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Abstract
Background—Selective mutism (SM), considered an early-onset variant of social anxiety
disorder (SAD), shares features of impaired social interaction and communication with autism
spectrum disorders (ASDs) that suggest a possible shared pathophysiology. We examined the
association of a susceptibility gene, contactin-associated protein-like 2 (CNTNAP2), for ASDs and
specific language impairment (SLI) with SM and social anxiety-related traits.

Methods—Sample 1 subjects were 99 nuclear families including 106 children with SM. Sample
2 subjects were young adults who completed measures of social interactional anxiety (SIAS; N =
1028) and childhood behavioral inhibition (RSRI; N = 920). Five SNPs in CNTNAP2 (including
rs7794745 and rs2710102, previously associated with ASDs) were genotyped.

Results—FBAT analyses revealed nominal significance (p = 0.018) for association of SM with
rs2710102 which, with rs6944808, was part of a common haplotype associated with SM
(permutation p = 0.022). Adjusting for sex and ancestral proportion, each copy of the rs2710102*a
risk allele in the young adults was associated with increased odds of being >1SD above the mean
on the SIAS (OR = 1.33, p = 0.015) and RSRI (OR = 1.40, p = 0.010).
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Discussion—Although association was found with rs2710102, the risk allele (“a”) for the traits
studied here is the non-risk allele for ASD and SLI (“g”). These findings suggest a partially shared
etiology between ASDs and SM, but raise additional questions about specific aspects of these
syndromes (i.e., language impairment and/or social anxiety) potentially influenced by CNTNAP2
and mechanism(s) by which these influences may be conveyed.
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inhibition

INTRODUCTION
Selective mutism (SM) is a relatively rare childhood disorder (prevalence < 1%) (1) in which
the child consistently fails to speak in one or more social settings (e.g., school) despite
speaking normally in other settings (e.g., home). By definition, language development is
within normal limits, though some studies find subtle expressive and/or receptive language
problems in up to 25% of cases (2–7). The vast majority of children with SM have markedly
elevated levels of social anxiety and/or meet diagnostic criteria for Social Anxiety Disorder
(SAD) (3;8–11), and these two disorders co-occur in families at a much higher than chance
rate (8;12) suggesting a shared familial (possibly genetic) basis (13). The extensive
phenomenological and familial overlap between SM and SAD has led to a proposal for
DSM-5 that SM be reclassified as a childhood form of SAD (14), though other experts
believe that SM has a complex, multi-determined etiology and caution against making this
assumption (15). One area, in particular, that bears further scrutiny is the relationship
between SAD, SM, and a group of disorders that includes language and social
communication deficits among its symptoms: autism spectrum disorders (ASD (MIM
209850), also known as Pervasive Developmental Disorders (PDDs).

Rates of SAD and trait levels of social anxiety are markedly elevated in children with autism
spectrum disorders (ASDs) (16;17) and in their families (18;19). In fact, SAD symptoms are
so common in children with ASDs that they may present a dilemma in differential diagnosis,
especially in high-functioning children (20–22). One study found equally high levels of
social anxiety symptom severity in children with ASD and comorbid SAD compared with
children with ASD alone, leading the investigators to comment on the possibility that this
finding may reflect overlapping etiologies between ASD and SAD (21). Several other
authors have similarly commented on the high rates of impairing anxiety (84% in one study)
(23) among children with ASDs, pointing to the possibility that phobic and social anxiety
symptoms may be core symptoms of ASDs (22).

