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1.1 Which Is the Sex/Gender Prevalence of ASD?

The Centers for Disease Control and Prevention’s (CDC) Autism and Developmental
Disabilities Monitoring (ADDM) Network estimated that about 1 in 36 children has
been diagnosed with autism spectrum disorder (ASD) among children aged 8 years
[1], reporting a 4.3:1 male-to-female ratio, resulting in a significant sex/gender dif-
ference in prevalence. The male-to-female ratio increases as the severity of intel-
lectual disability decreases [2]. Thereafter, 42.1% of females diagnosed in the
spectrum are characterized by intellectual disability (intelligence quotient [IQ]
<70), which is a higher percentage in comparison to male individuals (36.9%) [1].

The sex/gender prevalence rate estimated has been considered as the objective of
a “male bias” [3, 4]. Among the factors contemplated as responsible for this male
prevalence, there are methodological issues (the use of sex/gender-biased diagnos-
tic tools and the population samples included in the studies) and questions related to
developmental sex/gender differences [3, 5]. The whole book attempts to clarify (at
different levels: clinical, genetic) the reason why ASD prevalence is actually
reported to be higher in males; within this chapter, we introduce the topic.
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1.2  Why ASD Is More Frequently Reported in Males?

Are there less females with an autism condition or girls less easily and later diag-
nosed in comparison to their male peers? Whether ASD is less represented in
females or it is underestimated in this sex/gender remains an open question, being
an objective of a growing body of research.

Misdiagnosis or later diagnosis? Nosological or diagnostic challenge [3, 5]?

Several can be the reasons why girls are exposed to these phenomena (Fig 1.1),
and two are the main diagnostic conditions which frequently occur: females receiv-
ing later diagnosis (condition of “later age of diagnosis”) and females diagnosed in
early infancy (condition of “more severe profile leading to earlier diagnosis™) [3].

Autistic females with higher cognitive skills (low level of support needs) may be
under-recognized [6, 7] due to the better communicative skills (verbal and nonver-
bal) and good social motivation [8, 9]; the difficulties in friendships’ maintenance
[3] and the restricted and repetitive interests—due to the less atypical content (i.e.,
singers, celebrities) in comparison to their male peers [10]—may be hardly identi-
fied until late childhood, adolescence, and even adulthood (condition of “later age
of diagnosis”).

However, the presence of comorbid cognitive delay (high level of support needs)
defines a “classical male-typical presentation,” which implies a minor diagnostic
challenge (condition of “more severe profile leading to earlier diagnosis”) [3]
(see Chap. 3).

Recent research discussed whether “[...] our understanding of autism may have
been substantially biased towards males [...]” identifying the so-called diagnostic
challenge in females [3, 4].

First of all, a problem of diagnostic tools has been hypothesized: instruments
employed for capturing symptoms of ASD (ADOS-2; ADI-R) may be male biased
and therefore less sensitive in detecting autism features among females [6, 11-17].
Moreover, culture-related gender developmental differences may contribute mask-
ing social difficulties (females are culturally expected as being shy) and atypical
behaviors in females. Thus, these symptoms are later identified as related to the
condition of ASD [3, 18].

What may influence age of diagnosis within sex/genders:

Research issues: DEVELOPMENTAL LEVEL OF TYPE OF
SOURCE OF THE SEX/GENDER IMPAIRMENT SYMPTOMS
SAMPLE DIFFERENCES EVALUATED
- -low cognitive skills leads to -SOCIAL BEHAVIOR: better social
'C!'"'Cal sa.mp!es gno?]/ ‘r;?izz:zergean:;erss earlier diagnosis; skills or greater impairment within
-High/low risk infants P 9 -high cognitive skills implies later females?

the presence of a
neurodevelopmental
disorder

diagnosis -RESTRICTED AND REPETITIVE
BEHAVIORS: less atypical or equal
level in comparison to males?

Fig. 1.1 Main factors with a possible influence on sex/gender difference in ASD onset
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“Setting the scene for future research’” is a critical issue as suggested by Lai et al.
[3] trying to understand the implications from the actual research on sex/gender and
ASD, in order to contribute to the design of future studies. In particular, the authors
identified the need of using representative sample size of both sexes/genders as one
of the main methodological concerns in gender research. Most of the studies, in
fact, include a number of female participants according to the wide male—female
ratio 4:1, leading to male-biased study [3]. In these terms, research may be in some
ways responsible for the prevalence rate.

