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This study was a 10-week double-blind, placebo-controlled pilot trial of mirtazapine for anxiety in youth with autism spectrum
disorder (ASD). Participants were ages 5 to 17 years with ASD and clinically significant anxiety (Pediatric Anxiety Rating Scale [PARS]
score ≥10). Thirty participants were randomized to mirtazapine (7.5–45mg/day) or placebo in a 2:1 ratio. The co-primary outcome
measures were the PARS and the Clinical Global Impressions-Improvement subscale (CGI-I). Mirtazapine resulted in a statistically
significant within group decrease in anxiety on the PARS (ES 1.76, p < 0.001). The improvement in PARS score for mirtazapine versus
placebo was clinically meaningful but not statistically significant (ES= 0.63, p= 0.64). Forty-seven percent of participants assigned
to mirtazapine (95% CI 22%: 74%) and 20% assigned to placebo (95% CI 2%: 60%) were rated “much improved” (CGI-I= 2) or “very
much improved” (CGI-I= 1) for anxiety, p= 0.46. No statistically significant differences in mean 10-week changes between
mirtazapine and placebo occurred on any outcome measure. There were no statistically significant differences in adverse effect
frequency between mirtazapine and placebo. The results are consistent with mirtazapine’s safety and tolerability and meet three of
four pre-specified indicators of efficacy (statistically significant change in total PARS score for mirtazapine, numerically greater
reduction in total PARS score for mirtazapine than placebo, numerically higher number of responders to mirtazapine than placebo,
but not greater than 50% of participants receiving mirtazapine rated as responders). Implementation of a larger randomized
controlled trial of mirtazapine for the treatment of anxiety in this population is supported.

Clinical trial registration information: Mirtazapine Treatment of Anxiety in Children and Adolescents with Pervasive
Developmental Disorders; https://clinicaltrials.gov; NCT01302964.

Neuropsychopharmacology (2022) 47:1263–1270; https://doi.org/10.1038/s41386-022-01295-4

INTRODUCTION
Autism spectrum disorder (ASD) is a neurodevelopmental condi-
tion characterized by deficits in social communication and
interaction as well as restricted, repetitive patterns of behavior,
interests, or activities [1]. Comorbid anxiety is common among
children and adolescents with ASD. A prospective study including
75 children with ASD (ages 9–13 years; mean full-scale intelligence
quotient [IQ] 77, range: <25–170) and 52 typically developing
controls found that 69% of youth with ASD had clinically
significant anxiety, compared to 8% of typically developing
children [2]. The presenting signs and symptoms of anxiety
among children with ASD were highly varied, both aligning with
and differing from the Diagnostic and Statistical Manual of Mental
Disorders (DSM)-specified anxiety disorders [2]. Distinct presenta-
tions of anxiety among children with ASD included fears of

change, uncommon phobias such as of toilets or of specific songs,
and social fears that are related to confusion about interaction
rather than negative evaluation by others. A birth cohort study of
31,220 individuals (median age 22.8 years) comparing rates of
anxiety disorders in patients with ASD to age- and sex-matched
controls demonstrated that those with ASD were 3.5 times more
likely to have a lifetime history of an anxiety disorder [3]. In this
study, the cumulative incidence of anxiety disorders among those
with ASD by the age of 30 years was 50%. The authors of this
study postulate that the psychosocial sequelae associated with
ASD including difficulties developing and maintaining relation-
ships and challenges succeeding academically and vocationally
may contribute to the development of anxiety disorders [3].
Furthermore, a meta-analysis demonstrated that 39.6% of youth
with ASD have at least one comorbid anxiety disorder based on
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the DSM, Fourth Edition (DSM-IV) criteria [4]. The most common
disorder was specific phobia (29.8%), followed by obsessive-
compulsive disorder (OCD) (17.4%), and social anxiety disorder
(16.6%). Moreover, higher levels of anxiety are associated with
more severe symptoms of ASD as measured by the Children’s
Social Behavior Questionnaire [5]. Severe anxiety in youth with
ASD has also been associated with increased aggression,
decreased participation in social activities, and poor social
relationships [6].
Double-blind, placebo-controlled studies on the pharmacologic

