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RESEARCH Open Access

Quantitative autistic trait measurements
index background genetic risk for ASD in
Hispanic families
Joshua Page1, John Nicholas Constantino1*†, Katherine Zambrana2, Eden Martin3, Ilker Tunc4, Yi Zhang1,
Anna Abbacchi1 and Daniel Messinger2†

Abstract

Background: Recent studies have indicated that quantitative autistic traits (QATs) of parents reflect inherited liabilities
that may index background genetic risk for clinical autism spectrum disorder (ASD) in their offspring. Moreover,
preferential mating for QATs has been observed as a potential factor in concentrating autistic liabilities in some families
across generations. Heretofore, intergenerational studies of QATs have focused almost exclusively on Caucasian
populations—the present study explored these phenomena in a well-characterized Hispanic population.

Methods: The present study examined QAT scores in siblings and parents of 83 Hispanic probands meeting research
diagnostic criteria for ASD, and 64 non-ASD controls, using the Social Responsiveness Scale-2 (SRS-2). Ancestry of the
probands was characterized by genotype, using information from 541,929 single nucleotide polymorphic markers.

Results: In families of Hispanic children with an ASD diagnosis, the pattern of quantitative trait correlations observed
between ASD-affected children and their first-degree relatives (ICCs on the order of 0.20), between unaffected first-degree
relatives in ASD-affected families (sibling/mother ICC = 0.36; sibling/father ICC = 0.53), and between spouses (mother/
father ICC = 0.48) were in keeping with the influence of transmitted background genetic risk and strong preferential
mating for variation in quantitative autistic trait burden. Results from analysis of ancestry-informative genetic markers
among probands in this sample were consistent with that from other Hispanic populations.

Conclusions: Quantitative autistic traits represent measurable indices of inherited liability to ASD in Hispanic
families. The accumulation of autistic traits occurs within generations, between spouses, and across generations,
among Hispanic families affected by ASD. The occurrence of preferential mating for QATs—the magnitude of
which may vary across cultures—constitutes a mechanism by which background genetic liability for ASD can
accumulate in a given family in successive generations.
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Background
Recent studies have indicated that a substantial propor-
tion of inherited liability to autism spectrum disorders
(ASD) can be attributed to common, inherited variants
[1–4]. Even in patients carrying specific deleterious
ASD-associated mutations (e.g., the 16p11.2 deletion),
significant variation in phenotypic expression is associ-
ated with variations in social responsiveness, intelligence,
and other phenotypic markers among first-degree rela-
tives [5].
These associations underscore the role of background

genetic factors in risk for ASD. Quantitative trait scales
such as the Social Responsiveness Scale-2 (SRS-2) [6], and
the Broader Autism Phenotype Questionnaire [7] enable
the identification of subclinical autistic traits in relatives of
ASD individuals. Significant associations of SRS-2 scores in
twins and siblings have established the influence of genetic
factors within a given generation [8, 9]. Similarly, significant
associations between parents and their offspring for SRS-2
scores demonstrate the transmission of autistic traits
between generations through heritable genetic factors.
Previous studies have also demonstrated evidence of

assortative mating for sociality through spousal correla-
tions in social responsiveness. Three previous studies
involving both ASD-affected and ASD-unaffected families
have reported significant spousal correlation for SRS-2
scores ranging from 0.26 to 0.39 [9–11]. Preferential mate
selection between individuals with similar degrees of social
responsiveness can conceivably lead to an aggregation of
QAT in successive generations of a family. Lyall et al. [9]
demonstrated that when both members of a spousal pair
fell within the upper quintile of the population distribu-
tion for SRS-2 scores, it doubled the relative risk of an off-
spring carrying a clinical-ASD diagnosis [9].
Studies of preferential mating for QAT have predom-

inantly examined Caucasian populations, and it is pos-
sible that this phenomenon varies across cultures. Given
the implications for accumulated liability in successive
generations, and the fact that the influence of specific
inherited liabilities for many complex genetic conditions
have been shown to differ by ancestral origin [12–15],
cross-cultural research in family genetic influences on
disease is of substantial importance. Particularly, under-
representation of minority families (as characterizes much
of the current ASD genetic research literature) [16] sets
up the scenario of missing variants that may exhibit
enhanced effects against specific ancestral backgrounds
or generating assumptions about causation that relate
exclusively to a majority race. The primary aim of the
present study is to characterize the aggregation of
quantitative autistic traits in family members of Hispanic
ASD-diagnosed individuals, among whom ancestral origin
was specified by genotype, using methods for quantitative
trait analysis that have been implemented in previous

studies involving predominantly Caucasian family
samples [10].

