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Abstract

In this study, we examined trajectories of specific domains of behavior problems (i.e., attention problems, depression/anxiety,
and aggressive behavior) from age 6 to 18 in a sample of 55 children with fragile X syndrome. We also examined autism
status and early parenting as predictors of subsequent behavioral trajectories. We found that attention problems and aggressive
behavior declined steadily from childhood through adolescence whereas anxious/depressed behavior demonstrated relative
stability over the same period. Youth with highly flexible mothers displayed more optional trajectories of improvement in

attention problems.
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Abbreviations
ASD  Autism spectrum disorder

CARS Childhood Autism Rating Scale

CBCL Child Behavior Checklist

FXS Fragile X syndrome

ICC Intraclass correlations

IDD Intellectual and developmental disability
Introduction

Fragile X syndrome (FXS) is the leading known inherited
cause of intellectual disability, affecting as many as 1 in
4000 males and 1 in 8000 females (Crawford et al., 2001),
with recent studies suggesting even higher rates (up to 1 in
2500; Fernandez-Carvajal et al., 2009; Hagerman, 2008).
It is estimated that the prevalence for co-occurring autism
spectrum disorder (ASD) for individuals with FXS is around
43-75% for males and 16-45% for females (Bailey et al.,
2008; Demark et al., 2003; Harris et al., 2008; Hernandez
et al., 2009). The behavioral phenotype of FXS is marked
by a range of challenging behaviors and mental health
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symptoms including aggression, hyperactivity and inatten-
tion, anxiety, and depression (Bailey et al., 2008; Hardi-
man & McGill, 2018). However, little is known about how
these behaviors may change across childhood, particularly
as children enter into the adolescent years. The present study
addressed this gap by longitudinally examining change in
reported behavior problems for a cohort of children with
FXS from ages 6 to 18 years of age.

Few studies have utilized longitudinal methods to exam-
ine behavioral profiles of children with FXS, particularly
during the transitional years of adolescence. Also, little
attention has been given to the specific behavioral challenges
and their unique trajectories over time. The work that has
been conducted suggests that behavior may improve with
age, or at least does not appear to become more severe. For
example, a longitudinal study of behavior problems in boys
with FXS suggests that challenging behavior may remain
stable over a three-year period during childhood (Hatton
et al., 2002). In contrast, in a study of individuals with FXS
ranging from 2 to 26 years of age over a 6 year period, Hus-
tyi and colleagues found decreases in several behavior prob-
lem domains, including hyperactivity, inappropriate speech,
and social withdrawal (Hustyi et al. 2014). Similarly, Usher
et al. (2020) followed adolescents and adults with FXS over
nearly a 10-year period of time and observed that behavior
problems became less severe as individuals aged. However,
in this study, the sample did not include children and exam-
ined a total behavior problem score, rather than specific
behaviors. In our own work (Fielding-Gebhardt et al., 2020),
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we recently examined the impact of challenging child behav-
iors on maternal well-being over time. We examined changes
in total scores from the Child Behavior Checklist (CBCL;
Achenbach & Rescorla, 2001) across three time points, start-
ing when children were, on average, 9 years old until they
were 16 years old. We found that challenging behaviors sig-
nificantly decreased over time, however we did not examine
changes in specific behavioral challenges. We also did not
explore predictors of child behavior.

Autism and the Behavioral Phenotype of FXS

Previous literature has found co-occurring ASD to be a
significant predictor of behavioral outcomes for individu-
als with FXS (Hartley et al., 2011; Kaufmann et al., 2004;
McDuffie et al., 2010). For example, in a cross-sectional
study by Smith and colleagues, adolescents and adult with
FXS and ASD had higher levels of behavior problems than
did those with ASD only or FXS only (Smith et al., 2012a,
2012b). There also is some evidence that higher levels of
ASD symptoms may be associated with increases in problem
behavior over time in individuals with FXS (Crawford et al.
2018), although the impact on trajectories of behavior is
unclear. For example, in a sample of adolescents and adults
with FXS, Usher et al. (2020) found autism symptoms to
predict a greater severity of behavior problems but these
symptoms did not predict change in behavior problems.
More research is needed to understand patterns of change
for key aspects of the behavioral phenotype in children with
FXS and the impact of both autism and parenting on these
trajectories.

