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Abstract

Autism spectrum disorder (ASD) is characterized by impaired social communication and poor
adaptation to change; thus, the onset of puberty may be a pivotal transition. This cross-sectional
study measured pubertal timing to examine hypothesized differences for sex (female vs. male) and
group (ASD vs. Typical development (TD)). Participants included 239 children (137 ASD, 102
TD) between 10-to-13-years. The ASD group included 35 females and 102 males; the TDs
included 44 females and 58 males. Pubertal onset measured by genital or pubic stage was
investigated with linear regression using main effects of sex and age-by-sex interactions in TD and
ASD groups and main effects of diagnosis and diagnosis-by-age interactions in males and females,
controlling for body mass index, SES, and race. In TD, examination of main effects for genital
(penis/breast) stage showed no difference for male and female children (t=1.33, p=0.187, rdf=92);
however, there were significant differences in ASD (t=2.70, p=0.008, rdf=121). For diagnosis
modelled separately by sex, there was significantly earlier pubertal development in females with
ASD (t=1.97, p=0.053, rdf=70, but not males (t=1.329, p=0.186, rdf=143). Additionally, analysis
of menses revealed females with ASD had significantly earlier onset than TD (t=-2.56, p=0.018,
rdf=21). Examination of pubic stage revealed expected sex differences for TD (t=2,674, p=0.009,
rdf=91) and ASD (t=3.482, p=0.001, rdf=121). Females with ASD evidence advanced pubertal
onset relative to ASD males and TD females. Findings underscore the need for enhanced
understanding of pubertal development in ASD, as differences may have significant psychological,
social, physiological and developmental consequences.

Lay Summary

Children with autism spectrum disorder (ASD) have difficulty with social communication and
respond poorly to change, which may include the onset and course of puberty. The study measured
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the timing of puberty in 239 children (137 ASD and 102 TD) between 10-to-13-years based on
pubertal stage of genital (breast/penis) and pubic hair development. Females with ASD evidence
advanced pubertal onset relative to ASD males and TD females. Findings underscore the need for
an enhanced understanding of pubertal development in ASD.
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Introduction

Adolescence, the progression from childhood to adulthood, is a time of remarkable
physiological, psychological, and social changes. It refers to the developmental transition of
juvenile social and cognitive processes to their adult forms and is closely associated with
chronological age and experience (Spear, 2000; Steinberg, 2005). Alternatively, puberty
refers to biological maturation contributing to significant changes in morphology, cognition,
emotion regulation and physiological stress (e.g., (Chrousos, Torpy, & Gold, 1998; Spear,
2000; Steinberg, 2005)). Maturational changes are particularly present in sexual systems
resulting in significant physical and psychological changes for both sexes. The emergence of
secondary sexual characteristics signals the onset of puberty, involving breast development
in females and pubic hair in both sexes.

The biological changes related to puberty are initiated by the activation of hypothalamic-
pituitary-gonadal (HPG) axis resulting in interrelated neuroendocrine processes: gonadarche
(e.g., estrogen, testosterone), adrenarche (e.g., dehydroepiandrosterone; DHEA) and rapid
physical growth (e.g., growth hormone) (Buck Louis et al., 2008; Dahl, 2004). The cascade
of gonadotrophins leads to an increase of estrogen in females (e.g., menstruation and breast
development) and testosterone in males (e.g., phallic growth, voice changes). In addition,
pubertal hormones facilitate the motivation and development of social and sexual
relationships with peers (Forbes & Dahl, 2010; Sisk & Foster, 2004).

The dynamic reorganization of neural networks in adolescence is initiated by sex steroid
hormonal signaling and results in sexual dimorphic gray (e.g., decrease) and white matter
(e.g., increase) volume differences in trajectory and shape over pubertal development
(Lenroot et al., 2007; Sisk & Foster, 2004). Neural changes during this dynamic period are
prominent in the amygdala and limbic circuitry, which influence changes in social-affective
behavior (Scherf, Behrmann, & Dahl, 2012). There are also changes in age-and-sex-related
cortical thickness in lateral temporal lobes and thinning in frontal and parietal cortices
(Bramen et al., 2012). Adolescence is shaped by profound experience-dependent brain
reorganization associated with planning, decision-making, risk-taking and reward value
(Andersen, 2003) making this a period of enhanced responsivity and vulnerability.

