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Abstract

Several common alleles in the oxytocin receptor gene (OXTR) are associated with altered brain 

function in reward circuitry in neurotypical adults and may increase risk for autism spectrum 

disorders (ASD). Yet, it is currently unknown how variation in the OXTR relates to brain 

functioning in individuals with ASD, and, critically, whether neural endophenotypes vary as a 

function of aggregate genetic risk. Here, for we believe the first time, we use a multi-locus 

approach to examine how genetic variation across several OXTR single-nucleotide polymorphisms 

(SNPs) affect functional connectivity of the brain’s reward network. Using data from 41 children 

with ASD and 41 neurotypical children, we examined functional connectivity of the nucleus 

accumbens (NAcc) – a hub of the reward network – focusing on how connectivity varies with 

OXTR risk-allele dosage. Youth with ASD showed reduced NAcc connectivity with other areas in 

the reward circuit as a function of increased OXTR risk-allele dosage, as well as a positive 

association between risk-allele dosage and symptom severity, whereas neurotypical youth showed 

increased NAcc connectivity with frontal brain regions involved in mentalizing. In addition, we 

found that increased NAcc-frontal cortex connectivity in typically developing youth was related to 

better scores on a standardized measure of social functioning. Our results indicate that cumulative 

genetic variation on the OXTR impacts reward system connectivity in both youth with ASD and 
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neurotypical controls. By showing differential genetic effects on neuroendophenotypes, these 

pathways elucidate mechanisms of vulnerability versus resilience in carriers of disease-associated 

risk alleles.

INTRODUCTION

Autism spectrum disorders (ASD) are genetically complex neurodevelopmental disorders. 

Although hundreds of genes have been implicated in the etiology of ASD, recent evidence 

suggests that most genetic liability is conferred by inherited variations in single-nucleotide 

polymorphisms (SNPs) that are commonly distributed throughout the population.1,2 

Findings of risk variants clustered within particular genes may suggest biological pathways 

likely to be altered in ASD, supporting an additive, polygenic model of autism risk whereby 

individuals who carry greater numbers of risk alleles are at increased risk for ASD and may 

present more severe symptomatology.3 However, thus far, studies relating common genetic 

variants to neurobiological functioning in ASD have focused on single SNPs. This approach 

fails to take advantage of genetic variability across multiple loci, which can be leveraged to 

parse the considerable neurobiological heterogeneity observed in ASD.

As social deficits are core features of the ASD phenotype, genes linked to variations in 

social behavior are logical targets for investigation. Allelic variations on the oxytocin 

receptor gene (OXTR) have been associated with increased rates of ASD,4 lower social 

responsiveness5 and increased severity of social deficits in individuals with ASD.5–7 Further 

evidence for the critical role of OXTR in social functioning comes from animal models 

demonstrating that dense expression of the oxytocin receptor in the nucleus accumbens 

(NAcc) is associated with social affiliative behaviors,8 reduces susceptibility to early adverse 

experiences (for example, neglect)9 and critically, that allelic variation in the OXTR is 

associated with variability in receptor expression specifically in brain areas important for 

social attachment, including the NAcc.10 Further, disruption of oxytocin receptor signaling 

in the NAcc inhibits social attachment11,12 and the formation of positive associations with 

social rewards.13 Together, these studies suggest that oxytocin receptor function in the NAcc 

is required to form associations with social rewards through its effects on neural excitability 

in reward-related brain regions.

Notably, a large body of work indicates that reward processing is altered at the neural level 

in individuals with ASD. Compared with neurotypical controls, individuals with ASD show 

aberrant brain activity to monetary rewards in several nodes of reward circuitry including the 

ventral striatum, anterior cingulate and prefrontal cortex,14–17 as well as reduced striatal 

activity to positive social rewards (that is, smiling faces).15,18 According to a leading theory 

of ASD, reduced ability to represent the reward-value of social stimuli results in poor 

motivation to engage in social interactions, decreasing opportunities for social learning and 

thus leading to social impairments.19,20 Importantly, imaging-genetics studies in 

neurotypical adults suggest that inheritance of certain OXTR alleles linked to poor social 

skills are related to altered functional activity, connectivity and volume of brain regions 

implicated in reward and social-emotional processing.21–23 However, no studies have 

examined how any OXTR SNPs relate to brain functioning in individuals with ASD and, 
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importantly, whether neural endophenotypes vary as a function of carrying multiple OXTR 
risk alleles.

