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Introduction: Down syndrome (DS) is the most common genetic condition associated with intellectual disability. It also presents with increased likelihood of autism spectrum disorder (ASD) diagnosis and subthreshold ASD-related behaviors (e.g., differences in attention and aspects of social cognition implicating executive function [e.g., Chanell, 2020]). However, the possible impact of DS-related cognitive differences on the interpretability of ASD trait measures has not been examined across different developmental periods. Here, we examine quantitative autistic traits (QATs) in children with DS in two developmental periods: school-age (SA), using the clinically validated Social Responsiveness Scale-2 (SRS-2, Constantino & Todd, 2003) and early childhood (EC), using the Video-Referenced Rating of Reciprocal Social Behavior (vrRSB; Marrus et al., 2015), a downward extension of the SRS-2 that has been validated in early childhood (EC) community samples. The objectives of our study were: 1) Compare vrRSB and SRS-2 scores in children with DS to groups of children at low and high familial likelihood (LL/HL) for ASD, including HL children with and without an ASD diagnosis. 2) Evaluate the performance of these QAT metrics in participants with DS when controlling for developmental/cognitive level. HL-noASD children serve as reference group to better compare effect of ‘elevated ASD likelihood’ between DS and HL-noASD groups. 
Methods: Participants were recruited via the Infant Brain Imaging Study (IBIS). This multisite, longitudinal study includes infant siblings at high and low familial likelihood for ASD (HL by virtue of an older sibling with ASD), as well as samples of infants and SA children with DS. ASD diagnoses were based on clinical best estimates, including ADOS and ADI-R at 24m (EC visit) or SA visit (6-14 years). The EC sub-sample included 33 HL-noASD (19 F), 28 HL-ASD (11 F), and 23 LL-noASD (9 F) toddlers and 23 (15 F) with DS and noASD. The SA sample included 18 DS-noASD (11F), 106 HL-noASD (47F), 45 HL-ASD (13F) and 76 LL-noASD (31F). Children with comorbid DS and ASD (2 at EC, 3 at SA) were excluded to prevent over-fitting models. In EC, participants completed the Bayley Scales of Infant and Toddler Development, 4th edition (Bayley), and parents completed the vrRSB at 24.9 months (SD=0.96). At SA, participants completed the Differential Ability Scales (DAS) at 5-14 years old (M=9.8, SD=1.8), and parents completed the SRS-2. Separate EC and SA regressions examined how DS predicted QATs in comparison to reference group of HL-noASD participants, and how inclusion of developmental/cognitive level alters the effect of DS on QATs. Chronological age was included as a control variable in EC models based on previously observed developmental change in QATs during EC. 
Results: In the EC sample, Bayley scores were significantly lower in infants with DS (M=65.7) than all other participants (M=100.1), t(57) =11.14, B=2.02, p<.001. vrRSB scores of participants with DS were not differentiable from HL-noASD infants (p=.33; Model 1a). However, after adding Bayley Cognitive scores to the model (Model 1b), DS diagnosis was associated with lower vrRSB scores (lower QATs) compared to HL-noASD participants (B=-0.39, p<.001). 
In the SA sample, DAS General Cognitive Ability (GCA) standard scores were significantly lower in children with DS (M=53.4) vs. all other participants (M=108.9), t(32) =26.9, B=3.21, p<.001. Participants with DS had significantly higher SRS-2 scores (higher QATs) than HL-noASD children (B=0.253, p<.001; Model 2a). However, after adding DAS GCA scores to the model (Model 2b), SRS-2 scores of children with DS were not differentiable from HL-noASD children (p=.36). See Table for full comparisons of models in both samples, and Figure for associations between cognitive level and QAT scores in each subsample.    
Discussion: In both EC and SA samples, inclusion of developmental/cognitive level in predictive models alters interpretation of group differences in QATs for samples with varying cognitive abilities and ASD likelihood. Unlike in LL and HL participants, at both EC and SA, interpretation of QATs in children with DS varies when accounting for cognitive level. For the DS group, this effect is especially pronounced in early development (EC), when QAT traits and overall cognitive profiles are still consolidating in all sub-samples. When measuring QATs in children with DS or other conditions associated with intellectual disability, accounting for developmental appropriateness of a screening tool such as vrRSB or SRS-2 may be prudent. 
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Figure. Associations between Developmental level (Bayley in EC sample, A; DAS GCA in SA sample, B) and QAT measure (vrRSB
in EC sample, SRS in SA sample) as a function of diagnostic group.
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Table. Models predicting QATs in two developmental periods. vrRSB in EC and SRS in SA. HL-noASD as reference group in all models.

Early Childhood (EC) sample (n=109 School-Age (SA) Sample (n=245]
Model 1a: Model 1b: Model 2a: Model 2b:
ASD likelihood and dx Add Developmental level ASD likelihood and dx Add Developmental level
Intercept 80.973* 118.028** 47.9%** 59.04***
(48.077) (39.908) (0.89) (4.38)
Low -10.038* -7.620* -3.56* -3.11*
Likelihood (5.145) (4.247) (1.38) (1.37)
DS 4.988 -19.443%** 10.78*** 4.58
(5.147) (5.473) (2.33) (3.23)
HL- ASD 13.397 ** 6.574 13.70%** 12.63***
(4.879) (4.130) (1.63) (1.66)
DAS SA GCA L
(0.39)
Bayley std. -0.665***
score (0.094)
Age at vrRSB -3.353* -2.103
(months) (1.924) (1.593)
R2 0.196 0.461 0.340 0.354

Note: ***=p<.001, **=p<.01, *=p<.05, *=p<.1.
Note: ASD= autism spectrum disorder, DS= Down syndrome, HL-ASD= high likelihood with ASD diagnosis, DAS SA GCA = Differential Abilities
Scales- School Age Battery General Conceptual Ability standard score, vrRSB= Video-Referenced Scale of Reciprocal Social Behavior.