The age of pubertal onset is influenced by demographic (e.g., ethnic/racial) (Mendle, Beltz,
Carter, & Dorn, 2019) and biobehavioral (e.g., genetic, endocrine and environmental) factors
resulting in normative, precocious or delayed pubertal onset. Earlier research pointed to
racial and ethnic factors as contributing to pubertal timing, such that in the United States the
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mean age of menarche was 12.88 years for Caucasians and 12.16 for African-Americans
(Herman-Giddens et al., 1997). However, socioeconomic status (SES) rather than race,
which include relevant factors such as education, nutrition and family composition, can play
an important role in pubertal timing (Ellis & Garber, 2000; Mendle, Turkheimer, & Emery,
2007; Obeidallah, Brennan, Brooks-Gunn, Kindlon, & Earls, 2000). For example, paternal
absence at age 14, rather than maternal absence or presence of a stepfather, may contribute
to differences in pubertal onset (Bogaert, 2005). Furthermore, differential impact of ethnicity
and race may intersect with paternal absence resulting in a complex picture. Deardorff and
colleagues (Deardorff et al., 2011) conducted a study with a relatively large diverse sample
of females (N = 444, 6-8 years at baseline) and reported that in addition to main effects for
body mass index (BMI), the absence of the father predicted earlier breast development in
higher income households, and earlier pubic hair development only in higher income
African American families.

In addition to the broad biological, psychosocial and selection factors that contribute to
pubertal timing (Mendle et al., 2007), there is strong evidence from the Pediatric Research in
Office Settings (PROS) studies indicating the timing of pubertal development is decreasing
in the United States for females (Herman-Giddens et al., 1997) such that African-American
females enter puberty 1-to-1.5-years earlier than white females, and white females enter
puberty 6-months-to-1-year earlier than previous normative studies (Herman-Giddens et al.,
1997). A recent meta-analysis supports a persistent worldwide downward trajectory of breast
gland development (thelarche) revealing a decrease of 0.24 years per decade between 1977
and 2013 (Eckert-Lind et al., 2020). Similar to the secular trend in females, the PROS
network found that males showed lower mean ages of pubertal onset, approximately 6-
months-to-2-years earlier than previous reports (Herman-Giddens et al., 2012).

Assessment of the onset of puberty is important for establishing developmental milestones
and recalibrating normative standards. The manner in which pubertal development is
documented is important. Recently, significant discrepancies in pubertal staging were
demonstrated when comparing physician exam to parental- and self-report favouring the
exam (Corbett, Muscatello, Tanguturi, McGinn, & loannou, 2019). However, physical exam
remains a proxy for pubertal development as hormone-based changes often occur before
physical changes are evident (e.g., (Biro, Lucky, Huster, & Morrison, 1995; Blakemore,
Burnett, & Dahl, 2010; Spear, 2000). Another important determinant that can influence
pubertal timing is the level of body fat measured by body mass index (BMI); obesity can
contribute to accelerated pubertal onset (Karlberg, 2002) whereas low body fat (Roemmich,
Richmond, & Rogol, 2001) can result in delayed pubertal onset.

In concert, there are psychological and social changes associated with the transformation in
body image. Such perceptions can have negative psychological effects, which may be
intensified when pubertal timing is atypical. Early pubertal onset can confer higher risk for
mental health problems (Graber, Lewinsohn, Seeley, & Brooks-Gunn, 1997; Kaltiala-Heino,
Marttunen, Rantanen, & Rimpela, 2003; Waylen & Wolke, 2004). The earlier onset can
extend the adolescent period thereby lengthening the divergence between the social
environment, neural development and hormonally responsive motivational and affective
behaviors (Casey, Duhoux, & Malter Cohen, 2010). Thus, the relative emotional reactivity,
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cognitive imbalance and incongruence with physical maturation can contribute to enhanced
risk for mental health problems (Graber et al., 1997; Kaltiala-Heino et al., 2003; Waylen &
Wolke, 2004).

The timing of the release of pubertal hormones contributes to individual differences in sex-
biased psychopathological conditions (Sisk & Zehr, 2005). Females who experience early
puberty are at an increased risk for depression (Conley & Rudolph, 2009; Ge, Conger, &
Elder, 2001; Llewellyn, Rudolph, & Roisman, 2012). For males, the relationship is mixed
with some studies showing that early puberty may contribute to increased symptoms of
depression (Ge et al., 2001; Mendle, Harden, Brooks-Gunn, & Graber, 2010) whereas others
show no effect (e.g., (Conley & Rudolph, 2009; Mendle, Harden, Brooks-Gunn, & Graber,
2012). Late puberty can also confer risk especially in males as late onset has been associated
with lower cognitive skills, educational attainment, and earning outcomes in adulthood
(Koerselman & Pekkarinen, 2018).

Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder impacting an
estimated 2% of children between 6-to-17 years of age in the United States (CDC, 2013).
The sex-based ratio of males-to-females is reported to be 4:1 (APA, 2013). However, more
recent research suggests a ratio closer to 3:1 (Loomes, Hull, & Mandy, 2017). Females may
be better able to camouflage their autistic symptoms than males with ASD contributing to a
diagnostic gender bias (Dean, Harwood, & Kasari, 2017; Ratto et al., 2018). The primary
domains of impairment include reciprocal social communication and a repertoire of
restricted, repetitive and stereotyped thought and behaviour (APA, 2013). As a result,
individuals with ASD often respond poorly to novelty and changes in life patterns. Due to
the dynamic challenges in physical, cognitive, social and emotional development, the onset
and course of puberty may be a pivotal transition for adolescents with ASD. Indeed, many
individuals with ASD show poor adaptation to developmental transitions such as from
adolescence to adulthood (Taylor, Adams, & Bishop, 2017; Taylor & Seltzer, 2010).

Adolescence has been characterized as a time marked by significant changes in social-
affective engagement and goal flexibility (Crone & Dahl, 2012), both of which are
inherently challenging for individuals with ASD. Relatively little research has focused on
the adolescent transition and the role of pubertal development is understudied (Picci &
Scherf, 2015). On the positive side, some research on the transition from childhood to
adolescence in ASD has reported improvement in core symptomology (Seltzer, Shattuck,
Abbeduto, & Greenberg, 2004), social cognition (Anderson et al., 2007; Anderson, Oti,
Lord, & Welch, 2009) and hyperactivity and irritability (Anderson, Maye, & Lord, 2011;
Brown, 1969; Eisenberg, 1956; Gillberg & Schaumann, 1981; Rutter, 1970). Conversely,
social withdrawal often intensifies during puberty (Anderson et al., 2011) and approximately
a third of individuals with ASD experience significant-to-profound difficulty in psychosocial
outcome (e.g., independent living, peer relations, employment) (Billstedt, Gillberg, &
Gillberg, 2005; Gillberg & Steffenburg, 1987).

Peer rejection in adolescence is a major contributor to anxiety (Ladd, 2006) and impairments
in social skills inherent to autism become increasingly more apparent due to the enhanced
complexity and demand for social competence (Tantam, 2003). Youth with ASD often

Autism Res. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Corbett et al.

Page 5

develop significant anxiety directly related to their social impairments (Bellini, 2006).
Moreover, enhanced insight of their challenges may contribute to growing anxiety (Tantam,
2003) and stress (Corbett & Simon, 2013). Thus, the risk of psychopathologies such as
depression and anxiety may arise or worsen in adolescents with ASD (Gotham, Unruh, &
Lord, 2015; Kuusikko et al., 2008; Weisbrot, Gadow, DeVincent, & Pomeroy, 2005; White
& Roberson-Nay, 2009).

Despite the importance of this vital developmental window, research on pubertal timing in
autism has been limited and largely mixed. An uncontrolled clinically-referred case study
from Denmark reported precocious puberty in a female with ASD (Mouridsen, 1989; Pohl,
Cassidy, Auyeung, & Baron-Cohen, 2014). An early case report from the US described a
female with severe autism and intellectual disability with possible pubertal regression
resulting in loss of therapeutic gains following onset of menses (Ayres & Mailloux, 1983),
which was consistent with another study reporting deterioration of functioning in five cases
from Sweden, three of whom were females (Gillberg & Schaumann, 1981). A more recent
online, retrospective, self-referred community sample from the United Kingdom, also
reported early puberty and growth spurt with no difference in menarche (Pohl et al., 2014).
Meanwhile, others have reported delayed pubertal maturation to include an uncontrolled
clinically-referred sample from New South Wales (Harper & Collins, 1979), a retrospective
self-report from the United Kingdom (Knickmeyer, Wheelwright, Hoekstra, & Baron-
Cohen, 2006) and two other studies from Turkey and Australia, respectively, suggested later
age of menarche that was associated with symptoms of autism (Herguner & Herguner, 2016;
Whitehouse, Maybery, Hickey, & Sloboda, 2011). More recently, secondary analysis from
an Australian population sample did not find any differences in pubertal timing (May, Pang,
O’Connell, & Williams, 2017) between ASD vs. TD participants based on parent-report and
self-report. The one small (N = 12) uncontrolled clinically-referred sample of males with
ASD from France reported precocious puberty (Tordjman, Ferrari, Sulmont, Duyme, &
Roubertoux, 1997). Collectively, prior research examining pubertal timing has been marked
by limited scientific rigor in the assessment of pubertal maturation (e.g., online reporting,
based strictly on menarche), and considerable differences in approach (e.g., retrospective
self-report, online survey, clinical vs. community referred), and characterization of the
samples (e.g., case studies, clinic-referred, community-referred, parent-reported diagnosis).
While the extant research is limited, it suggests that adolescence and the pubertal transition
may be met with a combination of improvement and decline. Therefore, careful
consideration of pubertal timing is warranted.

