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Scientific Abstract

Adults with autism spectrum disorder (ASD) face substantial challenges accomplishing basic tasks
associated with daily living, which are exacerbated by their broad and pervasive difficulties with
social interactions. These challenges put people with ASD at increased risk for
psychophysiological distress, which likely factors heavily into social functioning for adults with
ASD, as suggested by a growing literature on stress in children that indicates that children with
ASD have differential responses to stress than healthy children. We hypothesized that adults with
ASD and without intellectual disability (n=38) would experience more stress than healthy
volunteers (n=37) and that there would be an inverse relationship between stress and social
functioning in individuals with ASD. Baseline, semi-structured interview data from a randomized-
controlled trial of two treatments for adults with ASD were used to assess differences in stress
between adults with ASD and healthy volunteers and to assess the relationship between stress
response and social functioning in adults with ASD. Findings indicate that adults with ASD
experience greater perceived and interviewer-observed stress than did healthy volunteers and that
stress is significantly related to social functioning in adults with ASD. These findings highlight the
role of stress in adult functioning and outcomes and suggest the need to develop and assess
treatments designed to target stress and coping in adults with ASD.
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Introduction

An estimated 50,000 children with autism spectrum disorder (ASD) will turn 18 this year
alone (Shattuck, Narendorf, et al., 2012; Shattuck, Roux, Hudson, Taylor, et al., 2012), and
the number of adults with ASD will increase rapidly in the coming years (Gerhardt &
Lainer, 2011; Shattuck, Narendorf, et al., 2012). However, poor outcomes in terms of
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education, employment, and the development of social relationships are quite common for
this group (Levy & Perry, 2011; Seltzer, Shattuck, Abbeduto, & Greenberg, 2004; Shattuck,
Narendorf, et al., 2012), and there is little understanding of discrete reasons for these poor
outcomes. The impact of poor outcomes for adults with ASD over the life course combines
with the growing population of individuals with ASD (Centers for Disease Control and
Prevention, 2012; Shattuck, Roux, Hudson, Taylor, et al., 2012) to make it imperative to
understand the behavioral underpinnings of poor adult outcomes.

Effectively addressing the substantial and varied needs of the growing number of adults with
ASD is thus one of the greatest challenges currently faced by both service providers and the
ASD research community. Despite work that has examined the myriad of challenges and
problems faced by children with ASD and has led to the development of an array of
effective treatments that have helped children with ASD substantially (Cohen, 1980; Odom,
Boyd, Hall, & Hume, 2010; Odom, Collet-Klingenberg, Rogers, & Hatton, 2010; Ruble,
Heflinger, Renfrew, & Saunders, 2005), there remains a paucity of research that focuses on
the specific needs of adults with ASD (Bishop-Fitzpatrick, Minshew, & Eack, 2013;
Gerhardt & Lainer, 2011; Levy & Perry, 2011; Shattuck, Roux, Hudson, Taylor, et al.,
2012). Most notably, we know very little about why between 50% and 75% of adults with
ASD, including those who are more cognitively able, function poorly in terms of achieving
some form of formal education, maintaining employment, living independently, and
sustaining social relationships (Eaves & Ho, 1996; Howlin, Goode, Hutton, & Rutter, 2004;
Levy & Perry, 2011; Shattuck, Narendorf, et al., 2012). We know even less about how to
improve these outcomes through some combination of treatments and services designed to
target the specific needs of this population.