We addressed these questions in 41 youth with ASD and 41 typically developing (TD) 

matched controls (age range 9–17 years; Table 1) using resting-state functional magnetic 

resonance imaging to examine the relationship between four OXTR SNPs previously 

associated with ASD4,24–26 (rs53576, rs237887, rs1042778 and rs2254298) and functional 

connectivity in reward circuitry. Based on the animal and human work presented above, we 

hypothesized that greater OXTR genetic risk would be associated with reduced NAcc 

functional connectivity with other nodes of the reward system, particularly so in youth with 

ASD.

MATERIALS AND METHODS

Participants

High-functioning youth with ASD (N = 56) and TD controls (N = 45) were recruited 

through the University of California, Los Angeles (UCLA’s) Center for Autism Research 

and Treatment or by flyers posted throughout the Los Angeles area. Participants with a 

history of claustrophobia, diagnosed neurological disorders, genetic conditions, structural 

brain abnormalities or metal implants were excluded from study participation. Study 

protocols were approved by the UCLA Institutional Review Board. Before assessment, 

informed consent and assent to participate in research were obtained from legal guardians 

and study participants. For ASD participants, inclusionary criteria included a prior diagnosis 

of autism confirmed at the UCLA Autism Evaluation Clinic with the Autism Diagnostic 

Observation Schedule – 2nd edition (ADOS-2),27 the Autism Diagnostic Interview – 

Revised (ADI-R),28 and best clinical judgment. Table 1 displays mean scores on social and 

communication subscales of the ADOS and ADI, as well as mean verbal, performance and 

full-scale IQ for ASD and TD participants, as assessed with the Wechsler Intelligence Scale 

for Children – 3rd edition (WISC)29 or the Wechsler Abbreviated Scale of Intelligence 

(WASI).30 Twenty-seven of the ASD children reported current use of psychotropic 

medications; 13 children reported use of a single medication, 14 children were on a 

combination of one or more medications (Supplementary Information).

Behavioral measures

Behavioral measures included the Social Responsiveness Scale (SRS)31 and the ADOS-2.27 

The SRS is a parent-report questionnaire intended for use in children 4–18 years of age that 

provides a quantitative measure of social impairment. Autism severity scores were 

calculated for each of the ASD participants by converting ADOS-2 raw total scores into 

calibrated severity scores, which take into account chronological age and language level in 

assessing the severity of core autism features.32

Genotyping

DNA was extracted from saliva samples using standard protocols from the OraGene 

Collection Kit (DNA GenoTek, Ottawa, ON, Canada). The SNPs rs53576 and rs2254298 

were genotyped at the UCLA Genotyping and Sequencing Core (http://genoseq.ucla.edu) 
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using a 5′ nuclease assay to discriminate between the two alleles (Taqman SNP Genotyping 

Assay, Applied Biosystems, Foster City, CA, USA). Polymerase chain reactions were 

performed using 5-μl reaction volumes in 384-well plates with 25 ng of DNA and Taqman 

genotyping master mix from Applied Biosystems Inc. The standard protocol provided with 

the kit was followed. End point reads of fluorescence levels were obtained with an ABI 

