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Abstract
A relationship between stress and challenging behavior in individuals with Autism Spectrum Disorder (ASD) has been theorized but infrequently examined empirically. The current study sought to examine the relationship between a parent-reported measure of stress, a physiological measure of stress (diurnal salivary cortisol), and various topographies of challenging behavior among 61 children and adolescents diagnosed with ASD between the ages of three and 18 years. Significant differences in cortisol levels between those engaging in high and low rates of stereotyped behavior were observed such that higher levels of stereotypy appeared an overt manifestation of higher levels of stress. A comparison between a subset of participants with ASD and typically developing peers matched on age, gender, and pubertal status failed to yield any differences in diurnal cortisol levels or cortisol variability between the two groups. The results of the current study suggest that similar levels of stress may exist among children with autism and their typically developing peers, but that for a subset of individuals with ASD, stereotyped behavior may be an indicator of elevated cortisol levels. 
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1. Salivary Cortisol Levels and Challenging Behavior in Children with Autism Spectrum Disorder
Challenging behavior is behavior “of such intensity, frequency or duration that the physical safety of the person or others is likely to be placed in serious jeopardy, or behaviour which is likely to seriously limit use of, or result in the person being denied access to, ordinary community facilities” (Emerson, 2001, p.3). The prevalence of challenging behavior has been reported to be high among those with autism spectrum disorder (ASD); Murphy, Healy & Leader (2009) found that among a sample of 157 children with ASD, 82% of participants engaged in at least one form of challenging behavior while 32.5% of the sample engaged in self-injurious behavior (SIB), stereotypy, and aggression. Similarly, Jang and colleagues (2011) found that among 84 children with ASD, 94% engaged in at least one form of challenging behavior including such forms as stereotypy, SIB, aggression, and property destruction. Predictors of challenging behavior include autism severity, cognitive functioning, language ability, level of adaptive functioning, and hyperactivity (Gabriels, Cuccaro, Hill, Ivers, & Goldson, 2005; Jang et al., 2011; McTiernan, Healy, Leader, & Mannion, 2011; Richards, Oliver, Nelson, & Moss, 2012).
The study of challenging behavior is important given its negative impact on the quality of life of individuals with ASD. Challenging behaviors such as SIB, aggression, and stereotypy have been associated with myriad of negative outcomes such as reduced integration into the community or educational settings, reduced opportunities for social interactions, placement in restrictive service settings, use of intrusive treatment procedures such as chemical or mechanical restraint, and impaired learning (Cunningham & Schreibman, 2008; Koegel & Covert, 1972; Matson & Boisjoli, 2009; Symons, 1995; Thompson, Egli, Symons, & Delaney, 1994; Waters & Healy, 2012). Severe challenging behaviors such as SIB or pica may also result in serious physical harm to the individual (Hyman, Fisher, Mercugliano, & Cataldo, 1990; Williams & McAdam, 2012) while aggressive behaviors may lead to the injury of others in their environment.  
While applied behavior analysis has had much success in treating challenging behavior (e.g., Brosnan & Healy, 2011; Lydon, Healy, O’ Reilly, & McCoy, 2013a; Kahng, Iwata, & Lewin, 2002; Scotti, Ujcich, Weigle, Holland, & Kirk, 1996), many scholars have remarked that the ability to treat challenging behavior far outweighs our understanding of these behaviors (e.g., Duerden et al., 2012; Janssen, Schuengel, & Stolk, 2002; Rapp & Vollmer, 2005; Schoeder & Tessell, 1994). Barrera et al. (2007, p. 31) cautioned against confusing “treatment with causation, and effective therapy with etiology”. One avenue for exploration which may further our understanding of challenging behavior in ASD is the examination of the relationship between physiological activity or states and challenging behavior. Theories linking physiological activity and challenging behavior have been put forward. These first emerged in the 1960s, with Hutt and colleagues’ (Hutt, Hutt, Lee, & Ounsted, 1964; Hutt and Hutt, 1968) suggestion that individuals with ASD experience physiological hyper-arousal that contributes to their behavioral reactivity to stimuli, avoidance of social interactions and novel stimuli, and engagement in stereotypy. In the years that followed, other researchers (e.g., Romanczyk, 1986; Guess & Carr, 1991; Groden, Cautela, Prince, & Berryman, 1994; Haines, Williams, Brain, &Wilson, 1995; Lydon, Healy, & Dwyer, 2013b; Sugarman. Garrison, & Williford, 2014) have proposed alternative mechanisms which may explain, or account for, the potential relationship between physiological activity, primarily autonomic nervous system or limbic-hypothalamic-pituitary-adrenal (LHPA) axis functioning, and challenging behavior. A full account of these theories is beyond the scope of the current paper but can be found elsewhere (e.g., Cohen, Yoo, Goodwin, & Moskowitz, 2011). Few studies have empirically assessed the relationship between physiological activity and challenging behavior. Those which have measured physiological activity have primarily used measures of autonomic reactivity such as measures of heart rate (e.g., Barrera et al., 2007; Lydon et al., 2013b; Freeman, Horner, & Reichle, 1999) and electrodermal activity (e.g., Hirstein, Iverson, & Ramachandran, 2001; Romanczyk & Matthews, 1998). The results of these studies have been mixed with some suggesting that challenging behaviors, which have included stereotypy, SIB, and aggression, are negatively reinforced by the decreases in physiological arousal which they induce (e.g., Barrera et al., 2007) while other suggest that such behaviors are positively reinforced by the increases in physiological arousal observed following their occurrence (e.g., Lydon et al., 2013b; Freeman et al., 1999). 
Of primary relevance to the current study, are a number of theoretical and experimental papers which have proposed a relationship between stress or anxiety and challenging behavior among those with developmental disabilities. Groden et al. (1994) theorized that individuals with ASD have a unique vulnerability to stress and anxiety, due to impairments in social, communicative, cognitive, and sensory functioning, and that these feelings and experiences likely contribute to the symptoms of ASD and the engagement in challenging behavior. The authors further suggest that challenging behaviors may be understood as overt manifestations of internal stress or as a maladaptive coping response. Janssen and colleagues (2002) have proposed a model of challenging behavior which implicates stress and attachment style in the development of challenging behavior among individuals with intellectual disabilities.  This model, derived from previous research, highlights studies showing that individuals with severe or profound intellectual disabilities are at greater risk of both experiencing stress and of developing poor attachment styles. Previous research has suggested that these two factors in combination may predispose an individual to the development of behavioral problems and this may be the case for some individuals with intellectual disabilties and co-morbid challenging behavior (Janssen et al., 2002). 
