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Abstract

Autism spectrum disorder (ASD) is over four times more prevalent in males compared to females.
Increased understanding of sex differences in ASD endophenotypes could add insight into
possible etiologies and the assessment and management of the disorder. Consequently, the purpose
of this review is to describe current literature regarding sex differences in the developmental,
psychiatric, and medical endophenotypes of ASD in order to illustrate current knowledge and
areas in need of further research. Our review found that repetitive behaviors and restricted
interests are more common in males than females with ASD. Intellectual disability is more
common in females than males with ASD. Attention to detail may be more common in males than
females with ASD and epilepsy may be more common in females than males with ASD, although
limited research in these areas prevent definitive conclusions from being drawn. There does not
appear to be a sex difference in other developmental, psychiatric, and medical symptoms
associated with ASD, or the research was contradictory or too sparse to establish a sex difference.
Our review is unique in that it offers detailed discussion of sex differences in three major
endophenotypes of ASD. Further research is needed to better understand why sex differences exist
in certain ASD traits and to evaluate whether phenotypic sex differences are related to different
pathways of development, assessment, and treatment of the disorder.
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In Leo Kanner’s original case series on “autistic disorder of affective contact,” eight males
and three females presented with symptoms of what would be called autism (Kanner, 1943).
Since then it has been well established that autism spectrum disorder (ASD) is more
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prevalent in males than in females. The ratio of males with ASD compared to females with
ASD is generally around 4:1 (Autism and Developmental Disabilities Monitoring Network,
2012; Blumberg et al., 2013; Fombonne, 2003). This ratio is known to be lower in children
of multiplex families (Zwaigenbaum et al., 2012) and in children with co-occurring
intellectual disability (ID) (Hartley and Sikora, 2009). According to the results from the
Autism and Developmental Disabilities Monitoring Network (ADDM), a multi-site
population-based surveillance system conducted in the United States, the difference in
estimated prevalence between eight-year-old males and females with ASD has increased in
the past 10 years (Autism and Developmental Disabilities Monitoring Network, 2012). The
sex difference in estimated prevalence per 1,000 children was 7.8 in the 1994 birth cohort,
11.3 in the 1998 birth cohort, and 14.6 in the 2000 birth cohort; this translates into an
increase in the male to female sex ratios from 4.25:1 in children born in 1994, to 4.54:1 in
children born in 1998, to 4.65:1 in children born in 2000 (Autism and Developmental
Disabilities Monitoring Network, 2012). Differences in the male to female ASD sex ratio
could highlight an under sampling of females, meaning a greater proportion of males than
females are recognized with ASD (Dworzynski et al., 2012). Differences in the male to
female ASD sex ratio could also indicate more biologic or environmental exposures (e.g.
hormonal exposures) that make males more susceptible to the disorder (Baron-Cohen et al.,
2011; Knickmeyer et al., 2005)

Previous research suggests that sex could represent a naturally occurring subgroup that
differentiates ASD symptoms (Ben-Itzchak et al., 2013; Hartley and Sikora, 2009; Holtmann
et al., 2007; Lai et al., 2013; Carter et al., 2007; Mandy et al., 2012; Kirkovski et al., 2013).
Endophenotypes may also represent subgroups that differentiate ASD symptoms and lend
clues to causes of the disorder. Endophenotypes are constructs that connect measurable
phenotypic behaviors and underlying genetic influences (Gottesman and Gould, 2003).
Endophenotypic approaches to understanding health outcomes are particularly useful when
there is a great deal of variability in symptom severity and presentation associated with a
disorder, such as the heterogeneity associated with ASD. For instance, attempting to link
genetic influences to a complex set of behaviors is challenging whereas attempting to link
genetic influences to a particular symptom or certain sets of symptoms may yield more
useful results. Consequently, using an endophenotypic approach to better understand ASD
and sex differences within ASD symptoms may help elucidate meaningful subgroups that
can guide etiologic research and treatment programs (Viding and Blakemore, 2007).

Currently, the research on sex differences in ASD is sparse or contradictory. The research on
ASD endophenotypes is emerging but holds considerable promise for the study of gene-
behavior pathways (Viding and Blakemore, 2007). There are no reviews to date that focus
on sex differences by ASD endophenotypes, although reviewing sex differences by
endophenotype may highlight potential mechanisms of ASD development and areas in need
of future research. The purpose of this review was to compile current literature on ASD sex
differences, with a focus on three broad ASD endophenotypes — (1) developmental, (2)
psychiatric, and (3) medical — to show the variety of ways ASD manifests in males versus
females, illustrate areas in need of further research, and add insight into possible etiological
mechanisms of the disorder.
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Methods

