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Scientific Abstract

Raw totals from diagnostic and screening measures for Autism Spectrum Disorder (ASD) are
frequently used as dimensional measures of autism symptom severity without appropriate
correction for confounding factors, such as developmental level or non-ASD-specific behavior
problems. Although these associated features are important to consider when diagnosing ASD and
developing intervention plans, both researchers and clinicians sometimes need metrics of ASD
severity that are not influenced by these factors. The ADOS domain calibrated severity scores
were created to provide separate estimates of Social Affect (SA-CSS) and Restricted, Repetitive
Behaviors (RRB-CSS) that are relatively independent of child characteristics (Hus et al., 2014).
Using a sample of 2,509 probands with ASD from the Simons Simplex Collection (SSC), this
study provides the first replication of the ADOS domain CSS in an independent sample.
Consistent with the original standardization study, when applied to existing SSC data, the ADOS
domain CSS were less influenced by age and cognitive ability compared to raw domain totals.
Domain CSS were also relatively independent of behavior problems. Use of the ADOS domain
CSS to assess relationships between ASD symptoms and genetic risk factors will increase
confidence that associations reflect domain-specific relationships. Scores also offer less
developmentally-influenced estimates of ASD severity for future phenotypic explorations in the
SSC. This independent replication provides support for the application of the ADOS domain CSS
in other samples, though further replication in population-based samples will be an important next
step.

Lay Abstract

Many questionnaires, interviews and assessment measures are used to inform whether someone is
at risk for or meets diagnostic criteria for Autism Spectrum Disorder (ASD). Researchers often use
scores from these measures to describe ASD symptom severity (e.g., a higher score would suggest
greater severity). However, many child characteristics not specific to ASD may influence scores.
For example, younger children or youth with language impairment may have higher scores. While
non-ASD behaviors are important to consider when diagnosing someone with ASD and
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developing intervention plans, both researchers and clinicians sometimes need metrics of ASD
severity that are not influenced by these factors. The Autism Diagnostic Observation Schedule
(ADQS) is a commonly used measure in diagnostic assessments that yields scores reflecting
social-communication impairments and restricted, repetitive behaviors (but which are also
influenced by developmental level; e.g., age and 1Q). The ADOS domain calibrated severity scores
(CSS) are a new metric that converts ADOS domain totals into scores that provide estimates of
social-communication and repetitive behaviors that are less influenced by developmental level.
The goal of this study was to replicate the recently proposed ADOS domain CSS in an
independent sample of 2,509 children with ASD. Consistent with the original study, the ADOS
domain CSS in this study were less influenced by developmental levels compared to raw domain
totals. The domain CSS offer less developmentally-influenced estimates of ASD severity for
researchers investigating genetic risk factors for ASD and those seeking to better understand how
ASD symptoms relate to other behaviors.

Keywords

Autism Spectrum Disorder; Autism Diagnostic Observation Schedule; Severity; Social Affect;
Restricted and Repetitive Behaviors

Recent reports estimate that 1 in 68 children in the United States are diagnosed with an
autism spectrum disorder (ASD; ADDM Network & CDC, 2014). There are a growing
number of studies seeking to elucidate genetic variants that enhance risk for autism and
neurobiological mechanisms that underlie symptoms of this complex, developmental
disorder. It is widely acknowledged that ASD is etiologically heterogeneous (Geschwind,
2011) and will require large samples to investigate potential contributing genetic factors.

The Simons Simplex Collection (SSC; Fischbach & Lord 2010) is a study of over 2,500
“simplex” families (i.e., families with one child with ASD who does not have first, second or
third degree relatives with the disorder). A strength of the SSC is the availability of
phenotype data from a variety of behavioral measures that were carefully monitored for
completion and reliability across sites (Lord, Petkova et al., 2012). Some of these measures
have been used to explore genotype-pheotype correlations (e.g., Girirajan et al., 2013;
Krumm et al., 2013; Sanders et al, 2011).