The purpose of the current study was to examine pubertal timing in a large sample of early
adolescents for possible sex (female vs. male) and group (ASD vs. TD) differences. The aim
was to cross-sectionally compare the timing of pubertal onset between and within diagnostic
groups based on sex. Although previous research has been rather mixed, there is a
preponderance of early pubertal development in four studies in females with ASD (Ayres &
Mailloux, 1983; Gillberg & Schaumann, 1981; Mouridsen, 1989; Pohl et al., 2014) and the
only study in males (Tordjman et al., 1997). Therefore, we hypothesized that: 1) females
with ASD would evidence earlier pubertal onset compared to TD females, and 2) males with
ASD would evidence earlier pubertal onset compared to TD males.
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The research was carried out in accordance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki). The Vanderbilt Institutional Review Board approved
the study. Informed written consent and assent was obtained from all parents and study
participants, respectively, prior to inclusion in the study.

Data were collected as part of the SENSE longitudinal study on pubertal development and
stress (Corbett, 2017). The current study includes data from Year-1 enrollment when the
children were between 10-years-0-months to 13-years-11-months of age.

The total sample included 239 youth, of which 234 completed the physical exam described
below. At enrollment, adolescents were between 10-years-0-months and 13-years-11-
months, which equated to 137 ASD (mean age = 11.43) and 102 TD (mean age = 11.72)
participants. The ASD group included 35 females and 102 males and the TD group included
44 females and 58 males. Five participants (S3ASD males, 2TD males) who did not complete
the physical exam were removed from the analyses and an additional TD participant
(female) was missing the pubic hair stage variable due to not wanting to complete that
portion of the exam.

The racial and ethnic characterization of the sample included 7.9% African-Americans,
83.6% Caucasians, and 8.2% Mixed. Participants were recruited from a broad community
sample in the southern United States covering a 200-mile radius that targeted medical and
health-related services, clinics, research registries, regional autism/disability organizations,
schools, and social media platforms. Inclusion required an intelligence quotient (1Q) score >
70 due to task demands in the source longitudinal study (Corbett, 2017). Exclusion criteria
included current use of medications known to alter the Hypothalamic-Pituitary-Adrenal
(HPA) axis (e.g., corticosteroids; see (Granger, Hibel, Fortunato, & Kapelewski, 2009)) or
HPG axis (e.g., growth hormone), or medical condition known to impact pubertal
development (e.g., Cushing’s Disease). At screening, there were 24 participants not enrolled
who were classified as ineligible (i.e., lower 1Q, insufficient language level, extreme
aggression, or for TD children, having a sibling with an ASD diagnosis). Demographic
information for each group is presented in Table 1.

Diagnostic Procedures

The diagnosis of ASD was based on the Diagnostic and Statistical Manual-5 (APA, 2013)
and confirmed by: (1) a previous diagnosis by a psychologist, psychiatrist, or behavioral
pediatrician with autism expertise; (2) current clinical judgment, and (3) corroborated by the
Autism Diagnostic Observation Schedule (ADOS-2; (Lord et al., 2012), administered by
research-reliable personnel.

Autism Diagnostic Observation Schedule-Second Edition (ADOS-2; (Lord et al., 2012) is a
semi-structured play and interview-based instrument used to support the diagnosis of ASD.
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Social Communication Questionnaire (SCQ); (Rutter, Bailey, & Lord, 2003) is a screening
instrument for symptoms of ASD. A score of 15 is suggestive of ASD. Recent research
reported lower sensitivity and specificity (Barnard-Brak, Brewer, Chesnut, Richman, &
Schaeffer, 2016); therefore, TD children with a score = 10 were excluded.

Wechsler Abbreviated Scale of Intelligence, Second Edition (\WASI-11, (Wechsler, 2011) is a
measure of cognitive ability used to obtain an estimate of the child’s intellectual functioning
(1Q =70 required).

Dependent Measures

To rigorously and comprehensively measure pubertal development, the source study
employed three different approaches: a physical exam, a parent-report measure, and self-
report based on visual representation of Tanner stages (Marshal & Tanner, 1970; Marshall &
Tanner, 1969). The primary dependent variable for pubertal development used in the current
study was the physical exam. Recent research with the sample comparing exam to parent-
and self-report demonstrated that physical exam is the optimal approach for accurate
pubertal measurement (Corbett et al., 2019). Findings showed significant discrepancies
between self-report and parent-report, which were far less accurate than physical exam for
precisely estimating pubertal development (Corbett et al., 2019); therefore, these measures
are not included in the current study. Importantly, while Tanner staging is preferred, it may
not precisely coincide with hormone-dependent, brain-based pubertal progression (Spear,
2000).

