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Abstract

Using a dataset involving 415 individuals with irritability, aggression, agitation and self-injury
(IAAS) behaviors from the fragile X syndrome (FXS) FORWARD database, we describe the
psychopharmacologic management of IAAS and features of the population of persons with FXS
treated with drug therapy for IAAS. Among those with FXS exhibiting IAAS, individuals with
FXS receiving drug treatment of IAAS were older, more predominantly male, have more
significant intellectual disability, more like to have comorbid autism, hyperarousal, and social
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impairments. The most commonly utilized medications for IAAS in FXS are antipsychotic
medications, specifically aripiprazole and risperidone (37% and 27%, respectively). The majority
of subjects (63%) experienced no side effects noted from the use of their psychopharmacologic
medications.
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Introduction

Fragile X Syndrome (FXS) is the most common form of inherited neurodevelopmental
disability, affecting nearly 1 of 4000 males and 1/6000-1/8000 females in the United States
(Hagerman and Hagerman 2008). FXS results from a trinucleotide expansion of the CGG
repeat in the 5" untranslated region of FMR1 on the X chromosome, resulting in atypical
gene methylation and transcriptional silencing with consequent reduction or lack of
production of the fragile X mental retardation protein (FMRP). Affected individuals are at
increased risk for marked cognitive impairment, characteristic physical features, and
behavioral abnormalities such as anxiety, hyperarousal, impulsivity, self-injurious behavior,
aggression and irritability (Hagerman and Polussa 2015). Among co-occurring features,
lifelong treatment-resistant anxiety is a feature of FXS likely more prominent than in other
forms of neurodevelopmental disability. Levels of FMRP correlate with the overall severity
of the phenotype of FXS, with males being more severely affected due to the X-linked
pattern of inheritance of the single gene mutation (Bailey et al. 2001b; Kaufmann et al.
1999; Loesch et al. 2004). Additionally, FXS demonstrates significant clinical overlap with
autism spectrum disorder (ASD) such that FXS accounts for 1-6% of all cases of ASD and
often exhibits behavioral symptoms consistent with the autism phenotype (Budimirovic and
Kaufmann 2011; Hernandez et al. 2009; Kaufmann et al. 2017).

Behavioral dysregulation is a key manifestation of the FXS phenotype, often presenting out-
of-proportion to the individual’s cognitive level (Sansone et al. 2012; Tsiouris and Brown
2004; Bailey et al. 2008; Symons et al. 2010; Wheeler et al. 2016). One common behavioral
cluster noted in individuals with FXS, particularly males, is irritability, agitation, aggression
and self-injurious (IAAS) behaviors estimated to occur in at least 50% of individuals (Bailey
et al. 2008; Berry-Kravis and Potanos 2004). These behaviors, principally aggression and
self-injury, have been shown to increase in prevalence and severity as patients grow older,
and researchers propose they may similarly be intensified secondary to increased
hyperarousal to sensory stimuli and can be associated with anxiety and/or the diagnosis of
ASD (Erickson et al. 2017; Tsiouris and Brown 2004; Cordeiro et al. 2011a; Bailey et al.
2012a). IAAS behaviors have also been reported to place a significant burden on both
patient and caregiver quality of life (Chevreul et al. 2015, 2016; Haessler et al. 2016; Bailey
et al. 2012a). Previous studies have indicated that interfering agitated and aggressive
behaviors associated with FXS can lead to heightened levels of parental stress, decreased
parental well-being and caregiver injury (Bailey et al. 20123, b), and are often a primary
concern for family members and clinicians (Lewis et al. 2006). Despite this significant level
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of patient and caregiver burden attributable to IAAS behaviors and the relatively high
proportion of individuals with FXS who exhibit these traits, there remains limited large-scale
information concerning the psychopharmacologic management of 1AAS to help guide future
treatment.

There are currently no approved drugs for the treatment of FXS itself or behaviors
associated specifically with FXS, thus clinical pharmacologic interventions are off label and
generally aimed at interfering behavior. Site-specific clinical care reviews and expert reports
have noted frequent use of atypical antipsychotic in FXS (Berry-Kravis and Potanos 2004;
Berry-Kravis et al. 2012). This is likely a result of studies of atypical antipsychotics
demonstrating efficacy in targeting irritability and aggressive behaviors in ASD and other
behavioral disorders (Erickson et al. 2005, 2010; McDougle et al. 2008; Posey et al. 2008).
Although findings from studies assessing similar symptomatic treatments in various
developmental disorders have supported clinical interventions for IAAS in FXS, evidence
regarding the specific use of these medications in FXS is limited.

