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Abstract

Fragile X syndrome (FXS) is associated with executive function (EF) and independent living skills
(ILS) deficits. We examined the role of childhood EF in ILS during adolescence/early adulthood in
females with FXS and two comparison groups in the same age range (matched for 1Q [IQ/Age
group] and with another genetic condition, Turner syndrome [TS group]). EF and ILS were
significantly higher for the FXS group than the 1Q/Age group but did not differ from the TS group.
For the FXS group, age and EF were significant predictors of ILS during adolescence/early
adulthood, but there were no statistically significant longitudinal associations between EF and ILS.
Our findings suggest that impairments in EF may have a significant effect on ILS in FXS.
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Executive function has been found to be associated with independent living in children and
adolescents with typical development and neuro-developmental disorders. Research has
demonstrated that executive function (EF) difficulties contribute to lower adaptive
functioning trajectories in children with high functioning Autism Spectrum Disorders (ASD;
Pugliese et al., 2014; Pellicano, 2012) and attention deficit/ hyperactivity disorder (ADHD;
Miller, Nevado-Montenegro, & Hinshaw, 2011). However, the influence of EF on
independent living skills remains unclear in fragile X syndrome, a disorder associated with
ASD and ADHD symptomatology.
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Fragile X syndrome (FXS) is an X-linked genetic disorder that is the most common known
genetic cause of inherited intellectual disability (Crawford, Acufia, & Sherman, 2001;
Schneider, Hagerman, & Hessl, 2009). Fragile X syndrome is caused by a molecular
mutation of the fragile X mental retardation type 1 gene (FMRI) that results in reduced
levels of FMRP protein (Verkerk et al., 1991). Downstream effects from the mutation impact
brain development and function in individuals with FXS (Lightbody & Reiss, 2009), and are
associated with cognitive impairments including EF deficits (Reiss & Dant, 2003). Fragile X
syndrome is associated with enlargement of the caudate nucleus (Gothelf et al., 2008; Hoeft
et al., 2010) and aberrant development of the frontal lobes (Bray et al., 2011), two regions
involved in EF (Alvarez & Emory, 2006).

Executive function (EF) is a term used to describe goal-oriented thoughts, actions, and
behaviors that involve higher level cognitive processes such as attention, inhibition, working
memory, set shifting or cognitive flexibility, and planning (Alvarez & Emory, 2006;
Anderson, 2002; Best, Miller, & Jones, 2009; Miyake, Friedman, Emerson, Witzki, &
Howerter, 2000; Pennington & Ozonoff, 1996; Stuss & Alexander, 2000). Attention refers to
the ability to engage, sustain or shift focus and selectively divide attention between tasks
(Alvarez & Emory, 2006; Best et al., 2009; Pennington & Ozonoff, 1996). Inhibition is
described as the ability to suppress an automatic response, and it involves interference
control, directed forgetting, and emotional control (Nigg, 2000). Working memory is the
ability to temporarily store and manipulate information (Alloway, Gathercole, & Pickering,
2006; Huizinga, Dolan, & van der Molen, 2006). Set shifting or cognitive flexibility is the
ability to switch between mental states, operations, or tasks (Miyake et al., 2000). Finally,
planning is associated with goal-oriented behavior by helping individuals plan in advance
and approach a task in an organized and efficient manner (Anderson, 2002). Planning is
thought to be the most complex skill of EF as it is involved with solving problems (Zelazo,
Car, Reznick, & Frye, 1997).

Executive function profiles associated with FXS vary depending on gender and intellectual
ability. Research has demonstrated differences in EF ability between males and females with
FXS with intellectual deficit contributing to more impairment in males. Males with FXS
exhibit intellectual deficit that ranges from moderate to severe (Li & El-Mallakh, 1997) with
approximately 95% of males having an 1Q below 70 (Brown, 2012). The range of
intellectual ability in females with FXS is quite broad, with approximately 50% of females
having an 1Q below 70 (Brown, 2012). In males with FXS, EF impairments include
difficulties with attention, inhibition, set shifting or cognitive flexibility, problem solving,
planning, goal directed behavior and organization, and working memory (Berry-Kravis et
al., 2010; Hooper et al., 2008; Baker et al., 2011). Though females with FXS show less
impairment in EF than males, females with FXS have also demonstrated weaknesses in EF
(e.g., inhibition, set shifting or cognitive flexibility, and planning) on the Wisconsin Card
Sorting Task and/or the Contingency Naming Test excluding other EF measures (Bennetto,
Pennington, Porter, Taylor, & Hagerman, 2001; Kirk, Mazzocco, & Kover, 2005).