Search Criteria

This review was based on published peer-reviewed journal articles listed in Psychlinfo and
PubMed. Articles with titles that contained ASD diagnostic descriptions, diagnostic criteria,
sex descriptors, developmental issues, psychiatric comorbidities, and medical comorbidities
were selected. The specific search criteria comprised the following key terms: all searches
included one of (1) autism, (2) autism spectrum disorder, (3) ASD, (4) Asperger’s, or (5)
pervasive developmental disorder and one of (1) gender, (2) male, (3) female, or (4) sex. In
addition, one of (1) social communication, (2) social interaction, (3) repetitive behaviors,
(4) restricted interests, (5) attention deficit and hyperactivity disorder, (6) attention deficit
disorder, (7) hyperactivity, (8) challenging behavior, (9) aggression, (10) temper tantrums,
(11) oppositional defiance, (12) cognitive skills, (13) intellectual disability, (14) mental
retardation, (15) cognitive flexibility, (16) response inhibition, (17) working memory, (18)
attention to detail, (19) developmental regression, (20) excess of fear, (21) absence of fear,
(22) safety issues, (23) self-injurious behavior, (24) elopement, (25) wandering off, (26)
anxiety, (27) mood disorder, (28) depression, (29) obsessive compulsive disorder, (30)
schizophrenia, (31) birth defect, (32) chromosomal disorder, (33) genetic condition, (34)
Down syndrome, (35) fragile X, (36) cerebral palsy, (37) head size, (38) head
circumference, (39) brain size, (40) encephalopathy, (41) abnormal eating, (42) abnormal
drinking, (43) seizures, (44) epilepsy, or (45) sleep disorders was included.

Inclusion / Exclusion Criteria

There were a total of 2,055 search results found that met search criteria. Results that were
excluded were case reports, commentaries, editorials, dissertation abstracts, and books.
Studies that did not compare males to females and studies that were not in English were also
excluded. Articles that provided a population prevalence estimate for a given search
criterion were cited but not included in the count of articles reviewed for said
endophenotype. The final sample consisted of 69 articles used to review sex differences in
ASD endophenotypes.

Characteristics of Articles Reviewed

Figure 1 illustrates the 69 articles reviewed for this paper divided by topic area. These
studies were published between 1983 and 2013 and total sample sizes ranged from 28
(Matson and Love, 1990) to 337,000 (Autism and Developmental Disabilities Monitoring
Network, 2012). A range of 4 (Bernabei et al., 2007) to 5,522 (Beuker et al., 2013) females
contributed to the study samples. There were 35 cross-sectional studies, 18 case-control
studies, 5 cohort studies, 6 surveillance studies, 2 systematic reviews, 1 clinical trial, 1 meta-
analysis, and 1 online survey. The two systematic reviews and one meta-analysis were all
cited within the section on medical endophenotypes and did not include articles that were
reviewed in this paper. Twenty-nine studies were conducted in the United States, 37 studies
were conducted outside of the United States, and three were a meta-analysis or systematic
review.
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Categorization of Articles Reviewed

Results

Avrticles were categorized by title and into developmental, psychiatric, and medical
endophenotypes based on DSM 5 diagnostic criteria and associated features (American
Psychiatric Association, 2013), as well as co-occurring conditions categorized by Levy et al.
(2010). Criteria not included in the Levy study but included in this study were categorized
first by the lead author and then reviewed and approved by the second author who is a
doctorate level developmental psychologist familiar with the assessment and diagnosis of
children with ASD.

Developmental Domain: ASD Diagnostic Criteria

Social Communication/Social Interaction—Deficits in social communication and
social interaction are core factors in the diagnostic criteria of ASD. Impairments in social
communication may present as abnormalities in eye contact, poor integration of verbal and
nonverbal behaviors, and difficulties understanding the nonverbal communication of others
(American Psychiatric Association, 2013). In some cases, persons with ASD may not
participate in conversation or struggle with pragmatic language (American Psychiatric
Association, 2013). Impairments in social interaction include difficulties with social-
emotional reciprocity, failure to develop peer relationships, and reduced empathetic
understanding and/or response (American Psychiatric Association, 2013).

There were 21 articles reviewed on social communication and social interaction in persons
with ASD published between 1993 and 2013: 13 case-control studies, 7 cross-sectional
studies, and 1 surveillance study. Nine studies were conducted in the United States and 12
studies were conducted at outside of the US. Of these 21 articles, 14 address social
communication or other language abilities. In samples of children with varying cognitive
abilities, some studies showed no significant differences in communication, conversational
deficits, and language levels between males and females with ASD (Andersson et al., 2013;
Dawson et al., 2007; Nicholas et al., 2008; Pilowsky et al., 1998; Park et al., 2012a, 2012b;
Mayes and Calhoun, 2011; Mandy et al., 2012; Sipes et al., 2011; Solomon et al., 2012; Amr
etal., 2011). One study found that males with ASD had greater expressive and receptive
language skills than females with ASD (Carter et al., 2007) and another study found that
females with ASD had more impaired social communication skills than males with ASD
(Hartley and Sikora, 2009). Conversely, Park et al. (2012b) found that females with ASD
had stronger non-verbal communication abilities than males with ASD. The majority of the
literature reviewed on social communication found no difference between males and females
with ASD, but there is some inconsistency.

The literature on sex differences in social interaction among persons with ASD (13 of 21
articles reviewed) is also inconsistent but generally suggests no significant sex differences in
social interaction skills (Andersson et al., 2013; Dawson et al., 2007; Nicholas et al., 2008;
Pilowsky et al., 1998; Mayes and Calhoun, 2011; Park et al. 2012b; Mandy et al., 2012;
Sipes et al., 2011; Solomon et al., 2012). In population-level surveillance of eight-year olds,
80 % of children with ASD had poor social-emotional reciprocity with no significant
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difference between males and females (Nicholas et al., 2008). Szatmari et al. (2012) also
found no sex differences in social-emotional reciprocity for children with varying cognitive
abilities in a study from the Autism Genome Project. Oppositely, in an age and 1Q matched
case—control study, female adults with ASD were found to have fewer socio-communication
difficulties during interpersonal interaction than male adults with ASD (Lai et al., 2013).
Lastly, no sex differences have been noted in emotional reactiveness or being withdrawn
(Hartley and Sikora, 2009) and in empathetic understanding and responses (Auyeung et al.,
2009).

