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Abstract

Objective—To characterize bladder and bowel toileting skill acquisition in children with Fragile
X syndrome (FXS) and to identify associated demographic, behavioral and clinical factors.

Method—Using baseline data from the Fragile X Online Registry with Accessible Research
Database (FORWARD), bivariate analyses and logistic regression models were used to identify
differences between subjects who were and were not bowel and/or bladder trained by age 10 years.
Cox proportional hazards models were used to assess the rate of completion of toilet training as a
function of sex and autism spectrum disorder (ASD) diagnosis.

Results—In bivariate analyses, male sex, lower language level, inability to write one’s name,
more impaired intellectual level, ASD, and more severe behavioral deficits all predicted lack of
bladder training (n=313, p<0.001) and bowel training (n=300, p=0.0004 to 0.0001) by age 10. In
logistic regression models, lower level of language acquisition (p<0. 001) and higher Aberrant
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Behavior Checklist Irritability scores (p<0.04) were associated with lower odds of bladder training
by age 10. Lower level of language acquisition (p<0. 001) and ASD (p<0.025) were associated
with lower odds of bowel training by age 10. For both bladder and bowel training, Cox
proportional hazard models indicated that delayed training was associated with male gender, lower
levels of language acquisition and ASD for both bladder training (n=486; p<.001) and bowel
training (n=472; p<.001).

Conclusion—These findings emphasize the importance of both slower language development
and ASD diagnosis in predicting bowel and bladder training delays, and can be used to develop
and evaluate targeted approaches to toilet training based on sex, ASD diagnosis, and other clinical
features identified in this study.
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INTRODUCTION

Mastery of toileting has long been considered a critical life skill. Appropriate toileting
behaviors can positively impact self-confidence, physical comfort, independence, social
acceptance, and caregiver burden.-2 In typically developing children, toilet training (TT)
begins at 18 to 24 months and ends by 24 to 36 months34 of age in the United States.
However, in children with intellectual and developmental disabilities (IDD), such as autism
spectrum disorder (ASD), Fragile X syndrome (FXS), or Down syndrome (DS), TT onset
and duration can be delayed significantly.5 Due to a range of developmental impairments in
areas such as cognition, speech and language, fine motor skills, social skills, and adaptive
behaviors, there are varying degrees of functional limitations including toileting mastery.%: 7
In fact, TT for children with 1DD is one of the most frequently searched self-help areas.8 In
response to the need for guidance for families, researchers have proposed a variety of TT
strategies for children with IDD, including hydration, frequent and/or scheduled
opportunities for practice, scheduled sitting, video modeling and instruction, priming,
graduated guidance, enuresis alarms, medication, positive reinforcement, punishment, and
overcorrection.1:8-11 While these strategies in combination have been successful, the
majority of these practices have been developed for and implemented in children with ASD
or unspecified intellectual disabilities (ID).

Specific toileting interventions designed for individuals with IDD include procedures that
are generic in nature and frequently lack information to guide practices for diagnostically
defined subgroups. While some guidelines may be helpful due to the utilization of basic
behavioral approaches, extended maturation periods and environmental manipulations, there
is a significant lack of information on the effectiveness of said guidelines for specific
conditions. A comprehensive review conducted by Kroeger and Sorensen-Burnworth found
the majority of the studies in this area focused on approaches based on the seminal work by
Foxx and Azrin involving behaviorally based rapid toilet training (RTT).1112 This is not an
ecological approach nor do the components applied in various studies take into account
developmental or phenotypic strengths and weakness. There is also a paucity of information
on the actual age of onset for successful TT and the developmental and physical factors
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present in those individuals for whom independent TT has not been achievable. This lack of
information serves as a barrier to families and clinicians, as they are creating and
implementing programs without crucial information on when it might be best to initiate a
program and for whom a particular approach is most likely to prove effective. Such
information could help inform families and clinicians in creating targeted plans for
individuals with specific profiles thus decreasing frustration and unnecessary stress and
increasing options for those for whom previous approaches have proven unsuccessful.

FXS, the most common form of inherited IDD, is a genetic disorder caused by a mutation on
the X chromosome in the fragile X mental retardation 1 gene (FMRI).13 It includes
increased risk for a host of behavioral characteristics (e.g., anxiety, self-injurious behavior,
poor eye contact, sensory processing disorder, repetitive/ritualized behavior and increased
risk for aggression), executive functioning deficits (e.g., attention, working memory), and
comorbid neurodevelopmental disorders such as ASD.1415 These behavioral characteristics
in combination with cognitive and motor impairments can make acquisition of self-help
skills challenging.13 Furthermore, these impairments are such that the manner in which
service providers and caregivers intervene is important. Considering both the prevalence of
the disorder and the fact that parents are typically very interested in learning about the real-
world implications of the disability (e.g., independent toileting, communication), the lack of
previous research regarding the acquisition of toileting skills in the FXS population
represents a significant gap in knowledge about a key problem associated with the disorder.
16 Moreover, it is clear from attendance at toilet training sessions at fragile X conferences,
frequent TT concerns raised in clinical visits, and frequent listing of this as a limiting
problem at family discussions, that TT issues are a significant issue for many families with
children and adults with FXS. What little is known suggests that the majority of children
with FXS learn to use the toilet between the ages of 6 to 10 and demonstrate independent
toileting by adulthood (age 20+); wiping independently, however, remains an area for
improvement in males.18 In order to guide expectations, reduce discouragement and TT
failures, and develop future FXS-specific TT protocols, there is a need in the literature for a
more detailed profile of toileting in children with FXS and indeed, in conditions with IDD in
general.

