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Abstract

Despite advances in early detection, the average age of autism spectrum disorder (ASD) diagnosis
exceeds four years and is often later in females. In typical development, biological sex predicts
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inter-individual variation across multiple developmental milestones, with females often exhibiting
earlier progression. The goal of this study was to examine sex differences in caregiver-reported
developmental milestones (first word, phrase, walking) and their contribution to timing of initial
concerns expressed by caregivers and eventual age of diagnosis. 195 (105 males) children and
adolescents aged 8 to 17 years with a clinical diagnosis of ASD were recruited to the study (mean
1Q =99.76). While developmental milestones did not predict timing of diagnosis or age parents
first expressed concerns, females had earlier first words and phrases than males. There was a
marginal difference in the age of diagnosis, with females receiving their diagnosis one year later
than males. Despite sex differences in developmental milestones and diagnostic variables, 1Q was
the most significant predictor in the timing of initial concerns and eventual diagnosis, suggesting
children with lower 1Q, regardless of sex, are identified and diagnosed earlier. Overall, biological
sex and developmental milestones did not account for a large proportion of variance for the
eventual age of ASD diagnosis, suggesting other factors (such as 1Q and the timing of initial
concerns) are potentially more influential.

NB:
In this paper, we use World Health Organization definitions for sex and gender; “sex” is
genetically and biologically determined whereas “gender” represents a socio-cultural construct
(World, Health Organization, 2010). In this paper, we use the words “male” and “female” to refer
to biological sex.

Lay abstract:

In this study, a later age of diagnosis in females having ASD was confirmed; however biological
sex was not the stronger predictor of age of diagnosis. Parents reported that females learned
language more quickly than males, and parents noted their first concerns when females were older
than males. In this sample, the strongest predictor of age of diagnosis was the age of first concerns.

Keywords
sex differences; early milestones; diagnosis; females; parental perceptions

Background

Despite advances in early detection and research indicating that a reliable diagnosis of
autism spectrum disorder (ASD) is achievable as early as 24 months, the average age of
ASD diagnosis often exceeds 4 years, with a significant lag between the time parents first
report concerns and eventual diagnosis (Daniels & Mandell, 2014). A number of factors
impact both the age and likelihood of receiving an ASD diagnosis, including demographic
variables such as maternal education and family SES (Mandell, Ittenbach, Levy, & Pinto-
Martin, 2007; Mandell, Listerud, Levy, & Pinto-Martin, 2002). Across a range of studies,
female sex is associated with a later age of diagnosis (Begeer et al., 2013; McCormick et al.,
2020; Salomone, Charman, McConachie, & Warreyn, 2015). In a recent study using a
population-based cohort, McCormick and colleagues (2020) found that females are
diagnosed nearly 18 months later than males. This was particularly the case for females with
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more advanced language abilities. Similar findings reported by Salomone and colleagues
(2015) in a large European sample with an interaction between sex and verbal ability in
predicting age of diagnosis, showing females with higher verbal ability were older at the
time of ASD diagnosis. Begeer et al. (2013) reported that compared to males, females with
Asperger Syndrome received a diagnosis 1.8 years later, and the timing between parents’
first concerns and receipt of an eventual diagnosis was four months longer, regardless of
language ability and 1Q. A handful of studies have reported no differences between males
and females with ASD in the age of parental first concerns (Hiller, Young, & Weber, 2016),
the type of first concern (Hiller et al., 2016), or the age at first ASD evaluation (Giarelli et
al., 2010). However, the overall consensus is that females, particularly those with average to
above average verbal ability, receive ASD diagnoses later compared to males (McCormick et
al., 2020; Salomone et al., 2015), therefore delaying females’ access to vital early
intervention services during a critical developmental period.