Cognitive functioning is likely to play a role in these social processes. Lower intellectual
abilities are often linked with greater social impairment regardless of sex (Dawson et al.,
2007). Among children with high functioning autism (1Q=70), social skills have been found
to be more impaired in female children than male children (Holtmann et al., 2007) and more
severe as children aged (McLennan et al., 1993). In contrast, other studies found adult
females with high functioning autism to have less socio-communication issues compared to
males (Lai et al., 2011) or there were no sex differences in socio-communication skills in
older children and adolescents (Holtmann et al., 2007; Kopp and Gillberg, 2011).

Overall, the 21 articles reviewed suggest no difference in social interaction between males
and females with ASD and inconsistent differences in social communication between males
and females with ASD, although both social interaction and social communication may be
influenced by intellectual ability and age.

Restricted, Repetitive Patterns of Behavior, Interests, or Activities—There were
18 articles reviewed on restricted and repetitive patterns of behaviors and interests (RRBI)
published between 1993 and 2013: nine cross-sectional studies, seven case—control studies,
one cohort study, and one surveillance study. Eleven studies were conducted in the United
States and seven studies were conducted in other countries. Based on this review, the
literature suggests that males with ASD have more RRBI than females with ASD (Hattier et
al., 2011; Carter et al., 2007). When assessing individual facets of RRBI, restricted interests
are seen more often in males with ASD than females with ASD independent of cognitive
ability (Kohane et al., 2012; May et al., 2012; Mandy et al., 2012; Szatmari et al., 2012).
Males with ASD are also more likely to have more routines, rituals, and fascination with
parts of objects than females with ASD (Nicholas et al., 2008; Park, et al., 2012b; Beuker et
al., 2013). The literature on repetitive motor movements is less consistent: adult males with
high functioning autism or Asperger’s syndrome had more repetitive motor movements than
adult females with high functioning autism or Asperger’s syndrome in one case-control
study (May et al., 2012), but there were no sex differences in repetitive motor movements
among persons with autism in two other case-control studies (McLennan et al., 1993;
Worley and Matson, 2011), one cross-sectional study (Auyeung et al., 2009), and one
population-based cross-sectional study (Nicholas et al., 2008).

Age may influence the presentation of RRBI in males and females with ASD. One study
found no sex difference among RRBI in toddlers (Sipes et al., 2011), whereas a different
study found significantly more RRBI among adult males with ASD compared to females
with ASD (Hattier et al., 2011). In summation, most studies reviewed suggested that males
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with ASD are likely to have more RRBI than females with ASD across levels of cognitive
ability, although RRBI may be influenced by age.

Sensory issues are prevalent among persons with ASD (Nicholas et al., 2008) and are
included as a RRBI in the DSM 5 (American Psychiatric Association, 2013). Common
issues are oversensitivity to touch, sound, smell, taste, and attraction to certain tactile stimuli
(American Psychiatric Association, 2013; Baranek et al., 2006; Rogers et al., 2003).
Abnormal sensory reactions have been reported to occur in up to 47 % of persons with ASD,
which is a rate ten times higher than reported in the general population (Nicholas et al.,
2008). Additionally, there is a significant correlation between sensory issues in each of the
individual senses (Kern et al., 2007); therefore, impairment is compounded for persons with
ASD and sensory abnormalities.

Cross-sectional studies found no observed differences between males and females in
sensitivity to sound (Mandy et al., 2012) or sensory sensitivity in general (Louisa et al.,
2012; Mayes and Calhoun, 2011; Baranek et al., 2006). Mandy et al. (2012) examined RRBI
in children and adolescents 3 to 18 years of age and found that age did not influence the
presentation of RRBI. However, Lai et al. (2011) found that adult females with high
functioning autism had more lifetime sensory issues than males with ASD. Overall, the
majority of articles reviewed that addressed sensory issues in ASD do not suggest a sex
difference, although aging may be a factor and should be further explored.

Developmental Domain: other Developmental Endophenotypes

Attention Deficit Hyperactivity Disorder—Attention deficit hyperactivity disorder
(ADHD) and corresponding symptoms are common in children with ASD (Bradley and
Isaacs, 2006; Nicholas et al., 2008). Previous studies show that 50 % to 83 % of children and
teenagers with ASD had hyperactivity and attention problems (Nicholas et al., 2008;
Bradley and Isaacs, 2006). There were seven articles that met search criteria and addressed
ADHD. These seven articles were published between 2008 and 2012 with five cross-
sectional studies and two cohort studies. Two studies were conducted in the United States
and five were conducted in other countries.

