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Background: Social-communication difficulties, a hallmark of ASD, autism spectrum
disorder (ASD) are often observed in attention — deficit/ hyperactivity disorder (ADHD),
although are not part of its diagnostic criteria. Despite sex differences in the prevalence
of ASD and ADHD, research examining how sex differences manifest in social and
communication functions in these disorders remains limited, and findings are mixed. This
study investigated potential sex differences with age in social adaptive function across
these disorders, relative to controls.

Method: One hundred fifteen youth with ASD, 172 youth with ADHD, and 63 typically
developing controls (age range 7-13 years, 75% males) were recruited from the Province
of Ontario Neurodevelopmental Disorder (POND) Network. Social adaptive function was
assessed using the Adaptive Behavior Assessment System-Second Edition (ABAS-II).
The proportions of adaptive behaviors present in each skill area were analyzed as a
binomial outcome using logistic regression, controlling for age, and testing for an age-by-
sex interaction. In an exploratory analysis, we examined the impact of controlling for core
symptom severity on the sex effect.

Results: Significant sex-by-age interactions were seen within ASD in the communication
(p = 0.005), leisure (p = 0.003), and social skill areas (p < 0.0001). In all three areas, lower
scores (indicating poorer function) were found in females compared to males at older ages
despite females performing better at younger ages. There were significant differences in
the sex-by-age interactions in the social and leisure domains between those with ASD
and typically developing controls, with typically developing females showing better scores
at older, compared to younger, ages. There were also significant differences in the sex-by-
age interactions between ASD and ADHD on the social and leisure domains, as females
with ADHD consistently scored higher on social skills than males across all ages, unlike
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those with ASD. Sex differences across age in the social domains for ADHD were similar
to those in the typically developing group.

Conclusion: Sex differences in social and communication skill areas were observed
between ASD and ADHD, and typically developing controls, with females with ASD
performing worse than males at older ages, despite an earlier advantage. These findings
reinforce the need to take a developmental approach to understanding sex differences
which may have diagnostic, prognostic, and treatment implications.

Keywords: autism spectrum disorder, sex differences, attention-deficit hyperactivity disorder, neurodevelopmental
disorders, social-communication behaviours

INTRODUCTION

Autismspectrumdisorder (ASD) and attention-deficit/hyperactivity
disorder (ADHD) are common neurodevelopmental disorders.
Autism spectrum disorder is characterized by deficits in social
communication, as well as restricted and repetitive behaviors
and interests (1). Attention-deficit/hyperactivity disorder (ADHD)
is characterized by inattention, hyperactivity, and impulsivity
that interfere with function (1, 2). According to both Canadian
and US surveillance studies, the prevalence of ASD is about
1.5% [National Autism Spectrum Disorder Surveillance System
Report (3)] (4). The prevalence of ADHD is estimated at 5-7%
(5). Even though the Diagnostic and Statistical Manual of
Mental Disorders, 5" edition (DSM-5) (1) diagnostic criteria
for these disorders appear to show little symptom overlap, the
two disorders frequently co-occur. The prevalence of ADHD
in individuals with ASD has been reported in the range of
30 to 80%, while ASD is estimated to occur in 20% to 50% of
individuals with ADHD (6-8). Moreover, overlapping behavioral
traits have been reported in both youth with ASD and those with
ADHD, including inattention, hyperactivity, social impairment,
and repetitive behaviors (9-13).

Both ASD and ADHD are characterized by amale predominance
(14, 15). In epidemiological studies, the male to female ratio in
ASD ranges from 1.33:1 to 16:1 (16, 17). The most recent male to
female ratio in ASD was reported to be 4:1 (4). The sex ratio varies
by cognitive ability, with higher ratios (10:1) in individuals with
higher cognitive abilities (IQ) but lower ratios (2:1) in individuals
with comorbid intellectual disability (16, 18). In children with
ADHD, male to female ratio estimates range from 10:1 to 3:1 in
clinical and community samples, respectively (14).

In the context of prominent sex differences in the prevalence
of ASD and ADHD, it is important to understand how such sex
differences may interact with specific symptom domains. For
example, males with ASD have been reported to exhibit more
repetitive behaviors than females (19-21) while females with
ADHD have been found to have less inattention, hyperactivity/
impulsivity, and fewer total ADHD symptoms than males with
ADHD (22). A better understanding of as yet underexplored sex
differences in symptom domains across ASD and ADHD may
help us elucidate the biological underpinnings of these disorders,
characterize possible sex-specific profiles, and potentially influence
the development of treatments.