treatment of anxiety as the primary target symptom in
children and adolescents with ASD and Pervasive Developmental
Disorders (PDDs) are lacking. Small retrospective and open-label
studies have assessed the effect of selective serotonin reuptake
inhibitors (SSRIs) on anxiety in PDDs. Steingard et al. conducted an
open-label study of sertraline in nine children with autistic
disorder (ages 6–12 years old) that had “transition-induced
behavioral deterioration” [7]. Five of the nine subjects showed
clinically significant improvement in symptoms of irritability or
anxiety or a combination of the two, on dosages of sertraline of 25
to 100mg/day. Four subjects developed interfering agitation and
two subjects lost the beneficial effects of sertraline over time.
A retrospective study of open-label citalopram (5-40mg daily) for
target symptoms including anxiety, aggression, stereotypies, and
preoccupations was completed in 17 children with PDDs (ages
4–15 years) [8]. Ten of the participants (59%) were judged to be
“much improved” or “very much improved” on the Clinical Global
Impressions-Improvement subscale (CGI-I) [8]. Four of the 17
children (23.5%) experienced treatment-limiting adverse effects
including increased agitation (n= 2), insomnia (n= 1), and tics
(n= 1). In a prospective, open-label study of 18 youth with PDDs
(mean age 11.3 ± 3.6 years), low-dose fluvoxamine (1.5 mg/kg/day)
was administered to target compulsive behavior and/or anxiety-
related symptoms [9]. No statistically significant overall change in
CGI-I scores or a measure of repetitive behavior occurred, nor was
fluvoxamine associated with a statistically significant change in
anxiety scores, as measured by the Screen for Child Anxiety
Related Disorders (SCARED) [9]. Three of the 18 youth (16.7%) in
this study required premature discontinuation of fluvoxamine due
to behavioral activation [9]. A recently published randomized
controlled trial of fluoxetine for the primary target symptoms
of obsessive-compulsive behaviors in children and adolescents
with ASD was published [10]. The Spence Children’s Anxiety
Scale was used to measure change in symptoms and experiences
of anxiety as a secondary outcome measure, although no
statistically significant difference was found between fluoxetine
and placebo [10].
There is a need to determine whether medications with a

different mechanism of action from SSRIs are safe, tolerable, and
efficacious for the treatment of anxiety in ASD. Buspirone, a
serotonin (5-HT)1A receptor partial agonist and dopamine (D2)
antagonist, has Food and Drug Administration (FDA)-approval for
the treatment of generalized anxiety disorder (GAD) in adults. A
retrospective chart review including 31 youth with ASD (ages 8–17
years, without intellectual disability) treated with buspirone for
comorbid anxiety disorders demonstrated that 18 of the subjects
(58%) were either “much improved” or “very much improved” on
the CGI-I and nine of the subjects (29%) were “minimally
improved” [11]. An open-label study assessed the effect of
buspirone on anxiety and irritability in 22 children and adoles-
cents with ASD (ages 6–17 years) [12]. Nine participants (41%)
showed a “marked response” and seven participants (32%)
showed a “moderate response,” as measured by the CGI-I after
six to eight weeks of treatment. A 24-week, randomized, placebo-
controlled trial including 166 children with ASD (ages 2–6 years)
assessed the efficacy of buspirone for the treatment of restricted
and repetitive behaviors [13]. There was no statistically significant
drug-placebo difference in the Autism Diagnostic Observation

Schedule (ADOS) composite score which measures overall
symptoms of ASD. There was a statistically significant decrease
in the ADOS Restricted and Repetitive Behavior score for the
buspirone 2.5 mg twice daily group but the buspirone 5mg twice
daily and placebo groups showed no change. Anxiety was a
secondary outcome measure of the study and there was a
statistically significant improvement in anxiety over time with
buspirone 2.5 mg twice daily, but the placebo group also showed
statistically significant improvement, as measured by an anxiety
composite score (Aberrant Behavior Checklist [ABC] Irritability
subscale, Leiter emotion regulation). There was no statistically
significant improvement in anxiety in the buspirone 5mg twice
daily group [13].
Mirtazapine, a central presynaptic α2-adrenergic antagonist,

increases norepinephrine (NE) release which results in increased
synaptic serotonin 5-HT levels facilitated by the stimulation of
α1-adrenergic receptors on 5-HT neuron cell bodies. Mirtazapine
also blocks serotonin 5-HT2 and 5-HT3 receptors [14], a mechanism
likely responsible for the anxiolytic and hypnotic effects of the
drug [15].
Mirtazapine has an FDA approval for the treatment of major

depressive disorder in adults. There is also some evidence to
support the anxiolytic effects of mirtazapine. Open-label studies
have demonstrated benefit from mirtazapine in children with GAD
and social phobia [16, 17]. Compared to SSRIs, mirtazapine may
have more rapid anxiolytic and antidepressant effects in adults
[18], and a lower risk of pharmacokinetic interactions [19].
The effectiveness of mirtazapine for anxiety in 26 individuals

(ages 3.8–23.5 years) with PDDs was previously reported in a
naturalistic, retrospective study [20]. All but one of the subjects
had received previous unsuccessful trials of psychotropic medica-
tions (mean number 5.5 ± 5.4). Seventeen subjects were taking
concomitant psychotropic medications at the time of mirtazapine
initiation. Open-label mirtazapine (dose range 7.5–45mg daily;
mean 30.3 ± 12.6 mg daily) was prescribed for a variety of target
symptoms including anxiety. Twenty-five of 26 subjects com-
pleted at least four weeks of treatment with mirtazapine, with a
mean duration of treatment of 150 ± 103 days. Baseline and
endpoint ratings were obtained using the CGI Scale. Outcome
measures were assessed after a mean of five months of treatment
(range 11-368 days). Nine of 26 subjects (34.6%) were judged
responders (“much improved” or “very much improved”) on the
CGI-I, showing improvement in anxiety as well as irritability,
hyperactivity, and depression. For the entire group of subjects,
mirtazapine led to a statistically significant improvement in CGI
Severity subscale (CGI-S) ratings (p < 0.04). The modest rate of
response of approximately 35% may be reflective of the severity of
illness of the sample (mean CGI-S rating= “markedly ill” and
multiple prior unsuccessful medication trials).
The goal of the current study was to perform a pilot randomized