There is minimal prior literature on the topic of the timing of TT achievement in cohorts
with IDD, and no studies that have established the most important predictors of delayed
training. In a study of children with Down syndrome, parents reported that the average age
of bladder training completion was 5.5 years compared to a control group report of 2.2
years.* Only 79% of children with Down syndrome were bladder trained by the age of 5
years. In a study of children with 1D alone, the authors observed that 83% of mildly and
62% of profoundly affected children achieving dryness (urine) at seven years, with the age at
bowel control ranging from 3 years in mildly affected to 10 years in profoundly affected
children.1” In a study of children with ASD and a separate group with 1D, the authors
reported that, the ASD group did more poorly than the ID group in toilet training, and that
older children in both groups did better than younger children. In another study of children
with ASD alone, there was a trend for toileting being achieved at a higher age for those with
more severe/profound ID (5.6 years for bladder and 7.1 years for bowel accomplishment)
and for those with nonverbal status (5.3 years for bladder and 6.4 years for bowel
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accomplishment).1? Yet another study explored TT in individuals with Angelman syndrome
using a modified RR (response restriction) approach resulting in increased bladder control in
individuals aged 6-25, however only three of the individuals maintained positive results
after 3-18 months.20 In the only study of individuals with FXS, toileting achievement, with
no distinction made between bladder and bowel training, results were presented in age
blocks and by sex; roughly 70% of males and 85% of females used the toilet independently
from 6-10 years of age, with 100% of females at 11 years and older using the toilet
independently, and 80-90% of males achieving accomplishment at later ages.16

The purpose of this study was to develop a better understanding of the acquisition of bladder
and bowel toileting skills in children with FXS and to analyze factors associated with
differences in TT such as sex, language skills, comorbid ASD, functional skills, and severity
of behavioral problems. This study examines these factors together in order to tease out the
most important predictors of lack of success with TT so that one can identify what practices
might work better for individuals with these different characteristics.

METHODS

Data analyzed for this report were derived from Fragile X Online Registry with Accessible
Research Database (FORWARD). As described in Sherman et al.2, FORWARD is a
multisite observational study initiated in 2012.22 The analyses for this report were run using
baseline data from FORWARD Version 3, with data obtained from 633 individuals with FXS
evaluated between 2012 and 2016, who were at least one year of age at the time of
evaluation, and who had data on bladder and/or bowel training. The study was approved by
the Institutional Review Board for each participating FXS Clinic where data was collected,
and written informed consent was obtained from primary caregivers or adult patients who
were their own guardians.

Demographic variables including age, sex and ethnicity were collected on the Registry form.
Data collected from the Parent Report form included responses to questions about the age of
toilet training for bowel and bladder, or a response that the patient was not yet trained at the
time of the visit. The question asked was “When was the child bladder (bowel) trained?
(years and months)?” The intent of the toileting questions was that “trained” meant
predominantly using the toilet for urination or bowel movements. Data from the Clinician
Report form included variables that might be related to problems with TT including:
presence of seizures, loose stools, constipation, seasonal allergies, use of medications
(antiepileptics, stimulants, alpha-agonists, selective serotonin reuptake inhibitors (SSRIs),
antipsychotics, or mood stabilizers), highest language milestone achieved, ability to write
name, level of intellectual disability, and clinical diagnosis of ASD by DSM-IV-R/5 criteria.
22-25 Data from parent/caregiver-report standardized behavioral questionnaires included the
Social Responsiveness Scale, Second Edition (SRS-2)26 total score, Social Communication
Questionnaire (SCQ)?7 total score, and Aberrant Behavior Checklist-Community (ABC)28
Irritability and Hyperactivity domain total scores, based on ABC scoring according to the
FXS-factored scoring algorithm (ABCFX)22. A variable based on new cut points on both the
SCQ and SRS-2 following review for discriminating items and those with face validity
(DFV criteria) was created to determine diagnosis for ASD using screening instruments
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versus clinical diagnosis.3° The new cut points using Youden’s J criteria following receiver
operating characteristic curves were: SCQ = 8 and SRS-2 = 65 versus SCQ < 8 and SRS-2 <
65.

For bivariate and logistic regression analysis, the subgroup of patients that had reached the
age of 10 years (n=313, 47.2% of the total sample) was divided into two groups: those who
had toilet trained before age 10 and those not trained before 10 years of age. Each variable
was compared for the percentage of patients who had trained by age 10 and those who had
not, separately for each sex. The 10 year age cutoff was based on previous findings that
indicate that by 11 to 15 years 80% of males and 100% of females were reportedly able to
use the toilet independently with the greatest amount of growth in overall skill acquisition
occurring in age groups birth to 5 and 6 to 10.16 Males presented with steady increases in
reported skill acquisition related to toileting through the age of 20; for females, there was no
significant increase in toileting skills beyond the 6- to 10-year age group. As such the 10
years of age cutoff allowed for cross gender comparisons and reflected a natural growth
curve break based on previous reports.16

DATA ANALYSIS

RESULTS

Frequency tabulations and proportions for categorical variables, and means and standard
deviations, for continuous variables, were used for the descriptive analyses. The chi-square
test for differences in proportions, the Wilcoxon Rank-Sum Test, and the Student t-test for
differences between means were used to examine differences between subjects that were
toilet trained (bladder or bowel) by 10 years of age versus those that were not toilet trained
by 10 years of age, separately by gender. Multivariate logistic regressions were used to
determine independent predictors of completed toilet training by 10 years of age, with
predictors selected based on results from bivariate models, again separately by gender. Cox
proportional hazards (PH) models were used to produce hazard ratios for completion of
toilet training (the event), across the observation period (age) by sex and ASD status, using
data from all participants older than 1 year of age with valid toilet training and predictor
data, N=610). Separate multivariate PH models were also fit for each gender with selected
predictors, in order to assess independent associations. Due to missing values for some of
the predictors, fewer participants were included in these analyses (N=486). Using the same
sample, Kaplan-Meier survival curves were used to graphically illustrate the time to toilet
training as a function of sex. Analyses were performed using the Statistical Analysis
Systems version 9.4 (SAS Inc., Cary, NC). The advantage of the Cox and Kaplan-Meier
analyses is that toileting information obtained from children evaluated at ages younger than
10 could be included in the analysis, with censoring if the endpoint (toileting) had not been
reached at the time of evaluation. In each analysis reported in this paper, data were used for
all individuals who had valid values for the variables used in that analysis.

