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Abstract We hypothesized that the double hit conferred
by sex and diagnosis increases the risk for internalizing
disorders in adolescent females with autism spectrum dis-
order (ASD). In a sample of 32 adolescents with ASD and 32
controls, we examined the effects of sex, diagnostic factors,
and developmental stages on depression and anxiety. A
3-way interaction revealed that females with ASD exhibited
greater depressive symptoms than males with ASD and
female controls particularly during early adolescence;
therefore, females with ASD might have a unique combi-
nation of genetic, hormonal, and psychosocial vulnerabili-
ties that heighten their risk for depression during early
adolescence. Additionally, the ASD group reported high
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levels of separation anxiety and panic in late adolescence,
possibly indicating atypical development of independence.

Keywords Autism - Sex differences - Adolescence -
Depression - Anxiety

Introduction

Autism spectrum disorder (ASD) has an estimated preva-
lence of 1 in 68, and is almost 5 times more common
among boys (1 in 42) than among girls (1 in 189) (CDC
2014). The overrepresentation of males in the ASD popu-
lation has motivated a narrowing research focus on the
clinical presentation of ASD in boys. Enhancing the
understanding of the ASD profile in females has critical
implications for issues of equity, as well as diagnosis,
treatment, and research. This has been underscored by the
federal Interagency Autism Coordinating Committee
(IACC), which states in their Strategic Plan for ASD
Research that there is a “pressing need to conduct research
aimed at understanding all aspects of ASD (genes, brain,
and behavior) in females with ASD” (IACC 2012). One
research area that may be particularly critical to the study
of sex differences in ASD is internalizing psychopatholo-
gies, such as depression and anxiety. Within the typically
developing population, a strong sex difference emerges
during adolescence, with females experiencing higher rates
of depression and anxiety than males (Angold and Rutter
1992; van Oort et al. 2009). Further, research indicates that
individuals with ASD are at a heightened risk for devel-
oping depression and anxiety (Mayes et al. 2011; Simonoff
et al. 2008). Thus, it has been suggested that females with
ASD might be at an especially high risk for developing
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internalizing disorders because of the “double hit” con-
ferred by sex and diagnostic factors (Solomon et al. 2012).

Sex Differences in Depression and Anxiety
within the General Population

Convergent findings from extensive research on the general
population indicate that depression increases in both males
and females during adolescence, however, the prevalence
rate is nearly twice as high for females than males during
adolescence and adulthood (Angold and Rutter 1992;
Culbertson 1997; Kessler et al. 1994; Nolen-Hoeksema and
Girgus 1994; Saluja et al. 2004). In particular, during early
adolescence the sex difference is minimal or non-existent,
but by late adolescence a strong sex difference in depres-
sion emerges once the majority of adolescents have
undergone puberty (Essau et al. 2000; Hankin et al. 1998).

Similar to the developmental pattern found for depres-
sion, levels of anxiety appear to dramatically increase for
females compared to males during adolescence (Angst and
Dobler-Mikola 1985; Bruce et al. 2005; Regier et al. 1990;
Spitzer et al. 2006). Van Oort et al. (2009) have conducted
one of the only large-scale studies on the developmental
progression of anxiety across preadolescence to late ado-
lescence and found a general pattern for both males and
females across all subtypes of anxiety (i.e., Generalized
Anxiety Disorder, Social Phobia, Separation Anxiety
Disorder, Panic Disorder, and Obsessive Compulsive
Disorder), such that anxiety symptoms first decreased during
early adolescence and subsequently increased during later
adolescence. Adolescent females, however, experienced
overall higher anxiety levels than males across all anxiety
subtypes except Obsessive Compulsive Disorder.

Depression and Anxiety in ASD

Depression and anxiety are two of the most common
comorbidities found in individuals with ASD (Gadow et al.
2012; Ghaziuddin et al. 2002; Kim et al. 2000; Szatmari
et al. 1989; White et al. 2009). Comorbidity rates of ASD
and depression range from 4 to 57 % (Ghaziuddin et al.
2002; Lainhart 1999; White et al. 2009), while those for
anxiety disorders range from 7 to 84 %, with the majority
of anxiety studies suggesting a comorbidity rate between
40 and 50 % (White et al. 2009). Most ASD research has
focused on assessing overall anxiety or social anxiety
levels. A limited number of studies, however, have
explored specific types of anxiety and have found that
higher functioning children and adolescents with ASD have
significantly higher levels of Physical Symptoms, Social
Anxiety, Separation/Panic, Obsessive Compulsive Disor-
der, and Total Anxiety compared to controls (Bellini 2004;
Gillott et al. 2001; Hammond and Hoffman 2014).

Sex Differences in Depression and Anxiety in ASD

Research on sex differences in depression and anxiety in
ASD is limited and, to date, findings have been inconsis-
tent. A large-scale study of internalizing problems in
children and adolescents with ASD revealed that maternal
ratings of anxiety and depression were not related to sex of
the child (Mayes et al. 2011). Similarly, Kuusikko et al.
(2008) assessed anxiety in 52 higher functioning individ-
uals with autism or Asperger’s ages eight to 15 years (40
males; 12 females) using both self-report and parent-report
measures, but no sex differences in anxiety were revealed.
The one study that explored sex differences in anxiety and
depression specifically within a sample of adolescents with
ASD (ranging from 12 to 18 years of age) found margin-
ally significant parent-reported sex differences in 10 male
and 10 female adolescents with ASD, such that females
compared to males presented higher levels of anxiety but
not depression (Solomon et al. 2012). Prior research on the
general population has found that the developmental stage
of adolescence, early adolescence (12-14 years of age)
versus late adolescence (15-17 years of age), affects the
risk for internalizing problems in both sexes, but more
strongly for females (Hankin et al. 1998; van Oort et al.
2009). To our knowledge, no study has empirically tested
whether females with ASD compared to males with ASD
are at a particularly high risk for depression and anxiety
during different developmental stages of adolescence.
Instead, studies that have examined the effect of age on
depression and anxiety in the ASD population span a wide
age range and do not examine sex effects. These studies
have found age-related increases in depression and anxiety
in ASD (Mayes et al. 2011; Brereton et al. 2006; Ghazi-
uddin and Greden 1998; Vickerstaff et al. 2007; Weisbrot
et al. 2005), with some exceptions (Strang et al. 2012;
Sukhodolsky et al. 2008).

