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Abstract
This study explored the physical and clinical phenotype of Bangladeshi children with autism spectrum disorder (ASD). A
totally of 283 children who were referred for screening and administered Module 1 of the Autism Diagnostic Observation
Schedule (ADOS) were included. Overall, 209 met the ADOS algorithmic cutoff for ASD. A trend for greater weight and
head circumference was observed in children with ASD versus non-ASD. Head circumference was significantly (p < 0.03)
larger in ASD males compared with non-ASD males. A trend was also observed for symptom severity, higher in females
than males (p = 0.068), with further analyses demonstrating that social reciprocity (p < 0.014) and functional play (p < 0.03)
were significantly more impaired in ASD females than males. The findings help understand sex differences in ASD.
Keywords Autism spectrum disorder · ADOS-2 · Head circumference · Phenotype

Introduction
Autism spectrum disorder (ASD) is genetically and phenotypically a highly heterogeneous disorder that first manifests in early infancy and impacts multiple domains of
development (Volkmar and Pauls 2003; Uddin et al. 2014;
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Tammimieset al. 2015). In the Diagnostic and Statistical
Manual of Mental Disorders (5th ed.; DSM-5; American
Psychiatric Association 2013) ASD is characterized by persistent deficits in social communication and social interaction along with restricted repetitive patterns of behavior,
interests, or activities. Initially, ASD was thought to be
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a relatively rare condition affecting fewer than 1 in 1000
children but more recent studies have estimated the prevalence of ASD at 1 in 59 (Baioet al. 2018). The prevalence
of ASD across different countries varies mostly due to
methodological variables (Zaroff and Uhm 2012; Baxter
et al. 2015). In South Asia a systematic review revealed
the prevalence of ASD ranged from 0.09% in India to
1.07% in Sri Lanka (Hossain et al. 2017).Currently there
is no systematic review from Bangladesh on ASD prevalence or phenotype characteriztion. ASD is on average four
times more frequently diagnosed in males than in females
(Fombonne 2003; Solomon et al. 2012; Pisulaet al. 2013).
Despite ongoing research efforts, little is known regarding
the female phenotype (Kopp and Gillberg 1992; Kim et al.
2011; Mandy et al. 2012), although male–female differences
have been reported (Tsai and Beisler 1983; McLennan et al.,
1993; Halladay et al. 2015). Such differences may result in
later diagnosis (Rivet and Matson 2011) or misdiagnosis
(Attwood 2007).
In aetiological terms, ASD is a complex disorder, with
both genetic and non-genetic factors contributing, with the
former a having a stronger influence (Veenstra-VanderWeele
et al. 2004). To date, research points to numerous genetic,
neuroanatomical and immune abnormalities along with neurotransmitter dysfunction (Chugani et al. 1999; Hollander
et al. 2003; Coutinho et al. 2004; Boyd et al., 2011). Hormonal fetal testosterone (FT) is one possible explanation for
sex differences in phenotypic manifestation, with elevated
levels of FT identified among children with ASD (BaronCohen et al. 2015). Thus, lower FT levels among females
may have a protective effect on the manifestation of autistic traits. However, there have been relatively few studies
of sex differences in phenotypes and available findings are
inconsistent (Werling and Geschwind 2013). Studies have
indicated that girls have increased social problems and are
less able to perform social imaginative play than boys (Tsai
and Beisler 1983; McLennan et al., 1993; Holtmann et al.,
2007; Howe et al. 2015; Wang et al. 2017). Other studies
failed to observe sex differences in social behavior; indeed,
some have found that social behavior is better in girls than
boys (McLennan et al., 1993; Carter et al. 2007; Banach
et al. 2009). Research findings of communication (McLennan et al. 1993; Holtmann et al. 2007; Banach et al. 2009)
and repetitive and stereotyped behaviors (Carteret al. 2007;
Holtmann et al. 2007; Banach et al. 2009; Hartley and Sikora
2009; Bölte et al. 2011) are similarly inconsistent from the
perspective of male–female differences. Therefore, findings
regarding sex differences of symptoms seen in ASD remain
ambiguous.
Research on brain development of children diagnosed
with ASD has shown consistent findings with respect to
abnormal acceleration of head growth among children with
ASD than normally developed children (Kanner 1943;
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Woodhouse et al. 1996; Lainhart et al. 1997, 2006; Aylward
et al. 2002; Hazlett et al. 2005). Studies of head circumference (HC) in children with ASD and adults have consistently
identified an association between ASD and macrocephaly
(i.e. greater than the 98th percentile for HC) (Bailey et al.
1995; Stevenson et al. 1997) with two postmortem studies
demonstrating that individuals with ASD have increased
brain weight (Bauman and Kemper 1985; Baily et al. 1993).
Earlier detection of ASD risk could occur clinically if regular assessment of infants includes neurological indicators
in combination with other behavioral markers (Mraz et al.
2007), which is particularly important given that early intensive intervention is associated with better outcomes (Lovaas
1987; McEachin et al. 1993).
The aim of this study was to explore the nature of physical characteristics and clinical phenotype of Bangladeshi
males and females with ASD assessed through general
physical evaluation and ADOS-2. Based on current knowledge, no such studies have been performed to date among
the Bangladeshi population with ASD.

