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Abstract

Adolescence is a time of remarkable biopsychosocial change, which may be particularly 

challenging for youth with autism spectrum disorder (ASD), necessitating enhanced understanding 

and accurate assessment of pubertal maturation. The study compared physical examination to 

parent- and self-report measures in 200 participants (134 males and 66 females) ages 10.0–13.5-

years. Both participants with typical development (TD; n=78) and ASD (n=122) were included. 

Concordance ranged from slight-to-fair for self-assessments (κ=.17–.32) and slight-to-moderate 

for parent-report (κ=.21–.44). Concordance of physical exam with self- and parent-report of the 

ASD group was somewhat lower than for the TD group. Findings indicate pubertal assessments by 

parent or child are not reliable indices of precise pubertal staging.
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Adolescence, the transition between childhood and adulthood, is a time of remarkable 

physiological, psychological and social changes (Chrousos et al. 1998; Spear 2000). During 

this developmental period, pubertal maturation contributes to significant alterations in 

morphology, cognition, emotion regulation and physiological stress (e.g., Chrousos et al. 

1998; Spear 2000). Indeed, puberty is a time of considerable plasticity of the brain when 

various biobehavioral changes coincide with the dynamic transition, which may be pivotal 

albeit understudied in adolescents with autism spectrum disorder (ASD).

Autism spectrum disorder (ASD) is defined by APA (2013) as a neurodevelopmental 

disorder characterized by significant difficulty with reciprocal social communication, 

sensory dysfunction and psychological and behavioural inflexibility (APA 2013). The sex 

ratio is estimated to be 4:1, males to females (APA 2013). Many individuals show poor 

adaptation to change including developmental transitions from adolescence to adulthood 

(e.g., Taylor and Seltzer 2010; Taylor et al. 2017). Although relatively little attention has 

been paid to the transition from childhood to adolescence, extant literature suggests that 

many individuals with ASD show improvement in core symptomology (Seltzer et al. 2004) 

and social cognition (Anderson et al. 2007; Anderson et al. 2009). In addition, there is often 

a reduction in irritability and hyperactivity between 9 to 18 years of age (Anderson et al. 

2011). In one of the largest prospective, population-based studies in which 120 individuals 

with ASD were followed from childhood to adulthood, roughly a third of individuals 

experienced significant problems during the adolescent period, and of those 17% had 

profound deterioration during puberty (Billstedt et al. 2005). In girls with ASD, the onset of 

menses in puberty has been shown to bring significant new challenges with emotion 

regulation and heightened sensory experiences (Steward et al. 2018). While there is 

significant heterogeneity, social withdrawal tends to worsen over the adolescent period 

(Anderson et al. 2011). Taken together, there appear to be areas of both improvement and 

decline in youth with ASD.

A similar paradox is evident in neurotypical youth in which adolescence is marked by 

significant gains in cognitive and physical health; yet, it is also marked by serious 

behavioural risks (e.g., drug use, pregnancy), which is why it has been conceptualized as a 

period of striking opportunities and vulnerabilities (Dahl 2004). Over the past two decades 

there has been a rise in the interest and study of this transition due to the collective 

neurobiobehavioural changes associated with pubertal onset. Differences have been 

identified in the development of these changes, including notable variation in the timing of 

pubertal milestones across a range of demographics (Mendle et al. 2019). Hence, the careful 

measurement of pubertal stages is clearly warranted.

Adolescence vs. Puberty

Although adolescence and puberty are often used interchangeably, they represent distinct 

maturational phenomena. Adolescence refers to the developmental transition of juvenile 
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social and cognitive processes to their adult versions and is more associated with 

chronological age and experience (Spear 2000; Steinberg 2005). It may also be characterized 

as the evolution from parental dependence to relative independence.

Puberty, on the other hand, refers to biological maturation, particularly that of sexual 

systems, and the physiological effects of resultant changes to the endocrine system including 

activation of the hypothalamic pituitary gonadal (HPG) axis (Sisk and Foster 2004) 

contributing to the development of secondary sexual characteristics. The age of pubertal 

onset is influenced by a variety of biobehavioral (e.g., genetic, environmental) factors, which 

can result in precocious or delayed pubertal onset. For example, the level of body fat can 

influence pubertal onset. Explicitly, obesity can contribute to accelerated pubertal onset 

(Karlberg 2002) whereas anorexia (Munoz and Argente 2002) or low body fat (Roemmich et 

al. 2001) can contribute to delayed pubertal onset. Also, early pubertal onset can contribute 

to higher risk for mental health problems, increased delinquency, substance abuse and 

precocious sexual behavior (Bratberg et al. 2007; Deardorff et al. 2005; Graber et al. 1997; 

Kaltiala-Heino et al. 2003; Waylen and Wolke 2004). Since age is not a proxy for pubertal 

development, the careful determination of pubertal onset is vital. It is important to attempt to 

disambiguate these constructs for an enhanced understanding of the adolescent period and 

influential environmental and physiological factors. Moreover, without accurate measures of 

pubertal development it is difficult to disentangle the influence of age and social context 

from maturational factors (e.g., Forbs and Dahl 2010).