1.3  IsThere Any Sex/Gender Difference in Autism
Symptoms’ Onset?

How ASD symptoms appear/arise/come out in early infancy is variable, and differ-
ent clinical patterns have been identified as a possible way of ASD onset [19] (see
Table 1.1). Even if ASD prevalence is significantly higher in males in comparison to
females, this aspect may not reflect a sex/gender difference in the emergence of
autism symptoms in early childhood [3]. However, despite the growing interest in
defining an autism female phenotype, few researches have specifically investigated
if there are evident sex/gender differences in early autism manifestations [20-24].

Some studies including infants and toddlers with ASD did not reveal significant
sex/gender differences at these early stages of life [23, 25, 26]. In contrast, other
researches identified better social communication skills and reduced RRBs as char-
acteristics of young females with ASD in comparison to their male counterpart [24,
9]. Others found equal level of RRBs within sex/gender in early infancy but greater
impairment of social skills [27].

These varied findings lead to a huge confusion, which has been attributed to
clinical and research issues such as broad age ranges of the samples (6 months—5 years
of age) with a possible influence of developmental issues on the autism manifesta-
tions rather than reflecting a specific gender phenotype [27]. For example, studies
conducted on early infancy samples may hardly capture sex/gender differences in
RRBs: Are children too young to show significant differences in the symptoms’
manifestation [26]?

As a matter of fact, an important point is whether developmental sex differ-
ences may influence gender comparisons regardless of the presence of a neurode-
velopmental disorder. In regard to this, a Baby Siblings Research Consortium study
conducted on a sample of 1824 infants (including 1241 high-risk siblings, 583

Table 1.1 Based on Rogers [20], Pearson et al. [21] and Boterberg et al. [22]

Congenital | Plateau Regression Mixed
ASD Emergence | Early milestone | Attainment of Pattern of
SYMTPOMS’ONSET | of atypical | achievement developmental early delays

behaviors in | followed by a milestones followed | followed by

the first developmental by a regression/loss | later loss

year of life | plateau of skills
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low-risk)—evaluated at different age time (18, 24, 36 months)—examined sex dif-
ferences in the development of ASD symptoms and in cognitive skills.

Interestingly, the authors found that, regardless of the condition of risk (high or
low) and outcome (ASD/non-ASD), lower levels of cognitive functioning and
higher levels of restrictive and repetitive behaviors emerged within males in com-
parison to females. Thus, this study suggests that “early sex differences are not
autism specific” but mirror a sex-related variability not linked to the neurodevelop-
mental disorder [28].

Moreover, not only age—and subsequent developmental issues—but also source
of the sample (clinical, high/low-risk individuals) may be responsible for the varied
and inconsistent results actually characterizing sex/gender research. In fact, it is
necessary to specify that most of the studies were conducted on clinical samples
(infants and toddlers already diagnosed with ASD) [23, 24, 27] and few on cohorts
including high-risk infant samples (i.e., siblings of ASD individuals) [29, 30]. In
regard to studies conducted on clinical samples, Lawson et al. [27] examined (across
time) sex/gender differences in early autism clinical manifestations and cognitive
development in a very young community-ascertained sample of toddlers with ASD
aged from 24 to 48 months. More social communication impairment emerged
within females in comparison to the male counterpart.

When sex/gender differences were examined within high-risk infant cohorts,
higher social skills better characterized females (i.e., increased attention to social
stimuli) in comparison to male peers.

However, also results obtained from high-risk cohort studies—due to the fact
that they include siblings—cannot reflect ASD as a whole but withstand underlying
genetic mechanisms linked to ASD multiplex families.

Therefore, actual research on the topic does not clarify whether ASD symptoms
differently emerge within sex/gender, but it has focused its attention on a possible
female phenotype in early infancy characterized by less RRBs and better social
skills (see Chap. 2). However, further studies are necessary in order to better inves-
tigate and understand this puzzling issue.

Specifically concerning social behavior, atypical attention to social stimuli is
considered an important attentional and behavioral issue of ASD risk in early child-
hood [29, 31]. In this context, eye-tracking technology represents the main objective
way to measure these abilities, in particular the attentional patterns [32].

What we have learned from eye-tracking studies is that toddlers with ASD or at
risk for this condition present less attention to social targets and stimuli (faces of
interactive people, objects attended by others, activities performed by interactive
partners) [32].

Preliminary eye-tracking research shows that sex/gender differences may exist in
ASD children specifically concerning social attention [33-35]. Of particular inter-
est, an eye-tracker prospective research (experimental study of social attention) sug-
gests that, in early infancy (6 and 12 months of age, period during which social
cognitive skills are expected to develop), females at high risk for ASD (siblings of
ASD children) are characterized by a “social advantage” consisting of increased
attention to socially relevant targets such as faces, in comparison to males with the
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same risk of ASD and peers of both genders with lower risk [29]. Interestingly,
high-risk females were characterized by a greater attention to social stimuli also in
comparison to females at low risk of ASD. This neurobehavioral finding, even if
preliminary, is in line with clinical researches reporting better clinical social skills
in females later diagnosed with ASD (social camouflage theory).

