sites and registered
with Clinicaltrials.gov (NCT01238575). Data integrity was
monitored by the coordinating centers (Yale University and Emory
University), and an external monitoring board reviewed safety,
enrollment, and attrition three times per year. Study procedures
were conducted in accordance with the ethical standards of the
Helsinki Declaration of 1975.

Participants
To be eligible, participants had to be between 5-year-old and
14-year-old and meet DSM-IV criteria for autistic disorder,
Asperger’s disorder, or pervasive developmental disorder not
otherwise specified. The diagnoses followed a multidisciplinary
team evaluation corroborated by the Autism Diagnostic Observa-
tion Schedule (ADOS) [21] and Social Communication Question-
naire (SCQ) [22]. Subjects were required to have an intelligence
quotient (IQ) of at least 35 and moderate or greater levels of
hyperactivity, impulsiveness, and distractibility, with a minimum
entry score of 24 on the ABC-Hyperactivity subscale [20] and a
Clinical Global Impressions-Severity (CGI-S) [23] score of moderate
or greater. Anticonvulsant medication for treatment of seizures
was allowed if the dose was stable for at least 4 weeks prior to
study entry and the participant had been seizure-free for at least

6 months. Other than stable anticonvulsant treatment for seizures,
participants had to be medication-free. Children with significant
medical illness, another psychiatric illness or behavioral problems
in need of immediate treatment, inability to swallow pills whole,
and females with a positive urine pregnancy test were excluded.

Treatment
Using a fixed-flexible dosing regimen, children weighing <25 kg
received up to 3mg/day placebo or GEXR and children weighing
25 kg or more received up to 4mg/day, with no upward
adjustments after day 28. The medication dose began with 1
mg/day with planned dose increases weekly for participants ≥25
kg. Children weighing <25 kg stayed with 1 mg for two weeks. The
treating clinician could delay a planned increase or reduce the
dose to manage a suspected adverse event. The dose could also
be moved from morning to evening to manage excessive daytime
drowsiness.

Table 1. Selected baseline characteristics of children with ASD
randomly assigned to GEXR or placebo

Guanfacine
(n= 30)

Placebo (n
= 32)

P value

N % N %

Males 26 86.7 27 84.4 0.99

DSM-IV diagnosis 0.31

Autistic disorder 25 83.3 26 81.2

PDD-NOS 3 10.0 6 18.7

Asperger’s disorder 2 6.7 0 0

Intelligence score

IQ < 70a 11 36.7 10 33.0 0.79

IQ ≥ 70 19 63.3 20 67.0

CGI-Severity 0.63b

Moderately ill 12 40.0 12 37.5

Markedly ill 17 56.7 17 53.1

Severely ill 1 3.3 3 9.4

Tanner stage 0.99

Tanner 1 or 2 29 96.7 31 96.7

Tanner 3 1 3.3 1 3.1

Mean SD Mean SD P-value

Social communication
questionnaire

23.9 6.4 21.4 6.4 0.15

VABS II

Socialization 66.8 14.3 67.1 14.9 0.93

Communication 72.9 20.1 73.5 13.7 0.40

Daily living 72.7 19.9 74.1 15.9 0.77

HSQ-ASD (per-item mean) 3.4 1.6 3.3 1.4 0.74

CYBOCS-ASD 11.2 5.1 10.9 5.4 0.79

CASI-Anxiety 14.0 10.2 15.8 11.1 0.62

CSHQ 44.0 4.9 44.4 44.0 0.67

aIQ missing in 2 subjects in placebo group
bThe p value represents the proportion of subjects > moderate on Clinical
Global Impression-Severity by group
VABS II Vineland adaptive behavior scales, 2nd edition
HSQ home situation questionnaire
CYBOCS–ASD children’s Yale–Brown obsessive compulsive scale, modified
for ASD
CASI–Anxiety child and adolescent symptom inventory-anxiety subscale
CSHQ children’s sleep habits questionnaire
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Outcome measures
Home situations questionnaire-modified for autism spectrum dis-
order (HSQ-ASD). The original HSQ is a 16-item caregiver report
designed to measure oppositional behavior in children with
disruptive behavior disorders in a variety of situations [24]. Each
item is rated present or absent. Items rated present are then rated
on a 1–9 scale, with higher scores indicating a greater degree of
oppositional behavior. The RUPP-Autism Network adapted the
HSQ for use in ASD populations (HSQ-ASD), expanding the
measure to 24 items, yielding two 12-item subscales: Socially
Inflexible and Demand Specific [25]. The HSQ-ASD has been used
as a co-primary outcome measure in two randomized clinical trials
and has demonstrated sensitivity to change with treatment [26,
27]. By convention, the HSQ-ASD is expressed as a per-item mean
score (sum of the items rated 1–9 divided by 24). In this study,
caregivers completed the HSQ-ASD at screening, baseline, and
weeks 2, 4, and 8.

