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Abstract

Background: Children with autism have difficulties in understanding relationships, yet little is known about the
levels of autistic traits with regard to peer relationships. This study examined the association between autistic traits
and peer relationships. Additionally, we examined whether the expected negative association is more pronounced in
children with a lower non-verbal IQ and in those who exhibit more externalizing problems.

Method: Data were collected in a large prospective birth cohort of the Generation R Study (Rotterdam, the Nether-
lands) for which nearly 10,000 pregnant mothers were recruited between 2002 and 2006. Follow up data collection is
still currently ongoing. Information on peer relationships was collected with PEERS application, an interactive com-
puterized task (M =7.8 years). Autistic traits were assessed among general primary school children by using the Social
Responsiveness Scale (M=6.1 years). Information was available for 1580 children.

Result: Higher levels of autistic traits predicted lower peer acceptance and higher peer rejection. The interaction of
autistic traits with externalizing problems (but not with non-verbal IQ or sex) was significant: only among children
with low externalizing problems, a higher level of autistic traits predicted less peer acceptance and more peer rejec-
tion. Among children exhibiting high externalizing problems, a poor peer acceptance and high level of rejection is
seen independently of the level of autistic traits.

Conclusion: We conclude that autistic traits—including traits that do not classify as severe enough for a clinical diag-
nosis—as well as externalizing problems negatively impact young children’s peer relationships. This suggests that chil-
dren with these traits may benefit from careful monitoring and interventions focused at improving peer relationships.
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Introduction [1]. A study by Bauminger and Kasari, [2] revealed
Children with an autism spectrum disorder (ASD) that children with ASD actually experience a desire to
experience difficulty in developing, maintaining, and have friends and interact with peers, but remain at an
understanding relationships. These range from difficul- increased risk for social problems in regular classroom
ties adjusting behavior to suit various social contexts, to  settings. Despite a number of studies on social involve-
problems in sharing imaginative play and making friends  ment and friendships of children with ASD [3-5], there

has been relatively little research examining levels of
*C - , autistic traits in regards to different aspects of peer rela-
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samples which mostly included boys. Furthermore, little
is known about the potential moderating role of cognitive
functioning and externalizing problems in the association
between autistic traits and peer relationships. Evaluating
which characteristics affect the relation between autistic
traits and peer relationships will provide crucial informa-
tion for school teachers and can help defining targets for
social skills training programs. The current study aims to
address this gap by using data from a large population-
based sample called Generation R, with unique peer
reports on peer relationships, i.e. peer acceptance, peer
rejection, prosocial behavior, and reciprocity.

In the field of peer relationship research, peer rela-
tionships are typically assessed with questionnaires,
field notes, or interviews [6]. Most studies rely on one
reporter, often the child him/herself, the teacher or one
of the parents. Although peer reports may provide a
more comprehensive picture of peer relationship within
a classroom, obtaining peer reports in (young) children
is also a challenge. Previously, a study by Fujiki et al. [7]
has successfully used a picture board rating scale to avoid
problems first graders might have in recognizing class-
mates’ names in written form. Animated, digital assess-
ment instruments may provide another option here,
although they are rarely used for research yet. Follow-
ing the successful examples of studying peer relations
with the help of illustrations/cartoon methodology [8],
Verlinden et al. [9] developed an animated assessment
instrument—the PEERS Measure. In this interactive,
computerized measure, children were shown the pho-
tographs of their classmates to allow nominations. The
PEERS Measure summarizes the nominations into peer
acceptance and peer rejection scores, which are indica-
tors of how well children socialize with other children
within a school setting. Furthermore, a prosocial behav-
ior score can be computed as an indicator of how often
children comfort other children when they are sad, while
the reciprocity score indicates whether children nomi-
nate back.

Peer relationships among children with ASD
In the early 1990s, the majority of children with ASD
were educated in special schools in the Netherlands [10].
Yet, in the last decades, educational policies have encour-
aged teachers and parents to place children with ASD
within the mainstream schools in the Netherlands [11].
Despite a number of benefits of inclusive settings, chil-
dren with high levels of autistic traits (either diagnosed
ASD or subclinical levels) may be more likely to experi-
ence problems in peer relationships within the classroom
[12].

Due to social impairments, children with ASD expe-
rience challenges in developing peer relationships.
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Previous studies [4, 5, 13—15], mostly using survey and
questionnaires, have reported that children with ASD
are less frequently nominated as friends by their neuro-
typical peers. The majority of these studies investigated
peer relationships within a clinical population of children
diagnosed with ASD. Yet, investigating whether autis-
tic traits in the general population is also of significance
because it allows us to understand whether children with
a lower level of autistic traits also experience similar but
perhaps less severe difficulties in peer relationships.

Non-verbal IQ and externalizing problems

Although numerous studies have investigated the profile
of peer relationships among children with ASD, we do
not know yet whether certain characteristics affect the
risk of poor social relationships with peers. Identifying
such characteristics is important for intervention pro-
grams. One factor that may moderate outcomes associ-
ated with peer relationships among children with ASD
is intelligence. Indeed, another study which relied on
the same cohort as the current study, found that a lower
intelligence quotient (IQ) has been associated with bully-
ing involvement in early elementary school [16], and that
children with a higher non-verbal IQ are less likely to be
victims and bully-victims. The authors suggested that
children with a higher non-verbal IQ are more skilled in
either preventing peer victimization or in effective reso-
lution of peer conflicts. In this way, a lower non-verbal
IQ may reduce children’s capabilities needed for social
functioning, making them more vulnerable to peer rela-
tionship problems. Additionally, another study on social
relations in mid- to later adulthood among individuals
diagnosed with autism showed that a higher nonverbal IQ
predicts better social relations [17]. On the other hands,
Hauck et al. [18] found that the number of social initia-
tions by children with ASD to classmates was predicted
by their communication ability and receptive vocabulary,
but was not significantly predicted by their level of autis-
tic traits. Verbal IQ was not measured and assessed as a
predictor by Hauck et al. [18], yet verbal IQ may, along
with non-verbal 1Q, overlap with the constructs of com-
munication ability and receptive vocabulary. Indeed,
non-verbal and verbal IQ are not independent [19], and
non-verbal IQ might be considered a better proxy than
verbal or overall IQ in large samples [20].

Another factor that may moderate the association
between autistic traits and peer relationships is exter-
nalizing problems. Numerous studies using parent and
teacher reports showed that peer rejection is robustly
associated with externalizing problem [21, 22]. A study
conducted by Sturaro et al. [23] used a peer nomination
method in 30 elementary schools in the Netherlands, and
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demonstrated that children’s externalizing problems pre-
dicted peer rejection consistently across time.