A number of studies have empirically examined the relationship between challenging behavior and physiological measures of stress. The activation of the LHPA in response to stress or challenge has been found to result in enhanced release of cortisol, a steroid hormone, from the adrenal glands. Cortisol levels can be assessed readily in several biological fluids including saliva, urine or blood. Elevated levels of cortisol have been found to directly correlate with levels of stress. Verhoeven and colleauges (1999) examined the relationship between baseline levels of various hormones and neurochemicals, including cortisol, and SIB or stereotyped behavior exhibited by individuals with intellectual disabilities. The authors noted a tendency towards lower values of total cortisol among those engaging in a high level of SIB or a high level of stereotyped behavior. Symons et al. (2003) compared cortisol levels among individuals with developmental disabilities and chronic, severe SIB and those with developmental disabilities and no SIB. A trend for those with SIB to have higher cortisol levels was observed. Further, morning and evening cortisol levels were positively correlated with SIB severity. Symons et al. (2011) examined cortisol and salivary α-amylase among 51 adults with intellectual and developmental disabilities, 34 of whom engaged in severe SIB and 17 of whom acted as controls. Cortisol levels were found to be significantly higher among those with SIB than among the matched controls. However a more recent study by Gabriels and colleagues (2013) examined the relationship between repetitive behaviors and cortisol levels among 21 children with ASD. It was found that participants with high levels of repetitive behavior had lower levels of cortisol than participants who engaged in low levels of repetitive behaviors. Thus, research suggests that there may exist specific biomarkers for different types of challenging behaviors among persons with developmental disabilities. 
A number of studies have also examined the relationship between parent-report measures of stress, such as the Stress Survey Schedule (SSS) for Individuals with Autism and other Pervasive Developmental Disabilities (SSS; Groden et al., 2001) or self-reported stress or anxiety, and physiological measures of stress, including cortisol, with mixed outcomes. For example, Corbett and colleagues (2009) examined the link between cortisol and parent-reported stress, measured using the SSS and found that parent-reported stress was negatively correlated with morning cortisol levels but positively correlated with evening cortisol levels. In comparison, an earlier study by the same group (Corbett et al., 2006) did not observe a correlation between cortisol and SSS scores. However, the more extensive cortisol sampling protocol utilized by Corbett et al. (2009), involving the collection of 18 cortisol samples at home over a six day period for each participant rather than the 6 saliva samples collected at home over a two day period by Corbett et al. (2006), may account for the discrepancies between these studies.  Lopata and colleagues (2008) demonstrated a positive correlation between self-reported stress and cortisol among children with high-functioning ASDs while Lanni et al. (2012) failed to identify a correlation between self-reported anxiety and cortisol. A recent study by Bitsika and colleagues (2014) found that among children with ASD, child-reported anxiety was correlated with cortisol levels but that parent-reported anxiety was not. This finding suggests that there may be limitations to parent-report measures of stress for those with ASD, although the communication difficulties associated with ASD may preclude the use of self-report measures for lower functioning individuals. Fewer studies still have examined the relationship between parent-reported stress and challenging behavior in ASD. One recent study by García-Villamisar and Rojahn (2013) identified a positive correlation between participant’s global level of stress, total score on the SSS, and their engagement in repetitive behavior.  Stress was also identified as a unique mediator of the relationship between autistic symptoms and repetitive behavior. 
A greater number of papers have examined LHPA functioning in ASD more generally. Corbett and Schupp (2014) examined the cortisol awakening response among 94 male children, 48 of whom were typically developing and 46 who were diagnosed with ASD, and failed to identify any differences between the two groups, a finding which replicates that of Zinke and colleagues (2010). Studies which have examined the diurnal rhythms of cortisol among those with autism, as compared to typically developing controls, have frequently evidenced significantly greater variability in the diurnal cycles of those with ASD than controls (e.g., Corbett et al., 2006; Corbett et al., 2009; Richdale & Prior, 1992). Corbett and colleagues (2009) reported that, among their sample of 44 children, 22 with autism and 22 typically developing controls, participants with ASD presented with a reduced diurnal slope as compared to control participants such that morning cortisol levels were lower and evening cortisol level were higher among participants with ASD than among control participants. Much variability has also been observed across studies which have examined cortisol reactivity to a variety of stressors among participants with ASD (Taylor & Corbett, 2014). Gabriels and colleagues (2013) have argued that the elucidation of the relationship between challenging behaviors associated with autism and cortisol levels may contribute to our understanding of the variability observed across these studies.
The current study had two key objectives. First, it aimed to compare the cortisol levels of children and adolescents with autism to a sample of age- and gender- matched peers to determine whether differences existed between these groups or between subsets of the ASD sample. Second, it sought to examine the relationship between physiological and behavioral measures of stress and challenging behavior by assessing the relationship between cortisol and specific topographies of challenging behavior, specifically SIB, stereotyped or repetitive behavior, and aggression, among a sample of individuals with ASD. 
2. Experiment 1
2.1 Method
2.1.1Participants. One hundred and four children and adolescents between the ages of three and 18 years participated in this study. Of these, 52 were independently diagnosed with an autism spectrum disorder and 52 were typically developing.  Of the typically developing participants, 47 were matched to a participant in the autism group on gender, age, with no more than a 12-month difference between the ages, and pubertal status. The additional five control group participants were matched with a participant in the autism group on age and gender but not pubertal status. Typically developing participants were not diagnosed with a neurodevelopmental disorder, learning disability, or any other psychiatric disorder, nor were they diagnosed with any medical condition or prescribed any medication which may have impacted neuroendocrine functioning. One typically developing participant’s cortisol levels fell notably outside of the normal ranges and as a result his data, and the data of the participant with autism with whom he had been matched, were excluded from all analyses. Table 1 provides additional information on the remaining 51 participants in each group. Participant information was either extracted from participant’s records held at their educational placement or sought by contacting parents.
-------------------------------
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2.1.2 Measures.