Methods
Participants
This study received ethical approval from the institutional
research ethics board (IRB) of the Holy Family Red Crescent Medical College, Dhaka, Bangladesh. From October
2016 to June 2018 a total of four hundred (400) children
were referred for ASD screening from pediatricians, neurologists, psychiatrists and therapists. The children were
referred for detailed assessment either because of suggestive
signs and symptoms of autism spectrum disorder or possible
developmental disabilities in several developmental areas
such as cognitive, emotional, social, speech and language,
motor function, and daily living activities. Among the 400
children, 283 meet the criteria for module-1 administration
of ADOS-2 (a gold standard measure of ASD described
detailed in later section) based on their chronological age
and expressive language level, and constitute the sample
of the present study, which comprises 215 males and 68
females (aged 25–137 months). All participants were from
different regions of Bangladesh. Table 1 represents the characteristics of participants.
All children were assessed using parental semi-structured
interview, diagnostic guidelines of Diagnostic and Statistical Manual of Mental Disorders, 5th edition (American
Psychiatric Association 2013),and ADOS-2 (Lord et al.
2012),administered by experienced clinical psychologists
who were certified by Western Psychological Services
(WPS) on ADOS-2 administration. All children (among the
283 children) who scored above the algorithmic threshold
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Table 1  Demographic characteristics of children with autism spectrum and non-spectrum controls
Autism spectrum (n = 209)

N

Male

Female

164

45

Age in months
Mean (SD) 51.97
(18.93)
Range
25–122
Inter-quartile 37–62
range
Age in months
Mean
(SD)
Range
Inter-quartile range

52.07
(21.48)
31–137
37–61

Non-spectrum (n = 74)
Female

Significance Male
of group
difference

Female

51

23

X2=2.73
p = 0.098

215

68

48.67
(14.25)
31–89
39–58

51.26
(16.94)
32–87
39–60

F = 0.467
p = 0.497

51.19
(17.95)
25–122
37–60

51,79
(19.94)
31–137
38–60

Significance Male
of group
difference

F = 0.01
p = 0.976

Total (n = 283)
Significance
of group
difference

F = 0.056
p = 0.813

Autism spectrum (n = 209)

Non-spectrum (n = 74)

Significance of group difference

51.99
(19.45)
25–137
37–62

49.47
(15.07)
31–89
39–58.25

F = 1.022, p = 0.313

for an ASD classification on the ADOS-2module 1 algorithm and also classified ASD according to the interview
were considered positive for an ASD diagnosis. On the other
hand, all the children who did not score above the ADOS-2
module-1 algorithm threshold for ASD were classified as
non-ASD. The non-ASD group had the condition of developmental disabilities with ASD symptoms who did not meet
the threshold for ASD diagnosis (Wiggins et al. 2015).

Measures
Head Circumference, Body Height, Body Weight,
BMI
Occipito-frontal head circumference was measured in centimeters using a non-stretchable plastic tape. Since there is
no standardized (approved by healthcare authority) height
and weight chart for Bangladeshi children, body height was
measured in centimeters using a calibrated non-stretchable
tape positioned on a wall with the participant standing with
their back against the wall. Body weight was measured in
kilograms using a calibrated analogue weight machine. All
measurements were carried out by appropriately trained
clinical staff. BMI was calculated according to the formula,
BMI = weight (kg)/height squared (m2).

ADOS‑2
The ADOS-2 is a semi-structured, standardized assessment
of communication, social interaction, play/imaginative use

of materials, and restricted and repetitive behaviors. The
ADOS-2 is a revision of the Autism Diagnostic Observation Schedule (Lord et al. 1999), a gold standard observational assessment for diagnosing ASD (Ozonoff et al.
2005; Kanne et al. 2008). ADOS-2 has five modules and
each module offers standard activities designed to elicit
behaviors that are relevant to the diagnosis of ASD at different chronological ages and language abilities. For this
study, ADOS-2 Module 1 was administered on 283 participants who did not use phrase speech. The number of
participants for the present study was 283 because they
were administered Module 1. The Module 1 algorithm
uses communication, reciprocal social interaction, and
restricted and repetitive behaviors to generate a total score.
Elevated scores classify an individual in the autism spectrum or autism diagnostic range based on the severity or
the frequency displayed (Fig. 1).

Statistical Analysis
A Chi-square test was used to examine the difference in
number of male and female participants between ASD
and ‘non-spectrum’ groups. One way ANOVA was used
to examine age, height, weight, BMI, and head circumference differences between males and females for ASD and
non-spectrum groups. A t test was used to test the difference in autistic featuresbetween males and females in ASD
and non-spectrum groups. Effect sizes were calculated
using Cohen’s d. Correlation analysis was used to test the
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P=0.08
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Fig. 1  a comparison of autism
spectrum and non spectrum participant’s weight, the blue color
shows the upper quartile and
green represents lower quartile, b comparison of autism
spectrum and non spectrum
participant’s head circumference
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the male female ratio was 3.64:1, and the mean age for
both males and females was approximately 51 months (see
Table 1). There were no significant differences between
the ASD and non-ASD groups with respect to age, sex,
height, weight, head circumference, or BMI (Tables 2,
3). However, a trend for increased weight (p < 0.08) and
head circumference (p < 0.05) was noted among children
with ASD (Table 3). Further exploration revealed that
head circumference of males with ASD was significantly
greater than non-ASD males (F = 4.35, p = 0.03) (Table 3).