Interestingly, although associations between SAD and SM, and between SAD and ASDs
have been widely recognized in the literature, little if any work has focused on a possible
relationship between SM and ASDs. Although a diagnosis of ASD would supersede a
diagnosis of SM according to DSM-IV, the common features of impaired social interaction
and communication problems raise questions about possible shared pathophysiology and a
partially shared genetic basis for these symptoms. A longitudinal community-based twin
study concluded that autism-like communication deficits made a significant contribution to
anxious “internalizing” traits (24), though genetic influences on these traits were largely
independent (25). To our knowledge, no other studies have addressed this question
experimentally, and none have specifically examined genetic covariation of social anxiety
and autism-like traits.
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A rare mutation at the contactin-associated protein-like 2 (CNTNAP2) locus was implicated
in a syndrome including focal epilepsy, cortical dysplasia, and autism-spectrum-like
symptoms in the Old Order Amish (26). Rare variants at this locus, the protein product of
which is expressed in the developing human cortex, also occur at increased frequency in
subjects with autism (27). Common polymorphisms at the same locus, which encodes a
member of the neurexin superfamily, have recently been shown to be associated with
increased susceptibility to ASDs (28;29) and, perhaps more precisely, to language
impairment within ASDs (30). A pathway involving the FOXP2 transcription factor and its
regulatory effect on CNTNAP2 has been suggested to provide a functional link between a
variety of clinically distinct syndromes involving disrupted language (31;32). Interestingly,
investigators have recently demonstrated a relationship between common genetic variants in
CNTNAP2 and frontal lobar connectivity in autism, suggesting a mechanism by which the
gene may act to influence risk (33).

In aggregate, these observations demonstrate a growing awareness among the research
community that anxiety – perhaps especially social anxiety, although some studies note a
broader relationship with internalizing symptoms (34) – is a common feature of ASDs. The
extant literature also suggests the possibility that language and/or other communication
deficits are a shared feature of ASDs and anxious/internalizing disorders, and may have at
least a partially shared genetic basis. These observations led us to hypothesize and test for a
possible genetic association of variation in CNTNAP2 with SM in a family-based association
study of children with SM. We also examined the association of social anxiety-related traits
with the same CNTNAP2 single nucleotide polymorphisms (SNPs) in a sample of young
adults. The rationale for this second comparison was that if an association was found in the
SM sample, then the finding of an association with these same SNPs and social anxiety-
related traits could provide some clues about the nature of a partially shared etiology of SM,
SAD, and ASDs.

METHODS
1. Selective Mutism Family-Based Study

The family-based samples described here overlap with those reported earlier (12), consisting
of those subjects for whom DNA was available and to which several new trios were added.
A nationwide sample was recruited through two sources: 1) a website sponsored by a non-
profit organization for children with selective mutism (the Selective Mutism Group~Child
Anxiety Network [SMG~CAN]), and 2) parent oriented conferences organized by this same
non-profit group. The SMG~CAN website (http://www.selectivemutism.org/) receives
approximately 500,000 hits per month from parents, professional and educators. Interested
parents completed a consent-to-contact form and were thereafter sent study consents/child
assents and contacted by telephone or consented in person if recruited from the conferences.

Measure—Those families that returned their consent forms were screened over the
telephone by masters or doctoral level interviewers with the Selective Mutism (SM) module
of the Anxiety Disorders Interview Schedule for Children Parent Report (ADIS-P/C) (35)
and the Selective Mutism Questionnaire (SMQ), a measure of selective mutism severity
(36;37). For a proband to be assigned a diagnosis of SM, parental report needed to indicate
symptoms consistent with a lifetime diagnosis of SM for the child, and at least a moderate
amount of impairment in one of the domains (i.e., speaking behaviors at home, school, and
in other social situations) assessed by the SMQ. Screening questions to exclude children
with psychotic, developmental or communication disorder diagnoses were also taken from
the ADIS-P/C and augmented by supplemental questions to adequately rule out these
conditions. Two of the authors (DAC and MBS) discussed all cases that were equivocal or
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excluded from the study. In those instances, where diagnoses remained questionable, one of
the authors (ESB) – a child psychiatrist with extensive clinical experience with children with
SM – was asked to review a videotape of the child speaking at home and/or to confer with
another clinician who had clinically assessed the child to rule out the presence of a pervasive
developmental disorder (PDD) or significant communication disorder; this was necessary
for five cases and resulted in the exclusion of two cases.

Participating families received a $50 gift card from a national bookseller. All study
procedures were approved by the Human Research Protection Program at the University of
California San Diego (UCSD).