Puberty and Autism

Despite the relevance of pubertal development for a host of medical, psychological and 

environmental factors, relatively little research has been conducted looking at the timing or 

consequences of puberty in youth with ASD, and the majority has been conducted in 

females. Findings regarding timing have been largely mixed (Tordjman et al. 1997) with 

some studies suggesting precocious development (Mouridsen 1989; Pohl et al. 2014) 

whereas others have reported delayed pubertal maturation (Harper and Collins 1979; 

Knickmeyer et al. 2006), which correlated with autistic traits (Herguner and Herguner 2016; 

Whitehouse et al. 2011). Recently, May and colleagues (2017) reported no difference in 

pubertal timing between a large population sample of ASD vs. TD participants based on 

parent-report (at ages 9–10, 10–11, 12–13) and self-report (14–15 years). Collectively, the 

vast differences in the approach (e.g., retrospective self-report, online survey, clinical vs. 

community referred), characterization of the samples (e.g., case studies, clinic-referred, 

community-referred) and limited rigor in the assessment of pubertal maturation, underscore 

the need to methodically test measures of pubertal development. Such determination of best 

practice is especially relevant for clinical research in which accurate staging is necessary.

Pubertal Assessment

Tanner (1962) first classified pubertal development into five stages of breast (B1–B5) and 

genital (G1–G5) development and pubic hair growth (G1–G5). Since then, clinicians have 

conducted physical exams employing Tanner staging method (Dorn et al. 2006). Pubertal 

staging was originally done by visual inspection by Tanner; however, recent consensus has 
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been that a physical examination involving both inspection and palpation helps to distinguish 

between breast and adipose tissue or accurately assess the size of the testis (Dorn and Biro 

2011). While physical exam can be considered the gold standard, it only takes into account 

outward signs of physical growth and is often not used in research because it may be time 

consuming, experienced by some as invasive, and costly for large studies. Various 

methodological issues have been discussed with the physical examination (Dorn et al. 2006). 

Therefore, many investigations have employed self-assessment, parental-report or a 

combination of these measures. Even though more efficient and less costly, the inclusion of 

such methods has resulted in reduced standardization and inconsistency in methodology, 

definitions, conceptualization and implementation. It has been recommended that the exact 

method chosen should be tailored to the study setting and population (Dorn et al. 2006).

Arguably the most widely-used measure of pubertal status in research is the Pubertal 

Development Scale (PDS; Petersen et al. 1988). It has been used in numerous studies 

implemented as a self-report (e.g., Herting et al. 2017; Lawrence et al. 2015) or as a 

parental-report (Corbett and Schupp 2014; Edmiston et al. 2017a; Edmiston et al. 2017b) 

measure. The PDS asks a series of questions that may be considered less invasive than a 

physical exam; however, it does not directly map onto Tanner staging. Previous research 

comparing the PDS to physical examination has been mixed with some showing reasonable 

agreement (Duke et al. 1980) whereas others report limited agreement (e.g., Desmangles et 

al. 2006; Rasmussen et al. 2015). For example, in a relatively large sample, Shirtcliff and 

colleagues (Shirtcliff et al. 2009) reported the concordance between physical exam and the 

PDS to be relatively low (kappa (κ)=0.36).

Another approach has been to use drawings that map directly onto Tanner staging (Marshal 

and Tanner 1970; Marshall and Tanner 1969; Tanner 1962) for males and females. After an 

explanation of the task, subjects simply mark the stage of anatomical drawings that most 

resembles their body for pubic hair (P1–P5) as well as breast (B1–B5) in females and 

genitalia (G1–G5) in males. Simple text often accompanies the pictures to further clarify 

stages. While efficient and easy to use, the average agreement is moderate between Tanner 

schematic drawings and physical exam (κ=.50; Coleman and Coleman 2002; Desmangles et 

al. 2006; Hergenroeder et al. 1999; Schmitz et al. 2004) and some studies report lower 

agreement (e.g. κ=.32; Wu et al. 2001) or (κ=.36; Shirtcliff et al. 2009), although a few 

studies report substantial agreement (κ > 70; Boas et al. 1995; Brooks-Gunn et al. 1987; 

Carskadon et al. 1980; Duke et al. 1980; Morris and Udry 1980; Norris and Richter 2005).

Collectively, the aforementioned review highlights the importance of the careful 

measurement of pubertal development. There are multiple methods employed with varying 

degrees of reliability to include physical examination, parent-report and self-report measures 

as well as a combination of these approaches. To date, there has been limited rigor in the 

assessment of pubertal maturation in ASD, underscoring the need to methodically test 

measures of pubertal development. Additionally, developmental considerations and 

distinctions between age and puberty have not been well characterized, and age is not a 

proxy for puberty. When studies do consider the assessment of puberty they generally 

employ self-assessment or parental-report measures. However, the validity of such measures 

as reliable indices of precise pubertal staging is questionable especially if compared to 
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standardized measures such as Tanner stages conducted by physical exam. The use of 

reliable indices of pubertal development is critical for research especially in longitudinal 

studies of puberty or endocrine functioning. The purpose of the current investigation was to 

compare physical examination to both parent- and self-report measures.

To more carefully examine pubertal staging, the current study employed three different 

methods for examining pubertal development as part of a longitudinal study of children with 

and without ASD (Corbett 2017). We chose an inspection-only physical exam combined 

with time spent on building rapport and explaining the study in order to maximize the 

participant’s willingness to consent while still making an accurate assessment. Physical 

exam was compared to two other established approaches using self-report and parental-

report described below. The study aimed to compare staging during early pubertal 

development across these measures based on informant (self and parent), gender (females 

and males) and diagnostic group (ASD and TD).

