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Savant syndrome was described before autism. However, they soon became closely associated, as many of their symptoms (intellectual
disability, repetitive behaviors, alterations in social communication, and islets of abilities) overlap. Only a few women with autism have
been diagnosed with savant syndrome. The theories or hypotheses that attempt to explain savant syndrome, which are common in au-
tism, present differential treatment according to sex. We postulate that savant syndrome associated with autism as well as autism in gen-

eral is underdiagnosed in women.
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INTRODUCTION

Savant syndrome (SS) has been described in scientific lit-
erature since the late 19th century [1], long before autism was
described [2]. Although SS has a very low prevalence (0.06%
in the United States [3] and 0.14% in Finland [4]), it has gained
great interest as individuals with SS have above-average abil-
ities in various domains such as memorization, calculation,
map interpretation, musical composition, and artistic facul-
ties, which are related to synesthetic sensory alterations [5].
These skills are also referred to as splinter abilities, as they are
not linked to general ability and/or not displayed in an oper-
ational or functional manner. Thus, Miller’s definition [6] of
SS, “people with developmental disability displaying skills at
a level inconsistent with their general intellectual function-
ing,” seems appropriate.

There is a disharmonic and seemingly paradoxical devel-
opment of special abilities and skills in SS, in which people
with evident neurological problems show islands of genius
[7] or special isolated skills (SIS). SS has been inextricably
linked to autism [8], to the point that in the Autism Diag-
nostic Interview-Revised (ADI-R), the presence of SIS has
been referenced as a clinically significant symptom of autism
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spectrum disorder (ASD) [9]. SIS are defined as discrepan-
cies between levels of general adaptive functioning and per-
formance of particular skills. The discrepancies may be be-
low, equivalent to, or above the average performance levels
of the general population [9].

ASD is a neurodevelopmental disorder characterized by
core deficits in the social-communicative domain, restricted
interests, and repetitive behaviors [10-12]. As for all neurode-
velopmental disorders, the first symptoms should be clini-
cally significant in the first years of life (before 3 years of
age). However, in the absence of biological markers, diagno-
sis of ASD becomes particularly complex [13] and may be
delayed, or even not made until adulthood in some cases. In
addition, owing both to the high heterogeneity of symptoms
associated with ASD and to comorbidity with other disor-
ders, the core symptoms of autism may be masked. Moreover,
individuals without intellectual disability (ID) [14,15], wom-
en [16,17], and racial and ethnic minority youth [18-20] are
more likely to be diagnosed later in life. Comorbidity with
other congenital and acquired neurological disorders besides
ASD includes epilepsy, brain injury, and diseases involving
the left frontotemporal area [21].

It has been controversial whether to consider SS as a sub-
type of ASD or as an independent syndrome. Heaton and
Wallace [22] considered that autism, as a continuum, is in-
separably associated with SS; and that consequently, those
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with SS suffer from many of the difficulties presented in ASD
and vice versa. In contrast, Treffert and Rebedew [23] sug-
gested that it is a mistake to consider SS as a symptom asso-
ciated solely with autism. There is no consensus on this is-
sue, given that although 1 of 10 people with autism have SS,
this only represents 50% of the cases of SS [24-26].

SS is also associated with symptoms of ID, independent
of or associated with ASD, other disorders, or alterations in
the central nervous system (CNS), and very few people with
SS do not present significant concurrent symptoms. Treffert
and Rebedew [23] registered 319 individuals with SS, 75% of
whom had autism and/or other CNS disorders. Forty-five
percent of them had more than one special ability, most fre-
quently in art, memory, mathematics, calendar calculation,
language, mechanics and spatial vision, athletics, and com-
puter science; thus, people with autism sometimes present
some spectacular abilities that often contradict their general
profile, as they tend to fail simple tests of theory of mind [27].
Howlin et al. [28] noted that the prevalence of savants with
autism may be high, as almost 30% of clinical cohorts in their
study showed outstanding abilities. Treffert and Rebedew [23]
noted that only 90% of those with SS had a congenital etiol-
ogy, and 95% of them had ASD or some type of pervasive
developmental disorder as described in the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition (DSM-
IV) [29,30]. According to these data, we can maintain the
hypothesis that SS is an extreme form of ASD.

Our study of SS aims precisely to find an explanation for
the large difference in the proportion of sexes, which is even
more pronounced in SS than in ASD. To achieve this, we con-
duct a scoping review of the scientific literature on the rela-
tionship of SS with sex.