controlled trial to assess the safety, tolerability, and preliminary
efficacy of mirtazapine for the treatment of anxiety associated
with ASD and PDDs. Subjects with the DSM-IV PDD diagnoses of
autistic disorder, Asperger’s disorder, and PDD not otherwise
specified (NOS) were eligible for the study. These three diagnostic
subtypes were subsumed by the equivalent DSM, Fifth Edition
(DSM-5) diagnosis of ASD [1], which is the diagnostic term used in
the remainder of this manuscript to describe our sample. To our
knowledge, this is the first prospective, randomized, double-blind,
placebo-controlled trial of a pharmacologic treatment for the
primary target of anxiety in children and adolescents with ASD.

METHODS
Study design
The study was a 10-week randomized, double-blind, placebo-controlled
pilot trial of mirtazapine in youth with ASD. The study was conducted at
the Christian Sarkine Autism Treatment Center/James Whitcomb Riley
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Hospital for Children/Indiana University School of Medicine, and the Lurie
Center for Autism/Massachusetts General Hospital (MGH) for Children/
Harvard Medical School between August 2010 and October 2017. The
study was approved by the Indiana University Institutional Review Boards
and Partners Healthcare Institutional Review Board, respectively. Guardians
of all participants provided written informed consent prior to study
involvement. Assent was obtained from youth when possible.
Study participants were youth ages 5 to 17 years inclusive with a

diagnosis of ASD and clinically significant anxiety as evidenced by a
Pediatric Anxiety Rating Scale (PARS) score of ≥ 10 at screen and baseline.
All subjects had an abbreviated IQ of ≥ 50 on the Stanford Binet, Fifth
Edition (SB5) [21]. Participants were diagnosed via clinical interview
completed by a board-certified child and adolescent psychiatrist
experienced in providing clinical care to youth with ASD, based on the
DSM-IV diagnostic criteria, and corroborated by the Autism Diagnostic
Interview-Revised (ADI-R) [22] administered by research reliable raters.
Subjects with a diagnosis of Rett’s disorder, childhood disintegrative

disorder, OCD, post-traumatic stress disorder (PTSD), major mood disorder,
psychotic disorder, or substance use disorder were excluded. These
diagnoses were determined using the Anxiety and Related Disorders
Interview Schedule (ADIS-IV) [23]. Additional exclusion criteria included:
use of other antidepressants, buspirone, or benzodiazepines, use of
linezolid (due to risk of serotonin syndrome), and a previous adequate trial
of mirtazapine (defined as a dosage of at least 15 mg for at least four
weeks). Other non-benzodiazepine and non-antidepressant psychotropic
medications including stimulants, sleep aids (including melatonin), and
atypical antipsychotics were permitted if the dose was stable for at least
60 days prior to study initiation and remained stable throughout the trial.
In addition, non-pharmacologic treatments (e.g., applied behavioral
analysis, cognitive behavioral therapy, occupational therapy, speech/
language therapy) were permitted as long as the treatment approach
was stable for at least 60 days prior to study initiation and remained stable
throughout the trial.
At the screening visit, all subjects underwent a psychiatric diagnostic

evaluation, medical history, and physical examination. Laboratory studies
included a complete blood cell count with differential, a comprehensive
metabolic panel (including electrolytes, renal function tests, liver function
tests, glucose), and thyroid function tests, ideally obtained in the fasting
state. A urine pregnancy test was also completed for female participants of
childbearing potential. The following standardized scales and testing were
also administered/conducted at screen: ADI-R; ADIS-IV; SB5; Peabody
Picture Vocabulary Test, Fourth Edition (PPVT-4); [24] and the Vineland
Adaptive Behavior Scales, Second Edition (Vineland II) [25]. Suicidality was
assessed at each visit by directly asking the subject (when verbal skills
were sufficient) and the caregiver about any thoughts or behaviors that
directly or indirectly might indicate suicidality (e.g., morbid thoughts, self-
injury, statements about life not worth living), when indicated by positive
responses. At screen, The Columbia-Suicide Severity Rating Scale (C-SSRS)
was administered per the instructions at www.cssrs.columbia/ed/
clinical_trials.html. The C-SSRS was also administered at each subsequent
visit following the first report of suicidality.
Following screening and baseline measures, participants were randomly