Results
Among the 283 participants, 209 meet the criteria for
‘Autism’ or ASD (164 males, 45 females) based on
ADOS-2 classification and interview with the remaining
74 classified as non-ASD. Among ASD positive cases,

Table 2  Descriptive statistics for general physical characteristics of children with autism spectrum and non-spectrum controls
Phenotype

Autism spectrum

Features

Male

Height (cm)
N
135
Mean
102.08
SD
13.80
Weight (kg)
N
153
Mean
18.14
SD
8.42
BMI
N
135
Mean
16.41
SD
2.44
Head circumference (cm)
N
152
Mean
50.27
SD
2.20
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Non-spectrum

Total

Female

Significance of
group difference

Male

Female

Significance of
group difference

Male

Female

Significance of
group difference

36
101.66
11.15

F = 0.03 p = 0.87

47
100.18
9.35

23
99.57
9.70

F = 0.06 p = 0.80

182
101.59
12.80

59
100.85
10.57

F = 0.16 p = 0.69

39
17.74
4.89

F = 0.08 p = 0.78

48
16.42
4.42

23
16.11
3.53

F = 0.09 p = 0.77

201
17.73
7.68

62
17.13
5.17

F = 0.32 p = 0.57

35
16.73
2.91

F = 0.42 p = 0.52

47
16.10
2.37

23
16.11
2.99

F = 0.00 p = 0.984

182
16.33
2.42

58
16.48
2.94

F = 0.15 p = 0.70

41
50.83
7.22

F = 0.69 p = 0.

47
49.52
2.11

23
49.39
2.13

F = 0.05 p = 0.83

199
50.09
2.20

64
50.31
5.93

F = 0.20 p = 0.66
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Table 3  Difference in physical
characteristics between children
with autism spectrum and nonspectrum controls

Features

Autism spectrum

Height
Weight
BMI
Head circumference
Sex
Male
Height
Weight
BMI
Head circumference
Female
Height
Weight
BMI
Head circumference

Mean

SD

N

171
192
170
193

101.99
18.05
16.47
50.38

13.25
7.95
2.53
3.83

70
71
70
70

99.97
16.31
16.10
49.47

9.40
4.13
2.57
2.11

F = 1.338 p = 0.249
F = 3.084 p = 0.080
F = 1.093 p = 0.294
F = 3.599 p = 0.059

135
153
135
152

102.07
18.13
16.41
50.26

13.79
8.41
2.43
2.19

47
48
47
47

100.17
16.41
16.09
49.51

9.35
4.42
2.37
2.11

F = 0.768 p = 0.382
F = 1.844 p = 0.176
F = 0.602 p = 0.439
F = 4.355 p = 0.038

36
39
35
41

101.66
17.73
16.72
50.82

11.15
5.88
2.90
7.22

23
23
23
23

99.57
16.10
16.10
49.39

9.70
3.53
2.99
2.14

F = 0.545 p = 0.463
F = 1.499 p = 0.233
F = 0.609 p = 0.438
F = 0.864 p = 0.356

Core Autism Symptomatology
Among individuals with ASD, females displayed (Fig. 2)
greater impairment of reciprocal social interaction
(t = −2.52, p = 0.014, d = −0.63) and functional play
(t = −2.17, p = 0.03, d = −0.53) compared with males
Parameter

Age
Head circumference
Height
Weight
BMI

Mean

SD

Significance of
group difference

N

Similarly, head circumference of females was also larger
than their non-ASD counterparts, albeit non-significantly
(F = 0.864, p = 0.356) (Table 3).
Correlation of age, head circumference, height, weight,
and BMI with ADOS-2 total score revealed no significant
correlation between autism spectrum and non-spectrum
groups. To detect and understand if there were any associations between growth parameters and phenotypic characteristics that might become apparent with an increased
sample size, an analysis that combined ASD and non-ASD
groups was performed. Here a significant correlation was
detected between head circumference distribution (r = 0.15,
p = 0.017), weight (r = 0.14, p = 0.024) and total ADOS-2
score (Table 4).

Table 4  Pearson correlation
of ADOS total score with age,
head circumference, height,
weight, and BMI

Non-spectrum

(Table 5). Additionally, females with ASD displayed more
symptom severity compared to male, a difference that was
not statistically significant (t = −1.85, p = 0.06, d = −0.46).
No significant difference was observed between males
and females in the ASD group regardingcommunication
(t = −0.33, p = 0.74) or restricted and repetitive behavior
(t = −1.48, p = 0.14). Likewise, no sex differences were
noted with respect to communication, reciprocal social interaction, restricted and repetitive behavior, and functional play
when both groups were combined.

