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Abstract
BACKGROUND—Substantial phenotypic overlap exists between fragile X syndrome (FXS) and
autism, suggesting that FMR1 (the gene causing FXS) poses a significant risk for autism. Cross-
population comparisons of FXS and autism therefore offer a potentially valuable method for
refining the range of phenotypes associated with variation in FMR1. This study adopted a broader
phenotype approach, focusing on parents who are at increased genetic liability for autism or FXS.
Women who were carriers of FMR1 in its premutation state were compared with mothers of
individuals with autism, and controls in an attempt to determine whether subtle features of the
broad autism phenotype may express at elevated rates among FMR1 premutation carriers.

METHODS—The principal personality and language features comprising the broad autism
phenotype (i.e., rigid and aloof personality, and particular patterns of pragmatic language use)
were assessed among 49 premutation carriers who were mothers of individuals with FXS, 89
mothers of individuals with autism, and 23 mothers of typically developing individuals.

RESULTS—Relative to controls, the autism and premutation parent groups showed elevated
rates of certain personality and language characteristics which have been described as constituting
the broad autism phenotype.

CONCLUSIONS—Findings suggest partially overlapping personality and language profiles
among autism and premutation parent groups, with rigid personality style and patterns of
pragmatic language use emerging as features most clearly shared between groups. These results
provide further evidence for the overlap of autism and FXS, and may implicate FMR1 in some of
the subtle features comprising the broad autism phenotype.
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As currently defined (1), there is no single “autism” but rather different etiological processes
that converge in a similar clinical-behavioral endpoint. A known genetic cause can be
identified in 10–20% of cases of autism, with ~10% of these being single-gene disorders
associated with autism (2). The observation that autism occurs at elevated rates in certain
single-gene disorders has prompted investigation of associated monogenic conditions as a
paradigm for identifying gene and brain pathways potentially involved in the behavioral
phenotype of autism. Fragile X syndrome (FXS) is the most common single-gene disorder
associated with autism (3–7). Approximately 30% of individuals with FXS meet full
diagnostic criteria for autism, and an additional 20% meet criteria for pervasive
developmental disorder, not otherwise specified (PDD-NOS) (3, 5, 7–9). Of individuals
diagnosed with autism 3 – 6% also have FXS (10, 11). Furthermore, the FMR1 premutation
(i.e., CGG repeat length of the 5′ UTR of the FMR1 gene between 55–200) appears to
confer risk to autism among carrier relatives of individuals with FXS (3, 12–15). Clifford et
al. (3) reported 14% of boys and 5% of girls carrying the premutation had an autism
spectrum disorder. Examining rates of autism in clinical referrals and their relatives, Farzin
et al. (14) found that 73% of boys presenting clinically and 7% of males identified through
cascade testing showed an autism spectrum disorder.

Because much is known about the molecular and neurobiological basis of FXS, and given its
strong phenotypic overlap with autism, comparisons of autism and FXS have been pursued
as a method for defining specific phenotypes associated with known genetic variation, in
this case variation in the fragile X mental retardation gene (FMR1) (16) (17, 18). The
protein encoded by FMR1, the Fragile X Mental Retardation Protein (FMRP), regulates a
number of pathways associated autism (19–23), leading to specific hypotheses regarding
role of dosage-sensitive genes encoding proteins involved in synaptic plasticity (23).
Knowledge of the neuropathology and neurobiological abnormalities in FXS is also leading
to the development of targeted treatment of symptoms in FXS, many of which could provide
promising avenues for treating symptoms of autism as well (16).

In spite of such promising directions, definitive links between symptom overlap, underlying
genetic variation, and neuropathology related to autism have not been established, and there
exists some debate concerning the clinical validity of autism in FXS (7, 24), with suggestion
that autism symptoms observed in FXS are a result of more severe impairment and
intellectual disability overall. In line with this argument, some studies of brain morphology
in autism and FXS have suggested distinct neuroanatomical profiles in these groups (25–27),
demonstrating that different brain changes could give rise to similar behavioral phenotypes.