Child and adolescent symptom inventory (CASI)-anxiety subscale
The CASI [28, 29] is a reliable and valid, 132-item parent rating
based on DSM-IV diagnostic criteria for a range of psychiatric
disorders [30]. Items are scored: never (0) to very often (3); scores
of 2 or 3 (occurring ‘often’ or ‘very often’) are considered clinically
significant and contribute to a Symptom Count score for a specific
disorder. The CASI contains 26 specific items related to 8 DSM-IV
anxiety disorders. Using data from several multi-site trials (N= 415
youth), Hallett and colleagues showed that 20 of these 26 items
could be used as a reliable and valid index for anxiety in youth
with ASD [31]. The measure demonstrated a normal distribution
and good internal consistency in this clinical population. To our
knowledge, the CASI has not been previously used as an outcome
measure, yet insofar as it is comprised of DSM-IV anxiety
symptoms, it is likely sensitive to change with treatment. In this
study, caregivers completed the 20-item CASI-Anxiety subscale at
baseline and endpoint (week 8).

Children’s Yale-Brown obsessive-compulsive scales- modified for
autism spectrum disorder (CYBOCS-ASD). The CY-BOCS-ASD is a

clinician-rated, semi-structured measure developed to assess the
severity of repetitive behavior in children with ASD. It was derived
from the original CYBOCS designed to measure symptom severity
in children with obsessive-compulsive disorder (OCD) [32]. Unlike
the original version, the CYBOCS-ASD does not include assessment
of obsessions. It retains the five severity items for repetitive
behavior (time spent, interference with functioning, distress,
resistance to performing repetitive behavior, and control over
behavior). Each item is rated on a scale from 0 to 4 (total ranges
from 0 to 20), with higher ratings indicating greater severity of
repetitive behavior. The CY-BOCS-ASD scale has demonstrated
reliability, validity, and sensitivity to change [33, 34]. The CY-BOCS-
ASD was administered at baseline and endpoint by an indepen-
dent evaluator masked to treatment allocation and to any
discussion of adverse effects.

Children’s sleep habits questionnaire (CSHQ)
The original CSHQ is a 33-item parent report measure of pediatric
sleep disturbance that encompasses the medical and behavioral
sleep disorders commonly encountered in school-aged children
[35]. The CSHQ has been used in studies of sleep disturbance in
children with ASD [36–38]. A recent psychometric evaluation of
the CSHQ in a sample of 310 children with ASD ages 2–10 years
identified 5 factors. Six items were dropped altogether. In our
analysis, we used the total score of this modified 27-item scale
[39]. Parents completed the CSHQ at screening and week 8 of the
double-blind phase.

Statistical analysis
All randomly assigned subjects (N= 62) were included in the
intent-to-treat analysis. Univariate exploratory data analysis was
used to evaluate the distribution for the outcome variables of
interest (HSQ-PDD, CASI-Anxiety, CYBOCS-ASD, and CSHQ ratings).
A repeated measures linear mixed model was used to determine
the effects of treatment group and time (weeks 2, 4, and 8) on the
HSQ per-item mean score. Least squares (LS) means from models
were reported. Change from baseline across groups on the
CYBOCS-ASD, CASI-Anxiety and CSHQ were evaluated using

Table 2. Mean baseline and follow-up scores.

Scale Guanfacine, n= 30 Mean (95% CI) % Change Placebo, n= 32 Mean (95% CI) % Change Group difference mean (95% CI) P-value*

HSQ-ASDa

Baseline 3.4 (2.8–4.0) 3.3 (2.8–3.8)

Week 2 2.2 (1.7–2.7) −35% 3.0 (2.5–3.5) −9% −0.8 (−1.5 to −0.1) 0.0316

Week 4 1.6 (1.1–2.1) −53% 2.5 (1.9–3.0) −24% −0.8 (−1.6 to −0.1) 0.0209

Week 8 1.9 (1.4–2.4) −44% 2.9 (2.4–3.4) −12% −1.0 (−1.7 to −0.3) 0.0042

CASI Anxietyb

Baseline 14.0 (10.1–17.8) 15.8 (11.8–19.8)