Much of the current data supporting specific pharmacologic treatments of IAAS behaviors is
derived from retrospective analyses of clinical samples of FXS populations. In one such
study, Berry-Kravis and Potanos (2004) conducted an analysis of a large FXS clinic
population and found roughly a 80% response rate in both female and male individuals with
FXS treated for aggressive and other more extreme aberrant behaviors with an antipsychotic
drugs (Berry-Kravis and Potanos 2004). A more recent single-site retrospective FXS study
reiterated findings that risperidone and aripiprazole are the most commonly utilized
antipsychotics with overall high response rates (50% and 70%, respectively), supporting
their clinical use to target irritability, aggression and other perseverative behaviors (Berry-
Kravis et al. 2012). Only one prospective trial of atypical antipsychotic use in FXS is
available. In this 12-week prospective open-label study, 12 individuals with FXS (age range
6-25 years; mean age, 14.3 years) were treated with aripiprazole monotherapy (mean dose =
9.8 mg/day) targeting irritability with 10 of 12 (87%) of patients exhibiting clinical
improvement as measured by the Clinical Global Impressions-Improvement (CGI-1) (Guy
1976) scale and the Irritability subscale of the Aberrant Behavior Checklist-Community
(Aman et al. 1985; Erickson et al. 2011). Two subjects (13%) discontinued aripiprazole due
to adverse effects including tiredness, drooling, and akathisia.

Based on previous literature and current clinical understanding of IAAS in FXS, we
hypothesized that among individuals with FXS exhibiting IAAS, those taking medication
targeting IAAS would be older, more likely male, more developmentally delayed and with
more limited communication skills, and more likely with comorbid ASD, than those not
requiring drug treatment of IAAS.

Data analyzed for this report were derived from Fragile X Online Registry with Accessible
Research Database (FORWARD). As described in Sherman et al. (2017), FORWARD is a
multisite observational study initiated in 2012 (Sherman et al. 2017). Our evaluation of drug
treatment of IAAS in FXS consisted of a descriptive cross-sectional analysis of data derived
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from the FORWARD baseline visit (first visit in FORWARD) Clinician Report forms (forms
described in Sherman et al. 2017). Of the 828 participants with Clinician Report form data in
FORWARD Version 2, 415 (50.1%) were indicated as having IAAS, and of these 415, 180
(43.5%) were being treated with medication for IAAS. Data included in this report were
collected at 25 FXS clinics associated with the FORWARD project, all of which had
obtained local Institutional Review Board (IRB) approval from their respective institutions
covering all FORWARD-associated human subjects research. Additional data analyzed
included several parent-reported questionnaires. These included the Aberrant Behavior
Checklist-Community Edition (ABC-C) (Aman et al. 1985), scored according to an
algorithm based on a factor analysis of the scale for FXS populations, termed ABC-Crgy; the
Social Communication Questionnaire (SCQ) (Witwer and Lecavalier 2007); and the Social
Responsiveness Scale, Second Edition (SRS-2) (Constantino et al. 2003). The analyses were
conducted on a dataset representing cross-sectional baseline data from 415 subjects with
FXS, indicated as having current IAAS on their Clinician Report form. This overall IAAS
sample represents 50% of the 828 subjects with FXS with data from this project at time of
analysis, who had a completed Clinician Report form. Full details regarding the FORWARD
database collection and management can be found in the report by Sherman and colleagues
(Sherman et al. 2017).

To explore potential factors associated with drug treatment for IAAS in FXS, demographic
and clinical variables were compared between treated and non-treated groups. Variables
taken from the FORWARD Clinician Report forms and parent-report questionnaires
included: age, sex, level of intellectual disability, verbal ability, concomitant clinical ASD
diagnosis, history of seizures, Body Mass Index (BMI), level of hypersensitivity to sensory
stimuli, presence of anxiety, ABC-Cgx scores on its six subscales (irritability, socially
unresponsive/lethargic, stereotypy hyperactivity, inappropriate speech, and social
avoidance), SRS, and SCQ total scores. For evaluation of verbal ability, clinician responses
were dichotomized as describing subjects with “phrases/sentences of 3 words or more” and
those who were not. Hypersensitivity to stimuli was assessed by the question “Does the
child respond too strongly to sensory information in his/her environment?” and clinician
responses grouped as “often/always” indicating hyperarousal and “never/sometimes”
indicating a lack of this behavior. For level of intellectual disability, this was clinician rated
based on clinician knowledge of the patient and review of available medical/testing records
at time of documentation.