Current study

In sum, empirical evidence suggests that children with
ASD, children with a lower non-verbal IQ and children
exhibiting externalizing problems experience difficul-
ties in their peer relationships. However, many of the
aforementioned empirical studies were focused on clini-
cal samples, and—to our knowledge—no study inves-
tigated the association between autistic traits and peer
relationships using a population-based design. The cur-
rent study was conducted in a large population-based
cohort, including boys and girls with and without (sub)
clinical autistic traits. A unique feature of this cohort is
the extensive data collection on peer relationships using
the PEERS Measure [9], resulting in information on peer
relationships based on the reports of classroom peers.
The aim of this study was to test the hypothesis that
children with more autistic traits will be more likely to
experience less peer acceptance, more peer rejection,
less prosocial behavior, and less reciprocity, as compared
to children with only few or no autistic traits. Addition-
ally, we expected that the associations between autistic
traits and indicators of a poorer peer relationship qual-
ity are more pronounced in children with a lower non-
verbal IQ or who have more externalizing problems. As
ASD is more common in boys than girls, with a ratio of
approximately four to one [24, 25], we explored whether
sex moderated the association between autistic traits and
peer relationships.

Method

Design and study participants

The study was embedded in the Generation R Study, a
large population-based cohort from fetal life onward
in Rotterdam, the Netherlands [26]. In short, the Gen-
eration R Study was designed to classify early envi-
ronmental and genetic causes of normal and atypical
growth, development and health until adulthood [27].
It enrolled 9778 mothers who had been recruited
through midwives and obstetricians residing in Rotter-
dam with a delivery date between April 2002 and Janu-
ary 2006. All participants provided written informed
consent living. The Generation R Study was approved
by the institutional review board of the Erasmus Medi-
cal Centre. Assessment waves were conducted annually
in the preschool period (0—4 years), followed by assess-
ment waves around ages 6, 10 and 13 years. Data were
collected through home-visits, repeated questionnaires
and routine child health center visits. For the current
study, we used the Social Responsiveness Scale [28], a
parent-reported questionnaire data on autistic traits,
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which was collected when the children were 6 years
of age (M=6.1 years, SD=0.4 years). Non-verbal IQ
was also assessed at 6 years of age using two subtests
of a Dutch IQ test: Snijders-Oomen Niet-verbale intel-
ligentie Test—Revisie [36]. For externalizing problems,
we used the Teacher Report Form (TRF 6-18; [29])
when the children were 6 years old (M=6.8 years,
SD=1.3 years). The peer nomination procedure was
also conducted when children were 7 years of age
(M =7.8 years, SD=0.8 years) using the PEERS Meas-
ure (details below).

Eighty-two schools in Rotterdam were invited to par-
ticipate in the PEERS Measure [9]. Thirty-seven schools
participated over two school years (school response
rate 45%), five of them more than once. For 4017 chil-
dren (age 6 — 10 years) from 190 classes, parents con-
sented for participation. Using the PEERS Measure in
part of the Generation R Study cohort facilitated us to
combine peer reports at school with data of Generation
R participants, which were collected before the PEERS
Measure was assessed. In total, 1580 of the 4017 chil-
dren in the PEERS sample were also participants in
the Generation R Study for whom we have informa-
tion on autistic traits, externalizing problems and non-
verbal IQ. Figure 1 shows the participant flowchart
and Table 1 presents the baseline characteristics of the
study sample.

8305 Generation R
participants with consent for
study participation from age 5
year onwards.

82 schools invited for
PEER nomination.
(Verlinden, Veenstra, Ringoot, et
al., 2014)

37 schools participated including
4017 children from 190 classes
were participated.

l

Total Study Sample

1580 participants with consent and
available data on peer nomination.

Fig. 1 Flow chart of participants included for analysis
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Table 1 Participant characteristics (N=1580)
Study characteristics Total study By sex
N Mean (SD) Boys (N=769) Girls (N=811)
Maternal
Education (%)
High 787 49.8 49.5 50.1
Mid 351 222 228 217
Low 119 75 6.5 85
Single parenthood (% yes) 187 11.8 13.1 16.2
Autism Quotient score 817 50.1 (8.6) 504 (8.8) 50.6 (8.8)
Child
Age (years) 1580 7.8(0.7) 7.7(0.7) 7.6(0.7)
Sex (% boys) 769 487 - -
Ethnicity (%)
Dutch 895 56.6 559 573
Non Dutch 685 434 44.1 42.7
Autistic traits score 1580 3.6(3.4) 47 (3.6)* 3.5(2.9*
Peer acceptance score 1580 0.2 (0.1) 0.2(0.1) 0.2 (0.1)
Peer rejection score 1580 02(0.1) 0.2(0.1) 0.1(0.1)
Prosocial behavior score 1580 0.2(0.1) 0.2(0.1) 0.2(0.1)
Reciprocity score 1496 0.5(0.3) 0.5(0.3) 0.5(0.3)
Non-verbal 1Q 925 101.9 (14.6) 101.1 (14.8) 101.7 (14.2)
Externalizing problems score 808 29(5.8) 47 (64)* 2.7 (4.3)*

Data represent means (SDs) unless specified otherwise

Autism Quotient aims to investigate whether adults of average intelligence have symptoms of autism spectrum conditions
Missing data in the total study: 20.4% Maternal education, 19.7% Single Parenthood, 48.3% Autism Quotient, 22.2% Non-verbal 1Q, 31.6% Autistic Traits, 26.9%

Externalizing Problems

" p<0.05 for comparison between boys and girls

Measures

PEERS measure

The PEERS Measure is an interactive animated web-
based computer program that was used to assess peer
relationships in the early school years [9]. This procedure
allows children to nominate peers independently rather
than in an interview. This program assesses peer accept-
ance, peer rejection, and prosocial behavior. It is a relia-
ble and age-appropriate assessment that enables children
aged 6-10 years to accomplish the task independently by
following audio and visual instructions, and by select-
ing photos to answer the questions [9]. The average time
needed for task completion was 7.9 min (SD=1.5 min).
In the validation study in Generation R: ICCee; necept-
ance =081, p<0.001, ICCee; rejection=0.71, p<0.001.
Bland—-Altman plots demonstrated good test—retest reli-
ability [30].

Peer acceptance, peer rejection, prosocial behavior

The program required children to imagine they were
going on a school trip. When they were prompted by
the audio, they clicked on the photos of classmates that

they wanted to invite on the school trip (peer accept-
ance) and those whom they would rather not invite on
the trip (peer rejection). The following is a transcript of
the instruction to the children to measure peer accept-
ance and peer rejection: “Look, there is a school bus! You
are going on a nice school trip to a zoo! And here are your
classmates (photos of all the participating children are
displayed). You can choose whom would you really like to
come with you! Who would you like the most to go with
you on the trip? But unfortunately, it's not possible to take
everybody along. Whom would you rather not take with
you on the trip?” Each student could nominate 0—6 class-
mates whom they wanted to take along, which is used
to calculate a peer acceptance score, and 0—6 classmates
whom they did not want to take along (peer rejection
score). Then the program asked the students to nominate
0-10 classmates who are often kind to them; for instance,
those who often share things with them or comfort them
when they are sad. These nominations are used to calcu-
late a prosocial behavior score.

For each peer nomination question (peer accept-
ance, peer rejection, prosocial behavior), individual
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proportions were calculated. The individual proportions
represent the number of nominations given and obtained
by all the other classmates, weighted by the number of
classmates performing the evaluation [9].

Reciprocity

For each child in the classroom, a separate reciproc-
ity score was constructed [31]. This score represents the
proportion of a student’s mutually returned nominations
for peer acceptance, peer rejection, and prosocial behav-
ior. It indicates how balanced the relationships between a
child and his peers are.