Participants—The participation of both biological parents and a child with SM between
the ages of 3–11 were initial requirements for this study. Additional affected siblings (up to
age 14) were included if available. The current sample was comprised of 99 nuclear families
(parent-child trios) where SM in the proband had been diagnostically confirmed; among
these, 5 families included an additional affected sibling and 1 family included 2 additional
affected siblings. A total of 106 affected children were included of whom 67 (63.2%) were
female and 39 (36.8%) were male. Mean age of the affected children was 6.8 (SD 2.5; range
3–14) years.

Sample Collection, Preparation and Genotyping—Salivary DNA was collected
using Oragene kits (http://www.dnagenotek.com) that were mailed back to UCSD and
subsequently transferred to Yale University School of Medicine where DNA was extracted
and stored frozen and genotyping of five SNPs in CNTNAP2 was conducted. Custom
genotyping assays (Applied Biosystems, Inc, [ABI] Foster City, CA) were used for TaqMan
genotyping using the ABI PRISM 7900 Sequence Detection System. CNTNAP2 is a very
large gene (2.3 megabases); we examined only a few markers in CNTNAP2 in order to limit
the number of multiple comparisons made given our very limited sample size and power.
Two of these SNPs were chosen because they were found to be associated with ASDs in
previous studies: rs7794745 – either alone (28) or as part of a haplotype (29) (also recently
shown to be associated with normal variation in brain circuitry and structure [(38)]) – and
rs2710102 (as a tagging SNP [(30)]); the other 3 SNPs were chosen because of their
proximity to these two SNPs.

Statistical Analysis—Allelic association of individual SNPs was examined using the
Family-Based Association Test (FBAT) method (39;40) assuming an additive genetic model
under the null hypothesis of no linkage and no association, diallelic mode, minimum number
of informative families of 10 for each analysis and offset of zero. Haplotypic association
was also calculated by FBAT with the ‘hbat’ command, which assumed a diallelic mode for
haplotype-specific association and multi-allelic mode for global association to test all
haplotypes as a whole. Under the null hypothesis of no linkage and no association, p-values
for ‘hbat’ global association test in this study were computed using a permutation test
(100,000 iterations). The significance level of haplotype-specific tests was adjusted using a
Bonferroni correction, i.e., division by the number of major haplotypes with frequency
greater than 5.0%.

It was decided a priori that only SNPs found to be associated with SM in the family-based
analysis would be carried forward to the analysis of association with social anxiety-related
traits in the young adult sample (below).
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2. Young Adult (Undergraduate College Student) Study
Participants (N = 1028) were 732 female and 296 male (mean age 18.87 [95% CI 18.75 –
18.99] years) undergraduate psychology students at San Diego State University (SDSU).
Subjects came for a scheduled appointment at which a blood sample (60 ml) was drawn for
genetic studies and questionnaires were completed. Subjects gave informed, written consent
to participate in the study, which was approved by the Human Research Protection Programs
at both SDSU and UCSD. Subjects received $25 for providing the blood sample.

Measures—All subjects completed a panel of self-report measures relevant to the study of
personality and anxiety-related traits. Measures that were examined for this report are:

Retrospective Self-Report of Inhibition (RSRI), a retrospective measure of behavioral
inhibition in childhood, a heritable, early risk factor for (or indicator of) anxiety proneness
(41;42). Total scores range from 30–150.

Social Interactional Anxiety Scale (SIAS), a unifactorial, widely used measure of social
interactional anxiety (43). Scores range from 0–80.

Genotype Analysis—Genomic DNA was extracted from whole blood and genotyping of
the CNTNAP2 SNP rs2710102 was conducted as described above.

Ancestral Proportion Scores—Subjects ancestries were estimated using a set of
unlinked genetic markers by Bayesian cluster analysis, using the procedures and software
developed by Pritchard and colleagues (http://pritch.bsd.uchicago.edu/software.html) (44–
46). Pritchard’s software program STRUCTURE implements Bayesian cluster modeling that
can recognize cryptic population genetic patterns without prior information of population
origins. Data were submitted to the program STRUCTURE using 35 ancestry informative
markers (AIMs) of short tandem repeat (STR) with models specified as “admixture” and
“allele frequencies correlated” and 500,000 burn-in and 500,000 MCMC (Markov Chain
Monte Carlo) iterations. The markers were the set of STRs described previously (47).