Week 8 10.8 (8.7–12.9) −23% 11.6 (8.8–14.5) −27% −0.8 (−4.3 to 2.7) 0.64

CYBOCS-ASDc

Baseline 11.2 (9.3–13.1) 10.9 (9.0–12.9)

Week 8 8.5 (6.9–10.1) −24% 10.8 (9.9–11.8) <−1% −2.3 (−4.1 to −0.5) 0.0143

CSHQd

Baseline 44.0 (42.1–45.9) 44.4 (42.9–45.9)

Week 8 44.0 (42.6–45.4) 0% 43.7 (42.4–45.0) −2% 0.31 (−1.59 to 2.20) 0.75

Note: Raw mean scores at baseline and least squares (LS) mean values (adjusted for baseline scores) for follow-up scores
aHSQ-PDD score is per item mean from 24 items
bCASI Anxiety score is a total score of 20 items
cCYBOCS-ASD score is a total score of 5 items
dCSHQ score is a total score for 27 items
*Adjusted LS means differences between guanfacine and placebo groups
P-values are bolded if statistically significant at p less than or equal to 0.05. The p-value is for differences between adjusted LS means for the two treatment
groups at the specified time points.
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Analysis of Covariance (ANCOVA), with baseline scores in the
model. All model residuals were checked for normality. All
analyses were conducted using SAS/STAT software, version 9.4.
P-values of ≤0.05 were accepted as statistically significant.

RESULTS
Eighty-one children were screened, and 62 eligible subjects (53
boys and 9 girls) were randomly assigned to GEXR (N= 30) or
placebo (N= 32) (see supplemental Fig. 1 for CONSORT diagram).
Subjects ranged in age from 5 to 14 years (mean= 8.5 years [SD
= 2.25]). Baseline demographic and clinical characteristics did not
significantly differ between treatment groups (see Table 1). The
modal dose in both the guanfacine and placebo group at week 8
was 3mg daily. Drowsiness, fatigue, decreased appetite, irritability,
and lowered diastolic blood pressure and heart rate were
significantly more common in the GEXR group than the placebo
group [10]. Four subjects in the placebo group discontinued early
due to lack of efficacy, and 4 subjects in the GEXR discontinued
early due to adverse effects (n= 2), lack of efficacy (n= 1), or
study burden (n= 1). Two additional subjects in the GEXR group
discontinued treatment due to adverse effects but remained in
the study for assessment.
Between-group adjusted LS means for scores of oppositional

behavior, anxiety, repetitive behavior, and sleep disturbance are
summarized in Table 2. Parent ratings of oppositional behavior on
the HSQ-ASD declined by 44% (3.4 to 1.9) in the GEXR group at
week 8 (LS means difference, p= 0.004) compared to 12% (from
3.3 to 2.9) in the placebo group (see Fig. 1). Repetitive behavior, as
measured by the CYBOCS-ASD, showed a significantly greater
decline in the GEXR group compared to placebo (24% vs. <1%,
p= 0.0143) (see Fig. 2). There was no group difference in change
from baseline to Week 8 on the CASI-Anxiety (p= 0.64) or the
CSHQ total score (p= 0.75).

DISCUSSION
Children with ASD frequently exhibit a range of emotional and
behavioral problems, such as ADHD symptoms, oppositional
behavior, anxiety, repetitive behaviors, and sleep disturbance.

We previously reported that GEXR is effective for reducing
hyperactivity and impulsiveness in children with ASD [10]. The
CGI-I defined positive response rates were comparable to
methylphenidate in youth with ASD (approximately 50%), but
with a slightly lower frequency of discontinuation due to adverse
effects (13.3 vs. 18% of subjects) [7]. In this study, we found that
GEXR was superior to placebo in reducing oppositional behavior
on the HSQ-ASD and repetitive behaviors on the CYBOCS-ASD in
children with ASD.
As in ADHD, high levels of hyperactivity and impulsiveness can

