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Abstract
Background—To examine the relationship between autism spectrum disorders (ASD) and
specific language impairment (SLI), family studies typically take a comparative approach where
families with one disease are examined for traits of the other disease. In contrast, the present
report is the first study with both disorders required to be present in each family to provide a more
direct test of the hypothesis of shared genetic etiology.

Methods—We behaviorally assessed fifty-one families including at least one person with ASD
and at least one person with SLI (without ASD). Pedigree members were tested using 22
standardized measures of language and intelligence. Since these extended families include a non-
shared environmental contrast, we calculated heritability, not just familiality, for each measure
twice: 1) baseline heritability analysis compared to 2) heritability estimates after statistically
removing ASD subjects from pedigrees.

Results—Significant increases in heritability on four supra-linguistic measures (including
Pragmatic Judgment) and a composite language score, but not on any other measures, were
observed when removing ASD subjects from the analysis indicating differential genetic effects
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that are unique to ASD. Non-genetic explanations such as effects of ASD severity or measurement
error or low score variability in ASD subjects were systematically ruled out, leaving the
hypothesis of non-additive genetics effects as the potential source of the heritability change caused
by ASD.

Conclusions—While the data suggest genetic risk factors common to both SLI and ASD, there
are effects that appear unique to ASD, possibly caused by non-additive gene-gene interactions of
shared risk loci.

Keywords
autism; specific language impairment; heritability; epistasis; gene-gene; interaction; shared
etiology

Introduction
Autism Spectrum Disorders (ASD) are a group of complex developmental disabilities that
may include problems with 1) social interaction, 2) communication and 3) restricted
interests and/or stereotypies. When there is profound impairment in all three areas, the
individual is classified with autistic disorder while deficits in one area paired with lesser
impairments in two and/or three are considered as part of the autism spectrum. Specific
Language Impairment (SLI) is a neurodevelopmental disorder that is characterized by
significant limitations in language abilities occurring in the absence of any other frank
neurological disorder or environmental cause. Both disorders share variable limitations of
communication, making etiological overlap between the disorders possible. Initial studies
indicated similar patterns of impairment in SLI and ASD, including in structural language
(semantics and syntax) and phonological short-term memory (PSTM) in a subgroup of
children with autism (1, 2). Since that intial work, numerous studies have examined what
may be grossly binned as three competing hypotheses explored below: 1) incidental
etiological overlap, where overlap is induced by the definitions of the two disorders, 2)
familiality of the two disorders but not necessarily due to shared genetics and, 3) shared
genetics.

Incidental Etiological Overlap
A recent review proposed that the SLI and ASD may have incidental overlap without
meaningful shared etiology (3). This conclusion assumes that structural language, such
vocabulary and grammar affected in SLI, and social use of language, such as pragmatics and
supralinguistic tasks know to be impaired in ASD, form two quantitative dimensions for
language competence. Therefore, in this system, the hallmark deficits of SLI and ASD are
on different axes. Persons with SLI (low structural language) will display the full range of
social language ability and persons with ASD (low social language ability) will display the
full range structural language. Some overlap of SLI and ASD is inevitable in this bivariate
system but not productively considered shared etiology, as the two dimensions may be
independent. If SLI and ASD were unrelated, the prevalence of one estimated from a sample
ascertained for the other would match the population estimate. Two such studies have been
reported where families ascertained for SLI were examined for cases of ASD. The
prevalence of autism was estimated to be 2.5 and 4.3 times higher than the prevalence in the
general population (4). These studies, though limited in sample size, indicate that SLI and
ASD are not independent.
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Familiality
Most family studies recruit nuclear families ascertained through autism probands and then
compare relatives of the autism proband to relatives in control families. Assuming that
autism liability may not manifest in relatives as a distinct clinical entity, researchers assess
differences in quantitative assessments of autism symptomatology. Quantitative differences
relative to control families are defined as the broader autism phenotype (BAP). Several
autism domains have well replicated BAP features including social and communication
behaviors (5-8) and restricted interests and rigidity (9). Pragmatics, or how language context
contributes to meaning, is the most replicated language domain within the BAP where
parents of children with autism have lower mean scores than controls (8, 10, 11). Since SLI
is defined by structural language deficits, not pragmatic deficits, it is not unexpected that
while pragmatics is consistently shown to be part of the BAP, results from structural
language deficit studies have not generally been supportive of common etiology.
Phonological short-term memory (PSTM) deficits, a common marker for SLI, has not been
consistently found in ASD families (10, 12), regardless of the structural language
impairment status of the autism proband (impaired versus unimpaired). Comparisons of SLI
relatives with relatives of typically developing probands, or with mental retardation
probands, yield similar negative findings (5, 13). To date, there is no compelling evidence
that ASD and SLI are jointly familial.