The study of relatives who are at increased genetic liability (and who in the case of FXS,
will be carriers of FMR1 in its premutation state) may complement studies of individuals
affected with autism and FXS, and help to address how FMR1 may play a role in the broad
spectrum of autism related features. Phenotypes among unaffected relatives are less likely to
be obscured by comorbidities, such as intellectual disability, and can offer a glimpse at the
distilled expression of genetic liability, thereby affording more straightforward examination
of gene-behavior relationships. Adopting such an approach, this study builds on the well-
documented observation that genetic liability to autism appears to manifest among
unaffected relatives through features that are milder but qualitatively similar to the defining
characteristics of autism, described as constituting a broad autism phenotype (BAP) (28–32).
Such features include social reticence/aloof personality, inflexibility/rigid personality,
overly-conscientiousness, and particular profiles of pragmatic (social) language. These
features are similar in quality to the component features of autism (social impairment,
restricted interests and behaviors, and problems with social communication, respectively)
but are typically subtly expressed among relatives, and tend not to be associated with
functional impairment (33).
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The premutation occurs in approximately 1 in 250 females and 1 in 800 males (34, 35).
Unlike in FXS, in the premutation methylation does not typically occur, although higher
repeat sizes have been associated with decreases in FMRP (12) and deficits of FMRP have
been found in brain tissue of premutation mice (36). The primary known molecular
mechanism in the premutation involves elevated mRNA, which leads to gain of function
effect and toxicity to cells (37). RNA toxicity is implicated in both fragile X-associated
tremor/ataxia syndrome (FXTAS) and premutation ovarian failure (FXPOI) (38), although it
is still unclear precisely how it may lead to additional phenotypes documented among
carriers.

As noted previously, elevated rates of autism among premutation carriers have been
reported. Additionally, women with premutation alleles have been shown to display social-
emotional profiles reminiscent of the aloof personality trait of the BAP described among
autism relatives (39). Higher rates of detail-oriented, perfectionistic traits (as well as more
significant psychopathology) have also been reported in both male and female premutation
carriers (38, 40), supporting the hypothesis that variation in FMR1 could give rise to
features associated with the BAP. This study investigated this hypothesis by comparing
mothers of individuals with FXS who were confirmed carriers of the FMR1 premutation
allele with mothers of individuals with autism (with and without the BAP), and controls
along directly assessed, clinically defined personality and language features of the BAP. We
also examined correlations between BAP features in parents and autism symptoms in
children using a quantitative measure of autism traits.

This study focused on women because of the known inheritance pattern of FXS – i.e., all
mothers of a child with FXS are carriers of the FMR1 premutation allele, unless they
themselves have the full mutation. The autism and control parent groups were restricted to
women to control for sex. By comparing these groups along established measures of the
BAP, we aimed to help define the range of phenotypic characteristics associated with autism
that could be linked with FMR1 variation. Evidence of the BAP among FMR1 premutation
carriers would support the hypothesis that FMR1 variation may play a role in autism and
contribute to current debates concerning the validity of autism in the context of FXS.

Methods
Participants

Participants included 49 mothers of children with FXS (premutation carriers), 89 mothers of
children with autism, and 23 mothers of children with typical development. All participants
were native speakers of English. There as no significant difference between groups in age,
with the average age for all groups falling in the early- to mid-40s, means and standard
deviations as follows: premutation carrier parents= 42.8 (8.2), autism parents = 45.6 (7.2),
and control parents = 41.8 (8.3). Groups were also matched on race and SES (income).

FMR1 premutation group—Mothers of individuals with FXS (premutation carriers)
were recruited from the Research Participant Registry Core of the Carolina Institute for
Developmental Disabilities at UNC. Although both men and women can be carriers of
premutation FMR1, to optimize recruitment and avoid drawing blood to determine carrier
status of men, only mothers of children with FXS were included (i.e., all mothers of a child
with full mutation FXS are premutation carriers). While men can be carriers and pass on
premutation FMR1 to their daughters, FMR1 appears stable in males, and does not expand
to the full mutation state in off-spring). Participants were ascertained through a child with
confirmed full mutation expansion of the FMR1 5′ UTR CGG repeat of ≥200 copies.
Medical records were obtained to confirm premutation alleles (i.e., between 55 and 200
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CGG repeats) in mothers. Two individuals were identified as having the full mutation, and
were excluded, resulting in a total of 49 women who were included in the study.