2.1.2.1 The Pubertal Development Scale (PDS; Petersen, Crockett, & Richards, 1988). The PDS was developed as a self-report measure for the assessment of pubertal status, or physical maturation, among children and adolescents. The measure consists of eight items that assess for the physical changes which are associated with puberty. Some items are gender specific, such as those referring to menstruation or breast development for females or the deepening of the voice or growth of facial hair for males. Responses are made on a four-point likert scale where 1 refers to a physical change that has not begun, and 4 refers to a physical change which appears completed. The reliability and validity of this instrument have been demonstrated (Petersen et al., 1988). In the current study, a parent-report form of the instrument was employed. The decision to use a parent-report version of this measure rather than the self-report version was based on the consideration of the variable level of functioning of participants in the ASD group and the young age of many of the participants. A parent-report form of the instrument has been used and evaluated in previous studies (e.g., Coakley, Holmbeck, Friedman, Greenley, & Thill, 2002; Miller, Tucker, Pasch, & Eccles, 1988; Palmer et al., 2009; Sagrestano, McCormick, Paikoff, & Holmbeck, 1999). A comparison of parent-report, child-report, and doctor-report on the PDS showed a strong correlation between parent-report and child-report for females (r=.75) and males (r=.77) although the level of correspondence between the parent- and child- report differed according to the child’s age (Miller et al., 1988). 
2.1.3 Saliva collection. 
Six samples of saliva were taken from each participant for later cortisol extraction. All saliva samples were collected using a polymer cylindrical swab, the Salimetrics Children’s Swab (SCS; Salimetrics Europe, Suffolk, UK).  This instrument is 125mm in length allowing it to be held, non-invasively, by the participant or an adult while placed in the mouth. The swab typically collects between 20-100ul of saliva. As certain foods and drinks have been found to influence cortisol levels, these were avoided for a minimum of 30 minutes prior to saliva collection. Previous research has shown that the extraction of cortisol from saliva produces similar results to the extraction of cortisol from blood and is a suitable method of cortisol collection in situations where blood sampling would be inappropriate or difficult (e.g., Aardal & Holm, 1995).
2.1.4 Procedure.
The study was approved by an ethical research review board at the National University of Ireland Galway. Consent was sought from parents or caregivers, and participants where possible. For all participants, parents were asked to complete the PDS and to provide demographic information about their child. Following this, samples of salivary cortisol were obtained from each participant over a two-day period. On both days, parents reported their child’s time of awakening in order to ensure that the cortisol awakening response had passed prior to the collection of the first saliva sample. Saliva samples were collected at 10 a.m., 12.30 p.m., and 2.30 p.m, a cortisol collection schedule previously employed by Devlin, Healy, Leader, & Hughes (2011). During data collection, the Salimetrics children’s swab was placed in participants’ mouths, under the tongue when tolerated, for 90 seconds, timed using a digital timer, at each saliva collection timepoint. Following this, the swab was placed in a plastic vial, labeled with the participant’s ID code, the date, and time of sample collection. The swabs were held using the protective plastic covering supplied which ensured that all saturated swabs were not handled or contaminated. All saliva samples were refrigerated immediately, and subsequently frozen at -20OC until assayed for cortisol levels.
2.1.5 Cortisol analysis.
Saliva samples were assayed for cortisol levels in the third author’s laboratory at the National University of Ireland, Galway. Prior to assaying, all samples were thawed, and centrifuged at 3000rpm for 15 minutes. Samples were assayed in duplicate using a commercial available salivary cortisol enzyme immunoassay kit (Salimetrics Europe, Suffolk, UK) over 4 days in accordance with manufacturer’s instructions. The sensitivity of this assay ranged from 0.003-3.0 μg/dl. The co-efficient of variability, a measure of the precision or accuracy of the assay, was assessed. The intra-assay coefficient of variability was found to be 7.1%, while the inter-assay coefficient of variability was found to be 8.9%.  Salimetrics (2014) proposes that intra-assay coefficient of variability should be below 10% while inter-assay coefficients of variability be below 15% demonstrating high reproducibility and precision in the assay. 
2.1.6 Statistical Analysis. Inspection of the data revealed few missing cortisol data points (1.5%). Among participants with ASD, there were five measurement timepoints (1.6%) for which cortisol values were missing due to either the non-collection of a saliva sample at that timepoint or the collection of an insufficient volume of saliva for analysis purposes. Among control participants, there were a total of four (1.3%) measurement timepoints for which cortisol data was missing. These missing data points did not impact upon analyses as, as in Gabriels et al. (2013), the cortisol values at each measurement timepoint were averaged across the two days of sampling to reduce any potential impact of outliers, and at least one cortisol sample was available for all participants at each of the cortisol measurement timepoints. 
Cortisol data were found to be positively skewed, as is typical with cortisol distributions (Adam & Kumari, 2009). As a result, a natural logarithmic transformation was applied in order to normalize the distribution of the data. However, as analyses revealed that the use of the log-transformed data did not produce statistical outcomes different to the use of the non-transformed data, all subsequent analyses were performed, and reported, using the non-transformed data. 
In order to compare whether a diagnosis of autism impacted upon cortisol levels at any of the three measurement timepoints, two 2 x 3 repeated measures ANOVAs were employed. For both, the within-subjects factors were diagnosis with two levels (autism or typically developing) and cortisol measurement time with three levels (sample one, sample two, sample three), and the dependent variable was cortisol values. The first analysis assessed for differences in cortisol between the pairs matched on age and gender only (n=51). The second analysis assessed for differences between the pairs matched on age, gender, and pubertal status (n=46). Following this, a series of 2x3 mixed ANOVAs were used to examine differences between various subsets of the autism group sample across the repeated cortisol measurements. For these analyses, the between-subject factor was the factor differentiating the groups (e.g., presence or absence of co-morbid intellectual disability, medication status, verbal capability, or age), with two levels in each case, the within-subjects factor was cortisol measurement time (sample one, sample two, sample three), and the dependent variable was cortisol value. The groups compared were: (1) Participants with ASD and a co-morbid intellectual disability and participants with ASD and no co-morbid intellectual disability; (2) Participants with ASD who were medicated and participants with ASD who were unmedicated; (3) Participants with ASD who were verbal and participants with ASD who were nonverbal, and (4) Children with ASD (3-11 years) and adolescents with ASD (12-18 years).
Finally, the coefficient of variation was calculated to provide a measurement of variability in cortisol levels for each participant. A dependent samples t-test was subsequently used to assess for significant differences in cortisol variability between the two groups.  
2.2 Results and Discussion