ASD Severity and IQ in Relation to Depression
and Anxiety

In order to expand our understanding of depression and
anxiety in the ASD population, it is crucial to examine an
array of possible risk factors for internalizing problems,
such as ASD severity and IQ, in addition to sex and
developmental stage. Research examining whether greater
ASD severity and higher IQ places individuals with ASD at
an increased risk for depression and anxiety has provided
mixed results. Many studies have found that internalizing
problems in ASD are positively correlated with ASD
severity and 1Q (Brereton et al. 2006; Ghaziuddin and
Greden 1998; Kanne et al. 2009; Vickerstaff et al. 2007),
but other studies have not found this relation (Mazurek and
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Kanne 2010; Simonoff et al. 2008; Strang et al. 2012;
Sukhodolsky et al. 2008). One of the largest studies to
address this question included a sample size of 627 mothers
of children with ASD ranging in age (1-17 years) and 1Q
(16-146) and found that the best combined predictors of
depression and anxiety were increasing ASD severity,
verbal 1Q, and age, explaining close to 25 % of the vari-
ance (Mayes et al. 2011).

Rationale for Current Study

This is the first study to examine the effects in ASD of sex
and developmental stage of adolescence on internalizing
symptomatology compared to typically developing (TYP)
controls. We tested three primary hypotheses drawn from
the existing literature: (1) that the ASD group would have
significantly greater depressive and anxiety symptoms than
the TYP group, (2) that adolescent females with ASD
would be at a significantly greater risk for developing
depression and anxiety than adolescent ASD or TYP males,
and (3) that both ASD severity and IQ would positively
correlate with depression and anxiety across the ASD
group.

The study goal also provides the first data on potential
3-way interactions of diagnostic group by both sex and
developmental stage of adolescence. We had no specific
hypotheses as there is a lack of previous data addressing
this topic.

We utilized both parent- and adolescent self-reports of
depressive and anxiety symptoms. This allowed examina-
tion of both parent and adolescent perspectives. Parent and
child report measures of anxiety were selected that con-
tained several anxiety subscales which allowed character-
ization of the specific anxiety issues in this group.

Methods
Participants

Forty-three participants with ASD and 61 participants with
TYP development were recruited into a larger study that
took place in Eugene, Oregon. Participants came from four
sources: the University of Oregon Psychology Depart-
ment’s Developmental Database, fliers in the community, a
participant database developed by the researchers from
prior studies, and autism agencies in Eugene, Oregon, and
Portland, Oregon. To be enrolled in the study, participants
with ASD needed a community diagnosis of ASD made by
a medical doctor (e.g., psychiatrist, developmental pedia-
trician), clinical psychologist, or a multidisciplinary team
(two prospective ASD participants were screened out at
this step). TYP participants were screened for a variety of
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neurological and developmental disorders, including
ADHD and ASD, before being accepted into the study (one
prospective TYP participant was screened out at this step).
The present study used a subset of the participants from
this larger study. Eleven participants with ASD were
screened out of the present study because they did not meet
the following inclusion criteria, which was specific to the
current study: age ranging from 12 to 17 years, composite
IQ >75, a standard cut-off score >30 on the Autism-
Spectrum Quotient (AQ) Adolescent Version (Baron-Co-
hen et al. 2006), and a cut-off score >90 on the Asperger’s
Syndrome Diagnostic Scale (ASDS; Myles et al. 2001). A
one-to-one matching of participants with ASD to the TYP
controls on gender and composite IQ was next conducted.
At this step, 29 TYP participants were excluded. The cri-
terion used for IQ matching consisted of the control par-
ticipant’s composite IQ falling within the 90 % confidence
interval for the composite 1Q of the participant with ASD.
If there was more than one TYP participant who met this
criterion, then the TYP participant who had verbal and
nonverbal 1Q scores closest to the participant with ASD
was selected. Additionally, the number of males and
females with ASD grouped into early and late adolescence
was matched by the same number of male and female
controls. The final sample for the current study consisted of
64 adolescents between the ages of 12.0 and 17.9 years
(M = 14.80, SD = 1.69). Participants included 32 higher
functioning adolescents with ASD (18 male; 14 female)
and 32 TYP adolescents (18 male; 14 female). Additional
demographic data are represented in Table 1. One parent of
each adolescent also participated in the study (59 mothers;
2 female guardians; 3 fathers). All parent and adolescent
participants gave informed consent or assent. The study
was approved by the University of Oregon Institutional
Review Board.

Inclusion Measures

To screen for 1Q, the Kaufman Brief Intelligence Test-2nd
Edition. (KBIT-2; Kaufman and Kaufman 1990) was used.
This test provides a standardized measure of Verbal IQ,
indexed by verbal knowledge and riddles, and Nonverbal
1Q, indexed by matrices, as well as a composite 1Q.