Characteristics of the 633 FORWARD participants with available toileting data used for this
study are shown in Table 1: 77% were male 12% were of Spanish/Hispanic origin, 77%
were White, 12% were African American/Black, and 4% were Asian; the median age at
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evaluation was 10.42 years. A history of seizures was reported for 12% of the sample,
approximately 42% were diagnosed with ASD by a clinician, approximately half had
moderate (43%) or severe (6%) intellectual disability and 91% showed indicators of
hyperarousal. In order to identify clinical characteristics related to substantial delays in toilet
training bivariate analyses were conducted comparing frequency of characteristics in
patients who toilet trained before and after age 10 years, for both bladder and bowel training.
For participants whose baseline evaluation was at age 10 or later and who had valid bladder
training data (N=313), predictors of lack of bladder training by age 10 (p<.001), as shown in
Table 2, were: male sex, lower language level, inability to write name, impaired intellectual
level, presence of ASD by clinician report, ASD by DFV criteria SRS-2/SCQ cut points, and
more severe behavior based on higher ABCFX Irritability or Hyperactivity subscale scores).
Use of alpha-agonists or antipsychotics for behavior were associated with lack of bladder
training at p<0.01. History of seizures at any time, and presence of loose stools,
constipation, seasonal allergies, food allergies, allergies to medications, as well as use of
stimulants, SSRIs, non-SSRI antidepressants, mood stabilizers, anxiolytics, and other
psychopharmacological medications for behavior at the time of the baseline visit were not
significantly related to achievement of bladder training by age 10 (p>.05, data not shown).

Predictors of lack of bowel training in bivariate analysis (p<.005) were male sex, lower
language level achieved, inability to write name, more impaired intellectual level, presence
of ASD by clinician report ASD by DFV criteria SRS-2/SCQ cut points, presence of
hyperarousal, use of alpha-agonists, use of antipsychotics, and more severe behavior based
on higher ABCFX Irritability or Hyperactivity subscale scores (Table 2). History of seizures
was also greater among those who were not bowel trained by age 10 (p=.04). Presence of
loose stools, constipation, or seasonal allergies as well as use of stimulants or SSRIs for
behavior at the baseline visit were not significantly related to achievement of bowel training
by age 10 (data not shown). Note that for both bowel and bladder training, median age at
baseline evaluation was significantly greater for those who were reported to have been
trained by age 10.

Because many of the predictors of very delayed TT identified in the bivariate analysis would
potentially overlap in the same patients (e.g., more severe language functioning, more
cognitive impairment, ASD diagnosis), we sought to determine which characteristic(s) were
the most important drivers of TT delay, independent of the other characteristics. In order to
determine the best independent predictors for toilet training by age 10, we used a
multivariate logistic regression model that included the following predictor variables: sex,
presence of seizures, intellectual disability level, language milestones achieved, presence of
ASD diagnosis, and ABC Irritability score. The results are shown in Table 3: higher odds of
bladder training were predicted by higher level of language acquisition (p<0. 001), and a
lower ABC Irritability score (p=0.01). Higher level of language acquisition (p<0. 001),
having no ASD diagnosis (p=0.05), and lower ABC Irritability score (p=0.04) were also
associated with higher odds of bowel training by age 10. Sex, presence of seizures and
intellectual level did not independently predict toilet training for either bowel or bladder
after adjusting for the effects of the other variables.
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In order to determine the amount of risk for lack of TT at a given age conveyed by the
predictors identified in the bivariate analysis, multivariate Cox proportional hazard (risk)
models were utilized. In these models, using data on bladder and bowel training data from
participants evaluated at one year of age or greater, there were consistently strong effects of
language acquisition and ASD status, on both bladder and bowel milestones achievements
(Table 4). For each higher level of language milestone achieved, the likelihood of bladder
and bowel training at any given age was approximately 2 times (p<0.001) that of each lower
level for both males and females. Males without ASD were roughly 1.5 times as likely to
achieve bladder and bowel training at any given age than those with ASD (p<0.003); and, for
females without ASD there was almost a 2-fold increase in likelihood of achieving bowel
training at any given age than females with ASD (p<0.03). For each reduction in the level of
ID (milder level of impairment), there was a 1.5 fold increase (p<0.003) in the likelihood of
bladder training for females only. For each decrement in ABC irritability score, there were
only modest associations with bladder and bowel training.

Kaplan-Meier survival curves show the time to toilet training separated by sex and ASD
status (Figures 1 and 2). For both bladder training (N=467 males, 143 females) and bowel
training (N=464 males, 135 females), there is clear separation between survival curves for
males and female strata and virtually no overlap in confidence bands (p<0.001), confirming
a significant difference in sex-related training success across all ages, with females trained at
much earlier ages (Figures 1a and 2a). Females were 3 times more likely than males (using
the hazard ratio) to achieve bladder and bowel training at any given age. Females with FXS
were close to achieving toileting milestones at the same general ages as would be expected
for typically developing females.

For both bladder and bowel training, survival curves by combinations of sex and co-morbid
diagnosis of ASD (males with and without ASD, females with and without ASD) showed
significant differences between strata, either when ASD was diagnosed by DSM5 criteria
applied by the clinician or by meeting both SRS and SCQ cut points optimized for FXS
(both at p<0.001; data from latter definition not shown in charts). ASD diagnosis was a
strong discriminator for the risk for achievement of toileting milestones using either method
of diagnosis, which produced very similar survival curves. The largest gap was between
females without ASD and males with ASD, with females with ASD and males without ASD
having similar curves. As children approach 6 years of age, there is no overlap between the
confidence bands, indicating a clinically important and statistically significant difference
when ASD status is taken into consideration, particularly for males and for both bladder and
bowel training. When analyzed separately, females with and without co-morbid ASD did not
show significantly different rates of training; however rates of training were significantly
different between groups of males without ASD and males with ASD (Figures 1b, 2b). In
fact, only about 70% of males with FXS and comorbid ASD achieved the bladder and bowel
training milestones by age 16.

