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Abstract
This study was designed to increase our understanding about characteristics and the impact of sensory symptoms (SS) and 
signs of hyperarousal (HA) in individuals with fragile X syndrome (FXS) from childhood through early adulthood and by 
gender. Data derived from the Fragile X Online Registry With Accessible Research Database (FORWARD), a natural history 
study of FXS, were analyzed using descriptive statistics and multivariate linear and logistic regression models to examine 
SS and signs of HA, their impact on behavioral regulation and limitations on the subject/family. The sample (N = 933) 
consisted of 720 males and 213 females. More males were affected with SS (87% vs. 68%) and signs of HA (92% vs. 79%). 
Subjects who were endorsed as having a strong sensory response had more comorbidities, including behavioral problems. 
The predominant SS was difficulty with eye gaze that increased with age in both genders. As individuals age, there was 
less use of non-medication therapies, such as occupational therapy (OT)/physical therapy (PT), but there was more use of 
psychopharmacological medications and investigational drugs for behaviors. Multiple regression models suggested that 
endorsing SS and signs of HA was associated with statistically significantly increased ABC-C-I subscale scores and limited 
participation in everyday activities. This study improves our understanding of SS and signs of HA as well as their impact in 
FXS. It supports the need for more research regarding these clinical symptoms, especially to understand how they contribute 
to well-known behavioral concerns.

Keywords Fragile X syndrome · Sensory symptoms · Hyperarousal

Introduction

Fragile X syndrome (FXS) is the most common form of 
inherited intellectual disability (ID) as well as the most 
frequent identifiable genetic cause of autism spectrum dis-
order (ASD), affecting nearly 1/4000–1/7000 males and 
1/6000–1/11,000 females in the United States (Sherman 
et al., 2017). FXS results from a trinucleotide (CGG) repeat 
expansion in the 5′ untranslated region of the fragile X mes-
senger ribonucleoprotein 1 (FMR1) gene on the X chromo-
some. This expansion, termed full mutation (FM) (> 200 
CGG repeats), leads to atypical methylation that results in 
partial to complete silencing of FMR1 and, consequently, a 
marked decrease in the fragile X messenger ribonucleopro-
tein (FMRP) (Pieretti et al., 1991). FMRP is a RNA-binding 
protein, which regulates protein synthesis and is critical for 
brain development and synaptic plasticity (Willemsen et al., 
2011).
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Since FXS is an X-linked disorder, males are more 
affected than females with up to 90% having ID in contrast 
to approximately 25% of females, who present with ID that 
is milder (Hagerman & Hagerman, 2002; Hagerman et al., 
1994; Taylor et al., 1994). The FXS phenotype includes 
a wide range of physical and neurological abnormalities, 
such as cranial dysmorphia, strabismus, otitis media, joint 
hypermobility, and seizures (Hersh et al., 2011; Kidd et al., 
2014). The behavioral phenotype includes mild to severe 
attention-deficit/hyperactivity disorder (ADHD), anxiety, 
aggressive behaviors, and autistic features or ASD (Bailey 
et al., 2008; Boyle & Kaufmann, 2010; Kaufmann et al., 
2017, 2022). Closely linked to these behavioral problems 
are sensory symptoms (SS) and hyperarousal (HA). Despite 
their apparent high prevalence, SS and HA in FXS have not 
been characterized to the same extent as other behavioral 
features (Boyle & Kaufmann, 2010). Better understanding 
of prevalence and impact of SS and HA in FXS is critical 
for comprehensive identification of needs and appropriate 
interventions.

Clinical manifestations of SS have been recognized in 
a variety of populations for over 60 years. SS are mainly 
evident by behavioral responses and triggered by a variety 
of stimuli and environmental situations (Ayres, 1972; Cas-
cio, 2010; McCormick et al., 2016; Zimmer et al., 2012). 
Although terminology and definitions vary, SS encompass 
abnormalities in detecting, processing, responding to, and 
integrating sensory stimuli into meaningful information, 
action, and adaptation (Bundy & Lane, 2020). In 2013, some 
specific SS were included as diagnostic criteria for ASD in 
the Diagnostic and Statistical Manual of Mental Disorders—
5th Edition (DSM-5) (American Psychiatric Association, 
2013). SS occur in 45–95% of individuals with ASD. Up to 
13.7% of incoming kindergarteners and over 80% of chil-
dren with ASD are reported to have SS (Ahn et al., 2004; 
Tomchek & Dunn, 2007). SS are reported in populations 
(Smith Roley et al., 2001), such as premature babies (Crozier 
et al., 2016), children with ADHD (Little et al., 2018), and 
children with prenatal drug and alcohol exposure (Jirikowic 
et al., 2020). Other genetic conditions are associated with 
increased SS (Galiana-Simal et al., 2020; Heald et al., 2020; 
Lyons-Warren et al., 2022; Neklyudova et al., 2022; Smith 
Roley et al., 2001).

In keeping with a recent review of sensory processing 
and sensory integration (SI) difficulties in ASD, we will use 
SS in this study as an overarching term for sensory pro-
cessing disorder, sensory integration (SI) problems, sensory 
modulation disorder, sensory hypersensitivity/hyperreactiv-
ity, or sensorimotor deficits (Ben-Sasson et al., 2019; Lane 
et al., 2019). SS may include sensitivity to sounds, cloth-
ing, light touch, movement, and oral inputs such as food. 
SS may also include perceptual and sensory-based motor 
planning difficulties. Tactile defensiveness and poor eye 

contact were reported to be important clinical features of 
FXS over 30 years ago (Baranek et al., 2002; Hagerman 
et al., 1986, 1991; Kolacz et al., 2018; Raspa et al., 2018), 
but now SS are recognized to involve all senses. Miller et al. 
(1999) identified a lack of habituation with increased sensi-
tization in FXS compared with those with ASD. Addition-
ally, a study of the developmental trajectory of SS in young 
males with FXS demonstrated SS from infancy that grew to 
be more problematic through the preschool age (Baranek 
et al., 2008). These research findings are consistent with 
general clinical reports across age and sex (Hagerman & 
Hagerman, 2002).

Auditory, tactile, and visual paradigms are the most com-
monly utilized approaches to document the presence and 
impact of SS in FXS. For example, an exaggerated startle 
to auditory input with reduced habituation has been identi-
fied in individuals with FXS (Frankland et al., 2004; Hessl 
et al., 2009; Rais et al., 2018). These intense and poorly 
modulated responses to auditory stimulation, which do not 
diminish with exposure (e.g., hypersensitivity), are the best 
characterized SS phenomenon in FXS (Castren et al., 2003; 
Rojas et al., 2001; Rotschafer & Razak, 2014).