Parental and clinician perceptions of ASD as a disorder that primarily affects males, and
parents’ differential expectations about what constitutes #ypical behavior across males and
females in early development may influence the timing of ASD diagnosis. In neurotypical
(NT) populations, a child’s sex has been identified as a source of inter-individual variation in
the timing of multiple developmental milestones, including language acquisition and social-
emotional development, favoring earlier skill development in females (Fenson et al., 1994;
Galsworthy, Dionne, Dale, & Plomin, 2000). However, despite the broad assumption of
population-based sex differences in developmental achievements, empirical evidence
supporting a female advantage in the timing of developmental milestones is mixed and/or
lacking. For example, despite small effects showing a female advantage in language and
communication variables during the first 30 months of life (Bauer, Goldfield, & Reznick,
2002; Fenson et al., 1994; Galsworthy et al., 2000; Ozcaliskan & Goldin-Meadow, 2010)
and slight differences (weighted toward females) in the timing of sitting and standing
without support during infancy, no significant sex differences have been reported in terms of
overall motor milestone achievements (World Health Organization, 2008). Conversely, other
studies have suggested this advantage is weighted toward males (Reinisch, Rosenblum,
Rubin, & Schulsinger, 1991). In two recent studies, females were reported as meeting
milestones before males; Sheldrick et al. (2019) reported sex effects across early
developmental milestones from over 41,000 infants, however cautioned against assuming
females develop at a more rapid rate than males. Ertem et al. (2018) reported equivalence for
96% of milestones across 4949 males and females. Despite these mixed findings, there are
widely held assumptions that females achieve milestones at a faster rate than males that may
impact the identification of females with ASD.

While early developmental milestones have been studied extensively in ASD (see Barbaro &
Dissanayake, 2009 for review), the potential impact of a child’s sex on the timing of these
milestones is not fully understood. Pre-diagnosis, differences in early development between
males and females have not been found to be ASD specific (Messinger et al., 2015;
Zwaigenbaum et al., 2012). For example, in a sample of siblings at high-risk of developing
ASD, Messinger et al. (2015) reported that males had slower growth trajectories and lower
cognitive performance compared to females. @ien and colleagues studied children who had
negative screens for ASD at 18 months, but received a later diagnosis of ASD (termed false-
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negatives; @ien et al., 2018). Children in the false-negative group, regardless of sex, had
poorer fine motor skills and overall girls (false-negative and true-negative) were rated as
having less advanced motor skills than boys. Girls who subsequently received an ASD
diagnosis following a false-negative had poorer gross motor skills relative to boys who also
fell in the false-negative group.

However, in a community sample of children later diagnosed with ASD, parents of males
reported more social interaction concerns compared to those reported by parents of females
(Little, Wallisch, Salley, & Jamison, 2017). Early milestones are predictive of a number of
outcome markers in ASD, such as language, cognitive ability, and adaptive behaviors
(Bedford, Pickles, & Lord, 2016; Mayo, Chlebowski, Fein, & Eigsti, 2013), however the
impact of these on the timing of diagnostic variables is less clear.

Given potential sex differences in caregiver-reported timing of developmental milestones in
neurotypical development and the sex imbalance observed in ASD diagnosis rates, we
sought to (1) investigate potential sex differences in caregiver-reported timing of
developmental milestones and diagnostic variables in a large sample of males and females
with ASD. Then, after controlling for key demographic variables, we examined how (2)
biological sex and developmental milestones contributed to the timing of initial parental
concerns and eventual ASD diagnosis. We predicted that sex differences in language
milestones (age of first word, age of first phrase) reported in neurotypical development in
favor of females would be mirrored in children later diagnosed with ASD. Based on
previous research, we expected parents of females would have later first concerns, females
would be diagnosed later and experience a greater lag between initial concerns and eventual
ASD diagnosis. We did not make any specific hypotheses regarding the impact of
developmental milestones on diagnostic outcomes as the variables included in our models
were dependent on the outcomes of Aim One.

Participants.

Participants in this study were drawn from the NIH ACE GENDAAR Network, a research
consortium focused on better understanding the causes and expression of ASD in females.
Recruitment strategies therefore included over-sampling for females with ASD. Participating
families were recruited across four research sites based in academic medical centers serving
the Northwest, Southwest, and Northeast regions of the U.S. Eligible participants included
195 (105 males, 90 females; Table 1 and Supplementary Table 1) children and adolescents
aged 8 to 17 years, with a clinical diagnosis of ASD. Additionally, eligible participants met
the following inclusion criteria: verbal ability consistent with administration of the Autism
Diagnostic Observation Schedule, 2" edition (ADOS-2; Lord et al., 2012) Module 3 or 4;
no current nor history of a significant medical disability, neurological disorder or
developmental disability aside from ASD, known genetic syndrome (e.g., Fragile X
Syndrome), nor significant cognitive impairment (measured as 1Q < 70). Community ASD
diagnoses were verified by a licensed, research reliable clinical psychologist at each site
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using all available information and ensuring all participants met ADOS-2 ASD cutoff
criteria and met Collaborative Programs of Excellence in Autism (CPEA) criteria (Risi et al.,
2006) on the Autism Diagnostic Interview-Revised (ADI-R; Rutter, Le Couteur, & Lord,
2003). Eligibility criteria were confirmed, and diagnostic and cognitive assessments were
administered at the first study visit. The current study was approved by the Institutional
Review Board at each research site. All participating families provided informed consent,
children provided written informed assent, and were compensated for their participation.