Methods

Participants

The data for this study was collected as part of a longitudinal study on pubertal development 

and stress (Corbett 2017). The current paper includes data from the initial year of enrollment 

when the children were between 10-years, 0-months, to 13-years, 5-months of age. The total 

sample included 200 early adolescents, 134 males and 66 females, 122 with ASD (mean age 

= 11.31) and 78 TD (mean age = 11.41). In the ASD group, there were 88 males and 34 

females, and in the TD group, there were 46 males and 32 females. The sample included 

81.5% Caucasians, 9.7% African Americans, 0.5% Asian, and 8.2% Mixed race. Regarding 

ethnicity, 5.6% of the sample was Hispanic. Recruitment efforts were aimed at a broad 

community sample from a 200-mile radius that targeted research registries, medical and 

health-related network services, well-check and diagnostic clinics, regional autism/disability 

organizations, schools, and social media platforms. For inclusion in the study, participants 

were required to have an intelligence quotient (IQ) score ≥ 70 in order to adequately 

complete the psychological measures used in the current and longitudinal study (Corbett 

2017). Exclusion criteria, which was reviewed at phone screen, included current use of 

medications known to alter the Hypothalamic Pituitary Adrenal (HPA) axis (e.g., 

corticosteroids; see (Granger et al. 2009) or HPG axis (e.g., growth hormone), or a current 

neurological (e.g., seizures) or medical condition known to impact pubertal development 

(e.g., Cushing’s Disease). There were 24 participants not enrolled, most of whom were 

identified at phone screening as being ineligible due to low IQ, insufficient language level as 

required for the longitudinal study, extreme aggression, or for TD children, having a sibling 

with an ASD diagnosis. Two male participants with ASD were prescribed Risperidone. A 

serious side effect of this medication in males is gynecomastia (abnormal growth of breast 

tissue); however, this was not observed in either subject. Demographic information for each 

group is presented in Table 1.

The diagnosis of ASD was based on the Diagnostic and Statistical Manual-5 (APA 2013) 

and established by: (1) a previous diagnosis by a psychologist, psychiatrist, or behavioral 

pediatrician with autism expertise, (2) current clinical judgment, and (3) corroborated by the 
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Autism Diagnostic Observation Schedule (ADOS-2; Lord et al. 2012), administered by 

research-reliable personnel, an approach consistent with standards set by the NICHD/

NIDCD Collaborative Programs of Excellence In Autism (Lainhart et al. 2006).

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. During the consenting process, the 

purpose of the physical exam and all study procedures was thoroughly explained to children 

and their parents.

Procedures

All study procedures were conducted during a single visit that lasted approximately three 

hours. Parents completed the questionnaires immediately prior to or at the visit whereas 

youth participants completed self-report at the visit independently without parental 

influence. Physicians’ assessments were blinded to parental and self-assessment measures.

Diagnostic Procedures

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 autism 

spectrum disorder. The ADOS was administered by research-reliable clinicians. A score of 7 

or above on Module 3 (fluent speech) was required for inclusion in the study.

Social Communication Questionnaire (SCQ) (Rutter et al. 2003) is a screener for symptoms 

of ASD. It was administered to both groups, but served as an exclusionary measure for the 

TD sample to ensure an absence of ASD symptoms. A score of 15 is suggestive of ASD and 

a score of 22 is suggestive of autistic disorder. TD children with a score ≥ 10 were excluded 

from the study.

Wechsler Abbreviated Scale of Intelligence, Second Edition (WASI-II, Wechsler 2011) is a 

measure of cognitive ability that was used to obtain an efficient, reasonable estimate of the 

child’s intellectual functioning (IQ ≥ 70 required).

Dependent Measures

Pubertal development was rigorously measured using three different approaches; namely, 

physical exam, a parent-report measure, and self-report based on visual representation of 

Tanner stages (Marshal and Tanner 1970; Marshall and Tanner 1969).

Physical Examination (PE).—Pubertal assessment was conducted for boys and girls by 

physical examination and Tanner staging by three trained and licensed study physicians, one 

male and two females. Physicians, blinded to parental and self-reports, conducted a brief 

physical exam to more reliably identify pubertal development and assign Tanner stage 

(Marshal and Tanner 1970; Marshall and Tanner 1969). Stages range from 1–5 for both 

Pubic hair (P1–P5 for both genders) and Genitals (G1–G5 for boys) and Breasts (B1–B5 for 

girls). The exam consisted of visual inspection and categorization of pubertal and genital 
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maturation. As previously discussed, palpation of breasts or measurement of testes was not 

conducted in order to maximize participation in the physical exam.

Completion of the PE was requested but not required. It was conducted in a university clinic 

exam room. A companion was offered to all youth, which consisted of a parent or same-

gender research personnel member who accompanied the participant during the exam. The 

majority of the exams were conducted by a male physician; however, two female study 

physicians were available for female participants when requested. While it is widely 

believed that adolescents prefer same-sex physician exams, this is not supported by the 

extant literature as research suggests that the sex of the physician is generally not an 

important factor (Dorn et al. 2006).

