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Abstract

This paper reviews and synthesizes key areas of research related to the etiology, development, and maintenance of internalizing symptoms in
children, adolescents, and adults with autism spectrum disorder (ASD). In developing an integrated conceptual model, we draw from
current conceptual models of internalizing symptoms in ASD and extend the model to include factors related to internalizing within
other populations (e.g., children that have experienced early life stress, children with other neurodevelopmental conditions, typically
developing children) that have not been systematically examined in ASD. Our review highlights the need for more research to understand
the developmental course of internalizing symptoms, potential moderators, and the interplay between early risk and protective factors.
Longitudinal studies incorporating multiple methods and both environmental and biological factors will be important in order to elucidate

these mechanisms.

Keywords: autism spectrum disorder, child development, internalizing symptoms, protective factors, risk factors

(Received 30 November 2019; revised 23 April 2020; accepted 20 May 2020)

Autism spectrum disorder (ASD) is marked by deficits in social
interaction and communication and the presence of restricted
interests and/or repetitive behaviors (American Psychiatric
Association, 2013). Current population-based estimates suggest
that 1 in 59 children are diagnosed with ASD (Baio, Wiggins,
Christensen et al., 2018). The majority of these children are also
diagnosed with at least one co-occurring condition. Estimates of
the prevalence of co-occurring internalizing conditions (e.g., anx-
iety, depression) varies. Rosen, Mazefsky, Vasa, and Lerner (2018)
noted that the prevalence ranged from 0.9% to 40% depending on
the condition whereas others have suggested the prevalence is
much higher, such that more than 50% have at least one
co-occurring anxiety disorder, with estimates ranging from 42%
to 79% (Kent & Simonoff, 2017). The presence of co-occurring
conditions results in significant negative effects on children’s
social and emotional development, and makes early detection
and treatment of ASD complex, pointing to two reasons for con-
tinued work identifying biological (e.g., brain bases) and environ-
mental (e.g., caregiving quality) factors related to the etiology,
development, and maintenance of co-occurring conditions in
ASD. Several researchers have highlighted the need for future
work investigating mechanisms by which internalizing symptoms
develop and are maintained in children with ASD (McVey, 2019;
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Herrington, Parma, & Miller, 2017; Vasa & Mazurek, 2015) with
some advances in this area (e.g., Bellini, 2006; Burrows, Timpano,
& Uddin, 2017; Kerns & Kendall, 2012; Wood & Gadow, 2010).
However, extant models have not found consistent support, fail
to integrate key components of other ASD models, or are missing
key factors that have been identified in non-ASD models of inter-
nalizing conditions. This review aims to summarize the state of
the science related to mechanisms associated with co-occurring
internalizing symptoms in children with ASD and develop an
integrated conceptual model.

Negative Effects of Internalizing Symptoms

Internalizing conditions such as anxiety and depression, as well as
subclinical levels of internalizing conditions (i.e., anxiety, depres-
sion, social withdrawal, and somatic symptoms) are associated
with concurrent and long-term negative outcomes. Longitudinal
studies in youth without ASD indicate that internalizing symp-
toms are associated with decreased feelings of school belonging
and self-efficacy (Forbes, Fitzpatrick, Magson, & Rapee, 2019),
increased peer difficulties and social problems (Bierman, Kalvin,
& Heinrichs, 2015; Forbes et al., 2019; Kochel, Ladd, &
Rudolph, 2012), and when in conjunction with externalizing
behavior, an increased risk of suicide attempt (Hart et al.,
2017). Further, internalizing symptoms identified in childhood
have been associated with continued internalizing symptoms in
adolescence, as well as externalizing psychiatric problems such
as conduct disorder (Bittner et al., 2007). Finally, there is a two-
to three-fold increase in the likelihood of depression during
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adulthood if a child experiences internalizing symptoms in ado-
lescence (Pine, Cohen, Gurley, Brook, & Ma, 1998).

Not surprisingly, children with ASD also experience negative
outcomes when internalizing symptoms co-occur. When these
conditions co-occur with ASD, functional outcomes are worse
than when compared to children who do not have a co-occurring
internalizing condition. For example, children with ASD and
internalizing symptoms exhibit significantly more self-injurious
behavior, more depressive symptoms, and parents report more
parental stress than children with ASD but fewer internalizing
symptoms (Kerns et al., 2015). Other studies have found that chil-
dren with ASD and internalizing symptoms had poorer relation-
ships with teachers, peers, and family members, as well as higher
levels of aggressive behavior relative to children with ASD and no
comorbid internalizing symptoms (Kim, Szatmari, Bryson,
Streiner, & Wilson, 2000). Further, boys with internalizing symp-
toms use more maladaptive coping strategies and have poorer
social functioning than boys without ASD and internalizing
symptoms (Pouw, Rieffe, Stockmann, & Gadow, 2013). Thus,
investigating developmental risk and protective factors that are
associated with internalizing symptoms within ASD populations
is critical to prevent or reduce these negative outcomes.

Although a body of literature characterizing risk and protective
factors for the development and maintenance of anxiety in
non-ASD populations exists, examining this in ASD populations
is important in order to elucidate whether or not there are com-
mon or differential mechanisms leading to the development and
maintenance of anxiety in ASD populations. One way to assess
this is through a research domain criteria framework (RDoC;
Sanislow et al, 2010), that is examining whether processes
(e.g., negative valence systems) cut across disorders such as in
anxiety and ASD (i.e., transdiagnostic). Mixed support for trans-
diagnostic processes relevant to anxiety has been found. For
example, Herrington, Parma, and Miller (2017) found support
for ASD and anxiety sharing an underlying transdiagnostic mech-
anism as measured using RDoC’s negative valence system.
Specifically, children with ASD and co-occurring anxiety exhib-
ited increased attentional capture by peripherally presented social
information which was identified by increased amygdala activa-
tion. Alternatively, Rodriguez-Seijas et al. (2020) illustrated that
symptoms of social anxiety and ADHD differentially manifest
in children with ASD as compared to non-ASD samples. These
results suggest that there may be both common and distinct
mechanisms regarding the development and maintenance of anx-
iety in ASD samples relative to non-ASD samples.

In the remainder of the paper we first review current models of
internalizing symptoms in ASD followed by outlining novel pieces
of our hypothesized integrative model. Next, we provide a review
of current literature in ASD and non-ASD populations that is rele-
vant to our model to highlight areas of support, suggested areas
for intervention, as well as gaps that require further testing. Given
the breadth of the risk and protective factors that are included in
this review, we did not take a classic systematic approach to identi-
fying articles for inclusion in this paper, instead we provide a scoping
review of the research to date. Although this was not meant to be a
formal systematic review, we identified articles for inclusion in the
ASD-related sections by searching using key terms in PSYCINFO,
PUBMED, google scholar, as well as in the references sections of rel-
evant articles and meta-analyses. When available, meta-analyses
were included in both the ASD and non-ASD reviews. The
non-ASD literature that was included was meant to provide support
for our overall conceptual model and identify discrepancies or gaps
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in our current understanding of internalizing in ASD relative to
non-ASD and was not conducted in a systematic manner.

Current Models of Internalizing in ASD

Several models of risk for internalizing conditions in the ASD lit-
erature exist and emphasize the impact of ASD-specific character-
istics in the development and/or maintenance of co-occurring
internalizing symptoms over time and are summarized below.