To assess autism spectrum disorder specifically in
higher functioning youth, we used the Autism-Spectrum
Quotient—Adolescent Version (AQ-Adolescent Version;
Baron-Cohen et al. 2006) and the Asperger’s Syndrome
Diagnostic Scale (ASDS; Myles et al. 2001). The AQ-
Adolescent Version is a parent-report instrument that
measures ASD traits in adolescents on a 4-point Likert
scale from “definitely agree” to “definitely disagree”. It is
comprised of 50 questions, assessing 5 different domains:
social skills, attention switching, attention to detail,
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Table 1 Participant characteristics

TYP ASD Group effect

Males (n = 18) Females (n = 14) Total (n = 32) Males (n = 18) Females (n = 14) Total (n = 32)

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) F
Age 14.69 (1.97) 14.94 (1.65) 14.80 (1.82) 14.67 (1.49) 15.09 (1.81) 14.86 (1.62)  0.02 <0.01
VIQ 108.72 (10.54)  111.36 (18.11) 109.87 (14.15) 105.44 (12.76)  105.29 (17.81) 105.38 (14.91) 1.58 0.03
NVIQ 109.00 (11.24)  103.64 (14.68) 106.66 (12.92) 115.06 (9.46) 107.79 (15.59) 111.88 (12.82) 2.55 0.04
FSIQ  110.61 (10.60)  108.79 (16.80) 109.81 (13.44) 112.11 (11.67)  107.64 (18.13) 110.16 (14.75) <0.01 <0.01
ASDS  45.33 (11.00) 43.07 (10.82) 44.34 (10.81) 119.44 (14.23)  118.00 (13.81) 118.81 (13.84)  552.20%=* 0.90
AQ 13.57 (6.41) 10.41 (3.92) 12.19 (5.61) 36.72 (5.49) 33.29 (5.74) 3522 (5.78)  271.93%%* 0.82
SES 4.13 (1.02) 3.95 (1.10) 4.05 (1.04) 3.88 (1.24) 4.29 (1.28) 4.06 (1.25)  0.02 <0.01

There were no group differences in age, NVIQ, VIQ, FSIQ, or SES. SES represents a composite of maternal education, paternal education, and
household income. All groups fell within the upper middle class range on SES

TYP typically developing, ASD autism spectrum disorder, VIQ verbal 1Q, NVIQ nonverbal 1Q, FSIQ composite 1Q, ASDS Asperger’s Syndrome

Diagnostic Scale, AQ Autism-Spectrum Quotient—Adolescent Version, SES socio-economic status

communication, and imagination. Using a cut-off of >30
on the AQ, Baron-Cohen et al. (2006) found that 100 % of
higher functioning girls with ASD and 86.8 % higher
functioning boys with ASD were correctly classified, and
no controls were incorrectly classified, suggesting strong
sensitivity and specificity. Further, Baron-Cohen et al.
(2006) reported good internal consistency (o = 0.79) for
the AQ-Adolescent Version Total scale. The second mea-
sure used to screen for autism traits in higher functioning
youth, the ASDS, is a yes—no 50-item norm-referenced
instrument that indexes five behavioral areas: behavior,
cognitive, maladaptive, social and sensorimotor. A cut-off
of >90 on the ASDS indicates a “likely” to “very likely”
probability of Asperger Syndrome. The test manual
reported good internal consistency for the ASDS Total
scale (o0 = 0.83), and evidence of criterion validity as the
total score correctly identified 85 % of children across five
classifications.

Parent Report Measure of Anxiety and Depression

The Revised Child Anxiety and Depression Scale—Parent
Version (RCADS-P; Chorpita et al. 2000) is a 47-item
parent report measure that indicates on a four-point Likert
scale how often a symptom of anxiety or depression is
present from “never” to “always”. The measure includes a
Major Depressive Disorder scale and a Total Anxiety scale.
The Total Anxiety scale consists of the following five
subscales: Separation Anxiety Disorder, Social Phobia,
Generalized Anxiety Disorder, Panic Disorder, and
Obsessive Compulsive Disorder. Ebesutani et al. (2010)
found excellent internal consistency for the anxiety total
scale (o = 0.94) and good internal consistency for all
subscales (a’s > 0.80). Further, all RCADS-P scales indi-
cated strong discriminant  validity, successfully

discriminating youth with and without disorders corre-
sponding to the RCADS-P subscales. Sterling et al. (2015)
found acceptable internal consistency of the RCADS in a
sample of 67 youth with ASD. In the current study, internal
consistency for the RCADS Total Anxiety scale was
excellent in both groups (ASD, oo = 0.96; TYP, a = 0.92),
and in the ASD group for the Social Phobia scale
(o0 = 0.92) and Panic Disorder scale (o0 = 0.90). In the
present study, internal consistency was good in both groups
for the Generalized Anxiety Disorder scale (ASD,
o= 0.89; TYP, o = 0.82), and Obsessive Compulsive
Disorder scale (ASD, oo = 0.83; TYP, o = 0.83). Further,
internal consistency was good in the ASD group for the
Major Depressive Disorder scale (oo = 0.85), and in the
TYP group for the Separation Anxiety Disorder scale
(o0 = 0.81) and the Social Phobia scale (o0 = 0.84). Internal
consistency was acceptable in the TYP group for the Major
Depressive Disorder scale (o0 = 0.75) and in the ASD
group for the Separation Anxiety Disorder scale
(o0 = 0.74). Internal consistency was questionable in the
TYP group for the Panic Disorder scale (a0 = 0.69).

