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K from an age-matched typically developing group. /

WHAT’S KNOWN ON THIS SUBJECT: To date, studies of adaptive
behavior in fragile X syndrome have focused on particular age
points, either longitudinally or cross-sectionally across a broad
age spectrum. Studies have shown variable patterns in adaptive
behavior among people with fragile X syndrome.

WHAT THIS STUDY ADDS: This study fills a critical gap in
knowledge about the profile of adaptive behavior across
childhood, adolescence, and young adulthood in fragile X
syndrome. This study is the first to incorporate longitudinal data

([

OBJECTIVE: To examine longitudinally the adaptive behavior patterns in
fragile X syndrome.

METHOD: Caregivers of 275 children and adolescents with fragile X
syndrome and 225 typically developing children and adolescents
(2—18 years) were interviewed with the Vineland Adaptive Behavior
Scales every 2 to 4 years as part of a prospective longitudinal study.

RESULTS: Standard scores of adaptive behavior in people with fragile X
syndrome are marked by a significant decline over time in all domains
for males and in communication for females. Socialization skills are
a relative strength as compared with the other domains for males with
fragile X syndrome. Females with fragile X syndrome did not show a dis-
cernible pattern of developmental strengths and weaknesses.

CONCLUSIONS: This is the first large-scale longitudinal study to show
that the acquisition of adaptive behavior slows as individuals with frag-
ile X syndrome age. It is imperative to ensure that assessments of
adaptive behavior skills are part of intervention programs focusing
on childhood and adolescence in this condition. Pediatrics 2014;134:315—
324
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Adaptive behavior, the term used to in-
dicate a person’s ability to function in-
dependently in his or her environment,
is a dynamic construct changing over
the course of a person’s life and de-
pendent on societal expectations.! It is
a measure of the consistency and ability
to conduct a task rather than potential 2
In other words, it measures what a per-
son does do rather than what a person
can do. Measures of adaptive behavior
are particularly important in assessing
people with intellectual disabilities. Not
only are deficits in adaptive behavior
part of the definition of intellectual dis-
ability,® but adaptive behavior skills also
play a pivotal role in the life success
of people with intellectual disabilities.
Many syndromes associated with intel-
lectual disability have associated adap-
tive behavior profiles, the identification
of which can be helpful as prognostic
indicators and for treatment planning.
Adaptive behavior is typically measured
in terms of one’s ability to communicate
and socialize with others, navigate the
daily environment with tasks such as
dressing oneself, and use coping mech-
anisms. As an example, on the Vineland
Adaptive Behavior Scales, a common
measure of adaptive behavior, children
with Down syndrome tend to score
lower in communication than in sociali-
zation, daily living, or motor skills*
whereas children with autism or Prader—
Willi syndrome show a strength in daily
living skills and a weakness in sociali-
zation sKkills.®

Fragile X syndrome, the phenotypic
result of a mutation inthe FMR71gene, is
the leading known inherited cause of
intellectual disability and the leading
known single-gene risk factor for au-
tism spectrum disorder, affecting 1 in
4000 boys and 1 in 8000 girls® This
syndrome is typically caused by an
expansion of trinucleotide repeats on
the fragile X mental retardation gene
(FMR1) on the long arm of the X chro-
mosome. In people with the FMRT full

316 KLAIMAN et al

mutation, the number of trinucleotide
repeats (CGG) typically expands to 200
or more, which results in hypermeth-
ylation of the gene and reduction of
FMRT messenger RNA and protein
production. Reduction of FMR1 protein
in the brain is believed to be re-
sponsible for the cognitive—behavioral
impairments found in people with
fragile X syndrome.”

To date, the literature addressing adap-
tive behavior in children with fragile X
syndrome has described profiles of
adaptive behavior, how adaptive behav-
iors change over time, and how people
with fragile X syndrome differ from
people with other developmental dis-
orders. Results suggest that people with
fragile X syndrome have strengths in
self-help and daily living skills, with weak-
nesses in socialization and communication
skills."8-1 Reports also suggest that there
may be a change in adaptive behavior
over time, although the direction of
this change differs across studies and
depends on whether age-equivalent
scores or standard scores are exam-
ined. Some reports indicate that there
is growth in adaptive behavior skills at
~10 years of age, and others suggest
a decline in these abilities as people
grow older89.12-14 Declines in standard
scores can reflect either a decline in
skills or a slowed rate of growth com-
pared with that of their same-age, typi-
cally developing peers.