Adults with ASD face many substantial challenges accomplishing basic tasks associated
with daily living (Shattuck, Roux, Hudson, Lounds Taylor, et al., 2012; Smith, Maenner, &
Seltzer, 2012; Taylor & Seltzer, 2011) which are further exacerbated by their broad and
pervasive difficulties with social interactions (Gillespie-Lynch et al., 2012; Klin et al., 2007,
Wing & Gould, 1979). These challenges, coupled with biobehavioral vulnerabilities inherent
to ASD (Klin et al., 2007; Stanfield et al., 2008; Wing & Gould, 1979), put people with
these conditions at increased risk for psychosocial distress (Corbett, Mendoza, Abdullah,
Wegelin, & Levine, 2006; Corbett, Mendoza, Wegelin, Carmean, & Levine, 2008; Corbett,
Schupp, Levine, & Mendoza, 2009; Jansen, Gispen-de Wied, van der Gaag, & van
Engeland, 2003; Lanni, Schupp, Simon, & Corbett, 2012; Levine et al., 2011; Spratt et al.,
2011). Stress, and more specifically the way that one responds to and copes with stress, is
essential to adjustment in adulthood (Cohen, Kamarck, & Mermelstein, 1983; Cohen &
Williamson, 1988; Selye, 1956; Williams, 2008) and likely factors heavily into both daily
life and long-term outcomes for adults with ASD, as suggested by a growing literature on
stress in children with ASD that indicates that children with ASD have differential
biobehavioral responses to physiological arousal than children without an ASD diagnosis
(Corbett et al., 2006; Corbett et al., 2008; Corbett et al., 2009; Lanni et al., 2012; Levine et
al., 2011; Spratt et al., 2011). In order to design interventions that might help adults with
ASD better manage stress and, as a result, function better in adulthood, we must first
understand how adults with ASD perceive and respond to stress and how stress factors into
adult outcomes for individuals with ASD.
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Methods

Procedures

A small but growing area of research describes the biological bases behind physiological
arousal to stress in children with ASD. Specifically, two recent studies (Levine et al., 2011;
Spratt et al., 2011) have examined the relationship between cortisol levels and stress in
children with ASD. Levine and colleagues (2011) found that children with high functioning
autism are more likely than non-affected children to have a decrease in salivary cortisol
levels following a social stress simulation, representing decreased levels of stress in contrast
to control participants. Spratt and colleagues (2011) found that a sample of children with
ASD had significantly higher peak cortisol levels, a prolonged duration of peak cortisol
levels, and a slower recovery from cortisol elevation than a sample of non-affected children.
These results are mixed yet suggest that children with ASD may have different reactivity to
stress and novel stimuli compared with non-affected children and may indicate a mechanism
by which children with ASD are differentially able to adapt to novel social situations.

The literature on stress and coping in individuals with ASD indicates that children with ASD
respond differently to stress than children without ASD and that children with ASD may
have either more or less extreme psychophysiological reactions to stress. While the literature
on stress in individuals with ASD focuses solely on children (Levine et al., 2011; Spratt et
al., 2011), it is likely that adults with ASD also experience differential psychosocial distress
and biological stress in social situations. However, no research indicates whether or not this
is the case, and no research associates stress response with social functioning.

This paper seeks to address this gap in the literature by examining the relationship between
both perceived- and interviewer-observed stress and social functioning in adults with ASD,
compared to healthy volunteers. We hypothesized that adults with ASD would experience
more perceived and interviewer-observed stress than healthy volunteers. Additionally, we
hypothesized that there would be an inverse relationship between stress and social
functioning such that higher perceived- and interview-observed stress predicts poorer social
functioning in adults with ASD.

Participants were recruited from local colleges and universities, support groups, previous
research studies, and local advocacy groups. Recruited participants were assessed for
diagnostic and 1Q eligibility by trained research staff from the University of Pittsburgh
Autism Center for Excellence and the University of Pittsburgh PERSPECTIVES program
who have extensive experience with adults with ASD. Staff were supervised by a study
psychologist. Eligibility determinations were made in consensus meetings based on review
of all available diagnostic, testing, and interview data. Eligible participants were then
assigned to 18 months of active treatment with either Cognitive Enhancement Therapy
(CET) and Enriched Supportive Therapy (EST). The data utilized in this study was collected
prior to beginning treatment, during the second visit to our study clinic after study eligibility
was assessed. Master's- and doctoral-level study clinicians completed video-taped structured
interviews with the participants and used data from these interviews and their observations
to complete the rating scales used for this study. The study was approved by the University
of Pittsburgh Institutional Review Board.
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Participants