Autistic traits

Autistic traits were measured using the Social Respon-
siveness Scale [28]. The SRS is a widely used quantitative
screening tool for autistic traits and measures the levels
of autism-related traits in the general population. The
SRS is an assessment of autistic behaviors in a naturalistic
setting [28]. The original questionnaire was reduced to an
18-item short-form to minimize the subject burden; the
short-form consists of three subscales (i.e., social com-
munication, social cognition, social mannerism). The
items are a subsample of items of the official Dutch trans-
lation of the full version [32] and they were chosen based
on DSM-IV autism domains (personal communication
with SRS test developer; see Additional file 1: Table S2
[33]. Parents of the children filled out the questionnaire
when the children were 6 years of age (M =6.1 years,
SD=0.4 years). Parents were asked to rate probes on a
4-point Likert scale; 0 (not true); 1 (sometimes true); 2
(often true); and 3 (almost always true); e.g., “My child
has repetitive, odd behaviors such as hand flapping or
rocking”. The SRS short-form highly correlates (r=0.95)
with the full 65 item version [34]. Internal consistency
was measured separately for males and females (Cron-
bach’s a for both groups: 0.92). The SRS was missing in
31.6% of the children, which was largely due to the lower
response rate of the overall questionnaire (64%), which
was the second questionnaire of the 6-year assessment
wave. Given the moderate correlation between the SRS
and the Child Behavior Checklist (CBCL, [29]) reported
by parents (e.g., at 6 years: r=0.33), missing values on the
SRS were imputed using the total score CBCL at differ-
ent ages as a predictor in the imputation model [35], for
sophisticated planned missing approaches).

Non-verbal IQ

A standardized measure was used to assess non-verbal
IQ of the children at mean age 6.0 years (SD=0.85 years).
Children’s non-verbal intellectual abilities were measured
using two subtests of a Dutch IQ test: Snijders-Oomen
Niet-verbale intelligentie Test—Revisie (SON-R 2%-7)
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[36]. The assessed subsets were Mosaics which assesses
spatial visualization abilities of children, and Categories
which assesses abstract reasoning abilities in children.
Raw scores were derived from these two subtests, which
were then reverted into a standardized score, based on
the Dutch norm population aged 2%-7 years. The sum of
the standardized scores of the two subtests was converted
into a SON-R IQ score using age-specific reference scores
provided in the SON-R 2%-7 manual (M =100, SD=15).
The average retest reliability of the SON-R 2%-7 IQ score
is 0.90, range 0.86—0.92 [36]. The reliability of the sub-
tests that were used in our study are 0.73 for Mosaics and
0.71 for Categories.

Externalizing problems

The Teacher Report Form (TRF 6-18; [29]) was used
to obtain standardized teacher ratings of children’s
behavioral and emotional problems (M=6.8 vyears,
SD=1.3 years). The 120-item TRE, which is the teacher
version of the widely used Child Behavior Checklist [29],
consists of the internalizing and externalizing prob-
lem scales. Good reliability and validity of the TRF [37,
38] were confirmed for the Dutch translation. De Groot
et al [39] confirmed the applicability of Achenbach’s U.S.
factor structure to Dutch children and adolescents. Ver-
hulst et al. [40] found an average 6-week test—retest reli-
ability for the TRF scales of r=0.83. This teacher version
on externalizing behavior is significantly corelated with
externalizing behavior scores reported by parents at age
5 years (r=0.28).

ASD diagnosis

To obtain an ASD diagnosis, a multiple-gating procedure
was used [34]. Children’s medical records maintained by
general practitioners were searched for if the data col-
lected for the children within the Generation R Study
included (a) a high score on the SRS short-form, (b) a
positive score on the Social Communication Question-
naire [41] which was only administered in children with a
top 15th percentile total score or 2nd percentile Pervasive
Developmental Problems score on the Child Behavior
Checklist (CBCL/1.5-5) or above, or (c) a parent report
indicating the child had been assessed for ASD. Only
children for whom a diagnosis of ASD was confirmed by
these medical records were considered ASD cases in the
analyses. Within Dutch clinical practice, the specialist
diagnoses of ASD are generally based on clinical consen-
sus by a multidisciplinary team. The standard diagnostic
work-up involves an extensive developmental case his-
tory obtained from parents as well as school information
and repeated observations of the child [34].
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Confounders

Several sociodemographic variables (child sex, ethnic-
ity, and age; maternal educational level; maternal autism
quotient; single parenthood) were considered as possible
confounders, because they were previously linked with
peer relationships [9, 31, 42, 43]. Information on sex and
age of the child was obtained from the medical records
completed by community midwives and obstetricians at
birth. The child’s ethnicity was classified by the countries
of birth of the parents, according to the Dutch Stand-
ard Classification Criteria of Statistics Netherlands [44].
Maternal education, defined by the highest attained edu-
cation, was divided into: low education, consisting of no
education and primary school only; medium education,
which included secondary school level; high education,
including higher vocational training and university level.
Information on marital status of the pregnant women
(married/cohabiting, single motherhood) was obtained
by questionnaire during early pregnancy. Maternal traits
of autism were obtained using the Dutch version of the
Autism Spectrum Quotient (AQ-Short) [45].

Statistical analyses

Linear regression analyses were performed in SPSS ver-
sion 24 (IBM Corporation) to test our research ques-
tions. First, we examined the association between autistic
traits and peer relationships separately for peer accept-
ance, peer rejection, prosocial behavior, and reciprocity.
We constructed two models for each outcome. The first
model was unadjusted. In the second model, child sex,
national origin, age, maternal educational level, autism
quotient, and marital status were added as covariates.

Second, we examined whether non-verbal 1Q, exter-
nalizing problems, and sex moderated the associations
between autistic traits and peer relationships by add-
ing interaction terms (i.e. autistic traits by non-verbal
IQ interaction, autistic traits by externalizing problems
interaction, autistic traits by sex) to the regression analy-
ses. These two potential moderators were standardized
and were added in separate analyses.

All scores in all analyses, including for visualization
of interaction effect (see Fig. 2), were transformed into
z-scores (with our own sample as reference) in order to
allow comparison over different instruments and were
stratified into medium (mean), low (mean — 1 SD), and
high (mean+1 SD). For missing data on autistic traits
and confounders, multiple imputation was used. Twenty
imputed datasets were generated using multiple imputa-
tion, and pooled estimates were calculated. The imputa-
tion method was based on linear regression used for scale
variables and logistic regression for categorical variables.
The variables with missing values were child autistic
traits (31.6%), externalizing problems (7.6%), non-verbal
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IQ (3.0%), and maternal education (2.8%), marital sta-
tus (4.5%) and maternal autism quotient (19.9%). These
data were missing completely at random tested by Little’s
MCAR test (x* (26)=33.7, p=0.07). Variables included
as predictors of the imputation model were paternal
education, maternal and paternal age, family income,
gestational age, child sex, birth weight, and maternal
IQ, total behavior problems scores reported by mothers
at 18 months, 3 years (both CBCL/1%-5), and at 9 years
(CBCL/6-18).

