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Autism spectrum disorder (ASD), characterized by difficulties in social communication

and restricted and repetitive behaviors, affects roughly 2% of 8-year-old children in the
United States (U.S., Maenner et al. 2021). The diagnosis of ASD results in a binary
categorization of having the condition or not; however, the continuum of the broader
ASD-related phenotype extends beyond diagnostic boundaries into and through the general
population (Billeci et al. 2016; Constantino and Todd 2003, 2005; Robinson et al. 2016).
The Social Responsiveness Scale (SRS, Constantino, J., & Gruber, J. 2005; Constantino

et al. 2003; Constantino JN, Gruber C. 2012) is a 65-item informant-report tool and widely-
used quantitative measure of the ASD-related phenotype (Bélte et al. 2011; Constantino et
al. 2003). A 16-item shortened version of the SRS, derived from the full SRS, was proposed
to abbreviate administration time and to reduce the potential influence of other psychiatric
morbidities on ASD trait assessment (Sturm et al. 2017). This shortened SRS is increasingly
being used to estimate risk factor associations. As a quantitative trait measure, the shortened
SRS provides the opportunity to assess whether a given risk factor leads to a shift in a

given trait across the entire population. However, this shortened version was developed in an
autism-skewed sample, (Sturm et al. 2017) and its use as a quantitative trait measure for risk
factor estimation has not been fully examined. Note that the term “risk factor” is used here
as a statistical term and should not be interpreted as implying prevention of ASD related
traits.

Prior work has evaluated the validity of the 16-item shortened SRS, and compared the
psychometric properties in comparison to the full 65-item SRS (Kaat et al. 2023; Lyall

et al. 2021, 2022; Sturm et al. 2017). However, limited prior work has addressed whether
abbreviated versions of a neurodevelopmental quantitative trait measure capture risk factor
associations in the same ways as their full counterparts. This is a key question to address
given increasing use of abbreviated versions in large studies of child health (Gillman and
Blaisdell 2018; Hofman et al. 2004; Volkow et al. 2018).

Here we compare the extent to which an established risk factor for ASD — gestational
age or preterm delivery — is associated with child full and short SRS scores in order

to assess the shortened version’s ability to capture this relationship. We hypothesize that
risk factor estimates between gestational age and preterm delivery will be similar between
the shortened and full SRS, based on prior work observing comparability in psychometric
properties between the full and short SRS (Kaat et al. 2023; Lyall et al. 2021, 2022; Sturm
et al. 2017). We selected gestational age as a well-replicated factor associated with ASD
(with preterm birth and low gestational age both consistently associated with increased odds
of ASD, Gardener, H et al. 2011; Jenabi et al. 2021; Kuzniewicz et al. 2014; Mahoney

et al. 2013) and compared estimates obtained for full and short SRS scores. We leveraged
data from a large, geographically diverse sample of U.S. children from the Environmental
influences on Child Health Outcomes (ECHO) program.
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Methods

Study Sample

The study sample was drawn from the ECHO Program, a national consortium of 69 cohort
studies investigating the effects of environmental exposures on child health (Gillman and
Blaisdell 2018; LeWinn et al. 2021). Individual cohorts follow common protocols for
assessing child health and are overseen by single and site-specific institutional review
boards. Participants provided informed consent for themselves and their children.

We analyzed data from 11 ECHO cohorts with SRS scores on children aged 2.5-18 years.
Details of the 11 included cohorts and distributional properties of SRS scores have been
previously described (Lyall et al. 2021). Briefly, among the 5,394 participants from 11
ECHO cohorts, 2,363 were excluded for missing child level information (i.e., age) or SRS
scores. Of the 3,031 remaining participants, 271 were excluded for missing gestational age,
resulting in a final analytic sample of 2,760 child-parent dyads.

Social Responsiveness Scale (SRS)

Details of the SRS in ECHO cohorts have been previously described (Lyall et al.