Adolescent Measures of Anxiety and Depression

The Multidimensional Anxiety Scale for Children (MASC;
March et al. 1997) is a 39-item self-report instrument that
assesses four major domains of anxiety in children: (1)
Physical Symptoms, consisting of items on tense/restless
and somatic/autonomic, (2) Harm Avoidance consisting of
items on perfectionism and anxious coping, (3) Social
Anxiety comprised of items on humiliation/rejection and
performance fear, and (4) Separation/Panic consisting of
items assessing separation anxiety and panic and phobia
symptoms. Additionally, a MASC standardized total score
is provided. Items are rated using a four-point Likert scale
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of the occurrence of the behavior from “never true about
me” to “often true about me”. Standardized scores are
calculated based on age and sex of the respondent. Based
on a study of the general population (March et al. 1997),
internal consistency was good for the Total Anxiety scale
(o0 = 0.87), and acceptable for the four major subscales
(a’s = 0.72-0.80). March et al. (1999) found the discrim-
inant validity of the MASC to be satisfactory, with an
overall classification rate of 71 %. In the current study,
internal consistency for the MASC Total scale was excel-
lent for the ASD group (o = 0.90). Further, in the current
study, internal consistency was good for the Social Anxiety
scale (ASD, o = 0.82; TYP, o = 0.84), as well as the
Physical Symptoms scale for the ASD group (o0 = 0.85),
MASC Total scale for the TYP group (a0 = 0.81). Internal
consistency was acceptable for the Separation/Panic scale
(ASD, o = 0.71; TYP, a = 0.72), Physical Symptoms
scale for the TYP group (o0 = 0.78). The internal consis-
tency was questionable for the Harm Avoidance scale for
the ASD group (o = 0.64) and unacceptable for the Harm
Avoidance scale for the TYP group (o = 0.44).

The Center for Epidemiologic Studies Depression Scale
(CES-D; Radloff 1977) is a 20-item self-report that mea-
sures on a 4-point Likert scale, from “rarely or none of the
time” to “most or all of the time”, how frequently a
respondent has felt depressive feelings in the past week.
The CES-D has good internal consistency for adolescent
populations (o > 0.87 for all subgroups; Roberts et al.
1990). Further, it was found to discriminate well between
psychiatric inpatient and general population samples,
identifying 73 % of the patients with Major Depressive
Disorder. In the current study, internal consistency of the
CES-D was questionable for the ASD group (o = 0.68)
and the TYP group (a0 = 0.65).

Procedure

Adolescent participants completed their self-report mea-
sures and IQ testing in a quiet testing room with one
experimenter. The parents completed their questionnaires
in an adjoining video monitor room. Data was collected as
part of a larger behavioral study involving social and
cognitive measures.

Data Analytic Plan

To evaluate Hypotheses 1 and 2, analysis of covariance
(ANCOVA) was used, except in cases where the dependent
variables were correlated and then multivariate analysis of
covariance (MANCOVA) was used. The dependent vari-
ables were parent-rated and child-reported depression and
anxiety, and the independent variables were group, sex, and
developmental stage (early vs. late adolescence).
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Composite 1Q was included as a covariate. Full models,
consisting of all main effects and 2-way and 3-way inter-
actions, were tested for significance. Significant interac-
tions were followed up with post hoc testing using one-way
ANCOVAs with Dunn-Sidak correction (Sidak) to all
possible pairwise comparisons. We elected to use Sidak
because it is considered to be more powerful than the tra-
ditional Bonferroni correction (Dunn 1964). To address
Hypothesis 3, we examined the correlations among inter-
nalizing problems, ASD severity, and IQ. In order to
reduce the influence of outliers, we utilized a winsorization
procedure, which is a robust accommodation technique that
preserves the sample size while pulling the mean toward
the middle of the distribution (Dixon and Tukey 1968). We
winsorized the data by setting the outliers on the upper
extreme to a value corresponding to the 95th percentile and
setting the outliers on the lower extreme to a value corre-
sponding to the 5th percentile. Examination of the distri-
bution of residuals revealed no substantial deviations from
normality, confirming the assumption of normal distribu-
tion of error terms was satisfied.

Results
Parent Report of Depression and Anxiety

The Total Anxiety scale and Depression scale on the
RCADS parent report were correlated in both the ASD
group and TYP group (see Table 2), confirming that a
MANCOVA was warranted. We conducted a 2 x 2 x 2
MANCOVA with Group (TYP vs. ASD), Sex (male vs.
female), and Developmental Stage (early vs. late adoles-
cence) as fixed factors, and the Total Anxiety and Major
Depressive Disorder subscales from the RCADS parent-
report measure as dependent variables, covarying for
composite IQ. Consistent with Hypothesis 1, this analysis
revealed a multivariate main effect of group, Wilks’
A = 0.67, F(2, 54) = 13.27, p < 0.001, n* = 0.33. Uni-
variate results revealed that parents reported significantly
greater anxiety symptoms in the ASD group (M = 30.20,
SD = 18.37) in comparison to the TYP group (M = 13.99,
SD = 8.79), F(1, 55) =20.87, p <0.001, n*=0.28.
Similarly, parents also reported significantly higher
depressive symptoms in the ASD group (M = 8.70,
SD = 4.63) relative to the TYP group (M = 3.92,
SD =2.79), F(1, 55) =26.33, p <0.001, n*=0.32.
Counter to Hypothesis 2, the parent report data did not
reveal a significant 2-way interaction that supported the
double hit theory of females with ASD. However, a 3-way
interaction of sex, developmental stage of adolescence, and
group, provided a more complex picture of the double hit
theory of females with ASD. The parent report revealed a
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Table 2 Pearson correlations among 1Q, ASD severity, and parent report of depression and anxiety (RCADS-P) in adolescents with ASD or