Parenting Behavior and FXS

An additional predictor of presence of and change in behav-
ior problems in FXS may be parenting. In addition to our
work examining challenging behaviors in our sample of
children and adolescents with FXS, we have explored the
effects of parenting, specifically maternal responsivity, on
child development (Brady et al., 2014; Warren et al., 2012;
Warren et al., 2017). Maternal responsivity can be defined
at multiple levels (Warren & Brady, 2007) and can have a
positive effect on many domains of development. To start,
responsivity can be characterized at the molar level by qual-
ities of warmth, affect, and flexibility (see Sterling et al.,
2013; Warren & Brady, 2007). At a narrower, molecular
level, maternal responsivity includes specific behaviors such
as contingent responses and following the child’s lead. Child
communication, both broadly (Warren et al., 2017) and spe-
cifically (i.e., receptive vocabulary and number of different
words; Warren et al., 2010 and Brady et al., 2014), ben-
efits from highly-responsive maternal behaviors. This effect
endures even when controlling for symptoms of autism and

nonverbal cognition. Similarly, maternal responsivity has
a positive effect on child social and daily living skills in
children with FXS (Warren et al., 2017). However, we have
not yet explored the impact of early maternal parenting on
challenging behaviors in FXS.

Present Study

Attention problems, anxiety, depression, and aggressive
behavior are common challenges associated with FXS. How-
ever, little is known about how these behaviors may change
across childhood and adolescence. Further, despite the
strong associations between parenting and behavioral devel-
opment in children with typical development, the impact of
early parenting on behavioral trajectories in children with
FXS is also poorly understood. In this study, we examined
trajectories of specific domains of behavior problems (i.e.,
attention problems, depression/anxiety, and aggressive
behavior) from age 6 to 18 in a sample of children with
FXS. We also considered autism status and early parent-
ing as predictors of subsequent behavioral trajectories. We
hypothesized that behavioral challenges would decline by
the end of the study period. We anticipated that higher qual-
ity mother—child interactions would be associated with more
optimal behavioral trajectories over time. We also hypoth-
esized that autism status would be associated with higher
levels of behavioral difficulties and slower rates of change.

Methods
Participants and Procedure

Participants were 55 mother—child dyads drawn from an
ongoing longitudinal study of families of children with
fragile X syndrome. Families were recruited from across
the United States and could be included in the study if the
parent was the biological mother of a child diagnosed with
FXS between the ages of 1 and 4 years of age. Diagnosis
of FXS was confirmed based on testing performed at the
Rush University Laboratory of Dr. Elizabeth Berry-Kravis.
Repeated measures data were gathered during home visits
with families approximately every 18 months, resulting in
6 to 8 waves of data across childhood and into adolescence.
At the most recent wave of data collection, children were
between the ages of 13 and 18 years. For the present analy-
sis, child behaviors were measured between the ages of 6 and
18 years and parenting behavior and child autism symptoms
were measured during mother—child interactions when chil-
dren were 2 to 6 years.

At the time of the first measurement of child behavior,
children had a mean age of 7.28 years (SD=0.86), with a
range of ages from 6.0 to 9.0. There were 19 children in
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the sample who had a diagnosis of autism. The majority of
children were male (80%) and White (87%), with 4% of the
sample being African American and 8% being multi-racial.
At the last wave of data collection, almost all children (93%)
had an individualized education program and 50% of chil-
dren participated in general education settings. Almost three
quarters of children were taking medications. As reported
in Table 1, family pre-tax income ranged from less than
$15,000 to greater than $100,000, with nearly 50% earning
greater than $80,000 annually. Mothers varied in education
level and marital status, as shown in Table 1.

Measures

Child Behavior Problems

Child behavior problems between the ages of 6 and 18 years
were measured using subscales of the Child Behavior

Checklist (CBCL; Achenbach & Rescorla, 2001). Mothers
indicated how true it was that their son/daughter exhibited

behaviors in the past 6 months. Each item is rated on 3-point
scale, 0 (not true), 1 (somewhat or sometimes true), 2 (very
true or often true). Higher scores on each sub-scale of the
CBCL indicate more severe behavior problems. Scores for
the following scales were computed: attention problems,
aggressive behavior, and anxious/depressed. Standard scores
were calculated for descriptive purposes and raw scores were
utilized in the longitudinal analyses. Scores of 64 or more
are considered to be in the clinical range. Reliability and
validity for the CBCL is well-established (Achenbach &
Rescorla, 2001). It is important to note that the Achenbach
scales were designed to measure a variety of psychological
difficulties such as anxiety and depression in the general
population.

