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Abstract

Self-injurious and aggressive behaviors are common in fragile X syndrome (FXS). However, little is known about the per-
sistence of these behaviors and associated risk markers. We established the prevalence and persistence of self-injurious and
aggressive behaviors over eight years in males with FXS, and associations with risk markers. Results showed 77% and 69%
persistence rates for self-injurious and aggressive behavior, respectively. Baseline levels of repetitive behavior predicted
persistent self-injurious behavior. Chronological age, impulsivity and overactivity were associated with persistent aggres-
sive behavior but only impulsivity predicted persistence. This is the first study to document the persistence of self-injurious
and aggressive behavior in FXS over the medium to long term and to identify behavioral risk markers that might facilitate

targeted early intervention.

Keywords Fragile X syndrome - Self-injurious behavior - Aggression - Repetitive behavior - Impulsivity - Autism - Risk

markers - Challenging behavior - Early intervention

I tr duction

Self-injury and aggression are common and detrimental
behaviors associated with intellectual disability (ID). Prev-
alence rates for self-injurious behavior in people with ID
of heterogeneous aetiology range from 4 to 17% (Collacott
et al. 1998; Cooper et al. 2009; Oliver et al. 1987) whilst
rates for aggressive behavior range from 7 to 25% (Cooper
et al. 2009; Emerson et al. 2001). Compared to those with ID
of heterogeneous aetiology, prevalence rates of self-injury
and aggression are elevated in some genetic syndromes. For
example, individuals with Cornelia de Lange, Cri du Chat,
fragile X (FXS), Lowe, Prader-Willi and Smith-Magenis
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syndromes are significantly more likely to display self-injury
than a contrast group of individuals with ID of heterogene-
ous aetiology (Arron et al. 2011).

Establishing the persistence of self-injurious and
aggressive behavior across the lifespan is important for
characterising the natural history of these behaviors and
informing intervention strategies. In individuals with ID,
self-injurious and aggressive behaviors typically emerge
during childhood and prevalence rates then increase with
age into adulthood and decrease thereafter (Davies and
Oliver 2013). Additionally, high rates of persistence of
self-injurious and aggressive behavior are evident in
individuals with ID. Longitudinal studies of self-injury
report 58% persistence over 2 years (Davies and Oliver
2016), 71% persistence over 7 years (Emerson et al. 2001 ,
and 84% persistence over 20 years (Taylor et al. 2011 .
Persistence of aggressive behavior has been reported in
children with ID over a 2-year period (69%; Davies and
Oliver 2016 . Three-year persistence of self-injurious
and aggressive behavior has been investigated in specific
neurodevelopmental disorders with 84% persistence of
self-injury and 67% persistence of aggressive behavior
reported in individuals with tuberous sclerosis complex
(Wilde et al. 2018), and 78% persistence of self-injury in
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individuals with autism spectrum disorder (ASD; Richards
et al. 2016 . Taken together, this research suggests that
the prevalence of self-injurious and aggressive behavior
increases with age into adulthood and is highly persistent
both in individuals with ID of heterogeneous aetiology
and in those with neurodevelopmental disorders. As such,
the importance of early intervention strategies has been
highlighted (see Davies and Oliver 2016; Oliver and Rich-
ards 2015).

The presence of self-injurious and aggressive behavior
in individuals with ID has been associated with specific
behavioral characteristics with emerging evidence that these
behavioral characteristics are also associated with the persis
tence of self-injurious and aggressive behavior. For example,
severity of ID is associated with the presence of self-inju-
rious and aggressive behavior in heterogeneous ID samples
(Cooper et al. 2009; McClintock et al. 2003), and in some
neurodevelopmental disorders such as Cornelia de Lange
syndrome, although this is not the case in other genetic
syndromes including FXS (Arron et al. 2011; Symons et al.
2003). In addition, the presence of some genetic syndromes
is associated with an increased risk of displaying self-injuri-
ous and aggressive behavior, over and above that accounted
for by level of ID (Arron et al. 2011). When level of ID is
controlled for, the prevalence of self-injury is also height-
ened in individuals with ASD (Richards et al. 2012) and in
those with a number of genetic syndromes who score higher
on a screening measure for ASD (Arron et al. 2011). More
specifically, repetitive behavior is associated with a threefold
increase of aggressive behavior and a sixfold increase of
self-injury (Oliver et al. 2012).