Physical Examination (PE).—The PE was completed to reliably identify pubertal
development and assign Tanner stage (Marshal & Tanner, 1970; Marshall & Tanner, 1969).
The exam ascertained two measures with 5 stages for Genitals (G1-G5 for males) and
Breasts (B1-B5 for females) (GB stage) and Pubic hair (P1-P5 for both genders) (PH stage).
The exam consisted of visual inspection and categorization of pubertal and genital
maturation. To be consistent with the original Tanner staging and to maximize participation,
palpation of breasts or measurement of testes was not conducted.

Pubertal assessment consisted of a brief, standardized physical exam conducted by trained,
licensed study physicians. A male physician conducted the majority of the exams, but a
female physician was provided same-gender exams as requested. Research indicates the sex
of the physician is usually not as important as the participant’s comfort level and the
competence of the physician (Dorn, Dahl, Woodward, & Biro, 2006). Study physicians spent
approximately 5-minutes to establish rapport, explain the rationale for the exam and address
any questions or concerns, which helped to normalize the experience. During the exam, the
adolescent was requested to loosen clothing to fully expose breast and lower genital region,
rather than disrobing, which aided in the level of comfort for the participants. A companion
(e.g., parent or same-gender research member) was offered to accompany the participant
during the exam, which was conducted in a clinic exam room.

Physicians were blinded to parental- and self-reports. Inter-rater reliability was established
between study physicians on 10 randomly selected participants. Intraclass correlations were
calculated between study physicians to assess the degree to which raters were able to

Autism Res. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Corbett et al.

Page 8

identify Tanner stages for GB and PH markers. Inter-rater reliability for markers ranged
from 0.62 to 0.75 (all p <0.001). Kappa was calculated to assess the extent to which
physicians were able to reliably and independently identify when participants had initiated
pubertal maturation (Stage 2) for each marker. Kappa ranged from 0.62 to 1.00 (good to very
good).

Body Mass Index (BMI): BMI was calculated using the standard formula (Ib./in2) x 703
for use with the CDC growth charts for children and adolescents (2 through 19 years; https://
www.cdc.gov/healthyweight/bmi/calculator.ntml). Percentiles were calculated based on sex
and age.

Statistical Analysis

Results

The Tanner genital and pubic stage reflect two different endocrine processes and combining
into one score may not be optimal (Dorn, 2006; Dorn & Biro, 2011). Thus, pubertal onset
measured by GB or PH was modeled with linear regression using 4 models; first we
investigated sex differences in TD and ASD separately and then investigated diagnosis
differences separately for each sex. We used this more intuitive way to present the results
than making these comparisons using linear contrasts within a single model as we were not
explicitly interested in testing the diagnosis by sex interaction. For models in TD and ASD
groups, we also tested an age-by-sex interaction in order to see whether there was a
difference in the change in Tanner stage between males and females in our developmental
time period. Similarly, for the models in males and females we used diagnosis-by-age
interaction models. All models controlled for a linear effect of BMI since it can impact
pubertal timing (Karlberg, 2002; Roemmich et al., 2001). In addition, we included parental
education as a proxy for SES, and race, both of which may be related to pubertal timing as
well (Mendle et al., 2019). Parental education was modeled continuously (1 = less than high
school, 2 = high school or equivalent, 3 = associates, 4 = bachelors, 5 = masters, 6 =
doctorate, 7 = professional). These variables are included as covariates in the primary
analyses within the sex/diagnosis strata. In each model, we investigated main effects and
interactions using type 2 sums of squares, so that main effects were tested without the
interaction terms in the model. Robust standard errors were used to compute all test statistics
(Mackinnon & White, 1985).

Sample demographics are presented in Table 1. There were no differences based on age.
However, there were significant differences in 1Q.

GB stage outcome

In TD, there was no evidence for differences in development-related changes in GB stage
(age by sex interaction, F=0.078, p=0.783; df=1, rdf=92) through our samples’ age range
and no difference in mean stage between male and female children, controlling for age.
BMI, race and SES, (t=1.33, p=0.187, rdf=92; Figure 1). There was also no difference in
development-related changes in genital stage for ASD (age by sex interaction, F=0.459,
p=0.499; df=1, rdf=121). However, there were significant differences in mean genital stage
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between males and females with ASD (t=2.70, p=0.008, rdf=121), while controlling for the
aforementioned covariates (Supplementary tables S1 and S2). These mean differences in our
age range (10-14 years) provide evidence for an earlier onset of pubertal development in
ASD females relative to ASD males.

We fit separate linear models for GB stage in males and females to separately assess
differences related to ASD diagnosis while controlling for age, BMI, race and SES. There
was no significant age by diagnosis interaction in males (F=0.008, p=0.929, df=1, rdf=143)
or females (F= 0.257, p=0.614, df=1, rdf=70), suggesting that the shape of the trajectories
may be similar in this range. However, mean differences were evident in females (t=1.97,
p=0.053, rdf=70; Figure 2C, Tables S3 and S4, suggesting earlier pubertal development in
ASD relative to TD, but not in males with ASD (t=1.329, p=0.186, rdf=143; Figure 2A).