Parenting
Parenting behavior was measured during mother—child inter-

actions when children were aged 2 to 6 years. Mothers and
their children completed three structured tasks together and

Table 1 Demographic

. . . Factor Level Percent (%) n
information from middle
childhood data point Child race* Native American 0
Asian 1
Native Hawaiian or Pacific Islander 2 1
Black 10 5
White 87 48
Child ethnicity Hispanic 4 2
Not Hispanic 96 52
Mother race* Native American 2 1
Asian 2 1
Native Hawaiian or Pacific Islander 2 1
Black 4 2
White 89 48
Mother ethnicity Hispanic 4 2
Not Hispanic 96 52
Mother education in years 8to 12 15 8
13t0 16 54 29
17 to 20+ 26 14
Mother marital status Single 4 2
Married 72 39
Divorced 19 10
Separated 2 1
Engaged 2
Household income <$15,000 6 3
$15,000 to $30,000 13 7
$30,000 to $50,000 13 7
$50,000 to $80,000 19 10
$80,000 to $100,000 15 8
> $100,000 34 18

*Participants could indicate more than one race
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one naturalistic session. For this analysis, the naturalistic
session was analyzed. All naturalistic interactions were
video-recorded and coded by two trained researchers. Scores
for maternal traits were assessed through a categorical cod-
ing system that evaluated maternal affect, flexibility, warmth,
discipline/control, guidance, and use of punitive tone which
was adapted from Landry (Landry et al., 2000). Each trait
was scored along a 5-point Likert scale, with higher scores
indicating more positive levels of the trait (i.e., more flexibil-
ity, more positive affect, higher warmth, lower use of puni-
tive tone). Specific codes for maternal affect, warmth and
flexibility were included in the present analysis. Each 30 min
interaction was segmented into 10 min sections which were
scored independently of one another for maternal affect,
warmth, and flexibility. Scores were averaged across the
10 min segments. A reliability coder independently scored
35% of videos for all maternal traits. Intraclass correlations
(ICCs) were derived to assess reliability of the scoring. The
ICC for affect was 0.96; for warmth it was 0.84; and for
flexibility it was 0.85.

Autism Status

Autism Status (1 =yes, 0=no) was determined based
on administration of the Childhood Autism Rating Scale
(CARS; Schopler et al., 1988). The CARS is a direct obser-
vation rating scale of autism-related behavior. The CARS
was administered at each home-visit and was consensus
scored by the two researchers who attended the home visit.
Early CARS scores obtained over the first three observa-
tions through about age 6 years were averaged for use in
this analysis. Scores of 30 or above were classified as “yes”
for autism status.

Analysis Plan

First, to describe the profile of behavioral problems across
childhood and adolescence, standardized scores were
examined for each subscale of the CBCL (attention, anx-
ious/depressed, aggression) at nine different age periods
separated by 18 months (e.g., 6 years to 7.5 years). We also
examined the percent of the sample who were experiencing
clinically significant problems at each age period. Second,
multi-level models were used to model the shape of the
problem behavior trajectories over time using SAS PROC
MIXED. The observations for each individual in the cur-
rent data can be viewed as repeated measurements (Level 1)
within individuals (Level 2). Age was centered at 18 years so
that all intercepts are interpreted as level of problem behav-
ior at 18 years. This age was chosen to examine problem
behavior at the end of the adolescent period.

Initially an empty means, random intercept model (Model
1) was evaluated to calculate ICC. Next Model 2 evaluated

the growth parameters. Fixed effects terms for intercept, lin-
ear growth, and quadratic growth were examined for all out-
comes with only significant effects maintained in the model.
Random effects for intercept, slope, and covariance between
intercept and slope were added based on the fixed effects in
the model. That is, the trajectory with age was modeled in
the fixed effects while allowing individual intercepts and
slopes to vary (random effects) as needed. Model 3 evaluated
terms for the fixed effect of autism and maternal indicators
for affect, warmth and flexibility influencing the intercept
and slope when part of the model. Restricted maximum like-
lihood estimation was used to evaluate random effects and
maximum likelihood estimation was used to evaluate fixed
effects. Model comparisons were made using two types of
indices: the deviance statistic, or change in the — 2 log like-
lihood, and the Bayesian information criterion. Only new
variables significantly improving the model were retained at
each step of the model building. Parameter estimates, stand-
ard errors, and probability values for each of the effects are
shown in Tables 3, 4.