Shared Genetic Markers
In 2008, a series of three papers provided converging evidence from independent study
designs/methods that implicate CNTNAP2 in autism susceptibility (14-16). This striking
result has since been followed up in SLI proband families with significant results for
association of SLI with CNTNAP2 (17). It is not known if the risk mutations are identical in
the two disorders. CNTNAP2 is also associated with communication ability at age 2 in a
general population sample (18). Further studies are needed to fully assess if alleles within
CNTNAP2 affect pragmatic aspects of language. It is unclear how much of the shared
genetic liability between ASD and SLI is accounted for by CNTNAP2, these data provide
evidence that shared genetic etiology is possible and remains to be fully explained.
CNTNAP2 has also been implicated in other cognitive and neurological disorders from
intellectual disability to stuttering (19-26), making the ASD- SLI connection harder to
disentangle.

Hypothesis
The present study presents a complementary study design that extends the ASD-SLI overlap
literature in a novel direction. Our project was designed to address the question of shared
genetic etiology in ASD and SLI by directly testing genetic overlap in pedigrees containing
both disorders. We have ascertained nuclear families with both ASD and SLI in mutually
exclusive persons, then collected direct measurement of language in all family members,
both affected and unaffected, including as many extended family members as possible. The
extended family design is useful for quantitative genetic heritability studies since extended
families have relatives that share genetics but not environment (such as cousins), thus
providing the key contrast that allows for dissociation of shared environment from additive
genetics. We assessed the effect of ASD on heritability estimates by comparing an analysis
using all subjects to one where ASD subjects are removed. We hypothesized that measures
known to be associated with the language profile in autism, such as supralinguistic skills
including pragmatics, would show differential heritability indicating genetic effects unique
to autism. We were also specifically interested in non-word repetition and overall structural
language ability, hypothesizing that both would be associated with differential heritability
potentially indicating genetic effects unique to SLI.
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Methods
Families

Fifty-one families were ascertained through a proband with autism and with the additional
requirements that each family have at least one additional family member meeting the study
criteria for SLI and no less than five participants (affected and unaffected) per family
(x̄=6.9, SD=2.8, range=5-20). Families were recruited from the greater New Jersey area for
a total of 234 subjects with at least some quantitative language phenotypic data including 27
persons with ASD, 55 with SLI and 152 unaffected. Subjects gave informed consent
conforming to the guidelines for treatment of human subjects governed by the Institutional
Review Board at Rutgers University.

Autism proband criteria—To be identified as an autism proband, the following criteria
were met: A diagnosis of autistic disorder on at least two of the following three measures: 1)
Autism Diagnostic Interview - Revised (ADI-R) (27, 28) score of “autism,” 2) Autism
Diagnostic Observation Schedule (27, 29) score of “autism,” 3) DSM-IV, autistic disorder.

Specific language impairment proband criteria—To be identified as an SLI
proband, a the following inclusionary/exclusionary criteria were met:

1. A core standard score of <= 85 on the age appropriate version of the Clinical
Evaluation of Language Fundamentals (CELF-4) (30, 31) and <= PIQ.

2. Performance IQ (PIQ) >= 80 on the Wechsler Abbreviated Scale for Intelligence
(WASI) (32).

3. Hearing within normal limits [positive identification of 500 Hz at 30 dB (SPL), and
10 00, 2000, and 4000 Hz at 20 dB (SPL)].