In addition to ASD, characteristics associated with atten-
tion-deficit-hyperactivity disorder (ADHD) have also been
associated with heightened prevalence and persistence of
self-injurious and aggressive behavior. For example, higher
levels of impulsivity have been associated with heightened
prevalence of self-injurious and aggressive behavior in a
number of genetic syndromes including FXS (Arron et al.
2011) and in idiopathic ID (Rojahn et al. 2004). Impulsivity
has also been associated with persistence of self-injury in
individuals with ASD (Richards et al. 2016) and with persis-
tence of both self-injurious and aggressive behavior in indi-
viduals with tuberous sclerosis complex (Wilde et al. 2018).
In heterogeneous ID, ADHD is associated with increased
persistence of aggressive behavior over time (Cooper et al.
2009). Taken together, this research suggests that ASD
and ADHD characteristics confer heightened risk for the
presence and persistence of self-injurious and aggressive
behavior. Importantly, characteristics of ASD and ADHD
are elevated in some neurodevelopmental disorders, such as
FXS, and therefore such groups are likely to be at high risk
for persistent self-injurious and aggressive behavior.

@ Springer

Fragile X Syndrome: A High Risk Population

FXS occurs in approximately 1 in 4000 males and 1 in
8000 females (Crawford et al. 2001). It is caused by an
expansion of cytosine-guanine-guanine (CGQG) repeats
(>200) on the FMRI gene, which results in gene methyla-
tion and a subsequent reduction of FMRP. As an X-linked
disorder, males and females are differentially affected. Due
to phenotypic gender differences, the present study reports
data for males with FXS only. Alongside moderate ID,
self-injurious and aggressive behavior is phenotypic of
FXS, with 54-58% of individuals reported to self-injure
at some point during their lifetime (Richards et al. 2012;
Symons et al. 2003) and 50% reported to display aggres-
sive behavior (Arron et al. 2011).

Hand biting is reported to be the most common form
of self-injury in FXS (Richards et al. 2012; Symons et al.
2003), occurring in 26% of males, and changes to routine
and the presentation of difficult demands have been cited
as the most common causes of self-injurious behavior in
FXS (Symons et al. 2003). The most common forms of
aggressive behaviors have been reported as hitting others
(49%) and kicking others (30%; Hessl et al. 2008). There
is evidence that self-injury may be persistent over the short
term in individuals with FXS, with 81% of participants
who manifest self-injurious behavior continuing to engage
in this behavior 1 month from the original report (Symons
et al. 2003). Similarly, aggressive behavior in FXS may
be persistent over a three-year time period as indicated by
stable ‘problem behavior’, a broader construct including
aggressive behavior (Hatton et al. 2002). Considering the
relationship between age and self-injurious and aggressive
behavior (Davies and Oliver 2013), it is important that
the persistence of self-injurious and aggressive behaviors
is investigated across a wide age range and longer time
frame.

FXS is associated with behavioral characteristics that
have previously been associated with self-injurious and
aggressive behavior. Specifically, overactivity and impul-
sivity, as well as repetitive behavior and impairments in
social communication are heightened in FXS (Baumgard-
ner et al. 1995; Farzin et al. 2006; Hatton et al. 2002;
Munir et al. 2000; Smith et al. 2012 . These behavioral
features contribute to the elevated prevalence rates of
both ADHD and ASD in individuals with FXS. ADHD
occurs in 53-73% of individuals with FXS (Baumgardner
et al. 1995; Sullivan et al. 2006), which is higher than
the prevalence rate of 33% in age and IQ-matched peers
(Baumgardner et al. 1995) and 5% in the general popula-
tion (American Psychiatric Association 2013). Similarly,
the presence of ASD is also elevated with a 30% preva-
lence rate in FXS (Richards et al. 2015) compared to 1%
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of the general population (Baird et al. 2006). The current
literature suggests that many behaviors associated with
both ADHD and ASD remain largely stable over time in
individuals with FXS (Crawford et al. 2018; Hatton et al.
2002; McDulffie et al. 2010; Thurman et al. 2015). How-
ever, inconsistent results have also been reported regard-
ing the persistence of some social behaviors associated
with ASD with both subtle improvements (McDuffie et al.
2010) and increasing impairment (Thurman et al. 2015)
being reported with age. In addition, our recent research
demonstrated an improvement in impulsivity and repetitive
questioning in males with FXS who did not have elevated
autism symptoms (Crawford et al. 2018).

