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Abstract

Background: Recently, there has been a growing recognition that autistic traits exist along a continuum beyond
diagnostic categories and that even subclinical symptoms may be associated with an increased risk for the psycho-
social well-being and mental health of children. However, as yet, there has been little research on whether preschool
children with autism spectrum disorder (ASD) symptoms, who do not meet the diagnostic criteria for ASD, are more
likely to experience difficulties. To address this deficit this study examined whether young children with subthreshold
autistic traits have an increased risk for emotional/behavioral difficulties.

Methods: Data were analyzed from 1057 Japanese preschool children aged 5-years old collected during the first
wave of the Tama Children'’s Survey (TCS) cohort study. Parent-reported autistic traits were assessed with the Social
Responsiveness Scale (SRS), while they provided information on their child's emotional/behavioral problems using the
Strengths and Difficulties Questionnaire (SDQ). Logistic regression analysis was used to examine associations.

Results: Preschool children with mild-to-moderate autistic traits, corresponding to subclinical autism were signifi-
cantly more likely to score above the clinical thresholds for emotional/behavioral problems compared to children
with fewer autistic traits. Follow-up diagnostic assessments and analyses of 72 children from the cohort confirmed
these findings and showed that these children with subthreshold autistic traits also had a significantly lower intelli-
gence quotient (IQ) as measured by the Wechsler Preschool and Primary Scale of Intelligence (WPPSI).

Conclusions: Although subthreshold autistic traits are difficult to define due to the sometimes vague border
between typical and atypical development, there may be a large number of preschool children with subthreshold
autistic traits, who may have an increased risk for a variety of different emotional/behavioral difficulties as well as
lower cognitive functioning.
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Background

Autism spectrum disorder (ASD) is a neurodevelopmen-
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repetitive behaviors [1]. Following Kanner’s first report of
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cases of autism [2], ASD was traditionally considered as a
distinct clinical condition. However, in more recent dec-
ades research has emerged which has questioned this dis-
tinction. For example, it has been shown that parents of
children with ASD often exhibit milder forms of autistic
traits referred to as the broader autism phenotype (BAP)
[3], while subsequently, in a large cohort sample of sib-
lings at familial high-risk of ASD, the BAP was detected
in high-risk siblings who did not have ASD by age 3years
[4]. This research has culminated in a growing body of
evidence being amassed from different countries (e.g. the
USA, the Netherlands, and Japan), which suggests that
autistic traits are continuously distributed in the general
population [5-7]. Autistic traits can be measured quan-
titatively as a broad manifestation of the autism pheno-
type that includes social impairments, communication
impairments, and restricted and repetitive behaviors
and interests [8], with general population twin studies
showing that similar heritability and risk factors under-
lie autistic traits and ASD [5, 9, 10]. Given the increas-
ing realization that ASD is not a discrete disorder and
that ASD may represent the extreme end of an autistic
traits continuum in the general population (see [11] for
a review), it is now assumed that there might be a larger
number of children who have mild-to-moderate autistic
traits that correspond to subthreshold conditions [12, 13]
compared to children with ASD considering the continu-
ous nature of this distribution. In connection with this,
while many previous studies have reported the negative
impact of ASD on mental health (e.g., [14—16]), as yet,
little research has focused on subthreshold autistic traits
in this context as they usually remain undiagnosed in the
framework of DSM criteria against a backdrop where
autism is understood as being characterized by intellec-
tual and language disabilities as well as severe impair-
ment in social interactions [17].

Subthreshold autistic traits have been found to influ-
ence the psychosocial well-being and mental health of
both clinical and community-based children. For exam-
ple, data from the Avon Longitudinal Study of Parents
and Children (ALSPAC) indicate that social-communi-
cative deficits, assessed by the parent-reported Social
and Communication Disorders Checklist (SCDC. [18]),
were significantly associated with behavioral problems,
assessed by the teacher-reported Strengths and Diffi-
culties Questionnaire (SDQ), in community-dwelling
children aged 7-8years old, even after controlling for
sex, IQ and the mother’s educational level [19]. Sup-
port for the potential connection between subthreshold
autistic traits and poorer psychosocial well-being also
comes from research that has reported elevated levels of
autistic traits in child and adolescent patients with anxi-
ety disorders and/or mood disorders [20, 21]. A recent
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psychopathological model assumes subthreshold autistic
traits as a common vulnerability factor for a wide variety
of mental disorders including anxiety and mood disor-
ders, schizophrenia, trauma and stress-related disorders
[22, 23]. Thus, the risk for mental health problems in chil-
dren with subthreshold autistic traits should be clarified
based on epidemiological or clinical evidence.