7900HT Sequence Detection System. Genome-wide SNP data, including rs237887 and 

rs1042778, were generated by the UCLA Neuroscience Genomics Core (https://

www.semel.ucla.edu/ungc) using the Illumina Omni-1 or Omni-2.5-exome platforms 

according to standard manufacturer protocols. After quality filtering (<5% missing per 

person/per SNP, >1% minor allele frequency, Hardy–Weinberg equilibrium P>10−7), multi-

dimensional scaling was performed in PLINK (http://pngu.mgh.harvard.edu/purcell/plink/)33 

using the default settings with the HapMap 3 reference panel (http://

hapmap.ncbi.nlm.nih.gov/).34

MRI data acquisition

Resting-state functional connectivity magnetic resonance imaging (MRI) data were collected 

on a Siemens 3T Trio whole-body scanner using a 16-channel phased-array head coil. For 

each subject, a scout localizing scan was first acquired for graphic prescription followed by a 

T2-weighted echo planar imaging volume (TR = 5000 ms, TE = 34 ms, 128 × 128 matrix 

size, 19.2 cm FoV, thirty-six 4mm axial slices, in plane voxel dimension = 1.50 × 1.50 mm), 

which was acquired co-planar to the functional volumes to ensure identical distortion 

characteristics. For the resting-state functional connectivity MRI data, a 6-min T2*-weighted 

functional scan was acquired while the subjects were asked to fixate on a black crosshair 

presented on a white screen (TR = 3000 ms, TE = 28 ms, 64 × 64 matrix size, 19.2 cm FoV, 

thirty-four 4 mm slices, in plane voxel dimension = 3.0 × 3.0 mm). To ensure that subjects 

were at ease during the scanning session, all participants participated in a mock scan before 

the date of their MRI.

Resting-state data processing

Neuroimaging data were analyzed using FMRIB’s Software Library (FSL, 

www.fmri.ox.ac.uk/fsl)35 and AFNI (Analysis of Functional NeuroImages).36 In brief, 

volumes were skull stripped and functional data were motion corrected to the average 

functional volume using FSL’s Motion Correction Linear Registration Tool (MCFLIRT);37 

translations in the x, y and z dimensions were calculated from volume to volume, then 

averaged to create a measure of mean displacement. Subjects with >3 mm of motion from 

one volume to the next were excluded from further analyses (N = 7 ASD, N = 1 TD). 

Functional data were linearly registered to the high-resolution T2-weighted echo planar 

imaging volume (6 degrees of freedom (DOF)), then to the MNI152 2 mm standard brain 

(12 DOF) in light of empirical evidence indicating that the use of an adult brain template is 

appropriate for children aged 7 and above.38,39 Next, FSL’s Automatic Segmentation Tool 

was used to segment the high-resolution scans, creating subject-specific masks of gray 

matter, white matter and cerebral spinal fluid. The data were then band-pass filtered (0.1 

Hz>t>0.01 Hz), smoothed (full width at half maximum 5 mm), and FSL’s fMRI Expert 

Analysis Tool (FEAT) was used to regress out nuisance variables including white matter, 

cerebral spinal fluid and global time-series. Volumes for which framewise displacement 
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exceeded 0.5 mm and BOLD percent signal change from the prior volume exceeded 0.5% 

were removed (‘scrubbed’) from the data; one volume immediately proceeding and two 

volumes following the scrubbed volume were also removed.40 Volumes were removed for 13 

ASD youth (mean volumes removed = 8.6, range = 4–19) and 13 TD youth (mean volumes 

removed = 9.1, range = 4–18); there was no difference between diagnostic groups in the 

number of removed volumes (P = 0.89). After scrubbing, participants with <5-min of 

resting-state functional connectivity MRI data were excluded from further analyses (N = 8 

ASD, N = 3 TD), leaving a final sample of 41 youth with ASD and 41 TD youth. Power 

calculations were conducted with G*Power 3.1;41 according to previously published 

imaging-genetics effect sizes,23 our sample size is sufficient to detect significant effects at 

80% power and a 0.05 significance level. All volume removal was completed before 

subsequent statistical analysis of the data. Finally, using an affine transformation, residuals 

from the motion scrubbed data were aligned to the T2-weighted high-resolution volume (6 

DOF), then to the MNI one hundred fifty-two 2mm standard brain (12 DOF) with FMRIB’s 

Linear Image Registration Tool.