TYP

1 2 3 4 5 6 7 8 9 10
1. FSIQ - 0.124 0.413* 0.141 —0.054 0.125 0.094 0.027 —0.355% 0.082
2. AQ 0.055 - 0.421%* 0.480%* 0.393* 0.507** 0.368* 0.324 0.268 0.349
3. ASDS 0.335 0.540%* - 0.650%* 0.440% 0.443* 0.477%*%* 0.404* 0.293 0.382%*
4. MDD 0.169 0.324 0.622%* - 0.798%** 0.699%* 0.720%* 0.700%* 0.695%** 0.658%**
5. Total Anx. 0.070 0.501%** 0.569%* 0.714%%* - 0.861%* 0.863%** 0.893%%* 0.893%%* 0.837%*
6. SAD 0.037 0.352% 0.482%* 0.625%* 0.819%* - 0.760%* 0.706** 0.663%* 0.696%**
7. GAD 0.062 0.186 0.311 0.610%* 0.838%** 0.676%* - 0.712%%* 0.688%** 0.631%%*
8. PD 0.112 0.378%* 0.382%* 0.429% 0.569%** 0.603%* 0.338 - 0.725%%* 0.761%%*
9. SP 0.199 0.591%*%* 0.659%* 0.612%%* 0.875%%* 0.544%%* 0.627%*%* 0.336 - 0.671%%*
10. OCD —0.289 0.338 0.194 0.410* 0.666%* 0.363* 0.581%** —0.022 0.631%** -

Correlations for the ASD group (n = 32) are shown above the diagonal. Correlations for the TYP group (n = 32) are shown below the diagonal

ASD autism spectrum disorder, TYP typical development, FSIQ composite 1Q, AQ Autism-Spectrum Quotient—Adolescent Version, ASDS
Asperger’s Syndrome Diagnostic Scale. RCADS-P Revised Child Anxiety and Depression Scale—Parent Version contains the following scales,
MDD Major Depressive Disorder, Total Anx. Total Anxiety, SAD Separation Anxiety Disorder, GAD Generalized Anxiety Disorder, PD Panic

Disorder, SP Social Phobia, OCD Obsessive Compulsive Disorder
*p < 0.05; ¥ p < 0.01; *** p < 0.001

significant 3-way interaction, Wilks’ A = 0.89, F(2,
54) = 3.30, p = 0.04, n2 = 0.11. Univariate tests indi-
cated that the 3-way interaction was mainly driven by
differences in depression (F(1, 55) = 5.06, p = 0.03,
N> = 0.08). To further examine this 3-way interaction, we
used follow-up tests and corrected for multiple compar-
isons with the Sidak correction. These tests revealed that
the females with ASD tended to exhibit greater depressive
symptoms than the males with ASD (Sidak, p < 0.10) and
the TYP females (p = 0.001) during early adolescence,
whereas by late adolescence ASD females and ASD males
were at similarly high levels (see Fig. 1a). Further, males
with ASD tended to present greater depressive symptoms
in late adolescence compared to early adolescence
(p = 0.08), whereas there was no developmental effect for
the females with ASD or the TYP females or males.
Next, we conducted a MANCOVA with the five anxiety
subscales of the RCADS parent-report as the dependent
variables (i.e., Separation Anxiety Disorder, Social Phobia,
Generalized Anxiety Disorder, Panic Disorder, Obsessive
Compulsive Disorder), and Group, Sex, and Developmen-
tal Stage as fixed factors, covarying for composite 1Q. In
line with Hypothesis 1, we found a significant multivariate
effect of group, Wilks’ A = 0.66, F(5, 51) = 5.17,
p < 0.001, n? = 0.34. Thus, we followed up by examining
the univariate tests (see Table 3) and found a significant
Group effect of all five anxiety subscales, (p’s < 0.01),
such that the ASD group showed greater anxiety symptoms
across the five anxiety disorders compared to the TYP
group. There was also a marginally significant multivariate
interaction of group x developmental stage, Wilks’

A =0.82, F(5, 51) =223, p=0.07, n*> =0.18. Uni-
variate tests indicated that the group x developmental
stage interaction was being driven by the Generalized
Anxiety Disorder subscale (F(1, 55) = 3.62, p = 0.06,
N> = 0.06). Follow up tests revealed that older adolescents
with ASD relative to the younger adolescents with ASD
exhibited greater symptoms of Generalized Anxiety
Disorder (Sidak, p = 0.04), whereas there was no differ-
ence between older and younger TYP adolescents
(» = 0.52; see Fig. 2).

Adolescent Self-Reports of Depression and Anxiety

The MASC Total Anxiety scale and CES-D Depression
scale from the adolescent self-reports were correlated in the
ASD group but not the TYP group (see Table 4). For this
reason, we conducted an ANCOVA for the CESD-D and a
separate ANCOVA for the MASC Total Anxiety scale,
controlling for composite IQ. For both analyses, we used a
2 x 2 x 2 design, with Group (TYP vs. ASD), Sex (male
vs. female), and Developmental Stage (early vs. late ado-
lescence) as fixed factors. Consistent with Hypothesis 1,
the ANCOVA revealed that the ASD group reported sig-
nificantly higher depressive symptoms (M = 16.61,
SD = 8.77) relative to the TYP group (M = 11.29,
SD = 6.68), F(1, 55) = 7.54, p < 0.01, n* = 0.12. Simi-
larly, the ANCOVA revealed that the ASD group reported
significantly greater Total Anxiety symptoms (M = 57.40,
SD = 10.63) than the TYP group (M = 52.92,
SD =7.94), F(l, 54)=5.05 p<0.05 n?=0.09.
Regarding Hypothesis 2, the adolescent report data did not
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Fig. 1 a Represents parent report data from the RCADS-P Total
Depression scale, indicating that during early adolescence females
with ASD exhibited greater depressive symptoms than males with
ASD or TYP females and males. b Represents adolescent report data
from the CES-D scale, indicating a pattern consistent with the parent
report findings on depression. Sample size per subgroup ranged from
7 to 11. Error bars represent 1 standard error of the mean

reveal a significant 2-way interaction that supported the
double hit theory of females with ASD. However, the
ANCOVA revealed a marginally significant 3-way inter-
action for adolescent reported depression, F(1, 55) = 3.79,
p = 0.06, 1> = 0.06. As can be seen in Fig. 1b, Sidak post
hoc tests revealed that in early adolescence the ASD
females reported significantly higher depression than the
TYP females (p < 0.01) and ASD males (p < 0.05), in line
with our parent findings.