In a sensitivity analysis, we repeated the analyses on
the sample after excluding those with missing data on
autistic traits (N=1,080 in the sensitivity analysis). Addi-
tionally, we ran a post-hoc analyses focusing on the three
subscales of the SRS.

Results

Sample characteristics

Child and maternal characteristics are presented in
Table 1. Peer relationships were assessed at the mean age
of 7.8 years (SD=0.8 years). Of the sample, 48.7% were
boys. 56% of the children were of Dutch background. Of
the mothers in our sample, 49.8% had a high educational
level (higher vocational training and university level)
and 11.8% were single parent. Ten children in the cur-
rent sample had a confirmed clinical ASD diagnosis. The
correlations between all study variables are presented in
Additional file 1: Table S1.

Association between autistic traits and peer relationships
The result of our regression analyses on the associa-
tion of autistic traits and peer relationships is shown
in Table 2. More autistic traits predicted lower peer
acceptance (f=— 0.096, p<0.01). This association
remained statistically significant in the fully adjusted
model (B,5.a=— 0.091, p<0.01). More autistic traits
also predicted higher peer rejection (5=0.158, p<0.01),
independently of the confounders included in the fully
adjusted model (B,,4,5104=0.099, p<0.01). Similar results
were found with autistic traits being associated with less
prosocial behavior (=— 0.089, p<0.01) and less reci-
procity (8=— 0.110, p<0.01) in the unadjusted model.
However, these later associations attenuated to non-
significance in the adjusted models (prosocial behavior
B=—0.061, p>0.05, reciprocity §=— 0.076, p>0.05).

To investigate whether the associations among autis-
tic traits and peer relationships were moderated by non-
verbal IQ, externalizing behavior, and sex, we tested
interaction effects. The interactions of autistic traits with
non-verbal IQ and of autistic traits with sex were not
significant for any of the peer relationships outcomes
(peer acceptance, peer rejection, prosocial behavior,
reciprocity). Only for externalizing problems, significant
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Fig. 2 Interaction effects between autistic traits and externalizing problems on peer acceptance and rejection (N=1580)

interaction effects with autistic traits were found for the
peer acceptance (B,,raction=0.059, SE=0.33, CI 95%
0.011; 0.107, Cohen’s £=0.2) and peer rejection scales
Bitoraction=— 0.050, SE=0.02, CI 95% — 0.098; — 0.002,
Cohen’s f*=0.2). Figure 2 illustrate the interaction effect
between autistic traits and externalizing problems on
peer acceptance and peer rejection.

Stratified analyses showed that, in children with low
(mean — 1 SD) or medium (mean) level of externalizing
problems, the relation between autistic traits and peer
acceptance was negative and significant, meaning that
among these children, a higher level of autistic traits pre-
dicted less peer acceptance. Conversely, for children with
a high (mean+1 SD) level of externalizing problems, the
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Table 2 Relationships between Autistic Traits and Peer Relationships (N=1,580)

Autistic traits Peer acceptance Peer rejection Prosocial behavior Reciprocity

(per SD) B (95% CI) B (95% CI) B (95% Cl) B (95% Cl)

Model 1° —0.096 [ 0.151; — 0.042] 0.158[0.103; 0.213] —0.089 [— 0.143; — 0.035] —0.110[— 0.168; — 0.053]
Model 2° —0.091 [— 0.151; — 0.030] 0.099 [0.039; 0.160] —0.061 [—0.120; 0.003] —0.076 [— 0.142; 0.009]

Bstandardized beta, 95% CI 95% confidence interval

Proportion explained variance = 1.2% (peer acceptance), 7.8% (peer rejection)
Bold denotes statistically significant (p <0.05)

2 Unadjusted Model

b Adjusted model with confounders: child age, child gender, child ethnicity, maternal education, single parenthood, and maternal autism quotient

level of peer acceptance was relatively low for all children
and not related to the level of autistic traits.

A similar pattern was observed for peer rejection: in
children exhibiting more externalizing problems, the
level of peer rejection was relatively high and as sug-
gested by the non-significant association, was not associ-
ated with autistic traits. For children with low (mean—1
SD) or medium (mean) level of externalizing problems,
more autistic traits predicted significantly more peer
rejection.

Sensitivity analyses

A sensitivity analysis was conducted in the sample with
complete data on autistic traits (N=1080). The results
remained essentially the same, with autistic traits pre-
dicting lower peer acceptance (f=— 0.09 p<0.01) and
higher peer rejection (5=0.10, p<0.01). Similar interac-
tion patterns were found as well (Additional file 2: Fig. 1).

Post-hoc analyses

A post hoc analyses focusing on the three subscales of
the SRS showed that social communication significantly
predicted peer acceptance (§=— 0.09 p<0.01) and peer
rejection (5=0.12 p<0.01).

Discussion

The current study is the first population-based cohort
study examining the association of the full spectrum of
autistic traits with peer relationship characteristics in
middle childhood. Results suggested that higher levels of
autistic traits among 6-year old children predicted lower
peer acceptance and higher peer rejection at age 7 years.
This was specifically true for children with few external-
izing problems, whereas among children exhibiting many
externalizing problems, the level of peer rejection was
relatively high for all children and did not depend on the
level of autistic traits. A similar moderation effect was
found for peer acceptance. Associations between autis-
tic traits and peer relations were not moderated either by
non-verbal IQ or sex.

Our findings on the association of autistic traits with
peer acceptance and peer rejection resonate with the
existing literature on clinical populations with ASD [13].
These results suggest that the association of autistic traits
with peer acceptance and rejection reflects a graded
association which is also visible in the general popula-
tion. It may be that children with mild autistic traits have
difficulties, comparable to those with clinically diag-
nosed ASD, communicating and interacting with peers
which lead to impairments in relationships [46, 47]. In
other words, it could be due to the lack of social com-
munication and social interaction. Consequently, these
difficulties may hinder children with autistic traits to
perform some key behavioral elements of relationships
such as looking at someone you are talking to, listening
when someone speaks and responding to their words
[48, 49]. We therefore ran a post hoc analyses focusing
on the three subscales of the SRS and it shows that social
communication is the subscale that is significantly pre-
dict peer acceptance and peer rejection. Another pos-
sible explanation may lie in deficits in what is variously
referred to as “theory of mind” (ToM; [50]) or “mental-
izing” [51]. These concepts refer to the ability to under-
stand other people’s minds, to decode their intentions,
emotions and thoughts. Impaired in this ability, children
with autistic traits feel confused and fail to understand
other children’s behavior [52, 53] and experience defi-
cits in empathy [54, 55]. Theory of mind, consecutively,
has been shown to be positively related to high quality of
interactions among peers [56]. This idea, nevertheless,
needs to be examined in future research, to determine
whether (mild) impairments in theory of mind can serve
as a mediator in our observations that children with a
higher level of autistic traits were less accepted and more
rejected by their peers.