Independent living skills can involve a variety of behaviors associated with daily living. For
the purpose of this study, we define independent living skills to include areas such as
personal upkeep (e.g., hygiene, health, safety), management of the home and transportation,
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social skills (e.g., creating and maintaining relationships, social norms, social cues), and
community skills (e.g., managing money, employment following community rules)
consistent with our outcome measures described below. In adults with FXS, independent
living is most closely associated with functional skills (e.g., hygiene, grooming, household
living skills, communication skills) for males and age and interpersonal skills for females
(Hartley et al., 2011). Thus, there is evidence to suggest that functional skills, interpersonal
skills, and age are associated with independent living skills in FXS but additional factors
(executive function) have yet to be examined.

The extant literature on outcomes in individuals with intellectual disabilities has tended to
focus on adaptive functioning, a construct that overlaps with independent living. For
example, Su, Chen, Wuang, Lin, and Wu (2008) state that intellectual disability is associated
with limitations in adaptive behavior across the lifespan. These limitations can impact
employment outcome, social competence and community integration in individuals who
have an intellectual disability (Felce & Emerson, 2001). Su et al. (2008) found that general
cognitive dysfunction and specific verbal memory and comprehension deficits impair daily
functions in individuals with intellectual disability. Overall, there is a paucity of research on
the cognitive mechanisms such as EF involved with independent living skills.

The ability to plan efficiently, organize, problem solve, initiate activities, and manage
behaviors influence an individual’s ability to interact with the world and live independently.
Because independent living involves a number of domains (e.g., personal upkeep,
management of home and transportation, social skills, community skills), it draws upon a
variety of cognitive processes, specifically EF, to approach each task. Thus, dysfunction in
EF may be readily seen in the daily life of individuals with FXS with situations that require
novel approaches, concentration, problem-solving, change, or making a conscious choice
among alternatives as has been previously reported for individuals with ASD or ADHD
(Miller et al., 2011; Pellicano, 2012; Pugliese et al., 2014). Our first hypothesis is that
individuals with FXS will show a weakness in performance on measures of EF and
independent living skills that cannot entirely be accounted for by intellectual level. Thus, we
propose control groups matched for age and 1Q. Our second hypothesis is that less impaired
EF is associated with higher independent living in persons with FXS. Finally, we
hypothesize that early metrics of EF may predict later ability to live independently in young
adulthood in persons with FXS.

To our knowledge, this is the first study to examine the influence of the specific contribution
of EF to independent living skills in individuals with FXS using both a cross-sectional and
longitudinal dataset. It is imperative to understand how EF deficits impact the ability to live
and function independently as individuals with FXS transition from adolescence into
adulthood, a period associated with expectations of increasing independence in typical
development. Additionally, identifying key cognitive mechanisms involved in independent
living skills will assist in designing future, targeted cognitive interventions.
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We examined the association of executive function (EF) with independent living skills in 34
females with FXS, 18 females with idiopathic developmental delay (1Q/Age group), and 16
females with Turner Syndrome (TS group) at a single time point during late adolescence or
early adulthood— “time 2" (Table 1). The 1Q/Age group is included as a control group to
account for 1Q and age. The TS group is included as a genetic disorder control group
because both TS and FXS are associated with executive dysfunction that is not solely
attributed to 1Q (Kirk et al., 2005). Participants in the FXS and 1Q/Age group did not have
significantly different 1Qs or ages (Table 1). Participants in the TS group had significantly
higher 1Q level compared to the FXS group but did not significantly differ in age (Table 1).
Household mean and median income per zip code was used to index socioeconomic status
(University of Michigan, Population Studies Center, 2013). Socioeconomic status was
higher for the 1Q/Age group than the FXS group, FAnean (2,61) = 3.932, p=.025, Fnedian
(2,61) = 3.807, p=.028. For the TS group, there were no socioeconomic differences
compared to the 1Q/ Age and FXS groups.

Cross-sectional analyses (time 2 only) were performed with 34 females with FXS (Table 1).
In our cross-sectional analyses, one participant in our TS group did not complete the
Vineland Adaptive Behavior Scales. Data from previous assessments (time 1) were available
for 31 of the 34 females with FXS. Thus, longitudinal analyses were performed with the 31
females with FXS for whom data were available at both time 1 and time 2 (Table 2). In our
longitudinal sample, one participant did not complete measures of verbal fluency at time 1.
The mean time between time points 1 and 2 was 8.3 years (SD = 2.09).