	Descriptive data were initially calculated to characterize the mean cortisol values at each sample for each group. For the ASD group, mean cortisol values at sample one were found to be 0.25 μg/dl (SD=0.16 μg/dl), 0.20 μg/dl (SD=0.16 μg/dl) at sample two, and 0.17 μg/dl (SD=0.10) at sample three. For typically developing participants, cortisol values at sample on were found to be 0.19 μg/dl (SD=0.10 μg/dl), 0.17 μg/dl at sample two (SD=0.07), and 0.17 μg/dl (SD=0.11 μg/dl). These values are represented graphically in Figure 1. which indicates that the autism group appeared to have higher cortisol values at sample one and sample two. The first of the 2x3 repeated measures ANOVAs assessed whether this difference was statistically significant between participants with autism and controls matched on age and gender. Mauchly’s test of sphericity was not significant for any of the variables (all p’s>.05) indicating that the assumption of sphericity had been met. A main effect of cortisol measurement time was observed, F(2,100)=8.27, p<.001. Contrasts revealed that cortisol levels at sample one were significantly higher than cortisol levels at sample three. Neither a significant main effect of diagnosis, F(1,50)=2.95, p=.09, d=0.34, nor a significant interaction between diagnosis and cortisol measurement time, F(2,100)=2.73, p=.07, d=0.33, was observed. The second 2x3 repeated measures ANOVA, assessing for differences between pairs matched on age, gender, and pubertal status, produced similar outcomes. Mauchly’s test of sphericity revealed that the assumption of sphericity had been met. Once again, a main effect of cortisol measurement time was observed, F(2, 90)=6.34, p=.003, with contrasts revealing that the significant differences were attributable to a significant difference between cortisol measure values at samples one and three as reflected in Figure 1. As in the previous analysis, there was no evidence for a significant main effect of diagnosis, F(1,45)=2.33, p=.13, d=0.31, nor was there a significant interaction between diagnosis and cortisol measurement time observed, F(2,90)=2.47, p=.09, d=0.33. 
-------------------------------
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For each of the four 2x3 mixed ANOVAs, a main effect of time of cortisol measurement was observed suggesting that cortisol values differed depending on the time of measurement as would be expected given the established diurnal rhythms of cortisol (Adam & Kumari, 2009). For the first comparison, participants with ASD and a co-occurring intellectual disability (n=32) and participants with ASD and no co-occurring intellectual disability (n=19), there was no significant main effect of the presence or absence of a co-occurring intellectual disability identified, F(1,49)=.01 p=.92, d=0.03, nor was a significant interaction between the presence or absence of a co-occurring intellectual disability and time of cortisol measurement discernible, F(2,98)=1.55, p=.22, d=0.36. For the second comparison, participants with ASD who were taking psychotropic medications (n=13) and unmedicated participants with ASD (n=38), there was no significant main effect of medication, F(1,49)=.17, p=.68, d=0.13, nor was there a significant interaction between medication status and time of cortisol measurement, F(2,98)=.97, p=.38, d=0.32. The third comparison, participants with ASD who were verbal (n=40) and those who were nonverbal (n=11), revealed no significant main effect of verbal capability, F(1,49)=.00, p=.99, nor a significant interaction between verbal capability and time of cortisol measurement, F(2,98)=.02, p=.98, d=0.05. The final comparison, children with ASD (n=32) and teenagers with ASD (n=19), also failed to reveal a significant main effect of age, F(1,49)=.79, p=.38, d=0.26 or a significant interaction between age and time of cortisol measurement, F(2,98)=.27, p=.76, d=0.15.
While the mean coefficient of variation was higher in the autism group (M=0.39, SD=0.20) than in the typically developing control group (M=0.36, SD=0.25), a paired-samples t-test indicated that this difference was not statistically significant, t(50)=.75, p=.46, d=0.15.
The findings from Experiment 1 indicated no significant difference in the cortisol levels of children and adolescents with ASD and their typically developing peers. However, Cohen’s d indicated that small main effects and interaction effects were observed. The lack of statistical significance observed here likely reflects an underpowered analysis. It was not possible to compare the size of these effects with previous studies which have identified significant differences in diurnal cortisol (e.g., Corbett et al., 2009) or those which have reported non-significant differences in diurnal cortisol (e.g., Corbett et al., 2006) between participants with autism and typically developing participants as these studies do not provide information on effect sizes observed. However, future research employing a larger sample size may further our understanding of the nature of any differences in diurnal cortisol existing between individuals with autism and typically developing persons. Both groups showed the expected decline in cortisol levels across the day (consistent with typical diurnal pattern), and evinced similar degrees of variability. Results also suggest that the presence or absence of a co-occurring intellectual disability, use of psychotropic medication, verbal capability, and age were unrelated to cortisol levels among the participants with ASD. 
	 3. Experiment 2
3.1 Method
3.1.1 Participants. Sixty-one children and adolescents independently diagnosed with an autism spectrum disorder participated in this study. Of these, 51 had previously participated in Experiment 1. An additional six participants were recruited but not included in the final sample as they either failed to comply with cortisol collection procedures or indicated that they did not wish to participate when approached following the acquisition of parental consent. Table 2 outlines the characteristics of this sample. As in Experiment 1, participant information was compiled through record review and parent-survey. 
-------------------------------
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	3.1.2 Measures.
3.1.2.1 The Pubertal Development Scale (PDS; Petersen et al., 1988). As described in Experiment One, the PDS was administered in order to assess the pubertal status of participants. 
3.1.2.2 The Social Communication Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003). The SCQ is a 40-item parent-report measure that assesses the presence of behaviors that are characteristic of autism. This measure was developed from the Autism Diagnostic Interview- Revised (Lord, Rutter, Le Couteur, 1994). Items are scored either 0, symptom not present, or 1, symptom present.  Scores may range from 0-39 with higher scores indicative of more prevalent symptoms of autism and a greater severity. 
	3.1.2.3 The Stress Survey Schedule for Individuals with Autism and other Developmental Disabilities (SSS; Groden et al., 2001). The SSS is a 49-item instrument is designed to assess stress among persons with ASD. It consists of eight subscales which evaluate participants’ reactions to different categories of stressors which are prevalent in ASD. These subscales are: Anticipation/Uncertainty, Changes and Threats, Unpleasant Events, Pleasant Events, Sensory/Personal Contact, Food Related Activity, Social/Environmental Interactions, and Ritual Related Stress. The psychometric properties, including validity and internal consistency, of the instrument have been demonstrated (Groden et al., 2001; Goodwin, Groden, Velicer, & Diller, 2007).
3.1.2.4 The Repetitive Behaviors Scale- revised (RBS-R; Bodfish, Symons, & Lewis, 1999; Bodfish, et al., 2000). The RBS-R is a rating scale designed to assess the frequency or severity of repetitive, stereotyped, behaviors. This measure was employed and scored as per the alternative method proposed by Lam (2004). It this way, it consists of five subscales which assess distinct forms of repetitive behavior. These subscales are: Stereotypic Behavior, Self-Injurious Behavior, Compulsive Behavior, Ritualistic/Sameness Behavior, and Restricted Interests. The reliability and validity of this instrument for use with individuals diagnosed with ASD have been assessed and found to be adequate (Bodfish et al., 2000). 