The extent to which an adolescent is willing to participate is largely due to the comfort level 

of the examiner explaining the study and exam as well as the experience in performing it 

(Dorn et al. 2006). Thus, prior to the exam, study physicians spent approximately 5 minutes 

with each participant to establish rapport, explain the rationale for the exam (i.e., to establish 

the developmental stage of puberty) and answer any questions or concerns. In most cases, 

the conversation helped to normalize the experience. Additionally, 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. For the current study, the 

exam was completed on 184 participants or 92% of the sample. Participants who refused to 

participate in the exam were primarily female (2 ASD, 4 TD); the remaining participants did 

not return following the eligibility visit (3 ASD males), did not meet criteria (2 males with 

suspected ASD) or were due to scheduling conflicts (1 female ASD, 1 female TD, 2 ASD 

males, 1 TD male).

Pubertal Development Scale (PDS; Petersen et al. 1988).—The PDS is a widely-

used parent (or self-report) questionnaire of pubertal status in which responses range from 1 

(has not begun) to 4 (is complete) examining growth, skin changes, pubic hair and breast/

voice changes across gender. Additionally, for females, determination of menses status was 

also asked. The study team has employed the PDS across several studies of individuals with 

and without ASD to get a general estimate of pubertal development based on parental report 

(Corbett 2010, 2012, 2013).

Gender-Specific Self-Assessment Questionnaire for Children Based on 
Tanner Stage Drawings (GSSQ; Rasmussen et al. 2015).—The questionnaire 

contains gender-specific illustrations and text based on Tanner’s five stages (Marshal and 

Tanner 1970; Marshall and Tanner 1969), each represented in female and male anatomical 

drawings. The rationale for using the GSSQ was based on the idea that schematic drawings 

and text are more closely aligned with five Tanner stages, and some previous studies 

reported good convergent validity coefficients with PE (Brooks-Gunn et al. 1987; Duke et al. 

1980; Morris and Udry 1980). Importantly, the GSSQ is based on drawings rather than 

answering questions pertaining to puberty as measured in the PDS. The pictures and text 

were explained to each child. Subsequently, children were asked to self-rate their own stage 

of pubertal development. They were encouraged to take their time and ask questions, if 

needed. The drawings were kept in a manila envelope and the child was asked to 
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independently mark an “X” on the image of Pubic stage and Breast/Genital stage for females 

and males, respectively. Once completed, the child placed the drawing back into the 

envelope. Before and after the administration, children were informed that their information 

was confidential and would not be shared with others outside of the research team. The 

questionnaire was completed before the physical exam and without the input of a parent or 

clinician.

Body Mass Index (BMI).—Physiological indices may be impacted by BMI (Shirtcliff et 

al. 2012) and weight (Dallman et al. 2004). Therefore, as part of the physical exam, the 

physician measured the youth’s height and weight. 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.html). Height was 

measured to the nearest inch and weight was measured to the nearest 0.1 lb using a Health o 

meter TM Professional 499KL Waist High Digital Scale with Height Rod.

Statistical Analyses

Analyses were conducted using SPSS software (version 25; IBM SPSS Statistics, IBM 

Corporation). For statistical analysis of BMI, age- and sex-adjusted Z-scores and percentiles 

were calculated based on the 2000 CDC growth charts (Kuczmarski et al. 2002). Pubertal 

stage outcomes were analysed as ordinal data (Tanner stages 1–5). Statistical approach was 

largely based on previous studies (e.g., Rasmussen et al. 2015; Schlossberger et al. 1992; 

Shiffman et al. 2016). Agreement between exam and the two reports were calculated using 

Crosstabs; specifically, Cohen’s kappa (κ) and percent (%) accuracy calculated the precise 

agreement between the three measures of pubertal development. Accuracy was 

operationalized as self-report (GSSQ) or parent-report (PDS) agreement at the same stage as 

the physical exam (PE). Strength of agreement for Cohen’s κ was interpreted as: <0.00, 

poor; 0.00 to 0.20 slight; 0.21 to 0.40, fair; 0.41 to 0.60, moderate; 0.61 to 0.80, substantial; 

>80, almost perfect (Landis and Koch 1977). Separate group analyses were also conducted. 

Hierarchical linear regression was used to assess whether age, gender, pubertal stage or 

diagnosis affected accuracy of agreement. Finally, precise pubertal staging for the total 

sample was compared across the three measures using Spearman rank correlations.

Results

There were no differences between the groups based on age, height, and weight; however, 

there was a significant difference for BMI-for-age percentile (t(185) = −2.67, p = 0.01, d = 

0.38), with the ASD group evidencing higher values (see Table 1).

Physical Exam (PE) and Gender-Specific Self-Assessment Questionnaire (Table 2)

Girls: As shown in Table 2, there was poor concordance between PE and GSSQ Breast for 

girls, κ = −.06, p = 0.41 and accuracy was 22.6%. There was fair agreement between PE and 

GSSQ Pubic stage for girls, κ = .32, p < 0.005, with 48.1% accuracy.
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Boys: There was slight concordance with GSSQ Genital Stage, κ = .17, p = 0.001 and 

accuracy was 39.9%. There was fair agreement between PE and GSSQ Pubic stage, κ = .23, 

p < 0.005 and accuracy was 43.7%.

PE and Pubertal Development Scale (Table 2)

Girls: There was fair concordance between PE and parental PDS Breast stage, κ = .34, p< 

0.005 and accuracy was 52.7%. There was moderate agreement with Pubic stage, κ = .44, p 

< 0.005 and accuracy was 58.9%.

Boys: There was only slight concordance between PE and parental PDS Genital stage, κ = .