The frequencies of each clinical characteristic were collected according to treatment regimen
(medication use vs. non-use), and variables were analyzed for comparison using Chi squared
tests. Means and confidence intervals were calculated for BMI, age and other continuous
variables and analyzed for comparison using paired two-tailed t-tests. Given the pilot and
descriptive nature of this work, significant group differences are reported at p < 0.05 without
correction for multiple comparisons.

Within the group of subjects with FXS receiving drug treatment for IAAS, data regarding
individual medications used was also collected. The latter information was then grouped by
drug class, and specific medication frequencies and proportions were presented. The
frequencies and overall proportions of medication-associated adverse effects reported on the
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Clinician Report Form experienced by these participants (i.e., sedation, weight gain,
headache, etc.) are also presented.

The FORWARD dataset comprised 415 FXS individuals exhibiting current behaviors of
IAAS, 180 (43.4%) of whom were described as treated with medication targeting these
behaviors and 235 (56.6%) reported as not receiving drug therapy for IAAS (see Table 1 for
summary of comparisons between these groups). Within this group of 415 subjects with
FXS, in 343 cases clinicians answered whether current IAAS was a limiting problem for the
child/family. Within this subgroup with available data describing the limiting impact of
IAAS, 233 subjects (67.9%) answered that IAAS was a limiting problem. Among the 233
subjects who answered that IAAS was a limiting problem, 126 (54.1%) reported that IAAS
was currently treated with medication.

Among all subjects with current IAAS, individuals treated with medication were found to be
significantly older compared to those not on medication, with a mean age of 14.4 (N = 176)
compared to 10.4 (N = 228) respectively (p < 0.0001). Significantly more males (p =
0.0082) were found to be taking medication for IAAS, as 90.6% of participants on
medication were male, compared to 81.2% of non-medicated patients. Patients treated with
psychopharmacologic interventions for IAAS were also found to have significantly more
severe intellectual disability (p < 0.0001) and significantly lower 1Q scores (45.4 vs. 54.6, p
< 0.0001) than the non-treated population. A greater proportion of patients receiving drug
treatment were also reported to have a concomitant diagnosis of ASD, with 65.9% (N = 108)
and 50.2% (N = 108), p = 0.0023, of treatment versus non-treatment subjects. Similarly, the
proportion of subjects with IAAS and anxiety was higher in those on drug treatment. The
group of subjects with FXS receiving drug treatment specifically for IAAS exhibited current
anxiety (92.6% vs. 83.7% p = 0.0068) and hypersensitivity to sensory stimuli (54.9% vs.
40.9%, p = 0.0055) more frequently than those with IAAS not receiving drug treatment.
Additionally, those receiving drug treatment had significantly higher mean scores on the
ABC-Cgx Irritability subscale (41.1 vs. 37.1, p = 0.0049). Those receiving drug treatment
also had greater social deficits illustrated by higher mean SCQ total scores (17.0 vs. 14.8, p
=0.0020) and SRS-2 scaled T-scores (77.1 vs. 74.2, p = 0.0246). No significant group
differences were noted in BMI, verbal ability, or FMRI gene methylation status.

A total of 29 individual medications from 8 different drug classes representing 216 total
drug usages were reported as being prescribed for IAAS in 180 subjects with FXS (see Table
2 for summary; mean 1.2 drug usages per person). Of these 216 drug usages targeting IAAS,
antipsychotic medications were the most commonly utilized drug class (136 drug usages;
63.0% of all individual medication trials). Overall, 128 of 180 subjects (71%) were taking at
least one antipsychotic for IAAS. The most frequently prescribed medications among all
subjects with FXS were aripiprazole, with 65 instances of use (30.1% of all drug trials
targeting IAAS), and risperidone with 50 instances of use (23.15%). Selective serotonin
reuptake inhibitors (SSRIs) was the next most commonly utilized drug class, used 29 times
(13.4% of all drug usages), with sertraline the most commonly used SSRI for IAAS (15
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uses; 6.94% of all drug usages). Other classes of psychopharmacologic medications included
stimulants, non-SSRI antidepressants, alpha-agonists, mood-stabilizers, and anxiolytics.

