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Abstract 

Background  Restricted and repetitive behaviors (RRBs) are highly prevalent and reduce function in individuals 
with fragile X syndrome (FXS). As transdiagnostic features of intellectual disability, elevated rates of RRBs in FXS could 
represent various underlying known co-occurring conditions in FXS such as anxiety or autism spectrum disorder 
(ASD), yet this distinction has not been investigated. Further, delineating whether RRBs are more indicative of anxiety 
or ASD in FXS may clarify phenotypic profiles within FXS and improve differential assessment.

Methods  We longitudinally examined the potentially independent or multiplicative effect of ASD and anxiety symp-
tom severity on RRBs in 60 children with FXS. Anxiety was measured using the Child Behavior Checklist (CBCL), ASD 
severity was measured using the Childhood Autism Rating Scale (CARS), and RRBs were measured using the Repeti-
tive Behavior Scale – Revised (RBS-R). We estimated a series of moderated regression models with anxiety and ASD 
symptoms at the initial assessment (Time 1) as predictors of RRBs at the outcome assessment two years later (Time 2), 
along with an anxiety-by-ASD interaction term to determine the potential multiplicative effect of these co-occurring 
conditions on RRBs.

Results  Results identified a significant interaction between ASD and anxiety symptom severity at the initial assess-
ment that predicted elevated sensory-motor RRBs two years later. Increased sensory-motor RRBs were predicted 
by elevated ASD symptoms only when anxiety symptom severity was low. Likewise, increased sensory-motor RRBs 
were predicted by elevated anxiety symptoms only when ASD symptom severity was low. Interestingly, this relation-
ship was isolated to Sensory-Motor RRBs, with evidence that it could also apply to total RRBs.

Conclusions  Findings suggest that ASD and anxiety exert independent and differential effects on Sensory-Motor 
RRBs when at high severity levels and a multiplicative effect when at moderate levels, which has important implica-
tions for early and targeted interventions.

Keywords  Fragile X syndrome, Restricted repetitive behaviors, Autism, Anxiety, Sensory-motor behaviors, Self-
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Background
Fragile X syndrome (FXS) is the most common inher-
ited cause of intellectual disability (ID) and the leading 
known single-gene cause of autism, with rates of FXS 
occurring in approximately 1 in 7,000 males and 1 in 
11,000 females [38]. FXS is a single-gene disorder caused 
by a CGG repeat expansion on the Fragile X Messenger 
Ribonucleoprotein 1 (FMR1) gene on the X chromosome, 
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resulting in reduced production of Fragile X Messen-
ger Ribonucleoprotein Protein (FMRP), which is a pro-
tein that is crucial to brain development [30]. Typically, 
males with FXS are more severely affected than females 
due to the protective or compensatory effect of the sec-
ond unaffected X chromosome in females [31], though 
they present with a more variable profile than males [16, 
18]. FXS is characterized by a complex behavioral pheno-
type that includes moderate ID (typically ranging from 
moderate to severe ID in males and no ID to moderate 
ID in females [16, 18], impairments in language and com-
munication [1], anxiety [15, 23], elevated physiological 
arousal [37, 44], self-injurious and aggressive behavior 
[17],and autistic-like symptoms such as social avoidance, 
poor eye contact/gaze aversion [14, 64, 65] and restricted 
and repetitive behaviors (RRBs,e.g., hand-flapping, verbal 
perseveration, [55]. In addition to these discrete pheno-
typic features, individuals with FXS are at increased risk 
for specific comorbid disorders, most notably anxiety and 
autism spectrum disorder (ASD). There is substantial 
overlap in symptomatology specific to ASD and anxiety, 
as well as symptomology that could be independent of 
ASD and anxiety as part of the general FXS phenotype. 
Thus, the FXS phenotype is highly complex and includes 
features of multiple co-morbid conditions that emerge 
and likely interact across development. The complexity of 
the FXS phenotype poses substantial challenges for accu-
rate and early diagnosis critical to optimizing outcomes 
in children with FXS. As such, studies focused on disen-
tangling the relationships among multiple features of the 
FXS phenotype employing a developmental framework 
are critical. The present study focused on delineating 
the role of autism and anxiety features on RRBs in FXS 
over time, which has the potential to inform intervention 
planning.

Restricted and repetitive behaviors in FXS
Restricted and repetitive behaviors (RRBs) are nearly uni-
versal in FXS [55]. RRBs are a broad class of behaviors 
that includes sensory-motor behaviors (e.g., hand-flap-
ping), self-injurious behavior (SIB) (e.g., biting oneself ), 
restricted interests (e.g., preoccupation with one sub-
ject or activity), compulsive behavior (e.g., arranging/
ordering, closing open doors), and ritualistic/sameness 
behavior (“insistence on sameness”,e.g., resists changing 
activities). RRBs can often be classified into “lower-order” 
types that involve repetitive motor movements or self-
injury, as well as into “higher-order” types that are more 
complex and cognitively mediated, such as ritualistic/
sameness behavior or compulsive behavior or restricted 
interests [10]. Although this classification can be use-
ful in characterizing the form and topography of RRBs, 
these two broad categories may potentially obscure more 

nuanced differences in the underlying function or con-
tributing mechanisms [54, 59].

Although RRBs can be considered a transdiagnostic 
or common marker for various neurological and neu-
rodevelopmental disorders [41, 50], RRBs are elevated in 
FXS in comparison to other genetic syndromes including 
those associated with ID [55]. Up to 98% of males with 
FXS display repetitive motor movements/stereotypy [36], 
79% of males display SIB [36], 73% of males display repet-
itive questions, repetitive speech, or restricted conver-
sation about the future [82], and 72% of males and 55% 
of females exhibit compulsive behavior [33]. Given that 
most males with FXS show a more severe clinical pres-
entation than females, research on RRBs in females with 
FXS is lacking, with the limited research showing that 
females with FXS are rated as exhibiting less severe RRBs 
than males with FXS, with the exception of Compulsive 
behaviors [54, 61]. Nevertheless, across both males and 
females with FXS, higher rates of RRBs are associated 
with poorer outcomes in FXS including greater cognitive 
impairment, lower adaptive behavior skills, and higher 
rates of problem behavior [61]. Accordingly, it is essential 
to identify the key factors contributing to RRBs in FXS 
to attenuate their potential associated consequences; yet, 
despite the high prevalence of RRBs in FXS overall, these 
currently remain poorly understood.