There was a substantial effect of BMI in all models of GB stage, except the model in males;
greater BMI was associated with higher Tanner stage (Supplementary Tables 1-4).

PH stage outcome

We performed parallel analyses using PH staging as the outcome (see Supplementary Tables
S5-S8). As above, there were no significant age by sex interactions in either diagnostic
group (TD, F=0.793, p=0.375, df=1, rdf=91; ASD, F=0.385, p=0.536, df=1, rdf=121)
suggesting similar development-related changes between males and females in this age
range for both groups. However, examination of mean differences in PH stage revealed
expected sex differences for TD (t=2,674, p=0.009, rdf=91; Figure 1) and ASD (t=3.482,
p=0.001, rdf=121) groups.

We fit separate linear models for PH stage in males and females to assess differences related
to ASD diagnosis. There was no significant age by diagnosis interaction in males F=1.4,
p=0.238, df=1, rdf=143) or females (F=0.004, p=0.949, df=1, rdf=69), suggesting that the
shape of the PH stage trajectories may be similar for ASD and TD in this range. There was
not significant evidence for a mean difference in PH stage between diagnostic groups for
males (t=1.067 p=0.288, rdf=143; Figure 2B) or females (t=1.06, p=0.294, rdf=69; Figure
2D).

There was a significant effect of BMI in all models of PH stage (Supplementary Tables S5-
S8) where BMI was associated with higher tanner stage.

In order to further assess the effect of diagnosis on puberty in females, we fit a model of age
of menarche in a subset of 27 females, controlling for BMI, race and SES percentile. There
was a significant difference between the groups (t=—2.56, p=0.018, rdf=21) indicating an
earlier onset in females with ASD. While roughly a third of the sample (11ASD, 16TD) had
begun menstruating, the onset of menarche in ASD females was 9.5 months earlier than TD
females.

Discussion

Puberty is a time of considerable plasticity when various physiological changes coincide
with the dynamic neural, social and behavioural transition of adolescence. While it is a
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pivotal and rapid developmental period, relatively little is known about the timing and
consequences of pubertal onset in individuals with ASD. Therefore, the purpose of the study
was to carefully examine pubertal timing between and within diagnostic groups (ASD vs.
TD) and across sexes (female vs. male).

A series of linear models were conducted to examine the effects of age, diagnosis and sex on
pubertal timing, while controlling for age and BMI. Pubertal level was determined based on
physical exam using Tanner staging for genital/breast (GB) and pubic hair (PH) stage. In the
TD group, there were no differences in development-related changes in either GB or PH
stage in the sample age range evidenced by comparable slopes (Figure 1). There were no
mean sex differences in GB pubertal stage for male and female children; however, PH stage
showed expected developmental sex differences between males and females.

Difference in pubertal timing of GB and PH were examined separately for the diagnostic
groups. There were no differences in development-related changes in GB or PH between
diagnoses in the sample age range for males or females. However, females with ASD
showed earlier pubertal onset than males with ASD. When GB stage was modeled separately
by sex to examine differences associated with ASD diagnosis and age, there was a similar
shape in the developmental trajectories during this age range. However, there was a
significant GB stage difference in females with ASD compared to TD females indicating
earlier breast development confirming our initial hypothesis. Importantly, the early onset is
within the context of already declining age of breast development in the US (Biro et al.,
2010) and around the world (Aksglaede, Olsen, Juul, & Sorensen, 2009). In addition to GB
differences, females with ASD had significantly earlier onset of menses than TD females. In
a large multisite, longitudinal study, Biro and colleagues reported that menses is positively
correlated with breast development albeit negatively correlated with BMI (Biro et al., 2018).
Therefore, it is not surprising that early breast development would coincide with early
menses in females with ASD.

Examination of PH stage revealed expected sex differences for TD and ASD groups.
Moreover, pubic development was comparable for females with and without ASD. Since
puberty is comprised of different hormonally-driven neuroendocrine processes (e.g.,
gonadarche, adrenarche (e.g., (Havelock, Auchus, & Rainey, 2004; Lucky, Biro, Simbartl,
Morrison, & Sorg, 1997)), the differences observed between breast/menses and pubic
development may reflect distinct maturational endocrine processes such as the influence of
estrogen vs. DHEA, respectively.

The findings showing earlier pubertal onset for ASD females is consistent with some reports
(Mouridsen, 1989; Pohl et al., 2014; Yoshirmura, Naiki, Horikawa, & Tanaka, 2005). In two
early small case reports, early pubertal timing was met with loss of therapeutic gains (Ayres
& Mailloux, 1983) and deterioration of functioning (Gillberg & Schaumann, 1981).
Similarly, an online, retrospective, self-referred community sample, also reported early
puberty although no differences were noted in timing of menarche (Pohl et al., 2014).