In Wood and Gadow (2010)’s theoretical model, ASD-related
stressors (social confusion, peer rejection and victimization
related to autism symptoms, prevention or punishment of pre-
ferred repetitive behaviors, frequent aversive sensory experiences
in daily life) due to ASD-core symptoms are thought to lead to
various types of internalizing symptoms, which then lead to
increased social avoidance, autism severity, behavioral problems,
and personal distress/reduced quality of life. Support for this
model has been mixed and comes from cross-sectional studies
examining associations between ASD-core symptoms and anxiety
symptoms. For example, Sukhodolsky et al. (2008) found that
within a sample of children with higher levels of internalizing
symptoms also had higher levels of stereotyped behaviors. In
addition, in another cross-sectional study, levels of alexithymia
(a lack of emotional awareness often characteristic in ASD) and
emotional acceptance mediated associations between ASD symp-
toms and anxiety in adults (Maisel et al., 2016). The authors posit
that people with ASD experience increased levels of anxiety
(relative to the neurotypical population) due to their increased
likelihood of reacting aversively to their emotional experiences
and their difficulty identifying and understanding their emotions.
These findings highlight the usefulness of interventions targeting
emotional awareness for treatment of anxiety in ASD. However,
other studies have not found support for links within Wood
and Gadow (2010)’s model. In Duvekot, van der Ende,
Verhulst, and Greaves-Lord (2018)’s longitudinal study, anxiety
symptoms when children were 6.7 years old predicted social com-
munication abilities (a core impairment in ASD) 2 years later, but
social communication difficulties at age 6 did not predict later
anxiety symptoms. Further, restricted, repetitive behaviors were
not observed to predict later internalizing symptoms. These
mixed findings suggest that there may be other mechanisms asso-
ciated with the development of anxiety that are not included in
this current model. Kerns and Kendall (2012) aimed to extend
Wood and Gadow’s (2010) model by reviewing several risk factors
associated with internalizing conditions in ASD such as familial
risk, symptoms associated with autism (i.e., sensory sensitivities,
severity of autism, social deficits), and more indirect aspects
related to ASD (e.g., difficulties in emotion regulation, increased
stressors), yet did not develop one clear model of risk for internal-
izing in ASD. Instead, the authors note that work should continue
to elucidate the developmental course of anxiety related to ASD
symptomatology (Kerns & Kendall, 2012).

A second model that specifically focused on the development
of social anxiety in ASD, posited that social anxiety develops from
an early temperament of high physiological arousal (i.e., behavio-
ral inhibition) increasing the likelihood that children/adolescents
will be socially withdrawn. This withdrawal then decreases oppor-
tunities for social skill development due to avoidance of opportu-
nities for social interaction (Bellini, 2006). The lack of experience
in social situations leads to experiences of negative peer interac-
tions, and due to their high physiological arousal these negative
experiences lead to more adverse impacts and the development
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of social anxiety. The social anxiety then leads to increased social
withdrawal and exacerbates the symptoms. Bellini (2006) found
support for his model in a sample of adolescents with ASD, albeit
using cross-sectional self-report measures. This model is similar to
social anxiety models in the non-ASD literature in which behavio-
ral inhibition predicts social anxiety (e.g., Chronis-Tuscano et al.,
2009).

Finally, a more recent model of risk for the development of
internalizing conditions builds on a model of repetitive negative
thinking as a transdiagnostic feature of internalizing symptoms
(Burrows et al., 2017). Burrows et al. (2017) posit that cognitive
inflexibility combined with a predisposition to negative affect,
both of which have been associated with ASD, contribute to repet-
itive negative thinking, placing children with ASD at risk for
internalizing problems. Burrows and colleagues identify the
Salience network, including the dorsal anterior cingulate, insula,
and amygdala, as playing a key role in the development of inter-
nalizing symptoms in ASD. Specifically, the Salience network is
involved in allocating and shifting attention between networks.
Atypical connectivity within and between the Salience network
and the default mode network (DMN), which is associated with
self-referential thought, may lead to perseveration on negative
self-referential information following a negative social interaction.

Although each of these models independently highlights
important components that are related to the development of
anxiety in ASD, they do not integrate key findings from each of
their counterparts. Additionally, some models fail to include addi-
tional important etiological factors such as other environmental
or contextual correlates (e.g., the impact parents’ stress/behavior
plays) and neurobiological indices that have been found in both
ASD and non-ASD literature to be associated with anxiety and/
or predictive of anxiety. Developing an integrated model that
includes risk and protective factors for the development of anxiety
in ASD will help our understanding of whether common inter-
vention targets in non-ASD populations are also useful for chil-
dren with ASD, as well as point to additional areas of
intervention targets. Finally, this will assist in early identification
of children with ASD and co-occurring anxiety in order to ame-
liorate negative outcomes earlier.

Proposed Model of Etiological Factors Associated with the
Development of Internalizing Symptoms in ASD

In developing our integrated model of risk, we assess “internalizing
symptoms” rather than specific diagnoses of anxiety or depression.
Internalizing symptoms refer to clinical and subclinical levels of
internalizing conditions. We have decided to do this for several
reasons. For one, anxiety and depression often co-occur. In a
large community sample, comorbidity of anxiety and depression
was estimated to be 16% in childhood, 64% in adolescence, and
57% during emerging adulthood (Essau, Lewinsohn, Lim, Ho, &
Rohde, 2018). Second, broad measures of internalizing symptoms
are often used in research, making it difficult to parse apart in
extant literature. Finally, both subclinical and clinical levels of
internalizing symptoms have implications for later development.
Therefore, we include risk and protective factors that were identi-
fied based on both subclinical and clinical levels of internalizing
symptoms in our development of an integrated model.

Our proposed model of etiological factors associated with the
development of internalizing symptoms in ASD is shown in
Figure 1. Our model stems from a biopsychosocial model which
includes biological (ie., genetic predisposition, structure and
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function of the brain, physiological regulation), environmental
(i.e., parenting quality, parenting stress), and social (i.e., peer rela-
tionships) risk and protective factors. See Table 1 for a summary
of key ASD-specific articles included in the review. The review
includes research from the ASD literature as well as non-ASD liter-
ature to address potential risk and protective factors that were not
included in previously addressed models of internalizing symptoms
in ASD. Many of these risk and protective factors have bi-directional
effects on children’s developing internalizing symptoms through
development. Further, age, sex, IQ, and ASD symptom severity
are discussed as potential moderators of this proposed model.

Genetic predisposition for internalizing symptoms

Parent history of anxiety/depression

In non-ASD samples, a genetic predisposition is one biological
risk factor for the development of internalizing symptoms, with
heritability estimates ranging from 40% to 73%, depending on
the specific internalizing condition (American Psychiatric
Association, 2013). In parents of children with ASD, high rates
of depression and anxiety are present with median meta-analytic
proportions found to be 31% and 33% for depressive and anxiety
disorders, respectively (Schnabel et al., 2019). Importantly,
research has shown that parents’ internalizing symptoms are asso-
ciated with children’s internalizing symptoms in ASD populations
(e.g., Conner, Maddox, & White, 2013; Mazefsky, Conner, &
Oswald, 2010). However, these studies did not assess for the pres-
ence of internalizing conditions in parents prior to birth or during
pregnancy leaving questions as to whether parents had a history of
anxiety or depression prior to the time of the study.

One way to assess for risk of anxiety or depression prenatally, in
order to begin to investigate genetic heritability of internalizing con-
ditions, is to investigate antidepressant use during pregnancy.
Maternal antidepressant use including selective serotonin reuptake
inhibitors (SSRIs) during pregnancy has been associated with risk
for ASD (Croen, Grether, Yoshida, Odouli, & Hendrick, 2011),
with one study only seeing the association for males with ASD
(Harrington, Lee, Crum, Zimmerman, & Hertz-Picciotto, 2014).
Although these studies did not assess risk for internalizing symp-
toms in offspring, results support the hypothesis that parents may
already have an internalizing condition prior to a child’s ASD diag-
nosis and points to genetic heritability as a potential mechanism
through which risk for internalizing conditions in offspring with
ASD may occur. To our knowledge, there are no known genetic
studies investigating the heritability of internalizing conditions in
ASD-specific populations to date. However, as discussed in Vasa
and Mazurek’s (2015) paper on anxiety in youth with ASD, small
family studies have identified several potential genes associated
with risk of anxiety in ASD including the dopamine transporter
gene, the D4 receptor gene, monoamine oxidase A (MAOA) gene,
and the glutamate transporter genes. Therefore, given the high her-
itability of internalizing conditions in non-ASD conditions and the
high rates of internalizing conditions in parents of children with
ASD, genetic risk should be included in models of risk for
co-occurring internalizing conditions in children with ASD.