Many of these scales have names that suggest their scores should reflect a specific behavior
or subset of behaviors, such as the Social Communication Questionnaire (SCQ); Rutter et al.,
2003) or the Social Responsiveness Scale (SRS; Constantino & Gruber, 2005), or may
capture autism severity more broadly (e.g., Autism Diagnostic Interview-Revised; ADI-R;
Rutter et al., 2003). However, there is a growing body of research, including studies using
behavioral data from the SSC, demonstrating that interpretation of raw totals from these
measures is not straightforward (e.g., Warren et al., 2012). For example, a recent SSC study
(Hus et al., 2013) demonstrated that SRS scores of children with mild social impairments but
high levels of behavior problems were indistinguishable from children with significant social
impairments but few behavior problems. This comparison reflected findings that scores on
the SRS, which is intended as an ASD screener and continuous measure of autism severity,
were strongly associated with several non-ASD-specific child characteristics. Effect sizes for
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behavior problems were similar or larger than effect sizes reflecting associations between
SRS scores and measures of social competence or autism symptoms. A parallel study
focusing on raw domain totals from the ADI-R found that its raw totals were strongly
influenced by age and language, though not behavior problems (Hus & Lord, 2013). Parents
of older children or children with minimal language tended to report more ASD symptoms.
Thus, ADI-R raw totals are not directly comparable across individuals of different
developmental levels as a measure of ASD severity; scores will not distinguish older
children or those with greater language impairment from children who truly have high levels
of core ASD symptoms.

While factors such as language, cognitive impairment or behavior problems are important to
consider when diagnosing ASD and developing intervention plans, these features are not
part of the core ASD diagnostic criteria. Thus, if the goal is to identify biomarkers for ASD,
or that relate to dimensions of behavior, such as social-communication, it is important to
control for these associated features in order to increase confidence in the specificity of the
biological-behavioral association. Despite the significance of this issue, both behavioral and
basic science researchers continue to use scores from these measures as if they are specific
indices of autism severity or other specific behaviors (e.g., social impairment) without
controlling for potentially confounding factors. For example, investigations of the
pathophysiology of ASD often use scores from these measures to draw associations between
ASD symptoms and genetic mutations or neurobiological differences (e.g., Connolly et al.,
2013; Coutanche et al. 2011; Uddin et al. 2011). Such studies rarely acknowledge the
potential confounds to these measures (see Brune et al., 2006 for exception; also, Charman
et al., 2007), which limits the interpretability of findings and may explain difficulties with
replication (e.g., due to sample differences in age or cognitive level; Hus et al., 2007; Jones
& Lord, 2013). This may continue in part because there has been a lack of measures
available to investigate symptom severity that are not confounded by these other non-ASD-
specific child characteristics.

Of course, sometimes the distance between genetic variation and observable behavior may
also be too “far” to reasonably expect to draw strong phenotype-genotype associations (Kim
& State, 2014). Medical disorders with similar clinical presentations have demonstrated
heterogeneous etiologies, whereas seemingly distinct syndromes may arise from the same
pathophysiology (Insel et al., 2010). As such, there has been movement toward greater
consideration of dimensions of behavior that extend across the boundaries of the classic
categorical diagnoses in approaches such as NIMH’s Research Domain Criteria (RDoC) and
APA’s DSM-5. With a primary goal of RDoC being to draw associations between neural
circuitry and both clinical and genetic factors (Insel, et al., 2010), it seems all the more
important to put careful thought into the types of tools used to measure dimensions of
behavior. Indeed, it is unlikely that neural circuits are likely to be correlated with measures
encompassing many dimensions of behavior (e.g., the SRS or SCQ which include aspects of
social and repetitive behaviors, as well as internalizing and externalizing behavior
problems). Thus, constructing “purer” metrics of behavioral dimensions that are relatively
independent of developmental level and other factors would appear to be an important
contribution to both understanding the pathophysiology of ASD, as well as how variability
of behavioral dimensions within ASD influence clinical outcomes.
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One metric, the Calibrated Severity Score (CSS; Gotham et al., 2009) derived from the
Autism Diagnostic Observation Schedule (ADOS; Lord et al., 1999), is less influenced by
age and language skills compared to raw ADOS totals. (Notably, in the recently revised
ADOS-2 (Lord, Rutter, et al., 2012), the CSS was renamed the Comparison Score (CS);
however, we maintain use of the terms “ADOS-CSS” or “Overall CSS” to refer to the
standardized overall total score to facilitate comparisons to the study by Hus and colleagues
(2014), which this manuscript seeks to replicate.) The ADOS-CSS offers an overall indicator
of ASD severity, encompassing both core symptom domains: social-communication and
restricted, repetitive behaviors, as observed during a standardized assessment. This metric
has been used in some studies investigating possible ASD biomarkers. For example,
Girirajan and colleagues (2013) used the ADOS-CSS to show that CNV size was positively
correlated with autism symptom severity in individuals with duplications, but not deletions.
On the other hand, Nordahl and colleagues (2011) did not find a significant relationship
between total cerebral volume and ADOS severity. Lack of associations are not unexpected
given that the ADOS-CSS, like other measures mentioned above, combines a broad range of
behaviors, encompassing both of the core domains of ASD-related symptoms.