Another important, but less understood, clinical mani-
festation described in FXS is HA. HA refers to heightened 
physiological and psychological responses with imbalanced 
autonomic and emotional activation patterns (Mayes, 2000). 
As described by Gross et al. (2015), HA, “an over-reaction 
to sensory input, can be triggered in FXS by a wide range 
of situations, including noises, new environments, crowds, 
interpersonal distance, eye contact and new people. The 
effects of HA are widespread, and include high levels of 
motor activity (e.g., running, jumping), stereotypic motor 
movements (e.g., hand-flapping), gaze aversion, and perse-
verative behavior.” There may be evidence of poor auto-
nomic reactivity (e.g., poor temperature regulation and face 
reddening), emotional regulation difficulties, and poor self-
regulation that may include self-injurious and/or aggressive 
behaviors (Gross et al., 2015; Heilman et al., 2011). HA 
is present in individuals with FXS to varying degrees and 
results in limitations to the individual’s ability to partici-
pate in normal daily activities and family functioning (Gross 
et al., 2015).

Disorders of arousal have been described in ASD since 
the 1960s (Hutt et al., 1964) and continue to be explored in 
ASD (Hyde & Garcia-Rill, 2019). Numerous researchers 
have studied aspects of the biological underpinnings of HA 
in FXS. Roberts et al. (2001) reported on a lack of coor-
dination between sympathetic and parasympathetic activ-
ity in response to activity demand and challenge. Heilman 
et al. (2011) also reported atypical autonomic activity and 
reactivity in FXS that increased abnormally in response to 
sensory and social stimulation. Klusek et al. (2015) reported 
faster heart rates at baseline suggesting that this heightened 
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physiological state exists irrespective of social context. Hessl 
et al. (2002) reported increased cortisol levels in FXS and 
provided evidence that the hypothalamic–pituitary–adrenal 
(HPA) axis may be an independent cause of behavior prob-
lems in children with FXS. Watson et al. (2008) identified 
specific over activation in neural regions associated with 
anxiety and heightened perception and arousal. Arousal 
difficulties associated with shared social eye gaze may be 
a meaningful aspect of the FXS phenotype (Bruno et al., 
2014; Klusek et al., 2020). Klusek et al. (2013) reported 
that arousal regulation deficits are associated with pragmatic 
language deficits in FXS and ASD.

While both SS and HA have been described as separate 
hallmark features of FXS (Cohen et al., 2015; Ethridge et al., 
2017; Klusek et al., 2013), of relevance to this research, 
Cohen’s hyperarousal hypothesis (1995) suggested that SS 
and HA are interrelated. Subsequently, Belser and Sudhalter 
(1995) demonstrated the link between the SS of aversive eye 
gaze and HA in response to shared social gaze, a key social 
function that is atypical in FXS. Further, Black et al. (2021) 
reported multimodal behavioral and physiological conver-
gence of a HA profile in infants with FXS. They suggested 
that HA may underlie social anxiety in young children with 
FXS, providing partial confirmation of the hyperarousal 
hypothesis (Cohen, 1995). It appears that in FXS, the influx 
of sensory stimulation may serve to kindle heightened physi-
ological and emotional reactivity and responsivity, result-
ing in overarousal or HA (Kolacz et al., 2018) and further 
increasing sensory over responding.

These longstanding concerns about SS and signs of HA 
led to the inclusion of seven questions (Qs) into the Clinician 
Report Form (CRF) of the Fragile X Online Registry with 
Accessible Research Database (FORWARD), to learn more 
about them in relation to FXS. The goals of this project were 
to identify the prevalence of representative aspects of SS and 
signs of HA in FXS and to understand if these features were 
associated with limited participation in everyday activities. 
Additionally, we were interested in knowing whether SS and 
HA co-occur with each other or other behavior problems. 
Finally, we wanted to learn whether and how these condi-
tions were being treated.

Methods

Data analyzed for this report were derived from the FOR-
WARD project (Sherman et al., 2017), which collected base-
line and longitudinal data from 2012 to 2017 from 1070 
individuals with FXS participating at 25 Fragile X Clini-
cal and Research Consortium (FXCRC) Clinics across the 
United States. These analyses were conducted on the cross-
sectional baseline dataset from FORWARD Version 3.0. 

Data were analyzed on all 933 individuals with values for the 
key outcome variables and basic demographics. The study 
was approved by the Institutional Review Board (IRB) for 
each participating FXCRC Clinic, and written informed con-
sent was obtained from primary caregivers or adult patients 
who were their own guardians.

The Registry Form collected demographic data including 
age, sex, race and ethnicity, while the longitudinal database 
included a Parent Report Form (PRF), which was filled out 
by a parent or guardian; a Clinician Report Form (CRF), 
which was completed by a clinician with the assistance of 
the parent, subject, or guardian (forms described in Sherman 
et al., 2017); and three standardized behavioral assessments. 
One of them, the Aberrant Behavior Checklist-Community 
(ABC-C) (Aman et al., 1985) was used for these analyses. 
The PRF, CRF, and the ABC-C were completed annually if 
possible. The longitudinal database was limited to subjects 
with the FMR1 full mutation with and without mosaicism. 
Because this information was collected at the time of a clinic 
visit, all answers to the questions on the CRF in FORWARD 
were supported by clinical observation and available sup-
porting documentation.

The data for this report were largely derived from 10 
questions (Qs) that are listed in Table 1. Three involved SS 
(Q66, Q68, Q69) and one involved HA (Q67). Another ques-
tion from the behavior section (Q47c) was similar to (Q67) 
and asked whether the patient had these behaviors: hyper-
sensitivity/overreactivity to stimuli/emotionally reactive. 
We included (Q47c) to provide more information on signs 
of HA. Two questions asked if behaviors were a limiting 
problem or restricted participation in daily activities (Q48c, 
Q72). Three asked about treatment including psychotropic 
medications or investigational drugs (Q49c), treatment for 
sensory problems (Q70), and specific interventions such as 
SI therapy (SIT) (Q71). For the multivariate regression mod-
els, we chose the most directly observable and least theoreti-
cal question on SS (Q66) and signs of HA (Q67) to try to 
learn how SS and HA related to other variables.