A study of 7 to 12 year-olds with varying cognitive abilities found that males with ASD had
higher levels of hyperactivity and impulsivity than females with ASD and this difference
was more pronounced at younger ages (May et al., 2012). Males with high functioning
autism from middle childhood to adolescence had higher levels of hyper-activity and
inattention in teacher reports as compared to female peers, but there was no difference in
parental reports (Mandy et al., 2012). A study of children and young adults aged 5 to 20
with high functioning autism found females had more attention problems (Bryson et al.,
2008). A majority of studies found no difference in ADHD co-occurrence between males
and females with ASD (Simonoff et al., 2008; Sinzig et al., 2009; Mayes and Calhoun,
2011; Horovitz et al., 2011). In summary, the current literature leans toward no sex
differences in the co-occurrence of ADHD and ASD, but there is still inconsistency in the
literature and thus, the sex difference is largely inconclusive

J Dev Phys Disabil. Author manuscript; available in PMC 2015 July 03.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rubenstein et al.

Page 7

Challenging Behavior (Aggressiveness/Temper Tantrums/Oppositional
Tendencies)—Challenging behavior is a common associated feature of ASD and includes
aggression expressed toward other people, temper tantrums, and oppositional and defiant
tendencies. Aggression expressed toward other people and temper tantrums are found in 50
% and 54 % of children with ASD compared to only 28 % and 23 % of children without
ASD (Nicholas et al., 2008). The 12 articles in this review that met search criteria and
addressed challenging behaviors were published between 2005 and 2012 and included six
cross-sectional studies, four case—control studies, one clinical trial, and one surveillance
study. Six studies were conducted in the United States and six were conducted in other
countries. In general, there were no differences in aggression, temper tantrums, or anger
between child sexes, regardless of age or cognitive ability (Kozlowski et al., 2012; Worley
and Matson, 2011; Carter et al., 2007; Murphy et al., 2009; Mandy et al., 2012; Quek et al.,
2012; Mayes and Calhoun, 2011; Horovitz et al., 2011). One study found that females with
ASD had more “challenging behaviors” than males with ASD, although challenging
behaviors were not explicitly defined (Dworzynski et al., 2012). Delinquent behavior (Park
et al., 2012b) and oppositional defiance (Gadow et al., 2005) were more prevalent in males
than in females with ASD in two studies reviewed.

Cognitive Skills and Intellectual Disability—In a review from 1966 to 2001,
Fombonne (2003) found that the median prevalence of intellectual impairment in persons
with ASD was 70 % in the studies evaluated. More recent population-based studies have
found lower rates of ID in persons with ASD, with a range from 18 % to 55 % (Charman et
al., 2011). The National Health Interview Study found 0.71 % of all children aged 3 to 17
from 1998 to 2007 had an ID (Boyle et al., 2011). Our review found 12 articles that met the
search criteria and addressed 1D or specific cognitive skills. These 12 articles were
published between 1983 and 2011, and included seven cross-sectional studies, four case—
control studies, and one-surveillance study. Four studies were conducted in the United States
and eight were conducted in other countries.

The 12 articles reviewed support a relationship between child sex and co-occurring 1D in
children with ASD. The sex ratio between males and females without ID is greater than the
sex ratio for all levels of cognitive ability combined (Nicholas et al., 2008; Hartley and
Sikora, 2009). Consequently, the male to female ratio is lower when there is co-occurring 1D
compared to when there is no co-occurring ID (Hartley and Sikora, 2009; Nicholas et al.,
2008; Yeargin-Allsopp et al., 2003). The ratio of males to females with ASD and co-
occurring 1D has been seen to range from 1.3:1 (Tsai and Beisler, 1983) to 2.8:1 (Bryson et
al., 2008) with a trend toward fewer sex differences as ID becomes more severe (Yeargin-
Allsopp et al., 2003). This differential sex difference in ID results in females with ASD, on
average, having lower intelligence test scores than males with ASD (Banach et al., 2009;
Volkmar et al., 1993).

Specific cognitive skills posited to vary between males and females with ASD include
cognitive flexibility, response inhibition, working memory, and attention to detail (Geurts et
al., 2004). Female adolescents with high functioning autism were seen to have superior
information processing, multiple conceptual tracking, divided attention, and cognitive
flexibility compared to male adolescents with high functioning autism (Bolte et al., 2011). In
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contrast, studies show males with ASD have superior attention to detail, visuo-spatial skills
(Auyeung et al., 2009), and inhibitory control (Lemon et al., 2011) compared to females
with ASD. There were no sex differences between adults with ASD in the “eyes test” which
measures ability to infer mental states through the eyes (Lai et al., 2011). In summary, the
12 journal articles reviewed in this section suggest that females with ASD generally have
lower intelligence test scores than males with ASD and that specific cognitive skills may
vary by sex.

Developmental Regression—~Parents of some children with ASD report a period of
typical development followed by a loss in language, social, motor, self-help, imaginative
play, or other skills. This developmental regression is usually reported to occur between 15
and 24 months of age (Meilleur and Fombonne, 2009). Our review found six articles that
met search criteria and addressed developmental regression. These six articles were
published between 2007 and 2013 and comprised two cohort studies, three cross-sectional
studies, and one surveillance study. In a population-based surveillance study of children
with ASD, 17 % of children had documented developmental regression and that percentage
rose if the child had a previous ASD diagnosis (Wiggins et al., 2009). Males had
significantly more regression than females and were more likely to regress at a younger age
(Wiggins et al., 2009). This higher risk of regression in males was also seen in smaller, non-
population based studies (n=4, 8, and 17 female children) (Bernabei et al., 2007; Ekinci et
al., 2012; Zhang et al., 2012). In contrast, a cross-sectional study found that females aged 18
months to 15 years had significantly higher occurrence of regression as compared to males
(30 % vs. 19 %) (Ben-Itzchak et al., 2013). No difference in the presence of developmental
regression between males and females with ASD was observed in a small clinical sample of
20 females (Meilleur and Fombonne, 2009). In sum, the review of sex differences of
developmental regression is contradictory and thus inconclusive.