In a study conducted by Hatton et al,2 70
children with the FMR7 full mutation
were assessed, on average 4.4 times
over the course of 8 years (average in-
terval between assessments was 12.9
months; age range 2—12 years). Age was
significantly related to age-equivalent
scores of adaptive behaviors in boys
with fragile X syndrome without a
comorbid diagnosis of autism, sug-
gesting that there is a steady increase
in adaptive skills as children get older.
Other studies indicate that adaptive be-
havior skill acquisition slows as children

with fragile X syndrome age.s10.1214-20
For example, Fisch et al'® found that
retest of standard scores for both 1Q and
adaptive behavior decreased in nearly
all members of a group of 24 boys, 4 to
15 years old, with the fragile X full mu-
tation and also declined in most of the 13
girls with the fragile X full mutation.’
Declining trajectories seem to be most
evident in older children and teen-
agers.’2 In a longitudinal study con-
ducted by Dykens et al ? significant gains
in adaptive behavior as indicated by age-
equivalent scores were found in boys
tested twice with the Vineland before 10
years of age, but those tested twice be-
tween 11 and 20 years of age did not
show significant gains. After 11 years of
age there was a mixed trajectory, with
45% showing modest gains in scores
and 55% showing modest declines. The
same researchers also conducted a
cross-sectional analysis and found that
boys aged 1 to 5 years of age showed
significant gains in adaptive skills, boys
6 to 10 years of age showed moderate
gains in adaptive behavior skills, and
boys and young men aged 11 to 15 years
and 16 to 20 years showed greater
scatter and no upward trajectory in their
adaptive behavior skills.? Taken together,
these results suggest that adaptive be-
havior seems to increase from ~5 to 11
years of age then reaches a plateau
where it remains stable or begins to
decline into late adolescence or early
adulthood. However, this potential de-
velopmental profile has yet to be dem-
onstrated with a large-scale longitudinal
study of adaptive behavior beyond the
age of 12 years in people with fragile X
syndrome 89.12-14

In terms of patterns of adaptive be-
havior, significant differences are reg-
ularly observed between the skill domains
in fragile X syndrome.29.1217 Previous
research examining age-equivalent
scores has suggested that daily living
skills are a relative strength, whereas
social skills are a relative weakness.



However, when standard scores were
examined,'® mean scores on the so-
cialization domain were significantly
higher than either the daily living or
communication domains.

Insummary, studies of adaptive behavior
in fragile X syndrome to date have fo-
cused on particular age points, either
longitudinally or in a cross-sectional
manner, across a broad age spectrum.
Furthermore, many ofthese studies have
assessed only a small number of par-
ticipants. As a result, there remains
a critical gap in knowledge about the
actual profile of adaptive behavior skills
across childhood, adolescence, and
young adulthood in fragile X syndrome.
The results of the study presented here
address this gap and also, for the first
time, incorporate longitudinal data from
an age-matched typically developing
control group. Understanding the de-
velopment of adaptive behavior across
development in fragile X syndrome is
important from multiple perspectives,
particularly in light of the need to
identify robust end-point measures
given the recent initiation of disease-
specific clinical trials for people with
this condition.19.20

METHOD
Participants

The participants were 275 people (186
males, 89 females) with fragile X syn-
drome and 225 people with typical de-
velopment (122 males, 103 females). All
participants with fragile X syndrome
were diagnosed with the FMRT full
mutation using DNA analyses. Educa-
tional levels of the parents of partic-
ipants with fragile X syndrome were
also assessed. The small number of
mothers who were known full mutation
carriers (n=5) had educational levels
similar to those of mothers with pre-
mutation status.

Participants with fragile X syndrome
were recruited through advertisements
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with the National Fragile X Foundation,
genetics clinics, developmental evalua-
tion centers, and early intervention
programs. For a proportion of the par-
ticipants between the ages of 6 and 16
years, their time 1 and Time 2 visit oc-
curred in their home. All subsequent
visits and those with the other partic-
ipants were conducted at Stanford
University or the University of North
Carolina at Chapel Hill. Typically de-
veloping children were recruited in the
local area through advertisements or
were unaffected siblings of the children
who had fragile X syndrome. The parents
or guardians of all participants provided
informed consent and received a $150
remuneration for each assessment point
in which the child or family participated.
The study was approved by the Stanford
University and University of North
Carolina internal review boards.