Social-communication difficulties, a hallmark of ASD, are often
observed in ADHD although not part of its diagnostic criteria.
Interpersonal difficulties, peer rejection, and social problems are
prominent in ADHD (23, 24). Greater impairments in peer relations
(25) and poor friendship quality and stability (26, 27) have been
reported. Children with ADHD have few reciprocated friendships,
are rated by peers as less-preferred socially, (25) and are more likely
to be disliked by their peers compared to typically developing
children (28, 29). A systematic review by Kok et al. (30) on social
skills in children with ADHD reported social deficits in females with
ADHD compared to typically developing female peers. Specifically,
females with ADHD experienced less positive peer interactions, and
lower rates of friendship participation and stability compared to
same-aged typically developing females. Martel et al. (31) reported
significant deficits on the social problems domain of the Child
Behavior ChecKklist in children with ADHD compared to controls.
Studies using both measures of autistic traits and more global
measures of social deficits continue to identify social impairments
in ADHD (31-35). Using an autism criteria checklist (32), children
with ADHD presented with deficits in the desire to interact with
others had problems with non-verbal communication and poor eye
contact and had difficulty forming relationships.

Evidence of sex differences in social-communicative abilities
is mixed in both ASD and ADHD (5, 36, 37). In the case of ASD,
some studies have reported that males with ASD had more social-
communication deficits than females (38-42), while other studies
have found no sex differences (21, 43-47), and yet another few
studies have reported more social difficulties in post-pubescent
girls than boys with ASD (48, 49). In the case of ADHD, most
of the research has focused on males (50), making it difficult to
characterize the role of sex differences. Studies of sex differences
in peer functioning among children with ADHD are few and
have yielded contradictory results (5, 36). Studies of community
samples have shown that females were more likely than males
with ADHD to be rejected and disliked by peers; however, studies
of clinical samples reported that males had more parent-reported
peer problems than females (51, 52), and yet others have found no
differences (24, 53).

These inconsistencies across studies could be the result of
power issues stemming from small samples of females, variability
in measures used, as well as possible changes in symptoms across
development. Of note, there are limited studies examining sex
differences across age. To date, McLennan et al. (49) study is the

Frontiers in Psychiatry | www.frontiersin.org

September 2019 | Volume 10 | Article 607


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org

Mahendiran et al.

Social-Communication Sex Differences in Neurodevelopmental Disorders

only longitudinal study that has explored sex-specific trajectories
in ASD symptoms, where females were found to be more
impaired than males in ratings of social function and reciprocal
friendships after age 10.

In typically developing children, quantitative and qualitative
research has suggested that females engage in more prosocial
behavior (54), express greater concern regarding others’ feelings
(55, 56), and spend more time in dyadic interactions than males
(57, 58). Also, females usually have tighter and more intimate
social networks and peer relationships than males that involve
higher peer attachment (58). Moreover, formation of intimate
social groups and group affiliations increases more during
adolescence for females than for males (59). Age effects have also
been noted, with more improvements in associative play at age
3-4, cooperative play at 4-5 and social interactions with peers at
ages 5-6 in females than in males (57).

Insummary, researchinsexdifferencesinsocial-communication
function in ASD and ADHD is inconclusive. Inconsistencies may
be due to variations in methodology, power issues due to smaller
female samples, possible changes in skills, and symptoms across
development, or may reflect a real lack of robust sex differences.
Moreover, most ASD and ADHD research in this area has not
included a typically developing control group, making it difficult
to determine whether the observed male to female differences are
a reflection of typical sex effects across development.

The aim of the current study is to understand the pattern of
potential sex differences in social adaptive function in ASD and
ADHD and compare them to typically developing controls.

Note that this is a cross-sectional study, and as such any
age-by-sex interactions are only suggestive of changes with age.
For ease of communication, we occasionally use terms such as
“increase,” “improve,” or “decline,” but acknowledge that our
findings are not based on longitudinal data.

METHOD

Participants

The present study included children between the ages 7 and 13
years with diagnosis of ASD or ADHD, and typically developing
(TD) controls. The data were accessed from the Province of Ontario
Neurodevelopmental Disorders (POND) Network database, a
research network across five Ontario universities and hospitals
(Holland Bloorview Kids Rehabilitation Hospital, the Hospital
for Sick Children; McMaster University and the Offord Centre;
the Lawson Health Research Institute; and Queen’s University).
Typically developing controls were volunteers from the community
with no first degree relative with a neurodevelopmental disorder.
This study was specifically reviewed and approved by an ethics
committee. Written and informed parental consent was obtained
for all participants under the age of 16.

Measures: Diagnosis of ASD was supported by the Autism
Diagnostic Observation Schedule-2 (ADOS-2) (60), and the
Autism Diagnostic Interview-Revised (ADI-R) (61). Diagnosis of
ADHD was confirmed using the parent interview for child symptoms
(PICS) (62). Participants’ parents completed the Adaptive Behavior
Assessment  System-Second Edition (ABAS-II) parent-report

measure (63). Intellectual ability (IQ) was estimated using a
Wechsler scale (Wechsler Abbreviated Scale of Intelligence
(WASI-I or-1I) (64, 65), Wechsler Intelligence Scale for Children-
4" edition (WISC-IV) (66), or the Stanford Binet Intelligence
Scales (67), when a Wechsler scale was not appropriate.