Given the high prevalence of ASD and ADHD related
behaviors in FXS, and the strong association between these
behaviors and self-injurious and aggressive behaviors, it is
important that this area of research is extended by investigating
the persistence of self-injurious and aggressive behavior, and
the characteristics associated with persistence, using longitu-
dinal data. Delineating the developmental trajectories of such
associations may help in identifying potential early behavio-
ral risk markers for self-injurious and aggressive behavior in
young populations with FXS and may also inform strategic
early and targeted interventions that increase quality of life.

Studying the phenomenology of ASD and ADHD in rela-
tion to self-injurious and aggressive behavior, as opposed to
studying diagnostic categories, goes some way towards over-
coming with the challenge of diagnostic determination and
specificity caused by the overlap of behavioral features asso-
ciated with FXS, ASD and ADHD e.g. social impairment ,
and with the subtle but important differences between those
with FXS, and idiopathic ASD (see Abbeduto et al. 2014 for
areview).

The current study will employ longitudinal analyses of data
collected over an eight-year time period to address three aims:

1 To investigate the prevalence and persistence of self-
injury and aggression in individuals with FXS over an
eight-year time period.

2 To delineate the association between impairments in
social communication, repetitive behavior, overactivity,
and impulsivity, and the persistence of self-injurious
and aggressive behavior in individuals with FXS.

3 To investigate which associated behavioral character-
istics can predict the persistence of self-injurious and
aggressive behavior in individuals with FXS.

Method
Recruitment

This study was conducted as part of a large-scale question-
naire study investigating the behavioral phenotypes of a
range of different neurodevelopmental disorders. Partici-
pants were recruited over three time points. At Time 1 (T;
2003-2004), parents and carers of 762 males with FXS
were contacted through the Fragile X Society, the UK fam-
ily support group, and asked if they would like to participate
in the study. Of these prospective participants, 211 (27%
participated. At Time 2 (T,; 2006-2007) and Time 3 (Tj;
2011-2012), parents and carers of all 211 males with FXS
who participated at T; were contacted directly and invited to
participate in the follow-up stages of the study. Of the 211
participants, 148 (70%) took part at T, and 91 (43%) took
part at T;. Data from questionnaires were included in the
present study providing they contained information regard-
ing diagnosis, and age or date of birth, and had missing data
on no more than 25% of the 14 measures in the questionnaire
pack at any time point. After applying the exclusion criteria,
data were available on 79 males with FXS.

Participants

Demographic characteristics of the 79 participants are
presented in Table 1. Descriptive analysis showed that the
majority of participants were verbal (able to speak or sign
more than 30 words), had a normal range of hearing and
vision abilities, were mobile, and demonstrated self-help
skills categorised as ‘partly able’ or ‘able’, based on the
Wessex scale (Kushlick et al. 1973). Twenty-seven (34%)
of the participants took part in a follow up study where their
FXS diagnoses were confirmed through genetic testing. The
remaining participants’ FXS diagnoses were confirmed
through parental report of a diagnosis from a relevant pro-
fessional (GP, paediatrician, or clinical geneticist).

Measures

The following informant measures were used:

Adaptive Behavior: he essexScale

The Wessex scale (Kushlick et al. 1973) was developed to
assess the social and physical capabilities of children and
adults with ID. It comprises five subscales, including: conti-
nence, mobility, self-help skills, speech and literacy. For the
present study, the self-help subscale was used as an estimate
of the degree of adaptive behavior ability. The Wessex scale
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able 1 Participant
characteristics

Time 1 (n=79) Time 2 (n=79) Time 3 (n=79)

Age in years Mean (SD) 17.64 (9.21) 20.22 (9.15) 25.01 (9.00)
Range 6-47 9-49 14-54

Gender % male 100 100 100

Wessex self-help % partly able/able 84.8 89.9 91.1

Mobility? % mobile 98.7 97.5 98.7

Speech® % verbal 87.3 89.9 92.4

Wessex vision % normal 924 94.9 89.9

Wessex hearing % normal 93.7 93.7 97.5

SCQ total score Mean (SD) 20.80 (5.96) 20.18 (6.28) 18.39 (5.95)
Range 6-34 6-35 7-33

SCQ score (ASD cut off) % score above 15 75.9 69.6 65.8

TAQ total score Mean (SD) 38.05 (19.66) 34,06 (19.86) 33.87 (19.65)
Range 1-72 0-71 0-71

2Able to walk unaided
bSpeak/sign more than 30 words

is an effective tool for large-scale postal questionnaire stud-
ies and has modest inter-rater reliability at subscale level
for both children and adults with ID with mean reliability
coefficients of 0.62 for overall classification and 0.54 for
item-level reliability (Palmer and Jenkins 1982).