Resting-state data analysis

To examine functional connectivity of the NAcc, time series were extracted from the 

bilateral NAcc defined using the Harvard-Oxford Atlas at a threshold of 25% probability. 

Averaged time series from this region of interest were correlated with time series from every 

other voxel in the brain to generate maps of NAcc functional connectivity for each 

participant. Correlation maps were converted to z-statistic maps (Fisher’s r to z transform). 

Single-subject maps were then combined at the group level and compared using FEAT 

version 5.98, using separate estimates of variance for each diagnostic group. Whole-brain 

connectivity maps were compared between ASD and TD participants (Figure 1, 

Supplementary Table 1). For imaging-genetics analysis, a risk score was calculated for each 

subject by summing the number of risk alleles inherited across the four SNPs of interest 

(Supplementary Figure 1A). The group mean was then calculated across ASD and TD 

participants and used to de-mean single-subject risk scores. Demeaned values were used as 

covariates in higher-level FEAT analyses using FMRIB’s Local Analysis of Mixed Effects 

(FLAME). To identify brain areas with different OXTR modulation effects in the TD and 

ASD groups, the interaction effect was tested focusing on areas showing significant OXTR 
modulation in either group. All imaging results are presented at z>2.3, P<0.01, cluster 

corrected for multiple comparisons at P<0.05.

RESULTS

Additive OXTR risk

The average number of risk alleles for all participants was 3.11 (s.d. = 1.02, range 1–6); 

neurotypical participants had an average of 2.95 risk alleles (s.d. = 1.05); participants with 

ASD had an average of 3.26 risk alleles (s.d. = 0.98; Supplementary Figures 1B and D). An 

independent samples t test showed there were no significant differences in the aggregate 

number of risk alleles between TD and ASD groups. Risk allele frequencies were equally 

distributed with skewness of 0.278 (s.e. = 0.266) and kurtosis of − 0.337 (s.e. = 0.526). To 

ensure that each SNP was inherited independently of the others, pairwise linkage 
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disequilibrium (LD) was calculated in Haploview version 4.2;42 pairwise r2 in the data were 

<0.32 (Supplementary Figures 1C and E).

NAcc functional connectivity

As expected, the NAcc showed positive connectivity with other regions of the reward 

network including the bilateral caudate, putamen, anterior cingulate and frontal cortex, as 

well as negative connectivity with the thalamus, superior parietal and occipital brain areas 

(Figures 1a and b, Supplementary Table 1). Although overall similar patterns of positive and 

negative connectivity were found in both groups, direct between-group comparisons showed 

that youth with ASD had less connectivity between NAcc and superior frontal gyrus, as well 

as posterior cingulate/precuneus (a hub of the default mode network; Figure 1c, 

Supplementary Table 1).

Modulation by aggregate OXTR risk

In youth with ASD, carrying more OXTR risk alleles was associated with reduced NAcc 

connectivity with other nodes of the reward circuitry, specifically bilateral caudate, putamen 

and anterior cingulate gyrus (Figure 2a, Supplementary Table 2) – these results were not 

influenced by medication status (see Supplementary Information); no decreased connectivity 

was observed in TD youth as a function of higher aggregate risk score. In contrast, TD youth 

carrying more OXTR risk alleles showed increased NAcc connectivity with regions in the 

middle prefrontal cortex (Figure 2b, Supplementary Table 2); no increased connectivity was 

seen in ASD youth as a function of higher aggregate risk score. Next, to identify brain areas 

with significantly different OXTR modulation effects in the TD and ASD groups, the 

interaction effect was tested. Results confirmed that, as compared with their TD 

counterparts, ASD youth showed significantly reduced connectivity with striatal and 

mesolimbic regions, whereas TD participants showed significantly stronger NAcc 

connectivity with frontal cortex (Supplementary Figure 2).43 Iterative analyses of 3-SNP 

models confirmed that the observed genetic effects on NAcc functional connectivity were 

indeed additive across the 4 OXTR SNPs and that results were not disproportionately driven 

by any one SNP alone (Supplementary Information).