Adaptive Behavior Assessment System-
Second Edition (ABAS-II) (63)

The ABAS-II parent-report measure was used in the present study to
assess social and communication functions for children diagnosed
with ASD, ADHD, and typically developing controls. This parent-
report measure assesses an individuals daily adaptive functioning.
The measure consists of 10 skill areas: communication, community
use, functional academics, home living, health and safety, leisure,
self-care, self-direction, social, and work skills. Parents or guardians
were asked to assess how often their child engages in a particular
activity using a 4-item Likert scale (0—is not able, 1—never when
needed, 2—sometimes when needed, 3—always when needed). The
present study examined scores on the communication, leisure, and
the social skill areas of the ABAS-II questionnaire. We selected the
social, communication, and leisure areas, as they are arguably the
most relevant to a child’s ability to adapt to broadly conceptualized
social demands of day-day life. To capture this concept in a way that
is not overly cumbersome to the reader, we used the term “social
adaptive function” throughout. The ABAS-II communication skill
area consists of 24 itemsand assesses pragmaticlanguage andlistening
skills. The leisure skill area consists of 22 items that assesses the
individual’s ability and frequency to plan and organize leisure and/or
recreational activities, while the social skill area consists of 23 items
assessing peer interaction and ability to form friendships. The test—
retest reliability coefficients of the adaptive domains range from 0.80
and 0.90s. The inter-rater reliability coefficients of the GAC (General
Adaptive Composite—which is derived from the sum of scaled scores
from the 10 skill areas and is thought to represent a comprehensive
estimate of an individual’s overall adaptive functioning) are 0.91
(ages 10-21), and the average corrected reliability coefficients of the
skill areas of each performance level ranges from 0.78 to 0.98 (63).
The ABAS-II is a measure, with norms from the general population,
which assesses social and communication adaptive functions across
a broad range, and is not designed to assess social-communication
deficits that are specific to ASD or to any other specific disorder.
As the present study includes a cross-disorder analysis, we selected
this measure to ensure that the same construct is measured across
disorders. Moreover, the ABAS-II measures adaptive or “real-
world” social and communication functions (rather than skills or
deficits), which provides an index of an individual's competency in
everyday contexts.

Measures Used in Exploratory Analyses

To assess whether trait severity (estimated by number of symptoms)
is associated with observed sex differences in social adaptive
function, the following parent-reported questionnaires were
available: the Social-Communication Questionnaire (SCQ; 68)
to estimate social and communication deficits (items testing
for repetitive behavior on the SCQ were removed from the
analysis), Strength and Weakness of ADHD Symptoms and Normal
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Behavior Rating Scale (SWAN) (69) to estimate hyperactivity and
impulsivity symptoms, and the Repetitive Behavior Scale-Revised
(RBSR) to estimate repetitive behaviors.

Analytic Plan

ABAS-II item scores were transformed into dichotomous
variables. To accomplish this, scores of 0 or 1 were converted to
“0” (corresponding to the absence of a skill), and scores of 2 or
3 were converted to “1” (i.e., the presence of that skill). We then
analyzed the proportion of behaviors present in each skill area as
a binomial outcome using logistic regression, controlling for age
and sex. The advantage of dichotomizing reduces the variability
due to parental expectation of appropriate frequency of the skills,
which increases our confidence that a particular skill is present
or absent. All analyses were performed using SAS 9.4 (2002-2010
by SAS Institute Inc., Cary NC, USA). We first examined the age
effect across males and females within each group (ASD, ADHD,
and controls) by including an age x sex interaction in the model.
Where the interaction was significant, we estimated the sex effect
across a range of integer ages to facilitate interpretation of the
interaction effect. Where the interaction was not significant,
we reported the overall sex effect. We then used the estimated
coefficients from the final models to predict the proportion of
symptoms at ages 8, 9, 10, 11, and 12 to provide scenarios for
graphical representation to help interpret the impact of age-
by-gender interaction terms and, when the interaction was not
significant, to show the effect of age across both males and females.
The graphs (Figures 1-4) display the probability of getting a
score of 1 on any individual item, which also corresponds to the
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expected proportion of adaptive behaviors present. For example,
seen in Figure 1, boys scored positively (i.e., positive score of 1,
indicating presence of adaptive behavior) on 64% of the items
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FIGURE 2 | Communication score by age: ASD, ADHD, and controls.

This graph depicts the probability of obtaining a positive score of 1 on an
individual item in the communication skill area (indicating skill is present)
across ages in ASD (where males are in blue while females are in red),
ADHD (where males are dark blue while females are orange), and in typically
developing controls (where males are in light blue and females are in pink).
Dx, diagnosis; ASD, Autism Spectrum Disorder; ADHD, Attention Deficit
Hyperactivity Disorder.