Noteworthily, differences in social attention at early stages of life may be respon-
sible for developmental trajectories, predicting later behavioral outcome [29, 36].
For example, less attention to social scenes in toddlers with ASD was related to poor
cognitive and language outcome at 3 years [36].

In fact, given the relevant role of social attention in learning derived from experi-
ence—with subsequent effect on shaping the cognitive system—the existence of
sex/gender differences in social attention in early infancy may influence develop-
mental trajectories [37]. In this context, further research specifically investigating
sex/gender differences in the development of social attention within population at
risk for ASD is necessary in order to better understand if such female social advan-
tage in early infancy corresponds to a different developmental trajectory in terms of
ASD symptom severity and comorbid conditions.

Finally, as reported in previous paragraphs, different patterns of ASD onset may
occur (Table 1.1), including “regression” (meant as a loss of acquired skills—not
specifically defined in terms of onset time and type of ability) occurring in 32% of
cases, which represent one of the main parental concerns. However, no sex/gender
differences have been reported specifically concerning this way of onset, or this
issue has not been deeply investigated yet [20].

Noteworthily, a study investigating if the initial impression (5-min observation
of toddlers presenting for an ASD evaluation) of expert clinicians matched the final
ASD diagnosis did not find sex/gender differences in its results (ASD diagnosis
matched in 92% of cases) [19]. These findings highlight the fact that being female
or male did not significantly influence the match between first impression and diag-
nosis of clinicians who are expert in the field. Thus, sex did not make more difficult
“diagnosis at a glance in 5 min” within their very young sample. However, age and
developmental aspects should be taken into account before going to conclusions. In
fact, the study included toddlers referring for an ASD evaluation at very early age
(part of a multicenter screening project), more likely affected by evident atypical
features in comparison to children who later refer for mild socio-communicative
difficulties, which could necessitate an evaluation longer than 5 min for a correct
diagnosis.

1.4 Conclusion

We are still far away from understanding with certainty why the male prevalence of
ASD is significantly higher in comparison to female and if a sex/gender pattern of
ASD symptom onset—independently or not from developmental sex differences—
exists indeed.
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However, even if most of the questions addressed in this chapter remain unan-

swered, we can affirm that the greater awareness of a “female diagnostic challenge”
is leading to a greater consciousness of families, teachers, researchers, and clinicians.

Key Points

ASD prevalence is significantly higher in males in comparison to females.

Main question is if females are later diagnosed or misdiagnosed.

A more severe clinical profile with associated intellectual disability leads to ear-
lier diagnosis.

A sex difference in the emergence of autism symptoms in early childhood has
not been concordantly reported.

Developmental sex differences may influence gender comparisons regardless of
the presence of a neurodevelopmental disorder.
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2.1 Introduction

The existence of a specific “female phenotype of autism” has been proposed during
the last few years, suggesting that the female diagnostic challenge may be mediated
by two distinct factors contrasting but not mutually exclusive.

On the one hand, a female protective effect (FPE theory) has been hypothesized,
which implies an innate protective factor in females, according to which they require
a greater environmental and/or genetic load than males to express the same degree
of autistic characteristics [1].

On the other hand, it has been proposed that diagnostic biases (employment of
male-biased instruments; male-focused diagnostic criteria) contribute to delayed
diagnosis or even missed diagnosis in females [2, 3].
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Understanding and recognizing female autism phenotype are necessary to allow
early identification and diagnosis of autistic females and to develop sex/gender-
appropriate intervention for ASD.

In this chapter, we explore sex/gender differences in phenotypic presentation of
ASD, focusing on the two core symptoms according to the DSM 5 TR [4, 5]: social
communication, social interaction abilities, and restricted and repetitive behav-
iors (RRBs).

2.2 Social Communication and Social Interaction Skills

One of the main questions the research is attempting to answer within ASD is
whether there are—and how are they influenced by—sex/gender differences in
socio-communicative skills (Table 2.1).

