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Lay Summary: Both objective (cortisol) and subjective (somatic) physiological arousal were 

associated with poor sleep quality in adults on the autism spectrum. Adults with ASD who were 

not medicated for a comorbid diagnosis of anxiety and/or depression also had dampened cortisol 

secretion, suggesting a dysregulation of the hypothalamic pituitary axis. Longitudinal studies 

investigating the relationship between sleep, psychopathology symptoms, and physiological 

arousal in autistic individuals is warranted.  
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Abstract 

This study aimed to investigate the relationship between sleep, psychopathology (anxiety, depression 

and pre-sleep arousal) symptoms, and cortisol in adults with ASD. The sample comprised 29 adults 

with ASD (51.7% males) and 29 control adults (51.7% males) aged 21-44 years.  Thirteen adults with 

ASD were medicated for a comorbid diagnosis of anxiety and/or depression (ASD-Med), while the 

remaining 16 adults with ASD were not medicated for such diagnoses (ASD-Only). Participants 

completed a questionnaire battery, 14-day sleep/wake diary and 14-day actigraphy assessment. On 

one day during the data collection period, participants collected five saliva samples, hourly, prior to 

sleep and two morning samples; immediately upon waking and 30 minutes thereafter for the analysis 

of cortisol. Cortisol one hour prior to habitual sleep onset time was associated with poorer sleep 

efficiency in both ASD groups and increased wake after sleep onset duration (ASD-Only). Higher 

subjective somatic arousal was also associated with increased sleep onset latency, regardless of group, 

and poorer sleep efficiency in the ASD-Only group. ASD-Only participants had significantly greater 

reductions in evening cortisol concentrations compared to both ASD-Med and control participants. No 

significant group differences were found for the cortisol awakening response. Findings suggest a 

hyperarousal hypothesis of insomnia in adults with ASD. Moreover, the low cortisol levels observed 

in ASD-Only adults suggest dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis. 

Longitudinal studies exploring the interplay between insomnia, anxiety and HPA axis regulation 

across the lifespan in those with ASD are warranted.  

 

Key words: Hyperarousal, Autism, Cortisol, Sleep, Anxiety, Insomnia 

 

  

This article is protected by copyright. All rights reserved.



Baker, E. Hyperarousal and Insomnia in ASD  6 

Introduction 

Symptoms of insomnia (e.g., difficulties initiating and maintaining sleep) are frequently 

reported for individuals with Autism Spectrum Disorder (ASD; Richdale & Schreck, 2009) , though 

the underlying cause of these sleep problems remains unclear. In the general population insomnia is 

argued to be a result of a “primary physiological disorder of arousal” (p.g., 97; Bonnet & Arand, 

1997). Research has shown increased electrodermal activity, heart rate and rectal temperature, not 

only 30 minutes prior to and during sleep (Monroe, 1967), but also across the entire 24-hour period 

(Broman & Hetta, 1994), in insomnia patients. Moreover, the most meaningful predictor of poor sleep 

under situational stress in typical adult sleepers was baseline central nervous system (CNS) arousal 

(Bonnet & Arand, 2003). Therefore, individuals with elevated baseline CNS arousal may be more 

susceptible to developing insomnia. In particular, those with ASD are described as having autonomic 

hyperarousal (Kushki, Brian, Dupuis, & Anagnostou, 2014; Kushki et al., 2013) which may be a 

causative factor in the development of insomnia in this population. 

In the general population, further support for the hyperarousal theory comes from findings 

showing elevated cortisol levels across the 24-hour period in insomnia patients (Rodenbeck, Huether, 

Ruther, & Hajak, 2002; Vgontzas et al., 2001). Similar findings have also been reported for those with 

ASD. Richdale and Prior (1992) observed a trend towards daytime cortisol hypersecretion in 19 

children with ASD (IQ Range 58-112), with this effect being more pronounced in older children (> 8 

years). Similarly, Corbett and colleagues (2008) found children with ASD had consistently elevated 

evening cortisol levels and more variable cortisol levels compared to control children. This elevation 

in cortisol provides support for a hyperarousal hypothesis of insomnia for individuals with ASD. 

Nonetheless the relationship between sleep, subjective pre-sleep arousal, and cortisol is yet to be 

systematically investigated in ASD. 
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In the general population, elevated evening cortisol levels have been associated with 

increased wake after sleep onset (WASO) duration in both subjects with insomnia and those without 

(Rodenbeck et al., 2002). In turn, increased WASO and poorer sleep quality were associated with 

lower cortisol secretion at awakening in both insomnia patients and controls (Backhaus, Junghanns, & 

Hohagen, 2004). Furthermore, lower cortisol awakening response (CAR; Chida & Steptoe, 2009) was 

linked with poorer self-reported sleep in health populations (Jackowska, Ronaldson, Brown, & 

Steptoe, 2016). The period around sleep onset has also been identified as a key time point for 

alterations in cortisol secretion in individuals with affective disorder (Dahl et al., 1996; Forbes et al., 

2006). 

Poor sleep in ASD has been associated with anxiety (Mayes & Calhoun, 2009) and recent 

research has demonstrated both parent-reported child sleep anxiety and self-reported pre-sleep arousal 

are associated with insomnia symptoms (Hollway, Aman, & Butter, 2013; Richdale, Baker, Short, & 

Gradisar, 2014). Nonetheless, a study conducted by Goldman and colleagues (2017), found similar 

morning and evening cortisol concentrations in a sample of 26 adolescents and young adults with 

ASD compared to 13 typically developing adolescents and adults, despite the ASD group having 

significantly poorer sleep onset latency (SoL) by questionnaire and actigraphy. However, this study 

did not specifically explore the relationships between actigraphic sleep parameters and cortisol 

concentrations. Only one publication, a conference abstract (Chicoine et al., 2013), has examined the 

relationship between sleep and salivary cortisol in 13 individuals with ASD (Mage = 22.2, SD = 3.7 

years) compared to 12 control adults (Mage = 21.8, SD = 4.2 years). A positive correlation between 

evening cortisol levels and the number and duration of nocturnal awakenings and a negative 

correlation between evening cortisol and sleep efficiency (SE%; ratio of total sleep time compared to 

total time in bed) was seen in the control group, but not for the adults with ASD. However, a negative 

correlation between cortisol and Stage 4 slow-wave sleep duration was observed for the ASD group. 
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Thus, emerging evidence suggests that insomnia in individuals with ASD is associated with 

anxiety and hyperarousal, but further research is needed. The aims of this study were (i) to assess 

subjective psychopathology symptoms (anxiety and depression), pre-sleep arousal (somatic and 

cognitive) and salivary cortisol (morning, evening) in adults with ASD and no comorbid intellectual 

disability compared to sex- and IQ-matched controls; and (ii) to explore relationships between 

psychopathology symptoms, cortisol levels and objectively measured sleep parameters in both groups. 