Communication Score by Age
ASD and ADHD Combined vs. Control
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FIGURE 1 | Social score by age: ASD, ADHD, and controls. This graph
depicts the probability of obtaining a positive score of 1 on an individual item
in the social skill area (indicating skill is present) across ages in ASD (where
males are in blue while females are in red), in ADHD (where males are in dark
blue and females are in orange), and in typically developing controls (where
males are in light blue and females are in pink). Dx, diagnosis; ASD, Autism
Spectrum Disorder; ADHD, Attention Deficit Hyperactivity Disorder.

FIGURE 3 | Communication score by age: ASD and ADHD combine versus
control. This graph depicts the probability of obtaining a positive score of

1 on an individual item in the communication skill area (indicating skill is
present) across ages in ASD and ADHD combined model (where males are in
green while females are in purple) and in typically developing controls (where
males are in light blue and females are in pink). Dx, diagnosis; ASD, Autism
Spectrum Disorder; ADHD, Attention Deficit Hyperactivity Disorder.
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Leisure Score by Age
ASD, ADHD and Controls
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FIGURE 4 | Leisure score by age: ASD, ADHD, and controls. This graph
depicts the probability of obtaining a positive score of 1 on an individual item
in the leisure skill area (indicating skill is present) across ages in ASD (where
males are in blue while females are in red), ADHD (where males are dark
blue while females are orange), and in typically developing controls (where
males are in light blue and females are in pink). Dx, diagnosis; ASD, Autism
Spectrum Disorder; ADHD, Attention Deficit Hyperactivity Disorder.

in the social skill area whereas girls scored positively on 78% of
the items.

We then compared diagnostic groups to each other and
to controls to determine if sex effects differed between
them. Where the age-by-sex effect was significant within one
or both diagnoses (dx), a three-way interaction was included
in the combined model to test for differences in the age-by-sex
effect between the different groups. Where this interaction was
significant, the sex effect between diagnoses was then evaluated
at different points across the age range to characterize the impact
of the three-way interaction. Where the three-way interaction
was not significant, the overall sex effect was evaluated using a
sex-by-diagnosis (dx) interaction.

If no significant three-way interaction and age-by-sex-by-
diagnosis (dx) interaction was found between ADHD and ASD,
then both groups were combined into one model for the purpose
of comparing to controls.

Exploratory Analysis

To determine whether symptom severity, as approximated by
symptom count, influenced sex differences in ASD and ADHD,
items of the symptom-/trait-based measures that assess social
and communication deficits, inattention and hyperactivity/
impulsivity, and repetitive behaviors (SCQ, SWAN, RBSR)
were then added to the models. Scores on the SWAN and
RBSR were dichotomized to correspond to presence/absence
of a symptom, to be comparable to the SCQ. We explored the
proportion of variability in the sex effect within and across
disorders that was accounted for by the number of symptoms,
by inspecting sex-by-age-by-diagnosis interactions in each

domain before and after controlling for symptom counts. We
examined the effect of adding trait measures to the ASD and
ADHD models separately, both visually and by looking at the
change in significance level for the sex-by-age interaction
where significant. As there are no objective criteria for
characterizing the magnitude of the change in sex-by-age
effects, we only report these effects qualitatively with a focus
on overall trends and not on individual changes.

RESULTS
Study Sample

A total of 350 children were included in the analyses. Sample
information and demographics are reported in Table 1. The
overall age range was 7-13 years, and 75% of the sample was
male. No significant differences were noted between males and
females in IQ within ASD, ADHD, and controls.

Main Group Differences

Overall, typically developing children outperformed children
with ADHD, and both groups outperformed children with
ASD across all three domains on the ABAS-II (raw scores—
communication skill area F = 100.8, p < 0.0001; leisure skill area
F = 80.1, p < 0.0001; social skill area F = 94.6, p < 0.0001) (see
Table 2 for the pairwise comparisons). Females outperformed
males on the communication, leisure, and social skill areas in
both the ADHD and control groups but not in the ASD group
(please see Table 1 for the demographic information as well as
Supplemental Tables 4, 5, and 6 for the mean scores of male and
female participants across age).

Sex Differences in Social, Communication,
and Leisure Skills in ASD, ADHD, and
Controls

Social Skill Area

Older children obtained higher social scores than younger
children among males with ASD (male OR for age = 1.18 p <
0.0001) (Figure 1; note that y-axis depicts the probability of
getting a score of 1 on an individual item) and children with
ADHD across both sexes (female OR for age = 1.11, p = 0.002;
male OR for age = 1.35, p < 0.0001) (Figure 1). In ADHD, there
was a significant difference in the effect of age between the two
sexes in ADHD () = 5.47, 10.02); specifically, both sexes had
better performance across age, but the magnitude was greater
in females (Table 3; Figure 1). There was a significant negative
effect of age in females with ASD (female OR for age = 0.85,
p <0.0001) resulting in a significant difference between males
and females with ASD (x?>=1.18, p < 0.0001) (Figure 1). There
was no significant effect of age in male and female controls
(male OR for age = 1.6, p = 0.6; female OR for age = 2.1, p =
0.07). Sex-by-age interactions between participants with ASD
and controls reached statistical significance (sex-by-age-by-
diagnosis interaction: x> = 5.37, p = 0.02).
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TABLE 1 | Sample characteristics and information.

