1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Autism Dev Disord. Author manuscript; available in PMC 2021 July 01.

-, HHS Public Access
«

Published in final edited form as:
J Autism Dev Disord. 2020 July ; 50(7): 2336-2347. d0i:10.1007/s10803-018-3627-5.

Adults with Autism and Adults with Depression Show Similar
Attentional Biases to Social-Affective Images

Kathryn E. Unruh, Ph.D.,
Vanderbilt Brain Institute, Vanderbilt University, 1215 215t Ave S, Medical Center East, Room
10245, Nashville, TN 37215

James W. Bodfish, Ph.D.,

Department of Psychiatry and Behavioral Sciences, Vanderbilt University Medical Center,
Department of Hearing & Speech Sciences, Vanderbilt University, 1215 215t Ave S, Medical
Center East, Room 10245, Nashville, TN 37215

Katherine O. Gotham, Ph.D."
Department of Psychiatry and Behavioral Sciences, Vanderbilt University Medical Center, 1500
215t Ave S, Room 2272, Village at Vanderbilt, Nashville, TN 37212

Abstract

Individuals with ASD have increased rates of depression compared to the general population.
Repetitive cognition is a core feature of ASD; in typically developing adults, repetitive cognition
has been associated with attentional biases to negative emotional material and increased
prospective depression risk. We compared adults with ASD to typically developing adults with
depression and never-depressed controls, using a paired preference paradigm sensitive to affective
biases in the context of repetitive cognition. Both clinical cohorts oriented faster to negative social-
emotional material and spent less time overall on positive material, compared to healthy controls.
Exploratory analyses within ASD revealed specific influences of repetitive behavior on patterns of
affective bias. Findings help pinpoint susceptibilities in ASD that may confer increased risk for
depression.
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Individuals with ASD reportedly experience depression at higher rates than the typically
developing population (Buck et al., 2014; Kerns, Roux, Connell, & Shattuck, 2016;
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Lugnegard, Hallerback, & Gillberg, 2011; Mattila et al., 2010; Mazefsky et al., 2012) and
tend to endorse high levels of depressive symptoms, even among those who do not meet
clinical criteria for comorbid depression diagnoses (Gotham, Unruh, & Lord, 2015). Reports
of increased prevalence of depression, coupled with overlap between autistic and depressive
symptomology (e.g., social withdrawal, perseverative rumination), has opened the door to an
emerging literature exploring mechanisms that may be common to both disorders.

Depression prevalence in ASD is intuitive from both psychosocial and biological
standpoints. Individuals with ASD specifically show impairments in navigating and
maintaining reciprocal social relationships (Howlin, Goode, Hutton, & Rutter, 2004; Lord et
al., 2000). Such challenges leave these individuals particularly susceptible to loneliness and
lack of social connectedness, both of which are reported at increased rates in ASD
(Bauminger & Kasari, 2000; White & Roberson-Nay, 2009; Lasgaard et al., 2010) and are
prospective predictors of depressive symptomology in typically developing populations
(Cacioppo, Hughes, Waite, Hawkley, & Thisted, 2006; Qualter, Brown, Munn, & Rotenberg,
2010). Negative interactions with or feedback from peers may also affect cognitive
attributions about self-worth in the ASD population (Gotham, Unruh, & Lord, 2015;
Mazefsky et al., 2012). Therefore, the presence of autism likely increases psychosocial risk
factors for development of depression (in line with Caron & Rutter, 1991). Evidence
suggests that family members of people with ASD also have elevated rates of mood
disorders even prior to the birth of a child with developmental disability, implicating
potentially increased genetic risk for psychiatric comorbidities in individuals with ASD
(Bolton, Pickles, Murphy, & Rutter, 1998; DelLong, 2004; Piven & Palmer, 1999).

Repetitive thinking is common to the behavioral presentations of both ASD and depression.
In depression, repetitive thought patterns are often focused on negative mood state and
labeled rumination. Rumination has been shown to prospectively predict depression in
typically developing populations (Nolen-Hoeksema, 2000) and to perpetuate negative mood
states, therefore prolonging and/or increasing the severity of depressive episodes (Nolen-
Hoeksema, Wisco, & Lyubomirsky, 2008). Repetitive thinking is also evident in the core
features of ASD, such as circumscribed interests and insistence on sameness (American
Psychiatric Association, 2013). In the framework of NIH Research Domain Criteria (RDoC),
rumination is classified as a “loss” behavioral construct within Negative Valence Systems,
whereas the repetitive symptoms of autism are classified as “habit” behavioral constructs
within the Positive Valence Systems matrix. Although uniquely identified by valence within
the RDoC framework, both loss behavior and habitual behavior are thought to share
common neural mechanisms, including the dorsal and ventral striatum and subregions of the
medial prefrontal cortex (e.g., de Wit et al., 2012; Drevets, 1999; Naranjo, Tremblay, &
Busto, 2001). Thus repetitive thinking is one promising endophenotype for investigating
shared neurobiology in autism and depression, and in turn, for identifying intervention
targets for this comorbidity.