Differential Ability Scales, Second Edition (DAS-I1).—Child 1Q was estimated upon
enrollment using the Differential Ability Scales, Second Edition (DAS-II; Elliot, 2007)
Children completed the School Years Battery. For this study, we used General Conceptual
Ability (GCA) Standard Scores to provide an estimated full-scale 1Q (FSIQ). The GCA is
calculated based on scores from the following subscales; Pattern Construction, Matrices,
Recall of Designs, Word Definitions, Verbal Similarities, and Sequential and Quantitative
Reasoning.

NIH ACE Medical History Form.—Primary caregivers completed the standard NIH ACE
Medical History Form (National Institutes of Health, 2012) upon entry into the study. This
form covers a range of variables, including comorbid medical conditions, prescription and
over-the-counter medications, pregnancy and birth complications, diagnostic experiences,
and timing of early developmental milestones.

Autism Diagnostic Interview-Revised (ADI-R).—The ADI-R (Rutter et al., 2003) is a
gold-standard, 111 item semi-structured parent interview that is administered by a trained
clinician and used in tandem with the ADOS-2 to achieve gold-standard ASD diagnostic
confirmation. The ADI-R is organized around DSM-1V and ICD-10 diagnostic criteria for
ASD and has good reliability and validity for individuals 24 months and older. Parents are
asked to report on a wide range of current and past behaviors associated with ASD spanning
three main areas of functioning: quality of reciprocal social interaction, communication and
language, and repetitive, restricted, and stereotyped patterns of behaviors. Most ADI-R items
are coded on a Likert scale ranging from 0 to 2, with higher scores indicating more
impairment/abnormality. Select items also include scoring of the child’s age in months when
certain behaviors were mastered.

Dependent Variables.

Dependent variables were drawn from the NIH ACE Medical History Form and the ADI-R
(Supplementary Figure 1).

Developmental Milestones.—Analyses focused on three early developmental
milestones; age of first single word, age of first three-word phrase, and age of walking
(defined as 10-steps without support). These variables were selected based on prior literature
that indicates (1) differences between high-risk and low-risk siblings are not ASD-specific in
early childhood (Bedford, Jones, et al., 2016; Messinger et al., 2015; Zwaigenbaum et al.,
2012); (2) biological sex potentially contributes to the timing of these milestones in NT
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development (Bauer et al., 2002; Fenson et al., 1994; Galsworthy et al., 2000; Ozcaliskan &
Goldin-Meadow, 2010; Reinisch et al., 1991); (3) these variables have been linked to later
outcomes in ASD (Bedford, Pickles, et al., 2016; Mayo et al., 2013); and (4) have been
indicated as potential markers distinguishing distinct behavioral phenotypes for males and
females with ASD (Hiller et al., 2016).

Both the Medical History Form and the ADI-R ask caregivers to report their child’s age in
months when these three developmental milestones were reached. Both forms also ask
caregivers for the age of first concerns. Whenever possible, an average age was taken across
the two measures. If values were missing from one form, values from the other form were
used in the analyses. Participants with missing values on both measures for a single variable
were excluded from analyses including that specific variable. The majority (70%) of
variables across the two measures were within five months of one another. If there was a
difference greater than five months, original data sources were checked. In the case of an
obvious disagreement (e.g. caregiver reports in years on the Medical History Form but the
examiner reports in months for the ADI-R, yet the values correspond — 48months vs. 4years
—the ADI-R value was retained). As summarized in Supplementary Table 1, the majority of
participants (187/195) had data for at least one developmental milestones. Eighty-eight
percent of participants had data from both measures for age of first word and age of first
phrase, and 73% of participants had data from both measures for age of first walking.