Discussion
This study set out to examine the characteristics of a consecutive series of children referred to a developmental clinic
in Bangladesh for ASD assessment, including only those
who were nonverbal or speaking mainly in single words
(i.e. those administered Module 1 of the ADOS-2). It is a
seminal study providing a detailed description of patterns
of ASD symptoms in this population. A specific focus was

Autism Spectrum

Non-Spectrum

Total

N

Correlation (p value) N

Correlation (p value) N

Correlation (p value)

209
193
171
192
170

−0.03 (0.668)
0.08 (0.258)
−0.09 (0.253)
0.09 (0.241)
−0.08 (0.291)

−0.05 (0.676)
0.16 (0.175)
−0.04 (0.753)
−0.07 (0.565)
0.19 (0.116)

0.02 (0.690)
0.15* (0.017)
0.00 (0.964)
0.14* (0.024)
0.03 (0.619)

74
70
70
71
70

283
263
241
263
240

p value: Significance in two tailed test

*

p < 0.05
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Table 5  Core and associated features of autism spectrum disorder between males and females

ASD

Non-ASD

ADOS-2 features

Male (n = 164)
mean (SD)

Female (n = 45)
mean (SD)

Effect size
Cohen’s d

Significance of sex
effect [t(p-value)]

Communication
Reciprocal social interaction
Restricted and repetitive behavior
Functional play
Total score

5.71 (1.83)
11.01 (3.73)
2.96 (2.34)
1.99 (0.84)
16.40 (4.68)

5.82 (1.98)
12.73 (4.14)
3.56 (2.43)
2.31 (0.87)
17.96 (5.06)

−0.08
−0.63
−0.36
−0.53
−0.46

−0.33 (0.74)
−2.52 (0.01)
−1.48 (0.14)
−2.17 (0.03)
−1.85 (0.06)

Male (n = 51) mean Female (n = 23)
(SD)
mean (SD)

Effect size
Cohen’s d

Significance of sex
effect [t(p-value)]

2.12 (1.62)
4.00 (2.20)
0.80 (1.06)
0.75 (0.80)
5.63 (2.65)

−0.07
0.05
0.29
0.01
0.03

−0.23 (0.82)
0.16 (0.87)
1.08 (0.29)
0.03 (0.98)
0.09 (0.93)

Communication
Reciprocal social interaction
Restricted and repetitive behavior
Functional play
Total score

2.22 (1.81)
3.91(2.09)
0.57 (0.79)
0.74 (0.75)
5.57 (2.74)

Higher scores indicate greater impairment, negative effect size express greater female impairment compared to males

to examine male and female differences in relation to ASD
symptoms and growth parameters. The investigations of
such ASD symptomatic differences require research into
different populations due to ethnic differences. Our study
represents the first Bangladeshi ADOS cohort assessing
clinical symptoms and growth parameters.
The male female ratio was 3.64:1 among the ASD positive cases similar to that generally found for children with
ASD (Baird et al. 2006). There was no significant difference
in terms of age at diagnosis, height, weight, and BMI among
autism spectrum and non-spectrum males and females. The
autism-spectrum group had a larger weight compared to
non-ASD group but not statistically significant. However,
head circumference was larger in the autism-spectrum group
compared to non-ASDgroup; males in the ASD group had
significantly larger HC than non-ASD males, and females,
a non-significantly larger HC than their non-ASD counterparts.These findings are consistent with previous studies
which have demonstrated increased head circumference
in children with ASD (Courchesne et al. 2003; Marz et al.
2007; Webb et al. 2007; Fukumoto et al. 2011). Research
suggests that the premature acceleration of brain growth in
autism occurs at a time when the symptoms and signs of
autism are present (Aylward et al. 2002; Dupont et al. 2018).
Interestingly, a small positive correlation existed between
ADOS-2 total score and head circumference (r = 0.15,
p = 0.017) when both ASD and non-ASD groups were combined. Specifically, core autism features were more severe
among individuals with larger head circumference. However,
this finding may represent an artifact of a confound such
as age and/or sex. This finding is in contrast with a previous study exploring this same relationship, which reported
a small negative correlation (r = −0.21) between ADI total
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score and head circumference (Lainhart et al. 1997). These
apparently contradictory findings demand further research.
We were particularly interested in the relationship
between symptom profile and sex in the ASD group. Girls
with ASD demonstrated more severe impairment of reciprocal social interaction and functional play compared with
boys. This finding is supported by other studies which also
revealed that females with ASD had greater impairment in
social reciprocity and peer play based on ADOS or ADI-R
scores (Tsai and Beisler 1983; Howe et al. 2015; Wang et al.
2017) and so this may not be due to the nature of the population studied, although this cannot be ruled out. There are
potential confounds that might explain this apparent relationship, including the possibility of lower cognitive functioning in girls (Bhasin and Schendel 2007). Unfortunately,
we did not have access to IQ scores to further examine this
relationship. In contrast to our findings, some studies have
also documented that boys with ASD exhibit higher scores
on the restricted and repetitive behavior domain than girls
(Holtmann et al., 2007; Carter et al. 2007; Banach et al.
2009; Bölte et al. 2011; Mandy et al. 2012). These conflicting results may be attributed to fundamental differences
between the populations studied or may represent an artifact
of one or more confounds not examined in our study or other
studies. Overall, our results suggest that, among those diagnosed in our clinic, females with ASD exhibit a more severe
clinical phenotype in certain aspects than males with ASD.
The difference in symptom severity between boys and
girls with ASD may be explained by a genetic threshold
effect for girls with ASD (Reich et al., 1975; Tsai, Stewart
and August 1981). This model assumes that females require
a higher ‘genetic load’ to reach a threshold for symptom
manifestation compared with males. Consequently, once formally diagnosed, their cognitive, emotional, and behavioral
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Fig. 2  a comparison of autism spectrum disorder affected male and
female reciprocal social interaction scores, b comparison of autism
spectrum disorder affected male and female functional play scores,