@ Springer

We next conducted a MANCOVA with the four major
domains of the MASC (i.e., Physical Symptoms, Harm
Avoidance, Social Anxiety, and Separation/Panic) as the
dependent variables and Group, Sex, and Developmental
Stage as fixed factors, controlling for composite IQ.
Although we did not find a significant multivariate effect of
Group, Wilks’ A =0.88, F(4, 51)=1.68, p=0.17,
n? = 0.12, based on Hypothesis 1 we expected group
effects and so we examined the univariate test for each
anxiety subscale. Univariate tests revealed a significant
Group effect for the Physical Symptoms domain, F(1,
54) =547, p = 0.02, n2 = 0.09, and for the Separation/
Panic domain, F(1, 54) = 4.61, p = 0.04, n2 = 0.08.
Specifically, adolescents with ASD reported greater phys-
ical symptoms and separation anxiety and panic symptoms
relative to the TYP group (see Table 3). A goal of our
study was to explore potential 3-way interactions, and we
found a marginally significant multivariate 3-way interac-
tion of group x sex x developmental stage, Wilks’
A =0.86, F(4, 51) =217, p =0.09, n*> = 0.15. Uni-
variate tests revealed that the group x sex x develop-
mental stage interaction was driven by differences in the
Separation/Panic domain, F(1, 54) = 6.75, p = 0.01,
n? = 0.11. To elucidate this significant 3-way interaction,
we employed post hoc tests using one-way ANCOVAs
with Sidak correction. Notably, in early adolescence the
TYP males and ASD females were reporting higher levels
of separation anxiety and panic than the TYP females or
ASD males, but by late adolescence ASD males and
females tended to report higher levels of separation anxiety
and panic than TYP males and females (see Fig. 3).

Correlations Among ASD Severity, IQ, Depression,
and Anxiety

Lastly, to test Hypothesis 3, we examined whether ASD
severity, as measured by the AQ Total Scale and ASDS
Total Scale, and composite IQ correlated with parent report
of depression and anxiety (RCADS Depression and Total
Anxiety Scales) and adolescent report of depression and
anxiety (CES-D and MASC Total Anxiety). Consistent
with Hypothesis 3, based on parent-report, we found that
ASD severity was positively correlated with anxiety and
depression in both adolescent groups, such that increases in
anxiety and depression were associated with increases in
ASD symptoms (see Table 2). Similarly, based on ado-
lescent self-report, the MASC Total Anxiety scale was
marginally correlated with ASD severity in both the TYP
and ASD groups (see Table 4), but no correlations between
depression and ASD severity were found. Composite 1Q
was only correlated with parent reported Total Anxiety in
the TYP group (see Table 2).
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Tabke 3 O dfrnenin S ; n
adolescent report TYP ASD
M (SD) M (SD)
Parent report (RCADS-P)
Separation Anxiety Disorder 1.94 (2.27) 4.49 (3.23) 13.06%%** 0.18
Generalized Anxiety Disorder 2.69 (2.24) 6.43 (3.78) 22.83%#* 0.27
Panic Disorder 1.39 (1.47) 4.15 (4.47) 10.74%* 0.15
Social Phobia 7.61 (3.72) 11.63 (6.19) 10.19%* 0.14
Obsessive Compulsive Disorder 0.74 (1.34) 3.40 (3.24) 18.05%%#%* 0.23
Total Anxiety 13.99 (8.79) 30.20 (18.37) 20.87%%* 0.28
Adolescent Report (MASC)
Physical Symptoms 48.62 (8.16) 53.57 (10.39) 4.39* 0.07
Harm Avoidance 52.50 (7.10) 54.15 (8.82) 0.66 0.01
Social Anxiety 55.01 (10.19) 57.39 (10.57) 0.79 0.01
Separation/Panic 54.21 (10.75) 57.67 (11.21) 1.50 0.02
Total Anxiety 52.92 (7.94) 57.40 (10.63) 3.51° 0.06

The table represents ANCOVA results of group effects for the anxiety scales of the RCADS-P parent report
(n = 32 TYP; n = 32 ASD) and MASC adolescent report (n = 31 TYP; n = 32 ASD)

TYP typically developing, ASD autism spectrum disorder, RCADS-P Revised Child Anxiety and Depression
Scale—Parent Version, MASC Multidimensional Anxiety Scale for Children

T p <0.10; * p < 0.05; *#* p < 0.001
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Fig. 2 The bar graph represents a group x developmental stage
interaction of the means of Generalized Anxiety Disorder, as reported
by parents on the RCADS-P. In particular, the older adolescents with
ASD relative to the younger adolescents with ASD exhibited greater
symptoms of Generalized Anxiety Disorder. Sample size per
subgroup ranged from 14 to 18. Error bars represent £1 standard
error of the mean