Methods
Study population
The study population was comprised of 151 Hispanic
families recruited from the University of Miami Depart-
ment of Psychology (UM), categorized into two groups by
index subject: ASD diagnosis (n = 85) and typical controls
(n = 66). ASD diagnoses were ascertained from UM affili-
ated child/adolescent psychiatric clinics. The typical con-
trols were families recruited from South Florida, including
the University of Miami student community. All families
contained at least one English-speaking parent, one parent
of self-reported Hispanic ancestry, and one sibling. In
79.6 % of families, both parents were Hispanic. Five of the
ASD families were known multiple-incidence autism fam-
ilies. One affected sibling in the family was designated as
the proband/subject case to maintain independence.
In our present study, there were 604 individuals. We

collected 480 English-translation Social Responsiveness
Scale-2 (SRS-2) and 83 Spanish-translation SRS-2 forms
(data unavailable for 41 individuals). Three different
forms were administered based on age of the subject (25
preschool, 177 school-aged, 350 adult; data unavailable
or preverbal subject for 52 individuals). We also differ-
entiated the sample by informant (285 parent/caretaker,
265 spouse, data unavailable for 54 individuals). SRS-2
scores were obtained from student’s teachers for 50 sub-
ject cases (45 w/ASD diagnoses) and 43 of their siblings.
Eleven preverbal individuals were evaluated with a
video-referenced rating of reciprocal social behavior [17]
and these were excluded from all analyses of SRS-2 data.
All ASD subjects were diagnosed by expert clinicians at
the University of Miami site; in addition to the SRS-2,
either the Autism Diagnostic Interview-Revised (ADI-R)
or the Social Communication Questionnaire (SCQ) pro-
vided diagnostic confirmation by developmental history.

Measures
The Social Responsiveness Scale-2 (SRS-2) is an exten-
sively validated [6, 18] quantitative measure of character-
izing traits and symptoms of the autistic syndrome. The
SRS-2 has been shown to have high sensitivity to detect
milder degrees of social impairment, and high specificity
to differentiate ASD from other conditions. The instru-
ment is normed by sex and informant type.
Although IQ data were not available for the sample,

previous research has demonstrated that SRS-2 scores
differ minimally as a function of IQ among verbal sub-
jects [6, 19, 20]. In this sample, verbal ASD subjects had
a mean SRS-2 score of 98.6 (N = 61, SD = 26.6); non-
verbal ASD subjects had a mean SRS-2 score of 104.8
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(N = 21, SD = 34.1)—this difference did not reach statis-
tical significance (p = 0.20).
Fombonne et al. (2012) recently published findings on

the psychometric properties of the Spanish version of
the SRS-2 from a case-control study of ASD in Mexico
[21]. In this sample of 563 children (N = 200 ASD group,
N = 363 typically developing group; matched for age and
gender), the SRS-2 exhibited high discriminant validity
between ASD and typical controls for both total score
and subscale scores. The ASD sample mean for SRS-2
total raw score (102.2) was in keeping with means re-
ported in previous US studies involving exclusively
English-speaking informants [6].
On average, respondents completing the Spanish version

of the scale in this sample reported slightly higher SRS-2
scores than those completing the English version. This dif-
ference reached statistical significance difference for ASD-
diagnosed children and their parents but not for siblings of
ASD probands or for non-ASD families (Table 1).

Genotyping and ancestral analysis
Sixty nine ASD probands with sufficient DNA quantity and
quality were genotyped using Illumina HumanCoreExome
Chips (Illumina, San Diego) according to standard genotyp-
ing protocols. A total of 542,584 SNPs were genotyped.
Quality filtering was performed, checking for low efficiency
samples and SNPs. 656 SNPs with a call rate <90 % were
removed and all samples had a >98 % call rate. No dupli-
cate samples were identified and all individuals were con-
firmed as unrelated. After quality control screening there
were 541,929 SNPs in 69 individuals.
To contextualize the ancestry-informative genotypic

data from the 69 ASD subjects, we included data from
several publically available datasets: 165 CEU samples, 167
YRI samples, and 77 MEX samples were obtained from the
HapMap project [22] representing European, African, and
Mexican populations, respectively; 63 Native American
samples from the Human Genome Diversity Project
(HGDP) were also included. Additionally, we included
171 unrelated individuals from the Genetic Origins and
Admixture of Latinos (GOAL) study: 53 Colombian, 58
Cuban, 24 Dominican, 4 Haitian, 14 Honduran, and 18
Puerto Rican individuals [23].

Principal component analysis (PCA) was used for gen-
omic data in order to elucidate the patterns of population
structure in the 69 ASD subjects. PCA was performed in
EIGENSOFT [24] jointly for the 69 subjects from this
study, samples from the GOAL study, HGDP, and HapMap
reference populations. We selected the 39,035 SNPs that
were in common among the samples in this study and the
genotype data from the reference populations (out of
906,598 SNPs in GOAL study, 660,918 SNPs in HGDP
Native American, and 1,440,616 in HapMap YRI, CEU,
MEX). To perform global ancestry, we used the 135,388
SNPs in common among the study samples, HapMap
CEU, YRI, and Native American populations. Ancestry
proportions of each subject were determined as fractions
relative to the European (CEU), Yoruba African (YRI), and
HGDP Native American reference populations using
ADMIXTURE [25]. For comparison of means by ancestral
origin the group was divided in half by degree of CEU an-
cestry. Thirty four individuals had CEU ancestry >0.770
and 35 had CEU ancestry <0.770.