Autism parent group—Eighty-nine mothers of individuals with idiopathic autism
participated in this study. The sample comprised a previously tested group of 46 mothers
who had participated in a family study of the neuropsychological basis of autism and the
BAP (41). An additional group of 43 mothers of individuals with autism were recruited 22
from the local the community and 21 from midwestern regions of the United States, in order
to increase sample size for comparison with our all-female premutation parent group. For
previously tested parents, a diagnosis of autism was established through diagnostic medical
records and confirmed through administration of the ADOS and ADI. For the newly
recruited group, diagnostic records were also obtained to confirm diagnoses of idiopathic
autism. Autism symptomatology was also queried using the Autism Family History
Interview (28) to confirm the presence of developmental delays and behaviors consistent
with a diagnosis of autism. All children were screened for evidence of gross central nervous
system impairment, and for FXS and other monogenetic conditions associated with autism.

Control parent group—A total of 23 mothers of typically developing children were
included in the control group. Data for four mothers who had been previously tested for a
prior study (41) were included. An additional 19 mothers of typically developing individuals
were recruited from the community to serve as a comparison group. Mothers were recruited
via brochures distributed throughout the community (e.g., at local child care centers) and
mass email to campus employees. The Autism Family History Interview (28) was
administered to probe developmental histories for all children, and for the participants’ own
developmental history to confirm typical language, social and motor development, and no
family history of autism or FXS or any language or cognitive delays. Only mothers of
children who were at least 3 years of age were included to ensure that children were of a
sufficient age to assess the presence of any language or cognitive delays.

Assessment of personality traits of the BAP
The Modified Personality Assessment Schedule (MPAS; (42)) was used to assess the
personality traits of the BAP. This instrument has been used repeatedly to investigate
personality features in the BAP (e.g., 31, 32, 43), and is incorporated within a broader, semi-
structured interview that begins by soliciting autobiographical accounts used for rating
pragmatic language (below) and substantiating personality assessments in the formal
interview (e.g., questions about childhood friendships, experiences in school, jobs, spousal
relationships). Subjects are then guided through a number of questions to probe personality
characteristics relevant to autism and the BAP, namely, rigid personality, overly-
conscientiousness, and socially aloof disposition. These traits correspond to the ritualistic/
repetitive and social symptom domains of autism, respectively. Concrete behavioral
examples are solicited to substantiate trait endorsement. Ratings are assigned by raters blind
to group status using a three-point scale (absent, mild, or present and striking) based on
operational definitions of each trait. All samples were rated independently by two coders
who were blind to group status (JK served as primary coder, with one of two secondary
coders). Coders underwent extensive training, including blinded coding of interviews from
an extensive video library of practice interviews, discussion of constructs and item
definitions, and consensus coding meetings of practice tapes prior to rating interviews from
study participants. Disagreements were resolved through discussion and consensus scores
were produced. Inter-rater reliability was good, with 87% agreement for aloof (κ = .37),
90% for rigid/inflexible (κ = .58), and 94% for overly-conscientious (κ = .90).
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Whereas this interview can include both subject and informant assessments (involving the
same questions addressed to either the subject, or an informant spouse or close friend),
owing to time constraints, only the subject portion of this interview was administered in this
study. Thus, all premutation carriers, control parents, and newly ascertained autism parents
were administered the subject portion of the MPAS only. Interviews conducted with the 46
previously tested autism parents involved both subject and informant interviews, but to
ensure comparability across samples only ratings of subject interviews were examined here.
Furthermore, interviews from 15% of the previously coded autism sample were randomly
selected and re-rated (using only the subject portion of the interviews) by the primary rater
(JK), who was blind to all previous scores and group status. Agreement was as follows:
aloof: 100% (κ = 1.0); rigid: 91.6% (κ = .63); and overly-conscientious: 100% (κ = 1.0).
Because of the high agreement between the primary rater and the previously completed
MPAS scores, scores for all autism parent participants were combined for analyses using
subject interview ratings.