assigned to either mirtazapine or placebo in a 2:1 ratio as the optimal way
of gathering more preliminary data on safety and tolerability of
mirtazapine in this population. Randomization was not stratified by site
or patient characteristics. Treatment group was assigned by the unblinded
investigational drug service based on a computer-generated randomiza-
tion list. All participants, guardians, raters, and investigators remained blind
to study assignment. Mirtazapine (7.5 mg) and matching placebo capsules,
identical in appearance and taste, were prepared by the University of
California San Francisco Drug Product Services Laboratory (Christian
Sarkine Autism Treatment Center site) and the MGH Clinical Trials
Pharmacy (Lurie Center for Autism site). Participants randomized to
mirtazapine initially received 7.5 mg nightly. For subjects weighing less
than 50 kg, the dose was increased by 7.5 mg per week to a maximum
total daily dose of 45mg. For subjects weighing more than 50 kg, the dose
was increased by 7.5 or 15mg per week depending on clinical response
and tolerability to a maximum total daily dose of 45mg. The medication
was dosed either once or twice daily depending on tolerability. The
optimal dose was achieved by week 6 of treatment; subjects remained at
this dosage until the end of the study. Subjects were evaluated in person
at weeks 2, 4, and 6. Telephone visits for monitoring of adverse effects and
dosage adjustment occurred at weeks 1, 3, 5, and 8. Additional
unscheduled telephone visits were permitted when needed. A final in-
person visit was conducted at week 10. Assessment of adverse effects was

completed during each interaction. Vital signs, height, and weight were
assessed at each clinic visit.
Compliance with the study medication was assessed at each visit by

reviewing the study drug diary completion and the pill count of the
number of capsules prescribed, dispensed, and returned. The percent
compliance was calculated at each visit. If compliance fell below 70% of
the prescribed dosage for a given interval between visits, subjects and
parents were counseled on study drug compliance and given warning that
a repeat lapse could lead to termination from the study (barring
extenuating circumstances).
The co-primary outcome measures were the PARS and the CGI-I [26]

which were assessed at each clinic visit (PARS) and each follow-up in-clinic
visit (weeks 2, 4, 6, and 10) (CGI-I). The PARS is a 5-item scale which
assesses severity across common anxiety disorders in children including
GAD, social anxiety disorder, and separation anxiety disorder. Secondary
outcome measures included the SCARED [27], Child and Adolescent
Symptom Inventory (CASI) Anxiety Items [28], ABC [29], Children’s Sleep
Habit Questionnaire (CSHQ) [30], which was administered at baseline and
weeks 2, 4, 6, and 10, and the CGI-S [26] and Developmental Disability-
Child Global Assessment Scale (DD-CGAS) [31] which were administered at
baseline and week 10.

Statistical analysis
The study was designed to have 80% power to detect a standardized effect
size of 0.7 for 10-week within group changes in clinical outcomes for
mirtazapine, with 20 participants assigned to mirtazapine. The correspond-
ing effect size required for detecting between group differences with 10
participants assigned to placebo was 1.1. Given that the trial was not
powered to demonstrate moderate between-group differences, the
analysis considered four indicators of efficacy pre-specified in the protocol:
statistically significant reduction in total PARS score with mirtazapine, 50%
or more participants receiving mirtazapine rated as responders, numeri-
cally greater reduction in total PARS score for mirtazapine than placebo,
and numerically higher number of responders to mirtazapine than
placebo. Statistical significance tests comparing change between mirtaza-
pine and placebo were considered exploratory.
Data analyses were intent-to-treat and included all observed data for

participants who did not complete the study. Baseline measures were
summarized for participants randomized to mirtazapine and placebo using
frequencies and percentages for categorical variables and means and
standard deviations for continuous variables and ordinal scale scores.
Repeated measures regression models tested for changes in mean ratings
on clinical scales, except for the CGI-I, and for mean changes in vital signs.
Covariates for the regression models were treatment (mirtazapine or
placebo), time (in categories), and treatment x time interaction. Statistical
significance of 10-week changes and differences in 10-week changes
between mirtazapine and placebo were assessed using linear contrasts of
the model parameters. Estimated effect sizes (ES) were calculated by
dividing the model-estimated mean 10-week changes and their differ-
ences by the pooled standard deviation at baseline [32]. Models assumed
equal means between mirtazapine and placebo at baseline to improve
efficiency and allowed unstructured covariance between repeated
measurements. All outcome data collected prior to week six for the
participant assigned to mirtazapine who withdrew due to adverse effects
were included in these analyses. Missing outcome data were not imputed.
Participants with CGI-I ratings of “much improved” (CGI-I= 2) or “very

much improved” (CGI-I= 1) were classified as responders, and those with
less improvement (CGI-I ≥ 3) were classified as non-responders. The
planned analysis specified fitting a repeated measures logistic regression
model for change in the probability of response over time. However, this
model could not be fit to the observed data due to 0% response within
treatment groups for some timepoints. Instead, probabilities of response at
10 weeks for mirtazapine and placebo and the odds ratio comparing them,
along with corresponding exact confidence intervals, were calculated.
Fisher’s exact test assessed the statistical significance of the 10-week
comparison in probability of response. The participant assigned to
mirtazapine who withdrew due to adverse effects did not have a 10-
week CGI-I rating and did not contribute data to these calculations. We did
not impute a CGI-I score for the participant who withdrew prior to
10 weeks because excluding the participant was more consistent with the
repeated measures analysis for binary data specified in the protocol, which
relies on the MCAR assumption for missing data.
Statistical analyses were conducted using SAS/STAT software, (version 9.4,

SAS Institute, Cary, NC). Statistical tests were two-sided. A Bonferroni
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multiple testing correction was applied to results for the PARS and the CGI-I
to account for our choice of two co-primary outcome measures; p-values
and confidence intervals reported in the results and tables reflect this
correction. All other statistical tests were performed at the test-wise alpha=
0.05 significance level.