4. No motor impairments or oral structural deviations affecting speech or non-speech
movement of the articulators.

5. No history of autism spectrum disorders or frank neurological disorders such as
intellectual disability or brain injury, as determined by parental interview.

6. Native English speaker with English as the primary language spoken at home.

Measures
All SLI probands, non-ASD non-SLI family members, and higher functioning family
members with ASD received age appropriate measures of language (Means and SD by
diagnostic status in Table 1). The standardized language battery included: a. CELF-4 and
CELF Preschool (30, 31)- Core standard scores were derived from 3-5 subtests scaled scores
(age depending) that addressed areas of language comprehension, expression, and structure
including Word Structure, Recalling Sentences, Formulating Sentences, Word Classes
(Expressive and Receptive) and Word Definitions. b. The Comprehensive Assessment of
Spoken Language (CASL) (33)- The supralinguistic core of subtests addressed
metalinguistic language skills including abstraction, inference, and a subtest on the
pragmatic aspects of language. These areas are of great relevance to older children, adults,
and higher functioning individuals with autism who may be challenged by meaning that
cannot be accessed directly through lexical and grammatical information. Subtests include
Meaning from Context, Nonliteral Language, Ambiguous Sentences and Pragmatic
Judgment (which has been shown to correlate (34) with the Vineland Adaptive Behavior
Scales (35)). c. The Comprehensive Test of Phonological Processing (CTOPP) (36), the
Elision subtest was used to measure deletion and phonological manipulation of sounds in
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words while the Non-word Repetition task measured phonological short-term memory; both
have a strong documented relationship with oral language abilities.

Descriptive data for subjects with ASD capable of taking the language battery, SLI subjects,
and all other family members are included in Table 1. Tested ASD and SLI subjects only
differed on Elision (p < .05) where the average of SLI subjects is 2.5 points lower than ASD.
On Elision, ASD subjects did not differ from all other family members. Families had an
average 1.1 persons with language impairment and 1.3 with ASD (0.43 for subjects with
ASD that had at least some language data). The total sample was 58% male as is consistent
with an increased male risk of ASD and SLI. Average age of all subjects was 30 (range
5-80) with subgroups listed in Table 2. While all ASD subjects were in the child generation,
when interpreting the average age of SLI subjects it should be noted that 8 were parents with
the remainder in the child generation (bimodal distribution). While scores on our standard
measures use normative data that does not exceed 18 years old, and in some cases 21 years
old, there was no evidence of ceiling effects in this sample when administered to ages
beyond the normative data.

Statistical Analysis
Additive genetic heritability was estimated using procedures described in detail previously
(37). Heritability was calculated by the SOLAR package v4.3.1 (38) through maximum
likelihood procedures using information from the entire pedigree jointly (see supplemental
for more methodologic details). The 234 participants that had behavioral data comprised 498
not-mutually exclusive relative pairs with 133 having shared genetics but no shared
environment (Table 2), indexing the pedigree complexity relative power of the sample. This
sample size is roughly comparable to our previous study of heritability in SLI pedigrees
(39).

Tests of heritability changes based on the presence of ASD in the pedigree were conducted
by comparing the likelihood of two models with the likelihood ratio test (LRT). For the
baseline heritability model we tested age, sex and PIQ as covariates (kept in model if p < .
05). Baseline analysis used all available pedigree data, which we denote as ASD+. The
likelihood of the baseline model was compared to the likelihood of a model that included
ASD status as a covariate, which we denote ASD−. ASD status was coded as a binary
variable where persons with ASD were coded as 0 and unaffected persons were coded as 1.
All pedigree members were coded in this way. This procedure statistically controls for
variation caused by ASD status, which has the net effect of removing ASD from the
pedigree in a way that is less wasteful of valid information than artificially setting scores
from ASD persons to missing values. Changes in heritability between the baseline model
and comparison model are informative about the statistical fit of an additive genetics model
for ASD. A parallel set of analyses controlling for SLI status was also conducted. We
applied a Bonferroni correction for 14 likelihood ratio tests requiring a critical p-value < .
0035 to reach overall (p < .05) significance.