Many core and associated features of the FXS pheno-
type have been implicated in the presence and severity of 
RRBs. For instance, nonverbal IQ at Time 1 was shown to 
predict Restricted Interests in boys with FXS at Time 2 
[59], and nonverbal IQ has been found to longitudinally 
predict compulsive behavior in both males and females 
with FXS (ages 1–18 years old, [54]). Further, Abbeduto 
and colleagues [3] found that RRB severity was best pre-
dicted by psychiatric symptoms consistent with anxiety, 
social avoidance, and manic/hyperactive behavior in ado-
lescent and young adult males with FXS. The substan-
tial overlap in symptomatology between anxiety, ASD, 
and the FXS phenotype introduces complexity in delin-
eating the specific underlying function of RRBs in FXS. 
The possibility that anxiety may drive autistic features in 
FXS [51, 78] exacerbates the FXS phenotypic complex-
ity and poses a challenge in disentangling the various 
factors that may contribute to these clinical phenotypic 
features. While anxiety has been found to predict some 
types of RRBs (Restricted Interests, Compulsive, and 
Ritualistic/Sameness behavior) in males with FXS [59], 
no studies have examined the longitudinal relationship 
between anxiety and RRBs in both males and females 
with FXS while also taking autism symptomatology into 
account, as the present study does. Considering the high 
but variable presentation of RRBs in FXS and their asso-
ciation with greater levels of functional impairment [61], 
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distinguishing the specific contributing factors of various 
RRB subtypes can better inform phenotypic characteriza-
tion and targeted treatment [59].

Autism in FXS
ASD is highly prevalent in FXS and may differentially 
or multiplicatively account for the presence or sever-
ity of RRBs. Specifically, 54–80% of males and 14–41% 
of females meet diagnostic criteria for ASD (e.g., [3, 45, 
46]). More recently, 60.7% of preschoolers with FXS were 
found to meet diagnostic criteria for ASD (73% of boys 
and 28.6% of girls), even when employing expert clinical 
judgement to distinguish ASD from developmental delay, 
anxiety, or ADHD [63], reducing the potential for inflated 
prevalence which can occur when using cutoff scores in 
isolation. Because RRBs are a core diagnostic domain for 
ASD [5], the presence of comorbid ASD in FXS may also 
contribute to elevated RRBs independent of, or in con-
junction with, co-occurring anxiety.

Prior evidence has identified behavior-specific asso-
ciations between RRBs and ASD in FXS. Specifically, 
some studies show that individuals with FXS and comor-
bid ASD are no more likely to show certain types of 
RRBs (e.g., compulsive behavior and self-injury) than 
those with FXS without ASD [33, 75], suggesting that 
ASD symptomatology may not be the primary driver of 
RRBs in FXS [59]. However, other types of RRBs (sen-
sory-motor behaviors, restricted interests, behavioral 
inflexibility) do appear at higher rates in children with 
comorbid FXS+ASD compared to children with FXS 
without ASD [35, 61]. Recent evidence also shows that 
the severity of RRB subtypes in early development differ-
entiates the presence of co-occurring autism in FXS from 
FXS-only in middle childhood. Specifically, severity of 
sensory-motor behavior, restricted interests, self-injury, 
and compulsive behavior all significantly predicted later 
ASD diagnostic outcomes in children with FXS [63], sug-
gesting that the underlying existence of ASD as a devel-
opmental liability in FXS may contribute to RRBs. Thus, 
the severity of ASD features in FXS may either contribute 
to or exacerbate existing RRBs in FXS.

However, it is important to note that, although com-
pulsive behavior, insistence-on-sameness behaviors, and 
total level of RRBs on the Repetitive Behaviour Question-
naire (RBQ) were found to significantly relate to ASD 
symptomology on the Autism Screening Questionnaire 
(ASQ) in males with FXS [55], at the item level, only 
one item on the RBQ (“Does your child insist on doing 
things in a certain way or redoing things until they are 
“just right”?) was significantly correlated with the ASQ. 
Moss et  al., [55] interpreted this finding to suggest that 
RRBs in FXS “are not entirely related to autism spec-
trum phenomenology.” Coupled with the transdiagnostic 

nature of RRBs within ID, this evidence suggests that 
alternative mechanisms – such as anxiety – may account 
for RRBs in FXS in addition to (or instead of ) autism 
symptomatology.

Anxiety in FXS
Anxiety is one of the most prominent characteristics of 
FXS [15] and the most common symptom treated in FXS 
[6]. Indeed, individuals with FXS are more likely to meet 
criteria for anxiety disorders than other ID groups or the 
general population [15]. Although females with FXS have 
(on average) higher cognitive and verbal abilities abilities 
than males with FXS, as well as lower rates of ASD symp-
tomatology than males, the spectrum of anxiety-related 
behaviors is quite similar overall in both sexes [48], with 
approximately 52–86% of males with FXS and 77% of 
females with FXS aged 5 to 26 years meeting diagnostic 
criteria for at least one anxiety disorder [15, 23]. Even 
39% of preschoolers with FXS meet criteria for at least 
one anxiety disorder [63], though rates differ based on 
age, sex, cognitive ability, and the measure(s) used.