RESULTS
Study participants
Thirty-three subjects were screened for participation in the study.
Three subjects failed to meet the inclusion/exclusion criteria for
the study, including IQ < 50, not meeting DSM-IV diagnostic
criteria for included subtypes of PDD, and lost to follow-up,
respectively (Fig. 1). Thirty eligible children were randomly
assigned to mirtazapine (N= 20) or placebo (N= 10) after
obtaining informed consent. Table 1 presents baseline character-
istics of the sample. Participants were 80% male with an age range
of 5-17 years (mean age 11 years). One participant assigned to
mirtazapine withdrew after four weeks of study participation due
to symptoms of irritability and aggression. The remaining 29
participants remained in the study for the full 10-week treatment
period. Ten subjects in the mirtazapine group took concomitant
psychotropic medications (three a sleep aid [melatonin= 2,
clonidine= 1], four a stimulant, one an atypical antipsychotic
and two a sleep aid [melatonin= 2] and a stimulant). Three
subjects in the placebo group took concomitant psychotropic
medications (one a sleep aid [melatonin= 1] and two a stimulant).

Efficacy
Nine of the 19 participants assigned to mirtazapine who completed
10-week assessments (47%, corrected 95% CI 22%: 74%) and two of
the 10 participants assigned to placebo (20%, corrected 95% CI 2%:
60%) were rated as “much improved” (CGI-I= 2) or “very much
improved” (CGI-I= 1) for anxiety. There was no statistically

significant difference in the probability of treatment response
based on the CGI-I, a co-primary treatment outcome measure,
between mirtazapine and placebo (corrected p= 0.46, Fisher’s
exact test). The estimated odds ratio comparing response to
mirtazapine versus placebo was 3.6 (corrected 95% CI 0.5: 28.0).
Table 2 presents mean 10-week changes in the remaining clinical
ratings. There were no statistically significant differences in mean
10-week changes between mirtazapine and placebo for either the
PARS, a co-primary treatment outcome measure, or for any of the
secondary outcome measures. The ES comparing improvement on
the PARS between mirtazapine and placebo was 0.63.
Symptoms of anxiety as assessed by the PARS (Fig. 2) as well as

the SCARED and the CASI-Anxiety Items (secondary outcome
measures) decreased substantially and to a statistically significant
degree and for youth taking mirtazapine (Table 2; standardized
effect size (ES)= 1.76, t27=−4.91, corrected p < 0.001 PARS; ES=
0.77, t33=−3.48, p= 0.003 SCARED; ES= 0.98, t29=−4.15, p <
0.001 CASI-Anxiety Items). Children and adolescents taking
placebo experienced more modest but still clinically meaningful
decreases in anxiety symptoms (ES > 0.40, Table 2). Youth taking
mirtazapine also experienced statistically significant reductions in
the ABC subscales for Lethargy/Social Withdrawal (ES= 0.59, t30=
−3.57, p= 0.001); Stereotypic Behavior (ES= 0.50, t32=−3.55,
p= 0.001); and Hyperactivity/Noncompliance (ES= 0.43, t26=
−3.30, p= 0.003); a statistically significant reduction in proble-
matic sleep habits as assessed by the CSHQ (ES= 0.49, t32=
−3.08, p= 0.004); and improvement in general functioning as
assessed by the DD-CGAS (ES= 0.76, t28= 3.52, p= 0.002).
Children on placebo experienced a significant reduction in
problematic sleep habits as assessed by the CSHQ (ES= 0.44,
t35=−2.13, p= 0.04) but experienced smaller (ES < 0.40) and non-
statistically significant reductions for the remaining scales.
The mean (SD) dosage of mirtazapine at 10 weeks was 41.8 (5.2)

mg per day. Of the 19 participants assigned to mirtazapine and

Assessed for eligibility (n=33)

Excluded (n=3)
Not meeting inclusion criteria (n=2)
Lost to follow-up (n=1)

Analysed* (n=20)

Lost to follow-up (n=0)
Discontinued intervention after four weeks of 
participation (irritability and aggression) (n=1)

Allocated to mirtazapine (n=20)
Received allocated intervention (n=20)

Lost to follow-up (n=0)

Allocated to placebo (n=10)
Received allocated intervention (n=10)

Analysed (n=10)

Randomized (n=30)

*One par�cipant assigned to mirtazapine who withdrew due to irritability/aggression was missing week 6 and week 
10 outcome measures 