DISCUSSION

This is the first study to examine the age spectrum of toilet training and factors associated
with severe delay in TT in individuals with FXS. From the data presented it is clear that
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many individuals with FXS experience substantial delay in TT for both bladder and bowel.
45 Delays of this magnitude put a considerable burden on families raising a child with FXS,
and can limit educational and vocational options for the individual. The expected
relationship between sex and toilet training was supported by our findings of females being
toilet trained earlier than males. This is a result of the milder phenotype in females, who
tend to have higher cognitive functioning, better language skills and fewer severe behavior
problems, due to compensatory effects of the normal (unaffected) X chromosome expressed
in a percent of neurons. It is important to note that in the multivariate analysis, the effect of
sex became non-significant when language level, level of ID, ASD status, and severe
behavior were accounted for in the model, suggesting that the effect of sex is due to a less
impaired phenotype among females, who are typically ‘protected’ by the presence of an
intact X chromosome.

In bivariate analyses, severe delay in TT was associated with low or nonverbal language
abilities, lower 1Q, presence of ASD, and severe behavior in areas of both irritability and
hyperactivity. The medical factors and medication use were significant in multiple logistic
regression models, probably due to the strong effect of other, correlated covariates, although
there were trends toward relationships with presence of seizures, use of anti-convulsants for
seizures and use of alpha-agonists, mood stabilizers, and anti-psychotics. This seems less
likely to be related to side effects of medication, but rather to the tendency of patients on
these kinds of medication to have a more severe behavioral phenotype, and be more likely to
have ASD.32 When multiple regression models were used to sort out which factors were
independent predictors of severe toileting delay, only lower language milestones, ASD co-
morbid diagnosis, and irritable behavior were independent predictors of severe delay in
toileting.

Indeed, multivariate analyses and the Cox proportional hazards models show that in males
with FXS, language/communication milestones are the largest predictor of TT, with ASD
diagnosis and irritable behavior (based on ABCFX scores) also contributing. Other functional
measures do not add to these factors. In females, who are much less likely to be diagnosed
with ASD, higher language level is a strong predictor of TT, but higher cognitive level is
also important for bladder training and absence of ASD for bowel training. Overall, this
study provides the first evaluation of factors associated with TT in an IDD population, and
the results identify language development as the single factor most strongly associated with
achieving TT in such as population of FXS, confirm the critical nature of language and
communication skills to TT and define the patient groups at highest risk of very delayed or
even the failure to achieve TT. This group can thus be potentially targeted for tailored
clinical interventions.

Survival curves are significantly different for females, males without ASD, and males with
ASD. These curves are helpful for understanding expected timing of training given sex and
ASD diagnosis. The multivariate analyses and survival curves are helpful also in designing
strategies to improve TT and identifying groups in whom earlier more intensive intervention
may be required to achieve TT. The analyses presented here for the FXS population can
serve as a model for other IDD populations, for whom factors influencing TT are expected
to be similar to FXS.
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In these analyses the results based on clinician diagnosis of ASD was very similar to results
based on combined SCQ and SRS-2 cut points optimized for FXS30, suggesting that the new
cut points are an important alternative in the absence of expert clinician diagnosis. Indeed
when the original SRS-2 and SCQ cut points are used (data not shown), results are quite
different from clinician diagnosis of ASD, as a very high percent of patients with FXS meet
criteria for ASD according to these cut offs, which do not take into account the ID inherent
in FXS. In clinical practice, the use of clinician diagnosis using DSM criteria for ASD is
typical given the lack of feasibility of using the Autism Diagnostic Interview-Revised and/or
the Autism Diagnostic Observation Schedule in a busy clinical setting. However, there may
be some lack of sensitivity and specificity in diagnosis with this approach, and these patients
could be referred for a proper gold standard assessment..

Limitations of this study are primarily centered on the fact that the data were collected via a
parent report survey based on parental recollection at the time of the FORWARD
assessment. There is therefore a potential for recall error, especially when there is a
substantial latency between the age at which the individual is first evaluated and the age at
which milestone achievement was reported to have occurred. Finally, inter-rater and inter-
clinic reliability of ASD diagnosis has not been established in this study, so it is possible that
there is diagnostic inconsistency in ASD diagnosis between and within clinics. However, to
the extent that any of the above factors results in measurement error, the bias would be
toward the null hypothesis, that is toward less difference between groups than actually exists.
In other words, the differences between males and females, and the effects of language and
ASD on TT could well be even greater than the significant effects we report. Additionally,
we lacked a cohort with ASD but not FXS. Comparison of cohorts with FXS and no ASD
and ASD without FXS would further clarify the role of ASD in toilet training delay.

The average age of the group (at the time the form was completed) that toilet trained by 10
was significantly greater than the group that did not toilet train by 10, for both bladder and
bowel training. Although this could be related to recall inaccuracy, toileting tends to be a
milestone that families remember well as they work so hard to achieve this goal. In a small
study of parental recall at age 4-5 of developmental milestones in typically developing
children, there was 100% agreement for bladder and bowel training (the best agreement
among the milestones).32 In another study of recall of milestone achievement at the child
ages of 2, 3, 5, and 9 in an autism referral group, average ages of bladder training (bowel
training was not asked) did not differ significantly (2 week average difference) across time
points of recall.33 In a study of accuracy of maternal reporting of milestones against the
Bayley Scales of Infant Development at age 3, both bladder and bowel training were
statistically significantly correlated.3* In general, age at attendance may be due to issues of
severity. Less severe patients are more likely to be living at home and easier to get to
appointments, while more severe patients are less likely to be seen when older because they
have been placed in a group home and thus less likely to come to FXS clinics. Severe
behaviors that may be associated with toileting problems will also tend to make it difficult
for families to get the affected older individuals in to FXS clinics.