Measures

Adaptive Behavior Assessment

The Vineland Adaptive Behavior Scales,
Interview Edition, Survey Form (the
Vineland?') was used to assess adap-
tive behavior. The Vineland is a semi-
structured interview in which the
parent or close caregiver provides the
responses. Each item is scored on a
3-point scale, from 0 (never performs
the task), to 1 (sometimes or partially
performs the task), to 2 (usually per-
forms the task). As per Vineland man-
ual instructions, select items could
also be scored as Nifthe child has had
no opportunity to perform the task
or DK if the respondent has no
knowledge of the child’s ability to
perform the task. A trained clinician
or research assistant conducted the
Vineland interview with the primary
caregiver at each assessment point.

The Vineland provides standard scores
and age-equivalent scores for 4 domains:
Communication (receptive, expressive,
and written), Daily Living Skills (per-
sonal, domestic, and community), So-
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cialization (interpersonal relationships,
play and leisure time and coping skills),
and Motor Skills (gross and fine). An
overall Adaptive Behavior Composite
(ABC) is also derived based on these 4
domains and provides a comparison
with scores of a normative population.
The Vineland is normed for children
between birth and 18.11 years. The
Motor Skills domain provides standard
scores and age equivalents for children
<6 years of age and estimated stan-
dard scores for children >6 years old.
The Motor Skills domain thus contrib-
utes to the overall ABC score only for
children <6 years of age. The Vineland
has been reported to have test—retest
reliability ranging from 0.76 to 0.9322
and interrater reliability ranging from
0.62t0 0.78.2223

Procedure

Caregivers participated in the Vineland
interview approximately every 2 to 4
years as part of data collection for a
longitudinal study of development and
neuroimaging of people with fragile X
syndrome. The mean time between
assessments was 3.33 years (range 2-9
years). This interview was conducted in
person along with a larger battery that
was administered to both the children
and parents of the children with fragile
X syndrome. A group of typically de-
veloping children and their caregivers
served as controls for the study. Of the
typically developing participants, 60%
were siblings of the participants with
fragile X syndrome. These participants
tested negative for any form of the
fragile X mutation.

Data Analyses

To estimate trajectories of Vineland
domains across fragile X and gender,
we used a common growth model, also
known as linear mixed or hierarchical
linear model. 2426 We used maximum
likelihood estimation implemented in
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Mplus version 7.11 (Muthén and Muthén,
Los Angeles, CA).2” We conducted the
analysis assuming that data were
missing at random2® conditional on
observed information. We adminis-
tered the Vineland to a total of 500
participants. Among the total sample of
900 who participated in the study,
those who were administered the
Vineland at =1 time points were in-
cluded in the analysis. Thus, 262 par-
ticipants had only 1 assessment, 186
had 2 assessments, 46 had 3 assess-
ments, and 6 participants had 4
assessments. Within the sample in-
cluded in our analyses, the age ranged
from 1 to 25 years. However, the data
are sparse outside the age range of 6
to 18 years for females and 2 to 18 for
males. Therefore, we report statistical
inferences focusing only on these age
ranges by gender.

A quadratic growth model was chosen
(Vinelandjs - mq; + Mot + nz,,-tz +¢g;) for
individual / at age tto properly capture
nonlinear developments of Vineland
domains over time. Each of the 3
domains and the overall ABC were
modeled separately (results reported in
Tables 2 and 3). We used actual ages of
participants at 4 assessment points to
model the effect of age. According to the
likelihood ratio test, the model fit the
data significantly better in the presence
of the quadratic growth parameter,
whereas adding a cubic term did not
further improve the model fit. Three
random effects are included in the
quadratic growth models to estimate
Vineland trajectories of the entire sam-
ple, allowing for differences across the
4 groups (control females, control
males, females with fragile X syndrome,
and males with fragile X syndrome): the
initial status (m;), the linear growth
(m,), and the quadratic growth (ns).
Individual random variation is also
taken into account in the model (g;).
These 3 random effects are predicted by
fragile X status and gender.
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To formally test how the Vineland
domains develop differently between
males and females with fragile X syn-
drome and male and female controls
separately, we used a similar quadratic
growth model but using the 3 individual
domains of Vineland simultaneously
(results reportedinTable 4). Giventhat 3
domains are modeled simultaneously
with a smaller sample size (186 males
with fragile X syndrome, 89 females
with fragile X syndrome, 122 male
controls, and 103 female controls), we
used a random intercept model. The
random intercepts of the 3 domains
are allowed to be freely correlated in
the model.