To evaluate factors potentially associated with SS and 
signs of HA, numerous variables were also included in the 
analyses (Table 2). The level of intellectual function was 
based on IQ scores and adaptive scores, information about 
classroom placement, and clinical judgment. There were 
seven possible choices for the level of intellectual func-
tioning with the option of not answering if the clinician 
did not have adequate information. It was also possible to 
answer developmental delay (DD) if the child was under 
6 years and data to substantiate level of intellectual function 
were not available. The presence of ASD was supported by 
information from patient records and the clinician’s clini-
cal judgment. Information was gathered on the presence 
of behavioral problems in seven areas: attention problems; 
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hyperactivity; hypersensitivity/overreactivity/emotion-
ally reactive; anxiety; OCD/perseverative behavior; mood 
swings/depression; and irritability/aggression/agitation/self-
injury (Q47a–g). An important behavioral outcome variable 
was the ABC-C Irritability (ABC-C-I) subscale score.

To understand comorbidities associated with a strong 
sensory response Q66 (Table 4), the decision was made 
to combine three possible answers Sometimes, Often, 
and Always as a positive response (“any strong sensory 
response”), and to use the Never answer as a negative 
response (“no strong sensory response”). We also exam-
ined associations between various predictor variables and 
“any” versus “no” strong sensory response by sex. The 

Sometimes response was included in the endorsement of 
SS but the results reported in Table 3 allow the reader to 
review responses in different groupings. Sometimes was 
accepted as a positive endorsement to capture intermittent 
negative outbursts or reactions.

Frequency tabulations and proportions, for categorical 
variables, and means and standard deviations, for continu-
ous variables, were used for the descriptive analyses. The 
Chi-square test for association was used to assess differ-
ences in proportions, the Wilcoxon rank-sum test or the 
Kruskal–Wallis test was used for differences in ordinal vari-
ables, and the Student t-test was used for differences between 
mean values. For the above analyses, which are reported in 

Table 1  Questions (Qs) evaluated from the Clinician Report Form

Q47: Does the child currently have this behavior?
 a. Attention problems (Yes/No) 
 b. Hyperactivity (Yes/No)
 c. Hypersensitivity/overreaction to stimuli/emotionally reactive (Yes/No)
 d. Anxiety (Yes/No)
 e. OCD/perseverative behavior (Yes/No)
 f. Mood swings/depression (Yes/No)
 g. Irritability/aggression/agitation/self-injury (Yes/No)

Q48c: Is this behavior (Q47c) a limiting problem for the child/family (e.g., going to grocery stores, birthday parties, into the community, eating 
in a restaurant, etc.)? (Yes/No) 

Q49: Is the child on any psychopharmacological medications or investigational drugs for behaviors? (Yes/No) 
Q66: Does the child respond too strongly to sensory information in his/her environment (upset by fire alarms, upset by light touch, upset by 

certain clothing textures, upset by certain foods)? (check one) (Never, Sometimes, Often, Always)
Q67: Does the child show signs of hyperarousal (is easily overloaded, is easily overwhelmed, is unable to cope, is unable to regulate emotions, is 

easily upset, has frequent outbursts, gets aggressive, becomes withdrawn, becomes socially anxious, becomes perseverative, or becomes avoid-
ant)? (check one) (Never, Sometimes, Often, Always)

Q68: What sensory problem(s) does the child have? (check all that apply)
 Tactile defensiveness
 Sensitivity to certain sounds
 Gravitational insecurity
 Difficulty with bright lights
 Difficulty with eye gaze
 Other (please specify)
 None

Q69: Does the child have unusual sensory input or sensory seeking behaviors (rocks, flaps hands, bites hands, jumps, bounces, walks on toes, 
overstuffs mouth)? (check one) (Never, Sometimes, Often, Always)

Q70: Is the child being treated for sensory problems? (check one) (Yes/No/Don’t know)
Q71: If Yes (to Q70), what specific intervention(s) are being used? (check all that apply)
 Occupational/Physical Therapy
 Sensory Integration Therapy
 Sensory Diet
 Therapeutic Listening/Auditory Training
 Behavioral or Cognitive Behavioral Therapy
 Medications
 Other (please specify)

Q72: Does the child’s sensory problems and hyperarousal restrict participation in everyday activities in the family (e.g., going to grocery stores, 
going to birthday parties, going into the community, being in an inclusive setting, eating in a restaurant, spending time with friends and fam-
ily)? (check one) (Never, Sometimes, Often, Always) 
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Tables 3 and 4, the Bonferroni correction was used to set 
the alpha level for statistical significance due to multiple 
comparisons; p-values less than 0.002 were considered sta-
tistically significant.

To understand predictors of poor outcomes for individu-
als who responded too strongly to sensory information, lin-
ear regression models were fit with the ABC-C-I, reflecting 
aberrant behavior and irritability as the outcome, and logis-
tic regression models were fit with the log-odds of restricted 
participation in everyday activities (reflecting poor quality of 
life) as the outcome, each with SS (Q66) as the independent 
variable. For these regression models, the aforementioned 
dichotomization of the SS predictor was used (“any” vs. 
“no” strong sensory response).

In addition, to study the individuals who appeared to be the 
most definitely impacted by SS and signs of HA, we created a 
new variable for each symptomatology (SS and signs of HA), 
that allowed a composite using additional data sources. This 
new composite variable was designed to add information from 
other questions on symptomatology to develop a more restric-
tive predictor of outcomes (the “Conservative Composite”). 
For the SS “Conservative Composite” variable, we included 
Q66 (Often, Always responses) with Q68 (any two sensory 
problems from the list presented excluding Other and None); 
the null or comparison group was a Never or Sometimes 
response to Q66 and None, Other or only one of the positive 
sensory responses to Q68. For the HA “Conservative Com-
posite” variable, we included Q67 (Often, Always) with Q47c 
(a Yes response); the null or comparison group was a Never 
or Sometimes response to Q67 and a No response to Q47c.

Adjusted models included several covariates, chosen 
based on a priori content knowledge about the associations 
between the chosen covariates and outcomes of interest 
(Kaufmann et al., 2017; Sherman et al., 2017). These covari-
ates were as follows: sex, age at initial study visit, level of 
ID, presence of hyperactivity, ASD status, and presence of 
anxiety. For the ID variable, subjects were grouped into four 
ID levels—no ID/borderline ID (reference group), mild ID, 
moderate ID, and severe/profound ID—and the variable was 
treated as a categorical predictor. Individuals, who were not 
classified by IQ level or reported only as having DD, were 
not included in the multivariable regression models. Odds 
ratios and 95% confidence intervals were calculated from 
unadjusted and adjusted models. Analyses were performed 
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Table 2 depicts the demographic and clinical features of the 
sample of individuals from FXS clinics in the U.S. (Sher-
man et al., 2017). It was predominantly non-Hispanic white 

(79%), with a majority of caregivers having at least a bach-
elor’s degree (65%), and a relatively high family income 
(almost 50% with income at least $75,000). Of relevance 
to the characterization of SS and HA in FXS, clinicians 
endorsed the following related behavior problems: anxiety 
(81%), attention problems (79%), hypersensitivity/overre-
action to stimuli/emotionally reactive (69%), hyperactivity 
(57%), OCD/perseverative behavior (55%), and irritabil-
ity/aggression/agitation/self-injury (50%). Mood swings/
depression were not highly endorsed (18%). Overall, almost 
97% of the 897 individuals with complete data on each 
behavior presented with at least one of the above behavioral 
problems. Sixty-five percent of individuals were on psychop-
harmacological medication or investigational drugs, with 
males using more medication than females (67% vs. 56%, 
p = 0.0026). Medication use increased with age (p < 0.0001) 
for both males and females (Table 3). Forty-seven percent of 
males and 19% of females had a clinical diagnosis of ASD 
(Table 2).