Diagnostic Variables.—Based on prior research indicating differences in timing of ASD
diagnosis between males and females (Begeer et al., 2013; McCormick et al., 2020;
Salomone et al., 2015), the analyses conducted here focused on three variables to assess
diagnostic timing: child’s age when parents first noticed developmental concerns (age of
first concerns); child’s age when first diagnosed with ASD (age at diagnosis); and the length
of time that elapsed between the onset of parents’ first concerns and their child’s eventual
ASD diagnosis (diagnostic lag). Age of first concerns was calculated as an average
(wherever possible) from the Medical History Form and the ADI-R. Only one participant did
not have data for age of first concern from either the ADI-R or Medical History form. Age at
diagnosis was obtained from the Medical History Form only and over 90% of participants
(N=177) had data reported for this variable (Supplementary Table 2). The 18 participants
with missing data for this variable were excluded from associated analyses. Diagnostic lag
was calculated as the difference (in months) between age of first concerns and age at
diagnosis.

Data Analytic Plan.

After controlling for demographic variables (child FSIQ, maternal education, child race,
child ethnicity, and study site) previously shown to influence timing of ASD diagnosis
(Mandell et al., 2007; Mandell et al., 2002; Begeer et al., 2013; McCormick et al., 2020;
Salomone et al., 2015), ANOVAS were used to test for sex differences (male, female) in
timing of developmental milestones (walking, first word, three-word phrases) and diagnostic
variables (first concerns, ASD diagnosis, and diagnostic lag). We also included child current
age in the analytic models for developmental milestones based on the findings of Hus et al.
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(2011) who reported caregiver reports of language delays in children with ASD increased
over time.

The developmental milestones that showed significant between-sex effects in the initial
analysis were then included in a stepwise regression model in order to investigate the
relative contributions of child 1Q, maternal education, race, ethnicity, biological sex, and
timing of early developmental milestones in predicting diagnostic variables. Models
included interactions between child biological sex and developmental milestones (mean
centered). Significant interactions were plotted using the method outlined by Preacher,
Curran, and Bauer (2006).

Between-Sex Differences.

After controlling for demographic variables, there was one significant and one marginal
between-sex difference for developmental milestones (Table 1; Figure 1): age of first three-
word phrase (F(1,149) = 4.807, p=.030, npz =.031) and age of first word (~(1,150) =
3.854, p=.051, np2 =.025). Compared to ASD males, ASD females spoke their first word
on average three months earlier (17.31 vs. 20.57 months) and spoke their first three-word
phrase nearly six months earlier (29.79 vs. 35.05 months; Figure 1). There was no difference
between males (M= 13.66, SD = 3.60) and females (M= 13.57, SD = 3.12) in caregiver-
reported age of walking (v = .661).

After controlling for demographic variables, there was a between-sex difference in age of
first concerns F~(1,155) = 6.582, p=.011, npz =.041), with ASD females on average being
over seven months older than ASD males when their caregivers reported first concerns about
their child’s development (Table 1; Figure 2). The difference in age at diagnosis, with
females being, on average, one year older than males, approached significance (Table 1;
Figure 2; F(1,152)= 3.527, p=.062, np2 =.023). There was no difference between males
(M=41.71, SD= 38.86) and females (M= 47.80, SD = 38.36) in diagnostic lag (0 = .414).

Factors Predicting Timing of Diagnostic Variables.

Table 2 summarizes the linear regression models predicting age of first concerns and age at
diagnosis. We did not examine the factors that predicted diagnostic lag as length of
diagnostic lag did not differ between males and females. Only age of first word and age of
first three-word phrase were entered into the regression models as predictors of diagnostic
variables because these two developmental milestones showed between-sex differences.

Age of first concerns.—Due to the clinical significance of this variable and a difference
of 12 months between males and females in the age of diagnosis (Table 1, Figure 2), we
sought to determine the factors that impact age of diagnosis. While demographic variables
alone did not reliably predict age of first concerns (Table 2; 72 =.036, p=.06), within
model one, current child 1Q was a significant predictor of age of first concerns (p = .006);
caregivers reported later first concerns for children with current higher 1Qs. With the
inclusion of biological sex, model two was significant (/2= .070, p = .010). Both child 1Q
and child biological sex were significant predictors of age of first concerns (1Q: £=2.826, p
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=.005; sex: £=2.541, p=.012). The inclusion of developmental milestones (age of first
word and three-word phrase) did not alter the significant findings for model three. Finally,
we tested the interaction between early developmental milestones and biological sex and
their contribution to age of first concerns (model four). While the overall model significance
did not change (/2= .075, p=.018), the interaction between age of first word and sex was
significant (#154)= -2.030, p=.044), such that caregivers reported earlier age of first
concerns for males who spoke their first word later (Figure 3). Across all models, child 1Q
was the strongest predictor of age of first concerns, showing earlier age of first concerns for
children with lower 1Qs, followed by child biological sex, with caregivers reporting earlier
first concerns for males.