	3.1.2.5 The Behavior Problems Inventory (BPI-01; Rojahn, Matson, Lott, Esbensen, & Smalls, 2001). The BPI-01 is a 52-item respondent-based rating scale which is designed to assess the frequency and severity of challenging behaviors, specifically self-injurious behaviors, stereotypic behaviors, and aggressive/destructive behaviors, of individuals diagnosed with an intellectual disability or other developmental disability. Several studies have found the BPI-01 to be a valid and reliable measure of challenging behavior among persons with developmental disabilities (Gonzalez et al., 2009; Rojahn et al., 2001; Rojahn, Wilkins, Matson, & Boisjoli, 2010).  
	3.1.3 Saliva collection. The saliva collection procedure was identical to that described in Experiment 1.
	3.1.4 Procedure.
Ethical approval for this study was obtained from the research ethics committee at the National University of Ireland, Galway. Following this, consent was sought from parents or caregivers, and participants where possible. All parents were asked to complete a questionnaire pack containing the PDS, the SCQ, and the SSS.  For each participant, a teacher or their key instructor was also asked to fill out the RBS and the BPI-01 in order to obtain information on any challenging behaviors with which participants presented. Following this, samples of salivary cortisol were obtained from each participant over a two-day period, as in Experiment 1. 
	3.1.5 Cortisol analysis.
	The cortisol analysis procedures were the same as those described in Experiment 1. For Experiment 2, the intra-assay coefficient of variability was found to be 6.86%, while the inter-assay coefficient of variability was found to be 8.9%.
	3.1.6 Statistical analysis.  Data were missing for a number of variables including: cortisol data (2.19%), SCQ items (2.07%), SSS items (5.42%), RBS-R items (2.7%), and BPI-01 items (3.97%). The impact of missing data on scale and subscale scoring was dealt with by using the average score per item from the available items as the subscale score. Total scale score was then computed by calculating the average subscale score. 
	Initially, we examined the correlations between participants’ physiological stress (i.e., average daily cortisol level), parent-reported stress (i.e., SSS total score), and subscale and total scores on the measures of challenging behavior (i.e., RBS-R and BPI-01)
	 Next, a series of hierarchical multiple regressions was conducted to examine whether parent-reported stress (i.e., SSS total score) or physiological stress (i.e., average daily cortisol level) were predictive of the frequency or severity of challenging behavior (i.e., Stereotypy Frequency (BPI-01), Stereotypy Severity (BPI-01), Self-injurious behavior Frequency (BPI-01), Self-injurious behavior Severity (BPI-01), Aggression Frequency (BPI-01), Aggression Severity (BPI-01), and Stereotypy Severity (RBS-R)). For each regression analysis, both stress variables were first entered as predictors. Following this, the impact of controlling for age and SCQ score on the statistical outcome of each regression was examined. For all regression analyses conducted, the number of predictor variables entered did not exceed the criterion of n≥20+5k suggested by Khamis and Kepler (2010). 
	Following this, for each topography of challenging behavior, participants falling within the upper quartile of scores on that parent-report subscale or measure (i.e., stereotyped, self-injurious, or aggressive/destructive behavior subscales of the BPI-01, and RBS-R total score) were categorized as “high”, and participants falling within the lower quartile of scores were categorized as “low”. The average daily cortisol level and parent-reported stress of the high and low challenging behavior groups were compared using an independent samples t-test.  This analysis was conducted in order to allow for a close comparison between our results and those of previous similar research studies (Symons et al., 2003; Symons et al., 2011; Gabriels et al., 2013) that recruited participants on the basis of their engagement in either high or low levels of specific challenging behaviors. For example, Symons et al. (2003) recruited participants engaging in high or low levels of SIB measured using the BPI-01, while Gabriels et al. (2013) recruited participants engaging in high or low levels of repetitive behavior based upon their RBS-R scores. Thus, stratifying our sample in this manner allowed us to compare our results with the findings of these studies although our recruitment processes differed. 
	Next, we examined the correlation between parent-reported stress and average daily cortisol level. Finally, participants falling within the upper quartile of scores on the SSS were categorized as a “high stress” group and those falling within the lower quartile of scores on the SSS were categorized as a “low stress” group. The average daily cortisol level of these two groups was compared using an independent samples t-test. 
3.2 Results and Discussion
	Table 3 presents the Pearson Product Moment correlations between parent-reported stress (i.e., SSS total score), physiological stress (i.e., average daily cortisol level), and measures of challenging behavior (i.e., total scores and subscale scores of the BPI-01 and the RBS-R). No significant correlations between stress, parent-reported or physiological, were identified (see Table 3).
-------------------------------
Insert Table 3 about Here
-------------------------------
	A series of regression analyses were also conducted (see Table 4). Results revealed that a model comprising the two indices of stress (i.e., parent-reported stress, average cortisol level) was not a significant predictor of any of the challenging behavior variables. It was also demonstrated that, for each regression, accounting for age or SCQ score in Step One, and then exploring the relationship between stress and challenging behavior, did not impact upon the pattern of results (in the interest of brevity these analyses are not reported here). 
-------------------------------
Insert Table 4 about Here
-------------------------------
	These results suggest that stress, as reported by parents and measured physiologically, was not correlated with or predictive of the severity or frequency of SIB, aggression, and stereotyped behavior among the current sample of children and adolescents diagnosed with autism.  
	Comparisons of those presenting with high or low levels of SIB revealed no significant differences in mean daily cortisol, t(39)=-.49, p=.63 nor in parent-reported stress, t(38)=-.21, p=.83, between the two groups. The comparison of those presenting with high and low frequencies of aggressive/destructive behavior also revealed no differences in mean daily cortisol level, t(34)=-.05, p=.96, nor in parent-reported stress, t(33)=.50, p=.62, between these two groups. There was also no difference between those categorized as high on the RBS-R and those receiving low scores on this measure in mean daily cortisol levels, t(27)=-.59, p=.56, nor in parent-reported stress, t(26)=-.27, p=.79. However, those scoring high on the stereotyped behavior frequency subscale of the BPI-01 had significantly higher cortisol levels (M=0.21, SD=0.07) than those receiving low scores on this measure (M=0.16, SD=0.04), t(28.27)=2.5, p=.02, d=0.88, but did not differ on parent-reported levels of stress, t(33)=-.019, p=.99. 
	As the Stereotyped Behavior subscale of the BPI-01 assesses stereotyped motoric behavior, and the RBS-R total score is computed from participants’ scores on a variety of subscales (assessing repetitive SIB, compulsive behavior, ritualistic/sameness behavior, and restricted interests), we compared those who had scored in the upper and lower quartiles of the stereotypic behavior subscale of the RBS-R only. Results showed no significant differences between these groups in average daily cortisol levels, t(29)=.05, p=.96, or in parent-reported stress levels, t(28)=-1.17, p=.25.
	We also examined the correlation between parent-reported stress and average daily cortisol level among the participants with autism. This analysis failed to reveal any discernable relationship between the two variables, r(59)=-.16, p=.23. Finally, we compared the cortisol levels of the “high stress” group and the cortisol levels of the “low stress” group. No significant differences in cortisol between these groups were found, t(28)=-1.029, p=.32. 
	The results reported here are in contrast with previous findings in this area (e.g., Gabriels et al., 2013; Symons et al., 2003; Symons et al., 2011; Verhoeven et al., 1999). Cortisol levels reported in the current study did not differ based on the presence of SIB. Furthermore, the relation between cortisol levels and engagement in stereotypy is in contrast to findings reported by Gabriels and colleagues (2013). The results reported here suggest that those engaging in a high frequency of stereotypy, measured by the BPI-01, evinced higher cortisol levels than those engaging in little or no motor stereotypy. In addition, there was no apparent association between engagement in high or low levels of aggressive/destructive behavior and levels of cortisol. 
4. General Discussion
	 The current study aimed to examine whether cortisol levels, or variability in cortisol levels, differed among participants with ASD and a sample of matched typically developing controls. It also sought to explore the relationship between physiological and parent-report measures of stress and various topographies of challenging behavior among a sample of 61 children and adolescents diagnosed with ASD.