Analyses of other ASD diagnostic instruments suggest that, consistent with DSM-5, ASD is
best conceptualized by a model constituting two related, but distinct, dimensions: social-
communication and repetitive behaviors (e.g., Mandy et al., 2014). Indeed, researchers
seeking to link biological mechanisms often focus on these domains separately (e.g., linking
ADOS Social domain scores to amgydala activation; Dichter et al., 2011). Thus, calibrated
scores for each separate domain may be more useful in such investigations than the
calibrated score combining both domains (Jones & Lord, 2013). As such, in their 2014
paper, Hus and colleagues sought to separately standardize ADOS domain scores.
Consistent with the overall CSS, the ADOS Social Affect (SA-CSS) and Restricted,
Repetitive Behavior (RRB-CSS) calibrated scores significantly reduced effects of child
characteristics compared to domain raw totals.

In one SSC study, the overall and domain CSS were used to create subgroups in which to
test the impact of sub-phenotyping on genetic homogeneity and ability to identify common
genetic variants conferring ASD risk (Chaste et al., 2014). Although the overall results of the
study suggested that reducing phenotypic homogeneity was not a particularly fruitful
approach for discovering genetic risk variants, the authors noted that probands with high
repetitive behaviors (i.e., RRB-CSS =8) may be a more genetically homogenous group.
Given that increased homogeneity was not observed in the overall-CSS group, one might
interpret this as evidence that examining severity separately for each domain has some
benefit over the overall-CSS encompassing both domains. Furthermore, score comparisons
suggest that domain CSS are more informative than the overall-CSS for examining
longitudinal trajectories of ASD symptoms in individual cases (Hus et al., 2014).

In order to establish the utility of this new ASD severity metric, it important to both compare
results using overall- and domain-CSS, as well as to demonstrate that the domain CSS are
replicable in other samples. The purpose of this study is to replicate the CSS for separate
domains in an independent sample, the SSC, in order to demonstrate the validity of this
metric for use in ongoing investigations. These scores may be useful for genotype-phenotype
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analyses and to elucidate the ASD behavioral phenotype in this rich dataset of over 2500
families.

Participants were drawn from a sample of 2,570 children with an autism spectrum disorder
who participated in the Simons Simplex Collection. All probands were required to meet
Collaborative Programs of Excellence in Autism (CPEA) criteria for a diagnosis of Autism,
PDD-NOS, or Asperger Disorder (Lainhart et al., 2006; see Hus & Lord, 2013). Families
were excluded if the proband had a nonverbal mental age below 18 months, significant
sensory impairments that might affect standardized testing, or documentation of Fragile X,
Tuberous Sclerosis or Down syndrome (see Fishbach & Lord, 2010 for more information
regarding inclusion and exclusion criteria). Sixty-one children were excluded from the
present analyses because they were outside the age range used in the original domain CSS
calibration study (i.e., = 15 years for Module 1 or = 17 years for Modules 2 and 3; Hus et al.,
2014). Participants were predominantly male (86.8%), White (78%) and from well-educated
families (61% maternal education of Bachelor’s degree or higher). Sample characteristics
are provided in Table 1. Parents gave informed consent, approved by Institutional Review
Boards at each of the 12 university-based sites.