Age at ASD diagnosis.—Demographic variables did not predict age of diagnosis (Model
one; Table 2), however child IQ emerged as a strong individual predictor (p=.007). Model
significance did not change with the inclusion of child biological sex, nor developmental
milestones (age of first word and three-word phrase), and child 1Q remained the only
significant predictor in models two, three and four (Table 2; ps=.007, .016 and 0.19), with
earlier diagnoses for children with lower 1Q. Interactions between early developmental
milestones and biological sex were not significant predictors of age at diagnosis in model
four. Due to the sex difference in age of first concerns, we added this variable in the final
step of our model (Table 2). The inclusion of age of first concerns was highly significant (p
>.001) in predicting age of first concerns; children whose caregivers expressed earlier first
concerns received their diagnosis earlier.

Discussion

Early developmental milestones provide cognitive and behavioral benchmarks that
caregivers and clinicians use to identify potential developmental delays and provide timely
intervention when indicated. Due to the behavioral nature of ASD symptoms and the
diagnostic instruments for identifying ASD in young children, understanding the timing of
early developmental milestones in ASD and the factors that predict timing of such
milestones is critically important for early identification and intervention services. The
current study aimed to examine potential sex differences in the timing of early
developmental milestones and diagnostic-related variables in ASD to understand how these
variables predict the timing of ASD diagnosis.

Given sex differences observed in developmental markers in NT development (Galsworthy
et al., 2000; Ozcaliskan & Goldin-Meadow, 2010; Reinisch et al., 1991), and research
suggesting potential early developmental differences between males and females with ASD
(Bedford, Jones, et al., 2016; Little et al., 2017; Messinger et al., 2015), we sought to
explore whether males and females with ASD in a large multi-site sample differed across
three milestones considered pivotal in early development: age of first word, age of first
three-word phrase, and age of walking. The approach builds on the strengths of previous
retrospective report studies in small to medium sized samples of ASD diagnosed females
(Hiller et al., 2016; Little et al., 2017) to examine retrospective caregiver reports of the
timing of early milestones in a large, well-characterized sample of females with ASD.
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On average, caregivers reported that females spoke their first word around 17 months of age
and three months earlier than males. Additionally, females spoke their first three-word
phrase nearly six months earlier than males. The language differences between males and
females highlight the need for more guidance around the awareness, detection, and diagnosis
of ASD for more verbally advanced females, such as more red flags focused on social
development and more subtle social-communicative behaviors instead of language. While
language delay was recently removed from DSM criteria for ASD (APA, 2013), it has been
historically used as a primary indicator of ASD (Mitchell et al., 2006) though it may not
extend in the same way to females.

Differences in language milestones reported between NT males and females appear to be
mirrored in ASD. However, while females with ASD may have an advantage over males
with ASD, their language milestones are still delayed compared to NT populations with the
average age of first word in children with NT outcomes reported around 12 months of age
(Darley & Winitz, 1961; Nelson, 1981; Sheldrick et al., 2019). In the current sample, while
age of first word and age of first three-word phrase did not predict age of first concerns or
age at diagnosis, these results are consistent with recent population-based findings
suggesting that ASD females with more advanced language abilities are diagnosed later than
ASD males (McCormick et al., 2020).

Few studies have examined sex differences in early developmental milestones in children
later diagnosed with ASD (Hiller et al., 2016; Little et al., 2017; Messinger et al., 2015;
Zwaigenbaum et al., 2012). These studies suggest that males with ASD exhibit slower
cognitive growth and poorer social communication skills compared to females with ASD.
However, our results suggest that language-specific milestones may differentiate males and
females with ASD from one another during early development. Despite the sample being
well-matched on developmental variables upon entry into the study, retrospective caregiver
reports indicate that females may have a slight advantage in the timing of language related
milestones. Alternatively, caregivers may demonstrate a female bias in perceptions of
development and it is possible that differences in caregiver-reported milestones reflect
differences in parental expectations, rather than evidence of empirical differences between
the sexes. For example, mothers have been found to overestimate language abilities in
infancy and early childhood for female children compared to male children (Ruble &
Martin, 1998). Caregivers of children with ASD have also been found to retrospectively
inflate their child’s language delays over time, but not other developmental milestones (Hus
etal., 2011).