FXS diagnosis was confirmed via evidence of the full FMMR1 mutation on DNA testing using
the standard Southern blot analysis. Diagnosis of non-mosaic 45,X in participants with TS
was confirmed from a standard karyotype assessment. Inclusion criteria for the 1Q/Age
group included: idiopathic developmental delay, intellectual disability or learning disability
confirmed via previous diagnostic evaluations. Exclusion criteria for 1Q/Age group included:
any known genetic condition, prematurity (<34 weeks gestation), low birth weight (<2,000
g), or a history of severe psychiatric, neurological, or medical disorder that affected growth
or development. Participants in the 1Q/Age group were screened to confirm that they did not
have FXS. Participants with FXS and TS were mostly drawn from a longitudinal sample
participating in an ongoing study in our research center, the Center for Interdisciplinary
Brain Sciences Research (CIBSR) lab at Stanford University School of Medicine, and were
recruited throughout the United States. To reach recruitment goals, additional FXS and
control participants were recruited through the National Fragile X Foundation and their
regional chapters across the United States, advertisements in local organizations, regional
centers, referrals, outreach community events, and parent groups. Participants in the 1Q/Age
group were only recruited from the local area, which has a high median household income
contributing to group differences in socioeconomic status.

All participants were invited for participation at over the course of 2 to 3 days at time 2.
Assessments at time 1 took place at our center or in the participants’ homes. Participants
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and/or their parents were given informed consent and assent to participate in the study. All
protocols were approved by the Institutional Review Board at Stanford University, CA.

Cognitive level—Participants up to 16 years of age completed the Wechsler Intelligence
Scale for Children—Third Edition (WISC-I11; Wechsler, 1991), and participants aged 17
years and older received the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler,
1999). Strong reliability and validity has been consistently demonstrated for the WISC-III
and WASI (Wechsler, 1991, 1999). Both tests yield standard scores including Full Scale,
Verbal, and Performance 1Q scores, each with a mean of 100 and a standard deviation of 15.

Executive function—Executive function was assessed through the Contingency Naming
Test (CNT; Taylor, 1988). The CNT has been frequently used to research EF deficits in
children and adults with FXS (Bennetto et al., 2001; Kirk et al., 2005; Lightbody, Hall, &
Reiss, 2006; Mazzocco, Hagerman, & Pennington, 1992). The CNT is a modified Stroop
Color Word Test that uses colors and shapes instead of words. The CNT is sensitive to
frontal lobe functioning and measures attention, verbal inhibition, set shifting or cognitive
flexibility, and working memory. Participants were presented with a series of 27 colored
shapes (circle, square, or triangle with a smaller embedded shape in the center) and required
to follow a rule when naming each shape or the color of each shape. Subjects are required to
follow a different rule in each on four trials. There are four trials. During the first trial, the
rule is to name the color of each shape. During the second trial, the rule is to name the
outside shapes, ignoring the smaller embedded ones. During the third trial, the rule is to
name the color if two shapes of the pair are the same (e.g., a circle embedded in a circle) but
to name the outside shape if the two are different (e.g., a circle embedded in a triangle).
Finally, during the fourth trial, the rule is to maintain the third rule but to name the opposite
(e.g., shape instead of color) if there is an arrow above the drawing. Similar to the Stroop
test, the third and fourth rules assess inhibition, switching, and cognitive flexibility.
Participants were given up to five practice trials prior to starting a timed trial. For each trial,
time to completion (e.g., number of seconds for the participant to name all 27 items),
number of correct responses, and number of errors were recorded. The dependent variable
was a performance (raw) score calculated by dividing the number of correct responses by the
time taken to complete the trial, and multiplying it by 60 (see Lightbody et al., 2006). A
higher score reflects a more accurate and efficient performance.

Verbal fluency—Verbal fluency was assessed using the “F, A, S” test (Spreen & Benton,
1977). The Verbal Fluency test assesses the ability to generate words quickly (one minute)
according to semantic (e.g., words belonging to the category ‘animals’ or ‘foods”) and
phonemic (e.g., words starting with the letters F, A, or S) categories while maintaining a rule
(e.g., no repetitions or proper names) in memory. The test measures attention, cognitive
flexibility, self-monitoring, self-initiation, and working memory as the participant retrieves
words and monitors behavior to reach a goal. The dependent variable was the number of
correct responses per minute calculated by summing the total number of correct responses
(raw score) for each condition and dividing by 2 (semantic fluency) or 3 (phonemic fluency).
A higher score reflects increased verbal fluency skills. Similar normative data has been
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obtained in validation studies of the test in different countries and it has a high internal
consistency and test-retest reliability (see Strauss, Sherman, & Spreen, 2006 for a review).