Self-Injurious and Aggressive Behavior: he
Challenging Behaviour Questionnaire

The Challenging Behaviour Questionnaire (CBQ; Hyman
et al. 2002) was developed to evaluate the presence of self-
injury, physical aggression, destruction of property, and ste-
reotyped behavior occurring in the last month. The measure
also examines eight topographies of self-injury that were
adapted from Bodfish et al. (1995). For the present study
items evaluating the presence of self-injurious and aggres-
sive behavior were used. The CBQ demonstrates good inter-
rater reliability with reliability coefficients ranging from
0.61 to 0.89 (Hyman et al. 2002).

Attention-Deficit Hyperactivity Disorder
Characteristics: he Activity Questionnaire

The Activity Questionnaire (TAQ; Burbidge et al. 2010)
was developed to assess behaviors indicative of overactivity
and impulsivity, which are associated with attention-deficit
hyperactivity disorder, in individuals with ID. The TAQ has
18 items which form three subscales of overactivity, impul-
sivity and impulsive speech. Internal consistency for the
subscales is good with alpha coefficients ranging from 0.67
to 0.94. Inter-rater and test-retest reliability indices for sub-
scales and total score exceed 0.70. Item level inter-rater reli-
ability ranges from 0.31 to 0.75 (mean 0.56) and test-retest
reliability ranges from 0.60 to 0.90 (mean 0.75).

@ Springer

Autism Characteristics: he Social Communication
Questionnaire

The Social Communication Questionnaire (SCQ; Rutter
et al. 2003) is a 40-item questionnaire designed to assess
characteristics associated with ASD. There are three sub-
scales: social interaction, communication and repetitive
behavior. Each item on the questionnaire describes a specific
social, communicative or repetitive behavior and requires
a Yes/No response to indicate the presence or absence of
each behavior. A score of 22 or more constitutes the cut-off
score for possible autism, with a score of 15 or more indicat-
ing possible ASD. In terms of convergent validity, signifi-
cant correlations have been observed between the Autism
Diagnostic Observation Schedule (Lord et al. 1999 and
the Autism Diagnostic Interview (Le Couteur et al. 1989 .
Sensitivity and specificity of 0.85 and 0.85, respectively,
are reported for the cut-off for possible ASD, and values of
0.75 and 0.60 are reported for the cut-off for autism. Inter-
nal consistency is good (a=0.90 for the total scale). At T1,
the Lifetime Version of the SCQ was employed. At T, and
T, the Current Version was administered as this is recom-
mended to evaluate change over time.

Procedure

At each time point, parents and carers of prospective par-
ticipants were mailed a covering letter, an information sheet
about the study, a questionnaire pack consisting of a number
of measures, and a consent form. Measures were counter-
balanced to mitigate order effects. Data from all time points
for the measures included in the present study (Wessex for
sample characterisation, and CBQ, TAQ and SCQ) were
extracted for analysis.
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Data Analysis

Data were tested for normality using Kolmogorov—Smirnov
tests. Where data did not meet criteria for a normal distribu-
tion p <0.05) non-parametric tests were employed.

To investigate the persistence of self-injurious and
aggressive behavior in individuals with FXS, descriptive
analyses of the CBQ were conducted at T, T,, and T;. For
analyses concerning self-injury, participants were divided
into three subgroups: (a those that show persistent self-
injury (present at T, T, and T;), (b) those that show tran
sient self-injury (present at T, T,, or T; but not present for
all of those time points), and (c) those that show an absence
of self-injury (absent at T}, T, and T5). For analyses regard-
ing aggressive behavior, participants were divided into three
subgroups using the same criteria.

To investigate the demographic and behavioral charac-
teristics associated with persistence of self-injurious and
aggressive behavior, a series of Kruskal-Wallis tests were
conducted to assess differences between each of the sub-
groups on subscale scores of impulsivity and overactivity
(using the TAQ), and on subscale scores of social interac-
tion, communication, and repetitive behavior (using the
SCQ). Differences between the subgroups on the demo-
graphic characteristics of chronological age and adaptive
behavior ability, as measured by the Wessex, were also
explored. Where between-group differences were revealed,
the source of difference was explored using Mann—Whitney
U tests. Binary logistic regressions were then undertaken to
investigate whether the demographic and behavioral char-
acteristics associated with persistence of self-injurious or
aggressive behavior predicted the persistence of behavior.