Measures

Participants included 38 adults with ASD who were participants in a randomized-controlled
clinical trial of CET and EST and 37 healthy volunteers. Eligibility criteria for adults with
ASD included meeting expert clinical opinion and research criteria for ASD using the
Autism Diagnostic Observation Schedule (Lord et al., 2000), age 16-45 (although all of our
participants were aged 18 or older), intelligence quotient (IQ) = 80 as assessed by the
Wechsler Abbreviated Scale of Intelligence (Wechsler, 2008), not abusing substances in the
3 months prior to enrollment, not exhibiting substantial and negatively impactful behaviors
(e.g., behaviors that might prevent an adult with ASD from being able to participate in a
structured treatment program), and the presence of significant cognitive and social disability
that would warrant treatment as assessed by the Cognitive Styles and Social Cognition
Eligibility Interview (Hogarty, Flesher, Ulrich, & et al., 2004).

Participants who served as healthy volunteers had similar, but not identical, inclusion
criteria. They were between the ages of 18 and 55 and had no current psychiatric disability,
as confirmed through the Structured Clinical Interview for the DSM-1V (First, Spitzer,
Gibbon, & Williams, 2002). These participants were recruited through advertisements and
signs posted around the University of Pittsburgh campus and within the community.

Participants in the ASD group had either an autism (n = 19) or autism spectrum disorder (n
= 19) diagnosis and were, on average, 23.13 (SD = 5.50) years old and had a full-scale 1Q of
109.45 (SD = 15.18). Overall, 84.21% (n = 32) of participants with ASD were male and
78.95% (n = 30) were white (n = 30). Participants with ASD had generally poor functional
outcomes as 76.32% (n = 29) did not graduate from college, 63.12% (n = 24) were
unemployed, and 78.65% (n = 30) were not living independently. Descriptive statistics are
detailed in Table 1.

Participants who served as healthy volunteers were, on average, 26.32 (SD = 5.48) years old
and had a full-scale 1Q of 105.27 (SD = 9.62). Overall, 72.97% (n = 27) were male and
83.78% (n = 31) were white. Participants who served as healthy volunteers functioned
somewhat better than participants with ASD as 78.38% (n = 29) graduated from college and
54.05% (n = 20) were employed. Independent living was not reported for participants who
served as healthy volunteers because it was deemed during data collection to be a factor of
clinical interest only to participants with ASD. Descriptive statistics are detailed in Table 1.

Stress—Degree of stress was quantified based on a composite of two subscales that
measure perceived anxiety and tension on the Brief Psychiatric Rating Scale (BPRS; Overall
& Gorham, 1962), a structured clinical interview administered by trained clinical raters and
embedded within a broader clinical interview. The BPRS was developed as an efficient tool
to evaluate current psychiatric symptoms (Overall & Gorham, 1962) and has been widely
used in psychiatric research (Hatton et al., 2005) to assess overall symptom levels in patients
with psychiatric disabilities (e.g., Leucht et al., 2005; Morlan & Tan, 1998; Overall &
Beller, 1984), neurological disorders (Lotan, Fireman, Weizman, & Steiner, 2014), and
developmental disabilities, including autism (Boso, Emanuele, Minazzi, Abbamonte, &
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Politi, 2007; Siegel & Gabriels, 2014). It has been recently used in adult autism research to
assess functioning in terms of psychomotor agitation, aberrant behavior, and lack of
interaction with peers and therapists in young adults with severe autism (Boso et al., 2007).
The BPRS has acceptable psychometric properties, with good inter-rater reliability (r = .56
to r = .87), good internal consistency (a = .70 to a = .89), and sufficient test-retest reliability
(r =.40to r =.72) across a number of studies (e.g., Hafkenscheid, 1993; Hedlund &
Vieweg, 1980; Overall & Beller, 1984; Overall & Gorham, 1962). Consistent with the use of
select BPRS subscales to measure symptoms in adults with ASD (Boso et al., 2007), two
subscales were used in this research. The subscales that were utilized in this research
assessed “worry, fear, over-concern for present or future, uneasiness,” and “physical and
motor manifestations of nervousness, over-agitation.” Characterization of observed stress
(tension) was based on the clinical rater's impression of physical and motor manifestations
of stress and tension, not including manifestations of stereotyped or repetitive behavior.
These two subscales were included in this research because they conceptually relate to
perceived stress and interviewer-observed stress, respectively. For each domain, scores
ranged from O to 7, where 0 = not assessed, 1 = not present, 2 = very mild, 3 =mild, 4 =
moderate, 5 = moderately severe, 6 = severe, 7 = extremely severe. A composite “stress”
score was created by taking the mean of these two scores for each participant.