Fig. 1 CONSORT flow diagram of participant disposition from screening through study completion.
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remaining in the study at 10 weeks, the 10-week dosage
frequency was two (15%) at 30mg, three (23%) at 37.5 mg, and
eight (62%) at 45 mg for weight < 50 kg; and one (17%) at 37.5 mg
and five (83%) at 45 mg for weight ≥ 50 kg. The mean (SD) dosage
of placebo at 10 weeks was 40.5 (7.2) mg per day. For the 10
participants assigned to placebo, the 10-week dosage frequency
was one (13%) at 22.5 mg, three (38%) at 37.5 mg, and four (50%)

at 45 mg for weight < 50 kg and 2 (100%) at 45 mg for weight ≥50
kg. The mean (SD) dose per kg weight was 1.2 (0.6) mg/kg for
mirtazapine and 1.1 (0.5) mg/kg for placebo. A post-hoc statistical
test found no correlation between improvement in total PARS
score and dose per kg weight (estimated Pearson rho= 0.2, p=
0.47) for mirtazapine. Fourteen of the subjects randomized to
mirtazapine received the drug twice daily and six received it once
a day. Nine of the subjects randomized to placebo received it
twice daily and one received it once a day.

Safety and tolerability
No participant experienced a severe adverse event or suicidality
during the study. All participants experienced one or more
adverse effects. Table 3 lists the adverse effects documented
during treatment with mirtazapine and placebo in order of
descending frequency. The most commonly reported adverse
effects among participants treated with mirtazapine were
sedation/drowsiness, appetite increase, and irritability. The most
commonly reported adverse effects among participants treated
with placebo were sedation/drowsiness, stomach/abdominal
discomfort, aggression, and vomiting. There were no statistically
significant differences in adverse effect frequency between
mirtazapine and placebo (p > 0.10 all effects).
Children taking mirtazapine experienced a statistically signifi-

cant increase in body mass index (BMI) of 0.7 kg/m2 (95% CI: 0.3,
1.2; t28= 3.54, p= 0.001), but there was no statistically significant
difference in 10-week change between mirtazapine and placebo
(mean difference= 0.5 kg/m2; 95% CI: −0.2, 1.3; t28= 1.49; p=
0.15), nor was there a statistically significant 10-week change for
placebo (mean change=0.2 kg/m2; 95% CI: −0.4, 0.8; t28= 0.69;
p= 0.50). Children taking mirtazapine also experienced a statis-
tically significant increase in heart rate relative to children taking
placebo (mean difference= 10.7 beats per minute [bpm]; 95% CI:
1.9, 19.5; t27= 2.49; p= 0.02). Estimated mean 10-week changes
were 6.1 bpm (95% CI: −0.3, 12.5; t32= 1.93; p= 0.06) for
mirtazapine and −4.6 bpm (95% CI: −12.6, 3.4; t36=−1.16; p=
0.25) for placebo. There were no statistically significant differences
in 10-week changes in systolic or diastolic blood pressure between
mirtazapine and placebo (systolic mean difference=−0.6 mmHg;
95% CI: −7.6, 6.3; t27=−0.19; p= 0.85; diastolic mean differ-
ence=3.4 mmHg; 95% CI: −3.8, 10.6; t28= 0.97; p= 0.34), and no
statistically significant 10-week changes for either mirtazapine
(systolic mean change=−2.3 mmHg; 95% CI: −7.1, 2.5; t33=
−0.96; p= 0.34; diastolic mean change= 1.9 mmHg; 95% CI: −2.6,
6.4; t31= 0.85; p= 0.40) or placebo (systolic mean change=−1.6
mmHg; 95% CI: −7.8, 4.5; t35=−0.54; p= 0.59; diastolic mean
change=−1.6 mmHg; 95% CI: −7.6, 4.5; t31=−0.52; p= 0.60).

DISCUSSION
The results from this study do not provide independent evidence
that mirtazapine reduces symptoms of anxiety in comparison with
placebo in children and adolescents with ASD; however, based on
the achievement of three out of four pre-specified indicators
of efficacy, the study does support the implementation of
a larger randomized controlled trial powered to provide
conclusive evidence on the efficacy of mirtazapine for anxiety in
this population.
Forty-seven percent of the subjects randomized to mirtazapine

were considered treatment responders (“much improved” or “very
much improved” on the CGI-I), which is higher than the 34.6%
response rate observed in a retrospective study of mirtazapine in
PDDs [20], and just shy of the 50% threshold established for one
pre-specified indicator of efficacy.
With regard to treatment response, it should be noted that two

out of the 10 participants who received placebo responded (20%),
and the placebo group experienced a mean 3.2 point reduction in
PARS score. A similar placebo response rate of 29% and a mean

Table 1. Baseline characteristics of youth with ASD randomly
assigned to Mirtazapine or Placebo.