It was hypothesized that adults with ASD would have higher evening cortisol concentrations and 

lower awakening cortisol concentrations compared to controls. It was also hypothesized that evening 

cortisol concentrations would be positively correlated with SoL and WASO and negatively associated 

with SE% and total sleep time (TST) in both groups of adults, while opposite effects would be 

observed for the cortisol awakening response (CAR). 

Methods 

Participants 

Participants included 29 adults with a clinical diagnosis of ASD (51.7% male) and 29 healthy 

control adults (51.7% male). Thirteen participants with ASD reported a comorbid clinical diagnosis of 

an anxiety and/or mood disorder and were taking associated medications (ASD-Med); four had 

depression, four had an anxiety disorder and five had both. Thus, two ASD groups are included here; 

ASD-Only (56.3% male) and ASD-Med (46.2% male). The three groups did not differ on the 

proportion of males in each group, χ2 = .293, p = .864, Φ = .071 and were also matched on age, full 

scale IQ (FSIQ) and Body Mass Index (BMI; see Table 1). Although a greater proportion of control 

adults were using an oral contraceptive or Implanon®, the three groups did not significantly differ on 

the proportion of those using such contraception, Likelihood ratio = 1.375, p = .503, Φ = .163 (see 

Table S1 for details of medications). No participants in any group reported having ever received a 

diagnosis of Attention Deficit Hyperactive Disorder.  
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ASD participants were primarily recruited through autism associations and support groups 

while control participants were primarily recruited through a university student participant registry 

and flyers placed around the university campus. The recruitment flyer for both groups stated that 

participants were being sought for a ‘sleep study’ and in bold text “You DO NOT need to have a sleep 

problem to participate”. For further details, see Baker and Richdale (2015). 

The Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999)  was administered 

to 24 ASD and 28 control participants. Five ASD participants had recently completed the Wechsler 

Adult Intelligence Scale – Fourth Edition (WAIS-IV; Wechsler, 2008)  and scores were obtained from 

their reports. One control participant was a professional with a PhD qualification who regularly 

administered the WASI, thus an assessment would not be valid, and IQ>80 could be assumed. All 

participants assessed had a FSIQ>80, and the three groups did not differ (Table 1). 

Confirming ASD diagnosis 

All ASD participants completed Module 4 of the Autism Diagnostic Observation Schedule – 

2nd Edition (ADOS-2; Lord et al., 2012).  Additionally, 26 participants provided a copy of their 

diagnostic report and one provided a statement from their clinician confirming their diagnosis; those 

two participants who did provide diagnostic reports met criteria for ASD on the ADOS-2. All control 

participants completed the Autism Quotient (AQ; Baron-Cohen et al., 2001)  and scored below the 

clinical cut-off of 26 (Woodbury-Smith, Robinson, Wheelwright, & Baron-Cohen, 2005). Table 1 

provides information regarding age, FSIQ, AQ and ADOS scores for the three groups. 

Exclusionary Criteria 

For both ASD and control groups, participants were excluded if they had a diagnosis of 

schizophrenia or if they were taking any sleep medication. Participants were also excluded from the 

control group, if they had a diagnosis of an anxiety or mood disorder and/or if they had a first degree 

relative with a diagnosis of ASD. We had planned to exclude those adults with ASD who were 
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medicated for a diagnosis of anxiety and/or depression given the impact such medications may have 

on cortisol levels. However, given the heightened prevalence of comorbid anxiety and depression 

reported for adults with ASD (Buck et al., 2014) and the significant number of individuals interested 

in participating in the study who had such diagnoses, we included these individuals and analysed them 

as a separate group. Further details regarding exclusionary criteria can be found elsewhere (Baker & 

Richdale, 2015). 

Sleep Measures 

Participants wore an actigraph monitor (Phillips Respironics 2) on their non-dominant wrist 

for the 14-day diary period. Data were digitized in 1-minute epochs with a sensitivity of 0.025g and a 

bandwidth of 0.35-7.5 Hz, and analysed with Respironics Actiware 6 software; time in bed (TIB), 

total sleep time (TST), sleep onset latency (SoL), sleep efficiency (SE%), and wake after sleep onset 

(WASO) were extracted. Sleep efficiency is defined as the ratio of TST to total TIB (i.e., [TST / TIB] 

×100). Sleep onset was defined as the first of five consecutive epochs of actigraphic sleep at the 

beginning of the scoring interval. Sleep offset was defined as the last of at least five consecutive 

epochs of actigraphic sleep at the end of the scoring interval. Actigraphy data were verified with a 14-

day sleep-wake diary; details are reported elsewhere (Baker & Richdale, 2015).  

Participants also completed the Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989) as 

a measure of insomnia symptoms and severity. The PSQI is a self-report measure of sleep quality that 

was originally developed on two sleep disorder groups, those with major depressive disorder and a 

specific sleep disorder group, in addition to a sample of good sleepers. The sleep disorder sample 

comprised patients presenting with difficulties initiating or maintaining sleep and/or excessive 

daytime sleepiness and had been referred to a sleep disorder clinic. A cut-off score of > 5 indicates 

that the individual has severe difficulties in at least two domains or moderate difficulties in more than 
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3. The PSQI has demonstrated high test-retest reliability and good validity in patients with primary 

insomnia when using a cut-off > 5 (Backhaus, Junghanns, Broocks, Riemann, & Hohagen, 2002).  

Psychopathology Measures 

Participants completed several questionnaires at their convenience during the 14-day data 

collection period (see Baker and Richdale for further details). The 8-item Patient Health 

Questionnaire-8 Depression Scale (PHQ-8; Kroenke et al., 2009),  which is based on the diagnostic 

criteria for major depressive disorder (American Psychiatric Association, 2000) was used to assess 

depression symptoms. In the current study, the PHQ-8 demonstrated good-excellent internal 

consistency in all three groups (ASD-Only α = .88; ASD-Med α = .88; Control α = .71). 

The Trait Anxiety subscale from the State-Trait Anxiety Inventory (STAI-T; Spielberger et 

al., 1983)  was used to assess general anxiety symptoms. In the current study, this scale demonstrated 

excellent internal consistency in all three groups (ASD-Only α = .94; ASD-Med α = .92; Control α = 

.94). 