ASD ADHD Controls
n 115 172 63
Comorbid ADHD or ASD 6 2
Males (%) 93 (81) 128 (74) 41 (65)
Mean (SD)
Male Female T-test Male Female T-test Male Female T-test
Age 10.1 10.1 t=0.00 9.6 9.3 t=1.03 9.9 9.9 t=0.00
(1.8) (1.7) p>0.9 (1.7) (1.5 p=0.3 (1.6) (1.8) p>0.9
1Q 85.6 88.3 t=0.48 102.4 98.3 t=1.5 108.9 113.2 t=1.40
24.1) (20.9) p=0.6 (16.2) (15.6) p=0.1 (12.3) (10.3) p=0.2
ABAS communication 4.7 4.8 t=0.13 7.6 8.7 t=2.1 10.9 12.2 t=2.20
score (8.1) (3.5) p=0.9 (2.9) 8.2) p=0.04 (2.3) (2.1) p=0.03
ABAS leisure score 5.7 6.0 t=0.45 7.8 9.4 t=8.12 10.7 13.0 t=8.77
(2.8) 8.0 p=0.7 (2.9 8.0 p=0.002 (2.5) (1.9 p=0.0004
ABAS social score 3.4 4.0 t=0.80 6.7 8.4 t=2.77 9.8 12.3 t=8.47
(3.0 8.8 p=0.4 3.5 8.5 p=0.006 3.1 (1.8) p=0.001
SWAN scores 8.5 7.6 t=0.72 10.6 9.4 t=1.37 0.2 0.4 t=0.68
(5.2) (5.3 p=0.5 (5.0) (5.0) p=0.2 (0.6) (1.7) p=0.5
SCQ scores 18.1 17.0 t=0.65 7.0 6.2 t=0.92 3.0 1.8 t=2.23
(7.1) (7.9 p=0.5 (5.0) 4.8) p=0.4 (2.3 (1.4) p=0.03
RBSR scores 8.9 9.2 t=0.16 3.5 3.8 t=0.34 0.1 0.3 t=1.14
(8.0) 8.7) p=0.9 4.9 (5.5) p=0.7 (0.5) 0.9 p=0.3
ABAS GAC 66.9 66.3 t=0.16 80.2 84.0 t=1.51 96.6 108.6 1=3.84
(15.2) (16.2) p=0.9 (14.4) (14.2) p=0.1 (11.9 (11.6) p=0.0003

SWAN, SCQ, and RBSR scores are totals after dichotomizing the individual item scores into O (for absent) and 1 (for present). ABAS-Il GAC scores are standardized total scores

which summarizes performance across all skill areas on the ABAS-II, except for Work.

SD, standard deviation; ABAS, Adaptive Behavior Assessment System-Second Edition; SCQ, Social Communication Questionnaire; SWAN, Strengths and Weaknesses of ADHD

symptoms and Normal Behaviour Rating Scale; RBSR, Repetitive Behavior Scale-Revised; GAC, General Adaptive Composite.

When comparing participants with ADHD to controls, the
three-way interaction did not reach statistical significance (sex-
by-age-by-diagnosis interaction: y* = 1.25, p = 0.3). However,
there was a significant sex-by-diagnosis interaction as a result of

TABLE 2 | Pairwise comparisons.

Communication

Mean Standard Confidence Significance
difference error interval
Control vs. ASD 18.83* 1.38 15.56-22.1 p<0.0001
Control vs. ADHD 8.51* 1.30 5.4-11.6 p<0.0001
ADHD vs. ASD 10.32* 1.06 7.8-12.9 p<0.0001
Leisure
Mean Standard  Confidence Significance
difference error interval
Control vs. ASD 16.31* 1.30 156.8-22.8 p<0.0001
Control vs. ADHD 9.09* 1.22 5.1-11.8 p<0.0001
ADHD vs. ASD 7.22* 1.00 8.1-13.5 p<0.0001
Social
Mean Standard  Confidence Significance
difference error interval
Control vs. ASD 19.27* 1.46 13.2-19.4 p<0.0001
Control vs. ADHD 8.45* 1.38 6.1-12.03 p<0.0001
ADHD vs. ASD 10.815* 1.18 4.8-9.6 p<0.0001

Based on estimated marginal means.
*The mean difference is significant at the 0.05 level, adjustment for multiple
comparisons: Bonferroni.

a strong female advantage in controls compared to females with
ADHD across all ages (x* = 6.04, p = 0.01; see Figure 1)

The sex-by-age interaction in ASD was also significantly
different from the sex-by-age interaction in ADHD (sex-
by-age-by-diagnosis: x° = 24.94, p < 0.0001) with better
performance in older children than younger children among
females with ADHD, but the opposite effect in ASD, where
older females performed more poorly than younger females
(Figure 1).