Due to the large incidence of co-occurring anxiety in 
FXS, it is possible that RRBs may function as a coping 
strategy for anxiety in FXS – that is, anxiety may cause 
or at least contribute to RRBs in FXS. Indeed, at least one 
type of RRB – verbal perseveration, considered a hall-
mark of FXS – has often been attributed to the excessive 
anxiety that is a classic feature of the FXS behavioral phe-
notype [8, 26, 49, 57]. In support of this notion, Crawford 
and colleagues [20] recently found that stronger anxiety/
stress responses were associated with heightened repeti-
tive language in males with FXS. Further, evidence sug-
gests a long-term association between anxiety and RRBs 
in males with FXS [59]. Specifically, early anxiety pre-
dicted Restricted Interests, Compulsive behaviors, and 
Ritualistic/Sameness RRBs 18 months later in boys with 
FXS, suggesting that anxiety could be a causal or at least 
contributing factor for some types of RRBs in youth 
with FXS [59]. For instance, 76% of boys with FXS were 
reported by their parents to exhibit repetitive questions 
following changes to routines or expectations, with par-
ents reporting that most of these children already knew 
the answers to the questions that were asked [82]. It is 
thus possible that RRBs such as repetitive questioning 
and other types of verbal perseveration observed fre-
quently in FXS may increase predictability (given that 
the child already knows the answers), thereby reducing 
anxiety. This repetitive questioning is likely reinforcing to 
the child because it allows them to escape or avoid the 
aversive state of anxiety due to changes in routine, thus 
contributing to further repetitive questioning [82]. How-
ever, as with co-occurring ASD in FXS, the phenotypic 
complexity and multitude of co-morbid conditions in 
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FXS pose challenges to identifying underlying contribu-
tors of clinical features such as RRBs, which is essential 
for improving differential assessment and diagnosis.

Overlapping features
Therefore, although anxiety may contribute to some 
RRBs in FXS, it is also likely that certain RRBs may not 
function as a manifestation of anxiety, particularly in the 
context of the phenotypic complexity of FXS and con-
sidering the transdiagnostic nature of RRBs in ID [76]. 
Accordingly, other factors may account for RRBs in FXS, 
including co-occurring ASD in isolation, or the interac-
tion between anxiety and ASD in FXS [2, 63, 66, 74]. Evi-
dence for this interaction appears in non-syndromic ASD 
(nsASD), where, despite RRBs being a core diagnostic 
feature of ASD, they are associated with increased anxi-
ety symptom severity in this population [67, 70]. Specifi-
cally, in youth with nsASD, Rodgers et al. [67] found that 
those with high anxiety displayed more RRBs than those 
without anxiety. While an association between gen-
eral anxiety and overall RRBs has been demonstrated in 
nsASD, there is also evidence for anxiety relating to spe-
cific RRB subtypes [70]. For example, anxiety significantly 
relates to insistence-on-sameness behaviors in children 
and adolescents with nsASD as well as the severity of 
overall RRBs [47, 70].

This pattern of shared (or possibly distinct) mechanis-
tic roles of anxiety or ASD symptomatology in the sever-
ity of RRBs may also exist in FXS. For instance, certain 
anxiety disorders, including Specific Phobia and Social 
Anxiety, appear at higher rates in individuals with both 
FXS + ASD versus those without ASD [15], suggesting 
that when anxiety and ASD co-occur together in FXS, 
they may exacerbate features of the other. Indeed, comor-
bid anxiety is associated with increased ASD severity in 
males with FXS [77]. Further, in addition to leading to 
increased RRBs, anxiety can present as poor eye contact 
and social avoidance in FXS [45], which can alternatively 
translate as greater social impairment associated with 
ASD [64, 65]. However, additional evidence has differen-
tiated ASD severity from anxiety in adolescent males with 
FXS [23], as well as in both adults and across childhood 
[16, 18, 63, 64]. These conflicting findings may be due to 
differences in the sample (sex, age, IQ), whether assess-
ment of anxiety accounted for intellectual and commu-
nication impairments, and that many measures lack the 
sensitivity necessary to distinguish overlapping symp-
tomatology of anxiety and ASD in FXS. Regardless, the 
substantial overlap in phenotypic features across anxiety, 
autism, and FXS complicates early and differential diag-
nosis, yet the nature of ASD or anxiety as functions of 
RRBs in FXS remains unclear considering contradictory 

evidence and the lack of a truly developmental approach 
in prior research.

The present study
The emergence of anxiety and/or ASD in FXS shapes 
developmental trajectories and outcomes for children 
with FXS, regardless of how each may relate to RRBs. Yet, 
because RRB subtypes may present differently in FXS in 
the context of increased ASD severity [19], or may reflect 
increased anxiety independent of ASD [3, 8, 82], disen-
tangling these features as potential mechanisms of RRBs 
is important for accurate clinical assessment and targeted 
treatment for youth with FXS. The high prevalence and 
degree of impairment associated with RRBs in FXS war-
rants an increased understanding of the functional role 
anxiety and/or ASD plays in these outcomes within a 
developmental framework. This effort is particularly crit-
ical to effectively identify the timing and targets for inter-
vention. Thus, using a prospective longitudinal design, 
the present study documents the potentially independ-
ent or multiplicative effect of ASD symptom severity and 
anxiety on the severity of RRB outcomes in both males 
and females with FXS across development. Specifically, 
we examine the potential interaction between anxiety 
and ASD symptomatology at an initial assessment in pre-
dicting RRB outcomes 2 years later, controlling for both 
age and level of RRBs at the initial assessment. Further, 
we examine individual subtypes of RRBs along with over-
all RRBs.