The 10-item Sleep Anticipatory Anxiety Questionnaire (SAAQ; Bootzin et al., 1994)    was 

used to assess subjective arousal prior to sleep. Two sub-scale scores measuring self-reported 

cognitive (SAA-C) and somatic (SAA-S) pre-sleep arousal were calculated. In a sample of 

adolescents with ASD the SAAQ demonstrated excellent internal consistency (α = .92; Richdale et al., 

2014) . In the current study, each scale demonstrated excellent internal consistency for all groups, 

(ASD-Only α = .95; ASD-Med α = .80; Control α = .83). 

Cortisol 

Participants were provided with a saliva collection kit, which included seven (five evening, 

two morning) SalivaBio Oral swabs (SOS; Salimetrics LLC, PA 16803 USA) in collection tubes. The 

collection tubes were colour coded for ease of sampling. Participants were also provided with a saliva 
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collection sheet, which included both written and pictorial instructions for collecting saliva and 

observed a saliva collection demonstration at their first appointment.  

Prior to analysis saliva samples were defrosted and spun at 3000 rpm for 15 minutes to 

remove particulate matter that may interfere with the assay. For each sample cortisol concentration 

was determined in duplicate using a commercially available Cortisol Enzyme Immunoassay Kit (EIA 

Item No. 1-3002; Salimetrics Inc., State College, PA). Optical density of the well was measured at 

450 nm with a synergy HT Multi-detection Microplate Reader (Bio-Tek Instruments Inc., Winoski, 

VT, USA). Cortisol concentrations were calculated using KC4 v.3.4 Software (Bio-Tek Instruments 

Inc.). The intra- and inter-assay precision of the cortisol kit was 3.35% and 3.75%, respectively, and 

the detection limit of the assay was .07 µg/L.  

Procedure 

 Institutional (La Trobe University) ethics approval was granted (Approval #HEC12-018) and 

all participants provided written informed consent prior to commencing participation. Participants 

were instructed to complete their diary every morning and evening for two weeks, wear the actigraphy 

monitor at all times, except when it may get wet (e.g., showering, swimming etc.) and complete their 

online questionnaires at their convenience during this period. After participants had completed 7-days 

of the sleep-wake diary each individual’s average habitual sleep onset time was calculated and he/she 

received a saliva collection protocol sheet detailing individualized sampling times. Evening saliva 

sampling followed a standard dim light melatonin onset (DLMO) protocol (Benloucif et al., 2008). 

Thus samples were collected hourly, commencing three hours prior to habitual sleep onset time and 

ceasing one hour past habitual sleep onset time, and morning sampling was on waking and 30 minutes 

after (see Figure 1). Collected samples were analyzed for both melatonin (Baker, Richdale, Hazi, & 

Prendergast, 2017) and cortisol. To reduce participant burden, only one night of saliva collection was 

required to be undertaken during the 14-day protocol, rather than two separate collections for each 
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hormone. It has been shown that dim light has little effect on cortisol levels whereas bright light has 

an acute suppressive effect (Jung et al., 2010). On the day of saliva collection participants had to 

refrain from smoking, and drinking alcohol and caffeine from midday onwards (Limoges, Mottron, 

Bolduc, Berthiaume, & Godbout, 2005). Participants were instructed to rinse their mouths out with 

water only, 10 minutes prior to each evening sample. Participants froze each sample immediately after 

collection, placing them in their domestic freezer for collection at the end of the two-week data-

collection period. Samples were then stored in a university freezer at -20°C until assayed.  

[Insert Figure 1 here] 

Data Analysis  

Questionnaire and Sleep Measures 

All psychopathology variables were normally distributed in the ASD-Only group. Somatic 

arousal scores were not normally distributed in the ASD-Med and Control groups. Two participants in 

both the ASD-Med and control groups were outliers on somatic arousal; but inspection of the 5% 

trimmed means indicated that they did not have a significant impact on the mean. TST was normally 

distributed in all three groups. SoL was not normally distributed in the ASD-Med and Control groups, 

while SE% was not normally distributed in the ASD-Med group and WASO was not normally 

distributed in ASD-Only group. One control participant and one ASD-Med participant were outliers 

on SoL and SE%, respectively, and one ASD-Only and two controls were outliers on WASO. Similar 

to the questionnaire measures inspection of the 5% trimmed means indicated that they did not have a 

significant impact on the mean. Thus, one-way between groups analysis of variance (ANOVA) was 

used for comparison on variables that were normally distributed across the three groups. Where the 

assumptions of normality were violated in any group, the Kruskal-Wallis Test was used. 

Evening Cortisol 

This article is protected by copyright. All rights reserved.



Baker, E. Hyperarousal and Insomnia in ASD  14 

Twenty-eight ASD (12 ASD-Med) and 29 control participants provided evening saliva 

samples, but three ASD-Med, two ASD-Only and two control participants did not adhere to the 

evening saliva collection protocol: they either did not adhere to the timing of collection or consumed 

caffeine within 6 hours of commencing sampling. Calculation based on the half-life of caffeine 

indicates that caffeine would not have been eliminated from their system (Benowitz, 1990). Thus, for 

analysis, samples were reduced to 14 ASD-Only, 9 ASD-Med and 27 control participants.  

The majority of participants in the ASD-Med (55.6%) and control groups (66.7%) collected 

saliva on a weekday, while the majority of participants in the ASD-Only group completed the 

collection on a weekend (64.3%), but this group difference was not significant, χ2 = 3.586, p = .166, Φ 

= .268. 

Multiple linear regression analysis was used to model sleep outcomes on cortisol (time-point 

3; sample 3 collected one hour prior to habitual sleep onset time [see Figure 1]) and psychopathology 

variables, all interacting with group to adjust for differences between groups. Time-point 3 was 

chosen since it was the strongest correlating cortisol measure with TST, SE% and SoL. Stepwise 

variable selection using the Akaike Information Criterion (AIC; Fahrmeir, Kneib, Lang, & Marx, 

2013)  was then used to reduce the model and the variables chosen in the model are reported. Initial 

regression analyses revealed model violations due to skewed evening cortisol. The log transformation 

was therefore used and results reported as percentage change on the original cortisol scale.  