Several twin and cross-sectional studies have also
investigated whether different levels of autistic traits have
a negative impact on psychosocial functioning in child-
hood [12-14]. Lundstréom et al. (2011) classified 11,222
children aged 9 and 12-years-old into six groups ranging
from low-risk cases to probable ASD cases (correspond-
ing to a clinical level) based on autistic trait scores from
the Autism-Tics, ADHD (attention deficit hyperactivity
disorder) and other Co-morbidities inventory (A-TAC
[24]). They found that children with subthreshold autis-
tic traits, comprising 28% of the entire sample, had an
increased risk for ADHD and anxiety symptoms as well
as conduct problems [7]. In another study that used data
from the general population in elementary and junior
high schools (N =24,728), subthreshold autistic traits
were associated with emotional and behavioral prob-
lems [13]. More specifically, Moriwaki and Kamio (2013)
divided their sample into three categories—low-risk,
medium-risk, and high-risk—based on their autistic traits
scores as measured by the Social Responsiveness Scale
(SRS, [25]). They found that compared to children in the
low-risk group, children in the medium-risk group (12%
of the sample) had an increased risk of emotional and
conduct problems as assessed by the SDQ, although the
odds for problems were greatest in the high-risk group
(2.4% of the sample) [13]. Overall, data from the above-
mentioned studies indicate that the proportion of chil-
dren with subthreshold autistic traits may far exceed the
number diagnosed with ASD (i.e. 1.4 to 2.64% [26, 27]),
and that subthreshold autistic traits may be associated
with psychiatric problems in childhood.

Despite the evidence discussed above, relatively lit-
tle is known about the relationship between sub-
threshold autistic traits and emotional/behavioral
problems in preschool children. For example, Moricke
et al. (2010) reported that subclinical autistic traits at age
14-15 months, measured by the Early Screening of Autis-
tic Traits Questionnaire (ESAT [28, 29]), were associated
with behavioral and cognitive problems at age 3—5years
[12], assessed with the Child Behavior Checklist [30].
However, there is variability in autistic traits between 14
and 15 months and 4-5years of age [12], and some early
autism screening measures may have difficulties distin-
guishing autistic traits from other aspects of abnormal
development [29]. Also, a recent study reported that
the diagnostic stability of autism increases as preschool
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children age [31]. These considerations suggest a need
for research that uses different forms of assessment, and
focuses on older children.

Thus, in order to examine the hypothesis that subclini-
cal autistic traits are associated with an increased risk for
psychosocial problems in preschool children, this study
analyzed two sets of data. First, we used screening data
from a large population-based (N =1057) cohort of pre-
school children aged 5years to determine the associa-
tion between the severity of autistic traits and emotional/
behavioral problems. Second, in order to obtain detailed
diagnostic information, 72 children from the cohort aged
5- to 6-years old also took part in a follow-up assess-
ment and underwent a clinical interview. We decided to
use two different assessment criteria i.e. parent-reported
autistic traits and diagnostic assessments to examine
associations given that autistic traits are distributed con-
tinuously and there is no clear point of discontinuity,
while the range of subthreshold autistic traits can vary
depending on the categorization criteria used. As com-
paratively little is known about the association between
subclinical autistic traits and psychosocial problems in
preschool children, this study will elucidate this associa-
tion while further expanding the knowledge base about
the effects of subclinical autistic traits in young children.

Methods

Participants and procedure

The data used in this study came from the Tama Chil-
dren’s Survey (TCS). The TCS is a prospective popula-
tion-based cohort study investigating the associations
between autistic symptoms, mental health, and the
social development of children living in the Tama dis-
trict of Tokyo, Japan. In Wave 1 of the study in 2012, 2953
families with a child in kindergarten and nursery school
classes for 5-year-olds were approached to take part in
the study. Valid responses were obtained from 1406 fami-
lies (a response rate of 47.6%). Further details of the study
recruitment, retention, and data collection procedures
have been described previously elsewhere [32—35]. Data
were collected on a variety of developmental traits as well
as sociodemographic factors using a postal questionnaire
that was self-completed by parents. Ethical approval for
the study was obtained from the Ethics Committee of
the National Center of Neurology and Psychiatry, Japan.
All procedures were carried out in accordance with rel-
evant guidelines and regulations. Informed consent was
obtained from parents/legal guardians. Before com-
mencement of the research the purpose and ethical/legal
policies of the study were explained to the parents who
were then asked to answer and return the questionnaire
if they agreed to participate in the study. In the present
study, data were analyzed from 1057 Wave 1 children
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(565 boys) who had no missing information for autistic
traits and behavioral and emotional problems.

We also invited 184 families to take part in an addi-
tional diagnostic assessment. This group consisted of (i)
103 randomly selected families with children in the Low-
risk group for autistic symptoms (see below for further
details), (ii) all the families of children in the Medium-
risk group, and (iii) all the families of children in the
High-risk group. However, refusals and the non-response
of some families meant that the diagnostic assessment
included children and parents from 72 families (39.13%
of the 184 invited families): 42.11% of the children with
the highest autistic traits scores (n =8, 6 boys, 2 girls),
26.13% with mild-moderate autistic traits scores (n =29,
19 boys, 10 girls), and 33.98% with low autistic traits
scores (n =35, 17 boys, 18 girls). A flow chart of the par-
ticipants is presented in Fig. 1.