Excess/Absence of Fear—Excess or absence of fear is more common in children with
ASD than other children (Evans et al. 2005; Nicholas et al., 2008). In a population-based
surveillance of eight-year olds, Nicholas et al. (2008) found that 32 % of children with ASD
had atypical fear noted in service records compared to 6 % of children with ASD symptoms
but no ASD diagnosis. Three articles met search criteria and addressed excess or absence of
fear. All three of these articles were published in the United States between 1990 and 2011
and were two cross-sectional studies and one case—control study. In these studies, females
with ASD had more specific phobias than males with ASD (Gadow and DeVincent, 2012;
Matson and Love, 1990) and more unusual fears (Mayes et al., 2013). One study conducted
by Matson and Love (1990) found more fear in typically developing female children
compared to male children and no significant difference in fear between typically
developing female children and female children with ASD. Given the sparse amount of
research on this topic, further exploration is warranted to understand sex differences in fear
among persons with ASD.

Safety Issues (Self-Injury/Elopement)—About 50 % of children with ASD engage in
self-injurious behavior (Richards et al., 2012; Baghdadli et al., 2003; Duerden et al., 2012).
Four studies met search criteria and three pertained to self-injurious behavior. All three of
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these studies were cross-sectional designs with two being conducted in Europe and one in
the United States. No difference in self-injurious behavior was found between males and
females with ASD (Richards et al., 2012; Baghdadli et al., 2003; Duerden et al., 2012).

Elopement, also known as wandering off, is a rising concern among parents of children with
ASD. One online survey addressing elopement met our search criteria. This survey was
conducted in the United States in 2013 and found that 49 % of parents reported that their
child with an ASD wandered off at least once after the age of four years (Anderson et al.,
2012). Results also found that sex did not influence the prevalence of elopement, although
children with more intellectual impairment were more likely to elope (Anderson et al.,
2012). Few conclusions can be drawn since there is little research on elopement and other
safety issues in children with ASD and associated sex differences.

Psychiatric Domain

Anxiety/Mood Disorders—Symptoms of anxiety and mood disorders are more prevalent
in children with ASD than in typically developing children (Worley and Matson, 2011,
Nicholas et al., 2008). Among children who met a surveillance definition for an ASD, 55 %
had abnormal mood or affect compared to 26 % of children with at least one symptom of an
ASD but no ASD diagnosis (Schendel et al., 2009). The Special Needs Autism Project in the
UK found 44 cases of emotional disorder per 100 children with ASD (Simonoff et al.,
2008). Moreover, among eight-year-old children who met a surveillance definition for an
ASD, 3 % had anxiety, 2 % had emotional disorder, 2 % had mood disorder, and less than 2
% had obsessive-compulsive disorder (OCD), depression, bipolar, or oppositional defiant
disorder (Levy et al., 2010). Nine studies were found that met search criteria and addressed
anxiety or mood disorders. These nine studies were published between 2005 and 2012 and
included five cross-sectional studies and four case—control studies. Four of the studies were
conducted in the United States and five were conducted in other countries.

The literature on sex differences in co-occurring anxiety or mood disorders and ASD is
mixed and dependent on cognitive abilities. In some studies, females with high functioning
autism were at greater risk for internalizing psychopathology than both male children with
ASD and typically developing female children (Solomon et al., 2012; Mandy et al., 2012).
These studies are supported by a Finnish report that found female children with ASD had
lower scores on a test associated with major depressive disorder compared to male children
with ASD (Mattila et al., 2010). Other studies found no sex differences in the of co-
occurrence of anxiety or depression in children with ASD and varying cognitive abilities
(Quek et al., 2012; Gadow et al., 2005; Park et al., 2012b; Simonoff et al., 2008; Mayes and
Calhoun, 2011; Lai et al., 2011). In the general population, females have more panic attacks,
generalized anxiety disorders and males have more social anxiety (American Psychiatric
Association, 2013). Based on this review, the current literature is inconclusive on whether a
sex difference in children with ASD and co-occurring anxiety or mood disorders exists,
although a few studies suggest more anxiety and mood disorders in females than males with
ASD.
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Schizophrenia—Schizophrenia is a mental disorder that involves delusions, disorganized
behavior, disorganized speech, hallucinations, and restrictions in the range and intensity of
emotions (American Psychiatric Association, 2013). Schizophrenia typically presents
between 18 and 30 years of age with earlier onset associated with male sex. Lifetime
prevalence of schizophrenia is near 0.2 % (American Psychiatric Association, 2013) The
prevalence of schizophrenia in eight-year olds with ASD is less than 1 % (Levy et al., 2010).
Two articles met search criteria and addressed schizophrenia. These two articles were
published in 2005 and 2010 and were both case—control studies. Review of the two studies
found conflicting results on sex differences and the co-occurrence of ASD and
schizophrenia or schizophrenia spectrum traits. A parental survey of 6 to 12 year olds with
ASD found schizophrenia spectrum traits to be twice as prevalent in females compared to
males (57 %: 28 %) independent of ID (Gadow and DeVincent, 2012). Conversely, in a
group of 6 to 12 year olds with ASD and ID, schizophrenia was more common in males than
females (Tsakanikos et al., 2011). Again, the literature is relatively sparse due to the late
onset of schizophrenia and the rarity of co-occurring schizophrenia: future research is
warranted.