To evaluate whether imaging-genetics findings were influenced by ancestry, the first two 

components from multi-dimensional scaling of genome-wide data were controlled for in a 

correlation between OXTR aggregate risk score and connectivity values in regions 

modulated by risk-allele dosage. The observed correlations between aggregate OXTR-risk 

and NAcc connectivity in both ASD and TD groups remained significant (P<0.001).

Correlations with social responsiveness

Average connectivity values between the NAcc and regions modulated by the OXTR in TD 

and ASD groups were extracted and correlated with t-scores from subscales of the SRS.31 

Although there were no significant findings in the ASD group, greater connectivity between 

the NAcc and frontal cortex in the TD group was correlated with better scores on the social 

cognition subscale of the SRS (r = − 0.35, P<0.05; Figure 3). To confirm these findings, we 

conducted a separate, independent analysis using SRS social cognition t-scores as a 

regressor of interest in a bottom–up analysis. Verifying our original finding, a cluster in the 
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frontal pole reached statistical significance (peak coordinate –20, 46, 28, cluster size 63 

voxels), indicating that more NAcc-frontal pole connectivity in the TD group is associated 

with better scores of social functioning. As each of the four OXTR SNPs used to create the 

aggregate risk score has independently been associated with ASD, we further hypothesized 

that inheritance of more risk-alleles would be related to greater ASD symptom severity. 

Indeed, in ASD participants, the correlation between OXTR risk-allele dosage and ADOS27 

severity score was significant (r(40) = 0.28, P<0.05, one-tailed), such that individuals with 

greater numbers of OXTR risk alleles displayed more severe ASD symptomatology.

DISCUSSION

Here we show, for we believe the first time, that common ASD-associated genetic variants in 

the OXTR act additively to impact functional connectivity in the human brain. Specifically, 

we found that OXTR risk alleles coalesce to decrease connectivity between brain areas 

critical for reward processing in youth with ASD. These additive effects on brain circuits in 

individuals with ASD are consistent with evidence suggesting that ASDs follow a polygenic 

pattern of inheritance, with genetic variants at many loci contributing to expression of the 

ASD phenotype.1 In our ASD sample, greater OXTR risk-allele dosage was associated with 

more severe ASD symptomatology as indexed by the ADOS, demonstrating that cumulative 

risk on this gene does exert significant negative effects on social functioning in individuals 

with ASD. The oxytocin receptor is a g-protein-coupled receptor that, through a cascade of 

events, affects intracellular calcium levels and neural excitability.44 Thus, alterations in 

neural excitability in the NAcc – the hub of the reward circuit – may explain our findings of 

reduced functional connectivity, as well as previous reports of hypoactivity during reward 

processing in ASD.15,16 Furthermore, we found that in both youth with ASD and 

neurotypical controls, greater genetic risk in the OXTR modulates NAcc functional 

connectivity, although in different ways. Specifically, greater OXTR risk in ASD children 

was associated with decreased connectivity in the striatum, a set of brain regions critical for 

reward processing and implicit learning; conversely, greater OXTR risk in neurotypical 

children was associated with increased connectivity with the frontal pole, an area implicated 

in the ability to understand the mental states of the self and others.