21, p = 0.001 and accuracy was 53.8% agreement. There was fair agreement between PE 

and parental PDS Pubic stage, κ = .29, p < 0.005 and accuracy was 62.6% agreement. Given 

that participants were primarily in the earlier stages of pubertal development with only three 

participants reported by the physician as reaching Tanner stage 5, Tanner stages 4 and 5 

were combined when assessing PE vs PDS concordance. For the three participants classified 

in stage 5 by PE, parent ratings were substantially underestimated, with all parents selecting 

a stage 2 rating on the PDS.

Group (ASD vs. TD) Agreement

To determine the extent to which participants and parents demonstrated agreement with 

physical exam based on diagnosis, separate analyses were conducted for the ASD and TD 

groups.

PE and GSSQ: ASD (Table 3)

Girls: For females with ASD there was poor concordance for GSSQ Breast, κ = −.06, p = 

0.52 and accuracy was 23.3%. There was fair concordance for GSSQ Pubic stage, κ = .30, p 

= 0.002, and accuracy was 46.6%.

Boys: For ASD males there was slight concordance for GSSQ Genital stage, κ = .16, p = 

0.01 and accuracy was 36.1%. For Pubic stage there was fair concordance, κ = .33, p 

<0.005, and accuracy was 50.6%.

PE and PDS: ASD (Table 3)

Girls: Examining agreement within the ASD group, parents of females showed fair PDS 

concordance for Breast stage at κ = .24, p = 0.02, and accuracy was 46.6%. Concordance for 

Pubic stage was moderate, κ = .41, p < 0.005, and accuracy was 56.7%.

Boys: Parents of males with ASD showed slight concordance for Genital stage, κ = .15, p = 

0.03, with 47.3% accuracy. Parents reported fair concordance for Pubic stage, κ = .27, p < 

0.005 and accuracy was 57.1%.

PE and GSSQ: TD (Table 4)

Girls: For females with TD there was poor concordance for GSSQ Breast stage, κ = −.02, p 

= 0.87 and 21.7% accuracy. For Pubic stage there was fair concordance, κ = .34, p = 0.003 

and accuracy was 50%, which was comparable to ASD participants.
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Boys: For TD males GSSQ Genital stage, there was poor concordance, κ = .15, p = 0.17 

with 47.5% accuracy, which was comparable to ASD males self-report. For Pubic stage 

there was poor agreement, κ = .03, p = 0.71 with 32.5% accuracy, which was lower than 

ASD males.

PE and PDS: TD (Table 4)

Girls: For TD females, parent-rated Breast stage showed moderate concordance, κ = .41, p = 

0.001 and accuracy was 59.2%. For Pubic stage, there was moderate concordance, κ = .47, p 

< 0.005 and 61.6% accuracy.

Boys: For TD males Genital stage, there was fair concordance, κ = .33, p = 0.002 and 65.2% 

accuracy. For Pubic stage there was fair agreement, κ = .33, p = 0.004 and 72.1% total 

accuracy.

Hierarchical linear regression was used to examine factors that contributed to accuracy of 

staging for the physical exam. Separate two-step hierarchical regressions with age, sex, 

diagnosis and BMI as predictors were performed for Breast/Genital and Pubic stage. For 

Pubic stage, the first model was significant (F=71.89, p<0.005), with age accounting for 

28.4% of the variance in the outcome. When the additional predictors were added in the 

second step, an additional 10.5% of the variance in Pubic stage was explained, with the 

change in R2 reaching statistical significance (F=10.23, p<0.005). Age, diagnosis, sex, and 

BMI were all significant predictors in the second model (see Table 5).

In regards to Genital/Breast stage, the first model including only age as a predictor was 

statistically significant (F=64.91, p<0.005), with age accounting for 26.4% of the variation. 

Including the other predictors significantly contributed to the model (F=6.32, p= <0.005), 

explaining an additional 7.1% of Genital/Breast variance. While age, diagnosis, and sex 

were significant predictors of Genital/Breast stage (p<0.05, see Table 6), BMI did not 

significantly predict reported stage on the physical exam (β=0.10, t=1.66, p=0.10).

To directly compare the three measures on the same five-point scale, the PDS was converted 

to Puberty Category Scores, which are comparable to Tanner stages, using previously 

established criteria (Crockett 1988; Carskadon and Acebo 1993). Categories were separated 

into Prepubertal, Early Pubertal, Midpubertal, Late pubertal and Postpubertal. These were 

subsequently compared to PE and GSSQ using Spearman rank order correlations, which are 

presented in Table 7. Results revealed relatively good agreement with the total sample 

between PE and PDS (ρ = .71, p < 0.001); however, there was only fair agreement between 

PE and GSSQ (ρ =.51, p < 0.001).

Discussion

The aim of the current study was to compare three measures of pubertal assessment in a 

relatively large sample of children with and without ASD in early stages of puberty and 

between 10 to 13 years of age. Regarding demographics, there was no difference between 

the groups for age, height or weight. However, there was a significant difference between the 

groups for BMI such that children with ASD were higher in average age- and sex-adjusted 
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BMI percentile. Previous research has shown that many children with ASD have higher 

BMI. In an early study, Whiteley and colleagues (2004) found that based on parent-report of 

height and weight, the majority of patients in their study with pervasive developmental 

disorder had BMI at the 80th percentile. In a more recent study, Criado, Sharp and 

colleagues (2018) reported BMI percentiles in ASD (79.6) to be considerably higher than a 

comparison sample of 276 youth. These elevated rates of overweight and obesity appear 

especially prevalent in the teen years (Hill et al. 2015), and are frequently associated with 

sleep disturbance, affective problems, and other general health conditions (e.g. Hill et al. 