Social functioning—Social functioning is conceptualized in this research as a composite
of global functioning and social disability. Global functioning and social disability were
measured independently, and a z-metric composite score for social functioning was created.

Global functioning is conceptualized in this research as a continuum of functioning and
considers psychological, social, and occupational functioning. Global functioning was
measured with the Global Assessment Scale (GAS; Endicott, Spitzer, Fleiss, & Cohen,
1976), a rating scale with structured anchors used to evaluate overall functioning during a
specified time period. Scores range from 1, which represents poor global functioning, to
100, which represents the excellent global functioning. For instance, scores from 91 to 100
represent “superior functioning in a wide range of activities, life's problems never seem to
get out of hand, is sought out by others because of his or her positive qualities” while scores
from 1 to 10 represent “persistent danger or severely hurting self or others...OR persistent
inability to maintain minimal personal hygiene OR serious suicidal act with clear
expectation of death.” Current GAS scores were determined by trained clinical raters at the
end of a broader structured clinical interview.

Social disability was conceptualized as deficiencies in the quality and/or quantity of an
individual's interpersonal relations, relationships with family members, and participation in
social activities (Schooler, Weissman, & Hogarty, 1979). It was assessed using the Social
Adjustment Scale-11 (SAS-11; Schooler et al., 1979), a structured interview-based measure
that assesses social disability, and relative level of social functioning, in the domains of
work, household life, family life outside of the household, social leisure, and personal well-
being. The SAS-II contains 45 items covering the aforementioned domains. Scores on
individual items range from 0 to 4, with higher scores representing more social disability.
Five global ratings are also provided in the domains of work, household life, family life
outside of the household, social leisure, and general social adjustment, based on scores
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Analyses

across the entire interview. Scores on global composites range from 0 to 6, with higher
scores representing more social disability. The SAS-I1 has adequate internal consistency (a
=.92t0.99) in psychiatric populations (Bellack, Morrison, Mueser, Wade, & Sayers, 1990;
Davies, Bromet, Schulz, & Dunn, 1989; Glazer, Aaronson, Prusoff, & Williams, 1980;
Schooler et al., 1979).

Preliminary Analyses—Prior to investigating the primary analytic aims of this research,
preliminary analyses were conducted to check assumptions associated with the statistical
tests linked to each study hypothesis and to inform the primary analyses about the potential
effects of demographic heterogeneity. First, the distribution of continuous variables was
examined in order to ensure that all measures met the assumptions of parametric testing.
These analyses were conducted by calculating skewness statistics in order to assess skewed
data distributions, and visually inspecting histograms of data distributions in order to
identify other non-normal (e.g., bimodal, uniform, exponential) distributions. Skewness
statistics greater than 1.00 were considered to be indicative of moderately skewed
distributions (Mardia, 1970) and were accordingly transformed using non-linear
transformations in order to meet the assumptions of parametric testing. Second, the effects
of study group (i.e., ASD or healthy volunteer) differences in demographics were examined.
Any salient demographic variables for which there were differences between the ASD and
control groups at the p < .05 level were determined before conducting analyses and included
as covariates. These group differences were assessed using a t-test for age and 1Q and a chi-
square test for race, gender, employment, and education.