Mirtazapine (n= 20) Placebo (n= 10)

Age, Mean (SD) 10.9 (3.6) 11.3 (4.1)

Male, n (%) 17 (85%) 7 (70%)

White, n (%)1 17 (85%) 9 (90%)

Black or African American,
n (%)

1 (5%) 1 (10%)

Asian, n (%) 1 (5%) 0 (0%)

Other Race, n (%) 1 (5%) 0 (0%)

Hispanic or Latino, n (%)2 2 (11%) 2 (20%)

DSM-IV Diagnosis, n (%)

Autistic Disorder 13 (65%) 8 (80%)

Asperger’s Disorder 3 (15%) 1 (10%)

PDD NOS 4 (20%) 1 (10%)

IQ, Mean (SD) 84.9 (22.5) 89.6 (23.6)

PPVT-4 Score, Mean (SD) 88.6 (27.5) 93.1 (22.2)

Vineland Adaptive
Behavior II Composite
Score, Mean (SD)

73.1 (12.3) 73.6 (12.5)

Clinical Global Impression–Severity subscale, n (%)3

4: Moderately Ill 7 (35%) 2 (20%)

5: Markedly Ill 13 (65%) 8 (80%)

Pediatric Anxiety Rating
Scale, 5-Item Total,
Mean (SD)

18.5 (2.9) 18.1 (2.8)

Screen for Childhood
Anxiety Related Emotional
Disorders, Mean (SD)

33.5 (13.9) 28.1 (8.8)

Child and Adolescent
Symptom Inventory,
Anxiety, Mean (SD)

26.0 (10.3) 19.7 (6.5)

Aberrant Behavior Checklist, Mean (SD)

I - Irritability 15.3 (8.2) 16.4 (9.9)

II - Lethargy/Social
Withdrawal

14.9 (8.3) 6.2 (4.4)

III - Stereotypic Behavior 7.8 (5.7) 4.4 (4.5)

IV - Hyperactivity/
Noncompliance

21.5 (10.7) 17.5 (13.2)

V - Inappropriate Speech 5.6 (3.8) 3.7 (2.9)

Children’s Sleep Habit
Questionnaire, Mean (SD)

51.2 (9.5) 47.7 (6.8)

Developmental Disability-
Child Global Assessment
Scale, Mean (SD)

55.7 (6.1) 57.7 (6.1)

1Participants could select more than one race. No participants selected
American Indian/Alaskan Native, or Native Hawaiian/Other Pacific Islander.
2Hispanic or Latino ethnicity was missing for two youth.
3No youth were rated 6 (Severely Ill) or 7 (Extremely Ill).
4ASD Autism spectrum disorder; PDD NOS Pervasive developmental
disorder not otherwise specified; IQ intelligence quotient; PPVT-4 Peabody
Picture Vocabulary Test, Fourth Edition.
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3.1 point reduction in PARS score was observed in the double-
blind, placebo-controlled trial of fluvoxamine for the treatment of
children and adolescents with primary anxiety disorders con-
ducted by the Research Units on Pediatric Psychopharmacology
Anxiety Study Group [33]. The current pilot trial was powered to
detect an effect size of 1.1, which is smaller than the pooled effect
size (1.38) for the treatment of anxiety with SSRIs in two placebo-
controlled studies in the broader population of children and
adolescents treated with sertraline or fluvoxamine but substan-
tially larger than the pooled effect size for both SSRIs (0.36) and
the combined results for all anti-anxiety medications (0.38)
including pregabalin, hydroxyzine, venlafaxine, benzodiazepines,
SSRIs, buspirone, and complementary/alternative medication in
adults [34].
Mirtazapine was observed to be both safe and well tolerated

among children and adolescents with ASD. There were neither
serious adverse events nor occurrences of suicidality reported. No
adverse effects were statistically significantly more likely to occur
in participants treated with mirtazapine than with placebo. The

most common adverse effect was sedation/drowsiness, reported
by 60% of participants in each group. Appetite increase, the
second most common effect, was reported more frequently by
participants taking mirtazapine (50%) compared with 20% of
participants taking placebo. Weight gain was also observed in the
mirtazapine group. Participants in the mirtazapine group experi-
enced an increase in BMI of 0.7 kg/m2 over the 10-week treatment
period. While the difference in 10-week change in BMI was not
statistically significantly different between mirtazapine and
placebo, increased BMI was not observed in the placebo group.
Weight gain associated with the use of mirtazapine in youth with
ASD requires further study. Although there was a statistically
significant increase in heart rate in the mirtazapine group
compared to the placebo group, the increase of six bpm is
unlikely to be clinically significant. Nineteen out of 20 participants
randomized to mirtazapine remained in the study for the entire
10-week treatment period, highlighting the tolerability of
mirtazapine. The five percent discontinuation rate is lower than
discontinuation rates (range, 16.7–23.5%) reported in retrospec-
tive and open-label trials of SSRIs for anxiety in children (ages
4–15 years) with PDDs [8, 9].
Strengths of this study include that it is the first randomized,

double-blind, placebo-controlled trial of a medication for the
primary treatment of anxiety associated with ASD. Second, the
study retention rate was very high allowing for the collection of a
maximal amount of data on safety, tolerability, and potential
efficacy. Third, all of the subjects received thorough diagnostic
assessments, including a comprehensive clinical interview com-
pleted by a board-certified child and adolescent psychiatrist
experienced in providing clinical care to youth with ASD in
conjunction with the use of standardized diagnostic instruments
and rating scales. Finally, all participants, guardians, raters, and
investigators remained blind to the study assignment and the
placebo capsules were identical in taste and appearance to the
mirtazapine capsules.
The main limitations of this study are the small sample size, the

heterogeneity of the sample, and the overall lack of diversity in
the sample. The study included both children and adolescents, as
well as participants with a broad range of cognitive abilities.
Additionally, the exclusionary criteria of several other psychiatric
disorders may make the results less generalizable to clinical

Table 2. Model-estimated Mean changes from baseline (95% Confidence Intervals) for study outcomes at 10 weeks.