Method
Participants
Data for this study was drawn from two independent, but 
related, studies [withheld for review] as part of larger pro-
spective longitudinal studies on the early development 
of children with FXS. While multiple papers have been 
published from these studies [63–65, 74, 80], this paper 
represents a unique set of questions that have never been 
posed. The current study included data from 60 youth 
diagnosed with FXS (see Table 1 for descriptive statistics) 
who had complete data for two assessments. The initial 
assessment was conducted between 1 and 14 years of age 
with a mean of 4.95  years (SD = 4.07, Range: 1–13.67). 
The outcome assessment was conducted approximately 
two years later with a mean age of 7.69 years (SD = 3.84, 
Range: 3.56–16.62). Diagnosis of FXS was confirmed 
through genetic report.

Measures
Measurement of restrictive and repetitive behaviors
The Repetitive Behavior Scale – Revised (RBS-R; [12]) 
was utilized to measure the presence and prevalence of 
RRBs. The RBS-R is 43-item parent-report questionnaire 
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that assesses RRBs across six subscales on a scale from 
0 (behavior does not occur) to 3 (behavior occurs and is 
a severe problem). The RBS-R was normed on individu-
als with intellectual disability, and multiple other stud-
ies have created different factor structures of repetitive 
behaviors in individuals with ASD [9]. Consistent with 
prior work in ASD and FXS [54, 59], we employed the 
five-factor structure from Bishop et al. [9] that includes: 
Sensory-Motor behaviors, Restricted Interests, Self-
Injurious Behavior, Compulsive Behavior, and Ritualis-
tic/Sameness. These five factors are relatively similar to 
the six RBS-R subscales, with the biggest change being 
that the original Ritualistic behavior subscale was com-
bined with the original Sameness subscale into a Ritual-
istic/Sameness subscale/factor. This 5-factor structure 
makes more sense conceptually than using the 6 sub-
scales, given that the 2 out of 6 items from the original 
RBS-R Ritualistic Behavior subscale that loaded onto 
the Ritualistic/Sameness factor (travel transportation 
[e.g., insists on taking certain routes/paths; must sit in 
specific location in vehicles] and play/leisure [insists on 
certain play activities; insists that other person do cer-
tain things during play) both use the phrase “insists on,” 
which taps into the broader Insistence-on-Samness con-
struct and overlaps with most of the 9 out of 11 items 
from the original RBS-R Sameness subscale that loaded 

onto the Ritualistic/Sameness factor (e.g., insists on walk-
ing in a particular pattern; insists on sitting at the same 
place; insists on same routine, household, school, or work 
schedule every day).

Cognitive ability
Cognitive ability was measured via one of three measures 
depending on the participant’s age at the time of assess-
ment. The Mullen Scales of Early Learning (MSEL; [56]), 
Differential Abilities Scale – Second Edition (DAS, [22]), 
or Leiter-R [68] were utilized to assess the participants’ 
current cognitive ability.

The MSEL [56] is a developmental measure utilized 
to assess cognitive abilities in children between 0 and 
68  months of age. The MSEL assesses cognitive abili-
ties across five domains: Gross Motor, Fine Motor, 
Visual Reception, Receptive Language, and Expres-
sive Language. The Early Learning Composite, which is 
a composite of Fine Motor, Visual Reception, Receptive 
Language, and Expressive Language, was used as a proxy 
for IQ. This measure was standardized across 1849 chil-
dren and demonstrated satisfactory test–retest reliability, 
internal consistency, and concurrent validity.

The DAS [22] is a measure that assesses cognitive abili-
ties in children between 2:6 and 17:11 years of age. The 

Table 1  Participant demographics and descriptives

SS Standard Score, CBCL Child Behavior Checklist, CARS Childhood Autism Rating Scale, RBS Repetitive Behavior Scale – Revised (RBS-R)

Variable Female (n = 12) Male (n = 48) Overall (N = 60)

Mean SD Range Mean SD Range Mean SD Range

T1 Age, months 47.16 40.39 12.51–144.50 62.40 50.69 12.39–164.13 59.35 48.87 12.39–
164.13

T3 Age, months 81.64 40.76 42.74–181.42 94.90 47.38 49.72–199.44 92.25 46.12 42.74–
199.44

Full Scale Cognitive Score, SS 70.75 10.14 50–92 52.43 7.69 40–91 56.15 11.03 40–92

# Full Scale Cognitive Score < 70 6 46 52

T1 CBCL Anxiety Mean Raw Score 0.36 0.39 .08–1.30 0.36 0.28 .08–1.30 0.36 0.30 .08–1.30

T1 CARS Total Score 21.41 6.36 15.5–36 28.58 5.65 21–47.5 27.15 6.43 15.5–47.5

T1 RBS-R Bishop Factors

  Sensory Motor 3.92 2.47 0–9 5.94 3.77 1–17 5.53 3.62 0–17

  Restricted Interests 0.33 0.65 0–2 1.67 1.64 0–6 1.40 1.59 0–6

  Self-Injury 1.67 3.08 0–8 2.67 3.28 0–13 2.47 3.24 0–13

  Compulsive 3.25 3.60 0–11 3.46 4.58 0–21 3.42 4.38 0–21

  Ritualistic Sameness 4.58 3.94 0–12 5.00 5.45 0–24 4.91 5.16 0–24

T3 RBS-R Bishop Factors

  Sensory Motor 3.08 3.12 0–9 6.35 3.86 0–15 5.70 3.93 0–15

  Restricted Interests 1.00 1.59 0–5 2.10 1.72 0–6 1.88 1.74 0–6

  Self-Injury 0.67 1.23 0–4 3.21 3.54 0–15 2.70 3.37 0–15

  Compulsive 3.58 3.20 0–11 4.17 5.05 0–26 4.05 4.72 0–26

  Ritualistic Sameness 4.92 5.01 0–15 5.96 5.51 0–23 5.75 5.39 0–23
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measure was standardized on a large sample of children 
(N = 3480), demonstrating excellent internal consistency, 
satisfactory test–retest reliability, and acceptable concur-
rent validity. The current study utilized the General Con-
ceptual Ability (GCA) score.