Medical Domain

Birth defects/Chromosomal Disorders /Genetic Disorders—Population-based
surveillance data from the 2008 ADDM report found that among children with ASD, less
than 1 % had a co-occurrence of fragile X syndrome, Down syndrome, chromosomal
disorders, or other genetic and congenital diagnoses (Levy et al., 2010). It is likely that these
rates are under-reported because investigation of ASD co-occurring conditions was not the
focus of the ADDM surveillance effort. However, a cohort study of children in Georgia
found a similar prevalence of chromosomal disorders and Down syndrome in persons with
ASD (Schendel et al., 2009).

There were four studies reviewed that met search criteria and addressed ASD sex differences
in birth defects, chromosomal disorders, and genetic disorders: two systematic reviews, one
case—control study, and one surveillance study. Co-occurring birth defects, such as
impairments to the central nervous system, cardiovascular system, genitourinary system, or
musculoskeletal system, appear more often in males than females with ASD. Among
children with ASD, the male to female ratio was 9:1 if a child had a co-occurring birth
defect and 3.6:1 if the child did not have a co-occurring birth defect (Schendel et al., 2009).

A review conducted by Reilly (2009) found that males with ASD have more co-occurring
Down syndrome than females with ASD and the male to female ratio among children with
both ASD and Down syndrome may be near the overall ASD prevalence ratio of 4:1. A
review conducted by Wiznitzer (2004) found no difference between males and females with
ASD and the co-occurrence of tuberous sclerosis. Clifford et al. (2007) found that about 70
% of males aged 5 to 80 with fragile X syndrome had co-occurring ASD while 23 % of
females in the same age range with fragile X had co-occurring ASD. The difference in co-
occurrence of ASD between males and females may suggest a greater association between
the two conditions in males as compared to females.
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It is important to note that birth defects, chromosomal disorders, and genetic disorders are
rare and seldom studied. Therefore, the results on sex differences for co-occurring ASD and
chromosomal and genetic conditions are inconclusive.

Head Size / Encephalopathy—Head size, specifically an enlarged head circumference
or macrocephaly, has been associated with ASD (Wallace and Treffert, 2004). Three articles
were reviewed that examined differences in head size between males and females with ASD.
Studies include two case—control studies and one cross-sectional study. Two studies were
conducted in the US and one study was conducted in Italy. A cross-sectional study by
Fombonne et al. (1999) found no difference in head size between males and females aged 2
to 16 with ASD. Sacco et al. (2007) also found no difference in head size between males and
females aged 3 to 16 with ASD. In contrast, Aylward et al. (2002) found larger head sizes in
male adults and children compared to female adults and children with ASD, but the female
sample size was low (n=9).

Abnormal Eating and Gastrointestinal Issues—In a population-based study
conducted by Nicholas et al. (2008), about 54 % of children with ASD had an abnormality
in eating, drinking, or sleeping, which is nearly 40 % higher than that of children with at
least one symptom of ASD but no diagnosis (Nicholas et al., 2008). Some studies have
shown an increase in certain gastrointestinal symptoms among persons with ASD, including
constipation (Ibrahim et al., 2009) and diarrhea (Wang et al., 2006), while other studies
found no significant increase in overall gastrointestinal symptoms or symptoms such as
esophageal reflux, vomiting, and abdominal discomfort (Ibrahim et al., 2009; Wang et al.,
2006; Valicenti-McDermott et al., 2007). However, little research on gastrointestinal issues
has been conducted at a population level and no studies were found that compared males to
females on gastrointestinal response. More research is needed to determine if there is an
association between gastrointestinal symptoms and ASD and whether the association differs
between the sexes.

Four studies were found that compared the sexes and addressed food selectivity. These four
studies were conducted in the United States between 2006 and 2010 and included one case—
control and three cross-sectional designs. In general, review of these studies found food
selectivity and feeding issues to be more frequent in children with ASD than children
without ASD (Valicenti-McDermott et al., 2007; Ibrahim et al., 2009), although limited
research is available in this area. There was no difference between child sexes in over or
under-eating in a study of children with high functioning autism (Worley and Matson, 2011)
and no differences between the sexes in eating abnormalities in two studies conducted in
children with ASD and varying cognitive abilities (Mayes and Calhoun, 2011; Horovitz et
al., 2011). Based on this limited review, it appears unlikely that there is a difference in
eating habits between males and females with ASD.