Previous studies that modeled overall
and individual trajectories in fragile X
syndrome used both standard scores
and age-equivalent scores.2912-15 |n
this study, we use standard scores to
compare specific domain trajectories
within  group (Socialization versus
Communication, Socialization versus
Daily Living, Communication versus
Daily Living). The use of standard
scores appears better suited for such
cross-domain comparisons as op-
posed to age-equivalent scores.’™ As
also stated in the Vineland manual,
“one year’s growth has a very different
meaning at different points in the age

continuum and for different areas of
adaptive behavior.”21®19

RESULTS

Demographic information is shown in
Table 1 for participants with and with-
out fragile X syndrome. A wide range of
chronological and mental ages was
represented in both the participants
with fragile X syndrome and control
groups, and there was no significant
difference between groups at the initial
testing session with regard to age,
gender distribution, or parental 1Q. As
expected, the fragile X group had sig-
nificantly lower cognitive abilities than
the control group.

Estimated Trajectories

The estimated mean Vineland trajec-
tories based on our linear mixed model
estimation are presented in Figs 1 and 2
for males and females, respectively,
and overlaid onto the observed data.
Tables 2, 3, and 4 show results com-
paring the estimated trajectories. Ta-
ble 2 compares estimated Vineland
scores from one age to another age
(eg, 2 vs 6 years) within group. Table 3
compares groups to one another (eg,
males with fragile X syndrome versus
control males) at selected ages. Table 4

TABLE 1 Demographic Characteristics for Participants With Fragile X and Controls

Males With Females With Control Males, Control Females,
Fragile X, N= 186 Fragile X, N = 89 N=122 N=103
Age (y) at time 1, (SD) 9.12 (4.91) 11.71 (4.54) 9.10 (4.81) 12.32 (3.74)
1Q at time 1, (SD) 48.61 (10.34) 76.92 (18.96) 108.28 (11.36) 111.66 (12.41)
Ethnicity
Asian, (%) 3(2) 1(1) 2(2) 1(1)
White, (%) 148 (80) 68 (76) 88 (73) 81 (78)
Black, (%) 6 (3) 0 (0) 5 (4) 3 (3)
Hispanic, (%) 9 (5) 4 (4) 6 (5) 2(2)
Mixed, (%) 8 (5) 7(8) 12 (10) 5 ()
Other, (%) 0 (0) 1(1) 1(1) 2(2)
Unknown, (%) 12 (6) 8 (9) 7(6) 10 (10)
Maternal education
High school or less, (%) 24 (13) 11.(12) 11 (10) 15 (14)
Some college, (%) 44 (24) 24 (27) 33 (27) 27 (26)
College degree or higher, (%) 6 (41) 8 (43) 46 (38) 2 (40)
Unknown, (%) 2 (23) 6 (18) 31 (26) 0 (19)
1Q mother 106. 77 (12.72) 108.40 (15.07) 108.34 (13.61) 107. 11 (13.57)
1Q father 110.08 (13.64) 110.32 (16.59) 111.80 (13.56) 108.36 (14.83)
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FIGURE 1

Estimated Vinelandtrajectories for males with fragile X syndrome and control males. Each ofthe graphs highlights a different adaptive behavior domain. The top
left shows overall ABC scores, top right communication skills, and bottom left and right showing socialization and daily living skills, respectively. These graphs
highlight the decline in skills over time across all adaptive behavior domains in males with fragile X relative to controls.

compares Vineland domains (eg, So-
cialization versus Communication) at
selected ages and from one age to
another age in participants with fragile
X syndrome.