Phenotypic data analysis
We analyzed SRS-2 distributions independently for ASD-
diagnosed subjects, non-ASD controls, their siblings, and
biological parents in order to characterize variations in
distributions of SRS-2 scores by diagnostic status, lan-
guage of the test, and informant. Intraclass correlations
were calculated for associations between first-degree rela-
tives separately by diagnostic group—ASD families and
non-ASD families. For the children, the use of parent-
report SRS-2 data optimized statistical power. There were
insufficient multiplex families (n = 5) for separate analysis.
Whenever appropriate, raw SRS-2 data were square-

root-transformed to more closely approximate normality
assumptions for the analyses (e.g., minimizing inaccuracies
in the calculation of correlation coefficients that might be
incurred by skewing of the SRS-2 distributions in the re-
spective subject groupings). Finally, we examined whether
concordant elevation in parental scores of ASD subjects
occurred more frequently than (a) would be predicted by
chance; and (b) would occur among parents of non-ASD
subjects. We did so by dividing the raw spouse-report
SRS-2 data into four quartiles based on parental severity

Table 1 Comparison of English and Spanish SRS-2 Data in families of ASD subjects. Typical (control) families are not included due to
insufficient sample size for Spanish language SRS-2

N.B. columns represent independent groups of subjects English version
SRS-2 mean (SD)

Spanish version
SRS-2 mean (SD)

t test

ASD-diagnosed children 95.2 (27.8) N = 64 115.8 (26.9) N = 19 t = −2.924, df = 85, p < .004

Sibs of ASD cases 27.3 (20.6) N = 53 37.6 (25.3) N = 20 t = −1.751, df = 67, p < .084

Mothers of ASD subjects 29.6 (20.1) N = 47 50.1 (33.2) N = 17 t = −2.397, df = 20, p < .026

Fathers of ASD subjects 41.4 (33.2) N = 58 60.7 (34.1) N = 18 t = −2.132, df = 74, p < .036
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of SRS-2 scores as presented in Fig. 1. All statistical ana-
lyses were implemented using SPSS v23.

Results
Quantitative autistic trait scores
In keeping with prior studies in non-Hispanic samples
[26], SRS-2 scores of children with ASD diagnosis were
three standard deviations higher than those of typical
controls (Table 2, Fig. 2), both by parent- and teacher-
report. Whereas the intraclass correlation coefficient be-
tween ASD probands and their siblings was 0.16 (df =
79, p = 0.074; Fig. 1), typical siblings had an ICC of 0.71
(df = 65, p < 0.001; Fig. 3). As has been observed in prior
studies, QATs aggregated in the male siblings of ASD
probands, though to a lower degree than in previous-
reports involving samples with higher proportions of
multiplex families. The aggregation observed in this
study was highly clinically and statistically significant
when considering teacher-informant data, but did not
reach statistical significance when exclusively incorporat-
ing parent data (this discrepancy has been observed in
prior studies and may be related to subtle rater con-
trast effects for parent-report data in ASD-affected
families [27]).
Trait correlations for specific pairings of first-degree

relatives in both ASD and non-ASD families were
generally moderate-to-strong, as shown in Fig. 3. The

spouse-report SRS-2 intra class correlation coefficient
between biological mothers and fathers of children with
ASD was 0.48 (df = 61, p < .0001), and 0.60 for spousal
pairs in non-ASD families (df = 59, p < .0001) (Fig. 3),
both represent the highest reported spousal correlations
for SRS-2 data to date. In this sample, concordant ele-
vations of mothers and fathers (i.e., both parents in
upper quartile of the sample distribution) were ob-
served among ASD families than among non-ASD fam-
ilies (16.1 vs. 3.3 %, Fisher’s exact, p = .03), and the
former substantially exceeded the proportion expected
by chance, which was 6.25 %. These results were un-
changed when restricting the analysis to data from one
or the other specific language versions of the SRS-2
(Spanish vs. English).
Five out of 125 (4 %) parents in the control group and

22 out of 140 parents of ASD probands (15 %) had SRS
t scores >70. Although diagnostic information about the
higher scoring individuals (predominantly fathers) is not
available, these distributions are in keeping with prior
studies in both the general population and in clinical
family studies [26]. Concern about potential biases in-
herent in ratings made by higher scoring adults in this
sample is mitigated by the fact that paternal ratings of
mothers’ SRS scores (Fig. 2) were entirely consistent
with those observed in a large US epidemiologic sample,
the Nurses Health II Study [9].