ASD AS A CONTINUUM

The fifth, and current, edition of the DSM (DSM-5) [10,11]
formally recognizes autism as a spectrum, providing a frame-
work for conceptualizing autism as a continuum that spans
several subclinical levels. Consequently, ASD is now under-
stood as having a higher level of heterogeneity in phenotyp-
ic manifestations associated with a great variability in intel-
lectual [31] and linguistic [32] developmental levels, intra-
individual discrepancies in cognitive profiles [33], and a large
co-occurrence of symptoms or comorbidity with other neu-
rodevelopmental or psychiatric disorders [34,35]. Therefore,
classifications were set owing to this great heterogeneity; for
example, the World Health Organization [12] classifies peo-
ple with autism with ID or without it, and according to the
linguistic level. This classification can help in determining
support needs, but does not help in determining the nature
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of the disorder or its future evolution. Moreover, according
to the nature of the etiology, ASD is classified into two large
groups: disorders of idiopathic etiology and those of syn-
dromic etiology [36,37]. However, syndromic etiology ac-
counts for only 25% of ASD cases [38]. Another issue that can
shed light on subsequent discussions is differentiating autism
as a disorder/condition from autistic symptoms/traits. Au-
tism is a neurodevelopmental disorder that occurs at birth,
although symptoms show during the first years of life. The
main symptoms described are low interest in events occur-
ring in one’s environment, poor or nonexistent social inter-
action, low response or no communicative interest, rigidity,
and desire for environmental invariance [39]. The clinical
significance of this disorder lies in that these initial symp-
toms affect the normal development of the child, thus gen-
erating a cascading disorder that limits a person’s life at the
educational, occupational, and social levels.

In contrast, autistic traits may also be present in other dis-
orders and in the general population. Autistic traits can have
different origins, including motor limitations [40], early so-
cial deprivation [41], and sensory [42]or new social habits as
excessive exposure to digital devices [43]. Thus, a non-autis-
tic deficit following a disharmonious developmental pattern
may cause autistic traits to emerge or may exacerbate symp-
toms in people with autism. This combination may be ex-
plained by the bidirectional influence of the external envi-
ronment and neurodevelopment [44,45], and it may underpin
the emergence of broad autistic phenotypes or help in de-
scribing individuals as having autistic traits or sub-threshold
symptoms of autism.

AUTISM AND SIS

Currently it is estimated that 67%-70% of individuals with
autism do not have IDs [46,47]. Approximately 50% are es-
timated to possess intellectual potential for higher education
[48]. Moreover, some of them are missed in the clinical diag-
nosis phase or camouflage their symptoms [49,50]. Although
there is no diagnostic label for this group, they are referred to
as having high-functioning autism [51]. This can be referred
to as Asperger’s syndrome or ASD with level 1 severity. Some-
times, individuals with autism show SIS that usually con-
flicts with their social deficits or problems in adaptive be-
havior and activities of daily living. Many of them possess
exceptional skills in mathematics, science, or art [52-54]. These
special skills, such as hyperlexia, are often related to areas of
restricted interests; therefore, overlearning, repetition of cer-
tain behaviors, or dedication to the same task may lead them
to develop a skill at a level above that of the average population.

Consequently, increased social-communicative impair-



ments, repetitive behaviors, seasonality, and sensory abnor-
malities do not necessarily indicate the existence of special
skills. However, skilled individuals demonstrate a domain-
general capacity for highly focused attention and outstand-
ing general memory skills (mainly working memory assessed
with digit span) [55]. Happé and Vital [56] suggested that the
lack of interest in the social world and its interactions frees
up cognitive resources and time to nurture and grow skills
related to the restricted interests observed in individuals
with autism. Studies on the presence of SIS in individuals
with autism show that they are relatively frequent in the au-
tistic population (62.5% of people with autism present some
special abilities) and increase with increasing intelligence
and age [57]. This suggests that these capabilities develop on
the basis of a trajectory strongly influenced by biology, ex-
perience and social, economic, and academic contexts. This
has led to the perception of an association between autism
and SS at both popular and media levels.

Although autism does not account for 100% of SS cases,
the relationship of SS symptomatology with autism is evi-
dent. This may be because SIS development is reinforced by
ASD because of its characteristics including mental rigidity
and processing style. This distinguishes it from other neuro-
degenerative disorders [6,22]. Treffert [58,59] characterized
SS in terms of its relation to both ID and autism and estimat-
ed that only 1 of 1400 people with ID show SS. All individu-
als with SS show alterations in the CNS [23], while people
with autism frequently show alterations in the prefrontal
cortex. This results in deficits in the regulation of behavior
and thoughts [60], planning (setting goals and developing
coordinated actions to achieve them) [61-63], and executive
functions.

The prevalence of SS is low, which makes it difficult to
conduct differential studies. Differential psychological pro-
file studies have been conducted with people with autism
with or without SS but showed no differences between them
[28,55,64]. Although differential studies are scarce and have
very small sample sizes, it is conceivable that there may be
numerous clinical and subclinical forms of autism.

Studies conducted by Treffert and colleague [23,58,59]
comprised cases diagnosed before the introduction of the
DSMS-5 criteria. Consequently, it is possible that some indi-
viduals with SS that were not diagnosed with ASD at that
time would now fall under the autism spectrum. The report-
ed non-autistic people with SS had lesions in the frontal and
prefrontal areas. These lesions are common in people with
autism.