Environmental factors associated with internalizing symptoms

Parenting stress

Parenting stress, or psychological distress due to the demands of
raising a child, is common for all parents (Deater-Deckard, 1998).
Parenting stress has been associated with both parenting quality
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Figure 1. Illustration of known and proposed links among risk and protective factors, as well as putative developmental windows associated with internalizing
symptoms in autism spectrum disorder. Note. Some support refers to links that have research support and may or may not have mixed findings in the literature.

and internalizing symptoms in non-ASD samples, such that
higher levels of parenting stress is associated with children’s inter-
nalizing symptoms (Costa, Weems, Pellerin, & Dalton, 2006;
Rodriguez, 2011). Parenting a child with a neurodevelopmental
disorder, such as ASD, comes with unique stressors, such as addi-
tional behavioral challenges and stress that may arise from, for
example, navigating the additional services needed. Parents of
children with ASD consistently report having higher stress levels
than parents of children without ASD (Hayes & Watson, 2013).
The impact parenting stress has on internalizing conditions in
children with ASD is an emerging area of research. In one study,
maternal stress moderated associations between bullying victimi-
zation and anxiety in adolescents with ASD, such that the stron-
gest associations between bullying victimization and anxiety were
observed when parents reported higher levels of stress (Weiss
et al., 2015). This study noted the importance of parental warmth
in undermining these associations, pointing to another piece of
our conceptual model and place for potential intervention.
Additionally, relations among parent stress, child characteristics
such as behavior problems and increased rates of anxiety or
depression in parents has been observed (e.g., Rezendes &
Scarpa, 2011), underscoring the importance of providing inter-
vention strategies for parents in order to help manage stress.

Parenting quality

The quality of care a child receives has long-term effects on child-
ren’s functioning across all domains of development including
cognitive (e.g., Raby, Roisman, Fraley, & Simpson, 2015), lan-
guage (Tamis-LeMonda, Kuchirko, & Song, 2014), physical
(e.g., Bernier, Calkins, & Bell, 2016), and socio-emotional (e.g.,
Rothbaum & Weisz, 1994). Caregiving quality has also been iden-
tified as a predictor of internalizing symptoms in non-ASD pop-
ulations (e.g., McLeod, Weisz, & Wood, 2007; Yap & Jorm, 2015).
Importantly, parenting quality is not associated with the
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emergence or development of ASD, instead risk for ASD is due
largely to genetic factors, with some estimates indicating the
median heritability of ASD is 80% (Bai et al., 2019), as well as
environmental influences (Gardener, Spiegelman, & Buka, 2011;
Modabbernia, Velthorst, & Reichenberg, 2017). However, given
the strong links between parenting quality and internalizing in
the non-ASD literature, parenting quality may be a contributing
factor in the development or maintenance of internalizing symp-
toms in ASD, but relatively little research has examined these
associations.

Aspects of positive and negative parenting and their associa-
tions with internalizing symptoms have only just begun to be
investigated as protective or risk factors in ASD, respectively.
Positive parenting includes responsive parenting (i.e., parents
that are accepting, supportive, sensitive, and warm), behavioral
control (i.e., setting clear and consistent expectations), and auton-
omy granting (i.e., allowing children to choose activities and make
decisions independently). Negative parenting includes harsh
discipline or control (i.e., physical or verbal punishment) and
psychological control (i.e., manipulating children’s experiences
and emotions). When investigating parental adjustment (i.e., par-
ent-reported symptoms of anxiety/depression), parenting quality
(warm/supportive parenting and harsh discipline), and the pres-
ence of internalizing or externalizing symptoms in a structural
equation model, higher levels of warm/supportive parenting pre-
dicted fewer reported internalizing symptoms (B =—.49, p <.01;
(McRae et al., 2018). Additionally, harsh discipline predicted
increased rates of externalizing symptoms (B =.59, p <.01) within
a sample of children with ASD. Notably, there was also a direct
effect from parental adjustment to child internalizing symptoms
(B=.32, p <.01), indicating that higher levels of concurrent paren-
tal internalizing symptoms is also a risk factor for child’s internal-
izing symptoms. This is consistent with our previous discussion
related to parenting stress and again points to parental
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Table 1. Empirical articles investigating risk and protective factors associated with internalizing symptoms in people with autism spectrum disorder (ASD)

Risk/ Internalizing Range of
protective (dimensional internalizing
Additional factor Measure of risk/ and/or Measure of internalizing symptoms of
Authors (year) ASD sample information samples assessed protective factor used diagnostic) symptoms ASD sample*
Environmental factors
Baptista et al. (2019) 43 children (M 56.79 16 children with Parenting 15-minute parent- Dimensional Internalizing, anxious/ M raw score =
months, SD=10.79; Williams quality child interaction® depressed, somatic 18.56 (SD=8.20;
Range = 3-6 years old) Syndrome complaints, and withdrawn Range =5-37)
subscales of the Child
Behavior Checklist (CBCL)
1%-5°
Boonen et al. (2014) 206 children (M=9.9 187 children Parenting Parental Behavior Dimensional Internalizing composite from Not reported
years, SD=1.8; Range = without ASD quality Scale (PBS)—ASD the emotional and peer items
6-12 years old) version® of the Strengths and
Difficulties Questionnaire
(SDQ)*
Dieleman, De Pauw, 139 children (M=10.2 None Parenting PBS® Dimensional Internalizing subscale of the M raw score =
Soenens, Beyers, and years, SD=2.4; Range = quality CBCL® 16.76 (SD=9.37)
Prinzie (2017) 5-16 years old at Time 1)
Maljaars, Boonen, 552 children (M= 437 children Parenting PBS® and PBS ASD Dimensional Internalizing composite from Not reported
Lambrechts, Van 11.7 years, SD=2.7,; without ASD quality version® the emotional and peer items
Leeuwen, and Noens Range = 6-18 years old) of the SDQ?
(2014)
McRae, Stoppelbein, 67 children (M= None Parenting Alabama Parenting Dimensional Internalizing subscale of the M t-scores =
O’Kelley, Fite, and 9.58 years, SD=3.15; quality Questionnaire (APQ)” CBCL? 65.36 (SD=9.40)
Greening (2018) Range = 6-12 years old)
McRae, Stoppelbein, 50 children (M= 50 children with Parenting APQ’ Dimensional Internalizing, subscale of the M t-scores =
O’Kelley, Fite, and 9.62 years, SD=2.74; attention deficit/ quality CBCL? 65.34 (SD=9.76)
Greening (2019) Range = 6-12 years old) hyperactivity
disorder (ADHD)
Weiss, Cappadocia, Tint, 101 adolescents and None Parenting Parenting Stress Scale Dimensional Insecure/anxious subscale of M=.97 (SD=.60;
and Pepler (2015) young adults (M=14.5 stress (PSS)® the Nisonger Child Behavior Range =0.07-
years, SD=2.1; Range: Rating Form: Parent Form— 2.47)
12-21 years old) (NCBRF)?
Child Social Factors
Adams, Fredstrom, 544 adolescent males (M None Peer Self-report of Peer Dimensional Internalizing Problems YSR: M =.56
Duncan, Holleb, and =14.62 years, SD=2.25; relations Victimization (SPVS)*° subscale of the Youth (SD=.34,
Bishop (2014) Range = 10-17 years old) Self-Report (YSR)'; Children’s Range =0-1)
Depression Inventory (CDI)*? CDI: M=.34
(SD=.28,
Range =0-1)
Dovgan and Mazurek 129 children (M= None Peer Number of close Dimensional Internalizing Problems M t-scores =
(2019) 10.85 years; SD=3.1T; relations friendships reported subscale of the CBCL? 60.10 (SD=9.64;

Range = 6-18 years old)

on the CBCL?