The ADOS was conducted as part of the SSC’s standard research battery. Briefly, this
battery included, at minimum, a direct assessment with the child (ADQOS, cognitive test),
parent interview (ADI-R; Vineland Adaptive Behavior Scales, 2" Edition; Sparrow et al.,
2005) and several behavioral questionnaires. All ADOSes were administered and scored by
a clinical psychologist or trainee who met standard requirements for research reliability and
who maintained reliability with study consultants through semiannual workshops and video
scoring. All children had verbal and nonverbal 1Q scores derived from a developmental
hierarchy of cognitive measures, most frequently the Differential Ability Scales, 2" Edition
(85%:; Elliott, 2007) and Mullen Scales of Early Learning (11%; Mullen, 1995). Parents
completed a battery of questionnaires, including the Child Behavior Checklist (CBCL;
Achenbach & Rescorla, 2001). CBCL Internalizing and Externalizing T-Scores were used as
an estimate of general behavior problems. See Lord, Petkova, et al., 2012 for more detailed
procedures.

Procedures for deriving the Social Affect (SA) and Restricted, Repetitive Behavior (RRB)
calibrated severity scores (CSS) are detailed in the original study (Hus et al., 2014). Briefly,
raw domain totals for participants with best estimate clinical diagnoses of ASD were
compared across the 18 age and language groups used in the overall-CSS standardization
(Gotham et al., 2009). Groups with similar distributions were collapsed, yielding 12 age/
language cells for derivation of domain CSS. Percentiles from mapping overall raw totals to
the 10-point calibrated severity metric were used to inform mapping of SA and RRB raw
totals. Mappings were adjusted so that 90% of participants with ADOS classifications of
“Autism” had SA-CSS of =6, 80% of participants with ADOS classifications of “Autism
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Spectrum” had SA-CSS >4, and 80% of participants with a “Nonspectrum” ADOS
classification had SA-CSS <3. Given the lower sensitivity of repetitive behaviors in the
limited context of the ADOS, a less stringent goal of 80% sensitivity was set for ADOS
classification of “Autism” and RRB-CSS =6 and 80% specificity for “Nonspectrum”
classification and RRB-CSS <6. Notably, because the raw RRB total is comprised of only 4
items, the RRB-CSS includes a limited range of values (i.e., 1 and 5-10; see Hus et al., 2014
for details).

For the present study, ADOS raw totals were mapped on to the 10-point calibrated severity
metric for the Social Affect and Restricted, Repetitive Behavior domains as outlined in the
original study (Hus et al., 2014; Table 2). This study includes replication of only 8 of the
original 12 age/language cells because children under the age of 4 were not included the
SSC. Separate linear regression analyses were then conducted to examine the influences of
child characteristics on raw domain totals and calibrated domain scores. As in Hus et al.,
2014, verbal and nonverbal 1Qs and mental ages were entered into the first block; age,
gender, maternal education and race were entered into the second block. Significant
predictors were then entered into Forward Stepwise models to assess the relative
contributions of child characteristics in predicting both raw domain totals and calibrated
domain scores. Separate regression analyses exploring influences of internalizing and
externalizing behaviors (controlling for demographics) were also conducted. Although the
original study did not investigate whether ADOS-CSS were influenced by behavior
problems, the availability of CBCL data in the SSC afforded an opportunity to examine
these associations. These analyses were of interest because, significant associations with
behavior problems would limit interpretability of domain CSS as indicators of core ASD
symptom severity.

Comparison of Raw Domain Totals and Calibrated Domain Scores by Calibration Cell

As observed in the original calibration sample, distributions of raw SA and RRB domain
totals varied by age and language (Figure 1 a, c). Calibrated SA and RRB scores were more
uniform, both across and within module groups, though some differences persisted (Table 2
and Figure 1 b and d). Most notably, as was observed with the raw SA totals, the older
Module 2 group had significantly higher SA-CSS compared to other age and language
groups (p<.05 for all comparisons). Moreover, in the Module 1, No Words, the older Module
2 and the younger Module 3 groups, 28-32% of children received the highest RRB-CSS of
10, reflecting high levels of repetitive behaviors during the ADOS.

Mean SA-CSS and RRB-CSS distinguished between children grouped by clinician’s best
estimate diagnosis (i.e., Autism vs. Other ASD; SA-CSS: t(1318.82)=15.61, RRB-CSS:
1(1107.18)=13.83, p<.001), though as shown in Figure 2, there was marked overlap between
the diagnostic groups.
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Correlations Between Domain Calibrations and Overall Calibrated Severity Score

Correlations between the SA-CSS and RRB-CSS were significant, but weak (r=.13, p<.001;
Cohen, 1988). Strong correlations between overall CSS and each domain CSS were
observed, though relationships were stronger for SA-CSS (r=.86) compared to RRB-CSS (.
51). This is likely due to the fact that the overall CSS is comprised of a greater proportion of
SA items than RRB items.