Communication Skill Area
Older children demonstrated higher communication performance
than younger children among males with ASD (male OR for age =
1.24, p < 0.0001) (Figure 2), male controls (male OR for age =
1.96 p < 0.0001) (Figure 2), and males and females with ADHD
(male OR for age = 1.41, p < 0.0001; female OR for age = 1.24,
p = 0.002), with no significant age-by-sex effect in ADHD () =
2.57, p = 0.1). In female controls, there was no significant effect
of age (female OR for age 2.63, p = 0.5), possibly due to ceiling
effects occurring after age 9. Similarly, there was no effect of age
in females with ASD (female OR for age = 1.03, p = 0.6), but there
was a significant sex-by-age interaction (x> = 8.07, p = 0.005).
No significant age-by-sex effect emerged in controls (x* = 0.56,
p =0.5) (Figure 2).

Sex-by-age patterns and the main effects of sex (x* = 0.003,
P >0.9) (3¢ = 0.31, p = 0.6) were similar between ASD and
ADHD (Figure 3; Table 3); we thus combined these groups for
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TABLE 3 | Age effects and sex by age interactions for ASD, ADHD, and controls.

ASD

Social skill area
Male age effect
Female age effect

Sex x age interaction  ¥?; p value
Diagnosis x sex x age interaction
ADHD vs. ASD

x%; p value

Diagnosis x sex x age interaction
ASD vs. control

x% p value

Diagnosis x sex x age interaction
ADHD vs. control

x%; p value

Leisure skill area

Male age effect
Female age effect

Sex x age interaction ¥ p value

Diagnosis x sex x age interaction
ADHD vs. ASD

¥%; p value

Diagnosis x sex x age interaction
ASD vs. control

x%; p value

Diagnosis x sex x age interaction
ADHD vs. control

x% p value

Communication skill area

Male age effect
Female age effect

Sex x age interaction  ¥?; p value

Diagnosis x sex x age interaction
ADHD vs. ASD

x%; p value

Diagnosis x sex x age interaction
ASD vs. control

X% p value

Diagnosis x sex x age interaction
ADHD vs. control

¥%; p value

OR (95% CL)
p value
1.18 (1.12; 1.24) <.0001

0.85 (0.75; 0.95) 0.0001

26.08; <.0001

OR (95% CL)
p value
1.13 (1.08; 1.19) <0.0001
0.93 (0.83; 1.05)
0.2
8.97,
0.003

OR (95% CL)
p value
1.24 (1.17; 1.30) < 0.0001
1.03 (0.92; 1.16)
0.6
8.07,
0.005

ADHD Control
OR (95% CL) OR (95% CL)
p value p value
1.11 (1.04; 1.20) 1.06 (0.85; 1.32)
0.002 0.6
1.35(1.17; 1.57) 2.12(0.93; 4.84)
0.0001 0.07
5.47;0.02 2.50; 0.1
24.94;
0.0001
5.37;
0.02
1.25;
0.3

OR (95% CL)

p value
1.19(1.13; 1.26) < 0.0001
1.25 (1.11; 1.41)
0.0002
0.58,

0.5
6.91;

0.009

12.29;
0.0005

3.93;
0.05

OR (95% CL)
p value
1.41 (1.30; 1.52) < 0.0001
1.24 (1.08; 1.42)
0.002
2.57,
0.1

0.31;

0.5786

1.41;
0.2340

1.09;
0.2996

OR (95% CL)
p value
0.98 (0.86; 1.13) 0.8
1.43 (1.11; 1.85)
0.006
6.35,
0.01

OR (95% CL)
p value
1.96 (1.42; 2.69) < 0.0001
2.63(1.29; 5.37)
0.5
0.56,
0.5

OR, odds ratio; odds ratio of greater than 1 indicates more adaptive behaviors at older ages, while odds ratio less than one indicates fewer adaptive behaviours at older ages.

further analyses. When ASD and ADHD were combined into
one model, there were significant sex-by-age effects across the
pooled sample (x> = 11.22, p = 0.0008). Specifically, females
had significantly better scores than males at younger ages (i.e.,
age 8, OR =1.27,95% CI = 1.02-1.58 p = 0.03) whereas males
had significantly better scores than females at older ages (i.e.,
age 12, OR = 0.67, 95% CI = 0.51-0.89 p = 0.005) (Figure 3).
Sex-by-age effects (x> = 1.61, p = 0.4) and main effects of sex
(x*=2.05, p = 0.4) for this combined ASD+ADHD group were
not significantly different than controls in the communication
skill area (Figure 3).