The results presented here can be used to advance research on the effectiveness of targeted
approaches to TT for those who present with a profile suggesting later onset of successful
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training. Given that ultimate successful TT has such broad impact on adaptive and
community functioning in adult life, advancing this area of study is crucial. Additionally, it
will be important for clinicians to develop and to work with families to design approaches
specifically for individuals for whom traditional definitions of being toilet trained are
unlikely. Several different approaches to TT have been researched within the IDD population
including but not limited to; graduated guidance, reinforcement-based training, scheduled
sittings, elimination schedules, punishment, hydration, manipulation of stimulus control and
priming and video modeling.1! The individual’s developmental profile, however, was rarely
used to inform the selection of the approach, which could serve to limit success. The authors
propose that relative strengths and weaknesses of the individual should be taken into account
when determining the approach utilized in order to increase the likelihood of success and to
decrease the stress on both the individual as well as the family. Using individual strengths to
address challenges and providing appropriate supports to accommodate relative weaknesses
will result in better outcomes.

As an example, in the case of FXS, language is considered to be a central factor in TT.
Priming using language heavy books or lengthy conversations should be contraindicated.
Punishment procedures that involve language and/or extensive multistep processes of
restitution, including cleaning up, putting the soiled clothes in the laundry, etc. may cause
too much frustration and, without effective language skills, may result in a lack of
associating the punishment to the toileting accident; this would, in turn, eliminate any
positive effect of the punishment. Additionally, previous recommendations by the FXCRC
and the literature recommend starting with bowel training rather than bladder training,
however the data in this report are not consistent with bowel training occurring first.
29,30,35,36 Bladder training occurs before bowel training at least for some individuals with
FXS, and based on the predictors identified in this paper, bladder training can be addressed
first for children who seem predisposed to this. This suggests that the utilization of
elimination schedules as a foundational component of any TT approach with individuals
with FXS is essential. Elimination schedules identify the patterns of elimination which can
be used to inform a scheduled sitting approach in which individuals are placed on a toilet for
set amounts of time and rewarded when they void their bladder or bowels.3” The schedule
increases the likelihood of “catching” the child at the right time so that they void when
placed on the toilet. Scheduled sitting could be particularly effective because language could
be diminished or virtually eliminated with the implementation of a picture schedule, a visual
mechanism for marking time, and simple sign language for communicating success and
completion. Additionally, the use of video modeling or priming using picture books or social
stories could be very effective. This strategy illustrates how the FXS profile can and should
be used to inform training approach and how both holistic and behavioral methods that have
proven to be effective within the IDD population can be utilized..

The mechanisms that result in delayed toilet training in FXS remain unclear but, in addition
to the factors that have been identified in this paper, inherent symptoms associated with FXS
including anxiety, low core muscle tone, and gravitational insecurity may make it difficult
for these children to have a bowel movement on the toilet.38 Thus, it is important to consider
accommodations and modifications to the environment that take into consideration the
known behavioral phenotype of individuals with FXS. Modifying the bathroom environment
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by providing the child a stool to rest their feet on and an insert for the toilet might make
some feel more stable. Decreasing the sensory stimuli such as lotions, potpourri, and candles
might also be effective for those with sensory processing issues. Technological aides for
detecting beginning urination could also be considered. Additionally, RTT when applied too
early may cause increased anxiety and should be monitored.

The Kaplan-Meier survival curves offer a simple graphic presentation to families that should
be helpful in understanding the timing of delays in training that are typical for males with
FXS, and milder delays for females with FXS. In addition to reducing parental frustration
and creating realistic expectations, these findings should promote a thoughtful, informed,
encouraging response from practitioners and encourage a more positive perception of the
child regarding the toileting experience. Information in this report should be shared beyond
the community of clinicians. Early intervention specialists and preschool teachers are often
tasked with assisting in TT. Increasing knowledge of professionals about anticipated age
ranges based on the survival curves in Figures 1 and 2 will be important for the quality of
life for both the individual child as well as the family by setting appropriate expectations and
by motivating the introduction of alternative TT practices. Based on the data in this report, it
will take several extra years for many children with FXS to be successfully toilet trained*®,
particularly males with poor language skills and autism. Focusing on the foundational skills
for daily living related to TT such as teaching the child to remove clothes, to sit on the toilet
for several minutes two to three times per day, and to learn to flush and wash hands might be
an appropriate strategy for parents and teachers, rather than expecting successful TT during
the preschool and early elementary school years. To aid families, clinicians, and related
service providers, continued research should be conducted on effective approaches for those
individuals with profiles that suggest significant delays in TT. TT continues to be such an
issue for families and caregivers and if approaches can be targeted to the individual or the
group of individuals with a specific diagnosis then perhaps the time to training can be
diminished and the stress on all involved decreased. The data in this report serves as a
seminal reference for assessing the effectiveness of new toileting interventions in future
research.

ACKNOWLEDGEMENTS

This publication was supported by cooperative agreements #U01DD000231, #U19DD000753 and #
U01DD001189, funded by the Centers for Disease Control and Prevention. Its contents are solely the responsibility
of the authors and do not necessarily represent the official views of the Centers for Disease Control and Prevention
or the Department of Health and Human Services. The authors thank Walter Kaufmann MD for his parallel work on
the method for adapting the cut points in the SRS and SCQ to improve the accuracy of these instruments for ASD
diagnosis in FXS.

Sources of Support: Work on this publication was supported by cooperative agreements #U01DD000231,
#U19DD000753 and # U01DD001189, funded by the Centers for Disease Control and Prevention. Its contents are
solely the responsibility of the authors and do not necessarily represent the official views of the Centers for Disease
Control and Prevention or the Department of Health and Human Services.

References

1. Cicero FR, Pfadt A. Investigation of a reinforcement-based toilet training procedure for children
with autism. Res Dev Disabil. 2002;23(5):319-31. doi:10.1007/BF03391824 [PubMed: 12401483]

J Dev Behav Pediatr. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Berry-Kravis et al.

11.

12.

13.

15.

16.

17.

18.

19.

20.