c comparison of autism spectrum disorder affected male and female
total ADOS-2scores

functioning will tend to be more severe than in males.
Another explanation is that we have only captured more
severe females in our cohort, with milder females either not
being referred in the first place, or at least not diagnosed
using the available diagnostic assessments. As previously
described, the diagnostic criteria, and available screening
and diagnosis instruments may not be suitably sensitive to
capture the phenotypic manifestations among females, who
may instead receive a different diagnosis by a process of
‘diagnostic substitution’.
Considerable research is warranted to explore the relationship between brain development and the development of
cognitive, emotional, and social functioning, as well as sex
differences in phenotype expression for ASD. Little research
has been done to investigate the differences in clinical presentation of autism symptoms such as communication and
language development between different ethnic groups that
may represent phenotypic differences across groups (Tek
and Landa 2012). Moreover, our study also demonstrates
that there may be ethnicity-related differences in phenotypes, and that by studying other populations, new patterns
of clinical manifestation may be identified that may, in turn,
inform new aetiological mechanisms, genetic or otherwise.
The present research, therefore, crucially contributes to this
‘bigger picture’ of ASD. Importantly, the observation of a
particularly severe phenotype among females with ASD
needs further examination as it may reflect different genetic
architecture underlying in Bangladesh versus other countries. This also, therefore, offers the opportunity to further
examine genotype–phenotype relationships. Additionally,
the head circumference difference may be related to similar
mechanisms.

This study does have some limitations. It lacked standardized height, weight, and head circumference charts by
age and sex for Bangladeshi children to be able to compare
mean growth percentiles rather than mean measurements
between groups and adjust for sex. Participants’ IQ level
was also not measured, and an age appropriate control group
was unavailable. ADOS-2 total score was used instead of
comparison score in terms of analyzing symptom severity.
The number of female participants was small compared with
males, although this is often a problem in ASD research due
to its underlying epidemiology.

Conclusions
Our findings support previous observations that children
with ASD have increased head circumference compared
with non-spectrum counterparts, a relationship that holds
particularly true for males. Girls with ASD tend to show
more symptom severity than boys in social reciprocity and
functional play than boys. These findings contribute to the
understanding of sex differences in ASD symptomatology, and may ultimately provide clinical guidance for early
screening, diagnosis, and intervention. Furthermore, ethnicity-related differences in epidemiology and clinical presentation are important to document because of their implications
for aetiology. With the advent of technologies (i.e. artificial intelligence, precision therapy in neurodevelopmental
disorders) (Uddin et al. 2019), detailed clinical observation
from ADOS can be useful to explain genotype–phenotype
correlations (i.e. severity) by integrating into genetic data.

13

Journal of Autism and Developmental Disorders
Acknowledgment We want to thank all the participants who took part
into this study. Between May 2018 and May 2019 MWS received consultation related fees from Servier, a pharmaceutical company in connection with his coordinating role on two clinical trials.
Author contribution MAR, and MU conceived the project and desinged all the analysis. ML, MOF, SPK and NJ conducted ADOS-2
and preliminary psychological assessments. KMFU, MAB, SS, MB,
MAKAC, MI, NS, MMR and MH recruited the patients and conducted
clinical assessments. MAR, MU, CC, MG, and MU conducted and
designed statistical experiments. AA, DOR, MW-S, MAR and MU
wrote the manuscript and critically reviewed statistical analysis and
interpretations.
Funding This study was partially funded by NeuroGen Research and
Development grant; Internal research grant, College of Medicine,
Mohammed Bin Rashid University of Medicine and Health Sciences.

Compliance with Ethical Standards
Conflict of interest The authors declare that they have no competing
interests.
Ethical Approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional research committee (Holy Family Red Crescent Medical College,
Dhaka, Bangladesh). This article does not contain any studies with
animal participants performed by any of the authors.
Informed Consent Informed consent was obtained from all individual
participants included in the study.

References
American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (5th ed.). Washington, DC: Author.
Attwood, T. (2007). The complete guide to Asperger’s syndrome.
Journal of Occupational Psychology, Employment and Disability, 9(1), 59–59.
Aylward, E. H., Minshew, N. J., Field, K., Sparks, B. F., & Singh, N.
(2002). Effects of age on brain volume and head circumference
in autism. Neurology, 59(2), 175–183. https://doi.org/10.1212/
WNL.59.2.175.
Bailey, A., Le Couteur, A., Gottesman, I., Bolton, P., Simonoff, E.,
Yuzda, E., et al. (1995). Autism as a strongly genetic disorder: evidence from a British twin study. Psychological Medicine, 25(1),
63–77. https://doi.org/10.1017/S0033291700028099.
Bailey, A., Luthert, P., Bolton, P., Le Couteur, A., Rutter, M., &
Harding, B. (1993). Autism and megalencephaly. The Lancet, 341(8854), 1225–1226. https  : //doi.org/10.1016/01406736(93)91065-T.
Baio, J., Wiggins, L., Christensen, D. L., Maenner, M. J., Daniels, J.,
Warren, Z., et al. (2018). Prevalence of autism spectrum disorder
among children aged 8 years—autism and developmental disabilities monitoring network, 11 sites, United States, 2014. MMWR
Surveillance Summaries, 67(6), 1. https://doi.org/10.15585/
mmwr.ss6706a1.
Baird, G., Simonoff, E., Pickles, A., Chandler, S., Loucas, T., Meldrum,
D., et al. (2006). Prevalence of disorders of the autism spectrum
in a population cohort of children in South Thames: the Special