A common factor between SS and ASD is the low rate of
cases reported in women. The current prevalence of ASD is
estimated to be 1%—2% [65], with higher proportion of cases
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among men, with various estimated ratios between sexes of
3:1 [66], 4:1 [67,68], and 5:1 [69,70]. However, if we analyze
the prevalence data according to symptom severity, the dif-
ference decreases [71]. For example, if we consider only the
prevalence of ASD accompanied by ID, the sex difference
significantly decreases (2:1) [72]. In contrast, when the study
refers to a population with high-functioning ASD (ASD/AF)
or Asperger syndrome (AS), the prevalence figures accord-
ing to sex vary markedly, reaching ratios of 9:1 or 10:1 [73,74].
However, recent mathematical modeling studies [75] have
proposed a ratio of 3:4 as more appropriate in describing the
sex distribution of the adult population with autism. More-
over, the same study has suggested that 80% of women with
ASD remain undiagnosed at the age of 18 years. Is it possi-
ble that women with ASD and SIS have gone unnoticed? Two
hypotheses make this possible.

1) The existence of some type of sexual dimorphism in
ASD, for which a multifactorial theory has been postulated,
involving genetic variants and environmental factors. These
factors interact with characteristics specific to the female sex,
including hormones and immune functions, and generate
protective factors against the development of common fea-
tures of ASD in women [76-79].

2) Low detection or diagnosis of ASD in women due to a
sex bias in the diagnostic tools [17].

Sex differences may also be related to the definition of SS
or ASD according to SIS. Explanatory theories of autistic traits
must be reviewed from the perspective of sex to understand
this phenomenon. In particular, we consider the theories of
hyper-systemization, selective attention, executive function,
and central coherence.

HYPER-SYSTEMIZATION THEORY

One explanation of sex differentiation is the Hyper-sys-
temization Theory [80]. According to this theory, the hu-
man brain is primed to respond to environmental changes
that can be intentional or unintentional. In the case of unin-
tentional changes, the brain may deploy empathic mecha-
nisms to predict consequences or look for systematic struc-
tures to explain the changes. The autistic mind presents very
high systematization mechanisms, thus explaining the resis-
tance to change and preference for predictable, routine
tasks or mechanisms such as mathematics, repetition, ro-
tating objects, music, and collections over less predictable
tasks such as social interaction, conversation, and emotional
responses. Based on the relationship between empathy and
systemization, Baron-Cohen [80] established an explanatory
theory of autistic behavior closely related to sex differentia-
tion [81]. It is based on the etiological hypothesis that the
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presence of elevated levels of testosterone in the amniotic
fluid of mothers would promote the development of the fetal
brain towards a greater capacity for systemization, thus in-
creasing masculine traits.

SELECTIVE ATTENTION AND
EXECUTIVE FUNCTION

Selective attention is a central component of cognitive func-
tioning [82]; the ability to focus on certain aspects of the en-
vironment is crucial, —taking into account the limitations of
our brains and sensory systems— to avoid continuous stim-
ulus bombardment [83]. Extended selective attention is a
common dysfunction in autism due to the cognitive rigidity
[84]. This form of attention is caused by an abnormal devel-
opment of the parietal and temporal areas of the brain, which
generates an alteration in complex representations and an
increase in reaction time to complex stimuli. According to
Waterhouse et al. [84], the disorganization of the parietal
and temporal multisensory regions could explain extraordi-
nary visual and auditory memory. Extraordinary amnesic
capacity is a common ability in SS. This loop of sustained se-
lective attention to predictable stimuli leads to the emergence
of certain islets of exceptional skills. Sex differences between
selective attention and other cognitive skills have been doc-
umented [85]; however, replication studies in autistic popu-
lations are scarce [86]. Aspects of social cognition (social at-
tention) are the most productive, suggesting that women
with ASD may have a social advantage over men with ASD,
as they demonstrate more normative social patterns [87].

The neuropsychological profiles of people with ASD may
differ according to sex. In particular, a deficit in response in-
hibition implies impulsivity, risk-taking, and general execu-
tive dysfunction. A study by Lemon et al. [88] showed that
other sex differences may also exist, demonstrating that
women with autism show poorer behavioral inhibition in
the stop task than men with autism.

CENTRAL COHERENCE

Weak central coherence is a common cognitive feature of
individuals with autism. According to Frith [89], people gen-
erally tend to perceive environmental stimuli in a gestalt and
global manner, whereas people with autism pay more atten-
tion to isolated details than to the global composition of the
incoming stimulus. This altered processing of incoming in-
formation explains some special abilities, such as sequential
memory [24] and deficits in categorization or conceptualiza-
tion [90]. The ability to form coherent sets of information
involves considering the context and how objects are related
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to each other. It is a process of synthesizing information that
facilitates communication and makes it coherent. Perceiving
each object separately or as unrelated parts requires more
cognitive resources. According to this theory, individuals
with autism can develop exceptional skills in tasks that in-
volve paying attention to local information (i.e., fragmented
processing). This ability explains the interest of some indi-
viduals with autism in computer code-controlled tasks.

This special form of information processing directed at
certain partsrather than the whole can result in exceptional
skills such as drawing exact replicas of models or detecting
errors in listings of computer software codes.

SEX AND SS

Regarding the relationship of SS with sex, the lack of pub-
lished studies is striking [7], sex differences are rarely even
mentioned. Although some cases of women with SS have
been reported with a symptomatology similar to that of men
[91], the proportion of women with SS is much lower than
that of men. Studies show male-female ratios/proportions of
7:1 [92] (78% [4], 82.05% [28], or 85% of men [3]), higher
than that in ASD (4:1); however, several studies [56,28] sug-
gest that when reported by parents, this difference is smaller
in childhood.