Range = 33-90)
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Estes et al. (2018) 15 high-risk children 53 high-risk Peer Peer Social Contact Dimensional Internalizing Problems Not reported
(M =46.49 months, non-ASD relations Questionnaire subscale of the CBCL*"
SD=14.7) children (PScQ)*®
(M=46.28
months,
SD=11.33)
40 low-risk
children
(M=47.10
months,
SD=9.30)
Eussen et al. (2013) 134 children (M=9.2 None Peer Social relationships Diagnostic Diagnostic Interview Schedule Not reported
years, SD = .46; Range = relations subscale of the (43% of the for Children—Parent version
6-13 years old) Children’s sample) and (DISC-IV-P)*
Communication dimensional DSM-oriented scale ‘Anxiety
Checklist (CCC)*® Problems’ of the CBCL?
Kelly, Garnett, Attwood, 322 children (M=10.9 37 children with Peer Peer relations: Spence Dimensional Emotion subscale of the M=4.7 (SD=2.7)
and Peterson (2008) years, SD=2.9; Range = social cognitive relations Social Competence Strengths and Difficulties
6-16 years old) difficulties but and family Questionnaire—Parent Questionnaire—Parent Form
no diagnosis of relations form (SCQ)*® (SDQ-P)*8
ASD Bullying and Teasing
Questionnaire (BTQ)'®
Family relations:
Family Environment
Scale—Real Form
(FES-R)*
Mazurek (2014) 108 adults (M=32.4 None Peer Friendship quality: Dimensional Depression and Generalized Anxiety: M=7.4
years, SD=12.5; Range = relations Unidimensional Anxiety Modules of the (SD=5.4)
18-62 years old) Relationship Patient Health Questionnaire Depression:
Closeness Scale (PHQ)*® M=8.4 (SD=6.2)
(URCS)*®
Friendship status:
In-house
questionnaire
Neurobiological Factors
Bitsika, Sharpley, 150 boys (M=11.1 years, None HPA axis Diurnal cortisol in Diagnostic Parent and self- report on the Parent: M =9.24;
Andronicos, and Agnew SD=3.3; Range =6-18 saliva (42% of Generalized Anxiety Disorder Range = 0-18.00
(2015) years old) sample) and subscale of the Child and Self-Report:
dimensional Adolescent Symptom M=9.72;
Inventory (CASI)* Range = 0-23.00
Bitsika, Sharpley, 32 boys (M=11.03 years, None HPA axis Waking cortisol in Diagnostic and Parent and self- report on the Parent: M=8.63,
Sweeney, and McFarlane SD=2.1; Range =7-16 saliva dimensional Generalized Anxiety Disorder SD=3.58;
(2014) years old) subscale of the CASI?* Range = 0-15.00
Self-Report:
M=1.56,
SD =3.69; Range
=0-15.00
Herrington, Miller, 81 children (M=12.5 67 typically Amygdala Face recognition Dimensional Overall score and separation M=20.4,
Pandey, and Schultz years, SD=2.6) developing activation paradigm?®? anxiety and panic/somatic SD=12.5

(2016)

control children

symptoms subscales of the
Screen for Child Anxiety
Related Emotional Disorders
(SCARED)®

(Continued)
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Table 1. (Continued.)

Risk/ Internalizing Range of
protective (dimensional internalizing
Additional factor Measure of risk/ and/or Measure of internalizing symptoms of
Authors (year) ASD sample information samples assessed protective factor used diagnostic) symptoms ASD sample*
Herrington, Maddox, 29 children (M=11.9 37 typically Amygdala Amygdala volume Diagnostic and Diagnostic categories based ASD and anxiety
Kerns, et al. (2017a) years, SD=2.7; Range = developing structure Dimensional on Anxiety Disorders Interview sample: M=
7-17 years old) with ASD control children Schedule for DSM-IV, parent®; 26.9, SD=9.1;
and anxiety and 24 Dimensional ratings based on Range = 14-41
children with ASD alone overall score subscales from ASD alone
(M=12.3 years, SD=3.2; SCARED* sample: M=
Range = 7-17 years old) 10.6, SD=6.2;
Range =2-26
Herrington, Maddox, 24 children (M=13.08 25 typically Amygdala Modified version of Diagnostic and Diagnostic categories based ASD and anxiety
McVey, et al. (2017b) years, SD =2.41) with developing activation the visual attention Dimensional on Anxiety Disorders Interview sample: M=
ASD and anxiety and 14 control children task®® Schedule for DSM-IV, parent®*; 21.67, SD=4.63;
children with ASD alone Dimensional based on ASD alone
(M=13.12 years, SD= SCARED? sample: M=9.5;
2.84) SD=17.57
Hogeveen, Krug, Elliott, & 49 adolescents and 53 typically Default Resting-state Dimensional Overall internalizing scale and M t-scores =
Solomon, 2018 adults (M=17.39 years, developing Mode and functional anxious/depressed, 60.14 (SD=9.00)
SD=3.10) adolescents and Salience connectivity withdrawn, and somatic
adults Networks complaints subscales of the
CBCL? and Adult Behavior
Checklist (for adults)?
Hollocks, Howlin, 20 children with ASD 23 healthy HPA axis Cortisol Diagnostic and Child and Adolescent ASD and anxiety
Papadopoulos, only (M=12.9 years, SD = controls responsiveness, heart Dimensional Psychiatric Assessment parent report: M
Khondoker, and Simonoff 2.0; Range = 10-16 years rate, heart rate (CAPA)?; =41.2, SD=19.1;
(2014) old) and 32 children with variability Spence Children’s Anxiety Range = 12-88
ASD and anxiety disorder Scale—Parent and Child ASD and anxiety
(M=12.8 years, SD =2.0; reports®’ child report:
Range = 10-16 years old) M=34.8,
SD=17.4;
Range =5-72
ASD alone
parent report:
M=1417,
SD=6.3;
Range =3-23
ASD alone child
report: M=24.9,
SD=10.8; Range
=3-38
Juranek et al. (2006) 49 children (M =, 7.75 None Amygdala Amygdala volume Dimensional Anxious/depressed subscale M=3.1, SD=2.6;
years; Range =3-14 structure of the CBCL® Range =0-10
years old)
Kleinhans et al., 2010 31 adults (M =23.57 25 typically Amygdala Emotional faces®® Dimensional Social Avoidance and Distress M=23.57,
years; SD=6.60) developing activation versus geometric Scale® SD=6.60
adults shapes
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Nordahl et al. (2020) 300 children (M=36.3 120 typically Amygdala Amygdala volume Dimensional Depressive Problems and Anxiety
months; Range =2-3.5 developing structure Anxiety Problems Problems: M t
years old) children DSM-Oriented scales of the scores males =

cBCL* 56.4, SD=9.3;
Range =50-96
Mt scores
females =59.2,
SD=10.0; Range
=50-87
Depressive
Problems: M t
scores males =
61.6, SD=8.6;
Range = 50-84
Mt scores
females = 64.7,
SD=10.3; Range
=50-98

Sharpley, Bitsika, 39 girls (M=10.1 years; None HPA axis Diurnal fluctuation Dimensional Generalized Anxiety and Major Not reported

Andronicos, and Agnew SD=2.7; Range =6-17 and cortisol Depressive Disorder subscales

(2016) years old) awakening response of the CASI*

from saliva

Simon and Corbett (2013) 19 children (M=9.78 21 typically HPA axis Stress responsivity to Dimensional State Trait Anxiety Inventory MASC total:
years; SD=1.12; Range = developing stress tasks for Childen®" M=59.61,
8-12 years old at first controls Multidimensional Anxiety SD=13.76
stress test) Scale for Children (MASC)*?

Moderators

Davis et al. (2011) 131 toddlers (M=19.71 None Age Age Dimensional Five overlapping items of the Not reported
months; SD=4.84; Baby and Infant Screen for
Range = 17-36 months), Children with aUtlsm Traits—
children (M=8.47 years; Part 2 (BISCUIT—Part 2)3,

SD=3.70; Range =3-16 Autism Spectrum Disorders -
years old) young adults Comorbidity for Children
(M=40.7 years; SD=17.38; (ASD-CC)**, and the Autism
Range = 20-48 years old), Spectrum Disorders—

and adults (M =54.63 Comorbidity for Adults
years; SD=4.99; Range = (ASD-CA)*®

49-65 years old)

Eussen et al. (2013)" 134 children (M=9.2 None Autism Autism severity: Diagnostic Diagnostic Interview Schedule Not reported
years, SD = .46; Range = severity and Autism Diagnostic (43% of the for Children—Parent version
6-13 years old) 1Q Observation Schedule, sample) and (DISC-IV-P)*

Second Edition dimensional DSM-oriented scale ‘Anxiety

(ADOS-2) calibrated
severity scores®®

1Q: Dutch version of
the Wechsler
Intelligence Scale for
Children—Revised
(WISC-R)*’

Problems’ of the CBCL?

(Continued)
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Table 1. (Continued.)