13

Needs and Autism Project (SNAP). The Lancet, 368(9531), 210–
215. https://doi.org/10.1016/S0140-6736(06)69041-7.
Banach, R., Thompson, A., Szatmari, P., Goldberg, J., Tuff, L.,
Zwaigenbaum, L., et al. (2009). Brief report: relationship between
non-verbal IQ and gender in autism. Journal of Autism and Developmental Disorders, 39(1), 188. https://doi.org/10.1007/s1080
3-008-0612-4.
Baron-Cohen, S., Auyeung, B., Nørgaard-Pedersen, B., Hougaard, D.
M., Abdallah, M. W., Melgaard, L., et al. (2015). Elevated fetal
steroidogenic activity in autism. Molecular Psychiatry, 20(3),
369. https://doi.org/10.1038/mp.2014.48.
Bauman, M., & Kemper, T. L. (1985). Histoanatomic observations of
the brain in early infantile autism. Neurology, 35(6), 866–866.
https://doi.org/10.1212/WNL.35.6.866.
Baxter, A. J., Brugha, T. S., Erskine, H. E., Scheurer, R. W., Vos,
T., & Scott, J. G. (2015). The epidemiology and global burden
of autism spectrum disorders. Psychological Medicine, 45(3),
601–613. https://doi.org/10.1017/S003329171400172X.
Bhasin, T. K., & Schendel, D. (2007). Sociodemographic risk factors for autism in a US metropolitan area. Journal of Autism
and Developmental Disorders, 37(4), 667–677. https: //doi.
org/10.1007/s10803-006-0194-y.
Bölte, S., Duketis, E., Poustka, F., & Holtmann, M. (2011). Sex
differences in cognitive domains and their clinical correlates in
higher-functioning autism spectrum disorders. Autism, 15(4),
497–511. https://doi.org/10.1177/1362361310391116.
Boyd, K., Woodbury-Smith, M., & Szatmari, P. (2011). Managing
anxiety and depressive symptoms in adults with autism-spectrum disorders. Journal of Psychiatry & Neuroscience: JPN,
36(4), E35. https://doi.org/10.1503/jpn.110040.
Carter, A. S., Black, D. O., Tewani, S., Connolly, C. E., Kadlec, M.
B., & Tager-Flusberg, H. (2007). Sex differences in toddlers
with autism spectrum disorders. Journal of Autism and Developmental Disorders, 37(1), 86–97. https: //doi.org/10.1007/
s10803-006-0331-7.
Chugani, D. C., Muzik, O., Behen, M., Rothermel, R., Janisse, J. J.,
Lee, J., et al. (1999). Developmental changes in brain serotonin
synthesis capacity in autistic and nonautistic children. Annals
of Neurology, 45(3), 287–295. https://doi.org/10.1002/15318249(199903)45:3<287:AID-ANA3>3.0.CO;2-9.
Courchesne, E., Carper, R., & Akshoomoff, N. (2003). Evidence
of brain overgrowth in the first year of life in autism. JAMA,
290(3), 337–344. https://doi.org/10.1001/jama.290.3.337.
Coutinho, A. M., Oliveira, G., Morgadinho, T., Fesel, C., Macedo,
T. R., Bento, C., et al. (2004). Variants of the serotonin transporter gene (SLC6A4) significantly contribute to hyperserotonemia in autism. Molecular Psychiatry, 9(3), 264. https://doi.
org/10.1038/sj.mp.4001409.
Dupont, C., Castellanos-Ryan, N., Séguin, J. R., Muckle, G., Simard,
M. N., Shapiro, G. D., et al. (2018). The predictive value of head
circumference growth during the first year of life on early child
traits. Scientific Reports, 8(1), 9828. https://doi.org/10.1038/
s41598-018-28165-8.
Fombonne, E. (2003). Epidemiological surveys of autism and other
pervasive developmental disorders: an update. Journal of
Autism and Developmental Disorders, 33(4), 365–382. https://
doi.org/10.1023/A:1025054610557.
Fukumoto, A., Hashimoto, T., Mori, K., Tsuda, Y., Arisawa, K.,
& Kagami, S. (2011). Head circumference and body growth
in autism spectrum disorders. Brain and Development, 33(7),
569–575. https://doi.org/10.1016/j.braindev.2010.09.004.
Halladay, A. K., Bishop, S., Constantino, J. N., Daniels, A. M.,
Koenig, K., Palmer, K., et al. (2015). Sex and gender differences in autism spectrum disorder: summarizing evidence gaps
and identifying emerging areas of priority. Molecular Autism,
6(1), 36. https://doi.org/10.1186/s13229-015-0019-y.