In a 2014 study of psychosocial correlates of depression in ASD, participants who perceived
greater autism-related impairment in themselves also exhibited higher levels of depressive
symptoms (Gotham et al., 2014). Of note, this association was most robust in individuals
who displayed high levels of rumination (defined as passive, perseverative thinking about
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one’s own distress; Nolen-Hoeksema & Morrow, 1991). Further, rumination scores were
significantly associated with insistence on sameness, a core and repetitive feature of ASD, in
this adult sample. These findings lend support to the idea that repetitive thinking may be a
moderating factor in the intersection between autism and depression.

Studies have found associations between rumination and biased processing of negative
emotional information in the general population (Joormann, Dkane, & Gotlib, 2006).
Specifically, in individuals with higher levels of rumination, attention is more often biased
toward negative information and away from task-relevant cues during attentional tasks (e.g.,
Donaldson, Lam, & Mathews, 2007; Gotlib et al., 2004; Gotlib & Cane, 1987; Segal, Gemar,
Truchon, Guirguis, & Horowitz, 1995). Paired viewing paradigms are commonly used to
assess biases in attention. In affective adaptations of this method, biased attentional orienting
and attention maintenance can be measured by pairing an emotional face with an identical
face of neutral valence. This paradigm has been used to demonstrate attentional differences
specific to dysphoric (i.e., sad content) stimuli, such that typically developing individuals
with depression displayed longer initial fixation duration and longer total fixation duration to
sad images, compared to non-depressed controls (Duque & Vazquez, 2015). In that sample,
increased attention to sad faces was significantly correlated with the severity of depressive
symptoms.

The purpose of this paper was to examine affective bias in adults with ASD (a) in
comparison to typically developing adults with and without depression, and (b) in relation to
repetitive thinking and depressive symptoms within ASD. Thus, the goals of the current
study were to explore:

1 Affective attentional biases in autism: \We hypothesized that individuals with
ASD would attend to emotional stimuli in patterns more similar to typically
developing participants with depression (TD-Dep), reflected as increased
attention to sad images and decreased attention to happy images, compared to
never-depressed TD controls (TD-Con);

2. Repetitive thinking in autism. \We hypothesized that individuals with ASD who
exhibit greater intensity in behaviors likely associated with repetitive cognition
(circumscribed interests, Cl; insistence on sameness, IS) would also demonstrate
higher scores on measures of rumination and depression;

3. The influence of repetitive thinking and depressive symptoms on affective bias in
autism. Finally, we hypothesized that measures of repetitive and depressive
symptoms would be positively associated with increased attention to negative
emotional images (angry, sad) among participants with ASD.

This study provides one of the first explorations of key behavioral similarities between
individuals with ASD and those with depression in a novel direct comparison, with the goal
of outlining potential susceptibilities in ASD that may be co-opted to result in the onset of
depression.
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Methods

Participants

Three diagnostic cohorts were recruited for this study: Those with an autism spectrum
disorder (ASD; n = 28), typically developing adults with a current depressive disorder (TD-
Dep; n = 24), and typically developing adults with no history of anxiety, depression, or
family history of ASD (TD-Con; n = 24). Participants were recruited from national and local
(Vanderbilt Kennedy Center Study Finder) resources. Eligibility criteria included verbal
1Q>=80; verbal fluency per Autism Diagnostic Observation Schedule, 2" edition (ADOS-2;
Lord et al., 2012) module selection criteria; reading level >= 5t grade; at least 20/30 vision
at 80 cm on the Snellen eye chart; and no history or concerns of psychotic or bipolar
disorders, current substance use disorders, or uncorrected vision problems or ocular
abnormalities. Participants in the autism cohort had existing diagnoses of Asperger
syndrome, autism, or ASD, which were confirmed with the ADOS-2. Participants in the
depression cohort had existing diagnoses of a current unipolar depressive disorder, which
were confirmed with the Structured Clinical Interview for DSM Disorders (SCID-5; First,
Gibbon, Spitzer, Benjamin, & Williams, 1997). Table 1 provides demographic information
by cohort. Our sample was not sex-matched in order to better represent the respective male
and female skewing that is present in the autism and depression populations. However, as
our sex distributions reflect, we placed specific emphasis on recruitment of females with
ASD and males with depression in an effort to balance these samples. Procedures included a
telephone screening, followed by 1-2 lab visits, in which the current task was one in a larger
study.