Page 12

. Sells-Love D, Rinaldi LM, McLaughlin TF. Toilet training an adolescent with severe mental

retardation in the classroom: A case study. J Dev Phys Disabil. 2002;14(2):111-8. doi:10.1023/a:
1015272212804

. Vermandel A, Van Kampen M, Van Gorp C, et al. How to toilet train healthy children? A review of

the literature. Neurourol Urodyn. 2008;27(3):162—-6. doi:10.1002/nau.20490 [PubMed: 17661380]

. Powers MK, Brown ET, Hogan RM, et al. Trends in toilet training and voiding habits among

children with Down syndrome. J Urology. 2015;194(3):783-7. d0i:10.1016/j.juro.2015.03.114

. Schum TR, Kolb TM, McAuliffe TL, et al. Sequential acquisition of toilet-training skills: a

descriptive study of gender and age differences in normal children. Pediatrics. 2002;109(3):e48-.
doi:10.1542/peds.109.3.e48 [PubMed: 11875176]

. Shevell M Global developmental delay and mental retardation or intellectual disability:

conceptualization, evaluation, and etiology. Pediatr Clin North Am. 2008;55(5):1071-84. doi:
10.1016/j.pcl.2008.07.010 [PubMed: 18929052]

. Mrad FC, Figueiredo AA, Bessa JJ, et al. Prolonged toilet training in children with Down

Syndrome: a case-control study. J Pediatria (Rio J). 2019;94:286-92.

. Cocchiola MA, Martino GM, Dwyer LJ, et al. Toilet training children with autism and

developmental delays: an effective program for school settings. Behav Anal Pract. 2012;5(2):60-4.
doi:10.1007/BF03391824 [PubMed: 23730467]

. Chang YJ, Lee MY, Chou LD, et al. A mobile wetness detection system enabling teachers to toilet

train children with intellectual disabilities in a public school setting. Dev Phys Disabil. 2011;23(6):
527-33. d0i:10.1007/s10882-011-9243-3

10. Doan D, Toussaint KA. A parent-oriented approach to rapid toilet training. International Electronic

Journal of Elementary Education. 2016;9(2):473-86. Available at: https://www.iejee.com/
index.php/IEJEE/article/view/170

Kroeger KA, Sorensen-Burnworth R. Toilet training individuals with autism and other
developmental disabilities: A critical review. Res Autism Spectr Disord. 2009;3(3):607-18. doi:
10.1016/j.rasd.2009.01.005

Azrin NH, Foxx RM. A rapid method of toilet training the institutionalized retarded. J Appl Behav
Anal. 1971;4(2):89-99. doi:10.1901/jaba.1971.4-89 [PubMed: 16795291]

Hahn LJ, Brady NC, Warren SF, et al. Do children with fragile X syndrome show declines or
plateaus in adaptive behavior?. Am J Intellect Dev Disabil. 2015;120(5):412-32. doi:
10.1352/1944-7558-120.5.412 [PubMed: 26322389]

14. Hagerman RJ, Berry-Kravis E, Ono MY, et al. Advances in the treatment of fragile X syndrome. J

Pediatr. 2009;123:378-390.

Berry-Kravis E, Sumis A, Hervey C, et al. Clinic-based retrospective analysis of
psychopharmacology for behavior in fragile X syndrome. Int J Peds. 2012; Article ID 843016. doi:
10.1155/2012/843016

Bailey DB, Raspa M, Holiday D, et al. Functional skills of individuals with fragile X syndrome: A
lifespan cross-sectional analysis. Am J Intellect Dev Disabil. 2009;114(4):289-303. doi:
10.1352/1944-7558-114.4.289-303 [PubMed: 19642710]

von Wendt L, Simil& S, Niskanen P, et al. Development of bowel and bladder control in the
mentally retarded. Dev Med Child Neurol. 1990; 32(6):515-8. [PubMed: 2365145]

Ando H, Yoshimura I, Wakabayashi S. Effects of age on adaptive behavior levels and academic
skill levels in autistic and mentally retarded children. J Autism Dev Disord. 1980;10(2):173-84.
[PubMed: 6927685]

Dalrymple NJ, Ruble LA. Toilet training and behaviors of people with autism: parent views. J
Autism Dev Disord. 1992;22(2):265-75. [PubMed: 1624408]

Radstaake M, Didden R, Peters-Scheffers N, et al. Toilet training in individuals with Angelman
syndrome: a case series. Dev Neurorehabil. 2014;17(4):243-50. doi:
10.3109/17518423.2013.783140. [PubMed: 23957894]

21. Sherman SL, Kidd SA, Riley C, et al. FORWARD: a registry and longitudinal clinical database to

study fragile X syndrome. Pediatrics. 2017;139(Supplement3): S183-93. doi:10.1542/peds.
2016-1159e [PubMed: 28814539]

J Dev Behav Pediatr. Author manuscript; available in PMC 2020 December 01.


https://www.iejee.com/index.php/IEJEE/article/view/170
https://www.iejee.com/index.php/IEJEE/article/view/170

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Berry-Kravis et al.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 13

Liu JA, Hagerman RJ, Miller RM, et al. Clinicians’ experiences with the fragile X clinical and
research consortium. Am J Med Genet A. 2016;170(12): 3138-3143 [PubMed: 27604509]
American Psychiatric Association. Autistic disorder In Diagnostic and Statistical Manual of Mental
Disorders, 4th ed. (DSM-1V) Washington, DC: American Psychiatric Association; 1994:66—71.

American Psychiatric Association. Autistic disorder In Diagnostic and Statistical Manual of Mental
Disorders, 4th ed. Text Revision. (DSM-IV-TR). Washington, DC: American Psychiatric
Association; 2000.

American Psychiatric Association. Autism spectrum disorder In: Diagnostic and Statistical Manual
of Mental Disorders, 5th ed. (DSM-5) Washington, DC: American Psychiatric Publishing;
2013:50-59.

Constantino JN, Gruber CP, eds. Social Responsiveness Scale, Second Edition (SRS-2). Torrance,
CA: Western Psychological Services; 2012.