Seizures/ Epilepsy—Epilepsy and other seizure disorders co-occur in 5 % to 40 % of
children with ASD and there is differential prevalence based on ID (Baird et al., 2008;
Nicholas et al., 2008). This review found three articles that met search criteria and addressed
seizures or epilepsy. These three articles were published between 2008 and 2013 and consist
of a cohort study, one cross-sectional study, and one meta-analysis. Females with ASD were
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found to have more epilepsy than males with ASD; the male to female ratio drops to near
2:1 in children with ASD and co-occurring epilepsy, but this may be partly due to
differential ID (Amiet et al., 2008; Bolton et al., 2011; Ben-Itzchak et al., 2013). There may
be an increased likeliness in females with ASD to have co-occurring epilepsy or seizure
disorder; however, the literature is sparse so a conclusion cannot be drawn. Further research
is needed to enhance current knowledge of sex differences in children with ASD and
epilepsy or seizure disorder.

Sleep Disturbances—In a systematic review of parental sleep surveys, sleep problems
were present in 50 % to 80 % of children with ASD compared to 9 % to 50 % in matched
typically developing children (Kotagal and Broomall, 2012). There were six articles
reviewed that met search criteria and addressed sleep disturbances. These six articles were
published between 2004 and 2012 and included two case—control studies, two cohort
studies, and two cross-sectional studies. Four were conducted in the United States and three
were conducted in other countries. Based on this review, some studies found no sex
differences in sleep problems among persons with ASD (Liu et al., 2006; Wiggs and Stores,
2004; Mayes and Calhoun, 2011; Horovitz et al., 2011), one study found that female
children with ASD have less sleep problems than male children with ASD (Sivertsen et al.,
2012), and one study found female children with ASD have more sleep problems than male
children with ASD (Hartley and Sikora, 2009). The minimal amount of research in this area
leads to inconsistent results and prevents definitive conclusions on whether a sex difference
exists in sleep disturbance.

Discussion

Our review of sex differences in ASD endophenotypes is unique in that it provides detailed
discussion on ways ASD manifests in male and females not covered in previous reports
(Kirkovski et al., 2013; Van Wijngaarden-Cremers et al., 2013) and illustrates areas in need
of further research. In general, the current literature suggests that males with ASD present
with more RRBI than females with ASD and females with ASD are more likely to have ID
than males with ASD. Some articles suggest more males than females with ASD show a
preference for attention to detail and more females than males with ASD have epilepsy or
seizure disorder, but there is not enough research in these areas to make firm conclusions.
There does not appear to be a difference in social interaction and sensory abnormalities
between the sexes; the research pertaining to challenging behaviors, developmental
regression, excess or absence of fear, safety issues, anxiety, mood disorders, schizophrenia,
birth defects/ chromosomal disorders/genetic disorders, eating or gastrointestinal issues, and
sleep disturbances were sparse or had contradictory findings. Table 1 summarizes these
results.

The importance of studying sex differences in the presentation of ASD cannot be
understated. As previously mentioned, differences in the male to female ASD sex ratio could
highlight the under-identification of females with ASD or different risk exposures that
increase male susceptibility to the disorder. Consequently, understanding specific facets of
ASD endophenotypes that elucidate these sex differences could help guide clinical
assessment and treatment of ASD and the search for etiologies. For instance, since ASD
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occurs more often in males than females, some professionals may discount ASD symptoms
in females unless they present during the assessment of co-occurring conditions, such as ID.
In fact, in the absence of co-occurring conditions, females are less likely to be identified
with ASD than their male counterparts (Dworzynski et al., 2012). These findings coupled
with the results of our review suggest that healthcare professionals should be encouraged to
screen all children — and particularly females —for ASD even when co-occurring conditions
are not present. Of course, more research is needed to gain a better understanding of the
female ASD phenotype in order to improve diagnostic precision.

The sex bias toward more females with ASD and ID than males with ASD and ID may
highlight different causal pathways to the disorder. Our review found a few studies that
suggest more females with ASD have co-occurring seizures or epilepsy than males with
ASD, although findings were inconclusive due to limited research. However, the sex
difference in ASD and ID could be explained by a possible sex difference in ASD and
epilepsy since epilepsy is also associated with 1D alone (Selassie et al., 2014; Helmstaedter
et al., 2014). Previous research on epilepsy suggests that females experience more idiopathic
generalized epilepsy (IGE) than males (Camfield et al., 2013; Camfield and Camfield, 2009;
Valentin et al., 2007). IGE is familial related and some genetic causes of IGE are known
(e.g., mutations on the sodium channel and GABA receptors) (Velisek et al., 2011; Amiet et
al., 2008). It has been suggested that some of these same genetic causes of epilepsy —
particular those that implicate genetic mutations on sodium channels —may represent ASD
phenocopies that deserve further exploration (Amiet et al., 2008). Thus, further exploration
of the association between epilepsy and females with ASD may uncover some genetic
causes of ASD and illuminate ways to better assess (e.g., obtaining detailed medical and
development family histories) and treat (e.g., treating seizures in addition to developmental
concerns) ASD in females.