Fig. 1 SRS-2 spouse-report data (raw) by quartile groups for mothers and fathers
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Ancestry analysis
Figure 4 depicts the location of our 69 genotyped subjects
along two principal component axes defined by ancestry-
informative markers. Our samples tend to be more similar
to the Central European population samples (median
CEU ancestry of 0.77) than the African (YRI) or Native
American (NatAm) samples, suggesting a predominantly
European ancestry. There is sizeable overlap between
our samples and the GOAL samples, representative of
Hispanic populations throughout the Caribbean, South,
and Central America (16). Figure 5 displays the ancestry

proportion of each individual as a function of CEU, YRI, or
NatAm contribution. There was no significant correlation
between level of CEU ancestry and SRS-2 score (Pearson’s
r = −.259, p > 0.05; Table 3), or between NatAm ancestry
and SRS-2 score (Pearson’s r= 0.072, p > 0.5). There was a
small positive correlation between YRI ancestry and SRS-2
score (Pearson’s r = 0.283, p = 0.03).

Discussion
This study confirmed substantial correlations in quantita-
tive autistic trait (QAT) scores between first-degree relatives

Table 2 Mean SRS-2 scores across groups for probands, siblings, and biological parents

Individual assessed SRS-2 parent-report SRS-2 teacher-report Spouse-report

Males Females Males Females

ASD-diagnosed subjects 100.5 (±28.9) N = 76 105.0 (±21.6) N = 7 90.7 (±26.2) N = 42 123.3 (±19.6) N = 3 –

Sibs of ASD cases 37.0 (±25.5) N = 38 28.4 (±25.4) N = 35 44.4 (±21.3) N = 21 40.0 (±27.8) N = 13 –

Typical control subjects 29.3 (±19.6) N = 34 27.6 (±19.7) N = 30 14.0 (±20.0) N = 3 32.5 (±14.9) N = 2 –

Siblings of typical controls 32.3 (±21.1) N = 48 35.2 (±22.3) N = 17 19.5 (±17.3) N = 8 27.0 (±4.2) N = 2 –

Mothers of ASD subjects – – – – 35.0 (±25.6) N = 64

Fathers of ASD subjects – – – – 46.0 (±34.2) N = 76

Mothers of typical controls – – – – 28.6 (±20.1) N = 62

Fathers of typical controls – – – – 34.1 (±23.3) N = 63
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Fig. 2 Normalized SRS-2 distributions by gender and parent/teacher-report. Due to insufficient sample size, data was excluded for ASD-diagnosed
females, teacher-report data for male controls, and teacher-report data for female controls. Additionally, SRS-2 spousal report distributions were
included for mothers and fathers of ASD children
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within and across generations, in a Hispanic cohort, and
provides new validation data for such measurements in
both English and Spanish versions of the assessment used,
the Social Responsiveness Scale-2 (SRS-2). In an epidemio-
logic twin sample, we previously [18] showed that familial
trait correlations indexed by the SRS-2 were not attribut-
able to the effects of rater bias, and note that in this sample
the correlations between unaffected children and their
mothers (rated, respectively, by mothers and fathers) were
as strong as the correlations between unaffected children
and their fathers (in which case both ratings were made by
mothers). The observation among ASD-affected families

that the strength of association between children and their
fathers was slightly higher than that between children and
their mothers is fully in keeping with the results of prior
ASD family studies [9, 26], which probably reflects a
general reduction in the phenotypic expression of
inherited liability for ASD among females in compari-
son to males [9, 27].
Furthermore, the data obtained in this cohort provide

cross-cultural evidence of pronounced effects of vari-
ation in social responsiveness on mate selection, and
confirms prior observations that concordant elevation in
QAT scores of parents is associated not only with

Fig. 3 Intraclass coefficients of correlation for pairings of square-root-transformed SRS-2 scores of first-degree relatives

Fig. 4 Plot of first (PC1) and second (PC2) principal component scores for each individual in the sample, indexed to the reference populations
(GOAL and MEX samples). The components describe 66.2 and 26.6 % of the variation, respectively. PCs 3 and 4 capture variation among the
Native American (HGDP) populations, but do not separate the study subjects. Includes Mexican (Mex), Colombian (Col), Honduran (Hon), Cuban
(Cub), Puerto Rican (Pur), Haitian (Hai), Dominican (Dom), Central European (CEU), Yoruba African (YRI), and Native American (NativeAm)
populations. Individuals from the present study are labeled “Miami”
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elevated QAT scores of offspring but with increased off-
spring risk for clinical-ASD [9, 28]. Indeed, the spousal
correlation of 0.48 in the ASD subgroup and 0.60 in the
total sample are the largest spousal correlations ob-
served to date for the SRS-2 data of couples; previous
studies have reported spousal correlations of 0.38 [18],
0.26 [10], and 0.39 [9], among clinical and non-clinical
Caucasian populations (Fig. 6).
In general, higher spousal correlations for an inherited