Within-Group Trajectory

As can be seen in Table 2 and Figs 1
and 2, all estimated mean Vineland
standard scores for males with
fragile X syndrome decrease signifi-
cantly over time (see Table 2, most
P estimates for males with fragile
X syndrome are <.001). Vineland
standard scores for females with
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fragile X syndrome decreased signif-
icantly only within the Communica-
tion domain (see Table 2, all Ps for
females with fragile X syndrome are
<.001).

Between-Group Comparison at
Selected Ages

Vineland standard scores for all
domains were significantly lower for
males with fragile X syndrome than for
control males and for females with
fragile X syndrome than for control
females at all selected ages (see Ta-
ble 3, all Ps for males and females

with fragile X syndrome are <<.001).
The discrepancy between males
with fragile X syndrome and control
males is greater than the discrep-
ancy between females with fragile X
syndrome and control females, as
indicated by significant interaction
effects (see Table 3, most Ps <
.001).

Comparison Between Vineland
Domains for People With Fragile X

To formally test how Vineland domain
scores develop differently within the
fragile X syndrome groups (males
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Estimated Vinelandtrajectories for females with fragile X syndrome and control females. Each ofthe graphs highlights a different adaptive behaviordomain. The
top left shows overall ABC scores, top right communication skills, and bottom left and right show socialization and daily living skills, respectively. These graphs
highlight the relative stability over time of adaptive behavior skills in females with fragile X relative to controls.

and females analyzed separately),
we used a similar quadratic growth
model, but with the 3 individual
domains of the Vineland simulta-
neously. Table 4 summarizes the sta-
tistical comparisons of trajectories
of the 3 Vineland domains among the
males and females with fragile X
syndrome. The estimated mean tra-
jectories of the 3 domains are dis-
played in Fig 3 (see Figs 1 and 2 for
complete data). We also compared
Vineland domains for male and fe-
male controls (122 control males and
103 control females, see Supplemen-
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tal Table 5 and Supplemental Fig-
ure 4).

Table 4 shows that for males with
fragile X syndrome, scores on the So-
cialization domain were significantly
higher than scores on both the Com-
munication and Daily Living Skills
domains at all selected ages (all Ps
<.001). Furthermore, the decline in
Socialization skills was smaller than
the decline in both Communication
and Daily Living Skills at all ages with
the exception of 10 to 18 years, where
the decline in Socialization skills was
greater than the change in Daily Liv-

ing Skills (P << .001). With regard to
Communication and Daily Living Skills
in boys with fragile X syndrome, the
most meaningful difference occurred
after 14 years of age, when Daily Liv-
ing Skills increased while Communi-
cation Skills continued to decline (P <
.001).

For females with fragile X syndrome,
a more variable pattern was found.
Socialization and Communication
Skills were not significantly different
from one another through 10 years
of age. From 10 to 14 years of age
there was a greater decline in
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TABLE 2 Estimated Longitudinal Changes in Vineland Scores Based on Mixed Effects Modeling
Males With Fragile X, N = 186 Females With Fragile X, N = 89

Control Males, N = 122 Control Females, N = 103

Change in Vineland P Change in Vineland P Change in Vineland P Change in Vineland P

ABG
Change from age 2 to 6 —13.282 <.001* —1.876 .280 —0.187 916 —8.078 .047
Change from age 6 to 10 —9.133 <.001* —1635 122 —0.585 554 —3.747 047
Change from age 10 to 14 —4.984 <.001* —1.394 235 —0.983 312 0.584 714
Change from age 14 to 18 —0.835 406 —1.381 426

Socialization
Change from age 2 to 6 —11.208 <.001* —1.885 365 0.476 797 —0.164 935
Change from age 6 to 10 —8.081 <.001* —1.879 129 0.683 473 —0.226 .846
Change from age 10 to 14 —4.955 <.001* —1.873 136 0.889 367 —0.288 841
Change from age 14 to 18 —1.828 212 1.095 .566

Communication
Change from age 2 to 6 —13.992 <.001* —5.500 003 —0.828 625 —5.893 127
Change from age 6 to 10 —11.197 <.001* —5.435 <.001* —2.362 .007 —4.370 014
Change from age 10 to 14 —8.403 <.001* —5.370 <.001* —3.895 <.001* —2.848 994
Change from age 14 to 18 —5.609 <.001* —5428 006

Daily Living
Change from age 2 to 6 —17.988 <.001* 1.223 518 0.550 773 —8.352 .006
Change from age 6 to 10 —10.502 <.001* 1.805 11 0.580 554 —2477 .099
Change from age 10 to 14 —3.015 .001 2.386 .083 0.609 .564 3.398 059
Change from age 14 to 18 4472 003 0.639 753

* P <<.0001.