Four questions related to SS and signs of HA were rated 
as Never, Sometimes, Often or Always. These questions 
remained as is for descriptive comparisons by sex and age 
groups (Table 3). The age groups were determined a priori to 
reflect infancy and toddlerhood (0–3), preschool-age (4–6), 
middle childhood (7–12), and teen years and beyond (13+).

Table 3 displays the age and sex distribution of SS- and 
HA-related features. There were prevalent and persistent 
difficulties with SS (Q66, Q69) and signs of HA (Q67) in 
males and females across age groups, although prevalence 
was higher in males. For Q66, 87% of males vs. 68% of 
females were reported to have SS (p < 0.0001). There was 
an increase in any SS (Q66) in males after age 3 from 72% 
in the 0–3 years range peaking to over 90% in the 4–12 years 
group. In females, 59% in the 0–3 years range were reported 
to have SS compared to 71% in the 4–6 years group and 74% 
in the 7–12 years group with a decrease in frequency to 62% 
after age 12. Males were also more severely impacted (Q66, 
Often and Always: 36% males vs. 21% females). There was 
a modest decrease in severity by age 13 + (fewer Often or 
Always responses) for both males and females (32% vs. 
16%).

For Q67, 92% of males and 79% of females were reported 
to show signs of HA (p < 0.0001). For males, signs of HA 
showed a similar pattern to SS, with an increase after age 3. 
Signs of HA peaked in females during ages 4–12. In terms 
of severity, signs of HA were endorsed Often and Always for 
42% of the males vs. 28% of females. For Q47c (Table 3), 
hypersensitivity/overreaction/emotionally reactive behavior 
was also endorsed for 73% of males and 54% of females 
(p < 0.0001). As with SS and signs of HA, the behavior prob-
lems worsened after age 3, but they were reported to improve 
in females after age 12.
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Table 2  Demographic and clinical characteristics of FORWARD sample

Variables Total sample (n = 933) Males (n = 720) Females (n = 213)

n % n % n %

Ethnicity/race
 Hispanic/Latino 103 11.0 74 10.3 29 13.6
 Non-Hispanic White 741 79.4 578 80.3 163 76.5
 Non-Hispanic Black/African-American 64 6.9 50 6.9 14 6.6
 Asian 17 1.8 12 1.7 5 2.3
 Other 8 0.9 6 0.8 2 0.9

Age at clinical evaluation (standard deviation) 933 12.2 (8.5) 720 12.4 (8.6) 213 11.9 (7.9)
Highest level of education completed by primary guardian
 Less than high school 9 1.3 4 0.8 5 3.4
 Some high school 3 0.4 3 0.6 0 0.0
 High school degree or equivalent (GED) 67 10.0 53 10.2 14 9.4
 Technical school/some college/associate of arts degree 156 23.3 126 24.2 30 20.1
 College degree (bachelor's degree) 233 34.8 176 33.8 57 38.3
 Post-graduate degree (master’s/doctorate) 200 29.9 157 30.2 43 28.9
 Do not know 1 0.1 1 0.2 0 0.0

Annual household income of the primary guardian
 < $25,000 63 9.4 47 9.0 16 10.7
 $25,000 to $49,999 107 15.9 81 15.5 26 17.4
 $50,0000 to $74,999 121 18.0 98 18.7 23 15.4
 $75,000 to $99,9999 87 12.9 65 12.4 22 14.8
 $100,0000 to $149,9999 111 16.5 86 16.4 25 16.8
 $150,0000 or more 124 18.5 96 18.4 28 18.8
 I choose not to answer this question 59 8.8 50 9.6 9 6.0

Q47 Does the child currently have this behavior? (Yes or No)
 a. Attention problems (Yes) 924 78.6 714 80.0 210 74.3
 b. Hyperactivity (Yes) 922 57.4 713 63.7 209 35.9
 c. Hypersensitivity/overreaction to stimuli/emotionally reac-

tive (Yes)
916 68.8 707 73.3 209 53.6

 d. Anxiety (Yes) 919 81.4 709 80.5 210 84.3
 e. OCD/perseverative behavior (Yes) 913 55.2 705 58.9 208 42.8
 f. Mood swings/depression (Yes) 914 17.7 708 14.1 206 30.1
 g. Irritability/aggression/agitation/self-injury (Yes) 916 49.6 707 54.6 209 32.5

Any of the behaviors listed in Q47 (Yes or No)
 Yes 897 96.6 694 96.8 203 95.8

Is the child on any psychopharmacological medications or investigational drugs for behaviors? (Yes or No)
 Yes 576 64.6 463 67.2 113 55.7

Which of these terms best describes the intellectual function?
 No intellectual disability (ID) 55 6.2 6 0.9 49 24.4
 Developmental delay 109 12.3 90 13.2 19 9.5
 Borderline ID 81 9.2 26 3.8 55 27.4
 Mild ID 199 22.5 150 22.0 49 24.4
 Moderate ID 376 42.6 351 51.5 25 12.4
 Severe ID 61 6.9 57 8.4 4 2.0
 Profound ID 2 0.2 2 0.3 0 0.0

Clinical diagnosis of ASD (Yes or No)
 Yes 352 40.7 314 47.4 38 18.9
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For Q69, 89% of males and 57% of females were 
reported to have any unusual sensory input or sensory 
seeking problems behaviors (p < 0.0001). While in males 
the frequency of these remained relatively stable across 
ages, in females these behaviors increased between 
4–12 years and showed a sharp decrease in adolescence 
with only 31% of the females over age 12 reported to have 
these sensory behaviors. In terms of severity (Often or 
Always responses), Q69 was endorsed 45% for males com-
pared to 19% for females. Two questions (Q48c and Q72, 
Table 3) were designed to identify whether there was a 
negative impact to having the problems related to SS and 
HA. For Q48c, hypersensitivity/overreaction to stimuli/
emotionally reactive behaviors were a limiting problem 
for the child/family 48% of the time for males and 36% 
for females. For Q72, SS/HA restricted participation in 
everyday activities 74% of the time for males and 50% 
for females.