Our review found that males with ASD were more likely to have RRBI than females with
ASD, particularly those that involve restricted interests, routines and rituals, and fascination
with parts of objects. It may be possible that clinicians are not as likely to identify RRBI in
females and this may account for the sex difference in this developmental domain.
Ultimately, little is known about potential causes of these RRBI, or RRBI in general,
although animal models have suggested that RORA (RAR-related orphan receptor A) is a
candidate gene that could contribute to these types of pathologies. For instance, RORA
deficiency has been associated with perseverance in the form of limited maze patrol
(Goodall and Gheusi, 1987), reduced exploration (Lalonde, 1987), and spatial disorientation
(Lalonde and Strazielle, 2003) in mouse models. RORA deficiency has also been associated
with Purkinji cell degeneration, which is also implicated in ASD (Palmen et al., 2004). In
sum, the known sex differences in ASD and ID and RRBI could highlight different genetic
pathways to the disorder that are important to understanding its complex etiologies. Further
research is needed to tease apart these genetic pathways and how they interact with
environmental exposures that contribute to the development of ASD in both males and
females. Further research is also needed in areas with sparse empirical exploration but some
indication of ASD sex differences (e.g., anxiety/mood disorders, developmental regression,
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and seizures/ epilepsy) to better understand the etiologic pathways and methods for
assessing and treating ASD.

Varying study designs, different source populations, different participant characteristics
(e.g., cognitive abilities) and limited numbers of females in the study samples contribute to
the inconsistent results found in this review. Since ASD is rarer in females than males (1 in
252 females compared to 1 in 52 males (Autism and Developmental Disabilities Monitoring
Network, 2012)), many studies either exclude females or control for sex in statistical
analyses. Additionally, there may be selection bias in previous reports since more females
than males with ASD have co-occurring ID and this could skew the results of the studies we
summarized. Yet our ability to explore sex differences in ASD improves as the population of
persons with ASD increases and more females with ASD are identified. As such, females
with ASD should be actively recruited into various research studies so further research on
ASD sex differences can be conducted. Large population-based surveillance systems like the
ADDM Network or case—control studies in multiple geographic areas with adequate female
representation are needed to expand our knowledge of sex differences in ASD presentation
and how these sex differences relate to etiology and assessment and management of the
disorder.
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Fig. 1.
Number of articles cited for each ASD endophenotype in developmental, psychiatric, and
medical domains
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Table 1

Summary of differences between males and females with ASD in regards to developmental, psychiatric, and

medical endophenotypes

ASD Developmental Domain, total
number of articles

Result, number of articlesthat support claim

Social communication and social
interaction, N=21

Restricted and repetitive behaviors and
interests (RRBI), N=18

Attention deficit hyperactivity disorder
(ADHD), N=7
Challenging behavior, N=12

Cognitive skills / Intellectual Ability,
N=12

Developmental regression, N=6

Excess/Absence of fear, N=3

Safety issues, N=4

ASD Psychiatric Domain
Anxiety/Mood disorders, N=9
Schizophrenia, N=2

ASD Medical Domain

Birth defects/Chromosomal disorders /
Genetic disorders, N=4

Head size / encephalopathy, N=3
Abnormal eating and gastrointestinal
issues, N=4

Seizure / epilepsy, N=3

Sleep disturbances, N=6

The literature leans toward no sex differences in social communication (nine articles) or social
interaction (nine articles), although findings are inconclusive and possibly influenced by

cognitive ability (five articles)*.

Males are more likely to have more RRBIs regardless of age or cognitive ability than females
(eight articles). There are no established differences between the sexes in sensory issues (five
articles).

The literature leans toward no sex differences in symptoms of ADHD among those with ASD
(four articles) but is largely inconclusive.

In general, there are no differences in aggression toward other people, temper tantrums, or anger
between child sexes, regardless of age or cognitive ability (eight articles). Delinquent behavior
(one article) and oppositional defiance (one article) were found to be more prevalent in males
with ASD than females with ASD, but the literature in these areas was minimal.

Co-occurring intellectual disability is more prevalent in females than males with ASD (eight
articles). Males and females had significant differences in specific cognitive skills, such as
attention to detail (three articles), but no particular skill was assessed in more than one study.

Findings are inconsistent but most articles reviewed (four articles) found that males are more
likely to lose previously acquired skills than females.

The minimal amount of research in this area (three articles) leads to inconsistent results and
prevents definitive conclusions on whether a sex difference exists in co-occurring ASD and fear
response.

The literature is minimal but suggests no established sex differences in self-injurious behaviors
(three articles) or elopement (one article) among those with ASD.

The literature is sparse but suggests more anxiety and mood disorders in female children with
high functioning autism (three articles) and no difference in children with ASD and varying
cognitive ability (six articles).

The minimal amount of research in this area leads to inconsistent results and prevents definitive
conclusions on whether a sex difference exists in co-occurring ASD and schizophrenia.

These disorders are very rare and seldom studied (four articles); results on sex differences in co-
occurring ASD and birth defects, chromosomal disorders, or genetic disorders are thus
inconclusive.

Literature is sparse but suggest no sex difference in head size (two articles) more than a sex
difference in head size (one article).

The literature in this area is minimal but suggests no established sex differences in eating habits
and gastro-intestinal issues among those with ASD (four articles).

There was minimal amount of research comparing epilepsy between sexes, but the literature that
exists finds more epilepsy and seizures in females than males with ASD (three articles).

The minimal amount of research (six articles) and inconsistent results prevents definitive
conclusions on whether a sex difference exists in co-occurring ASD and sleep disturbance.

*
One study contributed to all three of these claims and is included in all three counts
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