Assessment of pragmatic language features of the BAP
Pragmatic language was assessed from videotaped conversational samples from a semi-
structured interview, in which the participant was asked questions about their life history. To
ensure similar topics across interviews a series of probe questions were used that focused on
common topics (e.g., “How did you meet your spouse?”). Interviewers were trained to elicit
responses sufficient for coding relevant pragmatic language skills by following the
participant’s conversational lead, commenting, and offering information as one would
during a natural conversation.

Conversational samples were assessed for pragmatic language violations with the Pragmatic
Rating Scale (PRS; (44)), which was designed to capture social language use among
relatives of individuals with autism. This measure has been used in several family studies of
autism and has been shown to reliably distinguish relatives of individuals with autism from
controls (e.g., 32, 43). Items are rated on a 3-point scale, with a score of ‘0’ indicating no
evidence of the language feature in question, ‘1’ indicating present but mild, and ‘2’
indicating present to a large degree. Objective criteria for each code were used to rate the
frequency and severity of each item. As with coding of personality features, all samples
were rated by two independent raters who were blind to group status. Where disagreements
occurred, consensus scores were determined through discussion. Reliability was conducted
prior to consensus discussions using two-way mixed Intra-Class Correlations, and indicated
an ICC (3,1) of .626 with the primary rater and secondary rater #1, and an ICC (3,1) of .716
with the primary rater and secondary rater #2. Pragmatic language data were was not
available for previously recruited autism parents due to changes in pragmatic language
coding methodology for the present study.

Assessment of autism features in children
In order to obtain a quantitative measure of autism symptoms and severity in children for
parent-child correlations, parents were administered the Social Responsiveness Scale (SRS)
(45). The SRS is an informant-based questionnaire that assesses autism features, and social
reciprocity in particular, on a single dimension, in affected and unaffected individuals.

Results
Personality features of the BAP

Personality features measured by the MPAS scores were analyzed as dichotomized variables
by combining scores of 0 and 1 as ‘absent’ versus scores of 2 indicating the presence of a
trait. All traits were more common among the autism and premutation carrier parent groups
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than in controls, and were relatively equally prevalent in the autism and premutation groups
(see mean prevalence rates in Figure 1). Rates of personality characteristics between the
parent groups were compared using simple frequency analysis with two-tailed tests. The
relatively small sample size of the control group attenuated between-group differences,
potentially masking significant effects. Nonetheless, the control group was significantly less
likely to exhibit the rigid trait than either the autism (χ2 = 5.61, p < .05) or the premutation
group (χ2 = 7.66, p < .05). The difference between control and premutation groups on
overly conscientious was notable, but non-significant (χ2 = 3.64, p = .057). No significant
differences were detected for the aloof trait. The autism and premutation parent groups did
not differ significantly on any of the traits.

Pragmatic language features of the BAP
Analysis of variance was used to examine mean differences in the frequency of pragmatic
language violations across groups. As illustrated in Figure 2, group differences were
detected in the total frequency of pragmatic language violations (F (2, 94) = 7.36, p < .001),
with both the autism and premutation parent groups scoring higher on the PRS (i.e.,
committing more pragmatic language violations) than controls (p values < .05, adjusted for
multiple tests using Tukey-Kramer; (46)). The autism and premutation carrier parent groups
did not differ significantly in the total frequency of pragmatic language violations.

Factor Analysis of the PRS
Exploratory factor analysis (EFA) was conducted to investigate potential factors underlying
the patterns of pragmatic language violations, and to explore whether patterns of pragmatic
language errors were qualitatively similar across groups. EFA models were run in Mplus
and fit under full information maximum likelihood estimation with a geomin rotation.
Geomin is an oblique rotation which allows for correlated factors. The eigenvalues for the
first three factors were 6.3, 4.3, and 1.9. The eigenvalues for the fourth and fifth factors were
greater than one, a common criterion for the inclusion of those factors. However,
examination of the scree plot showed a distinct leveling after three factors, thus a three
factor model was determined to be the most appropriate.