The Leiter-R [68] is an assessment tool used to assess 
nonverbal intelligence in children between 2 and 20 years 
11 months of age. This measure was normed on a sam-
ple of 1719 children with acceptable internal consistency, 
test–retest reliability, and concurrent validity. The Brief-
IQ score is created using four subtests: Figure Ground, 
Form Completion, Sequential Order, and Repeated 
Patterns.

Each measure of cognitive ability (MSEL, DAS, or 
Leiter) was utilized to characterize the approximate cog-
nitive level of each participant as appropriate based on 
age. Cognitive scores were used descriptively to charac-
terize the overall sample, as well as male and female sub-
groups (see Table 1).

Anxiety
Anxiety symptoms were measured using the DSM 
Anxiety Problems scale of the Child Behavior Checklist 
(CBCL; [4]). The CBCL is a parent-report measure that 
assesses a variety of emotional and behavioral problems 
in children. Parents completed the version appropri-
ate for their child’s age (CBCL 1.5–5 Years, CBCL 6–18 
Years). The DSM Anxiety Problems scale was developed 
to assess a wide range of symptoms of anxiety including 
worries, fear of going to school, and clinging to adults. 
To increase the variability of the sample, raw scores were 
utilized instead of T scores. (Given the different num-
ber of items on the two CBCL scales, a mean score was 
calculated that reflected the total number of items on 
the respective scale. Specifically, the total raw score was 
divided by the total number of items on the age-appro-
priate scale.)

ASD symptom severity
ASD symptom severity was assessed using the Childhood 
Autism Rating Scale – Second Edition (CARS-2; [72]), a 
reliable and valid measure that has been commonly used 
to measure ASD symptom severity in FXS (e.g., [24, 58, 
63–65]). The CARS is an observational rating scale com-
pleted by a consensus of multiple trained research team 
members that assess specific features of ASD across 15 
symptom areas (e.g., relating to people, adaptation to 
change). Each item is rated on a scale from 1 to 4, with 
higher scores indicating more severe symptoms of autism 
(and total scores above 30 indicating mild-to-moderate 
symptomology, [25]. Previous research demonstrates that 
the CARS captures a continuum of autistic behaviors in 

individuals with a variety of developmental disabilities 
including FXS (e.g., [43]). The Total Raw Score was used 
as a primary variable in analyses.

Procedure
The institutional review board at both [withheld for 
review] and [withheld for review] provided ethical 
approval. Participants were recruited through local and 
national organizations serving FXS populations. Data 
collection occurred in either the research laboratory or 
the family’s home depending on family preference. Fami-
lies were provided with monetary compensation and a 
brief developmental report at the completion of each 
time point.

Data analyses
All variables were examined for errors and non-normal-
ity, and no problems were identified. Descriptive sta-
tistics were calculated for all primary variables in the 
study and are presented in Table  1. The primary aim of 
the study was to determine whether ASD and anxiety 
symptom severity exert a mutual or distinct influence on 
RRBs over time. That is, does ASD or anxiety indepen-
dently account for the presence of RRBs, or do they inter-
act (exacerbate) one another in a manner that influences 
degree and severity of RRBs? Accordingly, we estimated 
a series of moderated regression models with anxiety 
and ASD symptoms at the initial assessment (Time 1) 
as predictors of RRBs at the outcome assessment (Time 
2), along with an anxiety-by-ASD interaction term to 
determine the potential multiplicative effect of these co-
occurring conditions on RRBs. Additionally, chronologi-
cal age and RRBs at Time 1 were included as covariates in 
each model. Separate models were estimated for each of 
the five RRB factors: Sensory-motor, Restricted Interests, 
Self-Injury, Compulsive Behavior, and Ritualistic Same-
ness, as well as a sixth model for RBS Total Score.

Results
To consider moderating effects between anxiety and 
ASD on later repetitive behaviors, each RRB factor was 
regressed on T1 anxiety and ASD severity, an interac-
tion between these, and relevant covariates: T1 repetitive 
behavior factor and T1 chronological age. (See Table  2 
for model results).

For the model predicting outcomes in Sensory-Motor 
behavior, there was a statistically significant interaction 
between anxiety and ASD severity, indicating that, as 
one increases, the effect of the other on Sensory-Motor 
RRBs over time decreases (b = -0.40; p = 0.024)1. There 
were no significant effects for the interaction between 
anxiety and ASD in predicting Restricted Interests, 
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Self-injury, Compulsive behavior, or Ritualistic/Sameness 
outcomes (see Table 2). The final model testing the inter-
action effect between anxiety and ASD severity on Total 
RBS outcomes revealed a trending association (b = -1.19, 
p = 0.081). This effect was consistent in that increased 
ASD severity over time was associated with a lessened 
effect of early anxiety on later total RRBs.

Figure 1 illustrates the interaction effects for Sensory-
Motor RRBs and total RRBs over time. Interesting pat-
terns emerged from the interactions such that, at low 
levels of either anxiety or ASD, the inverse (i.e., high 
ASD or high anxiety) accounted for elevated Sensory-
Motor behaviors. That is, in the context of high anxiety, 
the effect of ASD severity on repetitive Sensory-Motor 