Morning Cortisol 

Twenty-nine adults with ASD (13 ASD-Med) and 29 control participants provided morning 

saliva samples. Nine participants (two ASD-Only, four ASD-Med, three control) did not collect both 

saliva samples within 45 minutes of waking (Stalder et al., 2016) and one ASD-Only participant 

appeared to have blood in their morning saliva samples, and they were therefore excluded from 

analyses. Thus, the groups comprised 13 ASD-Only, 9 ASD-Med and 26 control participants. 
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Analysis of the CAR (cortisol time 2 – cortisol time 1) was carried out using multiple linear 

regression to compare groups and to adjust for covariates. Given morning cortisol concentrations were 

not skewed, non-transformed cortisol was used. Stepwise variable selection using the AIC (Fahrmeir 

et al., 2013) was used to reduce the model. 

False Discovery Rate (FDR) using the Benjamini-Hochberg procedure (Benjamini & 

Hochberg, 1995) was applied to adjust for multiple comparisons. Corrected significance levels 

derived from (Weinkauf, 2012) are reported below each table and p-values that remain significant 

after FDR are bolded.  

Results 

Sleep 

 A significant difference was found between the three groups on PSQI global scores, with 

Tukey post-hoc analyses revealing that both ASD groups had significantly higher scores compared to 

controls. The two ASD groups did not significantly differ on PSQI global scores (Table 2). Using the 

cut-off of >5 on the PSQI, seven (77.8%) and eight (57.1%) of the ASD-Med and ASD-Only groups, 

respectively, were poor sleepers compared to nine (33.3%) controls.  

Kruskal-Wallis analyses to compare SoL, WASO and SE% on the night of saliva collection 

showed no significant differences between the three groups (Table 2). A One-way between groups 

ANOVA with Tukey post-hoc tests showed both ASD groups had significantly shorter TST compared 

to Controls (Table 2). 

[Insert Table 2 here] 

Psychopathology 

 One-way between group ANOVAs with Tukey post-hoc tests showed that both ASD groups 

had significantly higher scores on all psychopathology measures compared to the control group with 
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medium to large effect sizes. The two ASD groups did not differ significantly on any 

psychopathology variables (Table 3). 

[Insert Table 3 here] 

Evening Cortisol Comparisons 

As log cortisol was used in the analyses, findings have been converted back to the original 

scale and reported as percentage change in means.  Mean cortisol levels at time-point 1 (baseline, 3 

hours prior to habitual sleep time) did not differ between the three groups, and there were no 

significant group differences in mean cortisol levels at any later time points when compared to 

baseline levels for the control and ASD-Med groups. However, a linear mixed effect analysis to 

model repeated measures of log cortisol over time revealed reductions in mean cortisol levels from 

baseline for the ASD-Only group 1 hour (31.54% reduction, 95% Confidence Interval (CI) = [6.08, 

50.1]), 2 hours (37.47% reduction, 95% CI = [6.14, 58.35]), 3 hours (51.07% reduction, 95% CI = 

[22.86, 68.97]) and 4 hours (65.93% reduction, 95% CI = [44.69, 79.01]) later, see Figure 2. 

[Insert Figure 2 here] 

Evening Cortisol and Sleep 

Sleep Onset Latency (SoL) 

Only somatic arousal and depression scores were retained in the model, which explained 15% 

(R2) of the variance in SoL (Adjusted R2 = 12%). A positive correlation between SoL and somatic 

arousal was observed, regardless of group (p = .006) with an estimated 1.902 mean increase in SoL 

per unit increase in somatic arousal (95% CI [0.585, 3.220]). Although depression scores were 

retained in the final model, they were not a significant contributor (p = .106, estimate -0.496, 95% CI 

[-1.100, 0.109]). 

Wake After Sleep Onset (WASO) 
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Cortisol, somatic arousal, depression scores, and group interactions were retained in the 

model, which accounted for 46% (R2) of the variability in WASO (Adjusted R2 = 31%). Elevated 

cortisol levels in the ASD-Only group were associated with increased WASO; however, this was not 

the case for the ASD-Med or control groups (Table 4).  

[Insert Table 4 here] 

Overall, in the ASD-Med group, somatic arousal was negatively associated with WASO and 

depression scores were positively associated. There were no significant associations for somatic 

arousal and depression in the other two groups. 

Sleep Efficiency (SE%) 

Cortisol, somatic arousal, trait anxiety and group interactions for cortisol and somatic arousal 

were retained in the model, which explained 68% (R2) of the variability in SE% (Adjusted R2 = 61%). 

Cortisol was negatively associated with SE% in the ASD-Only and ASD-Med groups but not in the 

controls. Higher somatic arousal scores were associated with lower SE% in the ASD-only group 

(Table 5). While trait anxiety was retained as a predictor in the model, it was not significant after 

adjusting for the other variables. 

Total Sleep Time (TST) 

Cortisol, depression, somatic arousal, trait anxiety, and group interactions for cortisol and trait 

anxiety were retained in the model, which explained 53% (R2) of the variability in TST (Adjusted R2 

= 41%). Cortisol was not significantly associated with TST in the ASD-Only or controls groups, but it 

was in the ASD-Med group with higher cortisol associated with shorter TST. Participants with higher 

somatic arousal scores had reduced TST, regardless of group.  Both Trait anxiety and depression were 

included as predictors in the model, but were not significant after adjusting for the other variables 

(Table 6). 

Morning Cortisol Comparisons 
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 An ANOVA comparing the CAR indicated no significant differences between the three 

groups (p = .958; see Figure 3). 

[Insert Figure 3 here] 

Morning Cortisol and Sleep 

SoL, SE%, TST and group interactions were retained in the model, however, the final model 

provided a poor fit for modelling CAR (R2 = 37.0%, adjusted R2 = 18.0%). Significant associations 

between CAR and sleep parameters were only found for the ASD-Med group (change in CAR per 

unit of TST: 0.039, [0.014, 0.064], p = 0.003; change in CAR per unit of SE%: 0.544, [0.212, 0.876], 

p = .002; change in CAR per unit of SoL: 0.490, [0.222, 0.758], p = .001). 

Morning Cortisol and Psychopathology 

All psychopathology variables were retained in the model. Regardless of group, higher 

cognitive arousal scores were associated with a greater CAR (0.177 rise in cortisol change per unit 

change in cognitive arousal, 95% CI = [0.005, 0.349], p = .044). In the ASD-Med group higher 

depression scores were associated with a smaller CAR (0.454 reduction in cortisol change per unit 

change in depression, 95% CI = [-0.748, -0.160, p = .003), while in the ASD-Only group higher trait 

anxiety was associated with a smaller CAR (0.140 reduction in cortisol change per unit change in trait 

anxiety, 95% CI = [-0.238, -0.043], p = .006). 