Results

Figure 1 shows the proportion of the sample with clinically-
significant behavior problems by age. At age 6, almost two
thirds of children were exhibiting clinically significant atten-
tion problems but by the end of adolescence, less than 20%
of the sample was in the clinical range for these problems.
For anxious/depressed symptoms, a third of children dis-
played clinically significant problems at age 12 but by the
end of adolescence, less than 20% were displaying clini-
cally-significant symptoms. Aggressive behavior was less
common, with less than a third of the sample displaying
problems in the clinical range during middle-childhood
and less than 10% displaying such problems by the end of
adolescence.

However, many youth continued to have behavioral dif-
ficulties, even though average trends reflected improvement
during the study period. Further examination of clinically
significant scores revealed that 33% of the sample had clini-
cally significant attention problems on 75% or more of their
occasions. 11% of the sample had clinically significant anx-
ious/depressed problems on 75% or more of their occasions.
Again, aggressive problems were less common, with only
7% of the sample displaying clinically significant aggression
on 75% or more of their occasions.

Figures 2, 3, and 4 show the CBCL raw scores for
Aggressive Behavior, Attention Problems, and Anxious/
Depressed over time for participating children with sex
denoted by line color and style. The Attention Problem
trajectories declined somewhat over time and most females
tended to have fewer attention problems than most males.
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Fig. 1 Proportion of the sample
with clinically-significant
behavior problems on the Child
Behavior Checklist by age
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Anxious/Depressed scores declined somewhat over the
earlier ages and were somewhat stable at the older ages
with some females tending to have higher scores than most
males. The Aggressive Behavior trajectories were gener-
ally declining for most participants and females were dis-
persed throughout the distribution of aggressive behavior.
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Attention Problems

The ICC for Attention Problems was 0.61, indicating
that 61 percent of the variance in attention problems was
between persons. As shown in Table 2, the growth model
indicated that the intercept at age 18 was 7.57 and that
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across all people, attention problems were significantly
declining at age 18. There was significant variability in
intercepts, slopes, and covariance between intercepts and
slopes. In Model 3, the autism group was significantly
associated with intercepts such that individuals in the
autism group had a predicted intercept of 9.59 and those
in the No Autism group had a predicted intercept of 6.44

12.5
Age in Years

(3.15 lower). Maternal flexibility was related to slopes
such that individuals with mothers who were higher in
flexibility had greater declines in attention problem scores.
The addition of autism status and flexibility reduced the
variance in intercepts by 20%, the covariance between
slopes and intercepts by 39%, and the variance in slopes
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Table 2 Fixed effect estimates

) . Model 1 Model 2 Model 3
(top) and variance—covariance
estimates (bottom) for attention Fixed effects
problems Level 1
Intercept 7.57 ((57)*** 9.59 (87)***
Linear — .24 (L05)*** — .12 (.08)
Predictors
Autism (no) on intercept —3.15 (1.09)**
Autism (no) on slope —.19 (.10)"
Flexibility on intercept — .67 (.80)
Flexibility on slope — .14 (.07)*
Random effects
Intercept 8.44 (1.90)%** 12.97 (3.36)%*** 10.39 (2.90)%s#*
Covariance int and slope 49 ((24)* .30 (.20)
Slope .06 (.03)* .04 ((02)*
Residual 5.40 (.59)%#** 3.45 (44)%** 3.46 (44)***
Model fit
— 2 log likelihood 1120.8 1075.6 1063.3
Bayesian information criterion 1132.7 1099.6 1103.1

Model 1 =Empty means model, Model 2 = Growth Model, Model 3 =Predictor Model
tp=.051; * p<.05, ¥* p<.01, ¥¥* p<.001

by 33%. Notably, warmth and affect were not significant
in earlier models and were not retained in the final model.

Figure 5 shows predicted trajectories for attention prob-
lems over time for individuals with and without ASD who
experience relatively high (1 standard deviation above
the mean) vs. low (1 standard deviation below the mean)
maternal flexibility. As can be seen in Fig. 5, individu-
als who have autism whose mothers are low in flexibility
maintain high levels of attention problems. Children with
autism whose mothers were highly flexible have similar

Fig.5 Predicted Attention
Problems on the Child Behavior 10.00

rates of attention problems to children without autism
whose mothers were low in flexibility.