There were no sex differences in the reported age of first walking, with both males and
females starting to walk between 13 and 14 months. This aligns with reports from NT
development showing age of first walking typically occurs around 13 months of age (Adolph
& Robinson, 2013; World Health Organization, 2006), and is consistent with data suggesting
minimal gross motor delays in ASD (Bhat, Landa, & Galloway, 2011; Green et al., 2002,
2009; Ozonoff et al., 2008; Provost, Lopez, & Heimerl, 2007). However, as gross motor
skills have been reported to be an important indicator for cognitive and language
development in NT development (Alcock & Krawczyk, 2010; He, Walle, & Campos, 2015;
Libertus & Violi, 2016; Walle & Campos, 2014) and ASD (Bedford, Pickles, et al., 2016),
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future work should seek to clarify potential sex effects on motor abilities using more fine-
grained analyses of milestones.

Results reflect a later age of diagnosis in females, as reported by some previous studies
(Begeer et al., 2013; McCormick et al., 2020; Salomone et al., 2015). Females in this study
received their diagnosis on average one year later than males, however this only approached
significance. Caregivers also reported first concerns about their child’s development nearly
18 months later for females compared to males. It is possible that the observed female
advantages in language may sway caregiver perceptions of development in females.
However, neither age of first word nor age of first three-word phrase were individually
predictive of age of first concerns across males and females. Another potential explanation
for this sex discrepancy in timing of first concerns is caregivers’ knowledge of ASD as a
condition more commonly diagnosed in males.

While caregivers of females reported later age of first concerns and later age of diagnosis,
the time between these events (diagnostic lag) did not differ significantly for males and
females. Despite the lack of significance, the time between first concerns and eventual
diagnosis was six months later for females (47.8 months) vs males (41.7 months). This
aligns with previous reports of longer diagnostic lags in females (Begeer et al., 2013) and
suggests that females may experience delays once their caregivers and/or teachers begin
evaluation processes, which in turn could lead to intervention delays. It is worth noting that
our sample had many markers of high SES, such as post-secondary education, income above
the local median, and privately owned housing. While we cannot assume that SES at the
time of data collection reflect that at the time of diagnosis, it is likely that many caregivers in
our sample had the resources to seek out an evaluation and potentially push back against
perception of ASD in females reported by others (Navot, Jorgenson, & Webb, 2017).

While not studied directly here, it is possible that differences in how parents socialize with
their children may also contribute to how they retrospectively and prospectively report
milestone for males and females. Research has shown that parents use different strategies
and language when interacting with male and female children (Baker & Milligan, 2016;
Bellinger & Gleason, 1982; Clearfield & Nelson, 2006; Pruden & Levine, 2017). These
parental expectations and/or socialization differences may be especially important in ASD
where the male dominance in diagnosis may bias parental perceptions of both female
developmental advantages and the likelihood of receiving an ASD diagnosis, therefore
increasing the need to examine the potential interplay between a child’s sex and the timing
of developmental milestones and ASD diagnosis.

Unlike previous studies, we did not find any impact of race and ethnicity on the age of first
concerns or age of diagnosis. These factors have been highlighted as key mediators in the
age of and access to an ASD diagnosis (Becerra et al., 2014; Mandell et al., 2007, 2002).
However, due to our relatively small and mostly white and non-Hispanic sample, we were
not powered to detect any important racial or ethnic differences. Future research should
examine the intersectionality between race, ethnicity and biological sex in accessing and
receiving an ASD diagnosis.
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Child 1Q was the strongest predictor of age of first concerns and also predicted age of
diagnosis suggesting that overall intellectual functioning, which is viewed as relatively
stable overtime (Bishop, Farmer, & Thurm, 2015; Dietz, Swinkels, Buitelaar, Van Daalen, &
Van Engeland, 2007; Howlin, Savage, Moss, Tempier, & Rutter, 2014), is more likely to
predict the timing of caregivers’ first expressed concerns over their child’s development and
when their child receives their diagnosis. However, age of first concerns was the strongest
predictor of age of diagnosis. Together these findings suggest that parents and clinicians are
more likely to recognize ASD in females when there are additional factors suggesting
developmental disability, evident earlier in development, and aligns with research indicating
a less-skewed sex ratio in children with co-occurring intellectual disability (Banach et al.,
2009; Volkmar, Szatmari, & Sparrow, 1993; Yeargin-Allsopp et al., 2003).