trait operate to increase within-family aggregation of the
traits over the course of successive generations [29]. Under
assortative mating, the covariance of parent-offspring is
given by CovPO=½VA(1 + r) and for full siblings it is
CovFS =½VA(1 + rh2), where r is the phenotypic correl-
ation for spouses and h2 the heritability of the trait. This
generates the expectation that full siblings should be
somewhat less similar to each other than to their par-
ents, which is what was observed among ASD families
in this sample [29].
An ICC value of 0.7 is the upper limit of what could

be expected on the basis of inheritance alone for first-
degree relations, and this would require 100 % inherit-
ance of the trait. Therefore, the observation of very high

trait correlations in this range suggests that despite the
high heritability of SRS scores reported in family [8] and
intergenerational [11] studies, other factors such as en-
vironmental and cultural influences may have contrib-
uted to ratings of first-degree relative concordance, as
also suggested by the trend associated with ancestral
origin. Of note is the possible influence of rater bias on
ICC values was considered but relatively unlikely given
prior studies demonstrating low rater bias effect for the
SRS-2 [11] and the fact that we were able to observe
similar concordance across different raters (i.e., mothers
and fathers).
Furthermore, the observation that trait correlations

between ASD probands and their first-degree relatives
are substantially lower than those between unaffected
first-degree relatives in ASD-affected families—which we
have previously reported [9, 26]—is in keeping with re-
cent molecular genetic studies which have suggested that
ASD cases can arise from a combination of background
genetic liability and superimposed de novo mutations,
which exert pathological shifts against a genetic back-
ground [2, 5]. The effect of this in a mixed sample of
families with and without such mutations contributing
to clinical affectation in offspring would be to erode trait
correlations between ASD probands and their first-degree
relatives, due to the inclusion of probands with de novo
mutations, in comparison to what is observed for other
pairings of unaffected relatives within ASD-affected fam-
ilies. Another significant contributing factor to the erosion
of the correlation between ASD probands and their rela-
tives is the effect of clinical ascertainment—affected indi-
viduals possess a greater burden of rare inherited variants
than their unaffected relatives [30]. The result of this

Fig. 5 Plot of ancestry proportions for each sample ordered by European ancestry proportion (European CEU, African YRI, Native American NativeAm)

Table 3 Ancestry and SRS-2 correlations

n Pearson’s r p value

CEU 57 −0.259 0.052

NatAm 57 0.072 0.595

YRI 57 0.283 0.033

There is a positive correlation between greater African (YRI) ancestry and
higher SRS-2 score. There is no significant correlation between European (CEU)
and Native American (NatAm) ancestry and SRS-2 score
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“oversampling” of risk alleles will be to lower the trait cor-
relation between affected individuals and their relatives
[31, 32].
Evidence in other species shows that assortative mating

over the span of several generations can have a rapid and
significant evolutionary impact on the demographics of a
population [33]. The association between concordant eleva-
tion of subclinical traits in spousal pairs and clinical affect-
ation in their offspring—is one of several manifestations of
the impact of additive genetic factors on the development
of autism. Furthermore, sub clinical elevation in quantita-
tive autistic trait burden may be evolutionarily adaptive in
certain contexts, though not in the extreme [34]. For ex-
ample, traits such as focus-on-detail or heightened object
orientation might be advantageous for food gathering in
primates or technical job performance in the modern era.
To the extent that genetic variation might confer such
advantages to males while preserving rearing behavior in
females may have implications for the universal and pro-
nounced sex ratio observed in ASD, a highly inherited con-
dition for which the majority of molecular genetic variants
are autosomal (not sex-linked). There are other examples
of continuously distributed traits (such as height) in which
incremental increases confer higher relative fitness, the
adaptive value of which sharply decreases at the extreme
end of distribution [35]. More generally, in balancing selec-
tion, extreme ends of the spectrum are less favorable, while
heterogeneity tends to be preserved in the population [36].
Individuals of Hispanic identity are exceptionally diverse

in ancestry and genetic origin compared to many other
populations [23], and our genotypic analysis of 69 Hispanic
children with ASD confirmed the ancestral diversity of our

sample. Although predominantly of European descent,
there was a large admixture of Native American and
African ancestral origin as well. Moreno-Estrada et al.,
[23] noted that Hispanic individuals with more Native
American ancestry are more likely to come from Mexico,
Central, or South America, while individuals with more
African ancestry are more likely to originate from the
Caribbean islands. Our heterogeneous population sample
was expected considering the unique demographics of
South Florida Hispanic communities. A limitation of this
study was the relatively modest sample size of individuals
genotyped, which severely limited statistical power to
draw inferences from associations between phenotype and
broad ancestral analysis [28].
Finally, the Spanish language test yielded somewhat

higher average SRS-2 scores for children with ASD and
their parents. The complex history of Hispanic ancestry
and colonialism is a potentially important factor when
relating ancestry to biological traits and may contribute
to correlations between language and genetic ancestry
[23]. The complex interplay between ancestry and SRS-2
scores is further demonstrated by the small correlation
between Yoruban ancestry and elevated SRS-2 scores.
The association is difficult to interpret in that it may be
influenced by cultural differences in interpretation of the
SRS-2, as well as by health and social disparities that
broadly correlate with ancestral origin in the USA. Spe-
cifically, socio-economic status [37–39] is directly corre-
lated with ascertainment rates of ASD diagnosis. When
fewer cases are diagnosed in a population, the diagnosed
cases of ASD tend to be more severe [39]; this and in-
verse associations between SES and language/executive