Leisure Skill Area

Older children obtained higher leisure scores than younger
children among males with ASD (male OR for age = 1.13, p <
0.0001) (Figure 4), female controls (female OR for age = 1.43
p = 0.006), and both males and females with ADHD (male OR
for age =1.19, p < 0.0001; female OR for age = 1.25, p = 0.0002)
(Figure 4), with no significant age-by-sex effect in ADHD () =
0.58, p = 0.5). There was no age effect in male controls (male OR
forage=0.98, p =0.8) or in females with ASD (female OR for age =
0.934, p =0.2) resulting in significant sex-by-age effects in controls
(x> = 6.35, p = 0.01) and ASD (x*> = 8.97, p = 0.003). Notably,

Frontiers in Psychiatry | www.frontiersin.org

September 2019 | Volume 10 | Article 607


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org

Mahendiran et al.

Social-Communication Sex Differences in Neurodevelopmental Disorders

these age-by-sex interactions were in opposite directions across
groups, yielding a significant three-way interaction (age-by-
sex-by-diagnosis) characterized by better performance with age
in females for the control group, but poorer performance with
age in females with ASD (y* = 12.29, p = 0.0005) (Figure 4). In
ADHD, males and females both had better performance with
age, but males consistently scored more poorly than females on
leisure skills at all age points (x? = 0.58, p = 0.5). Notably, although
females and males in both groups had better skills with age, the
sex differences with age increased more in controls than those
with ADHD (sex-by-age-by-diagnosis interaction: x2 = 3.93, p =
0.05) (Figure 4).

The sex-by-age interactions were significantly different
between ASD and ADHD (sex-by-age-by-diagnosis interaction:
x> =6.91, p =0.0086) with better scores at older ages than younger
ages in females with ADHD but poorer scores at older ages for
females with ASD (Figure 4).

Exploratory Analyses

Trait scores from the SWAN, SCQ, and RBSR were highly significant
predictors of communication, leisure, and social adaptive abilities
(all OR’s < 1, p’s < 0.0001) with higher trait scores associated with
significantly lower ABAS total scores, across diagnostic groups.

In the combined sample of all participants with
neurodevelopmental conditions, previously reported significant
diagnosis by sex-by-age interactions remained significant after
controlling for SCQ, SWAN, and RBSR (see Supplementary
Table 1). However, within ASD, a previously reported significant
sex-by-age interaction in the communication domain was no
longer significant after controlling for SCQ (= 2.78, p = 0.1),
with a trend noted also in the leisure domain (original sex-by-age
interaction in the leisure domain was x*= 8.98, p = 0.003 and after
controlling for SCQ, sex-by-age interaction was x*= 5.10, p = 0.02)
(Supplementary Table 2). Please see Supplementary Table 3 to
see the influence of SCQ, SWAN and RBSR on sex differences in
ADHD for social skill area. For instance as seen in Supplemental
Figures 1-6, when RBSR was added to the models, sex differences
were virtually unchanged with lines representing the log (odds
ratio) for sex overlapping those without RBSR in the model.
However, we noted changes in the log (odds ratio) after controlling
for SCQ in both ASD and ADHD (Supplemental Figures 1-6)
with the largest changes noted for ASD communication domain.
Changes to the log (odds ratio) when adding SWAN to the model
were generally smaller than those seen when SCQ was added to
the model, with minimal changes to the sex effect.

DISCUSSION

This study is the first to our knowledge to examine sex differences
in social adaptive function across ASD, ADHD, and typically
developing controls. Controls outperformed (i.e., higher expected
proportion of adaptive behaviors present) both ADHD and
ASD groups, with ASD males and females performing worse on
adaptive function in all three skill areas. We found that social
adaptive function was better or stable across age points in all but

the girls with ASD, whose social performance was significantly
poorer at the older time points when compared to the younger
time points. When compared to males with ASD, females with
ASD had poorer function at older ages, despite better performance
at younger ages. Sex differences in children with ASD and ADHD
were similar to each other in the communication skill area, with
females having significantly better scores than males at younger
ages, while males had significantly better scores than females at
older ages. In the leisure area, both females and males with ADHD
had higher scores at older compared to younger ages with females
having better scores compared to males across all ages. Finally,
exploratory analyses revealed that the severity of the social deficit
in children with ASD partially accounted for sex differences in
performance on the ABAS-II communication, and potentially
leisure skill areas.