Summary of Results  

 Overall the findings demonstrate that both groups of adults with ASD had significant 

symptoms associated with insomnia, as measured by the PSQI, as well as elevated symptoms of 

psychopathology compared to controls. ASD-Med and control participants had similar cortisol 

concentrations across all five evening time-points, while ASD-only participants had significant 

reductions in cortisol from baseline onwards. Despite these significant reductions in cortisol in the 

ASD-only group, elevated cortisol levels one-hour prior to habitual sleep time, were associated with 
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increased WASO and poorer SE% in this group. For the ASD-Med group elevated cortisol levels one-

hour prior to habitual sleep time were associated with poorer SE% and reductions in TST. Evening 

cortisol levels were not associated with any of the sleep parameters in the control group. Somatic 

arousal was also significantly associated with several sleep variables. Regardless of group, elevated 

somatic arousal was associated with increased SoL and reduced TST. While in the ASD-only group 

somatic arousal was also associated with poorer SE%. Increased somatic arousal was associated with 

reduced WASO in the ASD-Med group. Although trait anxiety and depression scores were often 

retained in the models, they were not significant unique contributors with the exception of increased 

depression scores associated with increased WASO in the ASD-Med group.  

 The CAR did not significantly differ between the three groups and sleep parameters were 

poor predictors of the CAR; however, psychopathology variables were better predictors of the CAR. 

Regardless of group, higher cognitive arousal scores were associated with a greater CAR. In the ASD-

Med group higher depression scores were associated with a smaller CAR, as were anxiety scores in 

the ASD-Only group.     

Discussion 

This study aimed to examine a hyperarousal hypothesis of insomnia in adults with ASD and 

no intellectual impairment. To this end, cortisol profiles on one evening and the following morning 

were initially examined in ASD-Only, ASD-Med and an age-, sex- and IQ-matched control group. 

Both groups of adults with ASD presented with significantly elevated scores on the PSQI, indicating 

moderate to severe symptoms associated with insomnia. Although all three groups had similar 

baseline evening cortisol concentrations (3 hours prior to habitual sleep onset time), ASD-Only adults 

had significant decreases in cortisol concentration over the four remaining time points, suggesting a 

dampening of cortisol secretion in this group. In contrast to the ASD-Med and control groups, the 

ASD-Only group had a sharp decrease in cortisol concentrations between habitual sleep onset time 
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and their actual sleep time on the saliva collection night, but the ASD-Med and control groups both 

had a slight increase in cortisol concentrations. These findings suggest that in the two latter groups, 

staying up one hour past habitual sleep time was an acute mild stressor but, either this was not 

perceived as a stressor by the ASD-Only participants, or their HPA axis failed to respond 

appropriately. Moreover, morning cortisol concentrations were lower in the ASD-Only group, though 

the CAR did not differ between the three groups. This reduction in cortisol concentrations in the 

ASD-Only adults suggests dampened cortisol secretion, a sign of a dysregulated HPA axis (Heim, 

Ehlert, & Hellhammer, 2000).  

Dieleman and colleagues (2015) proposed that acute stress with associated anxiety leads to 

hypersecretion of cortisol, however when anxiety becomes chronic, compensatory mechanisms are 

activated resulting in diminished cortisol secretion with consequent hypocortisolism. The early 

development and persistence of anxiety and sleep problems in children with ASD (Humphreys et al., 

2014; Strang et al., 2012) may lead to over-activation of the HPA axis, with subsequent burnout of the 

system by adolescence/adulthood, particularly if anxiety and insomnia are left untreated. Of note, our 

adults with ASD had significantly elevated symptoms of psychopathology, with both non-medicated 

and medicated groups having average trait anxiety well above the Australian average (Crawford, 

Cayley, Lovibond, Wilson, & Hartley, 2011). Thus, despite elevated anxiety symptoms and an anxiety 

disorder diagnosis for most members in the ASD-Med group, medication appears to have negated the 

physiological effects of chronic anxiety that can lead to hypocortisolism. Taken together, these 

findings suggest that chronic anxiety and sleep problems may lead to burnout and hypocortisolism 

when these problems remain untreated. However, given the cross-sectional nature of this study, 

longitudinal studies that track sleep, psychopathology and other factors that may contribute towards 

hypocortisolism from childhood to adolescence, would be beneficial.  
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Some research reports in children with ASD also suggest attenuation of the cortisol response 

with increasing age, though these findings are inconsistent. In a large study of 113 adolescents (7-17 

years) with ASD, hypersecretion of cortisol was observed in the evening, but not at any other time-

point in comparison to age- and sex-matched controls. However, the diurnal slope of the ASD group 

was also blunted (Muscatello & Corbett, 2018). Both age and puberty were significant predictors of 

evening cortisol levels, with increased age and pubertal status being associated with higher cortisol 

levels (Muscatello & Corbett, 2018). Corbett et al. (2008) and Richdale and Prior (1992) also 

demonstrated hypersecretion in children with ASD aged 6-12 and 4-14 years, respectively. Tordjman 

and colleagues (2014) also found hypersecretion, but the slopes of both day and night-time cortisol 

were flatter in older children (11.3 ± 4.1 years) with ASD compared to age- and sex-matched controls. 

Two studies with older children and adolescent males with ASD found evidence for hypocortisolism, 

particularly in those with elevated anxiety symptoms (Bitsika, Sharpley, Sweeney, & McFarlane, 

2014; Hollocks, Howlin, Papadopoulos, Khondoker, & Simonoff, 2014). Consistent with the negative 

association between trait anxiety and CAR in the ASD-Only group in the current study, awakening 

cortisol levels were inversely associated with self-rated anxiety symptoms in non-medicated 7-16 

year-old males with ASD (Bitsika et al., 2014). Non-medicated males with ASD (10-16 years) 

meeting criteria for an anxiety disorder also had an attenuated cortisol and heart rate response in 

relation to a psychosocial stressor compared to controls (Hollocks et al., 2014). Moreover, those 

children with ASD not meeting criteria for anxiety disorder demonstrated a trend for a decreased 

cortisol response compared to controls, and their scores on the Spence Children’s Anxiety Scale 

(Parent and Child versions; Spence, 1998)   were significantly elevated compared to controls 

(Hollocks et al., 2014).  