Analyses of study hypotheses—Data were used to assess differences in stress between
adults with ASD and healthy volunteers (Hypothesis #1) using ANCOVA procedures and
adjusting for salient demographic factors. In addition to the assumptions (e.g., normality,
outliers) addressed in the preliminary analyses (see above), homogeneity of variance was
assessed using the Brown-Forsythe test of homogeneity of variance (Brown & Forsythe,
1974) and homoscedasticity was assessed using the Breusch-Pagan test of homoscedasticity
(Breusch & Pagan, 1979). Correction for multiple inference testing was not conducted due
to the presence of only two study groups (Benjamini & Hochberg, 1995).

The relationship between stress response and social functioning in adults with ASD
(Hypothesis #2) was examined using hierarchical multiple linear regression predicting social
functioning from stress response, first for the whole sample and then for the ASD and
control groups separately. For this hierarchical linear regression, salient covariates (e.g., age,
race) were entered into the model in the first step in order to account for shared variance,
and then the main independent variable (stress response) was entered into the model in the
second step. Next, in order to test the combined impact of study group and stress on the
prediction of social functioning, an interaction between study group (i.e., ASD versus
control) and stress was tested for components of social functioning (i.e., global functioning
and social disability) for which there was a significant prediction of social functioning by
stress. Study group was indicator coded (Hardy, 1993), and stress was centered for the
purpose of the interaction analysis in order to reduce the risk of multicollinearity
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Results

(Marquardt, 1980). In addition to the assumptions (e.g., normality, outliers) addressed in the
preliminary analyses, homogeneity of variance was assessed using the Brown-Forsythe test
of homogeneity of variance (Brown & Forsythe, 1974), homoscedasticity was assessed
using the Breusch-Pagan test of homoscedasticity (Breusch & Pagan, 1979), and
independence of errors was assessed using the Durbin-Watson statistic (Durbin & Watson,
1950).

Preliminary Analyses

After checking for normality, it was determined that age was skewed (skewness statistic =
1.71) and was thus transformed using the Box-Cox method with lambda set at -1.00 (Box &
Cox, 1964). This transformation resulted in a skewness statistic for the transformed variable
of -.051, which was determined to be adequate. Results of diagnostic testing related to
ANCOVA and regression assumptions indicated that all other assumptions were met and
that parametric tests were thus appropriate.

Differences between the ASD and control groups in the demographic factors of age, 1Q,
race, gender, education, and employment were examined to assess for group differences
using a t-test for continuous variables (age and 1Q) and a chi-square test for categorical
variables (race, gender, education, employment). While there were no statistically
significant differences between the ASD and control groups in race, gender, employment, or
1Q, there were statistically significant differences between groups in age and education such
that participants with ASD were younger than healthy volunteers, t(73) = 2.738, p = .008,
and fewer participants with ASD than healthy volunteers graduated from college, #2(1,
N=75) = 22.436, p< .001. Therefore, age and education were included as covariates in
subsequent analyses.

Group Differences in Stress (Hypothesis #1)

As expected, results of the ANCOVA models (Figure 1) indicated that adults with ASD
experienced greater overall (composite) stress (M = 3.20, SD = 1.42) compared to healthy
volunteers (M = 1.56, SD = .61), F(1,71) = 38.347, p < .001. Results indicated that adults
with ASD also experienced greater perceived stress (M = 3.63, SD = 1.72) compared to
healthy volunteers (M = 1.73, SD = .90), F(1,71) = 32.074, p < .001, and greater observed
stress (M = 2.76, SD = 1.50) compared to healthy volunteers (M = 1.41, SD = .60), F(1,71) =
16.793, p < .001.