Results

Prevalence and Persistence of Self-injurious
and Aggressive Behavior in FXS

The first aim of the study was to investigate the prevalence
and persistence of self-injurious and aggressive behavior in

males with FXS. Self-injurious behavior was demonstrated
by 49.4% of participants at each time point. There was more
fluctuation in the prevalence rates of aggressive behavior,
which was demonstrated by 40.5, 31.6, and 36.7% of partici-
pants at T|, T,, and T}, respectively. The number of partici-
pants showing absent, transient and persistent self-injurious
and aggressive behavior across the eight-year time period is
shown in Table 2. The findings show that 34.2% and 21.5%
of the total sample displayed persistent self-injurious and
aggressive behavior, respectively. Overall, 76.9% of partici-
pants who displayed self-injury at T, continued to demon-
strate this behavior at T; whereas 68.8% of participants who
displayed aggressive behavior at T, continued to display this
behavior at Tj.

Demographic and Behavioral Characteristics
Associated with the Persistence of Self-injurious
and Aggressive Behavior in Individuals with FXS

The second aim of the study was to investigate the demo-
graphic and behavioral characteristics associated with the
persistence of self-injurious and aggressive behavior in
individuals with FXS. Kruskal-Wallis tests revealed that
participants who never displayed self-injury, participants
who showed persistent self-injury, and participants who
showed transient self-injury differed significantly in terms
of T, repetitive behavior only (X2 (2)=8.396, p=0.015).
Mann—Whitney U tests confirmed that this difference was
driven by lower repetitive behavior scores in those with
absent self-injury compared to those that showed per-
sistent (U=186.500, p=0.005 or transient self-injury

U=226.500; p=0.040). The results from this analysis are
shown in Table 3.

Kruskal-Wallis tests also revealed that participants
who showed either persistent, absent or transient aggres-
sive behavior differed significantly in chronological age

X2 (2)=9.481, p=0.009), impulsivity X2 (2)=17.422,
p<0.001) and in overactivity (X2 (2) 7.580, p=0.023). Par-
ticipants with persistent aggressive behavior were signifi-
cantly younger at T, than those with transient (U= 135.000,
p=0.033) or absent aggressive behavior (U= 150.000,

able 2 Number of participants and percentages (in parentheses) showing absent, transient and persistent self-injurious and aggressive behavior

between Time 1 and Time 3

Total sample (n=79)

Participants with behavior at T, (n=39)

Behavior Absent Transient Persistent Persistence at T, Persistence at T
Self-injury (%) 25 (31.6) 27 (34.2) 27 (34.2) 30 (76.9) 30 (76.9)

Total sample (n="79) Participants with behavior at T1 (n=32)
Behavior Absent Transient Persistent Persistence at T, Persistence at T
Aggression (%) 36 (45.6) 26 (32.9) 17 (21.5) 19 (59.4) 22 (68.8)
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able Demographic and behavioral data of subgroups of participants with FXS showing either persistent, transient, or absent self-injurious
behavior
Persistent Transient Absent Kruskal-Wallis  df p Post hoc
Mann—Whit-
ney U
N 27 27 25
Age Mean (SD)  15.38 (7.67) 19.08 (9.79) 18.53 (9.97) 2.781 2 0.249
Wessex self-help score Mean (SD)  7.06 (1.48) 7.11 (1.60) 7.84 (1.46) 4.723 2 0.094
TAQ impulsivity Mean (SD)  17.81 (6.74) 16.33 (7.07) 12.90 (7.94) 5.794 2 0.055
TAQ overactivity Mean (SD)  20.63 (11.40) 1797 (17.97) 14.92(10.54) 3.768 2 0.152
SCQ communication Mean (SD)  7.37 (1.60) 7.16 (2.89) 7.38 (2.37) 0.076 2 0.963
SCQ social interaction Mean (SD)  9.28 (2.49) 7.57 (3.39) 8.18 (3.19) 2910 2 0.233
SCQ repetitive behavior  Mean (SD)  5.11 (1.74) 4.63 (1.80) 3.36 (2.22) 8.396 2 0.015  Persis-
tent > absent;
tran-

sient > absent

Bold values is statistically significant (p < .05)

p=0.003). In addition, participants who showed absent
aggressive behavior scored significantly lower on meas-
ures of impulsivity at T, than those that showed persistent

U=125.000, p=0.001) or transient aggressive behavior

U=231.000, p=0.001). Finally, participants who showed
absent aggressive behavior scored significantly lower on
measures of overactivity at T, than those that showed per-
sistent (U=176.500, p=0.014) or transient aggressive
behavior (U=329.500, p=0.048). These results are shown
in Table 4. Figure 1 shows the mean scores for the measures
that significantly differentiate each of the sub-groups.