As noted in methods, PRS items had three response categories (0, 1, 2) based on severity,
and these codes were treated as categorical variables for EFA. In estimating factor analytic
models with categorical data, polychoric correlations are used to produce the asymptotic
covariance matrix for analysis (Joreskog, 1994). Mplus automates this procedure and it is
done internally. Four variables were dropped from the analysis due to high collinearity with
other variables in the model: “Unclear Intent”; “No background information”; and “Cannot
clarify message.”

All three models had strong model fit (see Table 1). Although the two and three factor
solutions did not provide statistically better fit than the one factor solution, the three factor
solution provided the most theoretically meaningful constructs. The pattern of correlations
among these variables, particularly the near zero correlation of factor one and factor two, as
well as the relatively small correlation between factor one and factor three, further indicate
that these factors are separate constructs, supporting a three-factor model. Factor loadings
are presented in Table 2. Items associated with conversational dominance and verbosity
tended to load together on a “Dominating” factor. A “Withdrawn” factor included items
reflecting a failure to offer sufficient information in conversation. Finally, features related to
the suprasegmental characteristics of speech (e.g., speech rate, volume) loaded on a third
factor, “Atypical Suprasegmental”, although pedantic speech and lack of reciprocity in
conversation also loaded on this factor.
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In order to assess whether groups committed similar types of pragmatic language violations,
factor scores were derived for each participant and compared across groups. Factor scores
differed significantly for groups for each of the three factors: “Dominating” (F (2, 94) =
3.213, p < .05), “Withdrawn” (F (2, 94) = 6.67, p < .005), and “Atypical Suprasegmental”
conversational styles (F (2, 94) = 7.44, p < .005). In each case, both the premutation and
autism parent groups differed significantly from controls (p <.05), but did not differ from
one another (p values >.50) (see Figure 3).

Parent-Child Correlations
Autism symptoms in children assessed by the SRS were examined in relationship to
personality and language features of the BAP among parents. Within the premutation group,
a significant positive association was detected between children’s SRS scores and the
presence of the rigid personality trait (r = .33, p < .05), and the frequency of pragmatic
language violations (r = .46, p < .05) in parents. That is, premutation carriers who displayed
the rigid personality feature and who exhibited language characteristics of the BAP tended
to have children with more severe autism symptoms. No parent-child correlations were
detected for the autism or control groups.

Discussion
The substantial phenotypic and etiologic heterogeneity in autism has hampered efforts to
identify the causes of this serious neurodevelopmental disorder. Fragile X syndrome (FXS)
and other single-gene disorders showing phenotypic overlap with autism provide a means of
studying the autism phenotype in the context of a known genetic condition, where the
identification of a candidate gene can provide a foothold for understanding gene-behavior
relationships in autism (16). This study focused on carrier relatives, comparing blind ratings
of directly assessed personality and language features of the broad autism phenotype (BAP)
in mothers of children with FXS with mothers of children with autism and controls, with the
aim of identifying features of the BAP that overlap with the FMR1 premutation phenotype,
and which may be linked to variation in the FMR1 gene.

Findings indicated that some, but not all BAP characteristics occurred at significantly
elevated rates among FMR1 premutation carrier women. Significantly higher rates of rigid
personality were noted among the premutation and autism parent groups than controls.
These groups also differed in their use of pragmatic language, with the autism and
premutation groups committing significantly more pragmatic language violations than
controls. Notably, comparisons of factor scores across the three factors (Dominating,
Withdrawn, and Atypical Suprasegmental conversational styles) showed that the
premutation and autism parent groups committed the same types of pragmatic language
violations. Pragmatic language impairment is a hallmark of autism, and among the most
consistently reported features of the BAP, making it noteworthy that premutation carriers
showed both similar rates and types of errors as autism parents. Finally, significant parent-
child correlations were detected in the premutation carrier group, where the presence of rigid
personality, and the frequency of pragmatic language violations in mothers were both
positively correlated with severity of autism symptoms in children with FXS. Similar
associations were not detected in the autism parent group, perhaps owing to reduced
variation in children’s scores on the SRS (i.e., all children had autism and scored within a
limited range on the SRS).