Journal of Autism and Developmental Disorders
Hartley, S. L., & Sikora, D. M. (2009). Sex differences in autism
spectrum disorder: an examination of developmental functioning, autistic symptoms, and coexisting behavior problems in
toddlers. Journal of Autism and Developmental Disorders,
39(12), 1715. https://doi.org/10.1007/s10803-009-0810-8.
Hazlett, H. C., Poe, M., Gerig, G., Smith, R. G., Provenzale, J.,
Ross, A., et al. (2005). Magnetic resonance imaging and head
circumference study of brain size in autism: birth through age
2 years. Archives of General Psychiatry, 62(12), 1366–1376.
https://doi.org/10.1001/archpsyc.62.12.1366.
Hollander, E., Novotny, S., Hanratty, M., Yaffe, R., DeCaria, C. M.,
Aronowitz, B. R., et al. (2003). Oxytocin infusion reduces repetitive behaviors in adults with autistic and Asperger’s disorders.
Neuropsychopharmacology, 28(1), 193. https://doi.org/10.1038/
sj.npp.1300021.
Holtmann, M., Bölte, S., & Poustka, F. (2007). Autism spectrum disorders: Sex differences in autistic behaviour domains and coexisting
psychopathology. Developmental Medicine & Child Neurology,
49(5), 361–366. https://doi.org/10.1111/j.1469-8749.2007.00361
.x.
Hossain, M. D., Ahmed, H. U., Uddin, M. J., Chowdhury, W. A.,
Iqbal, M. S., Kabir, R. I., et al. (2017). Autism Spectrum disorders (ASD) in South Asia: a systematic review. BMC Psychiatry,
17(1), 1–7. https://doi.org/10.1186/s12888-017-1440-x.
Howe, Y. J., O’Rourke, J. A., Yatchmink, Y., Viscidi, E. W., Jones, R.
N., & Morrow, E. M. (2015). Female autism phenotypes investigated at different levels of language and developmental abilities.
Journal of Autism and Developmental Disorders, 45(11), 3537–
3549. https://doi.org/10.1007/s10803-015-2501-y.
Kanne, S. M., Randolph, J. K., & Farmer, J. E. (2008). Diagnostic and
assessment findings: A bridge to academic planning for children
with autism spectrum disorders. Neuropsychology Review, 18(4),
367–384. https://doi.org/10.1007/s11065-008-9072-z.
Kanner, L. (1943). Autistic disturbances of affective contact. Nervous
Child, 2(3), 217–250.
Kim, Y. S., Leventhal, B. L., Koh, Y. J., Fombonne, E., Laska, E., Lim,
E. C., et al. (2011). Prevalence of autism spectrum disorders in a
total population sample. American Journal of Psychiatry, 168(9),
904–912. https://doi.org/10.1176/appi.ajp.2011.10101532.
Kopp, S., & Gillberg, C. (1992). Girls with social deficits and learning
problems: Autism, atypical Asperger syndrome or a variant of
these conditions. European Child & Adolescent Psychiatry, 1(2),
89–99. https://doi.org/10.1007/BF02091791.
Lainhart, J. E., Bigler, E. D., Bocian, M., Coon, H., Dinh, E., Dawson,
G., et al. (2006). Head circumference and height in autism: a study
by the Collaborative Program of Excellence in Autism. American
Journal of Medical Genetics Part A, 140(21), 2257–2274. https://
doi.org/10.1002/ajmg.a.31465.
Lainhart, J. E., Piven, J., Wzorek, M., Landa, R., Santangelo, S. L.,
Coon, H., et al. (1997). Macrocephaly in children and adults with
autism. Journal of the American Academy of Child & Adolescent
Psychiatry, 36(2), 282–290. https://doi.org/10.1097/00004583199702000-00019.
Lord, C., Rutter, M., DiLavore, P. C., & Risi, S. (1999). Autism diagnostic observation schedule: Manual. Los Angeles, CA: Western
Psychological Services.
Lord, C., Rutter, M., DiLavore, P. C., Risi, S., Gotham, K., & Bishop,
S. (2012). Autism diagnostic observation schedule–Second edition
(ADOS-2). Los Angeles: Western Psychological Services.
Lovaas, O. I. (1987). Behavioral treatment and normal educational
and intellectual functioning in young autistic children. Journal of
Consulting and Clinical Psychology, 55(1), 3.
Mandy, W., Chilvers, R., Chowdhury, U., Salter, G., Seigal, A., &
Skuse, D. (2012). Sex differences in autism spectrum disorder:
evidence from a large sample of children and adolescents. Journal