Independent living skills—Independent living skills were assessed with the Independent
Living Scales (ILS; Loeb, 1996). The ILS has demonstrated strong reliability and content,
construct, and criterion validity (Loeb, 1996). This performance-based measure assesses the
ability to function independently and handle real-life situations in five domains: memory and
orientation, managing money, managing home and transportation, health and safety, and
social adjustment. Trained clinical research staff provided standard administration of
questions that included hypothetical scenarios (e.g., What would you do if the lights and TV
were to go out?) and the direct application of skills (e.g., writing a check to pay for a utilities
bill). The dependent variable was a full-scale standard score with a mean of 100 and a
standard deviation of 15.

Independent living skills were also assessed using the Vineland Adaptive Behavior Scales—
Second Edition (VABS-II; Sparrow, Chicchetti, & Balla, 2005). The VABS-II is
administered in a semi-structured interview format with an informant who is typically the
primary caregiver of the participant. We focused on the Daily Living Skills (VABS-DLS)
domain, which assessed personal skills (e.g., hygiene), domestic skills (e.g., maintaining a
home), and community skills (e.g., understanding the function of money, employment,
managing transportation). The VABS-DLS yields a standard score with a mean of 100 and a
standard deviation of 15.

For our longitudinal analysis, we used the Daily Living Skills domain from Vineland
Adaptive Behavior Scales—First Edition (VABS; Sparrow et al., 1984). The VABS also
yields a standard score with a mean of 100 and a standard deviation of 15. The VABS-II and
VABS have demonstrated strong reliability and validity (Sparrow et al., 1984; Sparrow et al.,
2005).

Data Analysis

All data were manually entered into IBM SPSS Statistics software. To address our first
hypothesis, we initially examined group differences between the FXS, the 1Q/Age, and the
TS group (all at time 2) for EF and independent living skills with a MANOVA. We entered
group as the independent variable and the following dependent variables: Contingency
Naming Test (CNT), Verbal Fluency phonemic (VF-P) and semantic (VF-S), Independent
Living Scales (ILS), and Vineland Adaptive Behavior Scales | —-Daily Living Skills (VABS-
DLS). Raw scores were used for CNT, VF-P, and VVF-S; and standard scores were used for
1Q, ILS, and VABS-DLS. To parse out variance potentially due to differences in 1Q and age,
a multiple analysis of covariance (MANCOVA) was conducted as described previously but
also with FSIQ and age as covariates. Effect size is depicted with partial eta square as
follows: small (0.01), medium (0.06), large (0.14). Levene’s test revealed equality of
variances between groups for CNT (A2,64) = 1.19, p=.31), VF-P (H2,64) =.98, p=.38),
VF-S (A2,64) = .73, p= .48), ILS (H2,64) = .32, p=.72), and VABS-DLS (H2,64) =.71, p
=.49), thus justifying parametric tests. Post hoc two-group comparisons were conducted
using Bonferroni adjusted pairwise comparisons (p < .05 is significant).
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For our second hypothesis, we conducted separate linear regression models with either ILS
or VABS-DLS as the outcome and the following predictors: age, CNT, VF-P, and VF-S (all
at time 2). We repeated these analyses with our comparison groups to examine group
differences.

For our third hypothesis, we conducted linear regressions to examine whether EF measures
at time 1 predicted independent living skills at time 2. For the ILS, the following predictors
were entered into the model: age at time 2, CNT, VF-P, and VF-S at time 1. For VABS-DLS
as the outcome (at time 2), the following predictors were included in the model: VABS-DLS,
CNT, VF-P, and VF-S at time 1.

Group Differences

There were significant differences between FXS and control groups for the CNT and ILS
(Table 3). Post hoc comparisons revealed that the FXS group performed significantly higher
on the CNT (p=.02) and ILS (p=.02) than the 1Q/Age group, but performed significantly
lower on the ILS than the TS group (p=.001). There were no significant differences in
performance between the FXS and TS group for EF though two measures approached
significance suggesting better performance in the TS group (CNT: p=.09; VF-P: p= .24,
VFE-S: p=.07).