Interpretation of the model—The statistical model (see supplemental for details)
assumes only additive effects. Therefore data that is fully inconsistent with an additive
model would therefore be expected to show no heritability. Data that is consistent with
additive genetics would simply yield the heritability of the trait. In the present study, we
tested for the presence of an in-between case. If heritability increases when excluding ASD
subjects, this is an indication that subjects with ASD were reducing the additive heritability
(i.e., an additive model is not the best fit for the data). To reject the additive genetic model
in favor of a non-additive model, complicating features of the data must be ruled out
(outliers, non-normal data, possible mediator variables). Non-additive models include
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dominance (where carriers of ASD do not have intermediate phenotypes) and gene-gene
interactions, also called epistasis.

Results
Baseline

Results for language measures are presented in Table 3. Estimates using the entire pedigree
are called ASD+ and are used as a baseline reference for further comparisons. All measures
showed significant evidence for an additive genetic component (h2 = 0.24 to 0.86).

Removing ASD Subjects
The effect of ASD status was statistically controlled to (operationally) remove all subjects
with ASD (ASD− in Table 3). Examining of the distribution of all heritability estimates,
ASD+ v. ASD-, a paired t-test was significant (t_13 = −3.94, p < .05), indicating differences
in heritability estimates between conditions; since the changes in heritability cannot be
thought of as truly independent observations, this result should be considered suggestive as
the t-test may be anti-conservative. Post hoc likelihood ratio tests comparing the model
likelihoods for ASD+ v. ASD− indicated five heritabilities were significantly different (p < .
05), including all four supralinguistic tasks and the overall language score from the CELF
(Figure 1). In each case, heritability was higher when controlling for ASD (i.e., ASD− >
ASD+). The largest change occurred in Meaning from Context, which increased 11.5
percentage points. The three other supralinguistic measures also showed significant
increases in heritability of 5, 7, and 9 percentage points. There was also a significant
increase in heritability for overall language ability as measured by the CELF (10 percentage
points) but not on any individual subscales, though semantics (Word Classes Total, 4%) and
syntax (Recalling Sentences, 3%) both trended toward significance.

Examination of Moderator Effects Potentially Causing Heritability Changes
If scores from persons with ASD were associated with greater measurement error, then
controlling for ASD should reduce the standard error of the heritability estimates (noise
reduction). The average of the SE’s for models with significant heritability differences were
identical in ASD+ and ASD− to 3 decimal places (0.181). This was also true of models that
did not show heritability changes. Significant ASD effects on heritability were not
accompanied by significant changes in standard errors for the models. The observed slight
fluctuations in SE’s between ASD+ v. ASD− models appeared random (sign test, p = 0.14).

While mean scores in the ASD subjects were lower than the corresponding population
means, the distribution of scores did not appear to play a role in heritability changes (Figure
2). Inclusion of outliers could affect heritability estimation. While the data from ASD
subjects did not contain outliers, as defined by the absolute value of a score > 3 SD from the
population mean, we did examine if moderately extreme scores > 2 SD had an effect. A total
of 8 datapoints across all 5 measures were moderately extreme, according to this definition,
and removal of these scores by treating them as missing data did not change the 5
heritabilities for the ASD− models. Further, all heritability changes remained significant
(LRT, p < .05).

We also examined ASD severity as a possible moderator of the heritability changes whereby
increasing severity results in less reliable quantitative language scores. For this analysis we
applied ADOS calibrated severity scores for Modules 1-3 as covariates (40). Since Module 4
does not have calibrated severity scores, we also incorporated information about that module
as an additional binary covariate (not administered = 0, administered = 1) to account for the
lack of quantitative severity scores. Estimates of heritability were highly similar when
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ADOS severity was included as a covariate in the model, failing to support severity of
impairment as a moderator of heritability changes.