Stimuli and task

The preferential viewing task used for this study was comprised of paired arrays containing
both an emotional and neutral facial expression made by the same actor. Arrays were
characterized by the presence of a sad, angry, or happy face, with 28 arrays per condition.
Arrays were balanced by gender (14 males and 14 females per condition) and laterality of
emotional image (right vs. left balanced). The stimuli described here were used, with
permission, as an exact replica of the original version of the task developed by Duque and
colleagues (Duque & Vazquez, 2015). Face images were modified from the Karolinska
Directed Emotional Faces (KDEF) database (Lundqvist, Flykt, & Ohman, 1998), by using
an oval window frame to remove salient aspects such as hair. Emotional intensity for these
images has been validated in previous studies (Schaefer, Nils, Sanchez, & Philippot, 2010).
Images were presented in grayscale to better account for low-level stimulus properties. Refer
to Figure 1 for task schematic.

The passive viewing task was comprised of 84 trials (28 images per category), with affective
category randomized across trials. Each trial began with a presentation of a white fixation
cross in the center of the screen, displayed at a variable duration of 1-4 seconds followed by
the presentation of an affective array for 5 seconds. Participants were instructed to keep their
eyes on the screen at all times and to focus on the fixation cross when it was present, but
were given no further instructions.
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Eye-tracking procedures

Testing occurred in a research laboratory. Participants sat approximately 60 cm from a 1,024
horizontal x 768 vertical 17-inch display and viewed stimuli subtending a visual angle of
16.1 degrees. Eye movements were recorded with a Tobii X2-60 eye tracker (Tobii
Technology, Stockholm, Sweden). The system uses an infrared light to produce reflection
patterns on the corneas of the eye and monitors these reflections relative to the eye’s
position. This system samples at a rate of 60 Hz. This eye tracking system is mounted on the
computer monitor, and therefore does not interfere with data collection. The system allows
for head movement within a cubic space of 30x15%20 cm from a distance of 60 cm,
allowing the participants to view in a naturalistic manner.

Self-report measures

The Beck Depression Inventory, second edition (BDI-11; Beck, et al., 1996) is a widely used
scale of depressive symptoms for adolescents and adults. This self-report measure is
designed to capture depression-related emotions, physical and psycho-somatic symptoms,
and lifestyle changes. This measure has been found to have high internal consistency and
strong convergent validity (Dozois, Dobson, & Ahnberg, 1998), and is commonly used in
adult ASD samples (Cederlund, Hagberg, & Gillberg, 2010; Crane, Goddard, & Pring, 2013;
Gotham et al., 2014).

The Ruminative Response Scale (RRS; Nolen-Hoeksema & Morrow, 1991) is a frequently
used measure of self- and symptom-focused thoughts that may persist as patterns of
rumination, including brooding and reflective pondering. This scale was developed to assess
rumination that is related to, but not confounded by depression (Treynor, Gonzalez, &
Nolen-Hoeksema, 2003).

The Interest Scale (Turner-Brown et al., 2011) is used to collect detailed information on the
presence and severity of circumscribed interests (CI). The severity score characterizes an
individual’s strongest interest, including the degree to which this interest is shared with other
people (social involvement), and the flexibility, frequency, intensity, interference, and
accommodation of that specific interest. These clinical aspects of Cl are known to be
associated with cognitive-affective processes, including enhanced reward processing (Cascio
et al., 2014) as well as repetitive engagement and/or discussion of these interests (South,
Ozonoff, & McMahon, 2005). For these reasons, we included this measure as a reasonable
proxy for assessing repetitive cognitive patterns in ASD.

The Repetitive Behavior Scale-Revised (RBS-R; Lam & Aman, 2007) identifies the
frequency and severity of five categories of repetitive behavior, including motor stereotypy,
repetitive self-injury, compulsions, insistence on sameness, and restricted interests. The self-
report version of this questionnaire was used for this study, with analyses focusing on the
insistence on sameness domain raw total score (RBSR-IS).

Analysis of task performance

The intent of the paired preference task is that the participants will look at each slide for a
sufficient amount of time to observe both images. Therefore, we developed a method to
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exclude participants based on insufficient total look time per slide, so as to eliminate
potential bias from the data. Total viewing time was calculated for each trial; any trial with
less than 70% total viewing time (3.5 seconds) was excluded from analyses. Further, any
participant with fewer than 60% of trials included per condition was excluded from group
means due to insufficient data. Applying these criteria resulted in exclusion of 2 participants
in the TD-Con cohort, 8 participants in the ASD cohort, and 2 participants in the TD-Dep
cohort. Analyses revealed that excluded participants did not differ from the included
participants on 1Q (¢= -.094, p=.926), age (¢= —.672, p=.532), autism severity (ADOS; ¢
= .486, p=.643) or depression severity (BDI; ¢=.361, p=.719).