	A key finding emerging from this research was that those with ASD engaging in the highest frequencies of stereotyped behavior measured by the BPI-01 presented with significantly higher cortisol levels, than those with ASD who engaged in little or no stereotyped behavior, although no correlation between these variables was discernible for the whole sample. Cohen’s d indicated that this was a large effect, with the average cortisol value for the high stereotypy group found to be 23.8% higher than that of the low stereotypy group. The average daily cortisol level of the typically developing participants (M= 0.18; SD=0.07) fell midway between the average daily cortisol levels of the low stereotypy group (M=0.16, SD=0.04) and the high stereotypy group (M=0.21, SD=0.07).  While these results support suggestions of a relationship between stereotypy and stress, the relationship observed conflicts with that of a recent study reported by Gabriels and colleagues (2013). The authors identified significantly lower cortisol levels among a high stereotypy group than among a low stereotypy group, with a difference of 36% in the cortisol levels of each group.  There were a number of differences between the current study and that of Gabriels et al. (2013) which may have contributed to the differences in outcomes observed. Gabriels and colleagues recruited participants on the basis of their high or low score on the RBS-R, only included pre-pubescent males with an IQ of greater than 40, used filter papers to collect saliva samples, and used a different time schedule for saliva sample collection than that employed in the current study. Future research is necessary to determine whether any of these variables may impact on the outcomes of studies such as those reported here.
The current findings also suggest that stereotypy may be an overt manifestation of stress among individuals with ASD but that it does not appear to function in a way that mitigates this stress. Many researchers have previously noted that stereotyped behaviors are often associated with stress or stressful situations (Hutt & Hutt, 1968; Militerni, Bravaccio, Falco, Fico, & Palermo, 2002; Schlagger & Mink, 2003), and are frequently considered behavioral signs of stress among animals (e.g., Broom & Johnson, 1993; Morgan, 2006). Groden et al. (1994) also theorized that stereotyped behaviors may represent faulty coping mechanisms to stressors among those with autism. Given the discrepant findings between this study and that of Gabriels et al. (2013), further studies are required to investigate the relationship between stress, cortisol, and repetitive behavior in greater detail. 
	The current study did not identify a relationship between cortisol levels and SIB and this finding is also in contrast with previous research in this area (e.g., Symons et al., 2003; Symons et al., 2011; Verhoeven et al., 1999).  Verhoeven et al. (1999) identified lower cortisol levels among those who engaged in frequent SIB whilst Symons et al. (2003; 2011) identified higher cortisol levels among those who engaged in frequent SIB. The inconsistency in findings across these and the current study may be attributable to differences in the samples employed. Previous studies in the areas have used samples of adults with various developmental disabilities selected on the basis of their severe or chronic SIB (e.g., Symons et al., 2003; Symons et al., 2011). However, the current study examined the relationship between cortisol and self-injury among a sample of children (3-18 years) with autism as a primary diagnosis who were recruited using convenience sampling rather than selected on the basis of their engagement in particular challenging behaviors. 
To our knowledge, previous research has not examined the relationship between cortisol levels and aggression among individuals with developmental disabilities, thus a comparison cannot be made between our findings and any others. However, there is research to suggest that a relationship may exist between stress and aggression for persons with developmental disabilities. Moskowitz and colleagues (2013) found evidence that the challenging behaviors, including aggressive behaviors, of three children diagnosed with ASD occurred more frequently during high-anxiety contexts than during low-anxiety contexts. The authors suggested that the elevated physiological arousal produced by, and stress associated with, high-anxiety contexts may have contributed to participants’ engagement in challenging behaviors. Relatedly, To and Chan (2000) found that progressive muscle relaxation training, intended to reduce stress and anxiety, led to reductions in the aggressive behavior of a sample of individuals with intellectual disabilities. Thus, while the findings of the current study suggest little correspondence between stress and SIB and aggression, future research that examines this relationship among a sample of individuals selected on the basis of their engagement in severe aggressive/destructive behavior may produce different outcomes. 
	The lack of a relationship between parent-reported stress and physiological stress for the frequency and severity of challenging behavior among the participants with ASD within the current study is also of note. A connection between these variables has been theorized (e.g., Groden et al., 1994) but infrequently empirically assessed. The results of the current study suggest that the association between these variables is not uniform among all individuals with ASD, but that it may exist for some individuals (i.e., those evincing high levels of stereotyped behaviors). Future research should examine whether behavioral function impacts upon the relation between physiological activity and challenging behavior. It is possible that behaviors which serve a social function (socially mediated) may be unrelated to internal physiological states but that those which are automatically reinforced (independent of the social environment), as stereotyped behavior most commonly is (e.g., Hanley, Iwata, & McCord, 2003; Healy, Brett & Leader, 2013), may be correlated with physiological activation. 
The lack of a correlation between parent-reported stress on the SSS and cortisol levels observed in the current study is also of interest. Previous findings in this area have reported various findings with some studies identifying a correlation between the two variables (e.g., Corbett et al., 2009) and others failing to demonstrate any relationship or correlation (e.g., Corbett et al., 2006). Bitsika and colleagues (2013) suggested that parent-report measures may not accurately capture a child’s experience of anxiety, while children’s self-reported anxiety may be more strongly linked to physiological activity. Previous research has suggested that a desynchrony may exist between physiological activity and overt behavior among individuals with ASD (see Lydon et al., in press) and this may explain the lack of predictive validity of parent ratings of stress inferred from the observation of overt behaviors. This finding suggests that reliance on behavioral observation as the sole manner of understanding the experiences of individuals with developmental disabilities should be cautiously considered, and that the more frequent use of physiological recording in order to gain an insight into the emotional states of individuals with autism and other developmental disabilities may be recommended.
In the current sample, both typically developing participants and participants with autism demonstrated cortisol levels consistent with typical diurnal patterns across the measurement timepoints (i.e., highest mean cortisol level at the morning sample followed by a decrease in cortisol across the subsequent two measurement timepoints). The lack of significant differences in cortisol levels observed between typically developing children and adolescents may reflect an underpowered analysis given the small effect sizes observed in the absence of statistical significance. Previous research in this area which has yielded discrepant findings may be related to the size of diurnal cortisol differences between these populations and differing sample sizes. However, a review by Taylor and Corbett (2014) suggested that differences in cortisol secretion and diurnal rhythms may be confined to those individuals with ASD who are low-functioning and may not emerge in the comparison of high-functioning individuals with ASD and their typically developing peers. The current study employed a diverse sample across the spectrum, with some participants diagnosed with severe intellectual disabilities and others presenting with no cognitive delays and functioning within mainstream settings. Therefore, it may be possible that differences in diurnal cortisol would have been observed with a more homogenous sample of participants with ASD. While our analysis did not suggest a difference in cortisol levels based on the presence or absence of a co-occurring intellectual disability, it may be that the level of functioning of these individuals was insufficiently characterized by simply viewing it in terms of a co-occurring diagnosis intellectual disability rather than precise estimates of IQ or verbal ability. The validity of the results obtained, however, is underscored by the use of age, gender-, and pubertal status-matched controls. The lack of differences in the variability of cortisol levels between the typically developing and autism group was somewhat surprising. Taylor and Corbett (2014) found that previous research is suggestive of greater intra- and inter-individual variability among persons with ASD. However, it is possible that our results were influenced by our measurement of cortisol levels during the morning and early afternoon, and our non-measurement of the cortisol awakening response or evening cortisol levels. It is possible that between-group differences in cortisol levels or variability may have emerged in cortisol measures taken at these times.  
Non-measurement of the cortisol awakening response or evening cortisol levels may be considered a criticism of this study. However, the circadian rhythms of cortisol among persons with autism have been examined elsewhere in methodologically strong studies (e.g., Corbett et al., 2009; Corbett and Schupp, 2014). The aim of the current study was foremost to examine the relationship between stress and challenging behavior, following the demonstration that levels of physiological stress were comparable among participants with autism and typically developing peers, a more extensive cortisol measurement protocol was deemed unnecessary.