The extreme male brain hypothesis [81] attempts to ex-
plain the preponderance of men in autism and the overrep-
resentation of men in the high and low extremes of cognitive
performance because of their better ability to systematize as
opposed to the better ability of women (both normatively
developing and those with AS) to empathize [93]. Howev-
er, no relationship between musical or mnemonic skills and
systematization performance has been demonstrated [94].

Geschwind and Galaburda’s [95,96] theory of cerebral lat-
eralization is an alternative explanation, also from a physio-
logical perspective. It postulates that the difference in preva-
lence according to sex could be because of the later maturation
of the left hemisphere in males, that would expose it to intra-
uterine circulating testosterone at very high levels. This could
slow down its development and promote a compensatory
growth of the right hemisphere. The “left brain injury/right
brain compensation” hypothesis, supported by Treffert [26],
suggests that most individuals with SS exhibit this phenom-
enon due to a damage or impairment to the left hemisphere
of the brain, resulting in right brain compensation. This the-
ory is further supported by imaging findings, as well as the
skewed ratio of male to female savants [7].

This hypothesis is also supported by the difference in male/
female prevalence in other neurological and psychiatric dis-
orders, as well as by the left hemisphere dysfunction fre-



quently present in individuals with autism, dyslexia, language
problems, stuttering [26,58], learning disorders, giftedness,
and immune deficits [97]. However, empirical evidence has
not fully corroborated this hypothesis [98,99].

Finally, more recent work [100-102] has proposed “camou-
flage hypothesis” to explain the lower apparent prevalence of
ASD in women, suggesting that women successfully mask
some of the autistic symptoms in their daily lives or jobs, pos-
sibly because of a process of differential enculturation by sex.
Along these lines, McCrossin has recently [103] developed
an inductive prediction model for ASD prevalence in adults
(>18 years old) based on a study of 1711 cases and has con-
cluded that the true male-to-female ratio should be close to
3:4, where 80% of women with ASD would have remained
undiagnosed.

CONCLUSION

Islets of exceptional abilities are common in SS and ASD
to the extent that they are considered a feature of ASD in di-
agnostic tools, such as ADI-R. Various theories have explained
this phenomenon. Similarly, interest restriction and social
reinforcement of special abilities may also explain the devel-
opment of these islands in a more behavioral way.

Therefore, SS and ASD are intrinsically related and have
similar diagnostic problems. Typical diagnostic tools are
based on the observation of externalizing symptoms, which
are more frequent in men. In contrast, these instruments may
have a low sensitivity in the early detection of autism in wom-
en. Moreover, this could explain the failure of detection of
autism in the supposedly SS “non-autistic” women. The co-
morbidity of ASD with other neurodevelopmental disorders
is one of the reasons for the delay in the diagnosis of ASD.
Therefore, until reliable biomarkers are found, it is necessary
to conceptualize autism as a condition to be treated indepen-
dently from the future diagnostic label, as guided by DSM-5
with the use of the provisional category of global develop-
mental disorder.

The concept of the spectrum introduced by DSM-5 ac-
commodates the syndromes that exhibit difficulties in the
domain of communication or social interaction, restricted
interests, or repetitive behaviors as common denominators.
ASD is defined as a cluster of neurodevelopmental disorders,
and it is accepted that SS is part of this spectrum, except for
the rare cases of supervening brain damage. This assertion is
supported by the fact that most of the cases described as SS
in the literature are adults, and it is possible that the diag-
nostic tools for ASD are not sufficiently sensitive or that the
symptoms are obscured by other more externalizing and ob-
vious symptoms. However, it is obvious that the autism spec-
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trum cannot be expanded indefinitely.

It is our contention that ASD is under-diagnosed in wom-
en, due to the relationship between SS and ASD. Mathemat-
ical prediction models show much higher proportions of
children than do epidemiological studies. If the number of
women with high-functioning autism (without ID) diagnosed
after the age of 18 years increases, it is expected that the num-
ber of women with SIS will also increase. However, it must
tirst be clarified whether SS is a syndrome independent from
ASD or a subtype (ASD-Savant). Therefore, more research
is needed to determine the differences and similarities be-
tween SS and ASD or, if appropriate, the development of ASD
typologies according to ability profiles and the under-repre-
sentation of women in both syndromes.

Availability of Data and Material

Data sharing not applicable to this article as no datasets were gen-
erated or analyzed during the study.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Author Contributions

Conceptualization: Esperanza Navarro-Pardo, Yurena Alonso-Esteban,
Francisco Alcantud-Marin. Investigation: all authors. Resources: Yurena
Alonso-Esteban. Supervision: Yurena Alonso-Esteban, Francisco Al-
cantud-Marin, Mike Murphy. Writing—original draft: all authors. Writ-
ing—review & editing: all authors.