In contrast, some studies have reported delayed pubertal onset (Harper & Collins, 1979;
Herguner & Herguner, 2016; Knickmeyer et al., 2006; Whitehouse et al., 2011). More
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recently, a population sample did not find any differences in pubertal timing (May et al.,
2017) between a sample of ASD vs. TD participants although with only 21 females with
ASD, it may have been underpowered to find effects. Importantly, pubertal status in May et
al. (May et al., 2017) was estimated based on parent-report and self-report. Recent results
from the study team demonstrated the limitations of using parent and self-report, which lack
precision in estimating pubertal stage especially when compared to physician exam (Corbett
etal., 2019).

The current prospective study indicated females with ASD experience earlier onset of
physical maturation of secondary sexual characteristics. While the consequences for the
timing are not yet known, for TD females, early or precocious pubertal development may
contribute to increased risk for peer victimization (e.g., relational, reputational or sexual)
(Compian, Gowen, & Hayward, 2009; Nadeem & Graham, 2005; Petersen & Hyde, 2009).
Also, adolescent females tend to experience increased emotional reactivity and intensity
(DeRose & Brooks-Gunn, 2008; Silk et al., 2009). Similarly, females with ASD may find
themselves at risk for relational, reputational or sexual victimization and heightened
emotional dysregulation.

The PROS study reported a downward trend in pubertal onset in females (Herman-Giddens
et al., 1997) suggesting that standards need to be redefined in order to provide appropriate
education and care by professionals and parents alike. Historically, precocious puberty
(onset < 8 years in females and 9 years in males) or early puberty (onset between 8 and 9
years in females and between 9 and 10.5 years in males) can be considered a normal variant
(Winter, Durand, & Brauner, 2019). A portion of the females with ASD would likely meet
criteria for precocious puberty and an even larger proportion would meet criteria for early
puberty. Due to the observed higher percentage of early onset in ASD compared to TD
females, the findings would be hard to dismiss as a normal variant.

For males, there were no differences across the groups in pubertal timing to include genital
or pubic stage thereby not supporting the second hypothesis. The results for males with ASD
are in contrast to the one small study in 12 clinically-referred males that presented with
precocious puberty (Tordjman et al., 1997). Importantly, the current sample was large
(N=118) derived from the community and not clinic-based.

Although not the focus of the study, the amount of body fat can influence pubertal timing
such that obesity can accelerate pubertal onset (Karlberg, 2002) and low body fat can
contribute to delayed pubertal onset (Roemmich et al., 2001). In the current study, BMI was
significant across all of the models except genital stage in males. Due to the notable rise in
obesity in children and youth, findings serve as a reminder to monitor this important health
index as it relates to many aspects of development (e.g., pubertal, medical, physical,
psychological, and social).

The aforementioned findings have important clinical implications especially for females
with ASD. Menarche is an important developmental milestone for females. For those in the
current sample who were menstruating, the age of menarche in the ASD group occurred 9.5
months earlier than TD females. The onset of menses and ongoing menstruation is often
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accompanied by notable challenges with mood and emotion regulation (Burke, Kalpakian,
Smith, & Quint, 2010) (Hamilton, Marshal, & Murray, 2011; Obaydi & Puri, 2008).
Females with ASD often experience intensification of symptoms such as heightened sensory
experiences (Hamilton et al., 2011; Steward, Crane, Roy, Remington, & Pellicano, 2018).
While the challenges and long-term consequences are understudied, a recent study of autistic
females, highlighted that young women would benefit from more education pertaining to
menstruation before and during menses to assist with understanding factors related to health,
duration, pain, hygiene and changes in mood status (Steward et al., 2018). Additionally,
psychological and sexual education training such as the Tackling Teenage program (Dekker
et al., 2015; Visser et al., 2017) may be beneficial.

The unique profile of females with ASD may complicate the identification of the mental
health challenges they face. For example, typically developing females who experience early
puberty are at an increased risk for depression (Conley & Rudolph, 2009; Ge et al., 2001;
Llewellyn et al., 2012), which may be masked in ASD. It has been shown that females with
ASD are better at camouflaging their symptoms thereby appearing more competent than
they may be (Burns & Tierney, 2016; Dean et al., 2017; Dworzynski, Ronald, Bolton, &
Happe, 2012; Gould & Ashton-Smith, 2011; Rynkiewicz et al., 2016; Tierney, Burns, &
Kilbey, 2016). As a result, the diagnosis of ASD in females is often delayed, questioned or
non-existent (Kopp & Gillberg, 1992; Ratto et al., 2018), and efforts to conceal their
challenges are associated with increased mental health costs (Cage & Troxell-Whitman,
2019). Therefore, females with ASD may be hiding — and struggling - in plain sight. Amidst
enhancing our ability to diagnose and characterize females with ASD, future studies with
careful attention to adolescence and mental health are needed.