 The current study had a number of limitations. The participant characterization of the current study may be considered a limitation. We relied upon, and reported herein, the results of independent psychological assessments for participants with ASD taken from extant child records. In this way, participants’ diagnoses were not verified by the researchers. This research also relied upon convenience sampling and it may be argued that different results would have been obtained had individuals with ASD and specific behavioral profiles (e.g., high/low rates of stereotypy, SIB and aggression) been recruited. Also, while the comparison of typically developing participants and participants with ASD in Experiment 1 did not yield statistically significant differences, Cohen’s d suggested that small effects were observed. In this way, it is possible that these analyses were underpowered, although our sample size exceeded that of previous similar research studies (e.g., Corbett et al., 2006; Corbett et al., 2009). Future research studies employing larger sample sizes may further our understanding of any abnormalities in the diurnal cortisol levels of persons with ASD. 
An additional limitation of the current study was the potential mismatch between the timescales of the independent and dependent variables. Cortisol can be best conceptualized as a state measure, measured three times daily over two days, while the measures of challenging behavior are akin to trait measurement given their assessment of behavioral tendencies over a longer period of time. This may be considered a methodological flaw of the current study and others reporting similar measures (e.g., Corbett et al., 2006; Corbett et al., 2009; Gabriels et al., 2013;) of the relation between psychological variables (e.g., anxiety, stress, worry) assessed over an extensive period of time and specific time-point measures of physiological activity. This possible measurement discrepancy may contribute to the explanation of our findings regarding the association between cortisol and stereotyped behavior. Participants classified as engaging in a “low” frequency of stereotypy were those who were reported to engage in stereotyped motor behavior either never or monthly as per the BPI-01 rating scale, while those engaging in a “high” frequency of challenging behavior were reported to engage in the behavior hourly. In this way, the measures of challenging behavior were likely more sensitive for these participants regarding the presence or absence of stereotyped behavior proximal to the cortisol measurement than for the remainder of the sample who engaged in stereotypy either weekly or hourly. This explanation is plausible; other researchers (e.g., Sonnenschein et al., 2007) have found that the detection of variables relating to cortisol activity is more likely with ambulatory assessment than with measures requiring retrospective recall. Future research examining the relationship between cortisol and challenging behavior may benefit from utilizing the more objective techniques of behavioral observation (i.e., measurement of stereotypy frequency/duration) during the same time periods as the cortisol measurement. 
The current research also had a number of strengths including the diversity of the sample recruited, which included individuals at varying ranges of severity. There has been a predominant focus on high-functioning individuals in studies of physiological activity in ASD (see Lydon et al., in press). In this way, the demonstration of the feasibility of collecting measures of cortisol from low-functioning individuals is important; only six participants were recruited who were either unable or unwilling to participate, while most of those who successfully participated were diagnosed with co-occurring intellectual disabilities. Further, the matching of participants in the experimental and control groups on age, gender, and pubertal status may be considered a strength of the study and contributes to its internal validity. Similarly, the examination of the impact of psychotropic medication usage, pubertal status, age, and severity of impairment (i.e., presence or absence of a co-occurring intellectual disability) on cortisol levels may also be considered a strength as the failure to account for these variables by other studies examining cortisol in ASD has been noted (Taylor & Corbett, 2014). 
	Future research should attempt to further examine and characterize those who present with high or low levels of stereotypy in order to determine additional differences between these groups that may potentially mediate the conflicting findings between stereotypy and stress observed here and in Gabriels et al. (2013). For example, stereotyped motor behavior is more commonly observed among lower-functioning individuals with ASD (Bodfish et al., 2000; Goldman et al., 2009; Healy & Leader, 2011) than among their higher-functioning counterparts. Although our results did not suggest that the presence or absence of an intellectual disability, or verbal capability, resulted in differences in cortisol levels, it is possible that differences may emerge in a carefully characterized sample of participants with ASD. It was not feasible to assess IQ and language ability in the current study, and thus we relied upon extant independently conducted psychological assessments and parent-report of verbal capability. However, the large effect size of findings in this study (d=0.88) and Gabriels et al. (2013) suggests that future research could explore the relationship between stereotypy and stress by carefully categorizing participants on the basis of their engagement in high or low levels of stereotypy, for whom administration of measures of intellectual and verbal functioning may be more feasible.
It is certainly plausible that individual characteristics may result in differential physiological activity among individuals with ASD. Several studies have found evidence of such moderation of physiological activity by a number of participant variables. Level of cognitive functioning has been implicated as potentially impacting upon physiological activity by a recent review of studies examining cortisol in autism (Taylor & Corbett, 2014). This suggests that physiological dysregulation in cortisol rhythms may exist only among individuals with autism who are lower functioning and not among their higher-functioning counterparts. Kootz and colleagues (1972) also noted differences in physiological activity between participants with autism who were either low or high functioning during exposure to a variety of stimuli and learning tasks. Language ability has also been suggested to impact upon physiological activity. A recent study by Stagg et al. (2013) found that individuals with autism and no language delay had similar patterns of physiological activity to typically developing persons, but that individuals with ASD and a language delay, had significantly different physiological reactions to stimuli than these. The presence of co-occurring disorders may also lead to differential physiological activity among persons with autism. Recent studies have suggested that the presence of a co-occurring disorder such as fragile x syndrome (Cohen, Masyn, Mastergeorge, & Hessl, 2013), or an anxiety disorder (Hollocks, Howlin, Papadopoulos, Khondoker, & Simonoff, 2014), may result in differential physiological activity than is observed among individuals with autism and no co-occurring diagnoses. Future research which examines the impact of participant characteristics such as these may provide a clearer understanding of the variables influencing physiological activity among those with ASD. 
There may be difficulties in relating changes in cortisol to specific occurrences for challenging behavior given the time taken for changes in cortisol to occur and the obtrusive nature of the collection of salivary, plasma, or urinary cortisol for which it would be necessary to interrupt occurrences of challenging behavior. However, although the co-activation of the LHPA axis and the autonomic nervous system is not always observed (e.g., van Goozen et al., 1998), studies examining indices of autonomic nervous system activation such as heart rate or electrodermal activity, which can be measured from a distance and with minimal interference or disruption, may yield a better understanding of the relationship between physiological activity and repetitive, stereotyped behavior. Preliminary research in this area (e.g., Hirstein et al., 2001; Lewis et al., 1984; Lydon et al., 2013b) indicates that the measurement of physiological activity surrounding stereotyped behavior is both feasible and may contribute to our understanding of behavioral function. 
	Future research in this area may also benefit from the recruitment of participants with ASD based upon their engagement (high/low) in specific challenging behaviors under examination (e.g., stereotypy, SIB, aggressive/destructive behavior). It is possible that failure to show a relationship in the current study between SIB or aggressive/destructive behavior and cortisol may be attributed to the relatively low frequency and severity of SIB observed among participants. 
Future research examining the correspondence between overt signs of stress and anxiety, such as those measured by the SSS, and physiological measures of stress would also be of use. A lack of correspondence between such measures may be considered a recommendation for more frequent physiological monitoring among individuals with ASD in order to ensure psychological and emotional wellbeing and to identify environmental or routine changes associated with distress that can be altered. 
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Table 1.
Summary of Participant Characteristics of the Autism and Comparison Group for Experiment One. Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS), Attention Deficit Hyperactivity Disorder (ADHD).
	