Anxious/Depressed

The ICC for Anxious/Depressed scores was 0.65 indicat-
ing that 65 percent of the variance in anxious/depressed
scores was between persons. As shown in Table 3, Model
2 indicated that anxious/depressed scores were stable at
age 18 with no significant slope and an intercept of 3.91.
Examination of the random effects indicated that there was
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Table 3 Fixed effect estimates
(top) and variance—covariance

Model 1 Model 2 Model 3

estimates (bottom) for anxious/
depressed

Fixed effects
Level 1
Intercept
Linear
Predictors
Flexibility on intercept
Random effects
Intercept
Residual
Model fit
— 2 log likelihood
Bayesian information criterion

3.91 (.36)*** 3.89 (.34)***

1.18 (.53)*

6.14 (1.34)%%** 6.14 (1.34)*** 5.53 (1.23)%**

3.33(.36) 3.33 (.36)*** 3.33 (.36)***
1020.2 1020.2 1015.4
1032.1 1032.1 1031.4

Model 1 =Empty means model, Model 2 = Growth Model, Model 3 =Predictor Model

* p<.05, % p< .01, *** p<.001

significant variability in intercepts across individuals. In
Model 3, maternal flexibility was a significant predictor of
intercepts with individuals whose mothers were higher in
flexibility tending to have higher anxious/depressed scores.
The addition of maternal flexibility to the model reduced
the variance in intercepts by 10%. Once again, warmth and
affect were not significant in earlier models and were not
retained in the final model.

Aggression

The ICC for Aggressive Behavior was 0.70, indicating
that 70 percent of the variance in aggression was between

persons. As shown in Table 4, the growth model indicated
that the average aggression score at age 18 was 4.64 and
that aggressive behavior was significantly declining at
age 18. Random effects indicated that there was signifi-
cant variability in both intercepts and slopes at age 18.
We attempted to predict intercept and slope from autism
status, maternal affect, maternal warmth, and maternal
flexibility in Model 3. The only significant effect was
for autism status on intercepts such that the predicted
Aggressive Behavior score at age 18 (intercept) for the
ASD group was 7.06, while for the No Autism group the
intercept was 3.29. Adding the effect of autism status on
intercepts to the model, reduced the variance in intercepts
by 17%.

Table 4 Fixed effect estimates

. . Model 1 Model 2 Model 3
(top) and variance—covariance
estimates (bottom) for Fixed effects
aggression Level 1
Intercept 4.64 (72)%** 7.06 (1.07)%**
Linear — .30 (.06)*** — .31 (.06)***
Predictors
Level 2 —3.77 (1.29)**
Autism (No) on intercept
Random effects
Intercept 21.52 (4.60)%:#* 20.00 (4.57)*** 16.57 (3.96)***
Slope .07 (.03)* .06 (.03)*
Residual 9.22 (1.00)%#s* 6.56 (.83)*** 6.62 (.83)***
Model fit
— 2 log likelihood 1259.6 1223.8 1215.8
Bayesian information criterion 1271.6 1243.7 1239.8

Model 1 =Empty means model, Model 2 = Growth Model, Model 3 =Predictor Model

* p<.05, %% p<.01, ¥** p< 001
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Discussion

The present study documents important patterns of behav-
ioral change across childhood and into adolescence for
individuals with FXS. Attention problems were very high
in this sample, with almost two thirds of children expe-
riencing clinically significant problems with attention
during the elementary school years. Approximately one
quarter of children displayed clinically-significant aggres-
sive behavior during the same time frame. Importantly,
we found that attention problems and aggressive behavior
declined steadily from childhood through adolescence,
consistent with other research that has found general
trends of improvements in the behavioral phenotype with
age (Fielding-Gebhardt et al., 2019; Smith et al., 2016;
Usher et al., 2020). In contrast, anxious/depressed behav-
ior demonstrated relative stability over the same period.
Taken together these findings highlight the value of look-
ing at specific categories of behaviors of youth with FXS
and how they may uniquely change over time.

Consistent with prior research (Smith et al., 2012a,
2012b; Usher et al., 2020), autism status played a signifi-
cant role in predicting level of child behavior problems,
such that individuals with co-occurring autism displayed
higher levels of all three problem behavior scales than
those without autism. However, although autism status was
associated with greater difficulties overall, it was not a sig-
nificant predictor of slope for any of the behaviors we stud-
ied. This suggests that on average both children with and
without co-occurring autism may experience improvement
in behavioral functioning as they move through childhood
and adolescence.