2021). Briefly, the SRS is a 65-item questionnaire (referred to here as the “full” SRS)
assessing autism-related traits, or social reciprocity, including social communication and
restricted repetitive behaviors (Constantino, J., & Gruber, J. 2005; Constantino et al. 2003;
Constantino JN, Gruber C. 2012). Individual items are scored from 0-3 and summed to
yield a total score (range: 0-195) where higher values indicate more ASD-related traits.
Established thresholds reliably distinguish ASD children from both non-affected children
and those with other conditions (e.g., intellectual disability, Constantino and Todd 2003).
Additionally, cut-off scores (total raw score of = 52 for the full SRS and = 13 for the short
SRS) are generally consistent with clinically relevant deficits in reciprocal social behaviors
that may interfere with daily social interactions, and diagnosis of autism. In this sample, the
full SRS (SRS or SRS-2) was completed by primary caregivers when children were 2.5-<18
years of age. Depending on child age, caregivers completed the preschool or school age
forms (applicable to ages 2.5-4.5 or 4-<18 years, respectively). Of note, SRS versions are
nearly identical, and only minor differences exist across forms to align with developmental
relevance (i.e., age-appropriate examples).

The 16-item SRS (hereafter referred to as the “short score™) was developed based on item
response theory (IRT) with the goal of increasing score efficiency (i.e., near-equivalent score
precision in fewer items) and reducing participant burden along with reducing potential
biases related to age, sex, and expressive language (Sturm et al. 2017). Using the existing
65-item SRS and data from autism registries, Sturm and colleagues developed the 16-item
shortened version using item response theory to identify items from the existing 65-item
full version. Item selection was based on high factor loadings, low evidence for differential
functioning, and expert consideration of content validity. Short scores are calculated by
summing the individual 16 items (range: 0-48); short scores in this analysis were calculated
by summing only these 16 items abstracted from the 65-item administrations. Prior work
has established the comparability of the shortened version of the SRS as a quantitative trait
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measure and in the prediction of ASD for use in screening purposes, similar to the full SRS
(Lyall etal. 2021, 2022).

SRS scores are presented as raw scores due to lack of population-based T-score norms

for short scores and minor norming differences across SRS forms (preschool and school
age). We re-scaled scores (range: 0-100) using the percent of maximum possible method
to enable direct comparison of full and short SRS scores. This scaling method has the
advantage of reflecting group differences proportional to the original scale (Cohen et al.
1999). Note, we considered total scores in our analyses, not subscales, given that the short
SRS does not allow for calculation of all subscales available with the full SRS.

Model Risk Factor

Gestational age at birth in weeks was calculated based on maternal report of last menstrual
period, as obtained via report on questionaries or in medical records, and child date of birth.
We considered gestational age in weeks as a continuous measure as well as a categorical
variable for preterm (defined as birth <37 weeks gestation).

Statistical Analyses

First, we characterized distributions of study sample characteristics. Then, we compared
covariate adjusted linear regression results between full and short SRS scores with
gestational age and preterm birth. We adjusted for covariates based on a priori knowledge
including maternal education, race/ethnicity, and child sex and age at the time when the
SRS was administered. In addition, in order to assess whether the short SRS scores estimate
associations across the full range of the score distribution in the same way as full SRS
scores, we conducted quantile regression analyses (Beyerlein 2014; Koenker 2005; Koenker
and Hallock 2001). Compared to linear regression models that estimate mean differences

in outcomes across distributions of exposures, quantile regression models allowed us to
compare the direction and magnitude of associations between gestational age and the full
and short SRS across quantiles of these scores. These analyses therefore address whether
the exposure-outcome association is consistent or differs across the outcome distribution, as
would indicate if the exposure shifts the entire trait distribution, or, say, just the upper tail of
it.