contribute to oppositional behavior in children with ASD. In a
placebo-controlled trial of 461 children aged 6–17-year-old with
ADHD, the use of GEXR as an adjunct to stimulant treatment
resulted in significantly greater improvement in oppositional
behavior, as measured by the oppositional subscale of the
Conners’ Parent Rating Scale-Revised: Long Form (CPRS-R:L),
compared with stimulant treatment alone [14]. Compared to
placebo, atomoxetine also showed significant improvement in
oppositional behavior, as measured by the HSQ, in a sample of
children with ASD and moderate or greater ADHD symptoms [5]. A
prior controlled trial of methylphenidate in youth with ASD and
ADHD symptoms did not find statistically significant improvement
in ratings of oppositional behavior, though baseline scores on
ratings of oppositional behavior were relatively low in that sample
[40]. By contrast, in a study of extended-release methylphenidate
in school-aged children with ASD, active medication was superior
to placebo on parent and teacher ratings of oppositional behavior
assessed with the Conners Parent Rating Scale- Revised and ADD-
H Comprehensive Teacher Rating Scale [8]. Collectively, these
results suggest that GEXR may be an alternative to methylphe-
nidate for monotherapy in children with ASD complicated by
hyperactivity and oppositional behavior, particularly for those who
do not show a positive response or cannot tolerate methylphe-
nidate. It may also be useful in combined treatment with
methylphenidate [14].
A large number of studies have evaluated and supported the

use of atypical antipsychotics for the treatment of severe
irritability in children with ASD. Most of the clinical trials of
antipsychotics for irritability and aggressive behavior in ASD used
the ABC-Irritability subscale and CGI-I as clinical endpoints, with

Fig. 1 Change in the HSQ–ASD per-item mean over time by treatment group (P= 0.0042)
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aripiprazole having moderate effect sizes and risperidone having
large effect sizes for these symptoms. In our report of primary
findings for the GEXR study [10], we reported no statistically
significant differences in irritability with treatment between the
GEXR and placebo groups, as assessed by the ABC-irritability
subscale (ES= 0.27; p= 0.20). The HSQ assesses a qualitatively
different set of behaviors, pertaining to non-compliance in
everyday life (the term non-compliance is in the instructions on
the measure) compared to the ABC-Irritability subscale which
focuses on tantrums, mood lability, and to a lesser extent
aggression and self-injury. In our psychometric evaluation of the
HSQ-ASD (N= 242), we observed Pearson correlations of 0.46 and
0.42 for the ABC Irritability and Hyperactivity subscales, respec-
tively [25]. Taken together, GEXR does not appear as effective as
antipsychotics for irritability as measured by the ABC in youth with
ASD, though may be beneficial for the whining or refusing often
associated with oppositional behavior.
No statistically significant between-group differences were

observed on the CASI-Anxiety scale, though parent-rated anxiety
scores reflected relatively low levels of baseline anxiety in this
sample. Thus, this study does not provide information on the
effect of GEXR on children with more prominent anxiety
symptoms. To improve the likelihood of detecting a clinically
significant effect, future studies of guanfacine for the treatment of
anxiety would benefit from the use of threshold scores for specific
anxiety disorders as a study inclusion criterion.
Although the pre-treatment mean scores on the CYBOCS–ASD

were relatively low, GEXR was modestly effective for reducing
repetitive behaviors compared to placebo. In previous studies of
methylphenidate, repetitive behavior did not improve despite
improvement in measures of hyperactivity [7]. Here, it is possible
that repetitive behavior improved independent of reduction in
hyperactivity more generally, though this relationship was not
specifically examined. The decline in repetitive behavior with
GEXR was similar to the reduction reported in the RUPP
risperidone trial [33]. However, concern for weight gain and
related metabolic adverse effects limits the use of risperidone to
children with serious behavioral problems [41].
In our previous report, we noted that drowsiness was a

common adverse event in the GEXR group (N= 26/30 versus 3/
32 for placebo). Parents also reported mid-sleep awakening in 9 of
32 subjects taking GEXR compared to 2/32 for placebo [10]. In
clinical practice, the alpha2 receptor agonizts, clonidine and
guanfacine, are commonly used off-label to help children fall
asleep [42]. We included the CSHQ to assess the impact of GEXR
on sleep. The results presented here do not support the use of
GEXR as a sleep aid.
Given that the study was powered to detect an effect on the

primary outcome measure, the ABC-Hyperactivity subscale, our
ability to draw conclusions on the results from the analysis of
these secondary outcomes is somewhat limited. In summary,
GEXR appears effective for reducing oppositional behavior and
repetitive behaviors, as well as hyperactivity in children with ASD
accompanied by significant ADHD symptoms. Taken together,
these results suggest that GEXR can be considered a first-line
treatment for children with ASD who exhibit hyperactivity, as well
as oppositional behavior or repetitive behavior.
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