Remarkably, our observations of reduced connectivity as a function of increased genetic risk 

were limited to individuals with ASD; significant interaction effects confirmed that, 

compared with their TD counterparts, ASD youth showed significantly reduced NAcc 

connectivity with subcortical brain regions implicated in reward processing, whereas TD 

youth showed stronger NAcc connectivity with frontal regions implicated in mentalizing 

processes.43 This finding of increased connectivity in TD children could reflect a 

compensatory mechanism in the face of increased genetic risk. Consistent with this 

interpretation, we found that greater NAcc-frontal pole connectivity in TD youth was related 

to better social cognition measured with the SRS.31 These findings are in agreement with 

prior imaging-genetics work showing that neurotypical individuals who are carriers of ASD-

risk variants show alterations in brain function and structure.45,46 Our results in neurotypical 

youth highlight possible compensatory mechanisms, which may lead to improved social 

cognition despite increased OXTR risk-allele dosage. Importantly, there is also evidence that 

genetic variants may have enhanced effects (that is, increased penetrance) on disease-related 
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brain circuits in individuals who have a diagnosis of ASD47 – an effect likely due to the 

presence of other genetic (that is, epistatic) and environmental susceptibilities. Our data 

indicate that additive genetic effects in the OXTR have more pronounced effects on 

connectivity with reward-related brain circuits in individuals who express the ASD 

phenotype. More generally, these findings indicate that additive genetic vulnerability in 

biological pathways underlying reward processing in the human brain may be one 

mechanism by which neural vulnerability leads to atypical social behavior in ASD.

Although the present study focused on the effects of multiple SNPs in a single gene, it will 

be important for future research to examine risk factors across multiple genes implicated in 

autism, which may modulate brain activity and connectivity in other neural circuits known to 

be compromised in ASD. Our study focused on a small set of ASD-associated OXTR SNPs 

that demonstrated a lack of LD with one another to assure statistical independence of each 

SNP’s inheritance. Additional variance in neural endophenotypes may be explained by using 

more complex statistical models to account for the degree of LD between loci and thus 

examine the additive effects of ASD-associated SNPs in close proximity to one another. 

Although there is some evidence that several OXTR SNPs affect expression of the oxytocin 

receptor in the human brain (that is, they are expressed quantitative trait loci; http://

www.braineac.org), these effects are not genome-wide significant, thus limiting our ability 

to relate our results to variation in NAcc oxytocin receptor expression. Nevertheless, our 

findings show that functional connectivity in the reward network varies significantly with 

OXTR risk-allele dosage and provide a model for integrating genetic risk across multiple 

loci with neuroimaging data to further elucidate mechanisms of vulnerability and resilience 

to neurocognitive disorders.

Given recent interest in the use of intranasal oxytocin as a treatment option for individuals 

with ASD,48 our results also have broad clinical relevance. Several studies have shown that 

intranasal oxytocin administration affects brain activity during social-emotional processing 

in neurotypical individuals49 and in individuals with ASD;50–53 further, oxytocin 

administration has been shown to rescue social behaviors in a mouse model of ASD.54 

Importantly, the effects of intranasal administration on brain activity in humans may be 

moderated by genotypic variation in the OXTR55 and other genes in the same pathway. For 

instance, during a task designed to elicit social cooperation, neurotypical male and female 

carriers of the OXTR rs53576 GG genotype show different patterns of ventral striatal 

activity in response to oxytocin administration, a sex-specific effect not seen in carriers of 

other rs53576 genotypes.56 Similarly, when exposed to intranasal oxytocin, individuals 

homozygous for the ASD-associated allele of rs3796863 in the CD38 gene (involved in 

endogenous oxytocin secretion) show increased brain activity in the fusiform gyrus during a 

face processing task, an effect again not seen in individuals carrying non-risk alleles.57 

Together, these studies suggest that aggregate genetic variability may be an important 

biomarker to consider when determining which individuals would optimally benefit from 

oxytocin treatment. The identification of subgroups, within the heterogeneous ASD 

population, is a prerequisite step to implement targeted interventions; our findings are 

relevant to this goal as they indicate that stratification by risk-allele dosage may reveal 

distinct neural endophenotypes and thus help parse the considerable heterogeneity observed 

in ASD.
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Overall, our results expand on other lines of evidence, from both animal models and human 

studies, indicating that genetic variation in the OXTR is related to reward system 

functioning. Importantly, as the observed additive genetic effects differed in youth with and 

without ASD, this work underscores the benefits of examining cumulative genetic risk to 

elucidate neural pathways conferring increased vulnerability, as well as resilience, in carriers 

of disease-associated risk alleles. Our findings of additive genetic effects on neural 

endophenotypes indicate that future research should embrace complex genetic variability by 

examining aggregate risk both within disease-associated genes and across genes in disease-

associated biological pathways.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
NAcc whole-brain connectivity. Warm colors indicate positive connectivity with the seed 

region; cool colors represent negative connectivity. (a) Connectivity in the TD group. (b) 