A three-cluster solution classified the 86.0% of self-identified European American (EA)
subjects (N = 555) in this sample in complete concordance with their self-reported ethnicity.
Within the EA sample, distribution of rs2710102 alleles was G 53.3% and A 46.7%, and
genotype observations were consistent with no significant deviation from HWE expectations
(chi-square = 1.69, df = 1, p = 0.19). Nearly identical allele frequencies for this marker are
reported in Hapmap for CEU (http://www.hapmap.org): G, 52.7% and A, 47.3%.

Statistical Analyses—Analyses were conducted using the biostatistical analysis program
STATA (Version 11) (48). Linear regression techniques in STATA (“rreg”) that are
considered robust to outliers were used to model the relationship between CNTNAP2
rs2710102 genotype (coded as 0 for GG, 1 for AG, and 2 for AA) and SIAS and RSRI
scores, adjusting for ancestry using two covariates (as described above) and sex. Logistic
regression (adjusted for ancestry and sex) was also used to estimate odds of being > 1SD
above the mean on each of these measures.

RESULTS
1. Selective Mutism Family-Based Study

Single SNP testing with FBAT (49) revealed one SNP (rs2710102) that was nominally (p =
0.018) associated with SM (Table 1). The risk allele for rs2710102 was the minor “a” allele,
which had a frequency of 0.483 in this sample.
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Haplotype analysis was conducted using a sliding window for various combinations of all 5
CNTNAP2 markers as shown in Table 2, in which the smallest p value for a haplotype-
specific test within each haplotype analysis was listed in the table. The global association
test was statistically significant (empirical p < 0.05) for the haplotype analyses of rs6944808
and rs2710102 (p = 0.022). Haplotypes containing the “a” allele for rs6944808 and the “a”
allele for rs2710102 were all nominally (p < 0.05) significantly associated with SM, but
after Bonferroni correction within each haplotype, only the haplotype consisting of
exclusively these two SNPs was significantly (p = 0.006) associated with SM. These data
are shown pictorially on a logarithmic scale (Figure 1), along with the extent of linkage
disequilibrium (LD) between the chosen markers for the probands, expressed as D′.

There were no statistically significant parent-of-origin or sex-specific effects (See
Supplementary Material).

2. Young Adult (Undergraduate College Student) Study
It had been decided a priori to only conduct analyses in the young adult sample with SNP(s)
– if any – found to be significantly associated with SM in the family-based sample. As noted
above, rs2710102 was the only SNP associated – as a single marker and as part of a
haplotype – with SM, hence this was the only SNP tested for association with social anxiety-
related traits in the young adult sample. Distribution of RSRI and SIAS scores in the sample
are shown in Figures 2 and 3.

In linear regression analyses, using models adjusting for sex and for ancestral proportion
scores (to reduce possibility of confounding by population stratification) each copy (0–2) of
the risk allele (“a”) of rs2710102 was significantly associated with higher retrospective
behavioral inhibition (RSRI) and current social interactional anxiety (SIAS) scores (Table
3).

Expressed as the odds of being 1 standard deviation (SD) above the sample mean, in logistic
regression analyses adjusting for ancestral proportion scores and sex, each copy of the risk
allele (“a”) for rs2710102 was associated with an increase in the adjusted odds of being
>1SD above the mean on RSRI (OR = 1.40, 95% CI 1.08–1.80, p = 0.010) and on SIAS (OR
= 1.33, 95% CI 1.06–1.66, p = 0.015).

DISCUSSION
This is the first study, to the best of our knowledge, to look at genetic susceptibility factors
for selective mutism (SM). We considered investigating genes that might be implicated in
SM through its presumed etiological links with anxiety disorders such as Social Anxiety
Disorder (SAD) (1;12) but no replicated susceptibility variants for SAD have yet been
reported (50). Instead, we elected to capitalize on recent advances in autism genetics (51–
53) and the possible relationship of autism spectrum disorders (ASDs) to SM in order to
initiate our search for SM susceptibility genes.