Removing Language Impaired Subjects
To examine if the genetic etiology of ASD was similar to SLI, we compared (baseline) SLI+

analysis to SLI− analysis for all traits except the CELF core score, which by definition
would be censored, in the analytical sense, since all SLI subjects scored below a fixed
threshold, thus removing one tail of the distribution; Note that calculation of heritability on
censored data in general pedigrees has not been developed in the literature. Considering the
remaining 13 traits, only three of the supralinguistic measures showed significant
differential heritability (Ambiguous Sentences, Meaning from Context, Non-literal
Language) while Pragmatic Judgment did not (Figure 3).

Discussion
When controlling for ASD in families ascertained for both ASD and SLI subjects,
heritability increases are seen for five out of fourteen measures, by as much as 11 percentage
points. Changes occurred in the global language measure and all four supralinguistic
measures. These results cannot be accounted for by potentially misleading properties of the
data such outliers, reduced variability in ASD subjects, measurement error or severity of the
ASD phenotype. We conclude that the heritability increases caused by exclusion of ASD
family members are not consistent with a simple additive-genetics model of heritability. The
data, therefore, suggest that non-additive genetic effects contribute to ASD. SLI
heritabilities also show similar non-additive effects for three of the supralinguistic measures
excluding pragmatics. Taken together, the results provide empirical support for a hypothesis
initially articulated and validated through an extensive computer simulation study (41),
which stated that gene-gene interaction can account for molecular genetic findings shared
between ASD and SLI while still allowing for phenotypic difference that give rise to the
different diagnoses. The present dataset is not large enough to support direct estimation of
the additional gene-gene interaction variance component parameters (additive-additive,
additive-dominant, dominant-dominant); though this could be accomplished with a larger
sample size in future studies.

The lack of non-additive effects for pragmatics in SLI while present in ASD indicates that
some genetic effects are unique to ASD, though only in this one domain of language.
Pragmatic language has previously been shown to be heritable in twins ascertained for SLI
using the Children’s Communications Checklist self/teacher report (42), but this is the first
study to estimate the genetic variance on a wider range of supralinguistic skills through
direct quantitative assessment. Such higher order linguistic tasks are associated with the
limited ability of individuals with ASD to understand language abstraction and also the well-
appreciated pragmatic deficits in ASD. All four supralinguistic scales from the CASL
showed significant heritability, though inclusion of ASD individuals in the analysis
significantly diminishes that heritability, implying that some differing etiologies are
influencing the performance on these tasks in ASD versus non-ASD family members. While
diminished, the heritabilities for these traits are still substantial when considering all family
members (ASD and non-ASD), implying that there are also genetic loci in common across
all family members that contribute to these abilities. It is interesting to note that in our
sample, mean scores from persons with ASD are not significantly different than those of SLI
subjects and both groups are lower than population means. Reduced supralinguistic skills are
not a defining characteristic of SLI so this observation is unexpected and novel relative to
the SLI and ASD literatures. This is the first study to ascertain families with both disorders
and it is possible that, since supralinguistic skills are heritable, selecting a family into the
study where at least one person has ASD (and so is expected to have supralinguistic
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deficits), essentially selects for risk loci that may produce such deficits in family members
without ASD. Under those selection demands, the subjects with SLI may be at greatest risk
for reduced performance.

The Core standard score of the CELF is less heritable when including ASD subjects in the
analysis while only a few individual subscales displayed that trend, and none were
significant. It is possible that the nature of the composite CELF Core standard score, which
weights data from multiple subscales, has greater variability and/or reliability than the
individual subscales. If true, then the observed heritability results would be expected as the
subscales have less reliability and/or variability for the analysis. Yet without strong results
from the subscales, the standard score on the CELF is indeed quite broadly representative of
language skills making interpretation challenging. Further studies with greater sample sizes
will be needed to identify which aspects of structural language are key to the observed
decreased heritability.