The present findings suggest a different trajectory for
social adaptive function in females than males with ASD. Our
findings are consistent with the only longitudinal study to
date to examine sex differences in social abilities in ASD (49).
In this study, females with ASD showed less impairment in
early social behaviors using the ADI-R (i.e., social imitative,
play, seeking, and offering comfort) than males, but greater
social impairments (i.e., poor friendships) in adolescence and
adulthood. Holtmann et al. (48) and Lord et al. (70) also found
social difficulties in adolescent females compared to males.
These findings suggest that social deficits may start to emerge
for girls when social situations become more complex and when
social pressures increase in adolescence, as girls may rely more
on communication and interpersonal skills compared to males
(49), a conceptualization consistent with the DSM-5 articulation
of social deficits as social demands exceeding capacity. Another
possibility is that there was a cohort effect, wherein the 8-year-
old girls had access to better social skills training programs than
the 12-year-old girls early in their development. It also remains
possible that other symptoms (e.g., anxiety) may have started
to interfere with social function in older girls, but these were
not examined in the current study. This issue emphasizes the
need for qualitative and quantitative research that examines
male and female social and communication functions in
multiple contexts and diverse/complex situations over time with
typically developing peers, to determine unique challenges that
females with ASD experience over time. Of note, there were no
significant sex differences in ASD in communication, leisure,
or social skill performance when collapsed across age, which is
consistent with previous studies that found no significant sex
differences in social and communication abilities in children
within the age ranges 7-12 (43, 44, 47). This highlights the critical
importance of examining age effects when exploring diagnostic
group differences in behavioral and functional domains across
neurodevelopmental conditions. The current findings regarding
ASD were not consistent with some previous literature that
reported that adolescent females had fewer social difficulties
than males (38, 40-42). However, these studies included mostly
older adolescents and adults, did not examine age effects, and
included smaller samples.

Our findings for the ADHD group were in line with the
current hypothesis and were consistent with some past research
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that showed more social-communication problems in children
with ADHD compared to controls (30, 71). The findings are also
consistent with some exiting literature suggesting more peer
problems in males relative to females using parent-reported
measures (51, 52). However, other studies have reported that
females with ADHD were more likely than males to be reported
by teachers as being rejected by peers (53, 72) while others
found no differences (24, 73). Discrepancies possibly stemmed
from use of diverse array of measures and constructs, as well as
informants in addition to potential true differences in behavior
across settings. Furthermore, some studies either recruited
children with no formal diagnosis of ADHD who reported
symptoms consistent with ADHD (72, 73) or had children
diagnosed with ADHD using the DSM-III criteria (24, 53) and
as such may have included a somewhat different population
than later studies.

Some limitations of this study are as follows: (1) We may
have been underpowered for some comparisons as only 25%
of the sample were females, and we had a relatively small
typically-developing control group. (2) In addition, parent-
reported measures were used to assess social adaptive function,
which may be influenced by parental biases and expectations.
More importantly, parent reports may miss a lot of nuances
in their child’s lived experiences. Additional assessments using
structured clinical interviews and observational measures
would have been desirable to provide a richer understanding
of the symptoms and behaviors of children in the sample.
Moreover, self-reported measures for older children may be
beneficial in understanding the unique needs and perspectives
of older males and females. Our method of dichotomizing
the item scores may have mitigated some of the variability
due to parental expectation of appropriate frequency of skills.
However, we acknowledge that this results in some loss of the
variability that would be available by examining the full range
of item scores. Both strategies have strengths and limitations,
and we acknowledge the limitation. (3) The present study did
not control for IQ, but we do note that IQ differences between
males and females in the present study were not significant
(see Table 3.1). (4) Most importantly, this study employed
a cross-sectional design and does not account for potential
heterogeneity in trajectories. We acknowledge that our
findings are limited by the cross-sectional nature of this study.
A longitudinal design is required to confirm our findings
and determine both the onset of symptom manifestation
differences between males and females, as well as individual
trajectories over time (45). (5) Finally, we recognize that the
dichotomy between ASD and ADHD is not as definitive as
suggested (particularly given the co-occurrence of ADHD and
ASD in the current sample), but this dichotomy was necessary
for group comparison purposes.

Clinical Implications

Our study highlights the importance of considering potential
sex differences in social adaptive function within and across
neurodevelopmental disorders. Understanding such differences

will ultimately be critical in both improving the diagnostic/
prognostic process, and accounting for variability in presentations
in males and females (74). A potential implication of the
present findings pertains to treatment planning. The particular
pattern observed in females with ASD suggests a female-specific
trajectory in social communication, that may imply that social
interventions may be needed earlier than might be expected
given their apparent competence early on, or potentially that
different social interventions may be appropriate for females,
although our data does not speak to that. Furthermore, the
present study provides a foundation upon which future studies
can be built. There is an urgent need for longitudinal studies
examining sex differences over time in social adaptive function,
given the considerable heterogeneity in this population.

CONCLUSION

This study examined sex differences in social and communication
functions in children with ASD and ADHD compared to
typically developing children. Our findings confirm social
adaptive function deficits in both ASD and ADHD, with both
male and female children with ADHD showing improvements
with age, whereas females with ASD had poorer function at
older ages, despite an early advantage. Findings will enhance
our understanding of sex differences in social adaptive function
across disorders, both informing our understanding of underlying
biology and in identifying/addressing unique needs for males and
females with developmental disorders.
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