There are several possible explanations for the find-
ing that autistic traits were not associated with prosocial
behavior and reciprocity. Firstly, other studies also found
that the prosocial behavior was similar in children with
ASD and typically developing children [57]. Potentially,
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prosocial behavior can be learned as suggested by stud-
ies that showed an increase in prosocial behavior through
exposure to social stories [58] or simulated ball games
[59]. Furthermore, prosocial behavior may be determined
by other factors such as age and [60, 61], empathy and
gratitude [62, 63], and even biological characteristics,
e.g., related to the oxytocin receptor [64]. Particularly,
oxytocin facilitates social behavior through enhanc-
ing recognition of emotion in facial expressions and
increases the level of in-group trust (see Van IJzendoorn
and Bakermans-Kranenburg [65], for a meta-analysis)
and was also indirectly associated with prosocial behav-
iors via emphatic concern and perspective taking tenden-
cies [64].

Our finding that autistic traits do not predict reciproc-
ity might be due to the fact that reciprocity is less stable
in early childhood than later in life [66]. This may trans-
late into children choosing different peers for the differ-
ent nomination parts. Another perspective is that there
seems to be a difference between how children with autis-
tic traits see themselves, and how others see them. Many
typically developing children appear to view their friend-
ships with children with autistic traits as qualitatively
different from their other friendships [4], but this may
not necessarily affect their nominations. This implies a
positive message that peer relationships of children with
autistic traits can be developed successfully by applying
an effective program in regular, inclusive classrooms.

We found an interaction effect between autistic traits
and externalizing problems in predicting peer acceptance
and peer rejection. Children with high levels of external-
izing problems were those who were least accepted and
most rejected, and surprisingly, we found that external-
izing problems seemed more relevant for peer problems
than autistic traits. Of course, this might be caused by
measurement issues in the SRS and/or CBCL but it sug-
gests that children with externalizing problems refers to
a cluster of problems that are characterized by outward
behavior, which may annoy those in the immediate envi-
ronment. For that reason, peers may reject children who
are invariably exhibiting behavior problems in the class-
room such as getting into many fights, or being aggres-
sive or impulsive. Furthermore, Boer and Pijl [13] showed
in their cross-sectional study on attention deficit hyper-
activity disorder (ADHD) and ASD that children with
ADHD were least accepted and were more rejected by
their peers compared to children with ASD. As ADHD
behaviors in part and broadly can be classified as exter-
nalizing problems [67], these findings together suggest
that children with externalizing problems are more vul-
nerable for being rejected compared to children with
ASD. High levels of externalizing problems might over-
shadow the potential influence of autistics traits even
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when a child has a high level of autistic traits. On the
other hand, in children with low levels of behavior prob-
lems, the presence and levels of autistic traits predicted
lower peer acceptance and more peer rejection. In the
absence of prominent and disturbing behavior problems,
higher levels of autistic traits do predict poorer peer
relationships.

Results of the current study indicate that non-verbal
IQ did not interact with autistic traits on any peer rela-
tionships outcome. Potentially, an interpretation for the
fact that we did not find an interaction for IQ might be
that we used a measure of non-verbal IQ rather than ver-
bal IQ or a combination of both. Verbal IQ may be more
relevant because it measures written and oral language
including vocabulary, word fluency and classification of
words which probably give an advantage for social rela-
tionships. But non-verbal and verbal IQ are not inde-
pendent [19], and non-verbal IQ might be used as a proxy
of overall IQ in large samples and among individuals with
communicative problems (e.g., children with autism;
child from recently immigrated families). Another expla-
nation might be that the range of non-verbal IQ in our
sample was mostly average to relatively high. Therefore,
the combination of low non-verbal IQ and high autistic
traits were not represented.

Limitations

Our study also has some potential limitations that should
be considered. First, the PEERS method assesses peer
relationships in a classroom setting. As a result, nomi-
nations are restricted to the (participating) children
from the same classroom, whereas it was not feasible to
qualify peer relationships outside the classroom. It could,
however, be argued that at a young age, children spend
most of their time at school rather than at sport or hobby
clubs, making the peer relationships measured at school
a proper one [68, 69]. Secondly, our study is limited by
the fact that our sample consisted of parents with a rela-
tively high educational level. This selective response may,
however, be more relevant for prevalence studies than
for association studies [70] although generalizability is
restricted. Third, language might be a potential mod-
erator of the association between autistic traits and peer
relationships [71], however in this study we only have a
measure on receptive language skill but no productive
language skill which are more presumed to influence
peer relationship. Finally, the results of this study were
based on a largely non-clinical population. Although a
few children in the current sample had a confirmed ASD
diagnosis (N=10), this sample was too small to verify the
study’s findings on (sub-)clinical ASD traits. The low rate
of confirmed ASD in our study corresponds to existing
reports on ASD prevalence in the Netherlands [72, 73].
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Therefore, we cannot generalize the findings to children
with clinical ASD. Despite these limitations, our findings
represent one of the few studies that examined children
with varying degrees of autistic traits from the general
population. Additionally, we applied a multi-informant
procedure including parents, teachers, and children as
informants. As peer outcomes were based on peer nomi-
nations, with scores reflecting the ratings of preferences
of certain class mates, these measures were not likely
subject to the usual biases.

Future directions and implications

We expected that children with autistic traits and exter-
nalizing problems would have much more difficulties in
peer relationships than children with problems in only
one domain or than children without any problems. Sur-
prisingly, we found that externalizing problems seemed
more relevant for peer problems than autistic traits.
Together, these findings indicate that children with
autistic traits may benefit from intervention programs
that focus at improving peer relations in inclusive class-
rooms, and that particularly children with externalizing
problems are an important target group for interventions
like the UCLA PEERS Program (not to be confused with
our PEERS assessment) [74] or the KiVa anti-bullying
program [75]. The PEERS intervention program, which
focuses on improving friendships and social skills, has
been tested by Schohl et al. [76] among children with
ASD, indicating that the program also significantly
decreased children’s problem behaviors (i.e. aggressive
acts, poor temper control, sadness, anxiety, fidgeting and
impulsive acts). These are the problems that predicted
poor relationships most convincingly in our study.

In addition, for future studies, we recommend data col-
lection with a longer follow up preferably until the end
of primary school (8—11 years old) and perhaps even into
secondary school (12-18 years old). This would yield
useful information to determine the replicability of any
changes that occur during the school years, for example
the role of age, verbal skills and the transition to another
school. The predictor (autistic traits) and the modera-
tors (non-verbal IQ and externalizing behavior) were
assessed a year before the outcome (peer relationships),
which helps to establish a temporal link and may inform
future studies aiming to establishing causality. Finally, we
recommend that in future studies internalizing problems
will also be examined as moderators.

In conclusion, children with autistic traits experi-
ence less peer acceptance and higher peer rejection.
As such, the results of our study in the general popu-
lation suggest that even lower levels of autistic traits—
traits that do not classify as sufficient for a clinical
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diagnosis—impact young children’s peer relationships.
What is more, our findings suggest that preventive
measures should to be adapted particularly for chil-
dren with externalizing behavior problems. Moreover,
the findings may help school teachers identifying, in an
inclusive classroom setting, children with high levels of
autistic traits and externalizing problems as those who
need most support with peer relationships.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513034-021-00421-2.

Additional file 1: Table S1. Pearson correlation coefficients among vari-
ables. Table S2. The Social Responsiveness Scale (SRS), short form.