Eye-tracking variables

Gaze patterns were analyzed as a result of conducting fixation analyses. Fixations were
classified using the Tobii Studio I-VT filter, which defines fixations as gaze moving at a
velocity slower than 30 degrees per second for at least 60 milliseconds. Three dependent
variables were extracted from the data collected: (a) Prioritization: the latency to first
fixation on each stimulus type, which measures attention capture and orienting; (b)
Disengagement: The latency between first fixation on the emotional stimulus and subsequent
fixation on the neutral stimulus, indicating duration/maintenance of initial attention to the
emotional stimulus; and (c) Preference: the proportion of onscreen fixation time devoted to
each image type, relative to total time spent on the stimulus array, indicating overall
attention maintenance.

Statistical analysis

Repeated measures analysis of variance (RM-ANOVA) was conducted on each of the
primary variables, with emotion type (neutral, sad, angry, happy) as the within-subjects
variable and group (ASD, TD-Dep, TD-Con) as the between-groups variable. Analyses were
performed with sex (male, female) included as a covariate in the model. However, as this
covariate was nonsignificant in all analyses, with small effect sizes (all ps > .05 and partial
eta squared < .025) and gender differences were not part of a priori hypotheses, sex was
excluded from the model reported in Results. Post-hoc univariate ANOVA analyses also
were performed to assess single condition between-group differences, and paired samples t-
tests were conducted for within-group comparisons. Omnibus F statistics were interpreted
using a threshold of p < .05 for statistical significance. Follow-up analyses were corrected
for multiple comparisons using Tukey’s HSD.

Two additional sets of analyses were performed on participants with ASD only. In the first
set of analyses, a series of Pearson correlations was performed between measures of
depression symptomology (BDI-II), ruminative thinking (RRS), insistence on sameness
(RBSR-IS), and circumscribed interest (CI) severity on the Interests Scale. In the second set
of analyses, deemed exploratory because of sample size, participants with ASD were
grouped by median split on these psychometric measurements. Analogous RM-ANOVAS
were performed to compare eye-tracking variables between emotions (sad, angry, happy) for
“high” and “low” participant groups and were interpreted using reported effect sizes
(Cohen’s d) rather than significance values from F statistics.
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Results
Aim 1: Affective bias in ASD

Prioritization—To determine whether participants differed in latency to view a specific
category of emotional faces, we conducted a series of 2 x 3 RM-ANOVAs, each comparing
two emaotions (one always neutral), by three groups (ASD, TD-Dep, TD-Con). Group means
for latency in all pairs of emotion comparisons are displayed in Figure 2.

For comparisons between Sad and Neutral, there was no significant emotion x group
interaction (A2, 62)=1.07, p = .348) or main effect of group (A1, 62) =.703, p=.499).
There was a main effect of emotion (A1, 62) = 20.398, p < .001), indicating that across
groups, participants were faster to fixate on sad faces than neutral faces. Follow-up paired-
samples t-tests revealed that this effect was driven by participants in the ASD group, who
displayed significantly faster fixations to sad than neutral faces (¢#=-3.960, p=.001), while
this effect did not reach significance in TD-Con (#=-1.981, p=.061) or TD-Dep
participants (£=-1.972, p=.062).

For comparisons between Angry and Neutral faces, there was no significant emotion x
group interaction (A2, 62)=.185, p=.831) or main effect of group (A1, 62) = .374, p
=.689). Again there was a main effect of emotion (A1, 62) = 25.177, p < .001), indicating
that across groups, participants were faster to fixate on angry faces than neutral faces.
Follow-up paired-samples t-tests revealed that this effect was present regardless of
diagnostic status.

Similarly, for happy faces, there was no emotion x group interaction (A2, 62)=2.218, p
=.117) or main effect of group (A1, 62) = 1.582, p=.214). There was a main effect of
emotion (A1, 62) = 22.714, p< .001), indicating that across groups, participants were faster
to fixate on happy faces than neutral faces. Follow-up paired-samples t-tests revealed that
this effect was driven by participants in the TD-Con group, who displayed significantly
faster fixations to happy than neutral faces (¢=-7.332, p < .001), while this effect did not
reach significance for participants in the TD-Dep (¢=-1.941, p=.066) or ASD groups (¢=
-1.292, p=.212).

Prioritization: Post-hoc analyses across emotion conditions—Participants always
saw emotional faces paired with a neutral face from the same actor. However, we conducted
a 3 (emotion: sad, angry, happy) x 3 (group: ASD, TD-Dep, TD-Con) RM-ANOVA to
determine whether participants differed in absolute latency scores across emotional faces.
Group means are displayed in Figure 2. There was a significant main effect of emotion (A1,
62) = 3.322, p=.039), in which post-hoc analyses indicated latencies to angry faces were
significantly shorter than latencies to sad faces (p=.010). There was also a significant
emotion x group interaction (A2, 62)= 3.641, p=.008), although there was no significant
main effect of group (A1, 62) = 1.172, p=.317). Follow-up ANOVA revealed that this
significant interaction was driven by opposite patterns of latency to Happy in TD-Con versus
the two clinical groups.

J Autism Dev Disord. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Unruh et al.