Fig. 6 Scatterplot of spouse-report SRS-2 raw scores for the sample
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functioning [40] could have contributed to higher mean
SRS-2 scores seen in ASD-affected families who com-
pleted the Spanish language version of the test.

Conclusions
The present study provides strong evidence of familial
aggregation of quantitative autistic traits (QAT) between
generations (from parents to offspring) and within genera-
tions (between siblings) among Hispanic families. These
traits represent measurable indices of inherited liability to
ASD that may relate to common genetic variants. We also
observed strong evidence of assortative mating for social
behavioral characteristics indexed by the Social Responsive-
ness Scale, and this reflects a mechanism by which ASD
traits might accumulate within families in successive gener-
ations. The degree to which this occurs may vary across
cultures, and measurement of QATs in prospective parents
may represent important indices of risk for the occurrence
of ASD in their offspring.

Acknowledgements
This work was supported by U.S. NIH grants R01 HD 042541, and U54 HD
087011 (The Washington University Intellectual and Developmental
Disabilities Research Center) to Dr. Constantino. Collection and genotyping
of samples from the Genomic Origins and Admixture in Latinos (GOAL)
study were supported by NIH grant 1R01GM090087 to Dr. Martin.

Authors’ contributions
JBP and JNC wrote and edited the manuscript, and performed statistical
analysis. JNC secured funding for the research and collaborated with DSM in
directing the data collection. Additionally, DSM reviewed and edited the
manuscript. YZ, JBP, and JNC performed statistical analysis. IT and EM
performed genotypic ancestry analysis and contributed to drafts of the
manuscript. AMA prepared the early manuscript draft with YZ. KAZ collected
the phenotype data and reviewed the manuscript. All authors read and
approved the manuscript.

Competing interests
Dr. Constantino receives royalties from Western Psychological Services for
the distribution of the Social Responsiveness Scale-2. No other competing
interests were declared.

Ethics approval and consent to participate
Institutional Review Board approval was granted by the Washington University
in St. Louis Human Research Protection Office (HRPO #2011-07298) and the
University of Miami Internal Review Board (#20090545). All participants were
consented according to the Washington University Human Research Protection
Office guidelines and the University of Miami Internal Review Board.

Author details
1Department of Psychiatry and Pediatrics, Washington University School of
Medicine, 4444 Forest Park Ave, St. Louis, MO, USA. 2Department of
Psychology, University of Miami, P.O. Box 248185-0751, Coral Gables, FL, USA.
3The Center for Genetic Epidemiology and Statistical Genetics, University of
Miami School of Medicine, 1501 NW 10th Avenue, Miami, FL, USA. 4Division
of Intramural Research, National Heart Lung and Blood Institute, NIH, 31
Center Dr., Bethesda, MD, USA.

Received: 8 September 2015 Accepted: 11 August 2016

References
1. Gaugler T, Klei L, Sanders SJ, Bodea CA, Goldberg AP, Lee AB, Mahajan M,

Manaa D, Pawitan Y, Reichert J, Ripke S, Sandin S, Sklar P, Svantesson O,

Reichenberg A, Hultman CM, Devlin B, Roeder K, Buxbaum JD. Most genetic
risk for autism resides with common variation. Nat Genet. 2014;46:881–5.

2. Yuen RKC, Thiruvahindrapuram B, Merico D, Walker S, Tammimies K, Hoang
N, Chrysler C, Nalpathamkalam T, Pellecchia G, Liu Y, Gazzellone MJ, D’Abate
L, Deneault E, Howe JL, Liu RSC, Thompson A, Zarrei M, Uddin M, Marshall
CR, Ring RH, Zwaigenbaum L, Ray PN, Weksberg R, Carter MT, Fernandez
BA, Roberts W, Szatmari P, Scherer SW. Whole-genome sequencing of
quartet families with autism spectrum disorder. Nat Med. 2015;21:185–91.

3. Finucane B, Challman TD, Martin CL, Ledbetter DH. Shift happens: family
background influences clinical variability in genetic neurodevelopmental
disorders. Genet Med. 2016;18:302–04.