Communication Skills such that, by
age 18 years of age, Communication
Skills were significantly lower than

Socialization Skills (P < .05). The
scores for Daily Living were signifi-
cantly different from Socialization

TABLE 3 Effects of Fragile X Based on Estimated Trajectories of Vineland Scores Using Mixed

Effects Modeling

Males With Fragile X
Versus Gontrol Males

Females With Fragile X
Versus Control Females

Group (Fragile X or
Control) by Gender
Interaction

Difference in P
Standard Scores

Difference in P
Standard Scores

Difference in P
Standard Scores

Adaptive behavior

composite
At age 2 —31.932 <.001* —35.909 <.001* —9.118 106
At age 6 —45.027 <.001* —29.708 <.001* —23.867 <.001*
At age 10 —53.575 <.001* —27.596 <.001* —29.980 <.001*
At age 14 —57.576 <.001* —29.574 <.001* —27.457 <.001*
At age 18 —57.031 <.001*

Socialization
At age 2 —23.345 <.001* —21.261 <.001* —13.768 <.001*
At age 6 —35.029 <.001* —22.982 <.001* —20.811 <.001*
At age 10 —43.793 <.001* —24.635 <.001* —25.002 <.001*
At age 14 —49.637 <.001* —26.220 <.001* —26.340 <.001*
At age 18 —52.560 <.001*

Communication
At age 2 —33.429 <.001* —27.748 <.001* —18.845 <.001*
At age 6 —46.593 <.001* —27.355 <.001* —28.073 <.001*
At age 10 —55.428 <.001* —28.420 <.001* —31517 <.001*
At age 14 —59.936 <.001* —30.942 <.001* —29.174 <.001*
At age 18 —60.116 <.001*

Daily Living
At age 2 —23.040 <.001* —34.537 <.001* —7.041 157
At age 6 —41.578 <.001* —24.962 <.001* —27.697 <.001*
At age 10 —52.660 <.001* —20.680 <.001* —35.603 <.001*
At age 14 —56.284 <.001* —21.692 <.001* —30.759 <.001*
At age 18 —52.450 <.001*

* P < 0001,
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only at age 6 (P < .01) and Com-
munication at ages 6 and 18 (P <
.01).

DISCUSSION

The results of this study demonstrate
striking developmental patterns of adap-
tive behavioral function among children
and adolescents with fragile X syn-
drome compared with typically de-
veloping participants. The trajectory
of adaptive behavior of people with
fragile X syndrome is marked by a sig-
nificant decline in standard scores
on all domains for males and on the
Communication domain for females
throughout childhood and adolescence.
For males with fragile X syndrome,
a relative strength throughout develop-
ment is observed for Socialization
Skills as compared with Communi-
cation and Daily Living Skills. For
females with fragile X syndrome, a clear
pattern of strengths and weaknesses
across domains did not emerge, that is,
the trajectories were similar across
domains.

Our study is the first large-scale longi-
tudinal investigation to show decreases
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TABLE 4 Comparison of Vineland Scores Between Participants With Fragile X Based on Estimated
Trajectories Using Mixed Effects Modeling

Socialization Versus
Communication

Socialization Versus

Communication

Daily Living Versus Daily Living

Difference in P
Standard Scores

Difference in P
Standard Scores

Difference in P
Standard Scores

Males

At age 2 5.001 <.001*

At age 6 8.143 <.001*

At age 10 11.232 <.001*

At age 14 14.269 <.001*

At age 18 17.253 <.001*

Change from 3.142 011
age2to6

Change from 3.089 <.001*
age 6to 10

Change from 3.037 <.001*
age 10 to 14

Change from 2984 034
age 14to 18

Females

At age 6 —2252 488

At age 10 0.676 .828

At age 14 3.714 270

At age 18 6.862 .008

Change from 2928 .504
age 6to 10

Change from 3.038 .031
age 10to 14

Change from 3.148 389
age 14to 18

5.456 <.001* 0.455 789
12.578 <.001* 4.435 <.001*
15.047 <.001* 3.814 .001
12.862 <.001* —1.407 262