Measures

Autistic traits (independent variable)

Autistic traits in the children at age 5years were assessed
with the Japanese version of the Social Responsiveness
Scale (SRS [25, 36];). Detailed information about the
process of developing the Japanese version of the SRS
was reported in an earlier research article [37]. The SRS
is a 65-item quantitative measure of autistic traits for
children aged 4-18years old. Previous epidemiologi-
cal studies have reported that SRS scores have a normal
distribution in the Japanese population [6, 38]. In the
current study, we used the original criteria proposed by
the scale’s developers [25] to divide the SRS scores of
the children into three groups with different thresholds:
(i) children with the highest autistic traits, almost cor-
responding to clinical level ASD (the High-risk group,
with a T-score>76, n =19 (1.80%)), (ii) children with
mild-moderate autistic traits almost corresponding
to subthreshold ASD (the Medium-risk group, with a
T-score>60 and <75, n =111 (10.50%)), (iii) children
with a low risk for autistic traits (the Low-risk group,
with a T-score <59, n =927 (87.70%)). Based on the Japa-
nese norms reported in an earlier study, T-scores with a
cutoff of 60, and 75 correspond to approximately 15, and
2% of the sex-specific distribution, respectively [38]. The
SRS has been shown to have a two-factor structure (with
1 factor comprising 53 social communication interac-
tion items [39], while the other comprises 12 restricted
and repetitive behavior [RRB] items) that corresponds to
DSM-5 criteria [40]. Cronbach’s alpha for the total score
was 0.90 in this study and ranged from 0.77 (restricted/
repetitive behavior) to 0.83 (social communication/inter-
action) for the subscale scores, indicating good internal
reliability. A longitudinal study of school-aged twins
found that individual differences in SRS scores were
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Total population
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.

—

Low-risk group
SRS T-score <59
n =927 (87.70%)

Medium-risk group
60 < SRS T-score <75
n=111 (10.50%)

High-risk group
SRS T-score 276
n=19 (1.80%)

Refused to participate/ did not

Random selection respond
n=103 n=93
........................................................................... Refused to participate/ did not
— v respond
Participants Participants n=68
n=35 n=37
N X Excluded
Diagnostic | (| »> n=10: PDDNOS
assessments v v n = 2: Intellectual disability
Control group Subthreshold autistic
n=35 traits group
— n=25
Fig. 1 Flow Chart of Participants
highly preserved during a 5-year follow-up period [41].  Covariates

Recently, both lower and higher autistic traits assessed
by the SRS have been shown to remain stable from 5 to
8years of age [32].

Emotional and behavioral problems (dependent variable)

To assess the extent of emotional and behavioral prob-
lems, the SDQ [42] was completed by parents. The SDQ
is a standardized screening questionnaire consisting of
25 items that measure emotional and behavioral prob-
lems in children and adolescents aged 3—16years old [43,
44]. Each item is scored on a scale ranging from 0 ‘not
true; 1 ‘somewhat true; to 2 ‘certainly true! The SDQ has
five subscales: emotional symptoms, conduct problems,
hyperactivity-inattention, peer problems, and prosocial
behavior. When combined, four of the subscale scores
(excluding prosocial behavior) yield a total difficulties
score. Following the test developer’s guidelines, the 90th
percentile was used as a cutoff across all subscales to pre-
dict a substantially raised probability of diagnosed psy-
chiatric disorders [45]. The validity and reliability of the
Japanese version of the SDQ have been demonstrated in
previous studies [46, 47]. In the current study, Cronbach’s
alphas ranged between 0.53 (peer problems) to 0.73
(hyperactivity-inattention) for the subscale scores and
0.81 for the total difficulties score. This range of values
accords with those of previous studies that have used the
SDQ in school-aged children and adolescents [46, 48].

Control variables were chosen that have been linked to
emotional and behavioral problems in children aged
5- to 7-years old in previous studies [43, 44]. The child-
related variables included: gender, age, number of sib-
lings. The parent and family variables were the length
of the mother’s education (in years) and family income
(in millions of Yen). Previous studies have shown that
socioeconomic factors including family income and the
mother’s education can affect many aspects of children’s
development and result in mental health and behavioral
problems, lower academic achievement, and obesity [49,
50]. We also obtained information about the mother’s
depressive symptoms which have been linked to chil-
dren’s emotional and behavioral problems in numerous
studies and reviews (e.g., [51]). For example, a previ-
ous study has shown that mothers of children with ASD
experience high levels of stress that have been associated
with an increased risk for the current treatment of mater-
nal depression [52]. We obtained information about the
mother’s depressive symptoms using the case-finding
instrument tool (TQI) which was extracted from the Pri-
mary Care Evaluation of Mental Disorders questionnaire
[53]. The TQI consists of two questions about depres-
sion and anhedonia: (1) ‘During the past month, have
you often been bothered by feeling down, depressed,
or hopeless? and (2) ‘During the past month, have you
often been bothered by little interest or pleasure in doing
things? Answers are combined to generate a continuous
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score that ranges from 0 to 2 with higher scores indi-
cating greater depression. Adachi et al. have previously
demonstrated the utility of this measure for assessing
depressive symptoms in Japanese adults [54].