ORCID iDs
Esperanza Navarro-Pardo  https://orcid.org/0000-0002-9355-2909
Yurena Alonso-Esteban  https://orcid.org/0000-0002-6715-4456
Francisco Alcantud-Marin https://orcid.org/0000-0001-6022-5437
Mike Murphy https://orcid.org/0000-0002-8379-3813

Funding Statement

None

REFERENCES

1) Muiioz-Yunta JA, Ortiz-Alonso T, Amo C, Ferniandez-Lucas A,
Maestu F, Palau-Baduell M. [Savant or idiot savant syndrome].
Rev Neurol 2003;36 Suppl 1:S157-S161. Spanish

2) Kanner L. Autistic disturbances of affective contact. Nervous
Child 1943;2:217-250.

3) Hill AL. Idiot savants: rate of incidence. Percept Mot Skills 1977,
44:161-162.

4) Saloviita T, Ruusila L, Ruusila U. Incidence of savant syndrome
in Finland. Percept Mot Skills 2000;91:120-122.

5) Neufeld J, Roy M, Zapf A, Sinke C, Emrich HM, Prox-Vagedes V,
et al. Is synesthesia more common in patients with Asperger
syndrome? Front Hum Neurosci 2013;7:847.

6) Miller LK. The savant syndrome: intellectual impairment and
exceptional skill. Psychol Bull 1999;125:31-46.

7) Treffert DA. The savant syndrome: an extraordinary condition.
A synopsis: past, present, future. Philos Trans R Soc Lond B
Biol Sci 2009;364:1351-1357.

8) Wallace GL. Neuropsychological studies of savant skills: can
they inform the neuroscience of giftedness? Roeper Rev 2008,

http://www.jkacap.org 121



Savant Syndrome and Sex

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)
22)
23)

24)

25)
26)
27)

28)

29)

30)

122

30:229-246.

Lord C, Rutter M, Le Couteur A. Autism diagnostic interview-
revised: a revised version of a diagnostic interview for caregiv-
ers of individuals with possible pervasive developmental disor-
ders. J Autism Dev Disord 1994;24:659-685.

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

American Psychiatric Association. Diagnostic and statistical
manual of mental disorders, 5th edition, text revision (DSM-5-
TR). Washington, DC: American Psychiatric Association;2022.
World Health Organization. International classification of dis-
eases (ICD-11). Geneva: World Health Organization;2018.
Crane L, Batty R, Adeyinka H, Goddard L, Henry LA, Hill EL.
Autism diagnosis in the United Kingdom: perspectives of autis-
tic adults, parents and professionals. J Autism Dev Disord 2018,
48:3761-3772.

Hosozawa M, Sacker A, Mandy W, Midouhas E, Flouri E, Cable
N. Determinants of an autism spectrum disorder diagnosis in
childhood and adolescence: evidence from the UK millennium
cohort study. Autism 2020;24:1557-1565.

Lewis LF. A mixed methods study of barriers to formal diagnosis
of autism spectrum disorder in adults. J Autism Dev Disord 2017;
47:2410-2424.

Green RM, Travers AM, Howe Y, McDougle CJ. Women and au-
tism spectrum disorder: diagnosis and implications for treatment
of adolescents and adults. Curr Psychiatry Rep 2019;21:22.
Navarro-Pardo E, Lopez-Ramon F, Alonso-Esteban Y, Alcantud-
Marin F. Diagnostic tools for autism spectrum disorders by gen-
der: analysis of current status and future lines. Children (Basel)
2021;8:262.

Daniels AM, Mandell DS. Explaining differences in age at autism
spectrum disorder diagnosis: a critical review. Autism 2014;18:
583-597.

Jo H, Schieve LA, Rice CE, Yeargin-Allsopp M, Tian LH, Blum-
berg SJ, et al. Age at autism spectrum disorder (ASD) diagnosis
by race, ethnicity, and primary household language among chil-
dren with special health care needs, United States, 2009-2010.
Matern Child Health J 2015;19:1687-1697.

Rivet TT, Matson JL. Review of gender differences in core symp-
tomatology in autism spectrum disorders. Res Autism Spectr
Disord 2011;5:957-976.

Hughes JR. A review of savant syndrome and its possible rela-
tionship to epilepsy. Epilepsy Behav 2010;17:147-152.

Heaton P, Wallace GL. Annotation: the savant syndrome. J Child
Psychol Psychiatry 2004;45:899-911.

Treffert DA, Rebedew DL. The savant syndrome registry: a pre-
liminary report. WMJ 2015;114:158-162.

Hermelin B. Bright splinters of the mind: a personal story of re-
search with autistic savants. London: Jessica Kingsley Publish-
ers;2001.

Treffert DA. The savant syndrome and autistic disorder. CNS
Spectr 1999;4:57-60.

Treffert DA. Extraordinary people: understanding savant syn-
drome. New York: Ballantine Books;2006.

Happé F, Frith U. The beautiful otherness of the autistic mind.
Philos Trans R Soc Lond B Biol Sci 2009;364:1346-1350.
Howlin P, Goode S, Hutton J, Rutter M. Savant skills in autism:
psychometric approaches and parental reports. Philos Trans R
Soc Lond B Biol Sci 2009;364:1359-1367.