Among those with FXS receiving drug treatment for IAAS (n = 180), drug-associated
adverse effects were reported by clinicians in 67 subjects with FXS (37.2%). This means
that the majority of subjects with FXS receiving drug treatment for IAAS (n = 113; 62.8%)
did not have reported drug-associated side-effects (see Table 3 for summary of drug side-
effects). The most commonly reported side effects were weight gain (26 Subjects, 14.4%),
sedation (15 subjects, 8.33%) and other symptoms as specified by clinician (11 subjects,
6.1%). Other noted side effects were reported in less than 5% of participants and included
impulsivity, agitation/irritability/anxiety, Gl symptoms, weight loss, tremors, headache,
dizziness, and sleep issues/insomnia.

Discussion

In this cross-sectional pilot analysis, among all subjects with FXS described by their treating
clinician as exhibiting IAAS, the group receiving drug treatment targeting IAAS was older,
higher proportion male, with more severe intellectual disability, and with greater social and
behavioral impairment than those not receiving drug treatment for IAAS. Among those who
received drug treatment for these behavioral abnormalities, antipsychotic medications were
the most frequently prescribed, with aripiprazole and risperidone use being the most
common by a large margin. Interestingly, the frequency of side effects with these
medications in those with FXS and IAAS was lower than in other groups with
neurodevelopmental disorders.

The features noted among subjects with FXS receiving pharmacologic management for
IAAS are in line with clinical experience of managing severe irritability and aggressive
behavior. As hypothesized, the treatment group was found to be significantly older and with
a higher proportion of males, likely due to increase in symptoms of aggression and self-
injury behaviors as subjects age and the X-linked nature of FXS (Bailey et al. 1998; Hatton
et al. 1999, 2003; Bailey et al. 2001a; Symons et al. 2003). Increased use of psychoactive
drugs in older youth with IAAS may also indicate increased reliance on medication use
versus behavioral and other non-pharmacological interventions with age; may be a reflection
of potential family reluctance to medicate young children; and may relate to concern that, as
children grow, the significance and impact of aggressive behavior may be more concerning.
Those receiving drug treatment were also found to more likely have reported hyperarousal to
sensory stimuli or current anxiety, which may account for more intensified symptoms as
many of the interfering behaviors exhibited in FXS, including IAAS, have been suggested to
be secondary to hyperarousal or a manifestation of anxiety (Tsiouris and Brown 2004). In
line with our recent published analysis of FORWARD data, demonstrating association
between diagnosis of ASD, more severe intellectual disability, and more severe IAAS
(Kaufmann et al. 2017), subjects using medications for IAAS were more likely to have been
diagnosed with ASD and had greater intellectual impairment. In evaluating intellectual
disability in this report, the use of “severe/profound” intellectual disability as a clinical
characterization may overstate the degree of participant impairment as by represented by the
high rate of subjects with 3+ words, the actual impairment of those rated in the severe/
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profound range may be more specific to severe, but not profound, impairment. Standardized
questionnaires supported the above-mentioned relationships, with the pharmacologically-
treated group having higher scores on the ABC-Cgy Irritability subscale, SCQ, and SRS-2.
Thus, co-morbid ASD may be an overall risk factor for more severe behavioral
dysregulation in FXS.

Anxiety is considered a core feature of FXS with a higher prevalence than in other common
forms of inherited intellectual disability, autism, and the general population (Cordeiro et al.
2011b). Despite the high prevalence of anxiety within FXS, we identified an even higher
frequency of clinically significant anxiety present in subjects receiving drug treatment for
IAAS. Following antipsychotics, SSRIs and sedative hypnotic anxiolytics were found in a
plurality of FXS subjects treated for IAAS. In meta-analysis, SSRIs have limited evidence
for use in ASD for irritability, repetitive behaviors, and core symptoms with emerging
evidence of potential harm marked by behavioral disinhibition (Williams et al. 2013) but
with more positive results in individuals affected by FXS (McClellan et al. 2016). This
difference in response across neurodevelopmental disorders may be due to specific
differences in pathophysiology or may relate to specific targets of SSRI treatment such as
targeting repetitive behavior in ASD versus more targeting of anxiety in FXS. Thus, our data
may reflect prescribing patterns that SSRI use in FXS may mitigate co-occurring anxiety
symptoms in FXS which may be associated with IAAS behaviors and should be considered
as a potential modifiable factor in treatment planning.