Risk/ Internalizing Range of
protective (dimensional internalizing
Additional factor Measure of risk/ and/or Measure of internalizing symptoms of
Authors (year) ASD sample information samples assessed protective factor used diagnostic) symptoms ASD sample*
Greenlee, Mosley, Shui, 1272 children (M= None Age, Autism Autism severity: Diagnostic and Diagnostic Anxiety: Not reported
Veenstra-VanderWeele, 9.56 years, SD=2.79; severity, Calibrated ADOS dimensional Parent-reported history of
and Gotham (2016) Range = 6-17 years old) and 1Q severity®® anxiety and/or exceeding the
1Q: abbreviated clinical cutoff of 65 on the
Stanford Binet®® CBCL Anxiety subscale®*
Diagnostic Depression:
Parent-reported history of
depression
Dimensional: Withdrawn/
Depressed and Anxiety
syndrome scales of the
cBCLY
Mazurek and Kanne 1202 Children and None; compared Autism Autism severity: Dimensional Anxious/depressed subscale Raw scores:
(2010) adolescents (M=9.1 t-scores from the severity and Calibrated ADOS of the CBCL? M=57,5D=4.4
years, SD =3.5; Range = norms provided 1Q severity®®
4-17 years old) in the CBCL 1Q: Differential Ability
Scales, 2nd Edition®®,
Mullen Scales of Early
Learning*, Wechsler
Intelligence Scale for
Children, 4th
Edition*’, or the
Wechsler
Abbreviated Scale of
Intelligence** was
used
Oswald et al. (2016) 32 adolescents (M= 32 typical Sex Sex Dimensional Revised Child Anxiety and RCADS-P total
14.86 years, SD=1.62; controls (M= Depression Scale—Parent anxiety:
Range = 12-17 years old) 14.80, SD=1.82; Version (RCADS-P)*3; M =30.20,
Range =12-17 Multidimensional Anxiety SD =18.37;
years old) Scale for Children (MASC)**; MASC total
Center for Epidemiologic anxiety:
Studies Depression Scale M =57.40,
(CES-D)* SD=10.63
Stacy et al. (2014) 913 children (Females M None Sex Sex Diagnostic Parent-report of past or Not reported

=10.82 years, SD=.61;
Males M=9.71 years, SD
=.27)

current diagnosis

*When multiple measures were used to assess symptoms, the broad-band measure of internalizing symptoms is reported.

"Article included in both Child Social Factors and Moderators sections.

Note. This table does not include information regarding meta-analyses or chapters that were referenced in the paper. *Ainsworth (1978); 2Achenbach and Rescorla (2000); *van Leeuwen & Noens (2013); “Goodman (1997); *Van Leeuwen & Vermulst
(2004, 2010); ®Achenbach (1991); "Frick (1991); ®Bonds, Gondoli, Sturge-Apple, & Salem (2002); °Aman, Tasse, Rojahn, & Hammer (1996); °Schwartz et al. (2002); **Achenbach, 2001; **Kovacs, 1992; *Bishop (1998); **Shaffer, et al. (2000); **Spence
(1995); *®Rigby (1996); "Moos & Moos, 1994; *® Goodman (1997); '°Dibble et al. (2012); *°Spitzer et al. (1999); *Gadow & Sprafkin (2010), Gadow et al. (2002); *Herrington et al. (2011); >*Birmaher et al. (1997); **Silverman, Saavedra, & Pina (2001);
ZVuilleumier (2002), Vuilleumier, Armony, Driver, & Dolan, 2001, Vuilleumier, Richardson, Armony, Driver, & Dolan, 2004; *°Angold & Costello (2000); 2’Spence (1998); °Ekman & Friesen (1976); *Watson & Friend (1969); *°Achenbach (2014); **Spielberger
(1973); *2Seligman & Ollendick (2011); **Matson, Boisjoli, & Wilkins (2007); **Matson & Gonzalez, 2007; **Matson, Terlonge, & Gonzalez (2006); **Gotham et al. (2009); *"Wechsler (1974); WISC-R Project Group, 1986; **Bart & Peterson (2008); *° Elliot

(2007); “*Mullen (1995); “*Wechsler (2003); “*Wechsler (1999); “*Chorpita et al. (2000); “*March et al. (1997); “*Radloff (1977); *°Guralnick (1997); “’Achenbach (2009)
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adjustment/stress as a putative intervention target. Adding sup-
port to positive parenting as a protective factor against child inter-
nalizing, a similar association between fewer warm/supportive
parenting behaviors and borderline to clinically significant levels
of internalizing symptoms in children with ASD was found in
another study by McRae et al. (2019). Further, in a longitudinal
study, negative parental control when children were approxi-
mately 10 years old was associated with increased internalizing
symptoms 6 years later (B=.15, p <.05; Dieleman et al., 2017).

However, it is important to note that other studies investigat-
ing associations between positive parenting and internalizing
symptoms in children have yielded no association. For example,
Maljaars et al. (2014) and Boonen et al. (2014), reported no stat-
istically significant associations between variability in parenting
quality and level of internalizing symptoms (r=.06, p >.05) in
children with ASD. Further, only one study published to date
investigated associations between positive parenting in a small
sample (n=43) of younger children (ie., approximately 4.5
years old) with ASD and internalizing symptoms, yielding no stat-
istically significant associations (Baptista et al., 2019). Thus, it is
unclear whether positive parenting serves as protective factor
for internalizing symptoms in ASD populations or not.

The lack of association between positive parenting and inter-
nalizing symptoms in the aforementioned samples may be, in
part, due to issues in measurement. For example, two of the
three studies that found no support (Boonen et al., 2014;
Maljaars et al, 2014) used the Strengths and Difficulties
Questionnaire (SDQ; Goodman, 1997) to assess internalizing
symptoms, which is a brief (20-item) screening measure assessing
externalizing behaviors (e.g., conduct, hyperactivity), emotional
symptoms, and peer problems. Although it is highly correlated
with the broad internalizing scale on the Child Behavior
Checklist (CBCL) (r=.74; Goodman & Scott, 1999), it does not
provide a more specific breakdown of which types of internalizing
symptoms (e.g., anxious/depressed, withdrawn/depressed, somatic
complaints). The use of brief screening measures of symptoms
may lead to inconclusive evidence because they may not be as
sensitive to differentiate between anxiety-specific problems and
other ASD-related problems (e.g., social difficulties).

Another potential reason for the inconclusive findings may be
related to the timing of when parenting is measured. One theoret-
ical model, the enduring effects model, posits that early (i.e., dur-
ing infancy or early childhood) caregiving experiences leave
lasting impacts on children’s development (Haltigan, Roisman,
& Fraley, 2013). Indeed, in non-ASD literature this has been the
case, such that caregiving experiences during infancy were a pro-
tective factor of internalizing problems later in life (Faure et al.,
2017; Kok et al, 2013; Wagner, Propper, Gueron-Sela, &
Mills-Koonce, 2016). No studies have been published to date
assessing the enduring effect caregiving quality during infancy
has on children’s development of internalizing conditions over
time in an ASD population, highlighting another area of future
research. Thus, the impact early caregiving has on the develop-
ment of internalizing conditions in ASD and parenting quality
later in life has once internalizing conditions have already devel-
oped needs empirical testing.

Parental expressed emotion

One aspect of the parent-child relationship that has been studied
in the ASD literature is parental expressed emotion (a construct
assessing the emotional climate between parents and children
with distinct domains including warmth, the intensity of feeling
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by which the parent describes the child, critical statements
about their child, and over-involvement). Romero-Gonzalez,
Chandler, and Simonoff (2018) conducted a meta-analysis that
investigated the different domains of parental expressed emotion
and their association with co-occurring psychopathology in chil-
dren with ASD, suggesting that there were associations between
high levels in the domain of criticism and externalizing problems
and inconclusive results with associations with internalizing con-
ditions. However, although the gold-standard approach of assess-
ing the domains of expressed emotion is through the Camberwell
Family Interview (CFI; Leff & Vaughn, 1985) as identified and
accepted in the field (Hooley & Parker, 2006), most of the
studies in the meta-analysis derived the domains of expressed
emotion from the five-minute speech sample (FMSS; Magana
et al, 1986) or self-report measures of feelings toward their
child. The FMSS approach involves parents talking about their
child for five minutes and is later coded regarding descriptions
of their child. Another limitation of this meta-analysis and focus-
ing solely on the construct of expressed emotion is that most of
the studies included were derived from the parents’ descriptions
rather than observed or objective behaviors of the parent-child
relationship. Therefore, both parenting quality (i.e., positive par-
enting, negative parenting) and aspects of the parent—child rela-
tionship (e.g., expressed emotion) may be important to pursue
as risk or protective factors for internalizing symptoms in children
with ASD.