of Autism and Developmental Disorders, 42(7), 1304–1313. https
://doi.org/10.1007/s10803-011-1356-0.
McEachin, J. J., Smith, T., & Ivar Lovaas, O. (1993). Long-term
outcome for children with autism who received early intensive
behavioral treatment. American Journal of Mental Retardation,
97, 359–359.
McLennan, J. D., Lord, C., & Schopler, E. (1993). Sex differences
in higher functioning people with autism. Journal of Autism
and Developmental Disorders, 23(2), 217–227. https: //doi.
org/10.1007/BF01046216.
Mraz, K. D., Green, J., Dumont-Mathieu, T., Makin, S., & Fein, D.
(2007). Correlates of head circumference growth in infants later
diagnosed with autism spectrum disorders. Journal of Child
Neurology, 22(6), 700–713. https://doi.org/10.1177/0883073807
304005.
Ozonoff, S., Goodlin-Jones, B. L., & Solomon, M. (2005). Evidencebased assessment of autism spectrum disorders in children and
adolescents. Journal of Clinical Child and Adolescent Psychology, 34(3), 523–540. https://doi.org/10.1207/s15374424jccp34
03_8.
Pisula, E., Kawa, R., Szostakiewicz, Ł., Łucka, I., Kawa, M., &
Rynkiewicz, A. (2013). Autistic traits in male and female students and individuals with high functioning autism spectrum
disorders measured by the polish version of the autism-spectrum
quotient. PLoS ONE, 8(9), e75236. https://doi.org/10.1371/journ
al.pone.0075236.
Reich, T., Cloninger, C. R., & Guze, S. B. (1975). The multifactorial
model of disease transmission: I. Description of the model and
its use in psychiatry. The British Journal of Psychiatry, 127(1),
1–10. https://doi.org/10.1192/bjp.127.1.1.
Rivet, T. T., & Matson, J. L. (2011). Review of gender differences
in core symptomatology in autism spectrum disorders. Research
in Autism Spectrum Disorders, 5(3), 957–976. https  : //doi.
org/10.1016/j.rasd.2010.12.003.
Solomon, M., Miller, M., Taylor, S. L., Hinshaw, S. P., & Carter, C.
S. (2012). Autism symptoms and internalizing psychopathology in girls and boys with autism spectrum disorders. Journal
of autism and developmental disorders, 42(1), 48–59. https://doi.
org/10.1007/s10803-011-1215-z.
Stevenson, R. E., Schroer, R. J., Skinner, C., Fender, D., & Simensen,
R. J. (1997). Autism and macrocephaly. The Lancet, 349(9067),
1744–1745. https://doi.org/10.1016/S0140-6736(05)62956-X.
Tammimies, K., Marshall, C. R., Walker, S., Kaur, G., Thiruvahindrapuram, B., Lionel, A. C., et al. (2015). Molecular diagnostic yield of chromosomal microarray analysis and whole-exome
sequencing in children with autism spectrum disorder. JAMA,
314(9), 895–903. https://doi.org/10.1001/jama.2015.10078.
Tek, S., & Landa, R. J. (2012). Differences in autism symptoms
between minority and non-minority toddlers. Journal of Autism
and Developmental Disorders, 42(9), 1967–1973. https://doi.
org/10.1007/s10803-012-1445-8.
Tsai, L. Y., & Beisler, J. M. (1983). The development of sex differences
in infantile autism. The British Journal of Psychiatry, 142(4),
373–378. https://doi.org/10.1192/bjp.142.4.373.
Tsai, L., Stewart, M. A., & August, G. (1981). Implication of sex differences in the familial transmission of infantile autism. Journal
of Autism and Developmental Disorders, 11(2), 165–173. https://
doi.org/10.1007/BF01531682.
Uddin, M., Tammimies, K., Pellecchia, G., Alipanahi, B., Hu, P., Wang,
Z., et al. (2014). Brain-expressed exons under purifying selection
are enriched for de novo mutations in autism spectrum disorder.
Nature genetics, 46(7), 742. https://doi.org/10.1038/ng.2980.
Uddin, M., Wang, Y., & Woodbury-Smith, M. (2019). Artificial intelligence for precision medicine in neurodevelopmental disorders.
NPJ Digital Medicine, 2(1), 1–10.

13

Journal of Autism and Developmental Disorders
Veenstra-VanderWeele, J., Christian, S. L., & Cook, E. H., Jr. (2004).
Autism as a paradigmatic complex genetic disorder. Annual
Review of Genomics and Human Genetics, 5, 379–405. https://
doi.org/10.1146/annurev.genom.5.061903.180050.
Volkmar, F. R., & Pauls, D. (2003). Autism. Lancet, 362, 1133–1141.
https://doi.org/10.1016/S0140-6736(03)14471-6.
Wang, S., Deng, H., You, C., Chen, K., Li, J., Tang, C., et al. (2017).
Sex differences in diagnosis and clinical phenotypes of Chinese
children with autism spectrum disorder. Neuroscience Bulletin,
33(2), 153–160. https://doi.org/10.1007/s12264-017-0102-9.
Webb, S. J., Nalty, T., Munson, J., Brock, C., Abbott, R., & Dawson, G.
(2007). Rate of head circumference growth as a function of autism
diagnosis and history of autistic regression. Journal of Child Neurology, 22(10), 1182–1190. https://doi.org/10.1177/0883073807
306263.
Werling, D. M., & Geschwind, D. H. (2013). Sex differences in autism
spectrum disorders. Current Opinion in Neurology, 26(2), 146.
https://doi.org/10.1097/WCO.0b013e32835ee548.
Wiggins, L. D., Levy, S. E., Daniels, J., Schieve, L., Croen, L. A.,
DiGuiseppi, C., et al. (2015). Autism spectrum disorder symptoms

13

among children enrolled in the Study to Explore Early Development (SEED). Journal of Autism and Developmental Disorders,
45(10), 3183–3194. https://doi.org/10.1007/s10803-015-2476-8.
Woodhouse, W., Bailey, A., Rutter, M., Bolton, P., Baird, G., & Le Couteur, A. (1996). Head circumference in autism and other pervasive
developmental disorders. Journal of Child Psychology and Psychiatry, 37(6), 665–671. https://doi.org/10.1111/j.1469-7610.1996.
tb01458.x.
Zaroff, C. M., & Uhm, S. Y. (2012). Prevalence of autism spectrum
disorders and influence of country of measurement and ethnicity.
Social Psychiatry and Psychiatric Epidemiology, 47(3), 395–398.
https://doi.org/10.1007/s00127-011-0350-3.
Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