Diagnostic assessments

In order to gain further insight into the association
between higher autistic traits and emotional/behavioral
problems in children that had been assessed for autistic
traits with a screening instrument, we invited 184 chil-
dren and their parents from the Low- to High-risk groups
in Wave 1 to undergo further assessment. Among them,
72 families participated in a further diagnostic assess-
ment. Specifically, 37 children in the Medium- and High-
risk groups underwent a diagnostic assessment where
autistic traits and intellectual abilities at age 5- to 6-years
old were assessed by experienced clinicians (clinical
psychologists) using the Autism Diagnostic Interview-
Revised (ADI-R) [55] and Autism Diagnostic Observa-
tion Schedule (ADOS) [56]. Children’s intellectual ability
was assessed with the Japanese version of the Wechsler
Preschool and Primary Scale of Intelligence (WPPSI
[57]). Impaired cognitive functioning is one of the most
common co-occurring features in ASD [58, 59]. Despite
this, until now there has been little research that has
examined the link between subthreshold autistic traits
and cognitive functioning in young children even though
two previous population-based sample studies have indi-
cated that subclinical autistic traits may be associated
with problems in cognitive functioning [12, 60].

A child psychiatrist also obtained information from
the parents about their child’s medical history including
the family history of mental illness, concerns about their
child’s development, developmental history, and mental/
physical impairments. Additionally, parents were inter-
viewed about their children’s lifetime (present and past)
psychiatric problems including anxiety disorders and
obsessive-compulsive disorder using the Schedule for
Affective Disorders and Schizophrenia for School-Age
Children Present and Lifetime version (K-SADS-PL) [61].
To generate a clinical diagnosis, all relevant data, includ-
ing the ADOS, ADI-R, and WPPSI scores, as well as the
child’s medical history were reviewed by a clinical team
that consisted of a child psychiatrist and clinical psychol-
ogists. Confirmed diagnoses met DSM-IV-TR criteria
[62] and resulted in 10 children being classified as having
pervasive developmental disorder not otherwise speci-
fied (PDDNOS). None of the children were diagnosed
as having autistic disorder or Asperger’s disorder. The
remaining 27 children were classified as being without an
ASD diagnosis but as having higher SRS scores. Two of
these children were subsequently excluded due to mild-
moderate intellectual impairment. Finally, 25 children
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(aged 67 to 82months) were categorized as belonging to
the subthreshold autistic traits group.

Thirty-five children from the Low-risk group in Wave
1 (aged 60 to 76 months) served as the control group in
the follow-up assessment. Children’s intellectual abilities
were assessed with the WPPSI. A child psychiatrist also
obtained clinical information from the parents. None of
the children were diagnosed as having an intellectual dis-
ability or ASD.

Analysis

Descriptive statistics for the Low-risk, Medium-risk, and
High-risk cases (the subthreshold autistic traits group
and the control group in the diagnostic assessment) were
calculated and then compared using either one-way anal-
ysis of variance (ANOVA) or Chi-square tests as appro-
priate. Hierarchical logistic regression analysis was then
used to assess emotional and behavioral problems in chil-
dren with Medium—/High-risk autistic traits compared
to children with Low-risk autistic traits. Each emotional/
behavioral outcome was assessed in a separate analysis
with the use of three models. In Model 1 the bivariate
association between the Medium—/High-risk groups and
each emotional/behavioral problem was examined. We
then assessed the role of child and parent/family covari-
ates (Model 2) and the mother’s mental health (Model
3) in the association between autistic traits and emo-
tional/behavioral outcomes. The data from the diagnostic
assessments, i.e. descriptive statistics of the subthreshold
autistic traits group and the control group were com-
pared using either one-way ANOVA tests with age as a
covariate or Chi-square tests as appropriate. All analy-
ses were performed with IBM SPSS Statistics version 23.
Results are presented as odds ratios (OR) with 95% con-
fidence intervals (CI). The level of statistical significance
was set at p <0.05 (two-tailed).

Results

Sample characteristics

Descriptive statistics for the Low-risk, Medium-risk,
and High-risk groups are presented in Table 1. In the
Low-risk group there were a larger number of siblings,
more mothers were highly educated, while the mother’s
depressive symptoms were lower compared to in the
other groups. There were no differences between the
groups with regard to age, the male-to-female ratio, or
family income. The Medium-risk and High-risk groups
were more likely to have significantly higher SDQ scores
than the Low-risk group.