Page 8

Put together, these results indicate that participants in clinical groups (ASD, TD-Dep)
oriented most quickly to negative emotional images (angry faces), and were slowest to orient
to positive emotional images (happy faces). In contrast, never-depressed TD controls
oriented most quickly to happy faces, compared to negative emotional images (angry and
sad faces).

Disengagement—A 3 (emotion: sad, angry, happy) x 3 (group: ASD, TD-Dep, TD-Con)
RM-ANOVA was conducted to determine whether participants differed in duration to
stimulus disengagement across emotional stimuli. Group means are displayed in Figure 3.
There was no significant emotion x group interaction (A2, 62)= 1.342, p=.259) or main
effect of group (A1, 62) =.420, p=.659), but we noted a main effect of emotion (A1, 62) =
3.169 p=.046) in which disengagement was more delayed during viewing of angry faces
compared to viewing of sad (p=.01) and happy (o = .048) faces. This suggests that angry
faces held the initial attention of participants longer than did sad or happy faces. Planned
follow-up ANOVA revealed no group differences for disengagement for any emotion
condition.

Preference—A 3 (emotion: sad, angry, happy) x 3 (group: ASD, TD-Dep, TD-Con) RM-
ANOVA was conducted to determine whether participants differed in overall look time to
emotional stimuli (note that “disengagement” discussed above was the viewing duration
only during the first “visit” to that particular emotional face). Group means are displayed in
Figure 4. There was a significant emotion x group interaction (A2, 62)= 7.300, p < .001).
There was also a significant main effect of emotion (A1, 62) = 3.698, p=.028), but no
significant main effect of group (A1, 62) = 2.443, p=.095). Follow-up ANOVA revealed
that this interaction was driven by mean differences in the TD-Con group. This group
displayed increased preference for happy faces compared to ASD and TD-Dep groups (A1,
62) = 16.103, p<.001), similar to the pattern of findings noted for prioritization (latency to
first look).

Aim 2: Repetitive thinking in ASD

To test the hypothesis that autism-specific repetitive thinking, as indexed by intensity of
circumscribed interests and insistence on sameness, is associated with depression-specific
repetitive thinking (rumination) and depression symptomology, we performed a series of
Pearson bivariate correlations between psychometric self-report instruments, focusing only
on participants in the ASD cohort. Insistence on sameness (RBSR-IS) was significantly
correlated with depression-specific repetitive thinking (RRS; r=.584, p=.009) and
depressive symptomology (BDI-II; r=.640, p=.003). Similarly, CI severity also showed
significant correlations with the RRS (r=.709, p=.001) and BDI-II (r=.763, p<.001).
These results suggest that individuals with ASD who have more severe patterns of ASD-
specific repetitive thinking also experience a greater intensity of ruminative thought and
depressive symptoms.

Aim 3: Influence of repetitive thinking and depressive symptoms on affective bias in ASD

We next examined the effect of repetitive thinking and depressive symptoms on patterns of
visual attention in ASD by grouping participants according to “high” and “low” scores
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within self-report measures of depression, rumination, and repetitive behavior. Participants
with ASD were grouped independently by median split on BDI-II total scores, RRS total
scores, RBSR-IS severity scores, and Cl severity scores. Separate 3 (emotion: angry, sad,
happy) x 2 (group: high, low) RM-ANOVAs were conducted for each eye-tracking variable
(prioritization, disengagement, preference) across each psychometric measure. These
analyses have been deemed exploratory because of sample size and therefore are interpreted
in the context of effect sizes (Cohen’s d) rather than significance values from F statistics. For
ease of interpretation in these analyses, prioritization was converted to a difference score that
indexed the latency to fixate on an emotional image, relative to the latency to fixate on the
neutral image (i.e. prioritization = latency to emotional image — latency to neutral image).

Across measures, individuals with higher repetitive/depressive symptom scores were faster
to fixate on angry faces than those with lower scores (BDI-1l: A1,17) = 2.529, p=.129, d
=.75; RRS: (A1,17) = 3.160, p=.093, d=.86; RBSR-IS: (H1,17) = 7.517, p=.014, d=
1.38; CI: A1,17) = 3.647, p=.073, d=.94). A similar pattern was noted for sad faces, with
a notable exception: Participants with higher insistence on sameness scores were slower to
fixate on sad faces (RBSR-IS: A1,17) = 2.624, p = .124, d= .81) and faster to fixate on
happy faces (A1,17) = 2.485, p = .133, d=.98) compared to peers with low insistence on
sameness scores. Finally, participants with more severe circumscribed interests spent more
time looking at sad faces than low-severity peers (Cl: A1,17) = 3.800, p = .068, d=.96).