Table 2  Moderated regression models

Sensory Motor Behaviors b SE p

  Intercept 5.89 0.42  < .001

  Anxiety -0.41 1.45 0.78

  Autism Severity 0.25 0.08 0.002

  T1 Sensory-Motor RRBs 0.39 0.13 .004

  T1 Age -0.01 0.01 0.118

  Anxiety*Autism -0.40 0.17 0.024

Restricted Interests b SE p

  Intercept 1.95 0.21  < .001

  Anxiety 0.33 0.72 0.648

  Autism Severity 0.06 0.04 0.117

  T1 Restricted Interest Score 0.38 0.14 0.010

  T1 Age 0.00 0.00 0.568

  Anxiety*Autism -0.13 0.08 0.117

Self-Injurious Behavior b SE p

  Intercept 2.77 0.39  < 0.001

  Anxiety 0.02 1.35 0.986

  Autism Severity 0.12 0.06 0.069

  T1 Self-Injurious Behavior Score 0.49 0.13  < .001

  T1 Age 0.01 0.01 0.587

  Anxiety*Autism -0.14 0.16 0.402

Compulsive Behavior b SE p

  Intercept 4.16 0.52  < .001

  Anxiety -0.92 1.95 0.639

  Autism Severity -0.01 0.09 0.954

  T1 Compulsive Score 0.70 0.15  < .001

  T1 Age -0.00 0.01 0.786

  Anxiety*Autism -0.22 0.22 0.319

Ritualistic Sameness b SE p

  Intercept 5.91 0.63  < .001

  Anxiety -0.38 2.27 0.868

  Autism Severity 0.03 0.11 0.774

  T1 Ritualistic Sameness 0.53 0.16 0.001

  T1 Age 0.01 0.02 0.419

  Anxiety*Autism -0.33 0.27 0.239

Total RRBs b SE p

  Intercept 20.65 1.56  < 0.001

  Anxiety -0.67 5.63 0.906

  Autism 0.42 0.27 0.123

  T1 Total RRBs Score 0.52 0.14  < 0.001

  T1 Age 0.01 0.04 0.844

  Anxiety*Autism -1.19 0.67 0.081
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behaviors was lessened to the extent that high anxiety 
appeared to account for elevated levels of Sensory-Motor 
RRBs. Likewise, at high ASD severity levels but in the 
context of low anxiety, high ASD severity appeared to 
account for elevated levels of Sensory-Motor RRBs over 
time. Additionally, when anxiety and ASD were both 
estimated at moderate levels, Sensory-Motor RRBs also 
appeared moderate. Interaction effects for Total RRBs 
were similar.

Discussion
Results of the present study suggest potentially distinct 
mechanisms of RRBs in youth with FXS. Our findings 
illustrate that elevated levels of Sensory-Motor RRBs are 
predicted by either low ASD symptom severity coupled 
with high anxiety or, conversely, by high ASD symptom 
severity coupled with low anxiety (see Fig.  1). Thus, we 
observed a “see-saw” effect, with elevated ASD symp-
tom severity suppressing the effect of anxiety on Sen-
sory-Motor RRBs and vice-versa (i.e., with elevated 
autism anxiety symptom severity suppressing the effect 
of ASD on Sensory-Motor RRBs) across children with 
FXS. Interestingly, this suggests that either anxiety or 
autism symptomatology can account for increased levels 
of Sensory-Motor RRBs over time independently of one 
another, even when controlling for early RRBs.

Our results differ somewhat from the findings of Oakes 
et al. [59], who found that anxiety at the initial assessment 
in 6- to 10-year-old boys with FXS predicted Restricted 
Interests, Compulsive behaviors, and Ritualistic/Same-
ness RRBs approximately 18  months later. However, it 
is important to note that this study [59] did not account 
for RRBs at the initial assessment, while we did so in the 
current study. Another reason for our differing findings 
is that some of the effects of anxiety in the present study 
are evidently solely accounted for by ASD,when levels of 

each (anxiety and ASD) are moderate, they are not well-
differentiated. Therefore, accounting for the contribution 
of ASD when examining the relationship between anxiety 
and RRBs provides a more precise picture of how anxiety 
specifically impacts RRBs in youth with FXS over time. 
Our sample also included a wider age range (1–18 years) 
than Oakes et al., [59] as well as both males and females. 
Given that the phenotypic profile of RRBs for females 
with FXS is distinct from that for males [54], with males 
with FXS rated as having more Sensory-Motor behav-
iors and females with FXS rated as having more Com-
pulsive behaviors [61], the inclusion of females in our 
study is also an important consideration for cross-study 
comparisons.

Our findings that, as ASD severity increased, there 
was less of an effect of early anxiety on later Sensory-
Motor behaviors and overall RRBs (with trends towards 
significance for overall RRBs) – were somewhat unex-
pected, considering evidence of the strong co-occur-
rence between anxiety and ASD in FXS. However, 
experts in the field debate the validity of ASD diag-
noses in FXS [2, 63], see also [32], with some positing 
that features of ASD are manifestations of co-occur-
ring anxiety in FXS rather than ASD (e.g., [2, 8, 49, 60, 
78]). Verbal perseveration, for example, is an overlap-
ping feature between anxiety and ASD, and has been 
hypothesized to account for an ASD diagnosis in FXS 
[49]. Moreover, this specific RRB (verbal perseveration) 
may affect social communication and interaction, fur-
ther inflating social impairments that may lead to an 
ASD diagnosis [27, 49]. Arguably, RRBs as a feature of 
autistic symptomatology in FXS could manifest from 
attempts to reduce anxiety, rather than as actual evi-
dence for co-occurring ASD. In fact, some researchers 
even hypothesize that improving anxiety will facilitate 
improvements in autism severity in FXS [60]. However, 

Fig. 1  Interactions between ASD and Anxiety on Sensory Motor RRBs (Left) and Total RRB (Right) Outcomes. *Note: Effects were trending 
towards significance for the Total RRBs model (p < 0.10)
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the results of our study indicate that the underlying 
source of RRBs (at least Sensory-Motor RRBs) in FXS 
varies as a function of the severity of anxiety and ASD 
symptomatology, suggesting that either ASD or anxiety 
may drive elevated levels of RRBs rather than both. Our 
findings align with other recent evidence supporting 
anxiety and ASD are two distinct disorders that may 
co-occur independently of or in conjunction with one 
another in FXS [21, 63, 64, 80]. Ultimately, the present 
findings provide further contribution to the field by 
recognizing the complex interplay of both anxiety and 
ASD symptoms in the prediction of RRBs in FXS.