2015; Phillips et al. 2014).

The aforementioned demographic indices were examined as potential predictors of pubertal 

development. Not surprisingly, the best predictor of pubertal stage was age which accounted 

for approximately 25% of the variance. Even so, other factors play at least some role to 

include height, weight and to some extent BMI and, likely, other undetermined factors (Wu 

et al. 2001). While age is a key determining factor in pubertal onset, it is not a perfect proxy 

for defining puberty. As seen here and elsewhere (e.g. Karlberg 2002), many biobehavioral 

factors can impact the timing of pubertal onset, as well as the timeline of transition through 

developmental stages until reaching full pubertal maturation. As such, accurate measures for 

defining pubertal stage are critical in studies examining biopsychosocial change during the 

adolescent transition.

Physical exams, considered in the current study as the relative gold standard for pubertal 

staging, were completed by the majority (92%) of the sample. Self-report using the GSSQ 

(e.g., Rasmussen et al. 2015) and parental report using the PDS (Petersen et al. 1988) were 

compared to Tanner staging via physical exams conducted by trained study physicians to 

determine concordance and accuracy.

Self-Assessment Ratings:

In general, concordance for self-assessments compared to physical exam ranged from poor 

to fair. In particular, there was a lack of agreement for girls in terms of breast stage (κ=−.06) 

and boys showed only slight agreement regarding genital stage (κ=.16). For both genders, 

there was better agreement for pubic stage although still falling within the fair range. It is 

plausible that the presence and extent of pubic hair is easier to distinguish for children than 

specific breast or genital stage. Boys tended to overestimate both genital and pubic stages, 

which has been previously reported (Rasmussen et al. 2015).

Based on group, ASD and TD girls’ reports of pubic stage were largely comparable. For 

breast stage, there was poor concordance for girls with and without ASD; however, girls 

with ASD tended to underestimate whereas TD girls often overestimated their breast stage. 

These differences are likely due to social norms such that girls with ASD may not feel the 

same pressure to emphasize their physical size in an effort to be more acceptable. 

Alternatively, it is plausible that a difference exists in the pubertal timing and maturation 

between girls with and without ASD, such that girls with ASD may experience earlier 

pubertal maturation (Pohl et al. 2014). In such cases, girls in later stages of development 

tend to underestimate, while those in earlier stages often overestimate pubertal stage 

(Schlossberger et al. 1992). Boys with and without ASD showed slight to fair concordance 
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for genital and pubic stage, and both groups tended to overestimate their Tanner stage. The 

overestimation in the boys is consistent with previous research, although an explanation for 

the overestimation is unclear (e.g. Schlossberger et al. 1992; Rasmussen et al. 2015; Rollof 

and Elfving 2012).

Parental ratings:

In general, the current results show reasonable agreement between the caregiver responses 

on the PDS and the physician’s exam, which is broadly consistent with some reports (Duke 

et al. 1980; Shirtcliff et al. 2009). Concordance for parent ratings for the total group ranged 

from slight (κ=.15 male genital) to moderate (κ=.41 female pubic), which is largely 

consistent with some previous reports (Shirtcliff et al. 2009). Overall, the results show 

relatively higher agreement between physical exam and parent report compared to self-

report shown above. Accuracy for the combined sample ranged from 52.7% to 62.6%. 

Additionally, there was better parental accuracy for girls than boys with regards to breast and 

genital stage, respectively, likely because it is visually easier to estimate breast development. 

However, agreement within the ASD parental group was more mixed and somewhat limited 

in absolute agreement as demonstrated in other studies of typically developing youth 

(Brooks-Gunn et al. 1987; Desmangles et al. 2006; Rasmussen et al. 2015). While 

comparable to other studies, the physician/parent agreement may be considered marginal 

when absolute precision of staging is needed in research (e.g., a longitudinal study of 

pubertal development) or clinical practice (e.g., endocrine functioning) (Mendle et al. 2019).

Regarding the within-group comparison, concordance for the ASD parent group ranged from 

slight to moderate whereas the TD parent group were generally higher ranging from fair to 

moderate. Furthermore, parents of TD children were significantly more accurate than 

parents of children with ASD regardless of gender, although the differences were 

particularly notable in male children. For example, with regards to pubic stage, parent 

ratings of TD children (72.1%) fell within the substantial range compared to parents of ASD 

children (57.1%) which were in the moderate range, resulting in roughly a twenty percent 

difference. In general, parents tended to underestimate rather than overestimate their child’s 

pubertal stage especially parents of children with ASD. As an illustration, 47.3% of parents 

of ASD youth underestimated male genital stage whereas 34.9% of parents of TD males 

underestimated.

The precise reasons for the underestimation are unknown. Although purely hypothetical, 

factors may include parental differences in adaptation, perceptions and communication 

regarding development. Regarding the former, many parents worry about the storm and 

stress of adolescence (Hall 1904). This concern is undoubtedly heightened for parents of 

children with ASD who may worry about increased anxiety and depression, social 

withdrawal or deterioration of functioning in adolescence (Billstedt et al. 2005; Brown 1969; 

Eisenberg 1956; Gillberg and Schaumann 1981; Rutter 1970). There could be an 

incongruence between the social or cognitive challenges of the adolescent with ASD and 

their prototypical physical, sexual and health status, which is normative. We hypothesize that 

the parents of ASD youth may inadvertently underestimate the child’s developmental stage 

as an adaptation or defence against the perceived risk of the adolescent period. In other 
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words, they may have an adaptive attentional bias to developmental threats, including 

puberty and sexuality.