We hypothesized that heritability differences would be observed in PSTM since this is a
cognitive domain where ASD and SLI have notably divergent presentations in the types of
errors that tend to manifest with low performance (43, 44). Further, PSTM deficits are quite
common in SLI, but occur only a subgroup of subjects with ASD. Our data indicate that the
same genetics that influences PSTM in subjects with SLI (and the rest of the pedigree) also
influences PSTM in ASD, leaving the heritability estimates essentially the same. PSTM
performance was previously shown to differentiate ASD and SLI; not in overall
performance as scored in the CTOPP, but only when errors by syllable length were
considered (43, 44). It is possible that the quantitative score studied here is simply not
suitable for detection of such qualitative differences in performance, making genetics that
are unique to ASD possible.

Overall the presented heritability estimates are consistent with the literature with one
qualified exception. Our non-word repetition heritability estimate from the CTOPP is higher
than commonly reported for that measure (37, 45). However, the Children’s Test of
Nonword Repetition (46), a similar measure of PSTM, was estimated to have heritability >
1.0 in twins with SLI (47). This estimate is higher than genetically possible due to the nature
of their chosen statistical formulation but does indicate genetic effects much larger than 0 in
SLI subjects. It is therefore possible that our CTOPP non-word repetition heritability is
reasonable for pedigrees selected for SLI and autism.

Several aspects of statistical modeling should be considered when interpreting the data. The
nature of pedigrees precludes holding age constant across all subjects. And while we applied
age as a covariate to capture age effects, it is still possible that age effects, such as changes
in additive genetics throughout the lifespan, remain. Recently, we applied these pedigree
methods to a collection of SLI pedigrees without ASD and found the results to be quite
comparable to the literature on twin children, presumably due to generally modest sizes of
age-related changes in heritability (37). Here too, the heritability estimates are very similar
to previous literature on twin children.

Heritability of the ASD diagnosis as a categorical trait shows wide variability, with high
heritability (48-50), generally greater than 80 in previous studies, while one recent study
indicates a more modest effect of genetics (51). Additionally, ASD symptoms show
considerable variation, even when considering the differences in study designs and sample
sizes (50, 52-54). In contrast, our quantitative phenotype heritability results are consistent
with the language genetics literature, which generally show much less variability (55) than
has been shown in ASD (50, 52-54). The magnitude of the heritability changes observed in
our study should therefore be interpreted relative to the stability of the language genetics
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literature rather than the variability associated with a categorical diagnosis of autism. Due to
the limited number of persons with ASD in our pedigrees (many families have only 1) as a
consequence of our ascertainment protocol, analysis of ASD as a categorical trait is not
powerful enough to inform the ongoing debate about the heritability of the categorical ASD
diagnosis. Lastly, while epistasis appears to be a likely explanation for how ASD differs
from SLI despite shared genetics, it was not possible to formally estimate the necessary
additional parameters with the current sample size. Additional studies with much larger
samples are necessary to test an epistasis model for ASD and SLI.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Barchart of changes in heritability caused by including ASD status as a covariate.
Significant changes are. While the correlation between heritability estimates from the
baseline models versus the comparison models was high overall (ρ=0.97,P<.05), several
measures clearly deviate from the overall trend that are statistically significant (denoted with
asterisks). The barchart demonstrates the signal-to-noise ratio of the results.
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Figure 2.
Scatter plot of scores from ASD subjects (y-axis) on changes in heritability (x- axis). While
the average for each measure is below population levels, it is clear that changes in
heritability are not driven strictly by universally low performance of ASD subjects.
Regression of ASD proband scores on changes in heritability (line in figure) yielded non-
significant effects of both trait and quantitative value of the heritability difference.
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Figure 3.
Changes in supralinguistic measure heritability relative to a control condition, where
unaffected individuals were randomly removed form the analysis using the same statistical
procedure as for ASD and SLI subjects. Our baseline analysis, ASD (all subjects), is
equivalent to randomly removing individuals from the analysis as shown by the slight
deviations from the control baseline (lightest gray). Both ASD− and SLI− show large
deviations on the supralinguistic measures relative to the control condition. ASD− and SLI−

induce similar changes in heritability for both AS (ambiguous sentences) and MC (meaning
from context) while NL (non-literal language) also shows changes in heritability but SLI− is
greater than ASD−. A notable difference is in PJ (pragmatic judgment) where SLI− is
consistent with the control condition (i.e., no effect of SLI on PJ heritability).
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Table 1