Discussion

The purpose of this paper was to examine affective bias in adults with ASD (a) in
comparison to typically developing adults with and without depression, and (b) in relation to
repetitive thinking and depressive symptoms within ASD. We hypothesized that individuals
with ASD would demonstrate patterns of attention more similar to individuals in the TD-
Dep cohort, reflected as increased attention to sad images and decreased attention to happy
images, compared to never-depressed TD controls. Results revealed attentional similarities
between ASD and TD-Dep cohorts, as well as patterns unique to ASD. Across both of these
clinical cohorts, participants showed biased attention toward angry stimuli, reflected as a
prioritization of angry images and an increased latency to disengage with this information.
ASD and TD-Dep cohorts did not display an attentional bias toward happy stimuli, such that
neither group prioritized fixating on happy faces and showed decreased overall preference
for happy images compared to the TD-Con cohort. Finally, participants with ASD were
unique in prioritization of (e.g., significantly faster attending to) sad images.

We additionally sought to understand how markers of repetitive thinking traditionally
conceived of as “autism-specific” were related to “depression-specific” repetitive thinking
(e.g., rumination), and further, to what degree these forms of repetitive thinking appear to
influence patterns of affective bias. We hypothesized that more severe behaviors associated
with repetitive thought in ASD (insistence on sameness, circumscribed interests) would be
associated with higher rumination and depression scores, and that individuals with ASD who
exhibited high scores on various repetitive thinking measures would also demonstrate
increased attention to negative emotional images. Results revealed strong positive
correlations between both insistence on sameness and circumscribed interest severity and
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depressive symptoms and depressive rumination. Exploratory analyses suggested both
general and specific influences of repetitive cognition on patterns of emotional attention in
ASD: Faster initial attention to angry stimuli was observed in participants who endorsed
greater repetitive cognition and depression severity. These results suggest that, similar to
general depression findings, negative biases span attentional, cognitive, and affective
domains when present in ASD. Because our autism-specific (IS and CI) and depression-
specific (BDI-Il and RRS) measures were highly correlated, it is unclear whether autism-
specific or depression-specific mechanisms were driving the observed bias to faster fixations
on negative affective stimuli (or indeed to what degree the emotion bias contributed to the
thinking patterns and mood).

We did, however, observe some specific effects of autism-related cognition on distinct
patterns of emotional attention. Along with faster look times to angry faces, increased
overall attention to sad faces was noted in participants with more severe circumscribed
interests, indicating greater general bias toward negative stimuli in these individuals. In
contrast, participants with more severe insistence on sameness showed diverse patterns of
attention, looking more quickly to angry and happy faces but more slowly to sad faces. Of
note, we had collected post-task ratings of valence and arousal of the emotional images, so
we conducted post hoc analyses to assess whether the high-1S ASD group had an anomalous
response to sad images in comparison to other conditions or cohorts. Controlling for
multiple comparisons, there were no significant differences in ratings of valence and arousal
across any cohorts or 1S-groups for any emotion conditions. We thus infer that slower
orienting responses to sad images in the high-1S ASD group do not appear to be an artifact
of difficulty decoding this particular emotion. However, it was noteworthy that high-IS ASD
participants had the highest mean ratings of arousalto sad faces and low-IS ASD
participants the lowest (Sad Arousal: TD-con M=1.75, SD=0.91; TD-dep M=1.84, SD=0.87;
ASD Low-IS M=1.23, SD=0.56; ASD High-IS M=2.00, SD=0.91). It is possible that the
ASD High-IS group’s slower initial response to sad images may be associated with affective
blunting to highly affectively arousing stimuli. The current findings of a more
comprehensive negativity bias associated with Cl and the absence of a dysphoric bias (or
possible avoidance) associated with IS suggest that different mechanisms may underlie these
cognitive patterns and differentially contribute to risk for developing depression. However,
more precise measurement tools are needed to determine the degree to which repetitive
cognition is associated with these and other repetitive behaviors.

Repetitive cognition likely involves coordination between multiple cortical networks,
including those devoted to introspection and memory, salience detection, and executive
function (Kelley et al., 2002; Murray, Schaer, & Debbané, 2012), although the specific
mechanisms contributing to its pathological forms (e.g., rumination, insistence on sameness)
have yet to be determined. In depression, negative patterns of repetitive thought are
hypothesized to develop via dysfunctional modulation of large-scale neural networks,
including the default mode network (DMN) and salience network (Burrows, Usher,
Schwartz, Mundy, & Henderson, 2016). This hypothesis is supported by studies indicating
that individuals with depression show variation in functional connectivity between key nodes
of these networks: the insula and the anterior cingulate cortex (ACC; Berman et al., 2014;
Connolly et al., 2013), which is related to rumination severity (Kaiser et al., 2015). There is
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also evidence for dysfunctional connectivity within the DMN and salience network in ASD
(e.g., Hahamy, Behrmann, & Malach, 2015; Kennedy & Courchesne, 2008; Nomi & Uddin,
2015; Uddin et al., 2013), although variation in the connectivity between these two networks
has yet to be explicitly tested. Interestingly, a recent study demonstrated that activity in key
nodes of the DMN (ACC) and salience network (insula) was able to distinguish individuals
with ASD from peers during autism-specific repetitive cognition (engagement with items of
circumscribed interest; Cascio et al., 2014). These studies provide preliminary but
converging evidence that functional alterations in the DMN and salience network may
contribute to an endophenotype that is common to both autism and depression and warrant
future cross-diagnostic research.