While previous research in sexual development is somewhat limited, parents of boys with 

ASD have been shown to underestimate, or be unaware of, their child’s sexual knowledge 

and experiences (Dewinter et al. 2016) and tend to be more future-oriented with regards to 

their child’s sexuality (Teti et al. 2019). There is some evidence that parents may avoid 

relevant topics of physical development and sexual relationships, especially in girls. In a 

recent study by Sedgewick and colleagues, some parents of daughters with ASD 

acknowledged that despite concern about their daughter’s sexual relationships and fears of 

exploitation, they avoided engaging in relevant discussions about these topics (Sedgewick et 

al. 2018). Similarly, it has been shown that parents of children with ASD provide sexual 

education less often and later than parents of TD presumably because they incorrectly 

assume their ASD children will have limited interest in sexual relationships (Mehzabin and 

Stokes 2011; Stokes and Kaur 2005). Therefore, underestimation of a child’s maturation can 

alter the timing of parent-led sexual education and age-appropriate communication. In turn, 

it could be hypothesized that the lack of communication regarding sexual maturation and 

education may contribute to the greater inaccuracy in self-reporting evidenced for children 

with ASD as shown in the current study. Finally, communication is often reduced, 

insufficient or inadequate between parent and child during adolescence (Steinberg 2001) and 

this may be magnified in a population marked by reduced social communication ability 

principally regarding puberty related topics such as sexual development (Ballan 2012; Ruble 

and Dalrymple 1993; Nichols and Blakely-Smith 2009).

In light of the current and aforementioned findings regarding underestimation of physical 

development in both children and parents, education pertaining to physical and sexual 

maturation for youth with ASD is important to consider. As noted, underestimation of 

physical development could result in delayed sexuality education. Researchers and clinicians 

in the Netherlands developed the first evidence-based psychosexual education program for 

adolescents with ASD, called Tackling Teenage Training (TTT) (Dekker et al. 2015; Visser 

et al. 2015). The goals of the program are to develop understanding of and practical tools for 

psychosexual functioning in youth with ASD; topics include puberty, sexual behaviour, 

sexual development, boundaries, intimacy, and related topics (Dekker et al. 2015; Visser et 

al. 2015). Results across these studies have revealed that participants’ scores on a sexual 

education test were significantly higher post-intervention, suggesting increased 

psychosexual knowledge as well as increased knowledge of appropriate boundaries and 

decreased inappropriate sex behaviours (Dekker et al. 2015; Visser et al. 2015). Collectively, 

these studies highlight the potential value of sexual intervention for youth with ASD 

(Escalona et al. 2016).

Despite the strengths of the study, which include methodical comparison of three measures 

of pubertal development in a prospective study of youth with and without ASD, there are 

limitations to acknowledge. Firstly, as part of the Tanner physical, examination of the breast 

(palpation) and genitalia (measurement) is considered good clinical care; nevertheless, 

visual inspection alone was used. This decision was made because the procedure was part of 

a large longitudinal study in which participants and families complete several measures 
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during the visit. It is believed that the decision to use visual inspection and the establishment 

of good rapport prior to the exam, contributed to the high completion rate of the exam in the 

sample. It may also be important to acknowledge that a direct comparison between parent- 

vs. self-report questionnaires was not conducted (e.g., PDS-parent and PDS-self). Similarly, 

it is unclear if pictorial representation or answering questions pertaining to pubertal 

development are more optimal for individuals with ASD. Future studies may be needed to 

compare participant responses using drawings vs. questionnaire format to determine if one is 

more useful. Another limitation is the lack of inclusion of individuals with ASD and 

intellectual disability, which limits the generalizability of the findings. Participants are part 

of a longitudinal study that involves cognitive and language demands requiring higher 

functioning capability.

In summary, the results demonstrate that parent- and self-reports are inadequate proxies for 

determining specific levels of pubertal development. While parental estimates for pubic 

stage showed the best estimate with moderate agreement, it was only marginally better than 

self-assessments. There were significant discrepancies regarding developmental stage for 

both genders based on self-assessment, including overestimation in boys. Moreover, there 

were notable differences in parental report to include underestimation of pubertal stage, 

especially in caregivers of children with ASD. Taken together, pubertal assessments by 

parent or child are not reliable indices of precise pubertal staging. Future studies will 

determine if the reliability of such measures improves or declines as the current sample 

advances from early through later pubertal stages. It is predicted that increases in age and 

physical development will contribute to improved accuracy in both parents and self-reports.
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Table 1.

Demographics

ASD (n=122) TD (n=78)
t p

M (SD) M (SD)

Age 11.31 (0.97) 11.41 (1.07) 0.71 0.48

ADOS Total 12.25 (4.81) -- -- --

Full Scale IQ* 100.41 (20.59) 118.03 (13.70) 7.21 <0.005

SCQ* 16.93 (8.33) 2.71 (2.43) −17.67 <0.005

Height (in) 59.58 (4.23) 59.39 (3.53) −0.32 0.75

Weight (1b) 110.72 (43.39) 100.27 (34.60) −1.81 0.07

BMI* 21.89 (6.92) 19.91 (5.48) −2.04 0.04

BMI percentile* 66.73 (31.07) 54.19 (31.96) −2.67 0.01

Note:

*
p<0.05; ADOS, Autism Diagnostic Observation Schedule; BMI, Body Mass Index; SCQ, Social Communication Questionnaire
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Table 2.