	Autism Group 
(n=51)
	Comparison Group 
(n=51)

	Age
	10.97 years (4.06)
	10.95 years (4.12)

	Gender
 (male; female)
	45; 6
	45; 6 

	Communication Ability
	Verbal (n=40; 78.4%)
	

	
	Nonverbal (n=11; 21.6%)
	

	Primary diagnosis
	Autism (n=45; 88.2%)
	
-

	
	Asperger’s Syndrome (n=5; 9.8%)
	

	
	PDD-NOS (n=1; 2%)
	

	Co-morbid psychiatric diagnoses
	None (n=13; 25.5%)
	




-

	
	Intellectual disability (n=30; 58.8%)
	

	
	Intellectual disability and ADHD (n=2; 3.9%)
	

	
	Attention deficit disorder (n=1; 2%)
	

	
	Global developmental delay (n=1; 2%)
	

	
	Dyslexia (n=3; 5.9%)
	

	
	Dyspraxia (n=1; 2%)
	

	Co-morbid medical conditions
	None (n=42; 82.4%)
	



-

	
	Epilepsy (n=5; 9.8%)
	

	
	Partial seizures (n=1; 2%)
	

	
	Cerebral palsy (n=1; 2%)
	

	
	Epilepsy and Von Willebrand Disease (n=1; 2%)
	

	
	Oculofacialcardiodental syndrome (n=1; 2%)
	

	Psychotropic Medication usage
	None (n=38; 74.5%)
	

-

	
	Anticonvulsant (n=7; 13.7%)
	

	
	Antipsychotic (n=2; 3.9%)
	

	
	Psychostimulant (n=2; 3.9%)
	

	
	Antidepressant (n=1; 2%)
	

	
	Antipsychotic and Antidepressant (n=1; 2%)
	









Figure 1. Mean cortisol values at each measurement time for both groups. 









Table 2. 
Summary of Participant Characteristics for Experiment Two. Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS), Attention Deficit Hyperactivity Disorder (ADHD).
	
	Participant Characteristics

	Age
	10.89 years (4.25)

	Gender
 (male; female)
	53; 8

	Communication Ability
	Verbal (n=49; 80.3%)

	
	Nonverbal (n=12; 19.7%)

	Primary diagnosis
	Autism (n=55; 90.2%)

	
	Asperger’s Syndrome (n=5; 8.2%)

	
	PDD-NOS (n=1; 1.6%)

	Co-morbid psychiatric diagnoses
	None (n=15; 24.6%)

	
	Intellectual disability (n=37; 60.7%)

	
	Intellectual disability and ADHD (n=3; 4.9%)

	
	Dyslexia (n=3; 4.9%)

	
	Attention deficit disorder (n=1; 1.6%)

	
	Global developmental delay (n=1; 1.6%)

	
	Dyspraxia (n=1; 1.6%)

	Co-morbid medical conditions
	None (n=50; 82%)

	
	Epilepsy (n=5; 8.2%)

	
	Partial seizures (n=1; 1.6%)

	
	Cerebral palsy (n=1; 1.6%)

	
	Hydrocephalus (n=1; 1.6%)

	
	Epilepsy and Von Willebrand Disease (n=1; 1.6%)

	
	Klinefelter syndrome (n=1; 1.6%)

	
	Oculofacialcardiodental syndrome (n=1, 1.6%)

	Psychotropic Medication usage
	None (n=46; 75.4%)

	
	Anticonvulsant (n=7; 11.5%)

	
	Psychostimulant (n=3; 4.9%)

	
	Antipsychotic (n=2; 3.3%)

	
	Antidepressant (n=1; 1.6%)

	
	Antipsychotic and Antidepressant (n=1; 1.6%)

	
	Antipsychotic, Psychostimulant, and Anti-convulsant (n=1; 1.6%)






Table 3. 
Pearson Product Moment Correlations between Parent-reported Stress, Physiological Stress, and Measures of Challenging Behavior. 
	
	Correlation Coefficients

	
	Parent-Reported Stress (SSS Total Score)
	Physiological Stress (Average Daily Cortisol Level)

	Self-injurious Behavior Frequency (BPI-01)
	-.11
	-.02

	Self-injurious Behavior Severity 
(BPI-01)
	-.11
	-.03

	Stereotyped Behavior Frequency 
(BPI-01)
	.07
	.12

	Stereotyped Behavior Severity 
(BPI-01)
	.05
	.08

	Aggressive/Destructive Behavior Frequency (BPI-01)
	.17
	.02

	Aggressive/Destructive Behavior Severity
(BPI-01)
	.07
	-.01

	Stereotypic Behavior (RBS-R)
	-.16
	.01

	Self-injurious Behavior (RBS-R)
	-.20
	-.01

	Compulsive Behavior (RBS-R)
	.06
	.04

	Ritualistic/Sameness Behavior 
(RBS-R)
	.23
	-.13

	Restricted Interests (RBS-R)
	-.10
	-.04

	RBS-R Total Score
	-.06
	-.05


Note: None of the correlations presented in this table achieved statistical significance. 








[bookmark: _GoBack]Table 4.
Outcomes of multiple regression analyses for BPI-01 frequency and severity subscale scores, and RBS-R total score.
	Variable
	b
	SE b
	β
	ΔR2

	Stereotypy Frequency (BPI-01)
	
	
	
	

	Predictor: Parent-reported stress (SSS total)
	.076
	.115
	.090
	-.016

	Predictor: Average cortisol level
	.798
	.875
	.123
	-.016

	Stereotypy Severity (BPI-01)
	
	
	
	

	Predictor: Parent-reported stress (SSS total)
	.030
	.071
	.057
	-.028

	Predictor: Average cortisol level
	.377
	.618
	.083
	-.028

	Self-injurious behavior Frequency (BPI-01)
	
	
	
	

	Predictor: Parent-reported stress (SSS total)
	-.041

	.048
	-.114
	-.022

	Predictor: Average cortisol level
	-.097

	.365
	-.036
	-.022

	Self-injurious behavior Severity (BPI-01)
	
	
	
	

	Predictor: Parent-reported stress (SSS total)
	-.035
	.039
	-.120
	-.020

	Predictor: Average cortisol level
	-.102
	.294
	-.046
	-.020

	Aggressive/destructive behavior Frequency (BPI-01)
	
	
	
	

	Predictor: Parent-reported stress (SSS total)
	.109
	.082
	.177
	-.033

	Predictor: Average cortisol level
	.290
	.626
	.062
	-.003

	Aggressive/destructive behavior Severity (BPI-01)
	
	
	
	

	Predictor: Parent-reported stress (SSS total)
	.039
	.074
	.072
	-.031

	Predictor: Average cortisol level
	.099
	.637
	.021
	-.031

	Repetitive Behavior (RBS-R)
	
	
	
	

	Predictor: Parent-reported stress (SSS total)
	-.032
	.067
	-.064
	-.031

	Predictor: Average cortisol level
	-.142
	.507
	-0.38
	-.031
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