American Psychiatric Association. Diagnostic and statistical
manual of mental disorders: DSM-IV. Washington, DC: Ameri-
can Psychiatric Association;1994.

American Psychiatric Association. Diagnostic and statistical
manual of mental disorders, 4th edition, text revision (DSM-1V-
TR). Washington, DC: American Psychiatric Association;2000.

31)

32)

33)

34

=

35)

36

=

37)

38

N

39

~

40)

41)

42)

43

=

44

=

45

=

46)

47)

48)

Munson J, Dawson G, Sterling L, Beauchaine T, Zhou A, Eliza-
beth K, et al. Evidence for latent classes of IQ in young children
with autism spectrum disorder. Am J Ment Retard 2008;113:439-
452.

Nevill R, Hedley D, Uljarevi¢ M, Sahin E, Zadek J, Butter E, et al.
Language profiles in young children with autism spectrum dis-
order: a community sample using multiple assessment instru-
ments. Autism 2019;23:141-153.

Mandy W, Murin M, Skuse D. The cognitive profile in autism
spectrum disorders. Key Issues Ment Health 2015;180:34-45.
Kuhlthau KA, McDonnell E, Coury DL, Payakachat N, Macklin
E. Associations of quality of life with health-related characteris-
tics among children with autism. Autism 2018;22:804-813.

Lai MC, Kassee C, Besney R, Bonato S, Hull L, Mandy W, et al.
Prevalence of co-occurring mental health diagnoses in the au-
tism population: a systematic review and meta-analysis. Lancet
Psychiatry 2019;6:819-829.

Artigas-Pallarés J, Gabau-Vila E, Guitart-Feliubadalé M. [Syn-
dromic autism: 1. General aspects]. Rev Neurol 2005;40 Suppl
1:S143-S149. Spanish

Balbuena F. [Etiology of autism: the idiopathic-syndromic con-
tinuum as explanatory attempt]. Rev Chil Neuro-Psiquiat 2015;
53:269-276. Spanish

Pallarés JA, Borja PD. Bases biologicas de los trastornos del es-
pectro autista. In: Alcantud-Marin F, editor. Trastornos del es-
pectro autista: deteccion, diagndstico e intervencion temprana.
Madrid: Piramide;2013. p.35-60.

Alcantud Marin F, Alonso Esteban Y. Trastornos del espectro
del autismo: bases para la intervencion psicoeducativa. Madrid:
Piramide;2022.

Christensen D, Van Naarden Braun K, Doernberg NS, Maenner
MJ, Arneson CL, Durkin MS, et al. Prevalence of cerebral palsy,
co-occurring autism spectrum disorders, and motor functioning
— Autism and developmental disabilities monitoring network,
USA, 2008. Dev Med Child Neurol 2014;56:59-65.

Kaku SM, Basheer S, Venkatasubramanian G, Bharath RD, Gir-
imaji SC, Srinath S. Social experiential deprivation in autism
spectrum disorders: a possible prognostic factor? Asian J Psy-
chiatr 2017;26:44-45.

Vermeulen P. Context blindness in autism spectrum disorder:
not using the forest to see the trees as trees. Focus Autism Other
Dev Disabl 2015;30:182-192.

Pouretemad HR, Sadeghi S, Badv RS, Brand S. Differentiating
post-digital nannying autism syndrome from autism spectrum
disorders in young children: a comparative cross-sectional study.
J Clin Med 2022;11:6786.

Gottlieb G. Developmental psychobiological theory. In: Cairns
RB, Elder GH, Costello EJ, editors. Developmental science. New
York: Cambridge University Press;1996. p.63-77.

Gottlieb G, Wahlsten D, Lickliter R. The significance of biology
for human development: a developmental psychobiological sys-
tems view. In: Lerner RM, Damon W, editors. Handbook of
child psychology: theoretical models of human development.
Hoboken, NJ: John Wiley & Sons, Inc;2006. p.210-257.
Christensen DL, Baio J, Braun KV, Bilder D, Charles J, Constan-
tino JN, et al. Prevalence and characteristics of autism spectrum
disorder among children aged 8 years—autism and develop-
mental disabilities monitoring network, 11 sites, United States,
2012. MMWR Surveill Summ 2016;65:1-23.

Maenner MJ, Shaw KA, Baio J, Washington A, Patrick M,
DiRienzo M, et al. Prevalence of autism spectrum disorder
among children aged 8 years—autism and developmental dis-
abilities monitoring network, 11 sites, United States, 2016.
MMWR Surveill Summ 2020;69:1-12.

Sanford C, Newman L, Wagner M, Cameto R, Knokey AM,
Shaver D. The post-high school outcomes of young adults with



49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

67)
68)

69)

disabilities up to 6 years after high school: key findings from
the national longitudinal transition study-2 (NLTS2). NCSER
2011-3004. Menlo Park, CA: National Center for Special Educa-
tion Research;2011.

Dell’Osso L, Cremone IM, Chiarantini I, Arone A, Massimetti G,
Carmassi C, et al. Autistic traits and camouflaging behaviors: a
cross-sectional investigation in a university student population.
CNS Spectr 2021;27:740-746.