Rates of aloof and overly-conscientious features did not differ significantly across groups,
although it should be noted that both the premutation and autism parent groups exhibited
rates of aloof (~15%) and overly-conscientious (~35–45%) that were comparable to those
reported in prior studies of the BAP (e.g., 32) and elevated relative to controls (10% aloof,
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14% overly-conscientious). The relatively small control group included here likely limited
statistical power to detect differences. This study’s exclusive focus on women may also be
an important consideration in evaluating the frequency of BAP traits in all groups, given that
some studies have shown that features of the BAP may be more common among males (e.g.,
47). Or it may simply be the case that autism-related phenotypes are not identical in these
groups, with overlap confined to the pragmatic language and rigid/perfectionistic personality
features. Because this study was the first to compare directly BAP features in premutation
carriers and autism parents, and was thus exploratory in nature, the elevated (though
nonsignificant) rates of each of the personality features studied should be studied further,
particularly given that the aloof and overly-conscientious characteristics bear striking
similarity to personality features previously documented among premutation carriers (38–
40).

Whether the BAP is evident among FMR1 premutation carriers in a more limited way, or
should it prove to be more extensively expressed upon further study, evidence of BAP traits
among premutation carriers supports the validity of autism in FXS. These findings also add
to knowledge of the range of phenotypes associated with the FMR1 premutation, once
thought not to have any phenotypic expression. The clinical features of the BAP may also
guide investigations of neuropsychological endophenotypes in autism and FXS. In parents
of individuals with autism, for instance, social features of the BAP have been linked with
performance on social cognitive tasks known to tap amygdala function, and which also
differentiate individuals with autism from controls (41, 48). Imaging studies of men with the
premutation have reported decreased amygdala volume, accompanied by decreased
amygdala activation to social cognitive tasks (49, 50). Hessl et al. (50) also reported an
association between reduced amygdala activation and decreased FMRP (above and beyond
associations with elevated mRNA), providing important evidence of an impact of reduced
FMRP without methylation in premutation carriers. Structural and functional differences
have been observed in the hippocampus and prefrontal cortex (51–53) (with additional, more
extensive cerebral and cellular abnormalities present in premutation carriers with FXTAS
e.g., (52, 54)). Direct comparisons of cerebral structure and function in premutation carriers
and parents of individuals with autism/the BAP could be particularly informative in defining
neurological endophenotypes in the BAP and premutation, related to FMR1 and/or its
interactors.

An important question concerns how exactly FMR1 variation may lead to features of the
BAP, or autism for that matter. Evidence from a considerable literature indicates that FMR1
mutations in autism are not common, and most studies employing conventional methods for
measuring and analyzing FMRP (the Fragile X Mental Retardation Protein encoded by
FMR1 and implicated in the cognitive phenotype of FXS) have reported that FMRP is not
altered among autistic individuals (though see reports from postmortem studies showing
lower levels of FMRP in cerebella and superior frontal cortex in autistic individuals,
compared to brains from matched controls (55, 56)). Thus, the mechanisms by which FMR1
variation leads to autistic-like phenotypes are not straightforward.

It may be the case that FMR1 variation causes a similar diathesis of symptoms in relatives as
those genes thought to cause autism. Alternatively, FMR1 may act in an additive or epistatic
manner with other autism susceptibility loci to produce features of autism and the BAP (7,
18). This possibility is consistent with the observation that mutations in FMR1 are
associated with autism in only a portion of FXS cases. Similarly, studies of FMR1 knockout
mice indicate that social phenotypes associated with autism only appear on certain genetic
backgrounds (57), suggesting the importance of modifier genes. Our finding that autism
symptoms in children with FXS (measured by the Social Responsiveness Scale) correlated
with the presence of BAP features in premutation carrier parents supports the possible role
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of modifier genes in autism. Perhaps the subgroup of parent-child dyads showing the BAP in
parents and symptoms of autism in children carried additional genetic variants contributing
to these phenotypes.