We found that common variation in CNTNAP2 – a gene that has been implicated in autism
(27–29) and, perhaps more specifically, in the developmental language delayed component
of autism (30;31) as well as in various forms of specific language impairment (31;54) – is
associated with risk for SM in a family-based sample and with social anxiety-related traits
(behavioral inhibition and social anxiety) in a separate sample of young adults. Although our
coverage of CNTNAP2 (one of the largest genes in the human genome, encompassing
almost 1.5% of chromosome 7) was not intended to be comprehensive, one of the five SNPs
genotyped – rs2710102, which had been selected on the basis of its recently reported
association (as a tagging SNP) with language impairment in ASDs (30) – provided
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consistent evidence of association across these two samples. These dual findings of
CNTNAP2 association with SM in a family-based sample and with social anxiety-related
traits in an unrelated young adult sample can be considered reasonably strong evidence
against the spuriousness of either finding alone. Nonetheless, strict replication of these
findings in larger samples is very much needed, in concert with broad-based phenotypic
assessment of disorder characteristics that can help resolve the specificity of these
associations for particular developmental language and/or anxiety-related traits.

Our reliance on telephone screening interviews to confirm SM and to rule out PDD
diagnosis is a limitation of this study. In-person clinician administered structured interviews,
behavioral observations, and speech/language assessments are the gold standard for
diagnostic assessment, but we were limited in this regard by the wide geographic
distribution of our sample. All questionable screening interviews were reviewed for
consensus by one of the authors (DAC), a licensed clinical psychologist, and a board-
certified Psychiatrist (MBS). When diagnoses were still in doubt, videotapes provided by the
family were reviewed by a child psychiatrist with special expertise in SM (ES-B). Children
whose diagnostic status was unclear were not included in the study. Thus, while we believe
that this very conservative approach to diagnosis offered some protection against
misdiagnosis of PDD as SM, future attempts to replicate this work will optimally make use
of standardized screening instruments (e.g., Autism Screening Questionnaire [ASQ] [(55)])
followed by in-person semi-structured interviews (e.g., Autism Diagnostic Observation
Schedule [ADOS] [(56)]). Further, our samples were predominantly female (which is
usually the case for SM), whereas an excess of males is virtually always observed in ASDs;
future attempts to replicate this work should, ideally, include more males.

Several prior studies have examined childhood anxiety-related characteristics (e.g., shyness
or behavioral inhibition) that could be considered central to SM (57). These studies found
associations of shyness with 5HTTLPR, though contradictory findings about whether the
short (“s”) allele increases or decreases risk have rendered this literature difficult to interpret
(58;59). In contrast, evidence of association of the corticotropin releasing hormone gene
(CRH) with behavioral inhibition (60) and with one of the anxiety disorders, panic disorder
(61), is more compelling and suggests that genetic variation in CRH should be further
evaluated. It is likely that SM is genetically complex, and that CNTNAP2 may interact with
other genes (e.g., CRH) to influence expression of the phenotype. Another limitation of our
work pertains to sparse coverage of CNTNAP2; future studies will want to genotype this
gene, particularly the region around rs2710102, much more densely.

Current evidence strongly supports the idea that autism is not one disorder but, rather, a
syndrome whose manifestations can vary. In this regard, one might hypothesize that
different genes influence particular syndromal characteristics of ASDs (e.g., language
deficits; social communication difficulties) (62). In this regard, CNTNAP2 and its pathway
connections with FOXP2 have been considered most likely to underlie the developmental
language problems in ASDs (31;32). Given that the central feature of SM is failure to speak
(albeit in particular situations), and the numerous observations of subtle developmental
language problems in at least a subset of children with SM (5;15), it would be reasonable to
infer a partially shared genetic etiology for ASDs and SM through CNTNAP2 and its
influence on language development that may underlie both conditions.