Additional file 2: Figure S1. Interaction Effects between Autistic Traits
and Externalizing Problems on Peer Acceptance and Rejection (N = 1080).

Acknowledgements

We gratefully acknowledge the contribution of children and parents, general
practitioners, hospitals, midwives, and pharmacies in Rotterdam. The general
design of Generation R Study is made possible by the financial support from
the Erasmus Medical Center, Rotterdam; the Erasmus University Rotterdam,
ZonMw; the Netherlands Organization for Scientific Research (NWO); and the
Ministry of Health, Welfare and Sport. The work of MHVIJ was supported by
gravitation program of the Dutch Ministry of Education, Culture, and Science
and the Netherlands Organization for Scientific Research (NWO Grant Number
024.001.003) and Spinoza Prize 2004.

Authors’ contributions

Data collection was performed by the Generation R team. NS analyzed the
data and wrote the manuscript. PJ designed the study, helped with data
analyses, and reviewed the manuscript. Ml helped with data analyses, and
assisted with drafting the manuscript. ML and PP assisted in drafting the
manuscript and reviewed data analyses. All authors read and approved the
final manuscript.

Funding

The general design of Generation R is made possible by financial support
from the Erasmus Medical Center and the Erasmus University Rotterdam, the
Netherlands Organization for Health Research and Development (ZonMW),
the Netherlands Organization for Scientific Research (NOW), the Ministry of
Health, Welfare and Sport and the Ministry of youth and Families. The current
study was supported by a PhD grant to NS from Indonesia Endowment Fund
for Education (Lembaga Pengelola Dana Pendidikan), Ministry of Finance
Republic of Indonesia. Endowment Fund for Education (Lembaga Pengelola
Dana Pendidikan), Ministry of Finance Republic of Indonesia.

Availability of data and materials

The datasets analyzed during the current study are not publicly available due
to the terms and conditions participants agree to when they participate in
Generation R, but are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

The Medical Ethical Committee of the Erasmus Medical Center Rotterdam
approved the study. We obtained written informed consent from all partici-
pants and their parents.

Consent for publication
Not applicable.


https://doi.org/10.1186/s13034-021-00421-2
https://doi.org/10.1186/s13034-021-00421-2

Sari et al. Child and Adolescent Psychiatry and Mental Health

Competing interests
All other authors declare that they have no competing interests.

Author details

'Department Psychology, Education & Child Studies, Erasmus University
Rotterdam, Rotterdam, The Netherlands. 2Department of Child & Adolescent
Psychiatry/Psychology, Erasmus University Medical Centre, Rotterdam, The
Netherlands. >Generation R Study Group, Erasmus University Medical Center
Rotterdam, Rotterdam, The Netherlands. “Research Department of Clinical,
Educational and Health Psychology, UCL, University of London, London, UK.

Received: 5 January 2021 Accepted: 4 November 2021
Published online: 22 November 2021

References

1.

American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5th ed. Arlington: American Psychiatric Association;
2013.

Bauminger N, Kasari C. Loneliness and friendship in high-functioning
children with autism. Child Dev. 2000;71(2):447-56.

Bauminger N, Shulman C. The development and maintenance of friend-
ship in high-functioning children with autism: maternal perceptions.
Autism. 2003;7(1):81-97.

Chamberlain B, Kasari C, Rotheram-Fuller E. Involvement or isolation? The
social networks of children with autism in regular classrooms. J Autism
Dev Disord. 2007;37(2):230-42.

Rotheram-Fuller E, Kasari C, Chamberlain B, Locke J. Social involvement
of children with autism spectrum disorders in elementary school class-
rooms. J Child Psychol Psychiatry. 2010;51(11):1227-34.

Cresswell L, Hinch R, Cage E. The experiences of peer relationships
amongst autistic adolescents: a systematic review of the qualitative
evidence. Res Autism Spectr Disord. 2018;,2019(61):45-60.

Fujiki M, Brinton B, Hart C, Fitzgerald A. Peer acceptance and friendship
in children with specific language impairment. Child Lang Behav Emot
Probl. 1999;19(2):34-48.

Camodeca M, Coppola G. Participant roles in preschool bullying: The
impact of emotion regulation, social preference, and quality of the
teacher—child relationship. Soc Dev. 2019;28(1):3-21.

Verlinden M, Veenstra R, Ringoot AP, Jansen PW, Raat H, Hofman A, et al.
Detecting bullying in early elementary school with a computerized peer-
nomination instrument. Psychol Assess. 2014;26(2):628-41.

Meijer CJ, Pijl S, Hegarty S. Inclusive education: a global agenda. London:
Routledge; 1997.

Ministry of Education Culture and Science A. Factsheet Inclusive Educa-
tion. The Hague, the Netherlands: The Hague; 2010.

Ochs E, Kremer-Sadlik T, Solomon O, Sirota KG. Inclusion as social practice:
views of children with autism. Soc Dev. 2001;10(3):399-419.

De BA, Pijl SJ. The acceptance and rejection of peers with ADHD and ASD
in general secondary education. J Educ Res. 2016;109(3):325-32. https://
doi.org/10.1080/00220671.2014.958812.

Jahromi LB, Bryce Cl, Swanson J. The importance of self-regulation for the
school and peer engagement of children with high-functioning autism.
Res Autism Spectr Disord. 2013;7(2):235-46. https://doi.org/10.1016/j.
rasd.2012.08.012.

Symes W, Humphrey N. Peer-group indicators of social inclusion among
pupils with autistic spectrum disorders (ASD) in mainstream secondary
schools: a comparative study. Sch Psychol Int. 2010;31(5):478-94.
Verlinden M, Veenstra R, Ghassabian A, Jansen PW, Hofman A, Jaddoe
VWV, et al. Executive functioning and non-verbal intelligence as predic-
tors of bullying in early elementary school. J Abnorm Child Psychol.
2014/42(6):953-66.

Howlin P, Moss P, Savage S, Rutter M. Social outcomes in mid- to later
adulthood among individuals diagnosed with autism and average non-
verbal IQ as children. J Am Acad Child Adolesc Psychiatry. 2013;52(6):572—
81. https://doi.org/10.1016/jjaac.2013.02.017.

Hauck M, Fein D, Waterhouse L, Feinstein C. Social initiations by

autistic children to adults and other children. J Autism Dev Disord.
1995,25(6):579-95.

(2021) 15:67

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 11 of 12

. Mayes SD, Calhoun SL. Ability profiles in children with autism. Autism.

2003;7(1):65-80.

Hoekstra RA, Bartels M, Boomsma DI. Longitudinal genetic study of
verbal and nonverbal IQ from early childhood to young adulthood. Learn
Individ Differ. 2007;17(2):97-114.

Bukowski KH, Parker WM, Jeffrey G. Peer interactions, relationships, and
groups. In: Eisenberg N, editor. Handbook of child psychology social,
emotional, and personality development. Hoboken: Wiley; 2006. p.
571-645.

Keiley MK, Bates JE, Dodge KA, Pettit GS. A cross-domain growth analysis:
externalizing and internalizing behaviors during 8 years of childhood. J
Abnorm Child Psychol. 2000;28(2):161-79.