However, some research studies have found no associations between cortisol and measures of 

psychopathology, including state anxiety (Simon & Corbett, 2013). Differences between studies are 
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likely due to the paradigm being used as well as the age of the participants. Specifically, the majority 

of research in individuals with ASD has explored the relationship between cortisol and 

psychopathology symptoms in relation to a stressor, rather than baseline levels. Edmiston, Blain, and 

Corbett (2017) have suggested that children with ASD may have limited insight into reporting their 

physiological arousal “in the moment”, though reporting on stable trait anxiety may be more reliable. 

Moreover, research in this area has predominantly focused on children and adolescents, with less 

literature focused on adults with ASD, and developmental effects seem likely. Nevertheless, detection 

and treatment of both sleep and anxiety disorders in individuals with ASD should be a clinical focus 

from a young age. 

Despite a general dampening of cortisol secretion in ASD-Only participants, both 

physiological (cortisol) and subjective pre-sleep somatic arousal were associated with poor sleep in 

adults with ASD; however, associations varied across the ASD-Only and ASD-Med groups. 

Consistent with the literature in non-autistic patients with insomnia (Rodenbeck et al., 2002), elevated 

cortisol one hour prior to habitual sleep resulted in poorer SE% (both ASD groups), increased WASO 

(ASD-Only) and reduced TST (ASD-Med). Thus, while the ASD-Only group had lower cortisol 

concentrations generally, individuals within this group with higher cortisol secretion one hour prior to 

habitual sleep onset had greater WASO and poorer sleep efficiency. Those in the ASD-Med group 

may have been more likely to perceive the saliva collection (evening and the morning) as a stressor, 

which is supported by the increase in cortisol between the last two evening samples in this group. In 

particular, four of the nine (44%) ASD-Med group participants woke up a minimum of 17-min 

(maximum 60-min) prior to the instructed morning cortisol collection time; this collection time was 

already 10 minutes prior to their habitual wake time. Thus, TST was significantly reduced in these 

participants and may explain the significant associations between cortisol and TST in this particular 

group. 
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Moreover, subjective somatic arousal was the most prominent psychopathology predictor of 

poor sleep across groups. Higher somatic arousal was significantly associated with increased SoL and 

there was a trend towards reduced TST for those with higher somatic arousal, regardless of group. 

Furthermore, in the ASD-Only group increased somatic arousal was associated with reduced SE%, 

but not in the ASD-Med group. In contrast increased somatic arousal was associated with reductions 

in WASO in the ASD-Med group, despite similar somatic arousal scores between the two ASD 

groups. The medications taken by ASD-Med participants may explain the differences observed here. 

One of the most commonly reported side effects of antidepressants is drowsiness (Cascade, Kalali, & 

Kennedy, 2009). In a rat model, standard antidepressants have been shown to reduce the spontaneous 

and sensory-evoked firing rate of neurons in the noradrenergic locus coeruleus (West, Ritchie, Boss-

Williams, & Weiss, 2009) which plays an essential role in arousal regulation. Thus the medications 

may assist those ASD-Med individuals with increased somatic arousal to return to sleep more easily if 

they wake. In line with the literature in those with psychiatric disorders, including depression (Benca, 

Obermeyer, Thisted, & Gillin, 1992), increased depression scores were associated with greater 

WASO in the ASD-Med group. Overall, caution should be used when considering these findings in 

the ASD-Med group given the small sample size. Future research is required to confirm and expand 

on these findings.  

Given core ASD symptoms, individuals with ASD may be more attuned to somatic arousal. 

Parents of children with ASD commented on various aspects of sensory stimulation their children 

experienced while in bed including hearing noises more prominently (including their own 

physiological noises such as their heartbeat) and refusing to have bedding in contact with their body 

(Wiggs & Stores, 2004). Similarly, Mazurek and Petroski (2015) found that both anxiety and sensory 

over-responsivity predicted poor sleep in a large sample of children and adolescents aged 2-17 years 

with ASD.  Studies in the general population have also indicated that highly anxious adults have an 
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increased perception of physiological sensations such as increased perceived arousal despite the 

absence of actual differences on physiological measures of arousal (Hoehn-Saric & McLeod, 2000) 

and this may be particularly true of the adults with ASD in this study. 

Limitations 

While this study has provided significant insights into the relationship between hyperarousal 

and sleep parameters in adults with ASD, several limitations exist. Although it was expected that both 

evening cortisol and psychopathology symptoms would be positively associated with SoL, the overall 

fit of the model was poor and cortisol was not retained in the model. This is likely due to the saliva 

collection protocol setting bedtime one hour past habitual sleep time, as per a standard DLMO 

protocol. Thus, participants may be sleepier than usual at bedtime, leading to reduced SoL. 

Supporting this, SoL for the saliva collection night (Table 2) was significantly reduced in each group 

compared to their average for the remaining 13 days of actigraphy (Baker & Richdale, 2015). This 

likely reduced the ability to detect associations between SoL and the subjective arousal measures and 

cortisol levels. To better clarify the relationship between physiological arousal and SoL, future 

research assessing arousal prior to sleep should cease sampling at habitual sleep time. Multiple days 

of sampling may be beneficial in future studies given that significant variability has been observed in 

previous studies of children with ASD (Tomarken, Han, & Corbett, 2015) and in the cortisol profiles 

of the adults included in this study. However, Richdale and Prior (1992) found no significant day 

effect in children with autism when examining urinary cortisol over two consecutive days. 

Furthermore, in their recent review, Sharpley, Bitsika, Agnew, and Andronicos (2017) have argued 

that there is relative stability in cortisol levels across days in children with ASD, that repeated 

sampling is unrealistically demanding, and that variability may not represent error but rather changes 

in biological responsiveness to environmental stimuli. Given that differences in cortisol 

concentrations may exist between weekend and weekday sampling, a consistent sampling day may be 
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more important (Kunz-Ebrecht, Kirschbaum, Marmot, & Steptoe, 2004). However, differences in 

weekday and weekend cortisol appear to be associated with employment (Karlamangla, Friedman, 

Seeman, Stawksi, & Almeida, 2013); given the high rate of unemployment in ASD (e.g., 26.7% of 

ASD-Only and 30.8% of ASD-Med in the current sample), this may be difficult to control in adults 

with ASD. 