In secondary analyses, we examined the ability of the full and short SRS to predict

preterm birth (<37 weeks gestation) as the outcome. In these models, rather than estimating
influences on ASD-related traits associated with a known risk factor (i.e., gestational age),
the goal was to compare the ability of the full and short scores to predict the known

risk factor. These analyses were conducted with SRS scores parameterized continuously

as well as categorically based on clinically relevant cut-off scores. We also conducted
analyses stratified by source population, including those drawn from general population
cohorts, preterm birth cohorts, and familial ASD enriched cohorts (selective enrollment of
participants who previously had a child with ASD), to address whether differences in the
trait distributions and likelihood of ASD in these populations influenced results.

J Autism Dev Disord. Author manuscript; available in PMC 2025 January 22.
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We completed all statistical analyses using SAS Studio version 3.71 (SAS Institute, Inc.
Cary, North Carolina). Figures were developed using R Studio version 4.1.1 (R Core Team,
Vienna, Austria).

The analytic sample included 11 cohorts with n=2,760 parent-child dyads. Basic
characteristics of the study population are shown in Table 1. Approximately 22% of children
were born preterm (with the prevalence increased over the general population rate owing to
inclusion of preterm birth cohorts), with an average gestational age of 36.0 weeks (SD 5.1).
The average age of SRS administration among children was 7.2 years (SD 5.1).

Overall, effect measures from regression models for associations with gestational age and
preterm birth were similar between the full and short SRS. While continuous gestational age
was not associated with full or short SRS scores in linear regression analyses, we observed
positive associations of comparable magnitude between preterm birth and higher SRS scores
based on the full (8= 2.8; 95% CI [1.7, 4.0]) and short SRS (8= 2.9; 95% CI [1.6, 4.3])
scores, (Table 2). Stratified by cohort type, associations estimated using the full and short
SRS scores were also similar (Supplementary Table S1).

In quantile regression analyses, we observed similar direction and magnitude of associations
with gestational age across percentiles of both the full and short SRS distribution (Fig.

1, Supplementary Table S2). These analyses also revealed increasingly stronger, inverse
associations between gestational age and SRS scores with increasing SRS quantile, from the
50t (Full SRS, 8-0.3, 95% CI: -0.3, -0.2; Short SRS, : 0.3, 95% Cl: -0.4, -0.2) to

the 90 (Full SRS, B: —0.6, 95% CI: -0.8, —0.4; Short SRS, 8. —0.8, 95% CI: -1.0, -0.5)
percentiles of the SRS score distribution. While there were some modest differences in exact
estimates across quantiles between full and short scores (such as estimates closer to the null
in the low-to-mid distribution of quantiles with short scores, and somewhat more attenuated
estimates at the upper end of the distribution with full scores), overall, the ability to detect
the association, and the magnitude of the association across quantiles was comparable.

When examining associations between preterm birth and SRS scores as the predictor (with
models constructed in this fashion to address the ability of the SRS full and short scores,

as potential indices of a heritable trait, to predict a known risk factor for the outcome

they are meant to capture) comparable positive relative risks (RRs) were observed for both
scores (Supplementary Table S3). Pre-term birth was related to continuous SRS scores in

a similar magnitude for the full (RR: 1.02; 95% CI: 1.01, 1.03) and short SRS (RR: 1.01;
95% CI: 1.01, 1.02). The strength of observed associations increased when SRS scores were
parameterized categorically using cut-off scores, and again, agreement across the estimates
was high (full SRS RR: 1.94; 95% ClI: 1.51, 2.51; short SRS RR: 1.90; 95% CI: 1.46, 2.47).
We observed similar results to those seen in primary analyses when stratified by source
population, suggesting comparability in estimation across different study population types.
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Discussion

Using data from the large ECHO Program, we compared the associations between
gestational age, an established risk factor for ASD, with the 65-item full and 16-item

short SRS. In all analyses, we observed comparable estimated effect measures between

the full and short SRS, such that adjusted associations supported increases in SRS scores
with preterm birth and decreases with increasing gestational age. Thus, results from these
analyses support our hypothesis, and we note our objective has been achieved. Associations
with gestational age were modest, though this is likely attributed to the unit (1 week), and
we speculate effect sizes would be stronger with larger units. We observed a high degree of
similarity in associations between gestational age with full and short SRS scores across a
variety of methods, highlighting the ability of the short SRS to comparably estimate a risk
factor association observed for the full SRS. Additionally, results from quantile regression
analyses suggest that the inverse association between gestational age and SRS scores is
increasingly stronger at higher percentiles of both the full and short SRS, suggesting a shift
in the ASD-related trait distribution across the population.