Table 2.1 Persistent deficits in social communication and social interaction across multiple con-
texts (Autism Spectrum Disorder, Domain A, DSM 5 TR [5])

Al. Deficits in social-emotional ¢ Unusual social initiations (intrusive touching,
reciprocity licking of others)

Ranging from abnormal social approach Use of others as tools

and failure of normal back-and-forth One-sided conversation/monologues
conversation through reduced sharing of Impairment in join attention

interests, emotions, and affect and Lack of showing or pointing out objects to other
response to total lack of initiation of people

social interaction Failure to share enjoyment, excitement, or
achievements with others
Indifference/aversion to physical contact and
affection

Abnormal prosody, rhythm, intonation, or

A2. Deficits in nonverbal communicative

behaviors used for social interaction volume in speech

Ranging from poorly integrated, verbal * Inability to coordinate eye contact or body

and nonverbal communication, through language with words

abnormalities in eye contact and body » Impairment in the use of facial expressions

language, or deficits in understanding and (limited or exaggerated)

use of nonverbal communication, to total | ¢ Impairment in the use and understanding of

lack of facial expression or gestures gesture (i.e., nodding/shaking head, pointing,
waving) or posture (i.e., facing away from a
listener)

A3. Deficits in developing and
maintaining relationships, appropriate

Inability to take another person’s perspective
Unaware of social convention and appropriate

to developmental level (beyond those social behavior (ask socially inappropriate
with caregivers) questions)
Ranging from difficulties adjusting * Inappropriate expression of emotion (i.e.,

behavior to suit different social contexts laughing or smiling out of context)

through difficulties in sharing imaginative Withdrawn, lack interest in peers

play and in making friends to an apparent Has an interest in friendship but lacks

absence of interest in people understanding of the convention of social
interaction (i.e., extremely directive or rigid;
overly passive)
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2.2.1 AreThere Sex/Gender Differences
in Socio-Communicative Skills?

Females on the spectrum—even if displaying a social impairment in comparison to
females with typical development—generally exhibit greater social skills when
compared to autistic males such as greater desire and awareness of social interac-
tions, tendency to imitate others, compensatory strategies masking difficulties in
relationships, better language abilities, and greater imagination [6, 7]. Better social
skills of females may contribute to the lower rate of ASD diagnosis in girls or at
least they may be responsible for the masked behavioral difficulties [2, 8].

Currently, scientific evidence shows that among factors influencing sex/gender
differences within ASD, there is mainly the level of impairment and subsequently
the degree of support needed.

Age of first parental concern (early or late childhood and adolescence) may be
linked to the level of their daughters’ social impairment. As a matter of fact, girls
who refer for a clinical assessment during toddlerhood/early childhood are charac-
terized by a greater impairment in engaging social interaction and in reciprocal
social communication [9]. On the other hand, females of same age with less social
difficulties and showing higher levels of social motivation (i.e., greater desire to
form friendship) may be missed during routine surveillance [9]. These girls will
probably undergo psychiatric assessment during school age and/or adolescence [6,
8]. As a matter of fact, given that as age increases, the social demand rises, girls who
have masked their difficulties until scholar age/adolescence might probably exhibit
a social impairment—still less evident in comparison to autistic males—at this
stage of life.

Specifically considering scholar age, females are more likely to show greater
ability to engage in reciprocal conversation, to initiate friendship, and to share inter-
ests [6]. Furthermore, girls show greater abilities to adapt behaviors in public across
different situations compared to boys including larger social setting and school
environment (i.e., monitoring volume of voice, avoiding socially inappropriate
comments) [2, 6, 10]. This sex/gender socio-communicative profile persists at older
ages (adolescents and young adults), when female adolescents in the spectrum
report a better friendship quality and empathy in comparison to autistic males [8]
(Fig. 2.1).

Overall, these aspects may make cognitive-able females less likely to be identi-
fied at all stages of life, leading to late diagnosis, prejudicing them from receiving
appropriately targeted health care, early intervention, and educational resources.

2.2.1.1 Sex/gender differences related to the level of support needs
Level of functioning (actually defined with the level of support needs) in autism
spectrum disorder represents a crucial point on the definition of the autistic pheno-
type, influencing the determination of sex/gender differences between male and
female [6].
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FEMALE AUTISM PHENOTYPE

Repetitive Behaviours

Restricted Interests (RRBs)

Social Communication
and
Soclal Interaction Skills

Low support needs ASD
QI>70

FEMALE vs MALE
Better social skills:
Greater ability to engage in
reciprocal conversation and
sharing of interests, integrate non-
verbal and verbal i

High support needs ASD
Q<70

FEMALE vs MALE
No significant qualitative
differences
in their phenotypic
expression

Low support needs ASD
QI>70

High support needs ASD
Q<70

HIGH-ORDER RRBs

LOW-ORDER RRBs

Circumscribed interests,
nonfunctional routines or rituals,
insistence on sameness

Trunk and limb movements, hand and
finger flicking, rocking, or tapping or
with involvement of objects