Hull L, Petrides KV, Allison C, Smith P, Baron-Cohen S, Lai MC,
etal. “Putting on my best normal”: social camouflaging in adults
with autism spectrum conditions. J Autism Dev Disord 2017;47:
2519-2534.

de Giambattista C, Ventura P, Trerotoli P, Margari M, Palumbi
R, Margari L. Subtyping the autism spectrum disorder: compar-
ison of children with high functioning autism and Asperger syn-
drome. J Autism Dev Disord 2019;49:138-150.

Dawson M, Souliéres I, Gernsbacher MA, Mottron L. The level
and nature of autistic intelligence. Psychol Sci 2007;18:657-662.
Grandin T, Duffy K. Developing talents: careers for individuals
with Asperger syndrome and high-functioning autism. Shawnee
Mission, KS: Autism Asperger Publishing;2008.

Roberts KD. Topic areas to consider when planning transition
from high school to postsecondary education for students with
autism spectrum disorders. Focus Autism Other Dev Disabl 2010;
25:158-162.

Bennett E, Heaton P. s talent in autism spectrum disorders as-
sociated with a specific cognitive and behavioural phenotype? J
Autism Dev Disord 2012;42:2739-2753.

Happé F, Vital P. What aspects of autism predispose to talent?
Philos Trans R Soc Lond B Biol Sci 2009;364:1369-1375.
Meilleur AA, Jelenic P, Mottron L. Prevalence of clinically and
empirically defined talents and strengths in autism. J Autism
Dev Disord 2015;45:1354-1367.

Treffert DA. Islands of genius: the bountiful mind of the autis-
tic, acquired, and sudden savant. London: Jessica Kingsley Pub-
lishers;2010.

Treffert DA. Savant syndrome: realities, myths and misconcep-
tions. J Autism Dev Disord 2014;44:564-571.

Tirapu-Ustarroz J, Muioz-Céspedes JM, Pelegrin-Valero C.
[Executive functions: the need for the integration of concepts].
Rev Neurol 2002;34:673-685. Spanish

Diamond A. Executive functions. Annu Rev Psychol 2013;64:
135-168.

Lehto JE, Juujirvi P, Kooistra L, Pulkkinen L. Dimensions of
executive functioning: evidence from children. Br J Dev Psychol
2003;21:59-80.

Miyake A, Friedman NP, Emerson M]J, Witzki AH, Howerter A,
Wager TD. The unity and diversity of executive functions and
their contributions to complex “frontal lobe” tasks: a latent vari-
able analysis. Cogn Psychol 2000;41:49-100.

Hughes JEA, Ward J, Gruffydd E, Baron-Cohen S, Smith P, Al-
lison C, et al. Savant syndrome has a distinct psychological pro-
file in autism. Mol Autism 2018;9:53.

Baio J, Wiggins L, Christensen DL, Maenner MJ, Daniels J, War-
ren Z, et al. Prevalence of autism spectrum disorder among chil-
dren aged 8 years—autism and developmental disabilities moni-
toring network, 11 sites, United States, 2014. MMWR Surveill
Summ 2018;67:1-23.

Loomes R, Hull L, Mandy WPL. What is the male-to-female ra-
tio in autism spectrum disorder? A systematic review and meta-
analysis. ] Am Acad Child Adolesc Psychiatry 2017;56:466-474.
Fombonne E. The prevalence of autism. JAMA 2003;289:87-89.
Fombonne E. Epidemiology of pervasive developmental disor-
ders. Pediatr Res 2009;65:591-598.

Fernell E, Gillberg C. Autism spectrum disorder diagnoses in
Stockholm preschoolers. Res Dev Disabil 2010;31:680-685.

70)

71

~

72)

73)

74)

75)

76)

77

—

78

=

79)

80)
81)
82)
83)
84)
85)

86)

87)

88)

89)
90)

91)

92

~

93)

E Navarro-Pardo, et al.

Nicholas JS, Carpenter LA, King LB, Jenner W, Charles JM. Au-
tism spectrum disorders in preschool-aged children: prevalence
and comparison to a school-aged population. Ann Epidemiol
2009;19:808-814.

Werling DM, Geschwind DH. Sex differences in autism spec-
trum disorders. Curr Opin Neurol 2013;26:146-153.

Banach R, Thompson A, Szatmari P, Goldberg J, Tuff L, Zwaigen-
baum L, et al. Brief report: relationship between non-verbal 1Q
and gender in autism. J Autism Dev Disord 2009;39:188-193.
Dworzynski K, Ronald A, Bolton P, Happé F. How different are
girls and boys above and below the diagnostic threshold for au-
tism spectrum disorders? J Am Acad Child Adolesc Psychiatry
2012;51:788-797.

Hiller RM, Young RL, Weber N. Sex differences in autism spec-
trum disorder based on DSM-5 criteria: evidence from clinician
and teacher reporting. J Abnorm Child Psychol 2014;42:1381-
1393.