Connectivity in the ASD group. Results for (a and b) presented at z>2.3, P<0.01, cluster 

corrected for multiple comparisons at P<0.05. (c) Areas for which NAcc showed differential 

connectivity between diagnostic groups, z>2.3, P<0.01, cluster corrected for multiple 

comparisons at P<0.05. See also Supplementary Table 1. ASD, autism spectrum disorder; 

NAcc, nucleus accumbens; TD, typically developing.
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Figure 2. 
Effects of aggregate OXTR risk on functional connectivity (z>2.3, P<0.01, cluster corrected 

for multiple comparisons at P<0.05). (a) TD group: areas showing greater connectivity with 

the NAcc as a function of greater numbers of OXTR risk alleles. No increased functional 

connectivity with the NAcc as a function of OXTR risk alleles was observed in the ASD 

group (not shown). (b) ASD group: areas showing less connectivity with the NAcc as a 

function of greater OXTR aggregate risk. No decreased functional connectivity with the 

NAcc as a function of OXTR risk alleles was observed in the TD group (not shown). 

Scatterplots are shown for illustrative purposes and represent connectivity values extracted 

from the regions displayed at left as a function of number of OXTR risk alleles. See also 

Supplementary Table 2. ASD, autism spectrum disorder; NAcc, nucleus accumbens; OXTR, 

oxytocin receptor gene; TD, typically developing.
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Figure 3. 
Behavioral correlation. Relationship between NAcc-frontal cortex connectivity in the TD 

group and SRS social cognition t-scores. NAcc, nucleus accumbens; SRS, Social 

Responsiveness Scale; TD, typically developing.
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Table 1

Subject characteristics

Characteristic TD subjects ASD subjects P-value

N 41 41

Gender 34 male 37 male

Handedness 38 right-handed 36 right-handed

Age (years) 13.11 (1.8) 13.52 (2.2) 0.36

Full-scale IQ 106.12 (10.2) 104.54 (14.4) 0.57

Verbal IQ 106.59 (11.0) 103.24 (13.3) 0.22

Performance IQ 105.51 (11.1) 105.12 (14.4) 0.89

ADOS (comm+ soc) 11.85 (4.63)

ADI (comm) total 16.29 (4.41)

Mean absolute motion 0.25 (0.16) 0.26 (0.14) 0.72

Max absolute motion 0.75 (0.60) 0.78 (0.45) 0.84

Mean framewise displacement 0.06 (0.03) 0.07 (0.03) 0.22

Max framewise displacement 0.56 (0.62) 0.54 (0.42) 0.83

Self-reported ethnicity/race

 Asian 1 2

 Black or African American 2 5

 Hispanic/White 13 12

 Non-Hispanic/White 18 16

 Other/mixed 7 6

Total OXTR risk alleles 2.95 (1.05) 3.26 (0.98) 0.16

Subjects (N) with ⩾ 1 risk allele

 OXTR rs1042778 28 33

 OXTR rs2254298 10 8

 OXTR rs53576 15 23

 OXTR rs237887 34 32

Abbreviations: ADI, Autism Diagnostic Interview; ADOS, Autism Diagnostic Observation Schedule; ASD, autism spectrum disorders; comm, 
communication; IQ, intelligence quotient; max, maximum; OXTR, oxytocin receptor gene; soc, social; TD, typically developing. Mean (s.d.). 
Subjects’ characteristics were matched across TD and ASD diagnostic groups.
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