Comparison of current findings to the depression literature

Limitations

The affective bias task used in this study was originally developed to assess patterns of
emotional bias in adults with major depressive disorder (MDD; Duque & Vazquez, 2015). In
a sample of 16 adults with MDD and 34 never-depressed controls, Duque and colleagues
reported significant biases toward negative information in the MDD cohort, such that these
individuals made significantly longer initial fixations to sad faces and spent a greater amount
of total time viewing these faces compared to healthy controls, the latter of which was
positively correlated with BDI-11 scores. The Duque et al. MDD cohort also demonstrated
marginally less overall attention to happy faces, compared to controls. In the current study,
we did not find similar evidence of a negativity bias in our TD-Dep cohort. While BDI-11
scores were comparable between study samples, two notable differences may have
accounted for the current lack of replication. First, these study samples were from different
western cultures (Spain versus United States), which has been shown in some contexts to
influence differences in emotional attention that may not be detected in emotion labeling or
valence ratings (Ko, Lee, Yoon, Kwon, & Mather, 2011). Perhaps more importantly, our TD-
dep sample was comprised of significantly fewer females than Duque et al. (54%, compared
to 87%) in order to compare this subsample to the male-dominant ASD population.
Exploration of rumination and attention bias by sex within ASD is an important future
direction of this work.

Several limitations should be considered when interpreting and generalizing the results
presented here. First, statistical power was limited due to a small sample size across the
three groups. The value of this small sample, however, lies in the novel direct comparison of
individuals with autism to those with depression, with both clinical cohorts characterized
according to gold standard diagnostic measures (ADOS-2, SCID-5). Second, this study
limited inclusion to individuals with verbal fluency and a minimum of 5th grade-level
reading comprehension, which is not representative of the full spectrum of individuals with
ASD. These inclusion criteria were deemed necessary in order to use self-report measures of
internal cognitive styles and psychiatric symptomology. Finally, it is well known known that
visual attention can be guided by reward, cognition, and stimulus salience (Chelazzi, Perlato,
Santandrea, & Della Libera, 2013; Connor, Egeth, & Yantis, 2004), and so caution must be
exhibited when drawing conclusions about the mechanistic processes underlying the
observed gaze patterns. Stimuli were presented in grayscale and cropped to include only
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facial features to equate low-level salience properties across images and counterbalanced to
account for presentation location biases; therefore, it is unlikely that emotion condition
effects were driven by such processes. Although our study and Duque et al. (2015)
demonstrated relationships between autism and depression symptomology and gaze patterns,
respectively, determination of the physiological or psychological processes underlying these
patterns will require multi-method studies (e.g., joint eye-tracking and functional imaging).

Implications for future research

Immediate next steps for this study include replication in a larger sample to better assess
potential sex effects and to set the stage for future longitudinal study of ASD characteristics
that may be risk factors for the development of co-occurring depression. More work is
needed to determine mechanistic similarities between these two populations. The affective
bias task presented here would be easily applicable to functional imaging or
electrophysiological studies, which may shed light on neural mechanisms underlying
repetitive cognition. Specifically, these studies should capitalize upon existing evidence in
depression of dysfunctional connectivity between networks supporting salience detection
and executive function (Berman et al., 2014; Burrows et al., 2016; Connolly et al., 2013),
which may contribute to patterns of cognitive rigidity. Finally, we suggest future work to
probe etiological similarities between the two groups. For example, behavioral genetic
studies of depression have found that individuals with specific polymorphisms (two copies
of the short allele) of the promotor region of the serotonin transporter gene (SHTTLPR,
SLC64A) show increased rumination in response to current life stress (Clasen, Wells,
Knopik, McGeary, & Beevers, 2011; Canli et al., 2006) and in adults who have been
exposed to early life stress (Antypa & Van der Does, 2010), implicating this genetic variant
as a moderator in depression susceptibility. Etiological studies of ASD have yielded mixed
findings in variants of this gene conferring risk for ASD although converging evidence does
indicate overtransmission of the SHTTLPR short allele in this population (Devlin et al.,
2005; Huang & Santangelo, 2008; McCauley et al., 2004; Sutcliffe et al., 2005). There is
also limited evidence to suggest heterogeneity in SLC64A is related to rigid behavior
(McCauley et al., 2004; Sutcliffe et al., 2005). Stratification of individuals with ASD based
on allelic profile may reveal differential susceptibility for developing depression and
ultimately provide opportunities for earlier and targeted intervention strategies. This work
may also capitalize upon the substantial contribution of heritability to both ASD and
depression (McGuffin, Katz, Watkins, & Rutherford, 1996; Sandin et al., 2014) by designing
family-based studies to investigate repetitive cognition as an endophenotype for depression.