Mirtazapine
(N= 20)1

ES2 p Placebo (N= 10) ES2 p Mirtazapine-
Placebo

ES2 p

Pediatric Anxiety Rating Scale, 5-Item Total3 −4.9 (−7.3, −2.6) 1.76 <0.001 −3.2 (−6.5, 0.2) 1.13 0.07 −1.8 (−5.9, 2.4) 0.63 0.64

Screen for Childhood Anxiety Related
Emotional Disorders

−9.7 (−15.4, −4.0) 0.77 0.003 −5.1 (−12.6, 2.4) 0.41 0.17 −4.6 (−13.2, 4.1) 0.36 0.29

Child and Adolescent Symptom Inventory
Anxiety Items

−9.4 (−14.1, −4.8) 0.98 <0.001 −5.5 (−11.9, 0.8) 0.58 0.09 −3.9 (−11.6, 3.8) 0.41 0.31

Aberrant Behavior Checklist

I - Irritability −3.7 (−7.5, 0.1) 0.43 0.053 −3.3 (−8.5, 2.0) 0.38 0.21 −0.5 (−6.9, 6.0) 0.06 0.88

II - Lethargy/Social Withdrawal −4.9 (−7.6, −2.1) 0.59 0.001 −2.0 (−5.7, 1.7) 0.24 0.28 −2.9 (−7.2, 1.5) 0.35 0.19

III - Stereotypic Behavior −2.8 (−4.3, −1.2) 0.50 0.001 −1.9 (−4.0, 0.2) 0.34 0.08 −0.9 (−3.3, 1.5) 0.16 0.46

IV - Hyperactivity/Noncompliance −5.0 (−8.1, −1.9) 0.43 0.003 −1.0 (−5.4, 3.3) 0.09 0.62 −3.9 (−9.3, 1.4) 0.34 0.14

V - Inappropriate Speech −0.7 (−1.9, 0.5) 0.19 0.26 −0.5 (−2.1, 1.2) 0.13 0.56 −0.2 (−2.2, 1.8) 0.06 0.84

Children’s Sleep Habit Questionnaire −4.3 (−7.1, −1.4) 0.49 0.004 −3.9 (−7.5, −0.2) 0.44 0.04 −0.4 (−4.6, 3.8) 0.05 0.85

Developmental Disability-Child Global
Assessment Scale

4.6 (1.9, 7.3) 0.76 0.002 1.8 (−1.9, 5.5) 0.30 0.32 2.8 (−1.7, 7.4) 0.46 0.21

1One participant assigned to mirtazapine who withdrew due to an adverse effect was missing week 6 and week 10 measurements.
2Effect sizes were calculated by dividing the absolute value of the model-estimated mean 10-week change from baseline (mirtazapine and placebo) or the
model-estimated mean treatment difference at 10 weeks (mirtazapine-placebo) by the pooled standard deviation at baseline.
3The Pediatric Anxiety Rating Scale (PARS) 5-item total score was a co-primary outcome measure for the study. The corresponding confidence intervals and
p-value have been adjusted to reflect a Bonferroni correction accounting for the study’s two co-primary outcomes, the PARS and the Clinical Global
Impressions-Improvement subscale.

Fig. 2 Graphical representation of changes in mean scores on the
Pediatric Anxiety Rating Scale (PARS) between mirtazapine and
placebo over the 10-week trial. Mean PARS 5-item total score
(points) and standard error of the mean (error bars) by treatment
group and study week. One participant assigned to mirtazapine
withdrew from the study due to an adverse effect after week 4;
calculations for mirtazapine at study weeks 6 and 10 were based on
data from the remaining 19 participants.
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populations. Results for secondary outcome measures (all clinical
measures other than the PARS and CGI-I) should be interpreted in
light of the absence of multiple testing correction for outcomes
not designated as primary. Finally, because the duration of the
trial was 10 weeks long, we are unable to comment on the
maintenance of response beyond this point and the potential
worsening of adverse events or emergence of new ones.
In conclusion, the results of this study show that mirtazapine is

safe and well-tolerated and may have potential efficacy for
treating anxiety in youth with ASD. A larger randomized controlled
trial powered to provide more definitive evidence of the safety,
tolerability and efficacy of mirtazapine for the treatment of anxiety
in children and adolescents with ASD is needed. Given the results
of this pilot study, we estimate the potential effect size of
mirtazapine compared to placebo, a 1.8 point or 0.6 pre-treatment
standard deviation difference in PARS scores, indicates the need
for 216 or more equally allocated enrollees completing ten weeks
of treatment to thoroughly evaluate efficacy in the future. These
results also support the choice of the PARS as a primary outcome
measure for future trials targeting anxiety in this population.
Finally, future clinical investigations of mirtazapine for youth with
ASD should be designed assuming a substantial placebo effect.
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