Predicting Persistent Self-injurious and Aggressive
Behavior

The third aim of the study was to evaluate which demo-
graphic and behavioral characteristics that were associated

with the persistence of self-injurious or aggressive behavior
predict the persistence of such behavior in individuals with
FXS.

First, a binary logistic regression was performed with
self-injury (persistent or absent; n=>52) as the dependent
variable. Earlier analyses indicated that only repetitive
behavior was shown to differentiate the subgroups of par-
ticipants displaying persistent, transient or absent self-injury
and this was, therefore, the only predictor variable included
in the binary logistic regression. The logistic regres-
sion model (X2 1 =9.414, p=0.002) correctly classified
67.3% of cases and restricted, repetitive behavior signifi-
cantly contributed to the prediction of persistent self-injury
(Wald=7.495, df (1), p=0.006). Increasing scores on the
measure of restricted, repetitive and stereotyped behavior
was associated with an increased likelihood of exhibiting
persistent self-injury (odds ratio=1.566).

able Demographic and behavioral data of the subgroups of participants with FXS showing either persistent, transient or absent aggressive
behavior
Persistent Transient Absent Kruskal-Wallis df p Post hoc (Mann—Whitney U)
N 17 26 36
Age Mean (SD) 13.01(7.03) 17.35(8.63) 20.05 (9.85) 9.481 2 0.009 Absent > persistent; persis-
tent < transient
Wessex self-help score  Mean (SD) 6.79 (1.40)  7.35(1.35) 7.56 (1.70) 3.955 2 0.138
TAQ impulsivity Mean (SD) 19.53 (5.44) 18.77 (5.06) 11.79 (7.86) 17.422 2  <0.001 Absent< persistent;
absent < transient
TAQ over-activity Mean (SD) 22.29 (10.15) 19.77 (9.58) 14.50 (11.02) 7.580 2 0.023 Absent < persistent;
absent < transient
SCQ communication Mean (SD) 7.22 (1.73)  7.31(247) 7.33(2.51) 0.161 2 0.923
SCQ social interaction ~ Mean (SD) 8.11 (2.39)  8.64 (3.40) 8.21 (3.20) 0.822 0.663
SCQ repetitive behavior Mean (SD) 4.59 (2.09)  5.00 (1.81) 3.86 (2.07) 4.036 2 0.133

Bold values are statistically significant (p < .05)
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ig. 1 Differences between those showing persistent, transient or
absent self-injury on the baseline measure of repetitive behavior (a).
Differences between those showing persistent, transient or absent
aggressive behavior on baseline measures of impulsivity b) and
overactivity (c). Error bars represent standard error

A second binary logistic regression was conducted with
aggressive behavior persistent or absent; n=53 as the
dependent variable. Predictor variables of interest were chron-
ological age, impulsivity, and overactivity. The logistic regres-
sion model (X2 (3)=18.043, p<0.001) correctly classified
75.5% of cases. Only impulsivity significantly contributed to
the prediction of persistent aggressive behavior Wald=6.291,
df (1), p=0.012). Increasing impulsivity scores was associated
with an increased likelihood of exhibiting persistent aggressive

behavior (odds ratio=1.265), but increasing overactivity
scores and chronological age did not significantly contribute
to the model (both p>0.05).

Discussion

This longitudinal study investigated the persistence of
self-injurious and aggressive behavior in males with FXS
over an eight-year time period. In addition, behavioral
correlates associated with the persistence of self-injury
and aggression were investigated. Results indicated that
77% of individuals with FXS who showed self-injury at
T, continued to demonstrate this behavior 8 years later
whilst 69% of individuals who showed aggressive behav-
ior still demonstrated this behavior 8 years later. Severity
of restricted and repetitive behavior at T, differentiated
those who had never displayed self-injurious behavior
from those that displayed either transient or persistent
self-injurious behavior. Chronological age, impulsivity
and overactivity at T, was associated with persistence of
aggressive behavior. Specifically, individuals with persis-
tent aggressive behavior were older than those with absent
or transient aggression. In addition, individuals with
absent aggressive behavior demonstrated lower levels of
impulsivity and overactivity than those with transient or
persistent aggression. Finally, higher levels of restricted
and repetitive behavior and higher levels of impulsivity
at T1 predicted persistent self-injurious and aggressive
behavior, respectively. Taken together, these results indi-
cate that restricted and repetitive behavior is a risk marker
for persistent self-injurious behavior whilst early impul-
sivity is a risk marker for persistent aggressive behavior.