4. Devlin B, Scherer SW. Genetic architecture in autism spectrum disorder. Curr
Opin Genet Dev. 2012;22:229–37.

5. Moreno-De-Luca A, Evans DW, Boomer KB, Hanson E, Bernier R, Goin-Kochel
RP, Myers SM, Challman TD, Moreno-De-Luca D, Slane MM, Hare AE, Chung
WK, Spiro JE, Faucett WA, Martin CL, Ledbetter DH. The role of parental
cognitive, behavioral, and motor profiles in clinical variability in individuals
with chromosome 16p11.2 deletions. JAMA Psychiatry. 2015;72:119.

6. Constantino JN, Gruber CP. The social responsiveness scale manual. 2nd ed.
Los Angeles: Western Psychological Services; 2012.

7. Hurley RSE, Losh M, Parlier M, Reznick JS, Piven J. The broad autism phenotype
questionnaire. J Autism Dev Disord. 2007;37:1679–90.

8. Constantino JN, Todd RD. Autistic traits in the general population. Arch Gen
Psychiatry. 2003;60:524–30.

9. Lyall K, Constantino JN, Weisskopf MG, Roberts AL, Ascherio A, Santangelo
SL. Parental social responsiveness and risk of autism spectrum disorder in
offspring. JAMA Psychiatry. 2014;02115:1–7.

10. Virkud YV, Todd RD, Abbacchi AM, Zhang Y, Constantino JN. Familial
aggregation of quantitative autistic traits in multiplex versus simplex autism.
Am J Med Genet Part B Neuropsychiatr Genet. 2009;150B:328–34.

11. Constantino JN, Todd RD. Intergenerational transmission of subthreshold
autistic traits in the general population. Biol Psychiatry. 2005;57:655–60.

12. McDermott R, Tingley D, Cowden J, Frazzetto G, Johnson DDP. Monoamine
oxidase A gene (MAOA) predicts behavioral aggression following
provocation. Proc Natl Acad Sci U S A. 2009;106:2118–23.

13. Li Z, Xiang Y, Chen J, Li Q, Shen J, Liu Y, Li W, Xing Q, Wang Q, Wang L, Feng
G, He L, Zhao X, Shi Y. Loci with genome-wide associations with schizophrenia
in the Han Chinese population. Br J Psychiatry. 2015;207:490–4.

14. Franceschini N, Chasman DI, Cooper-dehoff RM, Arnett DK. Genetics,
ancestry, and hypertension: implications for targeted antihypertensive
therapies. Curr Hypertens Rep. 2014;16:461.

15. Khor A, Lim K-S, Tan C-T, Wong S-M, Ng C-C. HLA-B * 15 : 02 association
with carbamazepine-induced Stevens-Johnson syndrome and toxic
epidermal necrolysis in an Indian population: a pooled-data analysis and
meta-analysis. Epilepsia. 2014;55:120–4.

16. Hilton CL, Fitzgerald RT, Jackson KM, Maxim RA, Bosworth CC, Shattuck PT,
Geschwind DH, Constantino JN. Brief report: under-representation of African
Americans in autism genetic research: a rationale for inclusion of subjects
representing diverse family structures. J Autism Dev Disord. 2010;40:633–9.

17. Marrus N, Glowinski AL, Fitzgerald RT, Marrus N, Glowinski AL, Jacob T, Klin A,
Jones W, Drain CE, Holzhauer KE, Hariprasad V, Fitzgerald RT, Mortenson EL,
Sant SM, Cole L, Siegel SA, Zhang Y, Agrawal A, Heath AC, Constantino JN.
Rapid video-referenced ratings of reciprocal social behavior in toddlers: a twin
study rapid video-referenced ratings of reciprocal social behavior in toddlers: a
twin study. J Child Psychol Psychiatry Allied Discip. 2015;56:1338–46.

18. Constantino JN, Davis SA, Todd RD, Schindler MK, Gross MM, Brophy SL,
Metzger LM, Shoushtari CS, Splinter R, Reich W. Validation of a brief
quantitative measure of autistic traits: comparison of the social
responsiveness scale with the autism diagnostic interview-revised. J Autism
Dev Disord. 2003;33:427–33.

19. Hus V, Bishop S, Gotham K, Huerta M, Lord C. Factors influencing scores on
the Social Responsiveness Scale. J Child Psychol Psychiatry Allied Discip.
2013;54:216–24.

20. Constantino JN, Lavesser PD, Zhang YI, Abbacchi AM, Gray T, Todd
RD. Rapid quantitative assessment of autistic social impairment by
classroom teachers. J Am Acad Child Adolesc Psychiatry. 2007;46:
1668–76.