Conclusions

Repetitive cognition plays a critical role in both the onset and maintenance of depression and
in the expression of autism. The increased prevalence of depression in the autism population
suggests that while these symptoms differ practically, they may share common neural
mechanisms. In the current study, we used an affective bias task to reveal similarities
between autism and depression samples in visual attention to social-emotional stimuli. We
further demonstrated that depression-specific and autism-specific repetitive thinking appear
to be associated within ASD, and to correlate with negative attention biases. The latter
finding was more clearly evident for those with more intense circumscribed interests. These
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commonalities suggest susceptibilities in ASD that may contribute to the development of
depression.
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Figure 1.
The affective bias task (a) Sample task schematic using Karolinska Directed Emotional

Faces (KDEF) images. (b) Sample KDEF images from each affective category represented
in the task
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Figure2.
Prioritization of affective stimuli for participants with ASD, TD-Dep, and TDCon (a)

Participants with ASD looked significantly faster to sad faces than neutral faces. (b) Across
groups, participants looked faster to angry faces than neutral faces. (b) TDCon participants
looked more quickly to happy faces than neutral faces. (d) TD-Con participants looked most
quickly to happy faces, while participants with ASD and TDDep looked most quickly to
angry faces. Error bars indicate standard error of the mean. *, p<.05; **, p<.01; ASD,
autism spectrum disorder; 7D-Con, typically developing controls; 7D-Dep, typically
developing with depression
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Figure 3.

Latency to disengage from affective stimuli for participants with ASD, TD-Dep and TD-
Con. Across cohorts, participants were slower to disengage from angry faces, compared to
sad and happy. Error bars indicate standard error of the mean. ASD, autism spectrum
disorder; TD-Con, typically developing controls; 7D-Dep, typically developing with

depression
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Figure 4.
Preference for affective stimuli for participants with ASD, TD-Dep, and TDCon.

Participants in the TD-Con cohort spent the most time looking at happy faces, compared to
participants with ASD and TD-Dep. Error bars indicate standard error of the mean. **, p
<.01; ASDautism spectrum disorder, 7D-Con typically developing controls, 7D-Dep
typically developing with depression
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Table 1
Sample demographics and self-report descriptives

Mean (SD) TD-Con ASD TD-Dep Group differences”

Range (N=24) (N=29) (N=24)

N 24 28 24

Age in Years 25.22 (5.07); 18-35 23.44 (4.73); 18-33 25.43 (4.76); 19-34 ns.

Verbal 1Q 115.61 (12.90); 90-147  104.16 (10.81); 81-120  112.13 (8.22); 84-124 F(2, 68)=7.124, p=.001;
TD-Con>ASD, p<.001
TD-Dep>ASD, p=.034

Nonverbal 1Q 108.35(13.91); 79-136  104.00 (15.46); 71-141  107.61 (9.79); 86-126 ns.

Gender (% F)

61%

19%

54 %

x2(1)=6.4, p=.01(ASD<TD-con)
x3(1)=6.9, p=.03(ASD<TD-dep)

BDI-II raw score

RRS total score

RBS-R total score

RBSR-IS severity score

Cl severity score

SRS T-score

2.18 (2.17); 0-8

30.96 (7.65); 23-53

3.33(4.58);
0-15
.78 (1.38); 0-5

8.09 (1.81); 5-12

43.00 (4.08); 36-54

13.08 (10.43); 0-34

43.80 (13.81); 23-74

21.4(23.40);
0-79
6.44 (6.85); 0-27

11.88 (3.54); 7-20

65.36 (11.04); 45-83

26.70 (6.94); 17-45

54.57 (7.15); 39-68

12.1(15.0);
0-56
4.43 (7.51); 0-30

9.52 (2.19); 7-16

55.48 (9.20); 43-76

F(2, 68)=62.566, p<.001;
ASD>TD-Con, p<.001
TD-Dep>TD-Con, p<.001
TD-Dep>ASD, p<.001

F(2, 68)=31.287, p<.001;
ASD>TD-Con, p<.001
TD-Dep>TD-Con, p <.001
TD-Dep>ASD, p=.001

F(2, 68)=8.896, p<.001;
ASD>TD-Con, p<.001

F(2, 68)=5.523, p=.006;
ASD>TD-Con, p=.004

F(2, 68)=12.577, p<.001;
ASD>TD-Con, p<.001
ASD>TD-Dep, p=.008

F(2, 68)=39.569, p<.001;
ASD>TD-Con, p<.001
ASD>TD-Dep, p=.001

TD-Dep>TD-Con, p=.001

*
Group differences reported only when Fisher’s LSD post-hoc or Chi-square tests of association significant at p < .05.
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