Child social factors

Presence and quality of peer relationships

As children get older, peer relationships become increasingly
more important. The presence of positive peer relationships in
non-ASD samples is associated with positive outcomes, more
adaptive functioning, and lower levels of internalizing symptoms
(Chu, Saucier, & Hafner, 2010; Hodges, Boivin, Vitaro, &
Bukowski, 1999; Ladd, 1990). In ASD samples, similar protective
effects have been observed in some samples, but not others. For
example, a better quality of social relations was associated with
less anxiety in children aged 6-13 years old and more anxiety
was reported for children who engaged in less social contact
(Eussen et al., 2013). In adults with ASD, the quality and quantity
of peer relationships was inversely related to loneliness and, in a
separate model the number of peer relationships was associated
with internalizing symptoms (Micah O Mazurek, 2014).
In preschool-aged children with ASD who also had a sibling
with ASD, having no peers was associated with significantly
higher levels of internalizing scores on the CBCL relative to chil-
dren with no diagnosis of ASD and siblings of children with an
ASD diagnosis who themselves had no diagnosis (Estes et al.,
2018). These results highlight the protective effect positive peer
relationships have on emotional functioning throughout develop-
ment for people with ASD. Alternatively, Dovgan and Mazurek
(2019) found that children and adolescents aged 6-17 years old
who participated in more activities (e.g., sports, hobbies, etc.)
were more likely to have at least one friend; however, the presence
of friendships or participation in activities did not relate to inter-
nalizing symptoms in this sample. Alternatively, negative peer
relations and interactions are associated with increased internaliz-
ing symptoms. For example, when controlling effects of age, fam-
ily income, and symptom severity, experiences of peer
victimization during adolescence were associated with increased
rates of internalizing symptoms (Adams et al, 2014).
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Interestingly, one study investigating associations among family
cohesion, positive peer relationships, internalizing symptoms,
and ASD symptomatology found no significant associations
between positive peer relationships and internalizing symptoms
(Kelly et al., 2008). However, family cohesion predicted lower lev-
els of internalizing symptoms in this model, again pointing to the
potential buffering effect of family relationships and the need to
examine putative risk and protective factors together.

Neurobiological risk factors for internalizing conditions

Research in children and adolescents with ASD has recently
begun to focus on the neural correlates of ASD and internalizing
symptoms, again pointing to an important area for further explo-
ration (Vasa & Mazurek, 2015). The amygdala is an area of the
brain that is involved in emotion processing, negative valence sys-
tems including anxiety and fear, reward learning, approach moti-
vation (Hennessey, Andari, & Rainnie, 2018), and salience or
novelty (Todd, Evans, Morris, Lewis, & Taylor, 2010; Todorov,
2012).

Amygdala volume

Amygdala volumes have been associated with individual differ-
ences in internalizing symptoms in non-ASD samples, but with
mixed findings, such that some studies point to increased amyg-
dala volumes (Albaugh et al., 2017; De Bellis et al., 2000; Qin
et al, 2014; Tottenham et al, 2010; van der Plas, Boes,
Wemmie, Tranel, & Nopoulos, 2010; Weems, Klabunde, Russell,
Reiss, & Carrion, 2015) and other studies point to decreased
amygdala volumes (McQueeny et al., 2011; Milham et al., 2005;
Mueller et al., 2013; Strawn et al., 2015; Warnell, Pecukonis, &
Redcay, 2018) relating to greater internalizing symptoms. Recent
work investigating amygdala volume and internalizing symptoms
during middle childhood found that there were no group differ-
ences evident between amygdala volumes when comparing typi-
cally developing (TD) children and children with ASD until
they subdivided children with ASD into those with and without
co-occurring internalizing conditions (i.e., anxiety; Herrington,
Parma, & Miller, 2017). Those with co-occurring internalizing
conditions had a decrease in amygdala volume relative to TD
children. Additionally, three empirical studies to date have
investigated ~associations between amygdala volume and
internalizing symptoms in children with ASD yielding mixed
results. Herrington, Parma, and Miller (2017) found a trend
(r (55) =—.21, p=.09) between right amygdala volume and total
anxiety symptoms as measured using the parent-report version
of the Screen for Child Anxiety Related Emotional Disorders
(SCARED) (Birmabher et al., 1997) and the association was stron-
gest between the panic/somatic subscale (r (55) = —.30, p =.02).
Further, children with ASD and internalizing symptoms exhibited
decreased amygdala volumes relative to children with ASD and no
anxiety symptoms and typically developing controls. However, in
a large sample (n=300) of pre-school-aged children with ASD,
Nordahl et al. (2020) demonstrated a significant association
between right amygdala volume and internalizing symptoms on
the CBCL such that larger amygdala volumes were associated
with higher levels of internalizing symptoms, although the associ-
ation was observed only in females and not males. Further,
Juranek et al. (2006) found a positive association between elevated
internalizing symptoms, as measured using the Anxious/
Depressed parent-report subscale of the CBCL, and total amyg-
dala volumes (i.e., sum of left and right; r (40) =.39, p=.01)
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and right amygdala volumes (r (40) = .47, p <.01). These studies
are cross-sectional in nature and therefore do not provide infor-
mation regarding the developmental course of amygdala develop-
ment and internalizing symptoms over time. Therefore, it is not
possible to determine whether internalizing symptoms cause
changes in the amygdala or vice versa.

Amygdala activation

In non-ASD populations, including both non-clinical populations
and in those diagnosed with social anxiety disorder (SAD) or gen-
eralized social phobia, increased amygdala activation in response
to faces is well established. This has been observed in adults
(Bishop, Duncan, & Lawrence, 2004; Briihl, Delsignore,
Komossa, & Weidt, 2014; Phan, Fitzgerald, Nathan, & Tancer,
2006) and in children and adolescents (Killgore &
Yurgelun-Todd, 2005; Monk et al., 2008), with results pointing
to right amygdala activation being uniquely associated with inter-
nalizing symptoms. For example, in participants with SAD rela-
tive to controls, those with SAD showed increased right
amygdala activation and decreased left amygdala activation to
neutral faces relative to oval stimuli (Cooney, Atlas, Joormann,
Eugene, & Gotlib, 2006). Further, amygdala activation to interper-
sonal threat (i.e., fearful faces) has been found to be positively
correlated with severity of social anxiety symptoms (Phan et al.,
2006). However, the type of internalizing condition and stimulus
may determine the direction or presence of activation. For exam-
ple, Hattingh et al. (2013)’s meta-analysis demonstrated that
social anxiety disorder is associated with increased amygdala acti-
vation in response to emotional faces. Alternatively, in a meta-
analysis assessing amygdala activation to faces in depressed
patients, increased activation to negative stimuli and decreased
activation for positive stimuli was observed (Groenewold,
Opmeer, de Jonge, Aleman, & Costafreda, 2013). Interestingly,
in a meta-analysis of youth with depression, amygdala activation
was not indicated as being associated with response to emotional
faces (Miller, Hamilton, Sacchet, & Gotlib, 2015).

The amygdala, including size (e.g., Cody, Pelphrey, & Piven,
2002; Mosconi et al.,2009; Nordahl et al, 2012; Schumann,
Barnes, Lord, & Courchesne, 2009) and activation (e.g.,
Di Martino et al., 2009), is one area of the brain that has been
consistently implicated in ASD, independent of accounting for
the presence of internalizing symptoms. This association is the-
orized to be due to the amygdala’s role in the core autism symp-
toms including deficits in social communication and interaction
as evidenced by difficulties in social cognition and emotion rec-
ognition (Baron-Cohen et al., 2000; Dziobek, Fleck, Rogers,
Wolf, & Convit, 2006). Recent research has pointed to how
co-occurring internalizing symptoms may be associated with
amygdala size and activation in ASD samples. For example, in
adults with ASD, increased social anxiety was associated with
increased right amygdala activation in response to emotional
faces (Kleinhans et al., 2010). Children with ASD and low levels
of anxiety exhibited decreased amygdala activation relative to
controls (Herrington et al., 2016). Anxiety symptoms in general
were positively associated with amygdala activation across the
full sample of children with ASD and core symptoms of ASD
were negatively correlated with amygdala activation. These
results were validated in a second, separate sample
(Herrington, Parma, & Miller, 2017). Therefore, emerging evi-
dence suggests that amygdala hyperactivation may be a marker
of co-occurring anxiety symptoms.
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Amygdala-medial prefrontal cortex (mPFC) (functional
connectivity)

Functional connectivity is the temporal correlation of activation
between brain regions and can be in response to a task or
task-independent (i.e., resting-state functional connectivity). In
adults with generalized anxiety disorder (GAD) relative to adults
without GAD, GAD adults showed greater resting-state functional
connectivity between areas of the brain including the amygdala,
insula, putamen, thalamus, and posterior cingulate cortex (Qiao
et al., 2017). Additionally, effective connectivity from the amyg-
dala to the prefrontal cortex and basal ganglia was decreased in
GAD. Further, Hahn et al. (2011) found decreased resting-state
functional connectivity between the left amygdala and the medial
orbitofrontal cortex and amygdala and posterior cingulate cortex/
precuneus. Functional connectivity was negatively associated with
severity of anxiety. In healthy adults, the anterior insula-basolat-
eral amygdala connectivity during resting-state was identified as
being associated with both state and trait anxiety (Baur, Hinggi,
Langer, & Jancke, 2013). According to a recent meta-analysis,
task-related functional connectivity studies of adults with SAD
generally exhibit increased connectivity between the amygdala
and mPFC (Briihl et al, 2014). In children and adolescents,
right amygdala and right ventrolateral prefrontal cortex showed
strong negative coupling to masked angry faces (Monk et al,
2008). This association was weaker in youth with GAD relative
to TD.