The two key questions on SS (Q66, Q69) were signifi-
cantly correlated (r = 0.45, p < 0.0001). Additionally, HA 
(Q67) was highly associated with each of the SS questions 
with correlation coefficients of 0.61 and 0.49, respectively, 
p < 0.0001. Similarly, there was a high correlation between 
endorsing SS or signs of HA and whether these behaviors 
were limiting for the family (Q72). These correlation coef-
ficients ranged from 0.53 to 0.61 (p < 0.0001). Q47c cor-
related with all four questions discussed above (p < 0.0001).

In terms of specific SS, as shown in Fig. 1, a high pro-
portion of males (56%) and females (46%) had difficulty 
with eye gaze. This was the only problem that appeared 
to increase substantially with age, with 65% of males and 
56% of females ages 13 and over having it. Difficulty with 
eye gaze was highly correlated with SS, signs of HA, anxi-
ety, inattention and ASD (p < 0.0001; data not shown), 
and less so with hyperactivity (p = 0.0108). Sensitivity to 
certain sounds was reported in 59% of males and 42% of 
females), with a sharp increase in this problem after age 
3 and a decrease after age 12 for the males and after age 
6 for the females. Tactile defensiveness was endorsed for 
46% of males and 34% of females with a prevalence fairly 
consistent across age ranges for males and peak at 4–6 years 
for females. Gravitational insecurity (17%) and difficulty 
with sensitivity to bright lights (11%) were reported less 
frequently, with no significant difference between males and 
females.

Forty-eight percent of the total sample were reported 
as being treated for sensory problems by one of the treat-
ments or therapies shown in Fig. 2. The most prevalent 
treatment was OT/PT, which was being received by 44% of 
the entire sample. Through age 12, 64% of males and 38% 
of females received OT/PT services, but after age 12, OT/
PT treatment was markedly reduced to 24% of males and 
9% of females. Other treatments for SS, such as sensory *I
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integration therapy (SIT) and sensory diet, were used less 
than OT/PT and decreased after age 12. Nineteen percent 
of clinicians endorsed that SIT was being used and 10% 
endorsed that a sensory diet was being used. Males used 
SIT and sensory diets in greater proportion at all ages. 
Therapeutic listening/auditory training was only endorsed 
1% of the time. In contrast, as age increased, so did the use 
of psychopharmacological or investigational medications 
(p < 0.0001). By age 7 and over, more than 81% of males 
were using medications and by age 13, 69.6% of females 
(Q49 in Table 3).

Table  4 demonstrated that endorsing strong sensory 
responses (Q66) was correlated with several predictors in 
both sexes. Both males and females with any strong sensory 
response were more impacted by ID (both at p < 0.0001) 
while males had twice as high of a score on the ABC-C-I 
subscale and females had almost twice as high of a score 
(males: 13.0 ± 10.1 vs. 6.5 ± 7.5, p < 0.0001; females: 
10.4 ± 9.2 vs. 5.7 ± 7.5, p = 0.0026). Males and females with 
any strong sensory response were significantly more likely to 
have a clinical diagnosis of ASD (males: 50.1% vs. 29.1%, 
p = 0.0003; females: 23% vs. 9.1%, p = 0.013), but this was 
not significant for females after Bonferroni correction.

For both sexes, endorsement of three behavioral cat-
egories including hypersensitivity/overreaction to stimuli/
emotionally reactive, OCD/perseverative behavior, and 
irritability/aggression/agitation/self-injury were associated 
with having any strong sensory response (p < 0.002). Mood 
swings/depression was not significantly associated with hav-
ing any strong sensory response for either males (p = 0.1999) 
or females (p = 0.094). Endorsement of hyperactivity was 
not associated with any strong sensory response for males 
(p = 0.0331) or females (p = 0.0295) after Bonferroni cor-
rection. Endorsement of attention problems was not associ-
ated with any strong sensory response using the Bonferroni 
correction for males (p = 0.0039) or females (p = 0.1060). 
Endorsement of anxiety was associated with any strong 
sensory response for males (p < 0.0001) but not females 
(p < 0.0587). Females were reported to have high levels of 
inattention and anxiety whether or not they had strong SS.

Multivariate regression models examining the role of 
strong responsivity to SS in the presence of other strong 
predictors of poor outcomes (Table 5) showed that analyses 
using the Conservative Composite variables for SS or HA 
were important contributors to the multivariate analyses. 
Using a combination of data responses rather than relying on 
the single SS (Q66) and HA (Q67) questions was a valuable 

Fig. 1  Sensory symptoms 
endorsed by sex and by four age 
groups
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alternative, thus providing refined hypotheses and creating 
more definite descriptors of these symptom complexes.

The unadjusted estimate in the linear regression model for 
SS suggested a statistically significant and clinically impor-
tant increase in the score of the ABC-C-I subscale (Model 
1.A.) for those who had any strong response to sensory infor-
mation. This predictor of irritability was tempered in the 
adjusted model by the inclusion of sex, ASD status, level of 
ID, presence of hyperactivity, anxiety, and age. However, 
the estimate remained highly significant (almost half of the 
unadjusted model) and clinically important (a 3.52 point 
score increase with respect to the unadjusted model) for 
those who had any strong response to sensory information. 
After SS, level of ID had the largest effect estimate of an 
increase in ABC-C-I score, although this was only observed 
for the most severe level of ID and the confidence interval 
was wider. Age at visit suggested a 0.2 decrement in ABC-
C-I score (less irritability) for every increase in year of age. 
Having hyperactivity, ASD, or anxiety were also independ-
ent predictors of higher scores, with effect estimates similar 
to that of having SS (approximately 3.5) and with high sig-
nificance (all at p < 0.003).

Using the Composite Conservative variable for SS 
(Model 1.B.), the adjusted model results observed were a 
combination of tempered and increased effect estimates, 
but still remaining with clinically important effect estimates 
and high levels of statistical significance. Importantly, the 
main effect (the Composite Conservative variable) remained 
strongly predictive of a higher score on the ABC-C-I sub-
scale. Using the Composite Conservative variable for signs 
of HA (Model 1.C.), the main effect was predictive of a 
poor ABC-C-I subscale score, suggesting an increase of 5.27 
points, with a confidence interval of 3.63 to 6.91 points in 
the adjusted model. 