Agreement Between Physical Examination (Gold Standard) and Self or Parental Assessments for Total Sample

Female Male

Breast Pubic Genital Pubic

Self

κ −.06 .32*** .17** .23***

95% CI .−.21, .08 .14, .49 .05, .30 .12, .34

% Accuracy 22.6% 48.1% 39.9% 43.7%

Estimation Under/Over 39.6% / 37.8% 15.3% / 36.4% 18.1% / 41.8 10.8% / 45.4%

Breast Pubic Genital Pubic

Parental

κ .34*** .44*** .21** .29***

95% CI .17, .51 .28, .59 .09, .32 .19, .40

% Accuracy 52.7% 58.9% 53.8% 62.6%

Estimation Under/ Over 40.4% / 7.1% 37.6% / 3.6% 43.0% / 3.4% 33.3% / 4.2%

*
p < 0.05

**
p < 0.01

***
p < 0.005; 95% CI = 95% Confidence interval

J Autism Dev Disord. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Corbett et al. Page 22

Table 3.

Agreement Between Physical Examination (Gold Standard) and Self or Parental Assessments for ASD

Female Male

Breast Pubic Genital Pubic

Self

κ −.06 .30*** .16** .33***

95% CI −.23, .10 .06, .54 .01, .30 .20, .47

% Accuracy 23.3% 46.6% 36.1% 50.6%

Estimation Under/Over 53.4% / 23.2% 20.1% / 33.2% 21.6% / 41.8% 9.9% / 38.8%

Breast Pubic Genital Pubic

Parental

κ .24* .41*** .15* .27***

95% CI .01, .48 .18, .63 .02, .29 .15, .39

% Accuracy 46.6% 56.7% 47.3% 57.1%

Estimation Under/Over 50% / 3.3% 40.1% / 3.3% 47.3% / 5.3% 37.7% / 5.2%

*
p < 0.05

**
p < 0.01

***
p < 0.005; 95% CI = 95% Confidence interval

J Autism Dev Disord. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Corbett et al. Page 23

Table 4.

Agreement Between Physical Examination (Gold Standard) and Self or Parental Assessments for TD

Female Male

Breast Pubic Genital Pubic

Self

κ −.02 .34*** .15 .03

95% CI −.23, .20 .08, .60 −.07, .38 −.13, .19

% Accuracy 21.7% 50% 47.5% 32.5%

Estimation Under/Over 21.6% / 56.4% 9% / 40.8% 12.5% / 40% 12.5% / 55%

Breast Pubic Genital Pubic

Parental

κ .41*** .47*** .33*** .33***

95% CI .17, .65 .25, .67 .13, .52 .10, .55

% Accuracy 59.2% 61.6% 65.2% 72.1%

Estimation Under/Over 29.6% / 11.1% 34.6% / 3.8% 34.9% / 0.0% 25.6% / 2.3%

*
p < 0.05

**
p < 0.01

***
p < 0.005; 95% CI = 95% Confidence interval
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Table 5.

Regression Results for Predictors of Pubic Stage

Step 1 Step 2

Variable β t-statistic p β t-statistic p

Age 0.53 8.48 <0.005 0.50 8.39 <0.005

Sex -- -- -- 0.20 3.35 0.001

Diagnosis -- -- -- 0.14 2.36 0.02

BMI -- -- -- 0.20 3.43 0.001

Step 1 Step 2

∆R2 0.284 0.105

∆F 71.89* 10.23*

*
p<0.005
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Table 6.

Regression Results for Predictors of Breast/Genital Stage

Step 1 Step 2

Variable β t-statistic p β t-statistic p

Age 0.51 8.06 <0.005 0.50 8.01 <0.005

Sex -- -- -- 0.17 2.68 0.008

Diagnosis -- -- -- 0.18 2.91 0.004

BMI -- -- -- 0.10 1.66 0.10

Step 1 Step 2

∆R2 0.264 0.071

∆F 64.91* 6.32*

*
p<0.005
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Table 7.

Percentage of Total Sample in Parent- or Self-Reported Pubertal Categories for Each Physician-Assigned 

Tanner Stage

PDS Puberty Category Score

Pre Early Mid Late Post

PE Combined Tanner Scores

Pre 55.2 32.3 12.5 0.0 0.0

Early 21.2 33.3 42.4 3.0 0.0

Mid 0.0 15.4 46.2 34.6 3.8

Late 0.0 0.0 35.3 58.8 5.8

Post 0.0 0.0 66.7 33.3 0.0

Self Combined Tanner Scores

Pre Early Mid Late Post

Pre 45.9 37.6 11.8 4.7 0.0

Early 23.3 40.0 33.3 3.3 0.0

Mid 8.3 37.5 41.7 4.2 8.3

Late 0.0 17.6 41.2 29.4 11.8

Post 0.0 0.0 50.0 50.0 0.0

Note: Combined Tanner Scores calculated as the sum of Tanner rating for Breast/Genital Stage and Pubic Hair Stage divided by two. Tanner score 
categories were equivalent to stages one through five (i.e. prepubertal = Tanner stage 1, etc.). PDS, Pubertal Development Scale. PE, Physical 
Exam.
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