Discussion
In the current study, we investigated whether sex, devel-

opmental stage of adolescence, ASD severity, and 1Q
influenced the presentation of anxiety and depressive

symptoms in higher functioning adolescents with ASD
relative to TYP adolescent controls. Consistent with Hy-
pothesis 1, we found that parent-report and adolescent self-
report indicated that the ASD group had greater symptoms
of depression and Total Anxiety than the TYP group,
replicating prior research (Gadow et al. 2012; Ghaziuddin
et al. 2002; Kim et al. 2000; Szatmari et al. 1989; White
et al. 2009). As a further test of Hypothesis 1, we examined
whether there were group differences within specific anx-
iety disorders. Parent-report revealed that the ASD group
compared to the TYP group exhibited more anxiety
symptoms in all five categories assessed by the RCADS-P
(i-e., Separation Anxiety Disorder, Social Phobia, Gener-
alized Anxiety Disorder, Panic Disorder, and Obsessive
Compulsive Disorder). Adolescent report of anxiety
dimensions, revealed that the ASD group exhibited greater
symptoms than the TYP group on the Physical Symptoms
and Separation/Panic MASC subscales, consistent with
Bellini (2004). Counter to Hypothesis 2, we did not find a
2-way interaction to support the double-hit hypothesis
(Solomon et al. 2012) that females with ASD might be at a
particularly heightened risk for developing internalizing
disorders. Finally, our data partially supported Hypothesis
3. Parent- and adolescent self-reports indicated that greater
ASD severity was associated with higher anxiety levels,
but only parent report further indicated that greater ASD
severity was associated with higher depression levels. We
did not find significant correlations with IQ and depression
or anxiety in the ASD group, which may be the result of
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Table 4 Pearson correlations among 1Q, ASD severity, and self report of depression (CES-D) and anxiety (MASC) in adolescents with ASD or

TYP

1 2 3 4 5 6 7 8 9
1. FSIQ - 0.124 0.413* —0.072 0.000 0.082 —0.212 —0.102 0.080
2. AQ 0.055 - 0.421* —0.004 0.307 0.282 0.100 0.339 0.273
3. ASDS 0.335 0.540%*  — 0.057 0.080 0.077 —0.212 0.209 0.131
4. Depression 0.072 0.151 0.075 - 0.420%* 0.402* 0.158 0.311 0.402*
5. Total Anxiety 0.525%* 0.207 0.393* 0.226 - 0.897%* 0.600%* 0.771%* 0.781%*
6. Physical Symptoms ~ 0.493*%* —0.089 0.192 0.190 0.678** - 0.430* 0.572%* 0.637**
7. Harm Avoidance 0.256 0.134 0.281 —0.319 0.296 —0.107 - 0.270 0.450%*
8. Social Anxiety 0.267 0.365* 0.236 0.448* 0.766%** 0.335 —0.094 - 0.429*
9. Separation/Panic 0.273 0.006 0.270 —0.033 0.754%% 0.357* 0.475%%* 0.396%* -

Correlations for the ASD group (n = 32) are shown above the diagonal. Correlations for the TYP group (n = 32) are shown below the diagonal

ASD autism spectrum disorder, TYP typical development, CES-D Center for Epidemiologic Studies Depression Scale, MASC Multidimensional
Anxiety Scale for Children, FSIQ composite 1Q, AQ Autism-Spectrum Quotient—Adolescent Version, ASDS Asperger’s Syndrome Diagnostic

Scale
* p <0.05; ** p < 0.01; *** p < 0.001
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Fig. 3 Represents the means of the Separation/Panic scale as
reported by adolescents on the MASC. The left panel reflects
Separation/Panic in early adolescence, whereas the right panel
reflects Separation/Panic in late adolescence. The graph indicates
that males and females with ASD tend to have higher levels of
separation anxiety and panic than TYP males and females in late
adolescence. Sample size per subgroup ranged from 7 to 11. Error
bars represent +1 standard error of the mean

constraining the range of IQs by including only higher
functioning youth in our sample (e.g., Strang et al. 2012).

Although we did not find evidence supporting the dou-
ble-hit theory that was the subject of Hypothesis 2, we did
find a significant 3-way interaction suggesting that the risk

@ Springer

for internalizing problems in adolescent females with ASD
might be more complex than specified in this theory. A
pattern borne out by both parent-report and adolescent self-
report indicated that females with ASD had greater
depressive symptoms specifically during early adolescence
compared to TYP females and males with ASD. By late
adolescence, females with ASD were more similar in
depression levels to TYP females and males with ASD.
Prior research on the general population has investigated
various vulnerability factors to explain the emergence of
sex differences in depression during adolescence, includ-
ing: pubertal maturation (Angold et al. 1998, 1999), lack of
quality friendships (Pedersen et al. 2007), greater physio-
logical reaction to social rejection (Ladd 2006; Stroud et al.
2002), and negative cognitive style and rumination (Alloy
et al. 2000; Robinson and Alloy 2003). Young adolescent
females with ASD might have a unique combination of
genetic, hormonal, and psychosocial vulnerabilities that
place them at higher risk for depression during early ado-
lescence. An earlier onset of pubertal maturation for
females than males (e.g., Velez et al. 1989), greater
rumination (Crane et al. 2013; Gotham et al. 2014), and
lack of quality friendships (Chamberlain et al. 2007,
Mazurek and Kanne 2010) characteristic of ASD, com-
bined with a female predisposition toward greater physio-
logical stress responsivity to social rejection (Stroud et al.
2002), might contribute additively (Ladd 2006) to the risk
for depression specifically during early adolescence for
females with ASD. Follow-up studies investigating the
relations among pubertal status and timing, psychosocial
stressors, physiological stress responsivity, and rumination
in adolescent females and males with ASD are warranted.
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Another notable significant 3-way interaction involved
child-reported separation anxiety and panic. In early ado-
lescence, there were sex differences amongst the groups,
such that females with ASD and TYP males had signifi-
cantly higher levels of separation anxiety and panic than
males with ASD or TYP females. By late adolescence, the
pattern suggested that males and females with ASD had
higher levels of separation anxiety and panic than the male
and female TYPs. Prior research on the TYP population has
found that both sexes tend to decrease in separation anxiety
and panic during adolescence (Cohen et al. 1993), paral-
leling the changes in independence that emerge during this
developmental phase. In our data, the TYP males but not
females followed this typical pattern of decreasing levels of
separation anxiety and panic symptoms over adolescence.
Our limited sample suggests that males and females with
ASD may experience high levels of separation anxiety and
panic during late adolescence, indicating that the develop-
ment of independence in ASD may be atypical. Follow-up
studies to examine the developmental trajectory of separa-
tion anxiety, panic and autonomy in ASD may be important
to understanding adult outcomes for this population.
Research indicates that higher functioning adults with ASD
overall have poor adult outcomes, relying heavily upon
others for support in living, employment, and relationships
(Howlin et al. 2004). Findings from a nationally represen-
tative study on youth with disabilities indicated that only
17 % of young adults with ASD lived independently
(Newman et al. 2011). Training on self-determination,
including decision-making, goal-setting and attainment,
and self-advocacy, has been found to effectively scaffold
the development of goal-directed behavior and autonomous
adult functioning in individuals with certain disabilities and,
therefore, may help promote autonomy in transition-age
youth with ASD (Wehmeyer et al. 2010). Cognitive
behavioral therapy (CBT) also has been found to be an
effective treatment for anxiety in ASD (McGillivray and
Evert 2014; Russell et al. 2013; Storch et al. 2014; Wood
et al. 2009, 2015) and may compliment interventions on
self-determination. Combination therapy with these two
elements represents a promising intervention approach.