Summary statistics for affected and unaffected family members

ASD Subjects
Mean (SD)

SLI Subjects
Mean (SD)

Other Subjects
Mean (SD)

N 27
+ 55 152

Age (years) 13.9 (9.8) 24.4 (19.9) 32.8 (19.1)

Sex (% Male) 72% 71% 47%

CELF

Core Score 71.5 (26.5) 69.2 (18.2) 107 (12)

Formulating Sentences 5.7 (3.8) 5.2 (3.1) 11.3 (2.5)

Repeating Sentences 4.7 (3.4) 3.8 (2.3) 9.9 (2.6)

Word Classes Receptive 7.8 (2.8) 6.9 (2.9) 12 (1.6)

Word Classes Expressive 5.7 (3.1) 5.5 (2.5) 11.2 (2.5)

Word Classes Total 6.5 (2.6) 6 (2.4) 11.6 (2)

Word Definitions 8.4 (2.4) 8.1 (2.5) 12.9 (2.4)

CASL

Ambiguous Sentences 76.6 (12.3) 74.8 (8.4) 98.3 (14.2)

Meaning from Context 71.1 (16.3) 74.3 (11.4) 103.5 (11.1)

Non-literal Language 70.5 (21) 70.2 (15.1) 100 (14.7)

Pragmatic Judgment 68.9 (21.2) 71.3 (16.9) 99.2 (10.9)

CTOPP

Elision 8 (3.9) * 5.5 (3.4) * 9.6 (2.8)

Nonword Repetition 8.6 (2.8) 7.4 (3.1) 9 (2.5)

WASI

PIQ 93 (16.5) 90.9 (13.9) 108.9 (12.1)

+
There are 64 subjects with ASD in the sample, but only 27 had quantitative language data

*
ASD mean is different from SLI mean, p < .05 after Bonferonni correction
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Table 2

Relationships used in heritability analysis by SOLAR

Relative pairs Number

Parent-offspring 261

Sibling 104

Grandparent-grandchild 24

Avuncular 61

Half sibling 4

Great grandparent-grandchild 2

First cousin 39

First cousin, once removed 3

Total 498
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Table 3

Heritability (SE) of Language and Reading Measures with/without ASD

ASD+ ASD− Δ h 2 Covariates

CELF

Core Score 0.43 (0.19) 0.53 (0.18) 0.10 * sex, PIQ

Formulating Sentences 0.24 (0.18) 0.24 (0.19) 0.00 sex, PIQ

Repeating Sentences 0.62 (0.17) 0.65 (0.16) 0.03 PIQ

Word Classes Expressive 0.34 (0.17) 0.37 (0.17) 0.03 sex, PIQ

Word Classes Receptive 0.47 (0.20) 0.48 (0.19) 0.01 sex, PIQ

Word Classes Total 0.36 (0.20) 0.40 (0.19) 0.04 sex, PIQ

Word Definitions 0.64 (0.16) 0.65 (0.15) 0.01 age, sex, PIQ

CASL

Ambiguous Sentences 0.38 (0.21) 0.46 (0.19) 0.08 * PIQ

Meaning from Context 0.59 (0.17) 0.70 (0.14) 0.11 * PIQ

Non-literal Language 0.39 (0.16) 0.45 (0.16) 0.06 * PIQ

Pragmatic Judgment 0.38 (0.18) 0.44 (0.20) 0.06 * PIQ

CTOPP

Elision 0.46 (0.23) 0.48 (0.25) 0.02 age, PIQ

Nonword Repetition 0.86 (0.13) 0.86 (0.13) 0.00 age, sex

WASI

PIQ 0.43 (0.20) 0.43 (0.20) 0.00 sex

*
ASD+ h2 different from ASD−, p<.05 after Bonferroni correction
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