It appears that, based on the findings of the present 
study, for youth with more severe ASD, anxiety has 
less of an effect on later Sensory-Motor behaviors, and, 
to some extent, overall RRBs, and vice-versa (i.e., for 
youth with more severe anxiety, ASD symptom sever-
ity has less of an effect on Sensory-Motor RRBs, and to 
some extent, overall RRBs). This could be a measure-
ment artifact due to “diagnostic overshadowing,” which 
refers to the propensity for parents or practitioners to 
attribute symptoms of anxiety to the autism itself [62]. 
In this way, symptoms of anxiety in youth with FXS 
might be overlooked or unnoticed because they are 
overshadowed by high levels of autism symptomatol-
ogy. Conversely, it is also possible that high levels of 
anxiety could overshadow symptoms of ASD in FXS 
so that, for youth with higher levels of anxiety, autism 
symptoms are not as noticeable and therefore are per-
ceived to have less of an impact on Sensory-Motor 
behaviors or overall RRBs.

In considering that anxiety and ASD may indepen-
dently contribute to specific RRBs, as our findings sug-
gest, this could mean there are two different mechanisms 
or pathways to Sensory-Motor RRBs in youth with FXS: 
one through anxiety, and the other through autism. 
As such, it is important to also consider the underlying 
function specific RRBs may serve. For instance, children 
with FXS may engage in motor stereotypies as a means 
of self-regulation or self-soothing to mitigate anxiety [40, 
70], or as an enjoyable activity, as a means of “stimming” 
or ego syntonic behavior [29]. Using an applied behavior 
analysis (ABA) framework, RRBs may function to pro-
vide automatic negative reinforcement in the context of 
anxiety (reducing anxiety) or provide automatic positive 
reinforcement in the context of ASD (increasing pleasur-
able sensory input). Whereas Compulsive and Ritualistic/
Sameness behaviors both likely function to avoid, escape, 
or reduce anxiety, Sensory-motor RRBs could serve both 
functions,some children may perform sensory-motor 
behaviors (e.g., body-rocking) to engage in calming 
activities when their anxiety or arousal levels become too 
high in order to bring them down to a manageable level, 

whereas others may engage in sensory-motor RRBs if 
their arousal levels are too low in order to bring them up 
to an optimal level.

Because different RRBs may serve different functions, 
treatment approaches should also differ accordingly to 
maximize treatment efficacy. This has significant implica-
tions for the development of specific behavioral interven-
tions for children with FXS, which are already somewhat 
limited in application (but see [34]). Indeed, research 
has demonstrated that behavioral interventions for chal-
lenging behaviors in individuals with developmental dis-
abilities are twice as likely to be effective if they are based 
on a functional assessment of the factors that evoke and 
maintain the behavior than if they are not (e.g., [13]). The 
substantial within-syndrome variability in the form and 
function of RRBs in FXS [64, 65] necessitates individual-
ized assessment and intervention [52].

Restricted interests, compulsive, self‑injurious, 
and ritualistic‑sameness behavior
Although we found that, as ASD severity increases, the 
effect of early anxiety on later Sensory-Motor behaviors 
lessens, we did not find a significant main effect or inter-
action effect for anxiety and ASD predicting Restricted 
Interests, Compulsive behavior, Self-injury, or Ritualistic-
sameness behavior. This is somewhat surprising for Com-
pulsive and Ritualistic-sameness behavior, given previous 
cross-sectional findings that scores on the Compulsive 
behavior subscale, Insistence-on-sameness subscale, 
and total RRB scores were significantly correlated with 
autism symptomatology for males with FXS [55]. How-
ever, there are several possible explanations for the lack 
of significant effects. First, it is possible that Sensory-
Motor behaviors were more likely to show significant 
effects because they (along with Restricted Interests) are 
the most problematic types of RRBs in both males and 
females with FXS [59, 61]. Second, it is possible that we 
did not find significant effects for these subtypes because 
the majority of research examining RRBs in FXS only 
includes males, whereas our sample encompasses the 
full FXS phenotype including both males and females, 
each of whom exhibit a different profile and trajectory of 
RRBs. Third, there may not have been significant findings 
for Restricted Interests, Compulsive behavior, Self-injury, 
or Ritualistic-sameness behavior because we examined 
them at the factor/subtype level rather than at the item 
level. Previous research suggests that specific items on 
RRB measures may differentiate individuals with FXS 
more so than subscales/subtypes [3, 55]. For example, in 
past research only one individual item from the Insist-
ence-on-sameness subscale of the RBQ – “just right” 
behavior – was significantly correlated with ASD symp-
tomatology [55], suggesting that many RRBs commonly 
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observed in individuals with FXS may not be associated 
with other symptoms of ASD [59]. Finally, the lack of sig-
nificant main effects for Restricted Interests, Compulsive 
and/or Ritualistic-Sameness behavior may be accounted 
for by a lack of sensitivity in the RBS-R for detecting ver-
bal perseveration, which tends to be highly elevated in 
FXS [49]. Increased sensitivity in measures of RRBs in 
FXS may be necessary to detect a significant association 
between anxiety and verbal ritualistic behavior.