‘maintain a reciprocal conversation,

FEMALE

FEMALE vs MALE
No significant qualitative

and be able to initiate friendships,
adjust behaviours in public across
different situations

- Horses, Pet

- Dinosaurs
- Trains

- Computers

- Number, Letters

differences
in their phenotypic
expression

- Pop-star
- Fashion
- Literature

Fig. 2.1 Sex differences in symptom domains of ASD: Social Communication Skills and RRBs

Evidence of sex/gender differences in the social and communication domain
may be related to different levels of support needs (Fig. 2.1). Indeed, during child-
hood and adolescence, both ASD males and females with high support needs did not
show significant differences from each other in socio-communicative domain [11],
reflecting overlapping profiles between males and females [12] (Fig. 2.1).

On the other hand, autistic females with low support needs, who possess strong
social skills compared to males, require greater impairment of other core symptoms to
obtain a diagnosis. Although it is currently estimated that four males are diagnosed
with ASD for every one female [13], gender ratios have been seen to begin to decrease
if individuals with intellectual disability are considered, making the differences
between sexes/genders less apparent. These findings suggest that in individuals requir-
ing a lower support, there may be a high portion of ASD females who go unnoticed,
raising the added complexity of determining who should receive a diagnosis [2, 8].

The apparent better social functioning of autistic females compared to autistic
males suggests that females may show a superficial understanding of appropriate
social etiquette, and they may be able to mask their deficits through imitation and
mimicry [14].

These findings could be explained by the “camouflage hypothesis” proposed by
Wing [15] that refers to the use of conscious or unconscious strategies that allow
females with ASD to develop social skills and coping mechanisms to blend in or
camouflage themselves into society, obscuring a likely diagnosis of ASD, even
though there may be other indications of the condition (see Box 2.1). Although
camouflaging is an adaptive mechanism, it may enclose several negative implica-
tions, such as misdiagnosis, late diagnosis, or underdiagnosis that can prevent from
adequate or timely intervention [16].

Therefore, the apparent advantage showed by autistic females over males may
partly explain gender ratio (M:F = 4:1) within ASD. Understanding and recognizing
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the social female phenotype of ASD and the camouflage hypothesis may be useful
to reconsider in a sex/gender prospective the social communication diagnostic cri-
teria. This could allow to diagnose a larger number of females leading to a prompt
and adequate intervention [8].

2.3 Repetitive Behaviors and Restricted Interests

Restricted and repetitive behaviors (RRBs) are core symptoms of autism spectrum
disorder, but they are not unique to children with autism; indeed, they can be found
in children with other neurodevelopmental disorders, such as intellectual disability
and language disorders, and also in other psychiatric conditions (i.e., obsessive—
compulsive disorder) [17]. RRBs are also common during early typical develop-
ment, but what makes the RRBs of children with typical development different from
those RRBs exhibited by autistic individuals is their intensity [18]. RRBs have been
found to be one of the earliest signs exhibited by infants later diagnosed with ASD
and early predictors of outcome [19].

In Table 2.2, restricted, repetitive patterns of behavior, typical of ASD—regard-
less of sex/gender differences—are reported as stated by the DSM 5 TR [5].

Table 2.2 Restricted, repetitive patterns of behavior, interests, or activities (Autism Spectrum
Disorder, Domain B, DSM-5) with clinical examples

B1. Stereotyped or repetitive speech, motor | * Repetitive hand movements (i.e., flapping,
movements, or use of objects clapping)

Such as simple motor stereotypies, echolalia, Toe walking

repetitive use of objects, lining up toys or Unusually formal language (speaking like an
flipping objects, or idiosyncratic phrases adult)

Repetitive vocalization, words, phrases, or
songs

Nonfunctional play with objects
Repetitively opens and closes doors or turns
lights on—off

B2. Insistence on sameness, excessive Excessively rigid, inflexible in behavior and
adherence to routines, ritualized patterns of | thought, and following specific unusual
verbal or nonverbal behavior, or excessive routines

resistance to change Inability to understand nonliteral aspects of
Such as motoric rituals, insistence on same speech (i.e., irony, implied meaning)

route or food, rigid thinking patterns, Overreaction to trivial changes

repetitive questioning, or extreme distress at
small changes

B3. Highly restricted, fixated interests that

Attachment to unusual inanimate object (i.e.,

are abnormal in intensity or focus piece of string, wire, rubber band)
Such as strong attachment to or * Excessive focus on nonrelevant or
preoccupation with unusual objects, nonfunctional parts of objects (i.e., car
excessively circumscribed or perseverative wheels)

interests Focused on the same few objects, topics, or

activities (i.e., planets, animals)

(continued)