The similarities in the direction and magnitude of associations observed between the full
and short SRS suggest that the short SRS may be an assessment of quantitative ASD-related
traits comparable to the full SRS, and that estimates of associations between a risk factor
and the short SRS are comparable to those obtained using the full SRS. Thus, the short

SRS may be a useful tool to abbreviate administration time of the SRS in research settings.
While all psychometric properties of the short SRS have not been fully explored, advantages
for its use in research settings include abbreviated administration time and lower participant
burden. Evidence here suggests these gains come without compromising ability to capture
risk factor associations with total SRS scores, but examination of other types of risk factors,
such as genetics, is needed.

Prior work has not addressed the comparability of abbreviated quantitative trait measures
like the SRS with their full counterparts for use in risk factor analyses. Previously, we
confirmed comparability of the distributions of full and short SRS scores (scaled to allow
for such comparisons) and prediction of ASD diagnosis in a study sample largely drawn
from the general population (Lyall et al. 2021). While prior work has observed a high degree
of similarity between any 16-item subset of the SRS in predicting ASD (Lyall et al. 2021)
and high correlations among 18-item shortened and full SRS scores (Blanken et al. 2015;
Duku et al. 2013; Roman et al. 2013), as would suggest translation of findings here to other
shortened versions, future work is needed to further examine compatibility in risk factor
estimation across other abbreviated versions of the SRS.

A major strength of this study is the use of the large sample available through the

ECHO Program. However, several limitations should be considered. First, we compared
associations with just one known risk factor for ASD, gestational age, between the full and
short SRS, and it is possible comparability could differ for other classes of risk factors.
Second, the age of SRS administration varied (2.5-<18 years of age). While the full SRS
has high reproducibility across these ages (Constantino et al. 2003; Constantino JN, Gruber
C. 2012; Stickley et al. 2017), and there is considerable overlap between the preschool and

J Autism Dev Disord. Author manuscript; available in PMC 2025 January 22.
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school age SRS forms, future work should examine potential differences by age and short
scores derived from preschool vs school age forms, including evaluating reproducibility

and test-re-test reliability. Third, ECHO cohorts with participants drawn from the general
population are not necessarily generalizable to the U.S. general population, and cohorts have
varying backgrounds. We did not see large differences in results when stratifying by cohort
type. However, sample sizes were reduced for assessment of ASD familial cohorts, and
future work should further assess the role of different study populations, and background
risk, on comparability of risk factor estimation. While differences in full SRS scores did

not vary by race or ethnicity in SRS standardization samples (Constantino JN, Gruber

C. 2012), there have been reported differences by maternal education and family income
(Moody et al. 2017); these and other demographic characteristics may be considered in
future studies of the short SRS. Fourth, we were also limited by sample size to conduct other
stratified analyses, including by child sex. Fifth, given limitations in data available, we could
not make comparisons to other measures of ASD (Nguyen et al. 2019), nor examine the
potential influence of related diagnoses on findings (Moul et al. 2015), nor were we able to
compare associations across other shortened measures of the ASD-related phenotype (Sharp
et al. 2023).