Limitations and future directions
The present study had several strengths including our 
relatively large sample of youth with FXS (N = 60, includ-
ing both males and females), the prospective longitudi-
nal nature of the study, which is scarce in FXS, and the 
use of a validated factor structure in RRBs. However, this 
study also has several limitations. First, relying on parent-
reported measures alone may possibly limit the scope of 
anxiety and RRBs detected in youth with low cognitive 
and/or verbal abilities, particularly in the case of anxi-
ety that presents atypically [23]. That is, cognitive abil-
ity and communication skills may be limited in FXS and 
obscure anxiety or perceived RRBs, or may contribute to 
increased subtlety in some RRBs as well as manifestations 
of anxiety; thus, parents may have difficulty discerning 
whether certain behaviors relate to RRBs or anxiety. This 
was possibly compounded by using an anxiety measure 
normed on neurotypical youth (the CBCL). Although 
the CBCL has been widely used to assess anxiety in indi-
viduals with ASD (e.g., [7]) and FXS (e.g., [64, 80]), some 
of the standard parent-report anxiety questionnaires 
designed for neurotypical populations (e.g., CBCL) have 
reduced sensitivity to detect clinical anxiety in ASD, 
particularly in children with ID [42]. Third, the lack of 
a comparison group limits our ability to determine the 
specificity of these findings to FXS. Fourth, our study 
lacked purely objective measures of RRBs (such as wire-
less sensors that automatically recognize stereotypical 
motor movements [28], somewhat limiting our ability to 
fully differentiate RRBs within our measure of ASD sever-
ity. However, it is worth noting that the CARS captures a 
wide variety of phenotypic features of ASD, only few of 
which are specific to RRBs, supporting our findings that 
severity of ASD features contributes to the development 
of RRBs in some capacity. Further, as previously noted, 
RRBs are a transdiagnostic symptom in ID [41]. Finally, 
although a strength of this manuscript is the inclusion of 
both males and females with FXS, it is important to keep 
in mind that the “full fragile X phenotype” is different for 
males and females. That said, we analyzed the data with 
males only to examine whether the relational patterns 
seen were driven by sex, and the pattern of findings for 
males only did not differ meaningfully from the results 

for the combined group. (The sample size for the females 
precluded analyzing the data from females separately.)

To address these few limitations, future work should 
aim to include direct behavioral observations of RRBs 
and anxiety as part of a multi-informant, multi-method 
assessment to supplement parent reports and corrobo-
rate the findings from this study. This approach could 
capture the duration and intensity of RRBs in addition 
to the topography, which may better determine whether 
the intensity of RRBs, rather than presence/absence, in 
fact differentiates comorbid autism in individuals with 
FXS and potentially better differentiates anxiety from 
ASD in FXS. In addition, future research should employ 
measures that were developed to detect anxiety in youth 
with neurodevelopmental disorders, such as the Parent-
Rated Anxiety Scale for ASD (PRAS-ASD; [71], which was 
recently created to reduce parents’ reliance on subjec-
tive, language-dependent items (e.g., “worries”) and focus 
more on observable behavioral manifestations of anxiety 
(e.g., hyperventilates when worried or afraid). Finally, 
future research should examine potential bidirectional 
effects between anxiety and RRBs in youth with FXS. 
After all, while we examined the contribution of early 
anxiety to later RRBs, some researchers have found that 
RRBs preceded the onset of anxiety in ASD and therefore 
conceptualize RRBs as early manifestations of anxiety [7] 
or as a “response to negative affect, which subsequently 
increases one’s risk of anxiety over time” [73]. Similarly, 
while we examined the contribution of ASD symptoms to 
later RRBs, it could be that high levels of RRBs may – at 
least in part – account for many of the ASD-like symp-
toms that are observed in individuals with FXS [81]. 
Thus, further longitudinal research is needed to disen-
tangle the complex relationships between anxiety, autism 
symptoms, and RRBs in individuals with FXS.

Conclusion
In sum, we found that anxiety and autism severity each 
contributed independently to RRBs at elevated levels 
of symptomatology. Overall, this study improves our 
understanding of the early risk factors contributing to 
later RRBs in youth with FXS. Moreover, our results 
inform the ongoing debate regarding the independence 
of anxiety and autism in individuals with FXS (e.g., [63, 
80]). Although it is often presumed that increased anxi-
ety causes or contributes to the misdiagnosis of ASD 
in FXS (i.e., the notion that high rates of anxiety make 
some children with FXS look like they have autism 
when they really do not), our findings suggest that anxi-
ety and ASD appear to be distinct comorbidities in FXS 
that contribute to RRBs independent of one another. 
Ultimately, our findings contribute to an increased 
understanding of discrepancies in previous studies that 
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implicated only anxiety or ASD in driving RRBs in FXS, 
given that we examined both anxiety and ASD symp-
tomatology in FXS over time. Interestingly, we found 
that some types of RRBs – Sensory-motor behaviors – 
do not appear to be transdiagnostic across severe anxi-
ety and ASD; rather, they appear to be more distinct 
to either anxiety or autism in youth with FXS, at least 
when at elevated levels.

Understanding the factors that predict RRBs in youth 
with FXS has important implications for the creation of 
targeted treatments for this population. While there is a 
dearth of intervention research that addresses RRBs in 
individuals with ASD [79], there are virtually no behav-
ioral intervention studies that target RRBs other than SIB 
in youth with FXS [52]. Given our findings indicate that 
anxiety and autism represent two distinct pathways to 
certain RRBs in youth with FXS, possibly suggesting that 
RRBs might function to reduce anxiety/arousal for some 
youth with FXS (anxiety pathway) and to obtain sensory 
input or increase arousal for others with FXS (autism 
pathway), interventions that target RRBs in FXS should 
target these different mechanisms – that is, they should 
be function-based in an effort to maximize efficacy [39]. 
If anxiety represents a pathway to RRBs in youth with 
FXS, then interventions targeting anxiety should be 
incorporated into function-based treatments for youth 
with FXS who display RRBs and anxiety. Although there 
are only a handful of behavioral intervention studies that 
treat anxiety in individuals with ASD who have a co-
occurring ID ([11, 53], see [69] for a review), there have 
been no behavioral treatment studies for anxiety in indi-
viduals with FXS, which represents a significant gap in 
the literature and a critical area for future research. Over-
all, with an increased understanding of the role that anxi-
ety and autism symptomatology play in the development 
of various types of RRBs in FXS, clinicians may be able to 
focus their interventions to address the true underlying 
or root cause of RRBs for a particular child.
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