The Relationship between Stress and Social Functioning (Hypothesis #2)

To investigate how well stress predicted overall (composite) social functioning, global
functioning, and social disability when controlling for age and education, a hierarchical
multiple linear regression was performed for both groups together, for the ASD group, and
for the control group. Results are presented in Table 2 and in Figure 2 (social functioning
composite), Figure 3 (global functioning/GAS), and Figure 4 (social disability/SAS-II).
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Overall, for both adults with ASD and healthy volunteers, when age and education were
entered into the model, they significantly predicted overall (composite) social functioning,
F(2,72) = 12.34, p < .001, global functioning, F(2,72)= 16.10, p < .001, and social disability,
F(2,72) = 8.13, p = .001. When overall (composite) stress was entered into the model, it
significantly improved the prediction of overall (composite) social functioning, R? change

= .36, F(1,71)= 65.34, p < .001, global functioning, R2 change = .24, F(1,71) = 38,57, p<.
001, and social disability, RZ change = .43, F(1,71) = 80.10, p < .001. The entire group of
independent variables significantly predicted overall (composite) social functioning, F(3,71)
=37.36, p < .001, adjusted R? = .60, global functioning, F(3,71) = 29.18, p < .001, adjusted
R2 = 53, and social disability, F(3,71) = 38.08, p < .001, adjusted R? = .60, all large effects
according to Cohen (1988, 1992). As expected, the regression weights, presented in Table 2,
suggest that overall (composite) stress contributed significantly and to the greatest degree to
the prediction of overall (composite) social functioning, B = -.44, t(71) = -8.08, p < .001, sr2
= .36, global functioning, B = -7.58, t(71) = -6.21, p < .001, sr2 = .24, and social disability, B
= 43, 1(71) = 8.95, p< .001, sr?2 = .43,

In adults with ASD, when age and education were entered into the model, they significantly
predicted overall (composite) social functioning, F(2,35) = 4.27, p = .022, and social
disability, F(2,35) = 5.05, p = .012, but not global functioning, F(2,35) = 1.59, p = .219.
When overall (composite) stress was entered into the model, it significantly improved the
prediction of overall (composite) social functioning, RZ change = .29, F(1,34) = 19.29, p< .
001, and social disability, R2 change = .34, F(1,34) = 26.62, p < .001, but did not improve
the prediction of global functioning, R? change = .07, F(1,34) = 2.95, p = .095. Similarly,
the entire group of independent variables significantly predicted overall (composite) social
functioning, F(3,34) = 10.76, p < .001, adjusted R? = .44, and social disability, F(3,34) =
14.71, p < .001, adjusted R? = .53, both large effects according to Cohen (1988, 1992), but
not global functioning, F(3,34) = 2.10, p = .118, adjusted R? = .08. The regression weights,
presented in Table 2, suggest that overall (composite) stress contributed significantly and to
the greatest degree to the prediction of overall (composite) social functioning, B = -.20, t(34)
=-4.40, p < .001, sr2 = .29, and social disability, B = .26, t(34) = 5.16, p < .001, sr2 = .34,
but did not contribute significantly to the prediction of global functioning B = -1.11, t(33) =
-.75,p = .458, sr2 = .02.

In healthy volunteers, the entire group of independent variables did not predict overall
(composite) social functioning, F(3,33) = 1.10, p = .35, adjusted R? = .01, global
functioning, F(3,33) =1.14, p = .348, adjusted R2 = .01, or social disability, F(3,33) = .47, p
= .631, adjusted R? = -.05. Similarly, stress did not contribute significantly to the prediction
of overall (composite) social functioning, B = -.05, t(33)= -.81, p =.43, sr2 = .02, global
functioning, B = -1.11, t(33) = -.75, p = .458, sr2 = .02, or social disability, B = .04, t(34) = .
58, p = .569, sr2 = .01.

Given that the social disability component of overall (composite) social functioning was
significantly predicted by stress in our analysis of main effects, a confirmatory analysis of
the interaction between group (i.e., ASD or control) and stress was performed. This analysis
indicated that there was a significantly greater prediction of social disability by stress for
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participants in the ASD group than the control group, B =-.71, t(72) = -3.38, p = .001, after
controlling for age and education.

Discussion

This study investigated stress in adults with ASD. First, we hypothesized that adults with
ASD would experience more perceived and interviewer-observed stress than healthy
volunteers. Second, we hypothesized that there would be an inverse relationship between
stress and social functioning such that greater perceived and interview-observed stress
predicts poorer social functioning in adults with ASD.