We also found that maternal flexibility during
mother—child interactions during early childhood was
associated with greater reductions in attention problems
later in childhood and adolescence. Importantly, this was
particularly true for children with FXS and autism, such
that children with FXS and autism whose mothers were
highly flexibly had attention problems similar to children
with FXS without autism whose mothers were low in flex-
ibility. This is consistent with studies of other domains
which have shown that maternal flexibility is related to
improvements over time (e.g., Warren et al., 2010). In
contrast, we found that mothers with higher levels of flex-
ibility during early childhood had children with higher
levels of anxious/depressed problems at age 18. This is
surprising, as we anticipated that more flexibility would
relate to trajectories of improvement in these challenges.
Additional research is needed to understand what factors
relate to change in anxious/depressed problems and pos-
sible mediating or confounding variables that impact the
relationship between maternal behavior and the emergence

@ Springer

of anxiety and depression in children with FXS. Impor-
tantly, although the number of girls in our sample was too
small for conducting subgroup analyses, it is valuable to
note that girls had higher anxious/depressed scores than
boys. Future research should explore how gender may
impact mother—child interactions and patterns of behav-
ioral challenges over time.

In the present study, parenting (i.e., maternal affect,
warmth and flexibility) was not related to aggressive behav-
ior. It may be that endogenous factors or other environmental
factors such as daily routines are more salient in the develop-
ment and maintenance of aggressive behaviors. Also, it is
interesting to note that maternal affect and maternal warmth
were not statistically significant predictors in any of the
models, either of intercept or slope. This is surprising given
some prior work highlighting the role of maternal warmth,
specifically, in behavioral outcomes for individuals with
FXS and other intellectual and developmental disabilities
(IDD; e.g., Greenberg et al., 2012; Smith, Hong, Greenberg,
& Mailick, 2016). It may be that differences in the meas-
ures of warmth used in the current study reflected different
aspects of the relationship than measures used in prior work.
For example, in the current study warmth was captured by
coding of enthusiasm, proximity to the child, engagement,
joy, pleasure derived from the child, and physical affection
during an interaction. Prior studies have frequently utilized
the Five Minute Speech Sample (Magafia et al., 1986) as a
measure of warmth, wherein parents describe their relation-
ship with an adolescent or adult child. Further, in our study,
the parent—child interaction data were collected during early
childhood, and behavioral problem trajectories were meas-
ured later (age 6 to 18). Since longitudinal data on parenting/
mother—child interactions were not included in the models
in the current study, it is difficult to know how parenting
behavior may have changed with time and had influence
on concurrent functioning. Additional research is needed
to longitudinally follow both the changes in the quality of
parent—child interactions as children move from early child-
hood into adolescence and changes in behavioral problems.

As noted above, many children in our sample contin-
ued to display clinically significant behavioral challenges
even at the end of adolescence, particularly in the areas
of attention problems and anxious/depressive problems.
Findings suggest that educators, physicians and other ser-
vice providers should routinely monitor for co-occurring
behavioral challenges across childhood and adolescence
and provide diagnostic and intervention services as part of
educational and treatment plans. Further, given that past
work has indicated the significant stress that child behavior
problems place on parents of children and youth with FXS
(Abbeduto et al., 2004; Hartley et al., 2012; Hartley et al.,
2012a, 2012b; Smith et al., 2012), these dyads may be par-
ticularly important to target for family support services and
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behavioral interventions. Especially relevant in a COVID-19
context, telehealth interventions may be an important vehicle
for families of individuals with FXS (Nelson et al., 2018).
Parent-delivered telehealth interventions have successfully
reduced behavioral challenges in children with FXS (Diez-
Juan et al. 2014) as well as in individuals in the broader IDD
population (Ramdoss et al., 2012; Kagohara et al., 2013).
Understanding effective timing, dosage, and delivery of
behavioral interventions through telehealth is a critical area
for future research (McDulffie et al., 2016).

Limitations and Conclusions

The present study has several limitations. The sample size
was relatively small, with too few females to directly test
for differences in patterns of change. The sample was also
primarily White, limiting generalizability. Although the tem-
poral ordering of variables is a strength of the study (i.e.,
parenting measured during early childhood, behaviors meas-
ured during middle childhood and adolescence), the present
study did not test the impact of parenting during adolescence
or reverse models of direction of effects, that is, that behav-
ior problems may have influenced mother—child interactions
and the severity of observed autism symptoms. Additionally,
child behavior problems were based on maternal report and
could be strengthened by the addition of other reports or
observational approaches. Juxtaposed with these limitations
are several strengths. The present study included multiple
waves of data spanning over a decade. Mother—child interac-
tions and autism status were measured prior to the collec-
tion of the child behavior data using observational methods.
Taken together the present study highlights both potential
for improvement in specific challenging behavior for youth
with FXS as well as the need for ongoing interventions to
support families.
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