In two meta-analyses of adult and child ASD samples, the
majority of studies pointed to reduced connectivity or “under
connectivity” among brain regions including the prefrontal cortex
(Miiller et al., 2011; Rane et al., 2015). However, some studies
have continued to indicate increased connectivity, indicating
that other individual characteristics may explain the differences
observed in connectivity. Further, some studies are finding no dif-
ferences in functional connectivity when accounting for the
effects of head motion (e.g., He, Byrge, & Kennedy, 2019).
Importantly, studies to date have not yet examined the role anx-
iety may play in the aberrant connectivity, pointing to an area of
future investigation, especially given the associations observed in
non-ASD, anxiety-laden samples.

Default mode and salience networks

As previously discussed, Burrows et al. (2017)’s proposed model
of risk for internalizing symptoms identified the DMN and sali-
ence networks as additional putative neural mechanisms for the
development of internalizing conditions in ASD. Although an
area of emerging research, one study has investigated these theo-
rized mechanisms, finding that the resting-state connectivity
among the salience network and DMN was associated with higher
levels of internalizing symptoms in adolescents and young adults
with ASD (Hogeveen et al., 2018). Specifically, the connectivity
between the anterior insula and the retrosplenial cortex showed
overconnectivity in ASD. Age was not associated with these find-
ings and no other connections among the salience network,
DMN, or frontoparietal network were significantly associated
with internalizing symptoms.

Parenting quality and amygdala development

In non-ASD populations, parental warmth and support has been
identified as one form of parenting behavior that is associated
with brain development and functioning, and may buffer children
from developing internalizing symptoms. A longitudinal study of
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parenting found that a higher rate of observed maternal warmth
and support when children were 12 years old predicted a slower
growth in the right amygdala four years later, as compared to chil-
dren whose parents were observed to engage in a lower rate of
maternal warmth and support (Whittle et al., 2014). Further,
maternal warmth and support is associated with decreased amyg-
dala activation when observing fearful faces in healthy adolescents
(Romund et al., 2016). To the best of our knowledge, no published
studies have examined parenting quality’s association with amyg-
dala structure or function in an ASD sample, a clear path for
future research in order to examine whether the amygdala serves
as a mechanism between environmental influences and the devel-
opment of internalizing symptoms.

Hypothalamic-pituitary-adrenal (HPA) axis

Another potential biological marker of anxiety in ASD is cortisol,
an end product of the HPA axis. The HPA axis maintains a diur-
nal rhythm of cortisol, such that cortisol is elevated in the morn-
ing, peaking approximately 30 minutes post-awakening (i.e., the
cortisol awakening response), and declines throughout the day
(Russell & Shipston, 2015). In addition to its production through-
out the day, cortisol is also produced as part of the HPA axis stress
response, peaking approximately 20 minutes after exposure to an
acute stressor, although age, sex, and other factors can impact the
magnitude of cortisol reactivity (Foley & Kirschbaum, 2010).
The amygdala plays a role in activation of the HPA axis through
the detection of threat and stress (e.g., Pruessner et al., 2010).
Experiences of acute and/or chronic stress can impact both the
diurnal production of cortisol and cortisol produced as part of
the HPA axis stress response (Russell & Shipston, 2015).

In ASD samples, a blunted cortisol response appears to exist in
response to both chronic and acute stress. For example, Bitsika et al.
(2014) found significant correlations between autistic boys’ self-
report of anxiety symptoms and morning levels of diurnal cortisol;
however, parent-report of children’s anxiety symptoms were not
significantly associated. Bitsika et al. (2015) in a larger sample of
boys identified an interaction between age, diurnal cortisol, and
anxiety. Specifically, children’s afternoon cortisol was significantly
correlated with parent- and self-reports of internalizing symptoms,
but there was no significant association between these variables for
adolescents in the study. Further, in Sharpley et al.’s (2016) study of
girls with co-occurring internalizing symptoms, the normative cor-
tisol awakening response was not observed in this sample. Instead,
more than half of the participants evidenced either a flat slope or a
decrease in cortisol from waking to shortly after waking and this
dysregulation was associated with self-reported internalizing symp-
toms, specifically those related to major depressive disorder. For
acute stressors results have been mixed with regards to whether
co-occurring internalizing symptoms in ASD is associated with
cortisol response. For example, Hollocks et al. (2014) found that
children and adolescents (aged 10-16 years) exhibited a blunted
cortisol response after participation in an adapted Trier Social
Stress Test (TSST) relative to ASD without co-occurring anxiety
and TD children. Further, cortisol responsiveness was also associ-
ated with increased anxiety symptoms. Alternatively, (Simon &
Corbett, 2013) found no association with internalizing symptoms
and the cortisol response to the TSST, a mock magnetic resonance
imaging scan, or a playground social stress paradigm. In sum,
research points to atypical HPA axis functioning and associations
with anxiety, although more research should continue to clarify
these associations.
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Gender dysphoria

Gender dysphoria is “the distress that may accompany the incon-
gruence between one’s experienced or expressed gender and one’s
assigned gender” (American Psychiatric Association, 2013,
p. 451). While this is a newly emerging area of research, a growing
body of literature is pointing to high rates of gender dysphoria in
people diagnosed with ASD (van der Miesen, Hurley, Bal, & de
Vries, 2018; van der Miesen, Hurley, & De Vries, 2016). Recent
work by George and Stokes (2018) found that people with ASD
(Mage =31.01, SD=11.37) and gender dysphoria and/or nonhe-
terosexuality had poorer mental health (including more internal-
izing problems) and poorer overall well-being relative to typical
controls. Further work should continue to investigate the impact
gender dysphoria and nonheterosexuality has on the development
of internalizing symptoms in ASD populations.

Potential moderators

Additional factors that may moderate associations between risk
and protective factors and internalizing symptoms in children
with ASD are described below. However, as summarized below,
the associations among these variables and internalizing symp-
toms is complex and no clear picture has emerged yet.

Age

The developmental course of internalizing symptoms in ASD
remains unclear. One cross-sectional study of internalizing symp-
toms across the lifespan, which included participants 17 months
through 65 years old, found a nonlinear trajectory of internalizing
symptoms, such that the level of reported anxiety in the sample
was elevated during childhood (ages 3-16 years), followed by a
decline in young adulthood (ages 20-48 years), and an increase
again in adulthood (ages 49-65 years; Davis et al, 2011). This
nonlinear trajectory could relate to developmental transitions
when peers and/or significant others become more important
than relations with parents or when there are significant biological
changes (e.g., puberty, brain development). In a large sample of
children aged 6 to 17 years, 20% of adolescents were reported
as having a previous depression diagnosis compared to only
4.8% of children (Greenlee et al., 2016). Both of these studies
involved investigating age related between-person change, rather
than within-person change longitudinally, pointing to a necessary
step in future work in order to truly characterize the developmen-
tal course of internalizing symptoms in ASD.