Predictors of SA-Raw and SA-CSS

The final model including all child characteristics as predictors explained 27.0% of the
variance in the SA-Raw total. Verbal and nonverbal 1Q, nonverbal mental age, chronological
age and maternal education (mothers with graduate/professional degrees vs. all others) were
significant predictors of raw SA totals. In contrast, the same model explained only 3.1% of
the variance in the SA-CSS. Verbal mental age and chronological age made small, but
significant contributions to the SA-CSS.

Next, verbal and nonverbal 1Q, chronological age and maternal education were entered into
a Forward stepwise model to assess the relative contributions of each of these variables in
predicting SA-Raw and SA-CSS (see Table 3). Verbal 1Q accounted for 26% of the variance
in SA-Raw, whereas chronological age (0.7%) and maternal education (0.2%) made minimal
contributions; nonverbal 1Q was excluded from the model indicating it did not significantly
predict SA-Raw. In the forward model predicting SA-CSS, verbal 1Q accounted for 2% of
the variance and chronological age an additional 0.3%. Nonverbal 1Q and maternal
education were not significant predictors of SA-CSS. Because verbal and nonverbal 1Q were
highly correlated (r=.83), when verbal 1Q was removed from the model, nonverbal 1Q
predicted 18.8% of variance in SA-Raw and 1.2% in SA-CSS. Maternal education was
excluded as a predictor from both models.

Finally, CBCL Internalizing and Externalizing T-scores were entered into separate models
predicting SA-Raw and SA-CSS. CBCL Internalizing behaviors emerged as a significant
predictor but accounted for less than 1% of the variance of SA-Raw (overall R2=0.011;
rpart=—0.076; p<.001). Behavior problems were not significant predictors of SA-CSS.

Predictors of RRB-Raw and RRB-CSS

Child characteristics explained 22.8% of variance in the RRB-Raw total. Verbal and
nonverbal 1Q, verbal and nonverbal mental age and chronological age emerged as significant
predictors of raw RRB totals. In contrast, only 4.5% of variance in RRB-CSS was explained
by the same model. Nonverbal 1Q, verbal and nonverbal mental age and gender were
significant predictors of RRB-CSS.

As shown in Table 3, verbal and nonverbal 1Q, chronological age and gender were entered
into Forward Stepwise models to assess relative contributions of these child characteristics
in predicting RRB-Raw and RRB-CSS. RRB-Raw totals were significantly predicted by
verbal 1Q (18.5% of variance), chronological age (3.9%) and nonverbal 1Q (0.3%).
Calibrated RRB scores reduced the influence of child characteristics, with verbal 1Q
explaining only 2.9% of the variance and chronological age and gender contributing 0.9%
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and 0.2%, respectively. Again, if verbal 1Q was removed from the model, nonverbal 1Q
predicted 14.9% of variance in RRB-Raw and 2.4% of variance in RRB-CSS.

Behavior problems explained just under 2% of variance in RRB-Raw, with CBCL-
Internalizing emerging as a small, but significant predictor (overall R2=0.024; rpart=—0.135,
p<.001). This association was reduced in the model predicting RRB-CSS (overall R2=0.012;
rpart:_0.096, p<.001).

Discussion

Standardized ADOS domain scores have recently been proposed to reduce effects of child
characteristics on raw Social Affect and Restricted Repetitive Behavior totals (Hus et al.,
2014). This is particularly important for geneticists and neuroscientists interested in using
scores from the ADOS as dimensions of severity of social-communication and repetitive
behaviors. Associations made between ADOS calibrated domain scores and genetic or
neurobiological mechanisms are more likely to indicate that the mechanism is influencing
social-communication skills or restricted, repetitive behaviors than associations with raw
ADOS totals, which may reflect sample differences in cognitive level or age.