Our results indicate that adults with ASD have significantly higher perceived stress,
interviewer-observed stress, and composite stress scores than healthy volunteers. Moreover,
the size of this difference is relatively large, at Cohen's d values of 1.50, 1.38, and 1.18, and
effect size r of .60, .57, and .51, for composite stress, observed stress, and perceived stress,
respectively. This indicates that adults with ASD are likely to experience substantially more
stress than healthy volunteers.

Our results also indicate that, in the entire sample of both adults with ASD and healthy
volunteers, stress contributes significantly to the prediction of social functioning.
Additionally, education contributed to the prediction of social functioning in the entire
sample while age did not. This was true for all three ways in which social functioning was
measured in this paper (social functioning composite, global functioning, and social
disability).

Results of these analyses for adults with ASD and healthy volunteers were different from
each other and from the overall results. In adults with ASD, greater stress was associated
with poorer composite social functioning and social disability scores, but not global
functioning scores. Additionally, in adults with ASD, older age was associated with poorer
social functioning composite scores but not global functioning or social disability scores.
Education did not contribute significantly to the prediction of any measure of social
functioning in adults with ASD. In healthy volunteers, neither stress, age, nor education
contributed significantly to the prediction of any measure of social functioning, a finding
that was unexpected yet may be explained by the restricted range of stress and functioning in
this sample of healthy volunteers.

Our findings highlight the role of psychosocial distress in adult functioning and outcomes in
adults with ASD. They also highlight the extent to which adults with ASD experience
greater stress and appear more stressed than adults without ASD, which is consistent with
findings that indicate that children with ASD experience more stress than children without
ASD (Corbett et al., 2006; Corbett et al., 2008; Corbett et al., 2009; Lanni et al., 2012; Spratt
et al., 2011). Beyond this, the size of the effect across all analyses indicates that stress may
be a very pertinent predictor of social functioning and, in connection, social outcomes.
These findings, while preliminary, suggest the need to develop and assess treatments that are
designed to help adults with autism deal with stress, especially interventions that can be
implemented easily in real-world settings.
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Although our hypotheses framed stress as a possible contributor to poorer social functioning
in ASD, our design precluded a test of directionality, and a bi-directional relationship is
likely. The social and communication deficits inherent in ASD may cause adults with ASD
to experience more stress. It is also possible that this relationship works in the other
direction such that individuals with better social functioning experience less stress. In
addition, stress may have an additive effect on social impairments. Our findings, and the
possibility that this relationship works in both directions, also suggest the need to test the
effect of interventions that improve social functioning and stress response.

Several limitations must be acknowledged. First, our relatively small sample size reduced
the power of this study, and results should thus be considered preliminary. Second, our data
on adults with ASD are baseline data from a clinical trial of CET and EST for adults with
ASD without intellectual disability. This trial included only individuals who had 1Q scores
greater than or equal to 80, who were between the ages of 18 and 45, and who needed some
treatment. Thus, the individuals with ASD included in this study are not necessarily
representative of the entire spectrum of individuals with ASD and may, in fact, be
functioning better overall than many individuals with an ASD diagnosis. However, we argue
that studying stress and social functioning in this group of individuals with ASD paints a
more cautious picture of differences in stress between individuals with ASD and healthy
volunteers and the relationship between stress and social functioning in adults with ASD
than would necessarily be found in the entire very heterogeneous population of adults with
ASD. Third, our measures of stress (BPRS) and global functioning (GAS) were limited and
were used in this preliminary investigation opportunistically from previously collected
baseline data. More specifically, our stress measure was constructed from only two scales on
the BPRS. This limitation is discussed separately below. However, these preliminary
findings have informed research on stress and coping in adults with ASD that utilizes more
specific questionnaires and stress biomarkers (Autism Speaks grant #8568). Finally,
comorbid disorders, including social anxiety, were not fully assessed and could have
impacted findings.