To our knowledge, our study is the first to investigate
the prevalence of internalizing symptoms during early
versus late adolescence in ASD. Both parent and child
reports suggested that anxiety increases over adolescence
in individuals with ASD. We found a two-way interaction
between group and developmental stage for generalized
anxiety disorder, such that parents reported that older
adolescents with ASD exhibited greater generalized anxi-
ety disorder symptoms compared to younger adolescents
with ASD, consistent with Wing’s theory (1981) that older
adolescents with ASD develop painful awareness of their
own deficits, which may trigger internalizing problems.

Finally, it is noteworthy that there were few differences
between parent and adolescent reports. A growing number
of studies have addressed the important problem of parent-
child reporting discrepancies in high functioning children
and adolescents with ASD (e.g., Johnson et al. 2009;
Lerner et al. 2012; Ozsivadjian et al. 2014; Sterling et al.
2015; Vickerstaff et al. 2007), and their results have been
mixed. Given that it is highly plausible that reduced self-
awareness of one’s own social impairments within the ASD
population leads to underreporting of anxiety symptoms
relevant to social contexts, as might be measured by Social
Anxiety or Harm Avoidance scales, it is not surprising that
several studies have found parent-child discrepancies in
reports of social functioning impairments, with parents
reporting poorer functioning (Johnson et al. 2009; Lerner
et al. 2012; McMahon and Solomon 2015; Vickerstaff et al.
2007). However, a recent meta-analysis examining agree-
ment in children with ASD and those with intellectual
disability found moderate levels of agreement between
parents and children for internalizing symptoms (Stratis
and Lecavalier 2015). Furthermore, other studies suggest it
is valuable to obtain self-reports of depression in verbally
skilled ASD populations (Gotham et al. 2014), and that
self-ratings of anxiety by boys with ASD correlate with
physiological markers of their anxiety (Bitsika et al. 2014).
The current study is consistent with the perspective that the
reports of high functioning children with ASD and their
parents are generally concordant. Future studies that use
parent and adolescent self-report versions of the same
internalizing measure would allow for direct comparisons
between parent and adolescent informants through dis-
crepancy analysis.

One major limitation of this study was small sample
size. This limited the power to detect significant 3-way
interactions. Further, given that we used a cross-sectional
design, a next step would be to examine whether these
interactions are replicated in a prospective longitudinal
study. A further limitation was the lack of a semi-struc-
tured interview to confirm diagnosis and reliance on cut-off
scores from parent report measures of ASD symptomology.
Regarding a statistical limitation, there is always some
level of uncertainty when using ordinary least squares
about whether the assumption has been met that all vari-
ables have been accounted for in the model. Regarding
another statistical limitation, there was a small number of
scales that had low reliability, however our findings con-
firmed that reliability was acceptable for most of the
depression and anxiety measures in both groups. Although
we found no differences in socio-economic status (SES)
between the ASD and TYP groups, both groups fell within
the upper middle class range. Given the use of self-selected
case and control groups and bias toward higher SES, our
study may be limited in its generalizability.
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Strengths of the study included recruitment of a com-
munity sample, which may be more representative of the
ASD population than a clinic-referred sample. Clinic
samples may have disproportionate rates of severe
comorbidities that have led to a clinic referral. Another
strength is that we used one-to-one matching of partici-
pants with ASD to control participants on both IQ and sex.
Relative to matching at the group level, matching at the
subject level enhances the power to detect significant dif-
ferences, which is especially useful for smaller sample
sizes.

Conclusions

This study has replicated earlier findings of significantly
greater internalizing problems (specifically depression and
anxiety) during adolescence in those with ASD compared
to TYP controls. ASD severity was found to be positively
correlated with depression and anxiety in both the ASD and
TYP groups, suggesting that greater ASD symptoms are
associated with an increased risk of developing internal-
izing disorders. Our data also suggest that the “double hit”
hypothesis of internalizing problems for females with ASD
may need to be revised to account for our data on devel-
opmental stages of adolescence. We found that depression
peaks during early adolescence in females with ASD,
whereas males with ASD reach these higher levels of
depression during late adolescence.

We suggest that especially during periods of pubertal
growth, adolescents with ASD be closely monitored for
depressive and anxiety symptoms and receive therapeutic
interventions, such as cognitive behavioral therapy, to
reduce internalizing symptoms. We found that both
females and males with ASD had high levels of separation
panic in late adolescence, possibly indicating atypical
development of independence. Training on self-determi-
nation to increase autonomous and goal-oriented behavior
may be crucial in promoting independence and successful
transitions to adulthood for youth with ASD.
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