The same pattern of results was observed after repeating the analysis with the addition of
FSIQ and age as covariates. A MANCOVA demonstrated that the effect of age was
significant for the ILS, and FSIQ was significant for CNT, VF-P, VF-S, ILS, and VABS-
DLS (Table 3) across the study population. There was a significant effect of group on CNT
and ILS after controlling for the effect of FSIQ and age (Table 3). Post hoc comparisons
revealed that the FXS group performed significantly higher on the CNT (p=.04) and ILS (p
=.02) compared to the 1Q/Age group. There were no significant differences between the
FXS and the TS group for performance on both EF and independent living skills measures
after the effects of the covariates were removed.

Executive Function and Independent Living Skills in Fragile X Syndrome

For the FXS group, age at assessment and phonemic verbal fluency (VF-P) explained a
significant proportion of variance in ILS scores (Figure 1), and age at assessment explained
a significant proportion of variance of VABS-DLS (Table 4). For the IQ/Age group, CNT
was a significant predictor of ILS. EF measures did not predict independent living skills for
the TS group.

Early Predictors of Later Independent Living Skills

VABS-DLS at time 1 explained a significant proportion of variance of VABS-DLS scores at
time 2 (Table 5). EF measures at time 1 did not predict a significant proportion of additional
variance in ILS at time 2, though CNT at time 1 approached significance.
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Discussion

The first aim of this study was to determine if there were significant differences in EF and
ILS between females with FXS and control groups in young adulthood. The FXS group
performed significantly higher than the 1Q/Age group on one of the two measures of EF, the
CNT, a test which involves specific EF skills (e.g., inhibition, set shifting, cognitive
flexibility, and working memory) and one of the two measures of independent living skills,
the Independent Living Scales, which examines the ability to function independently and
handle real-life situations, even after controlling for the effect of 1Q and age differences. We
did not find significant between-group differences for phonemic and semantic verbal
fluency, which assess attention, self-monitoring, self-initiation, cognitive flexibility, and
working memory as the participant retrieves words and monitors behavior to reach a goal,
and for the secondary measure of independent living skills, the Vineland Adaptive Behavior
Scales—Daily Living Skills domain. Finding a group difference on the Independent Living
Scales, a performance based measure, but not on the Vineland Adaptive Behavior Scales, a
measure based on caregiver report, may be due to variances in method of measurement (e.g.,
direct performance measurement versus survey).

Overall, females with FXS demonstrated strength in their ability to use specific EF and
independent living skills compared to individuals with a similar 1Q level. A possible
explanation for this observation may involve the early diagnosis of FXS because it is a
known genetic condition. For ASD, there is an emerging consensus that children benefit
from an early diagnosis and adaptions made to the child’s environment based on the
diagnosis (Fernell, Eriksson, & Gillberg, 2013). It is possible that, with an early diagnosis of
FXS, efforts to compensate and bolster associated deficits may lead to better outcomes
compared to individuals with a similar 1Q level but without a diagnosis. Thus, females with
FXS may have had more resources and opportunities to gain skills, such as those associated
with independent living. A detailed history of resources used and services received from
childhood to adulthood was not available for our participants and could be included as a
potential predictor of independent living skills in future studies. As previously mentioned,
Hartley et al. (2011) stated that increased independence in females with FXS was
significantly associated with interpersonal skills and age. Though our groups are matched
for age, differences in interpersonal skills may be contributing to the higher level of
independent living skills in our FXS group. However, further investigation specific to
interpersonal skills is warranted to confidently state that differences in social skills are
contributing to increased independence.

Contrary to prediction, we found no significant differences between the FXS and the TS
groups for performance on measures of EF and independent living skills after controlling for
the effect of 1Q and age differences. This finding suggests that females with FXS are able to
engage in the use of independent living skills at a level that is commensurate with their
overall intellectual ability and age in a manner comparable to another genetic disorder
associated with higher 1Q. One explanation for this finding may be related to ascertainment
bias in recruitment. This particular study requires a certain level of independence because of
the required demands for participation such as travel from across the nation and financial
resources. As a result, the FXS group may include more independent females in general. As
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well, the lack of predicted differences may be due to social impairments associated with TS
that impact independent living skills (Amundson, Boman, Barrenas, Bryman, & Landin-
Wilhelmsen, 2010).

Though difficulties with independent living skills are not specific to FXS, it is an area of
weakness for the participants in this study compared to the general population. This finding
sheds light on the specific developmental implications for FXS with regard to the ability to
live and function independently as young adults. Females with FXS were more successful in
their use of specific EF and independent living skills compared to individuals with a similar
1Q level and demonstrated 1Q and age commensurate skills when compared to people with
another genetic disorder associated with higher 1Q.