 Secondly, comorbid diagnoses of anxiety and depression in the ASD-Med group were not 

confirmed with clinical interviews. Diagnoses were based on self-report and reported use of 

associated medications for these diagnoses. Given the high prevalence of psychopathology disorders 

in adults with ASD (Buck et al., 2014), research should continue to include these individuals; 

however, confirmation of such diagnoses would be beneficial for future research projects. Moreover, 

given the conflicting findings in the general population regarding the impact of anxiety and 

depression on cortisol levels (Feder et al., 2004; Heim et al., 2000) future research should aim to 

recruit larger samples of adults with ASD with comorbid anxiety only and depression only to start to 

tease apart these findings.  

 The use of other medications was not controlled in this study and may have influenced 

cortisol concentrations (Granger, Hibel, Fortunato, & Kapelewski, 2009). In particular, six 

participants (2 ASD-Only, 3 ASD-Med, and 1 control) reported regularly taking asthma medications 

(ß-2 adrenergic agonists – albuterol and formoterol; corticosteroid – budesonide). Exogenous 

glucocorticoid use within a preceding two-week period has been reported to decrease cortisol 

concentrations 30-min post-waking on the day of saliva collection, but not at 12 hours post waking 

(Masharani et al., 2005). Conversely, Shin et al. (2014) found no effect on morning cortisol levels for 

those whose asthma was well controlled by inhaled corticosteroids. Thus, asthma medication use may 

have decreased evening cortisol concentrations or the CAR in some participants. 
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Although we attempted to collect self-reports of menstrual cycle from the female participants 

in the current study, many participants had difficultly completing this questionnaire, with missing data 

for 13.3% of controls and 14.3% of the ASD-Only females. Further, 75% of those in the ASD-Med 

group and 42.9% of the ASD-Only group had no regular periods, making determination of phase 

difficult. For the remaining participants where data was available, descriptively the groups had similar 

numbers within each phase, though the numbers were too low within each group for meaningful 

inferential statistics. 

 Finally, the sample sizes included here are relatively small with significant variability within 

each of the groups, particularly cortisol concentrations in those with ASD. The large degree of 

variability may make the detection of associations between cortisol concentrations and sleep 

parameters difficult. Studies with larger samples may be able to stratify patients based on sleep 

profiles, cortisol concentrations, and/or psychopathology symptoms to further elucidate these 

relationships.  

Conclusion 

Overall, this is the first study to systematically investigate relationships between cortisol, 

sleep, and psychopathology symptoms in a group of individuals with ASD. Despite ASD-only adults 

having evening cortisol levels that were suggestive of hypocortisolism, associations between evening 

physiological (cortisol) and subjective somatic arousal were  associated with poor sleep in both 

groups of adults with ASD, and suggest a hyperarousal hypothesis of insomnia in ASD. These 

findings are consistent with the literature relating to individuals with burnout, which is attributed to 

chronic psychosocial stress. Individuals with higher burnout scores were shown to have a dampened 

response in relation to a psychosocial stressor in comparison to patients with lower burnout scores and 

controls, despite demonstrating a response to the stressor (Lennartsson, Sjörs, Währborg, Ljung, & 

Jonsdottir, 2015). 
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To confirm and extend on our findings, replication in larger samples of individuals with ASD 

is needed. In addition, exploration of other theories regarding poor sleep in ASD also warrant further 

research (e.g., circadian rhythm issues and behavioural problems). Given the potential for burnout to 

occur early in those with ASD, longitudinal studies beginning in early childhood, when poor sleep is 

first reported (Humphreys et al., 2014) would assist in further elucidating the relationships between 

sleep, anxiety and physiological arousal. Moreover, other physiological measures of arousal (e.g., 

heart rate, alpha amylase, respiratory rate) would assist in providing a more thorough understanding 

of CNS arousal and its role in ASD.  
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List of Abbreviations 

ADOS-2: Autism Diagnostic Observation Schedule-2nd Edition 

AIC: Akaike Information Criterion 

ANOVA: Analysis of variance 

AQ: Autism Quotient 

ASD: Autism Spectrum Disorder 

BMI: Body Mass Index 

CAR: Cortisol Awakening Response 

CI: Confidence Interval 

CNS: Central Nervous System 

DLMO: Dim light melatonin onset 

FDR: False Discovery Rate 

FSIQ: Full scale IQ 

M: Mean 

PHQ-8: Patient Health Questionnaire-8  

SAA-C: Sleep Anticipatory Anxiety-Cognitive 

SAA-S: Sleep Anticipatory Anxiety-Somatic 

SAAQ: Sleep Anticipatory Anxiety Questionnaire 

SD: Standard deviation 

SE%: Sleep efficiency 

SoL: Sleep onset latency 

STAI-T: State Trait Anxiety Inventory-Trait subscale 

TIB: Time in bed 

TST: Total sleep time 
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WAIS-IV: Wechsler Adult Intelligence Scale-Fourth Edition 

WASI: Wechsler Abbreviated Scale of Intelligence 

WASO: Wake after sleep onset 
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Table 1 

Group Comparisons for Age, FSIQ, AQ, BMI and ADOS using One-Way ANOVA 

 ASD-Only 
(n = 16) 

ASD-Med 
(n = 13) 

Control 
(n = 29) 

   

 M SD M SD M SD p F η2 

Age (yrs) 33.93 6.53 33.55 6.50 30.99 5.25 .208 1.617 .06 

FSIQ 120.69 14.23 116.92 9.15 119.18 7.84 .652 .435a .02 

BMI 25.55 5.66 26.24 3.90 24.95 4.30 .743 .299 .01 

AQ Score 37.38 7.96 36.38 8.97 10.59 4.00 < .001 113.974a .81 

 M SD M SD M SD p t η2 

ADOS Scoreb 12.81 4.12 10.08 3.95 - - .081 -1.812 .11 

FSIQ = Full Scale IQ; BMI = Body Mass Index; AQ = Autism Quotient; ADOS = Autism Diagnostic Observation Schedule; M = Mean; SD = Standard 
Deviation 
Note. FSIQ: Control n = 28; BMI: ASD-Only n = 15; ASD-Med n = 10; Control n = 28 
a Welch correction; b Independent Samples t test 
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Table 2 

Group Comparisons for Sleep Variables 

 ASD-Only 
(n = 14) 

ASD-Med 
(n = 9) 

Control 
(n = 27) 

   ASD-Only v. 
ASD-Med 

ASD-Only v. 
Control 

ASD-Med v. 
Control 

 M ± SD M ± SD M ± SD F p η2 p  
(95% CI) 

p 
(95% CI) 

p 
(95% CI) 

Sleep          

  PSQIa  7.36 ± 3.39 9.00 ± 4.42 4.74 ± 1.70 6.852 .008 .28 .374 
(-1.30, 4.58) 