As discussed earlier, the amygdala may be associated with
internalizing symptoms in ASD and non-ASD populations.
Additionally, age has been identified as being associated with
the development of the amygdala, such that there is a nonlinear
growth trajectory in amygdala volumes. Human studies assessing
the growth trajectory of the amygdala suggest that the amygdala
continues to grow throughout the lifespan, but with the most
rapid change during early and middle childhood (Ostby et al.,
2009). Recent work in macaque monkeys demonstrated signifi-
cant linear changes in amygdala volumetric growth as well, with
nearly 50% of the increases observed within the first 5 years of
life, which although not formally assessed in this study is equiv-
alent to after or around puberty (Schumann, Scott, Lee,
Bauman, & Amaral, 2019). These age effects have been observed
in research looking at the associations between internalizing con-
ditions and amygdala volume in non-ASD samples. For example,
Warnell et al. (2018) found that the association between amygdala
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volume and internalizing symptoms was moderated by age such
that children who were 11 years or older no longer exhibited an
association. Similar to non-ASD research, the age at which rela-
tions between amygdala volume and internalizing symptoms are
assessed may impact whether or not significant associations are
observed. This is due to differing growth trajectories that have
been observed in children with ASD relative to TD samples
(Schumann et al., 2009), albeit studies of amygdala volumes
have mixed results with regards to whether or not people with
ASD have smaller, larger, or no difference in amygdala size com-
pared to TD individuals (Cody et al., 2002). For example,
Schumann et al. (2009) found larger left, right, and overall amyg-
dala volumes in toddlers later diagnosed with ASD as compared
to toddlers not diagnosed with ASD. Further, faster amygdala
growth was observed in children with ASD (Nordahl et al.,
2012) and Mosconi et al. (2009) identified that amygdala volume
was enlarged by age 2 years relative to controls. However, these
studies were not designed to investigate whether co-occurring
internalizing conditions, which may explain differences observed.

Sex

Sex differences in the prevalence of internalizing conditions exist
with females generally showing higher rates of internalizing con-
ditions than males including depression (Nolen-Hoeksema, 2001;
Piccinelli & Wilkinson, 2000) and anxiety disorders (McLean,
Asnaani, Litz, & Hofmann, 2011; Xu et al., 2012). The emergence
of sex differences in depression has been suggested to occur dur-
ing early adolescence (Nolen-Hoeksema & Girgus, 1994) with one
study noting the greatest difference between the prevalence of
depressive symptom occurred between the ages of 15 and 18
years (Hankin et al., 1998). The emergence of sex differences in
anxiety disorders may occur during early childhood as
Lewinsohn, Gotlib, Lewinsohn, Seeley, and Allen (1998) note
that females at age 6 years were twice as likely as males to have
experienced an anxiety disorder.

The presence of sex differences in ASD more broadly has been
examined frequently, such that males are more likely to be diag-
nosed with ASD, yet it is unclear whether there are sex differences
in the presence of co-occurring internalizing symptoms. Mixed
results have emerged with regard to the presence of internalizing
symptoms in males relative to females. In a nationally representa-
tive sample of children, Stacy et al. (2014) found that females with
a current ASD diagnosis were less likely than males to be diag-
nosed with a past anxiety disorder; however, this association
was no longer significant after adjusting for race and mother’s
education. Alternatively, in one study of adolescents with and
without ASD, females with ASD exhibited more internalizing
symptoms than males with ASD and their TD counterparts in
early adolescence, which was hypothesized to relate to biological
(e.g., genetic, hormonal) and psychosocial factors that increase
risk for internalizing symptoms during adolescence (Oswald
et al,, 2016). Future work should continue to characterize the
prevalence of internalizing symptoms in ASD and their associa-
tions with sex.

Autism severity and 1Q

A complex and inconsistent picture emerges regarding the
severity of autism symptoms and a child’s IQ as potential moder-
ators of internalizing symptoms in ASD. For example, in a large
sample of children aged 4 to 17 years with ASD and a high prev-
alence of co-occurring internalizing symptoms, higher ASD
severity scores and a lower IQ was associated with fewer
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internalizing symptoms (Mazurek & Kanne, 2010). Alternatively,
Eussen et al. (2013)’s study of children 6 to 13-years-old identified
global levels of ASD symptom severity as having the strongest
association with internalizing symptoms when controlling for
other variables in the model including quality of social relations
and IQ. These relations were true for all aspects of ASD sympto-
matology. Additionally, in this sample, IQ was not associated with
internalizing symptoms in either direction. Yet, Greenlee et al.
(2016)’s cross-sectional study indicated that a history of depres-
sion diagnosis was associated with a higher IQ and Asperger’s
diagnosis (suggesting less symptom severity). Thus, it is currently
unclear when ASD symptom severity or IQ is associated with the
presence of internalizing symptoms.

Integrated Theoretical Model: Hypothesized Links and
Future Directions

Our theorized conceptual model of risk and protective factors for
internalizing symptoms in ASD (Figure 1) includes both direct
and indirect links to internalizing symptoms and both child
and parent factors. Further, the risk and protective factors out-
lined may be bidirectional and/or interact with other risk and pro-
tective factors identified, as well as with the moderators discussed,
and other factors not included in this review. Below we outline a
few proposed links organized in terms of developmental emer-
gence in order to help identify areas for future research.

Parent factors (i.e., genetic heritability and parent history of
internalizing symptoms) may predispose children to the develop-
ment of internalizing symptoms. These parent internalizing
symptoms, as well as parent stress that may be related or unrelated
to their internalizing, may be associated with differences in par-
enting quality. Further, variations in parenting quality, especially
during infancy and early childhood, in turn, could serve as mod-
erators and/or risk or protective factors in the development and/
or maintenance of internalizing symptoms in children; however,
differences in child characteristics (e.g., temperament, gene—envi-
ronment correlations), as well as the bidirectional relations
between parent and child behavior should also be considered.
Additionally, variations in parenting quality during infancy and
early childhood can impact children’s developing neurobiology
(i.e., amygdala), which then influences children’s developing
stress responses (e.g., HPA axis functioning), and subsequently
the development and/or maintenance of internalizing symptoms.

A child’s diagnosis of ASD can lead to greater susceptibility to
the development of internalizing symptoms through several poten-
tial pathways. First, this could be through neurodevelopmental
effects on a child’s neurobiology (e.g., effects on the amygdala
and other brain networks) that are associated with a diagnosis of
ASD (whether cause or consequence). Second, differences in social
processing and cognition associated with an ASD diagnosis may
hinder the development of social relationships or serve as a catalyst
for increased internalizing symptoms related to social interactions.
For example, difficulties with reading social cues may lead to the
experience of negative social interactions which could lead to the
development of anxiety related to future social interactions. Peer
rejection, either due to atypical social interaction or other behavio-
ral characteristics such as the presence of repetitive behaviors and/
or restricted interests that may be immature for the child’s age, may
lead to peers making negative comments to or about the child with
ASD. Finally, the presence of ASD and behaviors associated with
ASD (e.g, insistence on sameness, difficulty with transitions)
may influence the parenting environment leading to variations in
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parent stress, parenting quality, and parent’s own mental health,
which subsequently impacts children’s development and/or main-
tenance of internalizing symptoms.

Summary

Internalizing conditions are among the most common
co-occurring conditions in people diagnosed with ASD (Kent &
Simonoff, 2017; Rosen et al., 2018). The presence of co-occurring
internalizing symptoms in ASD samples leads to more functional
impairment than in samples without co-occurring internalizing
symptoms (Kerns et al,, 2015; Kim et al, 2000; Pouw et al.,
2013) and may also be a contributing factor to risk for suicide
(Richa, Fahed, Khoury, & Mishara, 2014). Therefore, identifying
risk and protective factors of internalizing conditions in ASD is
critical in order to continue to develop and refine prevention
and intervention programs aimed at preventing and ameliorating
internalizing symptoms. This paper summarized the current liter-
ature regarding environmental and biological risk and protective
factors related to the etiology, development, and maintenance of
internalizing symptoms in ASD. Further, we aimed to develop
an integrative bio-psycho-social model of risk and protective fac-
tors pulling from the literature in both ASD and non-ASD
populations.

Given the heterogeneity in ASD and development in general,
no one path will explain the development of internalizing condi-
tions in ASD for all individuals. However, this review emphasized
several areas that are apt for future research and potential inter-
vention in order to elucidate potential mechanisms and mitigat-
ing factors. Future studies should aim to include multiple levels
of analysis (e.g., biological, environmental, social) and utilize
longitudinal samples in order to delineate the developmental
course of internalizing symptoms in ASD.
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