Autistic traits and emotional and behavioral difficulties
The results from the logistic regression analysis exam-
ining the association between the level of autistic traits
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Table 1 Sample Characteristics of the Low-, Medium-, and High-Risk Groups (N =1057)
Low-risk group Medium-risk group High-risk group F/i2p
n =927 n=111 n=19
Child characteristics
Age in years, mean (SD) 5.34(0.34) 529(0.31) 5.27(0.29) F(2,1055)=1.55p=.21
Male, number (%) 502 (54.15) 51 (45.95) 12 (63.16) x° =3.56, p=.17
Siblings, number (SD) 2.06(0.73) 1.87(0.73) 1.79(0.63) F(2,1055)=4.37,p<.01%
Parent/family characteristics
Education mother
University/higher professional (%) 85.68 7333 78.95 x> =931,p=.010°
Family income (million yen) (%)
Under 2 177 412 0 X2 =1153,p =231
2 or more and less than 5 21.32 28.87 16.67
5 or more and less than 7 30.98 34.02 3333
7 or more and less than 10 30.51 23.71 44.44
10 or more and less than 15 13.19 8.25 5.56
15 or more 224 1.03 0
Mother’s depression (number of “yes”answers) (%)
0 75.25 51.85 42.11 x> =3822,p =.0001¢
1 15.12 2593 26.32
2 9.64 2222 31.58
Autistic traits (SRS), mean (SD)
Social communication/interaction 25.35(8.18) 47.66 (5.88) 69.79 (11.25) F(2,1055)=634.55,p < 0012P
Restricted/ repetitive behavior 346 (2.55) 941 (3.29) 17.74 (4.79) F(2,1055) =481.47, p <.001%P
Total raw score 28.81(9.72) 57.07 (7.29) 87.53 (14.49) F(2,1055)=738.79,p < 00120
Emotional/behavioral problems (SDQ), mean (SD)
Emotional symptoms 27 (143) 2.89(2.20) 3.90 (3.02) F(2,1055)=75.13, p <.001 12b
Conduct problems 68 (1.42) 3.14(1.82) 342 (2.36) F(2,1055)=57.32,p <.001 1ab
Hyperactivity-Inattention problems 263(1.92) 474 (2.16) 21(252) F(2,1055)=83.95, p <.001 ab
Peer problems 02(1.12) 262 (1.83) 4.73(1.28) F(2,1055)=74849,p < 0012P
Prosocial behavior 3(1.89) 5.96 (2.03) 4.00 (2.67) F(2,1055)=40.67, p <.0013P
Total difficulties 6.59 (3.92) 13.39 (4.84) 18.26 (5.65) F(2,1055)=203.90, p < 00120

SD Standard deviation, SRS Social Responsiveness Scale, SDQ Strengths and Difficulties Questionnaire

@ Post-hoc tests with an ANOVA showed a significant difference between the Low-risk group and the Medium-risk group (p <.05)

b Post-hoc tests with an ANOVA showed a significant difference between the Low-risk group and the High-risk group (p <.05)

¢ Residual analyses with a Chi-square test showed a significant difference between the Low-risk group and the other groups (p <.05)

and emotional and behavioral difficulties are presented in
Table 2. Compared to the Low-risk group, the Medium-
risk group had significantly increased odds for all out-
comes that ranged from 3.80 (95% confidence interval
[CI]: 2.23-6.47) for reduced prosocial behavior to 25.18
(95% CI; 13.43-47.20) for overall difficulties (total score)
in the bivariate model (Model 1). Although adjustment
for child and parent/family variables (Model 2) and
mother’s depression (Model 3) led to a reduction in the
odds ratios for emotional symptoms, conduct problems,
hyperactivity/inattention and the total symptoms score,
the Medium-risk group continued to have significantly
increased odds for all outcomes with ORs ranging from
3.86 (95% CI: 2.19-6.81) for reduced prosocial behavior

to 26.90 (95% CI: 10.40—69.62) for peer problems. In the
fully adjusted Model 3, the High-risk group had higher
odds than the Low-risk group for all outcomes that
ranged from 11.16 (95%CI: 3.86—32.31) for conduct prob-
lems to 241.79 (95% CI: 66.90—873.83) for peer problems.

Comparison between control and subthreshold autistic

children who participated in the diagnostic assessment

Descriptive statistics for child characteristics, autistic
traits, emotional and behavioral outcomes and for intel-
ligence quotient for the control and subthreshold autistic
children who participated in the diagnostic assessment
are presented in Table 3. There were no differences
between the groups in the male-to-female ratio. The
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Table 2 Association between the Level of Autistic Traits and Emotional and Behavioral Problems in Preschool Children

Model 1 Model 2 Model 3
OR (95% Cl) OR (95% Cl) OR (95% CI)
Emotional symptoms Low-risk group Ref. Ref. Ref.

Medium-risk group

High-risk group
Conduct problems Low-risk group
Medium-risk group
High-risk group
Hyperactivity/ inattention Low-risk group
Medium-risk group
High-risk group
Peer problems Low-risk group
Medium-risk group
High-risk group
Reduced prosocial behavior Low-risk group
Medium-risk group
High-risk group
Total difficulty score Low-risk group
Medium-risk group

High-risk group

6.79 (3.74-12.34)%***
15.84 (5.84-43.07)****
Ref.

6.92 (3.89-12.31)****
14.40 (5.33-38.86)****
Ref.

7.31 (4.13-12.93)****
2221 (8.47-58.21)****
Ref.

23.90 (9.65-59.20)****
212.08 (64.36-698.89)****
Ref.

3.80 (2.23-6.47)****
12.20 (4.77-31.16)****
Ref.

25.18 (13.43-47.20)****
86.32 (30.25-246.30)****

5.88(3.19-10.83)****
15.78 (5.60-44.46)****
Ref.

740 (4.06-13.50)****
14.83 (5.34-41.18) ****
Ref.

7.62 (4.14-14.02)****
21.51 (7.80-59.28)****
Ref.