Although 1Q was a stronger predictor in the statistical modeling conducted here, biological
sex was a significant predictor of age of first concerns, with first concerns expressed earlier
for males. Furthermore, the interaction between biological sex and age of first word was
significant; when males had later first words, caregivers reported earlier concerns. Overall,
IQ was the strongest predictor of retrospective caregiver concerns. Age of first concerns,
which was higher in females, was predictive of age of diagnosis and more predictive than

1Q.

Implications for Clinical Practice.

Limitations.

These results align with other studies indicating a later age of diagnosis for females but also
extend this to a later age of first concerns expressed by caregivers. Females had earlier first
words and phrases compared with males. This may suggest that a combination of more
advanced language skills displayed by females and caregiver knowledge of differential
diagnosis rates between males and females may contribute to later first concerns, and
ultimately, to later age at ASD diagnosis for females. The finding that age of first concern,
which were later in females, predicted age of diagnosis further supports the need for more
awareness and targeted screening for females, especially those who are verbal. Our findings,
together with previous research (McCormick et al., 2020), can help inform prospective
screening practices and suggest that screening criteria might need to be modified to identify
verbal females who may not get “flagged” as early if their language is not as delayed as
males or developing in line with CDC milestones (Sheldrick et al., 2019).

Clinicians’ knowledge of how ASD can uniquely manifest in females should include how
developmental milestones may be less delayed in females compared to males with the
disorder, therefore potentially hindering early detection particularly for females with ASD
and average to above average verbal ability.

While this study included a large, well-matched sample of ASD females, there were some
limitations. First, an NT control group was not included in this study. While NT controls
were included in the ACE GENDAAR Network, NT participants did not complete the ADI-
R which was one of the main sources of data for the current study; therefore, normative data
on caregiver-reported early milestones was lacking in the NT sample. The 1Q variable is
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based on current 1Q measured at study enrollment. Therefore, while predictive, current 1Q
may not be an exact reflection of the child’s level of functioning at the age of diagnosis.
Evidence does indicate that 1Q remains relatively stable across childhood (Bishop et al.,
2015; Dietz et al., 2007; Howlin et al., 2014), suggesting participants’ current 1Q would be
relatively consistent with their early childhood IQ. Participation in the current study was
limited to individuals with average to above average 1Q and findings may therefore not be
generalizable to the full range of cognitive abilities represented across the autism spectrum.

While the use of gold-standard measures (ADOS-2 and ADI-R) to confirm ASD diagnosis
are a strength, these diagnostic tools may also filter out potential sex differences as females
who meet gold-standard diagnostic criteria may align more with the male-conceptualization
of ASD (Mandy & Lai, 2017). Therefore, females in our sample were included based on our
current conventional conception of ASD and study inclusion criteria and similar findings
may not be replicated in a broader population.

Results reported here were based on retrospective caregiver reports which tend to be subject
to recall issues and bias. Using the ADI-R, Hus and colleagues (2011) reported significant
“telescoping” of language abilities compared to other developmental milestones, with
caregivers reporting more language delays in their children as they grew older. While current
chronological age did not predict any developmental milestones, caution must be adopted
due to our reliance upon retrospective, caregiver reports. Future early detection studies
should therefore include variables related to developmental milestones to understand if these
results translate to prospectively studied samples. Future studies may also seek to confirm
caregivers’ reported timing of developmental milestones via medical chart review. Any
missing data was mitigated by calculating dependent variables from two caregiver report
tools (ACE Family History and the ADI-R); however, there was missing data for a number
of cases on one of the two measures. While we adopted a robust approach to account for any
missing data by creating an average across the Medical History Questionnaire and ADI-R, it
should be noted that these measures are collected differently; one through in-depth caregiver
interview and the other by questionnaire.