Sturaro C, van Lier PAC, Cuijpers P, Koot HM. The role of peer relationships
in the development of early school-age externalizing problems. Child
Dev. 2011;82(3):758-65.

Baird G, Simonoff E, Pickles A, Chandler S, Loucas T, Meldrum D, et al.
Prevalence of disorders of the autism spectrum in a population cohort of
children in South Thames : the Special Needs and Autism Project ( SNAP ).
Lancet. 2006;368:210-5.

Loomes R, Hull L, Mandy WPL. What is the male-to-female ratio in autism
spectrum disorder? A systematic review and meta-analysis. J Am Acad
Child Adolesc Psychiatry. 2017;56(6):466-74.

Kooijman MN, Kruithof CJ, van Duijn CM, Duijts L, Franco OH, van lJzen-
doorn MH, et al. The Generation R Study: design and cohort update 2017.
Eur J Epidemiol. 2016;31:1243-64.

Jaddoe VWV, Bakker R, Van Duijn CM, Van Der Heijden AJ, Lindemans

J, Mackenbach JP, et al. The Generation R Study Biobank: a resource for
epidemiological studies in children and their parents. Eur J Epidemiol.
2007;22(12):917-23.

Constantino JN. The social responsiveness scale. Los Angeles: Western
Psychological Services; 2002.

Achenbach TM. Manual for the Teacher’s Report Form and 1991 profile.
Burlington: University of Vermont Department of Psychiatry; 1991. p.
1991.

Veenstra R, Verlinden M, Huitsing G, Verhulst FC, Tiemeier H. Behind bul-
lying and defending: same-sex and other-sex relations and their associa-
tions with acceptance and rejection. Aggress Behav. 2013;39(6):462-71.
Szekely E, Pappa |, Wilson JD, Bhamidi S, Jaddoe VW, Verhulst FC,

et al. Childhood peer network characteristics: genetic influences and
links with early mental health trajectories. J Child Psychol Psychiatry.
2016;57(6):687-94.

Roeyers H, Thys M, Druart C, De Schryver M, Schittekatter M. SRS, Screen-
ingslijst voor autismespectrumstoornissen. Amsterdam: Hogrefe. 2011.
http://hdl.handle.net/1854/LU-2067366. Accessed 9 Nov 2020.

Roman GC, Ghassabian A, Bongers-Schokking JJ, Jaddoe VWV, Hofman A,
De Rijke YB, et al. Association of gestational maternal hypothyroxinemia
and increased autism risk. Ann Neurol. 2013;74(5):733-42.

Serdarevic F, Ghassabian A, van Batenburg-Eddes T, White T, Blanken LME,
Jaddoe VWV, et al. Infant muscle tone and childhood autistic traits: a lon-
gitudinal study in the general population. Autism Res. 2017;10(5):757-68.
Xu M, Logan JAR. Treatment effects in longitudinal two-method measure-
ment planned missingness designs: an application and tutorial. J Res
Educ Eff. 2021;14(2):501-22. https://doi.org/10.1080/19345747.2021.
1875528.

Tellegen PJ, Winkel M, Wijnberg-Williams B, Laros JA. Snijders-Oomen
Niet-Verbale Intelligentietest: SON-R 2 > -7. Amsterdam: Boom Testuit-
gevers; 2005.

Achenbach, Rescorla. Manual for the ASEBA preschool forms and profiles.
2000.

Achenbach R. Manual for the ASEBA school-age forms and profiles. Burl-
ington: University of Vermont, Research Center for Children, Youth, and
Families; 2001.

De Groot A, Koot HM, Verhulst FC. Cross-cultural generalizability of the
child behavior checklist cross-informant syndromes. Psychol Assess.
1994;6(3):225-30.

Verhulst FC, Van Der Ende J, Koot HM. Handleiding voor de CBCL/4-18
[Manual for the CBCL/4-18]: Afdeling Kinder- en Jeugdpsychiatrie, Sophia
Kinderziekenhuis/Academisch Ziekenhuis Rotterdam. Rotterdam: Eras-
mus Universiteit Rotterdam; 1996.

Berument S, Rutter M, Lor C, Pickles A, Bailey A. Autism screening ques-
tionnaire : diagnostic validity. Br J Psychiatry. 1999;175:444-51.


https://doi.org/10.1080/00220671.2014.958812
https://doi.org/10.1080/00220671.2014.958812
https://doi.org/10.1016/j.rasd.2012.08.012
https://doi.org/10.1016/j.rasd.2012.08.012
https://doi.org/10.1016/j.jaac.2013.02.017
http://hdl.handle.net/1854/LU-2067366
https://doi.org/10.1080/19345747.2021.1875528
https://doi.org/10.1080/19345747.2021.1875528

Sari et al. Child and Adolescent Psychiatry and Mental Health

42.

43.

44,
45,

46.

47.

48.

49.
50.
51
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Jansen PW, Verlinden M, Van BAD, Mieloo C, Van Der Ende J, Veenstra R,
et al. Prevalence of bullying and victimization among children in early
elementary school: do family and school neighbourhood socioeconomic
status matter? BMC Public Health. 2012;12(1):1-10.

Jansen PW, Verlinden M, Dommisse-Van Berkel A, Mieloo CL, Raat H, Hof-
man A, et al. Teacher and peer reports of overweight and bullying among
young primary school children. Pediatrics. 2014;134(3):473-80.

Statistics Netherlands. Allochtonen in Nederland 2004. Heerlen; 2004.
Hoekstra RA, Vinkhuyzen AAE, Wheelwright S, Bartels M, Boomsma DI,
Baron-Cohen S, et al. The construction and validation of an abridged
version of the autism-spectrum quotient ( AQ-Short ). Autism Dev Disord.
2011;41:589-96.

Hobson P. Autism and emotion. In: Volkm FR, editor. Handbook of autism
and pervasive developmental disorders. Hoboken: Wiley; 2005. p. 406-22.
Rowley E, Chandler S, Baird G, Simonoff E, Pickles A, Loucas T, et al. The
experience of friendship, victimization and bullying in children with an
autism spectrum disorder: associations with child characteristics and
school placement. Res Autism Spectr Disord. 2012;6(3):1126-34. https://
doi.org/10.1016/j.rasd.2012.03.004.

Bauminger N, Solomon M, Aviezer A, Heung K, Gazit L, Brown J, et al.
Children with autism and their friends: a multidimensional study of
friendship in high-functioning autism spectrum disorder. J Abnorm Child
Psychol. 2008;36(2):135-50.

Freeth M, Foulsham T, Kingstone A. What affects social attention? Social
presence, eye contact and autistic traits. PLoS ONE. 2013. https://doi.org/
10.1371/journal.pone.0053286.

Astington JW, Harris PL, Olson DR. Developing theories of mind. Cam-
bridge: Cambridge University Press; 1988. p. 1988.

Frith U. Autism: explaining the enigma. Oxford: Blackwell; 1989.

Golan O, Baron-Cohen S, Hill JJ, Golan Y. The, “reading the mind in films”
task: complex emotion recognition in adults with and without autism
spectrum conditions. Soc Neurosci. 2006;1(2):111-23.