Almost 50% of participants demonstrated self-injury
within the preceding month at each of the three measure-
ment time points. These prevalence rates are similar to
those reported in existing literature (Arron et al. 2011;
Richards et al. 2012; Symons et al. 2003) and corrobo-
rate reports that self-injury is a common characteristic
of FXS. The results reported here also indicate that for
individuals with FXS who show self-injury, this behavior
is highly likely to persist with 77% of participants con-
tinuing to demonstrate this behavior 8 years later. This
persistence rate is similar to that reported in existing lit-
erature measured over a shorter time frame. Symons et al.
2003) reported 84% persistence of self-injurious behavior
1 month after baseline measurement in individuals with
FXS. The persistence rate in FXS is also broadly consist-
ent with other populations including heterogeneous ID
(71% over 7 years; Emerson et al. 2001), tuberous sclerosis
complex (85% over 3 years; Wilde et al. 2018), and ASD
(78% over 3 years; Richards et al. 2016).
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Prevalence rates for aggressive behavior at each time
point varied from 31 to 40% suggesting that this behav-
ior is slightly less common than self-injury in males with
FXS. However, as with self-injurious behavior, aggres-
sive behavior was persistent over 8§ years for the majority
of participants displaying this behavior (69%). The per-
sistence rate of aggressive behavior in FXS is similar to
that of idiopathic ID where two-year persistence of 68.4%
(Cooper et al. 2009) and 15-18 month persistence of 69%
(Davies and Oliver 2016) has been reported. The persistent
nature of self-injurious behavior and aggression under-
lines the need to develop early interventions that target this
group of individuals who are at higher risk for the develop-
ment of self-injurious and aggressive behavior.

The current study identified risk markers for persistent
self-injurious behaviors. Specifically, restricted and repeti-
tive behavior differentiated participants showing absent,
transient or persistent self-injury with lower severity of
repetitive behavior being associated with absent self-inju-
rious behavior. To further support the strength of this asso-
ciation, early indicators of restricted and repetitive behav-
ior were shown to predict the persistence of self-injurious
behavior. Other ASD-related characteristics such as commu-
nication and social interaction were not significantly related
to the persistence of self-injurious behavior, nor were the
ADHD-related characteristics of impulsivity and overactiv-
ity. In addition, neither chronological age nor level of ability
were related to the persistence of self-injury.

These results are consistent with existing literature that
suggests chronological age and level of ability are not asso-
ciated with the presence of self-injury in FXS Symons et al.
2003). Impulsivity has often been associated with prevalence
and persistence of self-injury in other populations (Arron
et al. 2011; Richards et al. 2012, 2016; Wilde et al. 2018) but
the results from the current study do not support this asso-
ciation in FXS (see also Davies and Oliver 2016). However,
the difference in impulsivity between those showing absent,
transient or persistent aggression approached significance
p=0.055) and so limited statistical power in the current
study may explain this discrepancy. Existing studies have
highlighted the presence of ASD (Richards et al. 2012) and
social impairment (Arron et al. 2011 as a risk marker for
self-injurious behavior in FXS, although other studies have
revealed no association (Symons et al. 2003 . However, in
the current study, it was only the restricted and repetitive
behavior component of the ASD phenotype that was associ-
ated with persistence of self-injurious behavior. These incon-
sistencies with other literature may be related to the current
study assessing the relationship between ASD character-
istics and the persistence of self-injurious behavior rather
than the presence or prevalence of self-injurious behavior.
Impulsivity and deficits in social interaction have, however,
been related to persistence of self-injury in individuals with
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ASD (Richards et al. 2016). This suggests that the behavioral
risk markers for persistent self-injury may differ between
those with FXS and those with idiopathic ASD. This is an
important characterisation to add to the growing body of
literature highlighting subtle differences between the FXS
and ASD behavioral phenotypes (see Abbeduto et al. 2014
for a review).