Although these questions cannot be addressed directly with the present data, evidence exists
to support the convergence of common biological pathways in FXS and autism. For
instance, FMRP regulates the translation of many genes involved in synaptic plasticity
which are also associated with autism (16). Darnell et al. (23) recently compared 842 FMRP
known target genes with 117 autism candidate genes in the SFARI Gene database (a
reference of all known human genes associated with autism) and found significant overlap
with 28 FMRP targets, including well studied autism risk genes such as NLGN3, NRXN1,
SHANK3, PTEN, TSC2, and NF1. Together, these molecular targets, and emerging findings
on the wide-ranging role of FMRP in regulating synaptic function, with complementary
studies of neuroanatomical functioning in FXS, the premutation, and autism may provide a
guided path for investigating mechanisms underlying features of autism and the BAP.

Finally, it is important to consider the significance of findings for understanding of the
clinical presentation of the FMR1 premutation, as the presence of BAP features among
premutation carriers may have implications for clinical practice and research. These findings
contribute to a growing literature documenting a range of phenotypes associated with the
premutation in humans (12, 14, 38, 50–52, 54, 58–68). Understanding the nature and degree
of phenotypic expression of the premutation can inform screening efforts for individuals
who are carriers. Although the features of the BAP do not typically constitute any significant
functional impairment, such features may influence social behavior and communication in
ways that could be helpful for clinicians to understand in order to best to support these
individuals in clinical discussions of their children, and their own psychiatric health. The
presence of the BAP in premutation carriers might also be important to consider in studies of
neurobiology and molecular genetics in the premutation, where knowledge of clinically
distinct subgroups may help to specify mechanisms underlying various premutation-
associated phenotypes. In sum, results reported here point to the promise of studying
relatives who are at increased genetic liability in both FXS and autism, and suggest several
lines of further inquiry that could prove promising in the discovery of gene-brain-behavior
relationships in both FMR1-related conditions and autism.
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Figure 1.

Losh et al. Page 14

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
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Figure 3.
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Table 1

Tests of model fit for factor analysis examining types of pragmatic language violations

Chi-Square (df) RMSEA CFI

1 Factor 655.74 (152)*** .19 .83

2 Factor 160.56 (134) .05 .99

3 Factor 112.05 (117) .00 1.00
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Table 2

Factor loadings for three factor solution examining pragmatic language items

Dominating Conversational Style
Loading (SE)

Withdrawn Conversational Style
Loading (SE)

Atypical Suprasegmental Style
Loading (SE)

Overly detailed 0.82 (0.08) −0.04 (0.13) 0.07 (0.21)

Vague −0.62 (0.14) 0.73 (0.14) 0.00 (0.01)

Tangential 0.91 (0.08) −0.03 (0.13) 0.15 (0.2)

Overly frank 0.70 (0.12) 0.21 (0.17) 0.00 (0.04)

Informal 0.16 (0.15) 0.62 (0.16) −0.05 (0.25)

Pedantic 0.14 (0.16) −0.51 (0.19) 0.54 (0.18)

Overly talkative 0.89 (0.09) −0.02 (0.06) 0.25 (0.24)

Overly succinct −0.65 (0.10) 0.54 (0.14) 0.11 (0.12)

No reciprocation 0.01 (0.02) 0.72 (0.16) 0.47 (0.19)

Odd humor 0.36 (0.16) 0.21 (0.16) 0.27 (0.21)

Topic preoccupation 0.77 (0.09) 0.21 (0.17) 0.24 (0.14)

Atypical eye contact −0.24 (0.25) 0.07 (0.22) 0.67 (0.16)

Interruptions 0.38 (0.13) 0.04 (0.14) 0.43 (0.17)

Too loud 0.59 (0.12) 0.09 (0.22) 0.07 (0.19)

Too soft −0.73 (0.15) −0.11 (0.29) 0.68 (0.28)

Rate too fast/slow −0.16 (0.21) 0.01 (0.11) 0.87 (0.18)

Atypical intonation −0.42 (0.19) 0.02 (0.12) 0.69 (0.15)

Atypical rhythm 0.00 (0.02) −0.44 (0.27) 0.69 (0.16)

Reformulations 0.21 (0.16) 0.00 (0.14) 0.36 (0.17)
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