Peterson C, SlaughterV, Moore C, Wellman HM. Peer social skills and
theory of mind in children with autism, deafness, or typical development.
Dev Psychol. 2016;52(1):46-57.

Baron-Cohen S, Wheelwright S, Lawson J, Griffin R, Ashwin C, Billington

J, et al. Emphatizing and systemizing in autism spectrum conditions. In:
Volkmar FR, Paul R, Klin A, Cohen D, editors,, et al., Handbook of autism
and pervasive developmental disorders. 3rd ed. Hoboken: Wiley; 2005.
Peterson C. Theory of mind understanding and empathic behav-

jor in children with autism spectrum disorders. Int J Dev Neurosci.
2014;39(1):16-21. https://doi.org/10.1016/j.ijdevneu.2014.05.002.

Caputi M, Lecce S, Pagnin A, Banerjee R. Longitudinal effects of theory of
mind on later peer relations: the role of prosocial behavior. Dev Psychol.
2012;48(1):257-70.

Deschamps PKH, Been M, Matthys W. Empathy and empathy induced
prosocial behavior in 6- and 7-year-olds with autism spectrum disorder. J
Autism Dev Disord. 2014;44(7):1749-58.

Crozier S, Tincani M. Effects of social stories on prosocial behavior of
preschool children with autism spectrum disorders. J Autism Dev Disord.
2007;37(9):1803-14.

Andari E, Duhamel JR, Zalla T, Herbrecht E, Leboyer M, Sirigu A. Promot-
ing social behavior with oxytocin in high-functioning autism spectrum
disorders. Proc Natl Acad Sci USA. 2010;107(9):4389-94.

Matsumoto Y, Yamagishi T, Li Y, Kiyonari T. Prosocial behavior increases
with age across five economic games. PLoS ONE. 2016;11(7):1-16.

Van der Graaff J, Carlo G, Crocetti E, Koot HM, Branje S. Prosocial behavior
in adolescence: gender differences in development and links with

(2021) 15:67 Page 12 of 12

empathy. J Youth Adolesc. 2018;47(5):1086-99. https://doi.org/10.1007/
$10964-017-0786-1.

62. Morelli SA, Rameson LT, Lieberman MD. The neural components of
empathy: predicting daily prosocial behavior. Soc Cogn Affect Neurosci.
2014;9(1):39-47.

63. YuG,LiS, Zhao F. Childhood maltreatment and prosocial behavior
among Chinese adolescents: roles of empathy and gratitude. Child Abus
Negl. 2020;101:104319. https://doi.org/10.1016/j.chiabu.2019.104319.

64. Christ CC, Carlo G, Stoltenberg SF. Oxytocin receptor (OXTR) single
nucleotide polymorphisms indirectly predict prosocial behavior through
perspective taking and empathic concern. J Pers. 2016;84(2):204-13.

65. Van lJzendoorn MH, Bakermans-Kranenburg MJ. A sniff of trust: Meta-
analysis of the effects of intranasal oxytocin administration on face
recognition, trust to in-group, and trust to out-group. Psychoneuroendo-
crinology. 2012;37(3):438-43. https://doi.org/10.1016/j.psyneuen.2011.07.
008.

66. Laursen B, Hartup WW. The origins of reciprocity and social exchange in
friendships. New Dir Child Adolesc Dev. 2002;95:27-40.

67. Liu J. Childhood externalizing behavior: theory and implications. J Child
Adolesc Psychiatr Nurs. 2004;17(3):93-104.

68. Libbey HP. Measuring student relationships to school: attachment, bond-
ing, connectedness, and engagement. J Sch Health. 2004;74(7):274-83.

69. Oberle E, Schonert-Reichl KA. Stress contagion in the classroom? The link
between classroom teacher burnout and morning cortisol in elementary
school students. Soc Sci Med. 2016;159:30-7. https://doi.org/10.1016/).
socscimed.2016.04.031.

70. Nilsen RM, Vollset SE, Melve KK, Schreuder P, Alsaker ER, Haug K, et al. Self-
selection and bias in a large prospective pregnancy cohort in Norway.
Paediatr Perinat Epidemiol. 2009;23:597-608.

71. Laws G, Bates G, Feuerstein M, Mason-Apps E, White C. Peer accept-
ance of children with language and communication impairments in a
mainstream primary school: associations with type of language difficulty,
problem behaviours and a change in placement organization. Child Lang
Teach Ther. 2012;28(1):73-86.

72. Roelfsema MT, Hoekstra RA, Allison C, Wheelwright S, Brayne C, Mat-
thews FE, et al. 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(5):734-9.

73. Ozerk K. The issue of prevalence of autism/ASD. Int Electron J Elem Educ.
2016;9(2):263-306.

74. Laugeson EA, Frankel F, Gantman A, Dillon AR, Mogil C. Evidence-based
social skills training for adolescents with autism spectrum disorders: the
UCLA PEERS program. J Autism Dev Disord. 2012;42(6):1025-36.

75. van der Ploeg R, Steglich C, Veenstra R. The support group approach
in the Dutch KiVa anti-bullying programme: effects on victimisation,
defending and well-being at school. Educ Res. 2016;58(3):221-36. https://
doi.org/10.1080/00131881.2016.1184949.

76. Schohl KA, Van Hecke AV, Carson AM, Dolan B, Karst J, Stevens S. A replica-
tion and extension of the PEERS intervention: examining effects on social
skills and social anxiety in adolescents with autism spectrum disorders. J
Autism Dev Disord. 2014,44(3):532-45.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.rasd.2012.03.004
https://doi.org/10.1016/j.rasd.2012.03.004
https://doi.org/10.1371/journal.pone.0053286
https://doi.org/10.1371/journal.pone.0053286
https://doi.org/10.1016/j.ijdevneu.2014.05.002
https://doi.org/10.1007/s10964-017-0786-1
https://doi.org/10.1007/s10964-017-0786-1
https://doi.org/10.1016/j.chiabu.2019.104319
https://doi.org/10.1016/j.psyneuen.2011.07.008
https://doi.org/10.1016/j.psyneuen.2011.07.008
https://doi.org/10.1016/j.socscimed.2016.04.031
https://doi.org/10.1016/j.socscimed.2016.04.031
https://doi.org/10.1080/00131881.2016.1184949
https://doi.org/10.1080/00131881.2016.1184949

	Children’s autistic traits and peer relationships: do non-verbal IQ and externalizing problems play a role?
	Abstract 
	Background: 
	Method: 
	Result: 
	Conclusion: 

	Introduction
	Peer relationships among children with ASD
	Non-verbal IQ and externalizing problems
	Current study
	Method
	Design and study participants
	Measures
	PEERS measure
	Peer acceptance, peer rejection, prosocial behavior
	Reciprocity
	Autistic traits
	Non-verbal IQ
	Externalizing problems
	ASD diagnosis

	Confounders
	Statistical analyses

	Results
	Sample characteristics
	Association between autistic traits and peer relationships
	Sensitivity analyses
	Post-hoc analyses

	Discussion
	Limitations
	Future directions and implications
	Acknowledgements
	References