Rutter M, Bailey A, Lord C, eds. Manual for the Social Communication Questionnaire. Los
Angeles, CA: Western Psychological Services; 2003

Aman MG, Singh NN, Stewart AW, et al. The aberrant behavior checklist: a behavior rating scale
for the assessment of treatment effects. Am J Ment Defic. 1985;89(5):485-91. doi:10.1037/
t10453-000 [PubMed: 3993694]

Sansone SM, Widaman KF, Hall SS, et al. Psychometric study of the aberrant behavior checklist in
fragile X syndrome and implications for targeted treatment. J Autism Dev Disord. 2012;42(7):
1377-1392. doi:10.1007/s10803-011-1370-2. [PubMed: 21972117]

Kidd SA, Berry-Kravis E, Choo TH, et al. Improving the diagnosis of autism spectrum disorder in
fragile X syndrome by adapting the Social Communication Questionnaire and the Social
Responsiveness Scale — 2, In Press.

Kaufmann WE, Kidd SA, Andrews HF, et al. Autism Spectrum Disorder in Fragile X Syndrome:
Co-occurring Conditions and Current Treatment. Pediatrics. 2017;139 (Suppl 3):5194-S206. doi:
10.1542/peds.2016-1159F. [PubMed: 28814540]

Treharne DA. Parental recall of children’s early development. Eur J Disord Commun. 1992;27(3):
221-30. [PubMed: 1306388]

Hus V, Taylor A, Lord C. Telescoping of caregiver report on the Autism Diagnostic Interview —
Revised. J Child Psychol Psychiatry. 2011;52(7): 753-760. [PubMed: 21410473]

Majewska R, Mrozek-Budzyn D, Kieltyka A, et al. Usefulness of maternal assessment of children
development based on reported age of achieved milestones. Przegl Epidemiol. 2013;67(3):487-90,
585-7. [PubMed: 24340566]

Crepeau-Hobson MF, O’Connor R. Toilet Training the Child with Fragile X Syndrome In
Hagerman RJ, Hagerman PJ. Fragile X Syndrome: Diagnosis, Treatment, and Research, Third
Edition. Baltimore, MD: Johns Hopkins University Press; 2002:527-579.

Riley K, Picker J, Nasir R. Consensus of the Fragile X Clinical & Research Consortium on Clinical
Practices: Toileting Issues in Fragile X Syndrome [National Fragile X Foundation Web site]. 2012
Available at: https://fragilex.org/wp-content/uploads/2012/08/Toileting-Issues-in-Fragile-X-
Syndrome2012-Oct.pdf

LeBlanc LA, Carr JE, Crossett SE, et al. Intensive Outpatient Behavioral Treatment of Primary
Urinary Incontinence of Children with Autism. Focus on Autism and Other Developmental
Disabilities. 2005; 20(2): 98-105. doi:10.1177/10883576050200020601

Lozano R, Azarang A, Wilaisakditipakorn T, et al. Fragile X syndrome: A review of clinical
management. Intractable Rare Dis Res. 2016;5(3):145-57. [PubMed: 27672537]

J Dev Behav Pediatr. Author manuscript; available in PMC 2020 December 01.


https://fragilex.org/wp-content/uploads/2012/08/Toileting-Issues-in-Fragile-X-Syndrome2012-Oct.pdf
https://fragilex.org/wp-content/uploads/2012/08/Toileting-Issues-in-Fragile-X-Syndrome2012-Oct.pdf

1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Berry-Kravis et al.

Figure 1.
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Table 1.
Characteristics of Total Analyzed Sample (N=633)

n (%)
Sex (male) 485 (7T7%)
Race-ethnicity: Hispanic 74 (12%)
Non-Hispanic White 488 (77%)
Non-Hispanic Black/African American 40 (6%)

Asian 23 (4%)

Other 8 (1%)

Age at clinical evaluation (median [IQR]) 10.42 [6.08-15.58]

Ever Seizures 75 (12%)

Any asthma 27 (4%)

Language Milestones

Small number of words or less 119 (19%)

Series of single words or 2-word combinations used 71 (11%)
Can the child write his/her first and last name from memory?

No 86 (14%)

Typing 14 (2%)

By hand 196 (32%)

Both 317 (52%)

ASD diagnosis by Clinician 237 (42%)

Phrases/sentences of 3 words or more | 439 (70%)

ASD diagnosis by SRS/SCQ DFV criterial 203 (41%)
Level of Intellectual Disability
No ID/Borderline ID/Developmental Delay 162 (27%)
Mild ID 143 (24%)
Moderate 254 (43%)
Severe or profound 33 (6%)
Current symptom severity (only for subject on medication) (N=385)
Normal to mild symptom/behavior 85 (22%)
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| n (%)
Moderate to severe symptom/behavior | 300 (78%)
Subject on any alpha-agonists | 101 (16%)
Subject on any anti-psychotics | 117 (18%)
Shows signs of hyper arousal | 556 (91%)
ABC Irritability Subscale (mean + sd) | 3291 £12.75
ABC Hyperactivity Subscale (mean + sd) | 20.93 +7.86

Page 17

*
Percentages are calculated based on the number of total responses for each item in a category; category n may be slightly lower in some cases than

n indicated in table header, due to missing data.

'ZASD Diagnosis by SRS/SCQ DFV criteria (SCQ = 8 and SRS = 65 versus SCQ < 8 and SRS < 65)
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Characteristics of Participants Toilet Trained and Not Trained by Age 10

Table 2.

Page 18

Bladder trained (N=313)

Bowel trained (N=300)

YES (n=274) NO (n=39) p YES (n=249) NO (n=51) p
charactorstics n(06) n(6) n(6) n(06)
Sex (male) 204 (74.4) 38 (97.4) <0.001 187 (75.1) 50 (98.0) <0.001
Race/ethnicity (white) 223 (81.4) 33 (84.6) 0.24 202 (81.7) 43 (84.3) 0.24
Age at clinical evaluation(mean = std) 15.88 [12.83- 12.25[11.25- <0.001 15.92 [13.00- 12.50 [11.58- <0.001
20.75] 15.50] 21.00] 15.83]

Ever seizures 43 (15.7) 10 (25.6) 0.12 38 (15.3) 14 (27.4) 0.04
Any asthma 8(2.9) 4(10.3) 0.03 6 (2.4) 6 (11.8) 0.002
Language Milestones <0.001 <0.001

Small number of words or less 8(2.9) 17 (43.6) 7(2.8) 17 (33.3)

Series of single words or 2-word 15 (5.5) 9(23.1) 15 (6.0) 9 (17.6)
combinations used

Phrases/sentences of 3 words or 249 (90.9) 13(33.3) 225 (90.4) 25 (49.0)
more
Can the child write his/her first and <0.001 <0.001
last name from memory?