This replication study confirms earlier independent findings (Hus et al., 2014) that the
ADOS calibrated domain scores effectively reduced associations with child characteristics
compared to raw domain totals in the Simon’s Simplex Collection (SSC). Twenty-seven
percent of the variance in SA-Raw totals was explained by non-ASD child characteristics;
standardization of scores reduced relationships to 3.1% for SA-CSS. Similarly, associations
were reduced from 22.8% of variance in RRB-Raw to 4.5% of RRB-CSS; Verbal 1Q
emerged as the strongest predictor, explaining only 2—3% of variance of either domain
calibrated score. In addition to effects of developmental level, the present study explored the
potential influence of both internalizing and externalizing behaviors (as measured by the
Child Behavior Checklist) on ADOS Raw totals and domain CSS. Only internalizing
behaviors emerged as a significant predictor, explaining less than 1% of variance in RRB-
CSS.

It is noteworthy that, compared to the current study, the original paper by Hus and
colleagues (2014) reported that regression models using the same predictors explained a
greater proportion of the variance in SA-Raw (45%) and SA-CSS (15%). In contrast, models
from that study predicted lower levels of variance in RRB-Raw (15%) and were comparable
for RRB-CSS (5.5%). Differences in the proportions of variance explained by child
characteristics in the present replication sample compared to the validation sample may
reflect differences in age and cognitive level, as well as differences in the distribution of raw
totals for each algorithm group. This variation is most likely a reflection of differences in the
purposes for which these samples were ascertained (simplex genetic study vs. primarily
clinical referral and research participants) or the time period during which they were
collected (SSC participants seen between approximately 2007-2010 vs. original sample
collected in the 1990s and early 2000s).
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SA-CSS was actually less influenced by child characteristics in the replication sample than
the original validation study. Results for RRB-CSS were highly similar. Most important,
distributions of domain CSS across age/language cells were more uniform than Raw totals in
the present sample. In spite of sample differences, the distributions of SA-Raw domain totals
followed a similar pattern across studies — higher scores for children with more impaired
language (i.e., Module 1 vs. 3) and for older children with similar language (i.e., Module 2
7-16 year olds vs. Module 2 4-year olds). RRB-Raw distributions also followed the same
general pattern, though there was greater overlap between children with the greatest
language impairment (Modules 1 and 2) in both studies. Replication of domain CSS in
population-based samples will be important to assess whether similarities and differences in
patterns of score distributions and associations with child characteristics actually reflect
meaningful variations in symptom severity across study samples or are reflections of
ascertainment differences.

These findings stand in contrast to previous reports examining the influences of child
characteristics on scores from parent report measures that are frequently used to
approximate ASD severity. For example, while 22—26% of the variance in ADI-R totals was
explained by developmental level (i.e., language and 1Q; Hus & Lord 2013), SRS scores
were strongly associated with behavior problems (as indicated by the CBCL, AR?=.20-.26
in probands and AR2=.22 in typical siblings) and more modestly influenced by
developmental level (AR?=.12; Hus et al., 2013). Influences of non-ASD-specific child
characteristics on the SRS and other screening measures, such as the Social Communication
Questionnaire and Child Communication Checklist have also been demonstrated in other
samples (e.g., Charman et al., 2007; Constantino et al., 2000; Kanne et al., 2009).

While effects on measures such as the ADI-R and SRS can be statistically controlled if
information about developmental level and behavior problems is available, researchers
looking for a somewhat more straightforward estimation of ASD severity may wish to turn
to the calibrated domain severity scores, which can be computed using existing ADOS data.
These findings lend support to the validity of the ADOS domain calibrated scores and
suggest that this metric provides a relatively independent measure of social-communication
and repetitive behavior dimensions that may be useful for genotype-phenotype analyses and
other behavioral explorations. Because the SSC is limited to children above the age of 4,
replication in a younger sample is also warranted.

Consistent with the original ADOS domain calibration study, Social Affect and Repetitive
Behavior calibrated scores distinguished between children with Autism vs. Other ASD
diagnoses; however, there was marked overlap between the two groups. This is not
surprising given earlier findings that the designation of categorical diagnoses (i.e., Autism
vs. PDD-NOS vs. Aspergers) were unreliable across SSC sites and did not consistently
reflect differences in symptom severity (Lord, Petkova et al., 2012). It is hoped that domain
CSS will capture the heterogeneity in symptom severity that characterizes ASD (Hus et al.,
2014). How the domain CSS relate to DSM-5 severity specifiers has not yet been explored;
however, because the ADOS provides behavioral information in a single context, this metric
would need to be used in conjunction with other assessment modalities (e.g., parent report,
school observation) to appropriately describe the level of support a given individual requires
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(Hus & Lord, 2014). Regardless, these findings support the decision to collapse diagnostic
categories in DSM-5 to provide a single diagnosis of Autism Spectrum Disorder.