The second aim of this study was to determine if less impaired EF is associated with higher
independent living skills for females with FXS. Our findings support our hypothesis that EF,
in this case, phonemic verbal fluency, is associated with independent living, thus providing a
potential future avenue for intervention. This finding suggests that phonemic verbal fluency,
which examines attention, self-monitoring, self-initiation, cognitive flexibility, and working
memory, as a cognitive mechanism, is associated and involved with the ability to live and
function independently for females with FXS. In daily life, the ability to attend to the
environment, adapt to unforeseen changes, initiate behavior, maintain rules, and monitor
behavior is important for successfully achieving independence. Consequently, improvements
and strengthening of skills associated with phonemic verbal fluency can improve the ability
in females with FXS to live independently and may improve daily life skills, such as
personal upkeep, management of the home and transportation, social skills, and community
skills.

The third aim of this study was to determine if there are EF predictors in late childhood/
adolescence for independent living skills measured in young adulthood in females with FXS.
Specific EF skills measured in our study in late childhood/adolescence did not predict later
independent living. Though our findings were not statistically significant, we identified a
trend for the CNT, a test that involves EF including inhibition, set shifting, cognitive
flexibility, and working memory, as predicting later independent living. A possible
explanation may be that EF is in the process of development and refinement in adolescence.
In the general population, EF skills (e.g., attention, inhibition, shifting, planning, and
working memory) have distinct developmental trajectories that continue to develop and
improve in adolescence and young adulthood (Anderson, 2002; Best et al., 2009; Huizinga
et al., 2006). Deficits in EF have been observed in school aged children (Hooper et al., 2008;
Lightbody et al., 2006). Additionally, Bray et al. (2011) presented findings on divergent
structural brain development for individuals with FXS in adolescence compared to typically
developing controls. It may be a possibility that the developmental trajectory of EF within
FXS is affected from an early age. As a result, EF skill development, attainment and
refinement in people with FXS may be occurring at a slower rate than the general
population. However, further investigation is needed to determine the distinct developmental
trajectory of each EF skill within FXS.
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Our study provides novel information about females with FXS, but there are limitations. We
focused on two EF measures, the Contingency Naming Test and Verbal Fluency Test, which
did not capture all aspects of EF such as planning and include a strong language component.
Future studies could include additional EF measures including nonverbal measures to better
identify the developmental trajectory of EF skills in FXS and whether they predict current or
future adaptive behavioral function and independent living. Future studies could also include
additional questions or measures of independent living. For example, Hartley et al. (2011)
conducted a parent survey including questions about residence and employment, which were
particularly relevant because the study focused on adults. Additionally, our control group
sample size was relatively small compared to our FXS group. Though the 1Q/Age group did
not statistically differ from the FXS group in terms of intellectual ability, a larger sample
may have revealed statistically significant differences between these two groups on
executive function and independent living measures. Finally, our study focused solely on
females with FXS. Thus, it is difficult to generalize our findings to males with FXS. Future
studies may include males with FXS and corresponding male control groups (see Hustyi et
al., 2015).

Our study has provided a foundation for future investigations targeting EF and independent
living deficits in FXS. This study also emphasizes the importance of developing targeted
interventions for individuals with this disorder. Research has demonstrated the effectiveness
of cognitive remediation and the plasticity of EF in children with attention deficit and
hyperactivity disorder (Kray, Karbach, Haenig, & Freitag, 2012). With task switching
training, participants were able to improve their inhibition, shifting and working memory
skills. Although this study examined a population that differs from FXS in terms of
behavioral and genetic phenotype and features a pre/posttest study design, the mechanisms
of cognitive remediation may apply to FXS. Kesler et al. (2013) studied computerized,
home-based intervention programs to target EF in females with breast cancer who were
treated with chemotherapy. Through a randomized controlled trial, the authors found that
cognitive training led to significant improvements in EF (e.g., cognitive flexibility, verbal
fluency, and processing speed). Though this particular study examined females with breast
cancer and the neurocognitive late effects as a result of chemotherapy, it provides valuable
information about the utility of computerized, home-based intervention programs for
neurocognitive rehabilitation that might be used with people with FXS. Future studies with
FXS can examine similar targeted cognitive interventions to improve EF deficits with
randomized controlled trials. Because EF affects independent living, early targeted
intervention may improve future outcomes for people with FXS.
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Figure 1.
Phonemic Verbal Fluency (VF-P) as a Predictor of Independent Living Scales (ILS).
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