No 56 (20.4) 29 (74.4) 49 (19.7) 33 (64.7)

Typing 11 (4.0) 1(2.6) 8(3.2) 4(7.8)

By hand 55 (20.1) 3(7.7) 54 (21.7) 4(7.8)

Both 144 (52.6) 5(12.8) 132 (53.0) 7(13.7)
ASD diagnosis by clinician 94 (34.3) 29 (74.4) <0.001 82 (32.9) 39 (76.5) <0.001
ASD diagnosis by SRS/SCQ DFV 87 (31.8) 25 (64.1) <0.001 77 (30.9) 33(64.7) <0.001
criteria
Level of Intellectual Disability <0.001 <0.001

No ID/Borderline 1D/ 44 (16.1) 0(0.0) 39 (15.7) 0(0.0)
Developmental Delay

Mild ID 70 (25.5) 3(7.7) 63 (25.3) 5(9.8)

Moderate 128 (46.7) 23 (59.0) 118 (47.4) 29 (56.9)

Severe or profound 9(3.3) 11 (28.2) 7(2.8) 12 (23.5)
Current symptom severity (only for <0.001 <0.001
subject on medication) (N=385)

Normal to mild symptom/ 57 (27.8) 2(5.5) 51 (27.1) 2(4.9)
behavior

Moderate to severe symptom/ 148 (72.2) 34 (94.4) 137 (72.9) 43 (84.3)
behavior
Subject on any alpha-agonists 46 (16.8) 14 (35.9) 0.005 40 (16.1) 17 (33.3) 0.004
Subject on any anti-psychotics 65 (23.7) 17 (43.6) 0.008 58 (23.3) 22 (43.1) 0.003
Shows signs of hyper arousal 241 (88.0) 38 (97.4) 0.04 220 (88.3) 49 (96.1) <0.001
ABCFX Irritability Score (mean * sd) 20.3+11.4 39.5+13.3 <0.001 29.0+11.1 39.0+14.1 <0.001
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Bladder trained (N=313)

Bowel trained (N=300)

YES (n=274) NO (n=39) | p YES (n=249) NO (n=51) | p
Demographic and other * * * *
characteristics n (%) n (%) n (%) n (%)
ABCFX Hyperactivity Score (mean * 176 +6.6 245+7.2 <0.001 176 +6.6 236+7.2 <0.001

sd)

*
Percentage interpretation (example): 74.4% of those who were bladder trained by age 10 were male; among those not bladder trained by age 10,
97.4% were male. Percentages are calculated based on the number of total responses for each item in a category; category n may be slightly lower

in some cases than n indicated in column header, due to missing data.

'ZASD Diagnosis by SRS/SCQ DFV criteria (SCQ = 8 and SRS = 65 versus SCQ < 8 and SRS < 65)
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Table 3.

Logistic Regression Models: Predictors of Toilet Training by Age 10

Odds of bladder training by age 10 (n=313)

Adjusted logistic regress

ion model

Odds Ratio (95% CI) p
Female vs Male 1.97 (0.21, 18.43) .55
Ever had seizures (Yes vs No) 1.07 (0.31, 3.65) 91
For each reduction in level of intellectual disability 1.58 (0.69, 3.78) .28
For each additional language milestone achieved 4.88 (2.63,9.08) <0.001
Autism by clinician diagnosis(No vs Yes) 2.17 (0.66, 7.14) .20
For each unit decrease in ABCX Irritability Score 1.05 (1.01, 1.10) .01
Odds of bowel training by age 10 (n=300) Adjusted logistic regression model
Odds Ratio (95% CI) p
Female vs Male 2.94 (0.33, 25.96) .33
Ever had seizures (Yes vs No) 1.02 (0.34, 3.03) .98
For each reduction in level of intellectual disability 2.17 (0.95, 5.00) 0.07
For each additional language milestone achieved 3.40 (1.88, 6.14) <0.001
Autism by clinician diagnosis(No vs Yes) 2.78 (0.99, 7.69) .05
For each unit decrease in ABC™X Irritability Score 1.04 (1.00, 1.07) 04
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Table 4.

Cox Proportional Hazard Models: Predictors of Toilet Training (Age at Evaluation >1)

Bladder Training Males (N=366) Females (N=120)

Hazard Ratio (95% CI) p Hazard Ratio (95% CI) p
For each reduction in level of intellectual disability 1.12 (0.93, 1.33) 0.23 1.54 (1.16, 2.04) 0.003
For each additional language milestone achieved 2.12 (1.66, 2.71) <0.001 1.92 (1.06, 3.47) 0.03
Autism by clinician diagnosis (No vs Yes) 1.56 (1.16, 2.08) 0.003 1.39 (0.89, 2.38) 0.23
For each unit decrease in the ABCFX Irritability Score 1.01 (1.00, 1.02) .04 1.02 (1.00, 1.04) 0.05
Bowel Training Males (N=361) Females (N=111)

Hazard Ratio (95% CI) | p Hazard Ratio (95% CI) | p
For each reduction in level of intellectual disability 1.22 (0.78, 1.91) 0.23 1.30 (0.99, 1.69) 0.06
For each additional language milestone achieved 2.03(1.56, 2.64) p<0.001 2.10(1.11,3.97) 0.02
Autism by clinician diagnosis (No vs Yes) 1.75 (1.30, 2.38) 0.003 1.92 (1.05, 3.57) 0.03
For each unit decrease in the ABCFX Irritability Score 1.01 (1.00, 1.02) 0.04 1.01(0.99, 1.03) 0.27
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