It must be noted that the BPRS was completed by trained clinical raters during a broader,
structured clinical interview that took place over a three to four hour period. Trained clinical
raters assessed perceived stress (anxiety) based on patient reports of recent apprehension,
concern, tension, fear, and worry. The use of a structured clinical interview in this context
has inherent limitations in that stress during an atypical and potentially uncomfortable social
interaction such as this clinical interview may not reflect generally high stress or may
instead reflect social anxiety.

We examined the relationship between our stress composite score and an assessment of
anxiety, the Covi Anxiety Scale (Covi, Rickels, & Lipman, 1981) in a subsample of healthy
controls (n = 13) in order to examine normative psychometrics that may inform
understanding of the distinction between BPRS-measured stress and anxiety. We found only
a modest relationship in healthy controls between Covi Anxiety Scale scores and perceived
stress (r2 = .150) and observed stress (r2 = .181). Thus, anxiety explains 15.0% of variance
in perceived stress and 18.1% of variance in observed stress in this subsample, indicating
that some variance in stress scores remained unexplained by anxiety. Interestingly, the
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relationship between Covi Anxiety Scale scores and perceived stress (r2 = .494) and
observed stress (r2 = .482) was stronger in a subsample of the ASD group (n = 26),
indicating that anxiety explained 49.4% of variance in perceived stress and 48.2% of
variance in observed stress. It is possible that poor emotion regulation skills lead to a
stronger relationship between stress and anxiety in ASD (White, Mazefsky, Dichter, Chui,
Richey, & Ollendick, 2014). Future research should further explore the role of stress in
anxiety in ASD. However, the Covi Anxiety Scale could not be included as a covariate in
our main analyses because the small sample size would limit overall statistical power. While
this limits the ability of our findings to characterize the contribution of both anxiety and
stress to social functioning, these psychometric findings indicate that stress, as characterized
in this study, may represent a related yet different construct than anxiety.

Future work should accomplish a number of key aims in order to address the limitations of
the current study. First, future work should include a larger sample of both adults with ASD
and healthy volunteers, and potentially other psychiatric populations. Second, future work
should sample a more heterogeneous group of adults with ASD in order to account for the
broad diversity encompassed within the diagnostic framework of ASD. Finally, future work
should include biological measures of stress (e.g., cardiovascular reactivity, cortisol
reactivity) so as to reduce potential reporting bias for symptomatology in adults with ASD
and look at mechanisms that may underlie increased stress in ASD, such as emation
regulation (e.g., Mazefsky et al., 2013; Samson, Huber, & Gross, 2012).

In conclusion, the current study provides emerging evidence that adults with ASD
experience more stress than healthy volunteers and that there is an inverse relationship
between stress and social functioning in adults with ASD. While preliminary, these findings
highlight the role that stress may play in the lives of adults with ASD and suggest potential
future opportunities to develop effective and targeted psychosocial interventions.
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Stress in patients with ASD and Healthy Volunteers.
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Figure 2.
The Relationship between Stress and the Social Functioning Composite Score in Patients

with ASD (n=38) and Healthy Volunteers (n=37).
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Figure 3.
The Relationship between Stress and Global Functioning in Patients with ASD (n=38) and

Healthy Volunteers (n=37).
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The Relationship between Stress and the Social Disability in Patients with ASD (n=38) and
Healthy Volunteers (n=37).
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Table 1
Demographic Char acteristics of Participants

Variable ASD Group (n=38) Control Group (n=37) p-value
Age, mean(SD) 23.13(5.50) 26.32(5.48) .001
Full-Scale 1Q, mean(SD) 109.42 (15.18) 105.27(9.62) .163
Male, number(%) 32(84.21) 27(72.97) .183
White, number(%) 30(78.95) 31(83.78) 405
College Graduate, number(%) 9(23.68) 29(78.38) .001
Employed, number(%) 14(36.84) 20(54.05) .103
Living Independently, number(%) 8(21.05) - -
Autism Spectrum Disorder Diagnosis, number(%) 19(50.00) --

Autism Diagnosis, number(%) 19(50.00) - -
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