Despite the strengths of the study (e.g., comprehensive examination, well-characterized large
sample), there are limitations. The ratio of males-to-females is often reported to be 4:1
(APA, 2013). We actively recruited and enrolled female participants with ASD resulting in a
2.9:1 ratio. Even so, there are fewer females with ASD which significantly limits the power
to conduct some analyses and limits the strength of the findings. Also, we enrolled children
beginning at 10-years of age; therefore, if pubertal onset occurred before this age at entry,
which appears the case especially for some females, this could result in an upward bias and
earlier onset than would be captured in the current cohort. It is presumed that the early onset
for females with ASD is even earlier than represented here. The cross-sectional design of the
current study is unable to determine the tempo of puberty or how rapid or slow development
progresses through pubertal stages. The longitudinal study, which follows the sample will be
better positioned to examine pubertal tempo (Corbett, 2017). The study also did not have
access to some factors that have been shown to impact pubertal timing, such as paternal
absence (e.g., (Deardorff et al., 2011) and adverse childhood experiences (e.g., (Zhang,
Zhang, & Sun, 2019). Moreover, due to the size of the sample and focus on autism, we are
unable to covary all possible factors identified and controlled for in large-scale, national and
world-wide studies. Future studies are needed to comprehensively address the various
factors that may impact pubertal onset in youth with and without ASD. Finally, pubertal
examination was based on standardized physical exams by a study physician using the
original Tanner Staging visual inspection (Marshal & Tanner, 1970; Marshall & Tanner,
1969); it did not include palpation of the breast or testes which may be more rigorous but
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would have likely resulted in reduced participation. Nevertheless, the study team has shown
that physical pubertal exam as described here, is superior to either parent- or self-report
(Corbett et al., 2019).

In conclusion, pubertal onset, which marks the physiological beginning of adolescence - the
vital and sometimes precarious psychological, social, and physical transition - may amplify
an already steep climb to adulthood. Indeed, the findings underscore the need to continue the
pursuit to elucidate pubertal development in ASD as even minor differences in the timing
may have developmental consequences (Picci & Scherf, 2015). By definition, pubertal onset
sets into motion a cascade of events which may magnify and further complicate an already
vulnerable trajectory, especially in females. While risks may be plentiful, it will also be
essential to identify characteristics and environments that may smoothen the transition to
adulthood and make children with ASD more resilient to the multitude of psychological,
physical and social changes that define adolescence.
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Figure 1. Scatterplot of sex differencein genital/breast (GB) and pubic hair (PH) Tanner stage

for typically developing (TD) individuals.

No sex differences in development-related changes in GB or PH stage were detected in our
sample’s age range (no difference in slopes). Sex differences (mean shift) were detected in
the PH stage, but not in the GB stage. Jitter of 0.1 was added to the y-axis to avoid

overplotting.
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Figure 2. Scatterplot of diagnosis differencesin genital/breast (GB) and pubic hair (PH) Tanner
stage for males and females.

No differences in development-related changes in GB or PH stage were detected between
diagnoses in our sample’s age range for males or females (no difference in slopes), but ASD
was associated with a later GB stage in females throughout the age range (mean shift in
panel C). Jitter of 0.1 was added to the y-axis to avoid overplotting.
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Table 1.
Demographics and Diagnostic Variables.
ASD ™
(n=137) (n=102)

N Proportion Proportion x 2 p
Sex: F 239 0.26(35/137)  043(44/102) g1g2 <0.01
Race 239 9542 001

Caucasian 0.87 (89/102) 0.81 (111/137)
Black 0.02 (2/102) 0.12 (17/137)
Mixed Race 0.11 (11/102) 0.07 (9/137)

N M sD M sD F p
1Q 237 10091 2077 117.37 1383 4343° <001
scQ 236 1736 834 251 268 9g751° <0.01
ADOS Total 137 1257 458 - - - -
BMI (Percentile) 235 6536 3119 5543 3129 495 001
SES Education 230 373 137 464 131 95gg° <001

N is the number of non-missing value.
1 .

Kruskal-Wallis.
2

Pearson.

3 .
Wilcoxon.

Note. ASD, Autism spectrum disorder; TD, Typical development; F, Female; 1Q, Intelligence Quotient; SCQ, Social Communication
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Questionnaire; ADOS, Autism Diagnostic Observation Schedule; BMI, Body Mass Index; SES, Socioeconomic Status. BMI Percentile defined as

age- and sex-adjusted percentile according to CDC guidelines (https://www.cdc.gov/healthyweight/bmi/calculator.html).
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