The current study also identified putative risk markers for
persistent aggressive behavior in males with FXS. Chrono-
logical age, impulsivity, and overactivity differentiated the
subgroups of participants displaying absent, transient or per-
sistent aggressive behavior. However, it was only the behav-
ioral characteristic of impulsivity that predicted persistent
aggressive behavior. Impulsivity has been consistently noted
in the existing literature as a risk marker for the presence of
aggressive behavior in a range of populations including idi-
opathic ID, and genetic syndromes including Angelman, Cri
du Chat, Cornelia de Lange, FXS, Prader-Willi and Lowe
syndrome (Arron et al. 2011; Davies and Oliver 2016). It
has also been associated with the persistence of aggres-
sive behavior in tuberous sclerosis complex (Wilde et al.
2018). Taken together, these results indicate that impulsivity
is a particularly sensitive risk marker for the presence and
persistence of aggressive behavior in neurodevelopmental
disorders.

Interestingly, different risk markers were revealed for
persistent self-injurious and aggressive behavior. Repetitive
behavior predicted persistent self-injury whilst impulsivity
predicted persistent aggressive behavior. This highlights
the importance of considering self-injurious and aggressive
behavior separately, rather than under the umbrella construct
of challenging behavior. Davies and Oliver (2016) report
similar findings in individuals with idiopathic ID where the
relative risk of the cumulative incidence of self-injurious
and aggressive behavior over 15—-18 months was signifi-
cantly increased by repetitive behavior and impulsivity,
respectively. Taken together, these results point to differ-
ent mechanisms underlying these two behavioral charac-
teristics. Recent models of self-injurious behavior suggest
that repetitive behavior may evolve into self-injury through
social reinforcement (Oliver and Richards 2015). Contem-
porary accounts of impulsivity suggest that the association
between impulsivity and aggressive behavior is linked to
impairments in executive functioning difficulties, particu-
larly in terms of inhibiting pre-potent behavioral responses
and stopping ongoing responses Davies and Oliver 2016;
Oliver and Richards 2015). This explanatory framework may
be particularly useful for considering this association in FXS
as it is associated with significant deficits in inhibition and
other executive functions compared to participants matched
on mental age (Hooper et al. 2008).

Limitations of this study include the lack of informa-
tion on potential interventions accessed by participants
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for self-injurious or aggressive behavior, or for the associ-
ated behavioral correlates identified in the present study.
Uptake of intervention may influence the rates of persis-
tence of self-injurious and/or aggressive behavior. Persis-
tence of both self-injurious and aggressive behavior were
high indicating little influence of potential intervention.
However, it is not known whether these rates reflect the
natural course of behavior or limited access to or effective-
ness of intervention. The study is also limited by the sam-
ple size consisting only of males. Whilst this was a strate-
gic decision based on the striking phenotypic differences
between males and females with FXS, and increased sever-
ity of behavioral difficulties in males with FXS, future
research should nonetheless include females so that the
behavioral phenotype can be further understood in this
under-researched population. Finally, the age range of the
participants in the current study was wide and so the extent
to which the results may be driven by particular age groups
is unknown. Chronological age was factored into the sta-
tistical analyses and was not associated with persistence of
self-injury. It was, however, associated with persistence of
aggressive behavior but was not a predictive risk marker.

Despite the limitations reported above, to our knowl-
edge, this is the first study to evaluate the persistence of
self-injurious and aggressive behaviors in males with FXS
longitudinally. This study uses robust measurement tools
that have been designed to assess behavioral phenotypes
of neurodevelopmental disorders associated with ID.
The specificity of the behaviors measured is a particular
strength, compared to many existing studies that group
the behavioral characteristics measured individually here
as ‘problem’ behaviors, or those that group self-injurious
and aggressive behaviors into a broad concept of challeng-
ing behavior. The merit of this approach is indicated by
revealing different risk markers for persistent self-injuri-
ous and aggressive behaviors. In addition, measuring such
behavioral characteristics over an 8-year time period offers
important insight into the natural history of clinically sig-
nificant behaviors and associated risk markers.

In summary, the results reported here have identified
that self-injurious and aggressive behavior are persistent
features of the FXS phenotype. In addition, risk mark-
ers of repetitive behavior and impulsivity are associated
with persistent self-injury and aggression, respectively,
over time. Given the high rates of both ASD and ADHD
in FXS, the role of repetitive behavior and impulsivity as
risk markers is particularly important. The results reported
here could facilitate early intervention strategies by target-
ing individuals who are at the highest risk of persistent
self-injury and aggression with an aim of reducing the
likelihood of persistence or even prevent the emergence
of behavior.
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