Another potential limitation is the generalizability of these results and the representation of
the ACE GENDAAR sample. All families were recruited via well-resourced ASD research
centers. Given these resources, it is possible that males and females in this sample may not
reflect males and females recruited using population based approaches. While there were no
effects of site on our analyses, it should be noted that two sites (Los Angeles and New
Haven) had lower age of diagnoses for females than the other two sites (Seattle, Boston)
which may reflect site-specific expertise in identifying ASD females (Supplementary Table
2). Our sample was also limited to children with an 1Q above 70 and all recruited children
completed ADOS-2 Modules 3 or 4, therefore our findings may not be generalizable to
minimally verbal and/or less cognitively able children.

Conclusions: Results reported here support recent research indicating females are
diagnosed significantly later than males (McCormick et al., 2020). Caregivers of females
reported later first concerns compared to caregivers of males. While developmental
milestones did not predict timing of diagnostic variables, females had earlier first words and
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phrases than males. Biological sex, in combination with 1Q, predicted caregiver first
concerns but did not contribute to age of diagnosis. The strongest predictor of age of
diagnosis was age of first concerns, which were lower in males. Earlier concerns expressed
by caregivers predicted earlier age of diagnosis, supporting the need for sex-sensitive
screening measures that better detect ASD characteristics in females. Overall, biological sex
and developmental milestones did not account for a large proportion of variance, suggesting
other factors, are more influential in predicting timing of initial concerns. and diagnosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Two-way interaction between sex and age of first word in predicting age of first concerns.
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Table 2:

Predictors of Timing of Parental First Concerns and Age of Diagnosis

Age First Concerns

Age of Diagnosis

AR? B t Sig | AR?2 | B t Sig
Model 1 .036 -.049 961 | .049 213 .832
Site .071 .896 372 118 1.475 124
Mother’s Education .089 1.091 277 112 1.482 120
Race -.073 -.912 .363 -.040 -.495 .621
Ethnicity .019 231 .817 .095 1.159 .248
1Q 203** | 2.797 .006 219™* | 2.743 .007
Model 2 0707 -271 | 787 | .057 091 928
Site .060 762 447 110 1.370 173
Mother’s Education .072 .906 .366 110 1.337 .183
Race -.081 -1.032 | .304 -.043 -.537 .592
Ethnicity -.001 -.016 .988 .082 .998 .320
IQ 991** | 2.826 | .005 200** | 2757 | .007
Sex 199 2.541 .012 119 1.479 141
Model 3 .061 -.041 .968 | .056 440 .660
Site .049 .614 .540 .089 1.090 277
Mother’s Education 072 .883 .379 123 1.476 142
Race -.087 -1.087 | .279 -.046 -.571 .569
Ethnicity .012 146 .884 112 1.321 .189
IQ 206* | 2468 | .015 o07* | 2446 | 016
Sex 100* | 2365 | .019 108 | 1326 | .187
Age of First Word -.017 -.156 .876 .098 .875 .383
Age of 3-Word Phrase .076 .685 495 -.157 | -1.379 | .170
Step 4 .075 -.293 770 | .045 .561 576
Site .060 729 467 .100 1.189 .236
Mother’s Education .074 913 .363 123 1.469 144
Race -.058 -.715 476 -.049 -.591 .556
Ethnicity .011 139 .890 110 1.284 .201
1Q 023** | 2671 | .008 204* | 2366 | .019
Sex 105** | 2452 | 015 111 | 1352 | 178
Age of First Word 126 .920 .359 .060 431 .667
Age of 3-Word Phrase -.035 =277 782 -.168 -1.244 | 216
Sex Eirst Word _3117% | -2.030 | .044 -049 | -314 | 754
Sex *Phrase 251 | 1712 | .089 -022 | -140 | .889
Step 5 (Age of Dx only) 172 .622 .535
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Age First Concerns Age of Diagnosis

AR2 B t Sig | ARZ | B t Sig
Site - - - - .080 1.025 .307
Mother’s Education - - - - .100 1.272 .206
Race - - - - -.032 -.410 .683
Ethnicity - - - - .109 1.370 173
1Q - - - - 115 1.397 .165
Sex - - - - .034 430 .668
Age of First Word - - - - .108 .827 410
Age of 3-Word Phrase - - - - -.183 -1.455 | .148
Sex *First Word . - - . 070 468 641
Sex *Phrase - - - - -117 | -.803 | .423
Age of First Concerns - - - - 3797 | 4.729 .000

*
p <.05

*:

*
p<.01
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