On the other hand, anxiety – especially social anxiety – is extremely common among
children with ASDs. In one recent population-based study, SAD was found to be the most
common comorbid psychiatric disorder at a prevalence of 29.2% in children with ASDs
(17). Accordingly, it is possible that CNTNAP2 more directly influences the social anxiety
component (rather than the language component) that ties together SM and many cases of
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ASDs. Given that the risk allele in CNTNAP2 SNP rs2710102 for language impairment
appears to the “g” allele (31), our finding that the risk allele associated with higher social
anxiety and higher ratings of childhood behavioral inhibition in young adults is the “a”
allele, is more consistent with this latter hypothesis. This interpretation fits well with the
recent observation that CNTNAP2 variants show a varying pattern of association with
different autism traits, with the “a” allele of rs2710102 showing a positive association with
“social inhibition” (63).

We can only speculate as to why the same SNP, but opposite alleles, might be associated
with ASDs and SM, respectively. This was not a finding we had anticipated in designing the
study. We can note, though, that we are aware of at least one other precedent for this
opposite allele phenomenon: Numerous GWAS studies have shown variants that map to a
chromosome 15 nicotinic receptor cluster influence risk for nicotine dependence. One
rs16969968 allele was originally reported to be associated with nicotine dependence (64),
but subsequently the opposite allele was shown (65) and since replicated (66) to be
associated with cocaine dependence. Thus, we have another example where the same SNP,
but opposite alleles, are associated with traits that are themselves highly comorbid within
individuals. The biological explanation and phenotypic ramifications of this type of
phenomenon remain to be determined.

At this juncture, it is premature to make strong inferences about the nature of the
relationship between SM and ASDs on the basis of a common association with CNTNAP2
variation. Whereas a case can be made for tying together these childhood disorders by virtue
of their common dysfunction in communication/language and/or social anxiety, CNTNAP2
has also been associated with other neuropsychiatric disorders such as schizophrenia (67), to
which phenomenological ties are less obvious (though it should be noted that social anxiety
symptoms are extremely common in schizophrenia [(68–70)]). However, the finding of
CNTNAP2 emerging as a genetic risk factor for ASDs and schizophrenia, disorders which
had previously been considered neurodevelopmentally distinct, provides new insights into
shared pathogenic mechanisms that might not otherwise have been recognized. In fact, the
finding of common genetic determinants of other “distinct” neuropsychiatric disorders such
as schizophrenia and bipolar disorder (71) is forcing a rethinking of diagnostic
conceptualizations that will be based on a better understanding of neurobiological pathways
than our current nosological systems (72). In this regard, it is conceivable that genes that
code for neurexin proteins such as CNTNAP2, which play a critical role in cell adhesion and
neural differentiation (23), could have pleiotropic effects that extend across a broad array of
traits and neurodevelopmental disorders including, perhaps, social anxiety, other
internalizing traits and disorders, and SM.

Finally, these preliminary findings raise a cautionary flag about the merits of reclassifying
SM under SAD in DSM-5. Although SM is frequently accompanied by social anxiety
symptoms, it may be that there is considerable heterogeneity in the SM syndrome such that
some forms – perhaps those with subtle, but measurable developmental language problems
or other even less well-studied social communication deficits – are more closely allied with
the ASD spectrum and its association with CNTNAP2. Although this initial study cannot
address these possibilities, it does raise questions that should slow the call to judgment on
the reclassification of SM under SAD in DSM-5 (14), pending further research. In the
interim, clinicians are advised to be aware of potential language impairments and delays and
to assess these appropriately when working with children with SM. Further, interventions
that focus on improving language skills may be needed to augment the standard behavioral
and anxiety management approaches to treatment (4).
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Family Based Association of the Five CNTNAP2 SNPs in Selective Mutism and Linkage
Disequilibrium Plot among the SNPs
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FIGURE 2.
Distribution of Retrospective Self-Report of Inhibition (RSRI) Scores in Student Sample.
Vertical (red) line indicates 1 SD above the sample mean.
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FIGURE 3.
Distribution of Social Interactional Anxiety Scale Scores (SIAS) in Student Sample. Vertical
(red) line indicates 1 SD above the sample mean.
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