In Model 2.A. (Table 5), the odds of restricted participa-
tion (Q72) was strongest for SS, although confidence inter-
vals were wide in comparison to anxiety, ASD, age, and 
level of ID. The odds ratio suggested an 11-fold (11 times) 
odds of restricted participation in everyday activities for 
any strong response to sensory information, with the confi-
dence interval suggesting at least a sixfold odds of restricted 
participation, adjusting for the effects of other predictors. 
Age at visit suggested a modest decrease in the odds of 
restricted participation at older ages. In this model, ID was 
a stronger independent predictor at all levels of ID, with a 

Fig. 2  Treatments endorsed by 
sex and by four age groups
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dose response indicating that the odds of restricted participa-
tion increase as the level of ID becomes more severe. Having 
a diagnosis of ASD or anxiety in this model also increased 
the odds of restricted participation by at least twofold and at 
a statistically significant level.

Using the Composite Conservative variable for SS 
(Model 2.B.), the adjusted model results observed were 
similar to Model 2.A., but the main effect in the unadjusted 
and adjusted analyses was of a lower magnitude than the SS 
variable in Model 2.A. ID became even more important as 
an independent predictor, suggesting a continued outsized 
role compared to the other covariates. In Model 2.C., exam-
ining the Composite Conservative variable for signs of HA, 
the odds of restricted participation remained very strong 
in both unadjusted and adjusted models, with ID continu-
ing to be important and with a dose–response association 
with restricted activities—the higher the level of ID com-
bined with the impact of SS and HA, the greater the odds of 
restricted participation.

Discussion

The FORWARD project provides data on the largest clini-
cal sample of subjects with FXS evaluated to date. For this 
investigation, we studied 10 questions answered by clini-
cians related to SS and signs of HA because these symptoms 
impair functioning of individuals with FXS (Bailey et al., 
2008; Dominick et al., 2021; Hagerman & Hagerman, 2002; 
Tranfaglia, 2011; Tsiouris & Brown, 2004). SS and HA may 
be at the base of other frequently occurring problems such 
as aggression and self-injurious behaviors (Eckert et al., 
2019; Hall et al., 2012; Wheeler et al., 2016). Our aims were 
to study SS and signs of HA prevalence, impact, and treat-
ment across ages and sexes, and whether these problems 
restricted participation in everyday activities in the family. 
We also intended to assess SS and signs of HA in relation 
to neurobehavioral comorbidities such as low IQ, ASD, and 
behavioral concerns, as available data are limited.

SS and signs of HA were highly endorsed by clinicians 
far more frequently in males, which is consistent with 
males with FXS being more affected. SS and signs of HA 
increased somewhat after age 3 years, with a peak between 
4 and 12 years, and persisted thereafter. This study also 
supports previous reports that certain SS are very preva-
lent in FXS, including difficulty with eye gaze, sensitivity to 
certain sounds, and tactile defensiveness (Q68 and Fig. 1). 
SS and HA limited participation in daily living activities 
(Q72). Endorsing SS (Q66) was associated with lower IQs 
for both sexes and much higher scores on the ABC-C-I sub-
scale. Q66 was endorsed for more individuals with FXS and 
ASD than individuals with FXS without ASD; however, SS 
and signs of HA were reported in both groups.

Multiple regression models suggested that endorsing 
SS and signs of HA (Q66 and Q67) was associated with 
increased ABC-C-I subscale scores and limited participa-
tion in everyday activities such as going into the community 
(Table 5). Problems with SS and HA persisted particularly 
for males into the oldest age range (Table 3). A large per-
centage (44%) of individuals in this study were currently 
receiving OT/PT services to treat sensory problems, with 
a higher proportion in individuals younger than 13 (Fig. 2). 
The majority of subjects were not receiving SIT or using a 
sensory diet.

Individuals with FXS present with a variety of behav-
ioral concerns such as inattention, hyperactivity, anxiety 
and aggression (Bailey et al., 2008; Dominick et al., 2021; 
Eckert et al., 2019; Tranfaglia, 2011; Wheeler et al., 2016). 
In this study, all areas of behavioral concern assessed cor-
related with the presence of SS and signs of HA except for 
mood swings/depression (Q47f). In addition to the findings 
presented here, that demonstrated a correlation between SS 
and signs of HA, there is concern that SS and HA influence 
each other and this may escalate the negative impacts of 
SS and HA exponentially (Belser & Sudhalter, 1995; Black 
et al., 2021; Cohen, 1995; Tsiouris & Brown, 2004). For 
example, difficulty with loud noises can trigger a state of HA 
resulting in fear, flight, or fight behaviors that are expres-
sions of HA but potentially mislabeled as behavior problems 
such as anxiety.

Managing SS requires practical solutions and adaptations 
to avoid distressing reactions. For example, simple modifica-
tions to cope with loud noises can be helpful such as wear-
ing noise canceling headphones or eating in a quiet setting 
instead of a noisy cafeteria. Often, individuals have several 
SS along with HA and other behavioral problems, and they 
will require professional assistance for optimal functioning. 
This is typically provided by OTs with specialized training 
to manage these problems. OTs aim to improve the indi-
vidual’s ability to function in difficult situations rather than 
avoid them. Numerous treatment recommendations, includ-
ing using SIT and sensory diets (Stackhouse et al., 2014; 
Wilbarger & Wilbarger, 1991), are available through the 
website of the National Fragile X Foundation (https:// fragi 
leX. org/ our- resea rch/ treat ment- recom menda tions/). In this 
study, the scope of OT/PT services being received was not 
specified and may have represented therapies provided by 
early intervention programs or the public school system but 
not necessarily tailored to individuals with FXS. SIT, spe-
cifically the Ayres Sensory Integration® intervention (ASI), 
is considered an evidence-based practice for children with 
ASD (Case-Smith et al., 2015; Schaaf et al., 2014, 2018; 
Shoen et al., 2019a, 2019b). Further research on the benefits 
of SIT is ongoing.