McCrossin R. Finding the true number of females with autistic
spectrum disorder by estimating the biases in initial recognition
and clinical diagnosis. Children (Basel) 2022;9:272.
Jacquemont S, Coe BP, Hersch M, Duyzend MH, Krumm N,
Bergmann S, et al. A higher mutational burden in females sup-
ports a “female protective model” in neurodevelopmental disor-
ders. Am J Hum Genet 2014;94:415-425.

McCarthy MM, Wright CL. Convergence of sex differences and
the neuroimmune system in autism spectrum disorder. Biol Psy-
chiatry 2017;81:402-410.

Werling DM, Parikshak NN, Geschwind DH. Gene expression
in human brain implicates sexually dimorphic pathways in au-
tism spectrum disorders. Nat Commun 2016;7:10717.

Zhang Y, LiN, Li C, Zhang Z, Teng H, Wang Y, et al. Genetic ev-
idence of gender difference in autism spectrum disorder sup-
ports the female-protective effect. Transl Psychiatry 2020;10:4.
Baron-Cohen S. Autism: the empathizing-systemizing (E-S)
theory. Ann N'Y Acad Sci 2009;1156:68-80.

Baron-Cohen S. The extreme male brain theory of autism. Trends
Cogn Sci 2002;6:248-254.

Posner MI, Petersen SE. The attention system of the human
brain. Annu Rev Neurosci 1990;13:25-42.

Broadbent D. Perception and communication. Oxford: Oxford
University Press;1958.

Waterhouse L, Fein D, Modahl C. Neurofunctional mechanisms
in autism. Psychol Rev 1996;103:457-489.

Halpern DF. Sex differences in cognitive abilities. Mahwah,
NJ: Lawrence Erlbaum;2000.

Lai MC, Lombardo MV, Ruigrok AN, Chakrabarti B, Wheel-
wright SJ, Auyeung B, et al. Cognition in males and females with
autism: similarities and differences. PLoS One 2012;7:¢47198.
Harrop C, Jones D, Zheng S, Nowell SW, Boyd BA, Sasson N.
Sex differences in social attention in autism spectrum disorder.
Autism Res 2018;11:1264-1275.

Lemon JM, Gargaro B, Enticott PG, Rinehart NJ. Executive
functioning in autism spectrum disorders: a gender comparison
of response inhibition. J Autism Dev Disord 2011;41:352-356.
Frith U. Autism: explaining the enigma. Oxford: Blackwell Pub-
lishing;1989.

O’Riordan M, Plaisted K. Enhanced discrimination in autism.
Q J Exp Psychol A 2001;54:961-979.

Gomez-Arguelles JM, Perez-Borrego Y, Nunez-Perez N, Olivie-
ro A. [Savant syndrome diagnosed in adulthood]. Rev Neurol
2009;49:333-334. Spanish

Itzchak E, Aviva B, Zachor DA. Are special abilities in autism
spectrum disorder associated with a distinct clinical presenta-
tion? Res Autism Spectr Disord 2013;7:1122-1128.
Baron-Cohen S, Wheelwright S. The empathy quotient: an in-
vestigation of adults with Asperger syndrome or high function-

http://www.jkacap.org 123



Savant Syndrome and Sex

94)

95)

96)

97)

98)

124

ing autism, and normal sex differences. J Autism Dev Disord
2004;34:163-175.

Vital PM, Ronald A, Wallace GL, Happé F. Relationship between
special abilities and autistic-like traits in a large population-
based sample of 8-year-olds. J Child Psychol Psychiatry 2009;
50:1093-1101.

Geschwind N, Galaburda AM. Cerebral lateralization. Biological
mechanisms, associations, and pathology: I. A hypothesis and a
program for research. Arch Neurol 1985;42:428-459.
Geschwind N, Galaburda A. Cerebral lateralization: biological
mechanisms, associations, and pathology. Cambridge, MA: MIT
Press;1987.

McManus IC, Bryden MP. Geschwind’s theory of cerebral later-
alization: developing a formal, causal model. Psychol Bull 1991;
110:237-253.

Berenbaum SA, Denburg SD. Evaluating the empirical support
for the role of testosterone in the Geschwind-Behan-Galaburda
model of cerebral lateralization: commentary on Bryden, McM-

99)

100)

101)

102)

103)

anus, and Bulman-Fleming. Brain Cogn 1995;27:79-83.

Bryden MP, McManus IC, Bulman-Fleming MB. GBG, BMB, R
&L, X & Y... Reply to commentaries. Brain Cogn 1994,26:312-
326.

Bargiela S, Steward R, Mandy W. The experiences of late-diag-
nosed women with autism spectrum conditions: an investigation
of the female autism phenotype. J Autism Dev Disord 2016;46:
3281-3294.

Dean M, Harwood R, Kasari C. The art of camouflage: gender
differences in the social behaviors of girls and boys with autism
spectrum disorder. Autism 2017;21:678-689.

Hull L, Petrides KV, Mandy W. The female autism phenotype
and camouflaging: a narrative review. Rev J Autism Dev Disord
2020;7:306-317.

McCrossin R. Finding the true number of females with autistic
spectrum disorder by estimating the biases in initial recognition
and clinical diagnosis. Children (Basel) 2022;9:272.