The findings regarding specific medication use in this analysis mirrored that of previous
single site retrospective analyses of drug treatment in FXS (Berry-Kravis et al. 2012). The
frequent use of aripiprazole and risperidone targeting IAAS in FXS indicates potential
effectiveness of these drugs in the disorder, but also the fact that these drugs are FDA-
approved for treating irritability associated with ASD points to likely effectiveness, given
that FXS is one cause of ASD.

Overall reported drug-associated side effects, in those receiving drug therapy for IAAS, were
relatively low in comparison to other reports of antipsychotic use in subjects with
developmental disability (McDougle et al. 2008; Posey et al. 2008) indicating overall the
drug treatments were well tolerated as clinician reported. As expected, given the frequent
use of antipsychotics in this population, weight gain was the most commonly reported
concern (n = 26 subjects; 14.4% of all subjects receiving drug treatment for IAAS). Weight
gain has been previously noted as a reason for cessation of treatment with risperidone in
FXS (Bailey et al. 2012b), and an indistinguishable significant weight gain has also been
noted with long-term clinical use of aripiprazole or risperidone in subjects with ASD. The
low rate of reported adverse effects in this cohort could be due to a lack of information
regarding duration of drug treatment meaning that short periods of follow-up or even rating
of adverse effects at treatment initiation could confound the side effect reporting in the
FORWARD project. Also FORWARD only reports medications used at the time of clinic
visits so if a patient started a medication at their previous visit but stopped it before the
annual follow up visit because of a side effect, FORWARD would not capture that data,
resulting in underreporting of side effects for a given medication, as patients are more likely
to stay on a medication and be on it when they have their annual follow up if there are not
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major side effects. Given these caveats, it may be that no reported adverse effects at time of
clinician documentation may not indicate that medication use has been historically, or will
be in the future, adverse effect free. Future work describing drug-associated side effects over
time in subjects with FXS should address this concern with the cross-sectional data reported
here. Another weakness of the side effect reporting is that there is no specific link between a
reported side effect and a specific drug(s). This is important given potential polypharmacy in
this population. In the FORWARD dataset an individual could receive drug treatment with
various drug classes, targeting multiple target symptoms. However, the clinician side-effect
reporting does not allow for parsing out side-effect by specific drug.

In addition to lack of information on duration of drug trials employed, and on drug trials that
were done between visits, drug dosing is not reported in the FORWARD project and the data
does not allow for precise analysis of drug combinations, both regarding effectiveness and
tolerability. Inherent with survey data, there is also a degree of data missingness that may
impact interpretation of study results. For example, the range of data missing in Table 1
extends from age data missing in 11 (2.6%) subjects to 221 (53%) missing 1Q values. Future
comprehensive analyses should include looking patterns of missingness that could confound
data interpretation. While the FORWARD project draws broadly from FXS-specific clinics
across the United States, factors inherent in this sampling method—clinics tend to be in
major metropolitan areas, families must “self-select” to seek and find a tertiary care program
for their child—may create a sampling bias whereby this sample may not be completely
representative of FXS presentation and experience. Another shortcoming of the present
analysis is the inability to evaluate the potential impact of behavioral therapy on medication
use rates. Given behavioral interventions and medication management may be used together
targeting IAAS, looking at this concomitant treatment in this context will be important in the
future.

Future work using the longitudinal natural history of the FORWARD project should allow
for analysis of long-term drug treatment of various target symptoms, more specific
evaluation of each behavior within the IAAS symptom category, and more extensive analysis
of drug tolerability over time.
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Table 3

Reported adverse effects experienced by those on medication for IAAS

Adverse effect

n (% of subjects receiving drug treatment)

No side effects reported

Weight gain

Sedation
Activation/impulsivity/disinhibition
Agitation/irritability/anxiety
Weight loss/appetite suppression
Gl (nausea/constipation/diarrhea)
Sleep issues/insomnia

Tremor

Headache

Dizziness

Other (very thirsty, drooling, increased non-compliance, mild activation, blank (7))

113 (62.8)
26 (14.4)
15 (8.3)

2(1.1)
9(5.0)
9(5.0)
5(2.8)
4(2.2)
4(2.2)
2(1.1)
2(1.1)
11(6.1)
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