While, in the present study, therapeutic non-medication 
services decreased after age 13, there was a simultaneous 

https://fragileX.org/our-research/treatment-recommendations/
https://fragileX.org/our-research/treatment-recommendations/
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Table 5  Multivariate regression models—predictors of poor outcomes for individuals who responded strongly to sensory information

Model 1: Effect estimate for a high score on ABC-C Irritability Subscale

Effect estimate for a high 
score on ABC-C Irritabil-
ity Subscale (continuous)

1.A. Unadjusted linear regression 
model (Q66. respond too strongly to 
sensory information)

1.B. Unadjusted linear regression 
model (Composite Conservative vari-
able re SS)a

1.C. Unadjusted linear regression 
model (Composite Conservative 
variable re signs of HA)b

Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value

Responded too strongly to 
sensory information or 
exhibited signs of HA 
(See columns A, B, or C 
for description of main 
effect in each model)

6.74 (4.64, 8.84) < 0.0001 4.93 (3.24, 6.62) < 0.0001 7.84 (6.35, 9.34) < 0.0001

Adjusted linear regression model 
(Q66. respond too strongly to sen-
sory information)

Adjusted linear regression model 
(Composite Conservative variable 
re SS)

Adjusted linear regression model 
(Composite Conservative vari-
able re signs of HA)

Responded too strongly to 
sensory information or 
exhibited signs of HA 
(See columns A, B, or C 
for description of main 
effect in each model)

3.52 (1.39, 5.65) 0.0012 2.58 (0.8, 4.36) 0.0045 5.27 (3.63, 6.91) < 0.0001

Male vs female 0.76 (− 1.45, 2.97) 0.4978 1.00 (− 1.22, 3.21) 0.3770 0.73 (− 1.42, 2.88) 0.5047
Age at visit − 0.21 (− 0.31, − 0.12) < 0.0001 − 0.22 (− 0.31, − 0.12) < 0.0001 − 0.19 (− 0.28, − 0.09) < 0.0001
Level of intellectual dis-

ability (ID) (mild ID vs 
no ID or borderline ID)

0.75 (− 1.83, 3.33) 0.5703 0.99 (− 1.58, 3.56) 0.4497 0.91 (− 1.58, 3.41) 0.4727

Level of ID (moderate ID 
vs no ID or borderline 
ID)

1.36 (− 1.36, 4.09) 0.3262 1.52 (− 1.21, 4.25) 0.2748 1.73 (− 0.91, 4.37) 0.1983

Level of ID (severe or 
profound ID vs no ID or 
borderline ID)

5.75 (1.96, 9.55) 0.0030 5.65 (1.83, 9.47) 0.0038 5.78 (2.08, 9.49) 0.0023

Hyperactivity 3.49 (1.87, 5.10) < 0.0001 3.54 (1.92, 5.16) < 0.0001 2.75 (1.15, 4.35) 0.0008
ASD by clinician diag-

nosis
3.57 (1.87, 5.28) < 0.0001 3.26 (1.52, 4.99) 0.0003 2.87 (1.19, 4.55) 0.0009

Anxiety 3.34 (1.13, 5.55) 0.0031 3.57 (1.36, 5.77) 0.0016 2.46 (0.28, 4.64) 0.0271

Model 2: Effect estimate for restricted participation in everyday activities (Q72)

Odds ratios of restricted 
participation in everyday 
activities (Yes/No)

2.A. Unadjusted logistic regression 
model (Q66 respond too strongly to 
sensory information)

2.B. Unadjusted logistic regression 
model (Composite Conservative vari-
able re SS)a

2.C. Unadjusted logistic regression 
model (Composite Conservative 
variable re signs of HA)b

Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value

Responded too strongly to 
sensory information or 
exhibited signs of HA 
(See columns A, B, or C 
for description of main 
effect in each model)

14.60 (9.24, 23.05) 0.0001 11.15 (6.09, 20.42) < 0.0001 10.44 (6.35, 17.16) < 0.0001

Adjusted logistic regression model 
(Q66 respond too strongly to sen-
sory information)

Adjusted logistic regression model 
(Composite Conservative variable 
re SS)

Adjusted logistic regression model 
(Composite Conservative vari-
able re signs of HA)

Responded too strongly to 
sensory information or 
exhibited hyperarousal 
(See columns A, B, or C 
for description of main 
effect in each model)

11.22 (6.60, 19.08) < 0.0001 8.9 (4.13, 19.21) < 0.0001 6.85 (3.82, 12.28) < 0.0001

Male vs female 1.18 (0.068, 2.04) 0.5573 1.38 (0.84, 2.29) 0.2072 1.3 (0.77, 2.17) 0.3236
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increase in psychotropic medication use. We could not 
address the causes for this decrease in non-medication ser-
vices in the older age group. Possible reasons could be lack 
of available services in the school system, high cost of pri-
vate services, and/or perceived lack of effectiveness. This 
lack of services for older individuals could have health pol-
icy implications, namely the need to provide these ancillary 
services if they are warranted. Some medications indicated 
for ADHD, specifically alpha-adrenergic agonists (cloni-
dine and guanfacine), are also useful to treat HA (Berry-
Kravis & Potanos, 2004; Berry-Kravis et al., 2012; Erickson, 
2021;  Hagerman et al., 1995; Hersh et al., 2011; Tsiouris 
& Brown, 2004). In addition, medical management of co-
existing mental health problems such as hyperactivity may 
make it easier to treat HA and SS. Successful medication 
management of individuals with FXS can be difficult (Bailey 
et al., 2012), and a multidisciplinary approach that includes 
professionals skilled at managing relevant problems associ-
ated with FXS as well as SS and HA is optimal (Hagerman 
et al., 2009; Stackhouse et al., 2014). It is also customary 
that individuals with significant developmental disabilities 
have access to one-on-one respite care or developmental ser-
vice providers. These services could increase participation in 
activities at home and in the community. Some individuals 
with both FXS and ASD may benefit from Applied Behavior 
Analysis (ABA), which is widely available for individuals 
with ASD. ABA providers generally do not have specific 
training to address SS and HA, however. As SS and HA are 
associated with mental health problems, behavioral therapy 

may also be helpful, but it was rarely endorsed in this set 
of questions (Fig. 2). In summary, this study suggests that 
individuals with FXS, who also have SS and signs of HA, 
are undertreated.

SS have been increasingly appreciated over the past 
30 years (Ben-Sasson et al., 2019), and, to date, much of the 
work on HA in FXS is focused on physiological differences 
such as those involving the autonomic nervous system rather 
than the clinical presentation. For example, abnormal heart 
activity and cortisol levels have been investigated (Hessl 
et al., 2002; Hogan et al., 2021). Despite this increased 
knowledge about SS and HA in FXS, recognition and treat-
ment of these problems may be limited. Understanding how 
SS and HA impact daily functioning in individuals with 
FXS could positively influence how we treat many behaviors 
ranging from anxiety to intermittent explosive disorder and 
aggression, especially when these behaviors are worsened by 
SS and/or HA. This improvement could enhance the overall 
quality of life for individuals with FXS. Furthermore, the 
insights gained from understanding these problems in FXS 
may also be applicable to other neurodevelopmental disor-
ders with associated behavioral challenges.