Conclusions

The 65-item full SRS is commonly used as an assessment of quantitative ASD-related traits
within the population and has been previously used to estimate associations with ASD

risk factors. However, in studies with extensive participant follow-up, administration time
may prohibit collection of longer measures, and thus, abbreviated versions are of interest.
Leveraging existing data from the ECHO Program, this work adds to the growing evidence
from prior research findings suggesting the comparability of this 16-item abbreviated
version of the SRS to the full SRS as a quantitative trait measure of ASD. We observed
consistency in estimated associations between a previously identified risk factor for ASD
(gestational age) with both the full and short SRS, suggesting promise for the use of the
16-item abbreviated measure in epidemiologic risk factor analyses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Agjusted differences in child full and short SRS scores per 1-week increase in gestational
age among ECHO Cohorts (n=2,714). ECHO = Environmental Influences on Child Health
Outcomes; ASD = Autism Spectrum Disorder; ASD-ER = ASD Enriched Risk; SRS =
Social Responsiveness Scale. Effect measures obtained using full SRS scores are in black,
while those using short SRS scores are in gray. Models adjusted for maternal education,
maternal race/ethnicity, child sex, and age at the time of SRS administration. Y-axis
represents the change in SRS score (adjusted difference in SRS score) per 1-week increase
in gestational age. Raw SRS scores were scaled from 0-100 to allow for comparison on the
same scale. Note, values here correspond to results presented in supplementary tables S2
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Distribution of mother and child study, sociodemographic, and perinatal characteristics, among ECHO Cohorts

(n=2,760)

N (%)

Cohort source population
General population cohorts?
Familial ASD enriched cohorts?

Preterm birth cohorts®

Maternal race/ethnicity

Hispanic

Non-Hispanic White
Non-Hispanic Black

Non-Hispanic other

Missing

Maternal education

High school graduate or less

Some college

Bachelor’s degree or higher

Missing
Parityd

No prior child

=1 prior child

Missing
Child sex

Girl

Boy
Preterm®

Yes

No

Missing

Prenatal health insurance

Public
Private

Missing

Prenatal vitamin use

Yes
No
Missing

Prenatal maternal smoking

Yes
No

1,995 (72.3%)
332 (12.0%)

433 (15.7%)

238 (8.6%)
2,005 (72.6%)
243 (8.8%)
175 (6.3%)
99 (3.6%)

440 (15.9%)
521 (18.9%)
1,736 (62.9%)
63 (2.3%)

1,166 (42.3%)
1,471 (53.3%)
123 (4.5%)

1,337 (48.4%)
1,423 (51.6%)

608 (22.0%)
2107 (76.3%)
45 (1.6%)

272 (9.9%)
1,201 (43.5%)
1,266 (45.9%)

1,894 (68.6%)
89 (3.2%)
777 (28.2%)

214 (7.8%)
2283 (82.7%)
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N (%)

Missing 263 (9.5%)

ECHO = Environmental Influences on Child Health Outcomes; ASD = Autism Spectrum Disorder.
aGeneraI population refers to ECHO cohorts drawn from the general population.

bFamiIiaI ASD enriched refers to ECHO cohorts with participants at high familial risk for ASD, due to selective enroliment of children whose
mothers previously had a child diagnosed with ASD.

CPreterm birth refers to ECHO cohorts with selective enrollment of children born preterm.
By study design, all participants in familial ASD enriched cohorts are multiparous.

ePreterm defined as birth <37 weeks gestation. By study design, all participants in preterm birth cohorts are born preterm.
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Table 2
Adjusted associations between gestational age and preterm birth with child SRS scores using the full and short
SRS among ECHO Cohorts (n=2,714)%%

Full SRS Short SRS

Continuous GAC  -03(-0.4,-02)  -0.3(-0.4, -0.2)

preterm birth? 2.8(1.7,4.0) 2.9(1.6,4.3)

ECHO = Environmental Influences on Child Health Outcomes; SRS = Social Responsiveness Scale; GA = Gestational Age.
aRaw SRS scores were scaled from 0-100 to allow for comparison on the same scale.

bAdjusted for maternal education, maternal race/ethnicity, child sex, age at SRS administration.

cContinuous gestational age modeled as 1-week increase in gestational age.

dPreterm birth is defined as <37 weeks gestation.
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