6.024 <.001* —11.228 <.001*

7122 <.001* 5.980 .008

2.469 <.001* —0.620 426

—2.185 .001 —5.221 <.001*
—6.838 <.001* —9.882 <.001*

9.850 .002 12.103 .001

5.777 051 5.101 028

1.581 045 —2.133 .369

—2.737 221 —9.599 <.001*
—4.074 214 —7.002 011

—4.196 002 —17.234 <.001*
—4.318 190 —17.466 <.001*

Formales, N=91for T1 only, N=63 for T1 and T2, N=26 for T1, T2, and T3, and N'= 6 for 4 time point measures. For females, N=
38 for T1 only, N = 34 for T1 and T2, N= 17 for T1, T2, and T3, and N = 0 for 4 time point measures. *P < .0001.

in adaptive behavior standard scores
in people with fragile X syndrome
throughout childhood and adolescence.
Specifically, we found that the adaptive
behavior of males and females with
fragile X syndrome decreases more
throughout childhood than that of their
same-gender, typically developing peers.
Most studies to date have been cross-
sectional, and those that were longitu-
dinal were limited in sample size. Our
results extend previous findings®10.12.14-16
suggesting that the acquisition of
adaptive behavior skills slows as
people with fragile X syndrome grow
older. However, previous results of
studies using age-equivalent scores
indicate that rates of development in
fragile X syndrome either increase® or
do not change from 1 through 12
years.2 Unlike these previous studies,
we analyzed patterns of standard
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scores over time instead of age-
equivalent scores. We deemed stan-
dard scores to better capture change
over time, given the consistent distri-
bution of scores across all ability lev-
els and ages.29:30

In examining profiles of adaptive
functioning, we found a relative
developmental strength for males
with fragile X syndrome in Socializa-
tion compared with Communication
and Daily Living Skills. Over time, So-
cialization Skills decreased the least
as compared with the other domains.
This contrasts past studies that have
shown Socialization Skills to be the
most aberrant in fragile X syndrome.2
This discrepancy may result from
higher rates of autism symptoms in
other studies using different sam-
pling procedures. Such sampling dif-
ferences could have created a bias

resulting in unlike research samples
across studies with respect to social
abilities.

We observed Daily Living Skills to
increase after 14 years of age in
males with fragile X syndrome. This
partially replicates other studies
that have found this domain to be a
strength throughout childhood and
adolescence.’2917 Daily Living do-
main scores were also observed to
increase over time in females with
fragile X syndrome, although, when
compared at selected ages, these
scores were not significantly differ-
ent from those in other domains. It
is possible that if our sample had
included older participants, we
would have observed a strength in
Daily Living Skills in young adulthood.
Age has previously been found to be
a predictor of independence for young
women with fragile X syndrome s

In addition to restricting our inter-
pretations to selected age ranges
(2-18 for males and 6-18 for fe-
males), there are other limitations to
this study. Some of the initial visits
were performed in the homes of the
participants, so their time and ability
to travel were not a limiting factor
for these assessments. Most sub-
sequent visits did require travel.
Thus, anxiety and behavioral prob-
lems, if present in people with fragile
X syndrome, could have deterred on-
going participation. However, issues
related to attrition and the study
design were mitigated by the use
of mixed effect modeling, which al-
lowed us to include participants with
only 1 data point in the longitudinal
analyses.

Despite this study being one of the
largest to examine trajectories of adap-
tive behavior in people with fragile X
syndrome, a larger sample would allow
comparison of subgroups based on, for
example, autism symptoms, cognitive
functioning, and FMR1 protein levels.
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FIGURE 3

Estimated trajectories of Vineland scores based on longitudinal mixed effects modeling. These graphs
highlight the differences between domains of the Vineland for males and females with fragile X.

Visual exploration of the graphs sug-
gests that a subgroup of people show
gains in adaptive behavior skills over
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