The major shortcoming of this study was the limited 
scope of the questions on SS and signs of HA and their lack 
of validation prior to their use. The question on interven-
tions combined OT and PT as one possible intervention, 
and there were no response options that described specific 
types of treatment. The question inquiring about the impact 
of SS and HA (Q72) combined these problems as well; 

Table 5  (continued)

Model 2: Effect estimate for restricted participation in everyday activities (Q72)

Odds ratios of restricted 
participation in everyday 
activities (Yes/No)

2.A. Unadjusted logistic regression 
model (Q66 respond too strongly to 
sensory information)

2.B. Unadjusted logistic regression 
model (Composite Conservative vari-
able re SS)a

2.C. Unadjusted logistic regression 
model (Composite Conservative 
variable re signs of HA)b

Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value

Age at visit 0.97 (0.95, 0.99) 0.0085 0.97 (0.95, 1) 0.0263 0.98 (0.96, 1) 0.0699
Level of intellectual dis-

ability (ID) (mild ID vs 
no ID or borderline ID)

1.84 (1.00, 3.39) 0.0519 2.29 (1.3, 4.04) 0.0044 2.58 (1.46, 4.54) 0.0011

Level of ID (moderate ID 
vs no ID or borderline 
ID)

3.35 (1.73, 6.50) 0.0003 3.77 (2.07, 6.89) < 0.0001 4.45 (2.39, 8.29) < 0.0001

Level of ID (severe or 
profound ID vs no ID or 
borderline ID)

4.35 (1.47, 12.86) 0.0079 4.53 (1.68, 12.23) 0.0029 5.6 (2.11, 14.88) 0.0006

Hyperactivity 1.21 (0.78, 1.87) 0.3924 1.21 (0.81, 1.82) 0.3467 1 (0.67, 1.51) 0.9822
ASD by clinician diag-

nosis
1.93 (1.17, 3.16) 0.0095 1.61 (1.01, 2.55) 0.0455 1.64 (1.02, 2.63) 0.0411

Anxiety 2.43 (1.40, 4.21) 0.0016 2.36 (1.46, 3.81) 0.0005 2.09 (1.3, 3.38) 0.0025

a Composite conservative variable for SS equals endorsing Often and Always (Q66) and two or more SS (Q68)
b Composite conservative variable for signs of HA equals endorsing Often and Always (Q67) and endorsing Yes for (Q47c)
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separating them might have provided more information 
about the relative impact of each. We did not include a 
specific query regarding whether the subjects had received 
ABA. Since ASD co-occurs in almost 50% of males with 
FXS, it would be important to know if this treatment is 
being used and whether it is beneficial. The FORWARD 
project did not inquire about the use of respite care or 
developmental care either. Participants in FORWARD 
most likely represented moderately impaired individu-
als with FXS, because caregivers of patients with milder 
symptoms may not seek specialty care, and patients with 
severe behavioral co-occurring conditions may be too dif-
ficult to bring to a FXS clinic. Based on the demographic 
information, Caucasian families were overrepresented and 
mean educational level and SES of caregivers were higher 
than that of the general American population (Kaufmann 
et al., 2017; Sherman et al., 2017). To address these issues 
more appropriately, targeted recruitment of underrepre-
sented minorities and inclusion of individuals over age 25 
was eventually implemented into the FORWARD project. 
Forms were translated into Spanish to facilitate data acqui-
sition from the Spanish-speaking population. Therefore, 
future studies may overcome the shortcomings of the data 
analyzed here. This study did not address the fact that, due 
to the rarity of this condition, multiple family members 
were allowed to participate in this study (15–20% percent 
of families depending on the inclusion/exclusion criteria). 
This could result in non-independence of observations 
and may have impacted the findings. Despite these limita-
tions, the questions studied in this report were answered by 
expert clinicians, who had the advantage of evaluating the 
subjects personally and interviewing their caregivers. This 
careful questioning should supply additional evidence to 
support the presence of SS and signs of HA in the varying 
degrees that were described.

This study suggests that there is still great need for con-
tinued research on SS and HA in FXS. All aspects of SS in 
relation to FXS should be studied rather than only a repre-
sentative sample of questions. Available standardized diag-
nostic measures should also be used (Kolacz et al., 2018). 
There is a need for more understanding about how HA mani-
fests itself clinically and how it limits individuals; develop-
ing clinical tools for assessment of HA would be beneficial. 
Researchers should evaluate the efficacy of standardized OT 
treatments for SS and HA, as recommended by the Ameri-
can Occupational Therapy Association (Stackhouse et al., 
2014). To improve behavior management, behavioral prob-
lems should be described considering SS and HA knowl-
edge, identifying triggers or antecedents. Understanding 
the underutilization of psychotherapy for families would be 
valuable. The effectiveness of medications like clonidine for 
HA should also be studied.

Exploring the independent roles of SS and HA, as well 
as their relationship, is crucial, as HA may arise due to fac-
tors other than SS. Importantly, the relationship between 
SS and HA with other variables should continue to be stud-
ied. For example, fewer than half of males with FXS have a 
diagnosis of ASD, but over 80% of individuals in this study 
have some evidence of SS and signs of HA. This could sug-
gest that SS and HA do not necessarily lead to a diagnosis 
of ASD or that ASD is underdiagnosed. There should be 
more research on how SS and signs of HA present in chil-
dren from 0 to 3 years, since these problems occur some-
what less often in this age range. Knowledge about young 
children may be limited since they frequently are not diag-
nosed until about age 3 (Raspa et al., 2023). Continuation 
of research into the biological underpinnings of SS and 
HA is recommended, focusing on stress response systems 
(Contractor et al., 2015; Fung & Reiss, 2016; Hessl et al., 
2002). Additionally, incorporating biomarkers to measure 
behavior and its changes could enhance the FXS clinical 
field (Berry-Kravis et al., 2013; Zafarullah & Tassone, 
2019), as behavior checklists might not be as sensitive in 
capturing treatment initiation improvements.

In conclusion, our analysis of FORWARD project data 
has provided an initial but comprehensive overview of the 
highly prevalent SS and signs of HA in FXS as endorsed 
by clinicians. More research is warranted to understand 
the full impact of these problems, as specialized treat-
ments appear to be indicated. Clinically relevant questions 
included in this study broadened our understanding of the 
profile of SS and HA for individuals with FXS. These 
data support SS and HA as core neurodevelopmental 
phenotypes of FXS, but more research is needed to fully 
understand their characteristics, associations, treatment, 
and impact on individuals with the disorder.
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