26.98 (10.63-68.47)****
242.78 (69-851.89)****
Ref.

3.76 (2.16-6.54)****
11.39 (4.34-29.90)****
Ref.

25.54 (13.29-49.08)****
83.36 (28.57-243.22)****

4.86 (2.60-9.10)****
11.97 (4.11-34.90)****
Ref.

5.95 (3.21-11.03)****
11.16 (3.86-32.31)****
Ref.

6.74 (3.63-12.52)%***
1841 (6.55-51.71)****
Ref.

26.90 (10.40-69.62)****
241.79 (66.90-873.83)****
Ref.

3.86 (2.19-6.81)****
11.82 (4.43-31.52)****
Ref.

21.68 (11.18-42.03)****
68.56 (23.06—-203.89)****

OR Odds ratio, C/ Confidence interval, Ref Reference category

Model 1: Bivariate association between the three severity classes of autistic traits and emotional and behavioral problems

Model 2: Adjusted for gender, age (in years and months), siblings (number), mother’s education (in years), family income (in millions of Yen)

Model 3: Adjusted for the variables in Model 2 and mother’s depression (continuous score from 0 to 2)

**%% p <.0001, *** p <.001, **p <.01 *<.05 (two-tailed)

subthreshold autistic children were significantly younger
than the children in the control group. Children with
subthreshold autistic traits had significantly higher scores
for all of the SDQ subscales. Regarding intelligence, the
subthreshold autistic traits group had significantly lower
WPPSI scores for all outcomes. We also found that 16%
of the subthreshold autistic traits group were diagnosed
as having anxiety disorders (specific phobia: 1, social
phobia: 2, separation anxiety disorder and obsessive-
compulsive disorder: 1 (data not tabulated)).

We also examined differences in terms of sociodemo-
graphic factors, and the SRS and SDQ scores between
the 37 Medium—/High-risk children who participated
in the diagnostic assessment and the 93 children who
were invited but did not participate in the assessments.
The results from independent ¢ tests (or Chi-square
tests) showed that there were no differences between
the groups for age (¢£(128) =0.31, p =.76), mother’s edu-
cation (x* =11.55, p =.40), or family income (x* =4.00,
p =.78). There were also no differences for four of the
SDQ measures (emotional symptoms #(128)=—0.42,
p =0.68, conduct problems: #(128)=0.70, p =.49,
hyperactivity/inattention: #(128)=—1.20, p =.23, and
the total difficulties score: #(128)=—1.36, p =0.18),

or for the SRS measures (RRB: £(128)=—1.61, p =.11,
SC: £(128) =—0.64, p =.52, Total score: #(128)=—1.01,
p =.31). However, children who participated in the
diagnostic assessments had higher scores for SDQ peer
problems (£(128) = — 2.48, p <.05) and lower SDQ proso-
cial behavior scores (£(128)=2.27, p <.05) (data not
tabulated).

Discussion

The aim of this study was to examine the association
between subthreshold autistic traits and emotional and
behavioral problems in community-based preschool
children (mean age: 5.30years). We hypothesized that
even subclinical autistic traits might be associated with
psychosocial problems in early childhood. Results from
logistic regression analyses of data from 1057 chil-
dren collected during the TCS showed that children
in the Medium-risk group for autism had significantly
increased odds for all SDQ domains after adjusting for
child, parent/family, and mother’s mental health variables
compared to children in the Low-risk group. Although
children in the Medium-risk group had lower odds for
behavioral/emotional outcomes compared to those in the
High-risk group, they were significantly more likely to
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Table 3 Comparing Control and Subthreshold Autistic Traits Children Who Participated in the Diagnostic Assessment
Control Subthreshold ASD F/x% p
n=35 n=25
Child characteristics
Age in years, mean (SD) 6.19 (0.36) 5.76 (0.31)%*** F(1,59)=23.56, p<.0001
Male, n (%) 18 (51.43) 17 (68.00) X2 =2.24, p=.13
Autistic traits (SRS), mean (SD)
Social communication/interaction 24.51(1047) 48.09 (10.07)**** F(1,59)=122.53, p <.0001
Restricted/ repetitive behavior 3.67 (3.64) 1040 (4.32)**** F(1,59)=61.58, p <.0001
Total raw score 28.18 (13.63) 5849 (12.66)**** F(1,59)=127.71, p <.0001
Emotional/behavioral problems (SDQ), mean (SD)
Emotional symptoms 1.23(1.31) 3.08 (2.24)**** F(1,59)=14.83, p <.0001
Conduct problems 137 (1.19) 3.46 (1.77)%%** F(1,59)=25.96, p <.0001
Hyperactivity/Inattention problems 91 (1.48) 525 (2.56)%%** F(1,59)=35.36, p <.0001
Peer problems 1.03(1.34) 3.00 (1.79)%*** F(1,59)=27.25, p <.0001
Prosocial behavior 1(1.89) 529 (2.22)%%** F(1,59)=16.01, p <.0001
Total difficulties 554 (3.11) 14.79 (5.18)%*** F(1,59)=69.28, p <.0001
Intelligence quotient (WIPSSI), mean (SD)
VIQ 109.64 (15.78) 94.75 (17.50)** F(1,59)=8.66, p <.005
PIQ 118.94 (15.36) 107.25 (12.70)* F(1,59)=591, p <.05
FIQ 117.00 (15.89) 100.60 (14.37)** F(1,59)=8.78, p <.005