21. Fombonne E, Marcin C, Bruno R, Tinoco CM, Marquez CD. Screening for
autism in Mexico. Autism Res. 2012;5:180–9.

22. The International HapMap Consortium. The International HapMap Project.
Nature. 2003;426:789–96.

Page et al. Molecular Autism  (2016) 7:39 Page 9 of 10



23. Moreno-Estrada A, Gravel S, Zakharia F, McCauley JL, Byrnes JK, Gignoux CR,
Ortiz-Tello PA, Martínez RJ, Hedges DJ, Morris RW, Eng C, Sandoval K,
Acevedo-Acevedo S, Norman PJ, Layrisse Z, Parham P, Martínez-Cruzado JC,
Burchard EG, Cuccaro ML, Martin ER, Bustamante CD. Reconstructing the
population genetic history of the Caribbean. PLoS Genet. 2013;9:1003925.

24. Patterson N, Price AL, Reich D. Population structure and Eigen analysis. PLoS
Genet. 2006;2:2074–93.

25. Alexander DH, Novembre J, Lange K. Fast model-based estimation of
ancestry in unrelated individuals. Genome Res. 2009;19:1655–64.

26. Constantino JN. The quantitative nature of autistic social impairment.
Pediatr Res. 2011;69:55–62.

27. Constantino JN, Zhang Y, Frazier T, Abbacchi AM, Law P. Sibling recurrence
and the genetic epidemiology of autism. Am J Psychiatry. 2010;167:1349–56.

28. Roelfsema MT, Hoekstra RA, Allison C, Wheelwright S, Brayne C, Matthews
FE, Baron-Cohen S. Are autism spectrum conditions more prevalent in an
information-technology region? A school-based study of three regions in
the Netherlands. J Autism Dev Disord. 2012;42:734–9.

29. Plomin R, Krapohl E, O’Reilly PF. Assortative mating—a missing piece in the
jigsaw of psychiatric genetics. JAMA Psychiatry. 2016;1:2015.

30. Hawi Z, Segurado R, Conroy J, Sheehan K, Lowe N, Kirley A, Shields D,
Fitzgerald M, Gallagher L, Gill M. Preferential transmission of paternal alleles
at risk genes in attention-deficit/hyperactivity disorder. Am J Hum Genet.
2005;77:958–65.

31. Klei L, Sanders SJ, Murtha MT, Hus V, Lowe JK, Willsey AJ, Moreno-De-Luca
D, Yu TW, Fombonne E, Geschwind D, Grice DE, Ledbetter DH, Lord C,
Mane SM, Lese Martin C, Martin DM, Morrow EM, Walsh CA, Melhem NM,
Chaste P, Sutcliffe JS, State MW, Cook EH, Roeder K, Devlin B. Common
genetic variants, acting additively, are a major source of risk for autism. Mol
Autism. 2012;3:9.

32. Stein J, Parikshak N, Geschwind D. Rare inherited variation in autism:
beginning to see the forest and a few trees. Neuron. 2013;77:209–11.

33. Bearhop S, Fiedler W, Furness RW, Votier SC, Waldron S, Newton J, Bowen
GJ, Berthold P, Farnsworth K. Assortative mating as a mechanism for rapid
evolution of a migratory divide. Science. 2005;310:502–4.

34. Ploeger A, Galis F. Evolutionary approaches to autism—an overview and
integration. McGill J Med. 2011;13:38–43.

35. Stulp G, Pollet TV, Verhulst S, Buunk AP. A curvilinear effect of height on
reproductive success in human males. Behav Ecol Sociobiol. 2012;66:375–84.

36. Jobling M, Hollox E, Hurles M, Toomas K, Tyler-Smith C. Human evolutionary
genetics. 2nd ed. New York: Garland Science; 2014.

37. CDC Autism and Developmental Disabilities Monitoring Network. Prevalence
of autism spectrum disorder among children aged 8 years—autism and
developmental disabilities monitoring network, 11 sites, United States, 2010.
MMWR Surveill Summ. 2014;63:1–21.

38. Pedersen A, Pettygrove S, Meaney FJ, Mancilla K, Gotschall K, Kessler DB,
Grebe TA, Cunniff C. Prevalence of autism spectrum disorders in Hispanic
and Non-Hispanic white children. Pediatrics. 2012;129:e629–35.

39. Durkin MS, Maenner MJ, Meaney FJ, Levy SE, di Guiseppi C, Nicholas JS, Kirby
RS, Pinto-Martin JA, Schieve LA. Socioeconomic inequality in the prevalence of
autism spectrum disorder: evidence from a U.S. cross-sectional study. PLoS
One. 2010;5:1–8.

40. Calvo A, Bialystok E. Independent effects of bilingualism and socioeconomic
status on language ability and executive functioning. Cognition. 2014;130:278–88.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Page et al. Molecular Autism  (2016) 7:39 Page 10 of 10


	Quantitative autistic trait measurements index background genetic risk for ASD in Hispanic families
	Recommended Citation
	Authors

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Measures
	Genotyping and ancestral analysis
	Phenotypic data analysis

	Results
	Quantitative autistic trait scores
	Ancestry analysis

	Discussion
	Conclusions
	Acknowledgements
	Authors’ contributions
	Competing interests
	Ethics approval and consent to participate
	Author details
	References