.020 
(0.35, 4.88) 

.001 
(1.61, 6.91) 

  TSTa 230.93 ± 43.57 260.44 ± 92.45 319.07 ± 58.29 10.06 <.001 .30 .512 
(-34.72, 93.75) 

<.001 
(-137.66, 38.63) 

.046 
(-116.50, -0.76) 

 Md 
M ± SD 

Md 
M ± SD 

Md 
M ± SD 

χ2 p 
 

 p 
(r) 

p 
(r) 

p 
(r) 

  SoLb 7.50 
10.36 ± 29.21 

3.00 
9.78 ± 11.29 

9.00 
10.41 ± 35.04 

.43 .806 -    

  WASOb 24.00 
29.21 ± 28.25 

45.00 
44.89 ± 25.31 

29.00 
35.04 ± 17.86 

4.07 .131 -    
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  SE%b 84.38 
82.39 ± 11.19 

78.57 
75.29 ± 16.40 

85.96 
86.27 ± 6.10 

5.907 .052 -    

PSQI = Pittsburgh Sleep Quality Index; TST = Total sleep time; SoL = Sleep onset latency; WASO = Wake after sleep onset; SE% = Sleep efficiency; M = 
Mean, SD = Standard Deviation; Md = Median 
Note. Bolding indicates significance after FDR (corrected significance level [p = .023]) 
aOne-Way ANOVA with Tukey post-hoc tests; bKruskal-Wallis tests. 
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Table 3 

Group Comparisons for Psychopathology Variables 

 ASD-Only 
(n = 14) 

ASD-Med 
(n = 9) 

Control 
(n = 27) 

   ASD-Only v. 
ASD-Med 

ASD-Only v. 
Control 

ASD-Med v. 
Control 

 M ± SD M ± SD M ± SD F p η2 p 
(95% CI) 

p 
(95% CI) 

p 
(95% CI) 

Psychopathology          

  Trait Anxietya 53.36 ± 14.44 57.44 ± 12.19 36.26 ± 10.03 15.997 <.001 .41 .697 
(-8.08, 16.26) 

<.001 
(7.72, 26.48) 

<.001 
(10.22, 32.15) 

  Cognitive Arousala 9.00 ± 4.44 9.33 ± 3.00  4.52 ± 3.69 9.114 <.001 .28 .977 
(-3.61, 4.27) 

.002 
(1.44, 7.52) 

.005 
(1.26, 8.37) 

 Md 
M ± SD 

Md 
M ± SD 

Md 
M ± SD 

χ2 p  p 
(r) 

p 
(r) 

p 
(r) 

  Somatic Arousalb 4.00 
4.00 ± 2.99 

5.00 
5.00 ± 1.00 

1.00 
1.78 ± 2.31 

14.294 .001 - .199 
(.28) 

.017 
 (.37) 

<.001 
(.59) 

  Depressionb 7.50 
8.79 ± 5.26 

11.00 
12.67 ± 6.60 

2.00 
2.74 ± 2.60 

24.934 <.001 - .163 
 (.29) 

<.001 
(.59) 

<.001 
(.67) 

M = Mean, SD = Standard Deviation; Md = Median 
Note. Bolding indicates significance after FDR (corrected significance level [p = .0375]) 
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a One-Way ANOVA with Tukey post-hoc tests; b Kruskal-Wallis tests with follow-up Mann Whitney U tests. 
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Table 4 

Wake After Sleep Onset (WASO) Association with Evening Cortisol, Somatic Arousal and 

Depression 

  Model 1     

Variable Estimate 95% CI p 

Cortisol    

 ASD-Only 10.859 (3.871, 17.847) .003 

 ASD-Med 1.294 (-2.652, 5.240) .511 

 Controls -1.872 (-5.726, 1.982) .332 

Somatic Arousal    

 ASD-Only 1.928 (-3.095, 6.952) .442 

 ASD-Med -24.723 (-40.733, -8.713) .003 

 Controls 0.011 (-3.396, 3.417) .995 

Depression    

 ASD-Only -0.830 (-3.745, 2.085) .568 

 ASD-Med 2.977 (0.747, 5.207) .010 

  Controls 0.189 (-2.812, 3.189) .899 

Note. Bolding indicates significance after FDR (corrected significance level [p = .017]); Estimate = 
the mean change in WASO per unit of cortisol, somatic arousal, and depression. 
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Table 5 

Sleep Efficiency (SE%) Association with Evening Cortisol, Somatic Arousal and Anxiety 

  Model 1     

Variable Estimate 95% CI p 

Cortisol    

   ASD-Only -3.098 (-5.343, -0.854) .008 

   ASD-Med -4.080 (-5.491, -2.669) <.001 

   Controls 0.267 (-1.100, 1.633) .695 

Somatic Arousal    

   ASD-Only -1.859 (-3.222, -0.496) .009 

   ASD-Med 1.161 (-4.281, 6.602) .669 

   Controls -.233 (-1.458, 0.992) .702 

Trait Anxiety    

   All groups -0.152 (-0.345, 0.041) .120 

Note. Bolding indicates significance after FDR (corrected significance level [p = .025]); Estimate = 
the mean change in SE% per unit of cortisol, somatic arousal, and trait anxiety.
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Table 6 

Total Sleep Time (TST) Association with Anxiety, Somatic Arousal and Depression 

 Model 1   

Variable Estimate 95% CI p 

Cortisol    

 ASD-Only 4.558 (-14.752, 23.867) .636 

 ASD-Med -17.382 (-28.303, -6.461) .003 

 Controls -5.053 (-16.431, 6.325) .375 

Trait Anxiety    

 ASD-Only -0.192 (-2.678, 2.293) .876 

 ASD-Med -2.857 (-6.93, 1.215) .164 

 Controls 1.261 (-1.17, 3.691) .301 

Somatic Arousal    

 All groups -11.200 (-19.678, -2.722) .011 

Depression    

 All groups 4.707 (-0.774, 10.188) .090 

Note. Bolding indicates significance after FDR (corrected significance level [p = .0125]); Estimate = 
the mean change in TST per unit of cortisol, trait anxiety, somatic arousal, and depression.
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Figure Legends 

Figure 1. Saliva Collection Protocol 

Figure 2. Evening Cortisol Concentrations for the ASD-Only, ASD-Med and Control groups. 

Error bars indicate standard errors. 

Figure 3. Morning Cortisol Concentrations for the ASD-Only, ASD-Med and Control groups. 

Error bars indicate standard errors. 
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