Univariate analyses of variance with age as a covariate were used for continuous data and Chi-square analyses for categorical variables

The significance results refer to Control vs. Subthreshold ASD

SD Standard deviation, SRS Social Responsiveness Scale, SDQ Strengths and Difficulties Questionnaire, WPPSI Wechsler Preschool and Primary Scale of Intelligence, VIQ
Verbal Intelligence Quotient, PIQ Pictorial Intelligence Quotient, FIQ Full Intelligence Quotient

The SRS and SDQ scores were measured in Wave 1
**¥% p <,0001, *** p<.001, **p <.01 ¥<.05

score above the clinical threshold on all of the SDQ emo-
tional/behavioral domains compared to children in the
Low-risk group.

The results of this study are consistent with earlier
findings from community-based/twin studies of older
(school-aged) children, which reported that subthresh-
old autistic traits increase the risk for mental health
problems [7, 13]. These studies categorized 12-28% of
children with mild-to-moderate autistic traits as having
subthreshold autistic traits, and showed that this pro-
portion far exceeds the number diagnosed with ASD. In
our study 111/1057 (10.50%) children were classified as
belonging to the Medium-risk group, with subthreshold
autistic traits based on the original categorization criteria
proposed by the SRS developers [25, 36]. Together with
earlier results, the findings from the current study sug-
gest that there may be a large number of both preschool-
and school-aged children with subthreshold autistic
traits, who may have an increased risk for a variety of dif-
ferent emotional/behavioral difficulties.

Previous research has shown that children with ASD
often experience emotional difficulties including height-
ened levels of anxiety and depression [63, 64]. As regards
autistic traits, a community-based twin study (3233

twins) of children aged 8-9years reported a modest cor-
relation between autistic traits and internalizing traits
including fear, generalized anxiety, and social anxiety
[65], while other longitudinal research that used a general
population sample of preschool/school children found
that autistic traits predicted later SDQ emotional symp-
tom scores [33, 66]. The present results accord with this
previous research by showing that preschool children
with mild-to-moderate autistic traits (the Medium-risk
group in Wave 1) were significantly more likely to score
above the clinical threshold for emotional problems.
Moreover, the diagnostic assessment showed that 4 of 25
children in the subthreshold autistic traits group had a
clinical level of anxiety disorder symptoms. Indeed, the
fact that some research has highlighted that children and
adolescents with anxiety disorders and/or mood disor-
ders also exhibit higher scores on ASD symptom scales
than healthy controls [20, 21], suggests that autistic traits
and emotional difficulties/psychopathology might be
closely connected in some children, with genetic factors
possibly underlying both phenomena [67].

Children in this study with mild-to-moderate autistic
traits also had an increased risk for conduct problems,
which are known to be frequent in children with ASD.
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For example, the results from a study using a large clini-
cal sample (N =400) showed that one in four children
aged 2—16.9years had a score on the aggressive behavior
scale of the Child Behavior Checklist (CBCL) in the clini-
cal range [68]. Our results are in line with those from a
previous study, where subthreshold autistic traits were
associated with an increased risk for aggressive behavior
as measured by the CBCL at age 3 [12]. In addition, as
shown in Table 2, the odds ratio for conduct problems
in children with autistic traits decreased when maternal
depression was adjusted for in the analysis. This indi-
cates that maternal depression is associated with con-
duct problems in the Mid—/High-risk group. Given that
conduct problems have been shown to be predictors of
caregiver stress in children with ASD [69], then providing
community-based support options/interventions for the
parents of these children may be important for prevent-
ing the detrimental effects of stress on family functioning
and well-being.

The higher incidence of hyperactivity-inattention prob-
lems in children with mild-to-moderate autistic traits,
observed here, accords with the finding that many chil-
dren with ASD have comorbid ADHD symptoms [70].
Likewise, ADHD symptoms have been associated with
mild-to-high autistic traits in school-aged children and
adults [7]. The present findings showed this association
but at a younger age, indicating the early manifestation of
an association between autistic traits and ADHD symp-
toms. Although the mechanisms underlying the asso-
ciation between autistic traits and ADHD symptoms are
uncertain, evidence from several twin studies indicates a
substantial genetic influence [7, 71].

Another notable finding is that peer problems were
associated with the highest odds in both the Medium-
and High-risk groups (Wave 1). This finding accords
with the results from an earlier population-based study,
which showed that autistic traits in children and adoles-
cents measured by the SRS were associated with nega-
tive peer relationships and problematic peer interactions
[72]. There are various factors that might underlie this
association. For example, conduct problems and hyper-
activity are known to be associated with peer rejection
in children aged 3-5years [73] and as previously men-
tioned, our study found that children in the Medium—/
High-risk groups had greater conduct problems and
higher hyperactivity scores. In addition, factors intrinsic
to autism itself, such as social communication difficul-
ties, that were elevated in both the Medium- and High-
risk groups, might also be important in this context. As
the preschool period marks the initial phase where chil-
dren can develop competency in interacting with peers,
our results highlight the importance of detecting autistic
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traits in young children to prevent their potentially detri-
mental impact on early social development.