As noted above, given the stringent inclusion and exclusion criteria employed by the SSC,
this sample may not be representative of children with ASD in the general population,
particularly outside of North America. Moreover, because the SSC only included probands 4
years or older, we were not able to investigate the replicability of the domain CSS in 2 and 3
year olds. Nonetheless, replication in this sample is useful to demonstrate that the ADOS
domain CSS effectively reduce effects of child characteristics in another large sample, as
well as being of particular interest to researchers using the SSC data.

It is also noteworthy that there were RRB-CSS ceiling effects for three groups: children who
were nonverbal or had fewer than 5 words (Module 1 No Words), older children and
adolescents with phrase speech (Module 2 7-16 year olds) and verbally fluent preschool
children (Module 3 4-5 year olds). Compared to the original sample used to calibrate ADOS
domain scores (Hus et al., 2014), children in the SSC tended to have somewhat higher raw
ADOS Restricted Repetitive Behavior totals. This may be related to the SSC’s focus on clear
cases of ASD, even though SSC study criteria did not require that children demonstrate
evidence of restricted and repetitive behaviors on any diagnostic instrument (i.e., ADOS-
cutoffs are based upon the overall total, which could be exceeded by high scores on the SA
domain and CPEA ADI-R criteria include only cut-offs for the Social and Communication
domains). As noted above, it would be useful to replicate the ADOS domain CSS in a
population-based sample to determine how sampling bias may have influenced these
distributions or if there are true differences in repetitive behavior severity in the SSC, or in
simplex families more broadly, compared to other clinically ascertained samples.

It is also recognized that, while separately calibrated ADOS domain scores provide
somewhat more specific indications of social affect and repetitive behaviors, the ADOS was
designed to be a diagnostic instrument (as opposed to providing a dimensional metric of
symptoms). Thus, ADOS scores continue to encompass a range of ASD-related behaviors,
including specific constructs (social-communication) and subconstructs (e.g., production of
facial and non-facial communication; NIMH, 2014) proposed in the RDoC framework, as
well as other dimensions of behavior that may be separable (e.g., repetitive sensory motor
behaviors and insistence on sameness behaviors; Bishop et al., 2013). As such, the ADOS
domain calibrated scores are not proposed to be the only, or even the “best,” way to measure
dimensions of social-communication and repetitive behaviors for scientists aiming to
elucidate the pathophysiology of ASD and other neurodevelopmental disorders. Their
development represents an effort to increase the utility of already widely available data in
large-scale databases such as the SSC.

Conclusion

The current study provides the first replication of the ADOS domain calibrated severity
scores (Hus et al., 2014). The ADOS Social Affect and Restricted Repetitive Behavior
calibrated severity scores provide separate estimates of severity consistent with studies (e.g.,
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Mandy et al., 2014) showing ASD is best conceptualized as two core dimensions of
symptoms: social-communication deficits and restricted, repetitive behaviors. Behavioral
studies often highlight the need for basic science researchers to exercise caution in their
selection of measures used to investigate their phenotype of interest. For example, failure to
take into account non-ASD-specific influences on various metrics may lead to misleading
interpretations of associations between scores and biological mechanisms. In contrast to
other phenotype measures that have appropriate-sounding names (e.g., Social
Communication Questionnaire, Social Responsiveness Scale) but have clear associations
with factors that may confound interpretation as dimensional measures of ASD severity,
ADOS domain calibrated scores are relatively independent of child characteristics, such as
age, language, cognitive ability and other behavior problems. It is hoped that the newly
calibrated domain scores will be used in studies investigating the complex links between
biology and behavior.
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Figure 1.
a (top, left) Distributions of raw Social Affect domain totals by age/language cells. b (Zgp,

right) c Distributions of calibrated Social Affect domain scores by age/language cells.
(bottom, left) Distributions of raw Restricted and Repetitive Behavior domain totals by age/
language cells. d (bottom, right) Distributions of calibrated Restricted and Repetitive
Behavior domain scores by age/language cells.
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Calibrated Scores by Best Estimate Clinical Diagnosis collapsed (AUT vs Other ASD)
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