Based on the diagnostic assessment, 25 children who
were categorized as having mild-to-high autistic traits
were not diagnosed as having ASD. Importantly, the
assessments allowed us to not only obtain diagnostic
information on autistic traits, but also, information on
overall mental health including the children’s intellec-
tual ability. We found that besides increased emotional/
behavioral problems, children with subthreshold autistic
traits also had lower cognitive performance as measured
by the WPPSI. This result is consistent with those from
previous studies that have shown impaired cognitive abil-
ities in children/young adults with subthreshold autis-
tic traits [12, 60, 74]. In particular, Moricke et al. (2010)
reported lower performance in language comprehen-
sion and production tasks in children with subthreshold
autistic traits at age 4—5years [12]. In addition, a popula-
tion-based study that examined the association between
nonverbal IQ and autistic traits in children aged 6- to
10-years old [60] with subthreshold autistic traits found
a relationship between autistic traits and cognitive func-
tioning even after adjusting for sociodemographic fac-
tors. The results from these studies in conjunction with
our findings suggest that subthreshold autistic traits may
relate to lower performance in various aspects of cogni-
tive functioning including attention, executive function-
ing, memory and learning, language, and visuospatial
functioning, which in turn, might also be important for
the emotional and behavioral problems children with
subthreshold autistic traits experience in the preschool
period. Indeed, even though there has been little research
on this to date, a recent study that used a clinical sam-
ple showed that although 4- to 8-year old children with
ASD had higher emotional/behavioral problems regard-
less of their intellectual ability, children with an IQ below
70 had higher self-absorption and hyperactivity scores
while children with an IQ above 70 had increased dis-
ruptive behavior, depression, and anxiety symptoms [75].
These findings suggest that comorbid cognitive difficul-
ties might be important in understanding the specific
etiology of emotional and behavioral problems in autis-
tic children and possibly children with increased autistic
symptomatology.

Limitations

This study has several limitations. First, the data used in
this study were cross-sectional which did not allow us to
fully explore the associations in terms of their temporal
ordering. As research on other negative outcomes (inter-
nalizing problems) linked to autistic traits in childhood
and early adolescence has indicated that there may be an
asymmetric bidirectional association [66], it highlights
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the importance of studying these associations across time
in order to better delineate them. As one of the aims of
the TCS is to clarify the cross-sectional relationship
between autistic traits and co-occurring mental health
problems as well as the developmental trajectories of
autistic traits and co-occurring mental health problems,
the results from the current study underscore that sub-
threshold autistic traits are associated with emotional/
behavioral problems and cognitive difficulties in an anal-
ogous fashion to the way these outcomes are observed in
children with ASD. Future research is necessary to clarify
that these associations are maintained across time and
determine whether different levels of autistic traits have
different trajectories in their associations with mental
health problems.

Second, as information on ASD symptoms in Wave 1
was obtained from caregivers’ reports and not obtained
in a full diagnostic interview, we cannot rule out the pos-
sibility of rater effects in the observed associations. Third,
although categorized as discrete disorders in DSM-5,
ASD and some psychiatric disorders such as obsessive-
compulsive disorder (OCD) or developmental coordi-
nation disorder (DCD) share some characteristics. For
example, peer difficulties and social communication diffi-
culties have been reported in individuals with DCD [76—
78]. Therefore, we cannot discount the possibility that
other conditions might have played a role in the observed
associations. However, autistic traits are assumed as a
common vulnerability factor for various mental disorders
as mentioned earlier [23, 79]. It is assumed that assessing
subthreshold autistic traits in preschool is important for
the early detection of high-risk children for various men-
tal disorders. Fourth, while we were able to undertake a
diagnostic assessment, which is a strength of this study,
the modest sample size and high non-participation rate
of randomly/non-randomly invited families may have
affected the results. Finally, because of the small number
of children that took part in the diagnostic assessment,
we were not able to more precisely explore the role of
cognitive factors in the association between subthreshold
autistic traits and emotional and behavioral problems.

Conclusion

This study showed that subthreshold autistic traits are
associated with an increased risk of emotional/behavioral
problems and lower cognitive functioning in preschool
children. As the influence of autistic traits in the etiology
of emotional/behavioral problems in young children may
be missed in the absence of a formal diagnosis, the results
of this study highlight the importance of raising aware-
ness among clinicians and educators that even subthresh-
old autistic traits may increase the risk for psychosocial
and cognitive difficulties that can potentially impede
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children’s social development. Our findings suggest that
it might be efficacious to consider autistic traits as a pos-
sible risk factor for emotional/behavioral problems and
lower cognitive performance in early childhood and facil-
itate screening for them, especially when parents have
concerns about their children, even at non-specialized
primary health care services. Follow-up assessments of
these children can detect any potential problems as early
as possible and provide them with the necessary support.
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