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ABSTRACT
Background: The cortisol awakening response (CAR) is characterised by an increase in cortisol in the 30-60 minutes after waking. Research has found significant associations between an atypical CAR and symptoms of stress and anxiety in typically developing (TD) children and adolescents. A number of studies have explored the CAR in Autism Spectrum Disorder (ASD), but no evidence synthesis is available to date.
Objective and methods: Based on a pre-registered protocol (PROSPERO: CRD42017051187), we carried out a systematic review (SR) and meta-analysis (MA) of the CAR studies in ASD to explore potential significant differences between children and adolescents with ASD and typically developing (TD) controls. Web of Science, PubMed and PsychInfo were searched until January 2019. A random-effects model was used to pool studies and we used the Newcastle-Ottawa scale (NOS) to assess study quality and risk of bias.  
Findings: The SR retrieved a total of nine studies, with mixed findings on the comparison of the CAR between children and adolescents with ASD and TD controls. The MA, based on four studies (ASD; n=117 and TD n= 118), suggested  no differences between the CAR in ASD and TD populations (SMD: -0.21, 95% CI: -0.49, 0.08). In terms of NOS items, No study specified Representativeness of the cases and Non-response rate.
Discussion and clinical implications: Given the relatively few studies and lack of appropriately matched TD controls, additional research is needed to further understand and recommend the utility of the CAR as a reliable marker to differentiate ASD and TD. 


Summary Box
What is already known about this subject?
· A high proportion of children and adolescents diagnosed with Autism Spectrum Disorder (ASD) experience elevated anxiety
· The cortisol awakening response (CAR) represents an objective index of anxiety and stress 
· The CAR is sensitive to an individual’s environment and environmental change
What are the new findings?
· The systematic exploration and meta-analysis of the CAR highlighted a limited evidence base to understand its potential as a biomarker to differentiate children with ASD and TD
· It indicated that future research should ensure comparison of matched groups of individuals with ASD and typically developing (TD) populations
· It also suggested that additional research should more carefully explore gender differences in the CAR
 How might it impact on clinical practice in the foreseeable future?
· The study makes clear recommendations for further research that has the potential to inform future clinical practice



BACKGROUND
Recent surveys in the USA and UK estimate that 1.5% of children and 0.8% of adolescents have a diagnosis of Autism Spectrum Disorder (ASD), with prevalence rates in males and females of 1.5% and 0.2%, respectively.1 2 Up to half of individuals with ASD meet the diagnostic criteria for an anxiety disorder,3 4 and symptoms severity is increased in females5 and positively associated with autism severity.6 Elevated anxiety in children with ASD can decrease adaptive functioning and reduce social communication over time,7 highlighting a need to understand its prevalence and course in development.
Measurement of anxiety in youth can be difficult. For example, studies have found poor consistency between reports of anxiety from parents and teachers with children or adolescents themselves.8 Self-report of anxiety may be additionally challenging for children and adolescents with ASD, who can show a “more fragmented understanding of emotions and their own emotion experience” (p.667).9 Anxiety can become heightened in anticipation of or when faced with threat, and this response is associated with behavioural avoidance of situations perceived to be threatening.10 Researchers have suggested that anxiety can reflect feelings of stress that are associated with the extent to which individuals feel they can manage and adapt to anticipated or actual threat.11 The cortisol awakening response (CAR) can provide an objective index of an individual’s anxiety or fear and reactivity to stress.12 13   
The cortisol awakening response (CAR)
The hypothalamic-pituitary-adrenal (HPA) axis is the main hormonal system involved in the stress response. It follows a daily diurnal cycle characterised by peak cortisol levels in the morning, that fall throughout the day and with a nadir around midnight.14 15 Approximately 75% of healthy individuals show CAR – an initial peak in cortisol (i.e., a rise of 2.49 nmol/l or more in adults or any increase in children) in the 30-60 minutes after waking.16 17 The CAR is a distinct component of the cortisol diurnal rhythm, in part caused by the process of awakening.18 Its measurement involves the collection of one salivary sample directly after waking and at least one additional sample 30 minutes later.16 
Several studies have found significant associations between the CAR and anxiety disorders in adulthood,19 and chronic symptoms of anxiety in adolescence,20 as well as adult reports of being unable to manage daily stress or worry and work overload. 21-23 Overstimulation of this system has been linked to “hyposecretion” (p.239).24 In this case, the CAR becomes smaller and less reactive in the context of prolonged and severe stress. For example, a diminished CAR has been associated with posttraumatic stress disorder,25 first episode psychosis,26 severe depression,27 fatigue, exhaustion and burnout,23 as well as the exposure to significant early childhood adversity, such as being reared in institutions.28 Additional studies have found that a reduced CAR is linked to lower scores on cognitive ability measures in adults (e.g., slower processing speed on cognitive tasks and lower performance on verbal and non-verbal working memory tasks).26 29
OBJECTIVE
In this study, for the first time, we meta-analytically explored possible differences in the CAR between children and adolescents with ASD and typically developing (TD) controls. 
SEARCH STRATEGY
Our protocol, including the search strategy, for the SR and MA was pre-registered on the International Prospective Register of Systematic Reviews PROSPERO (http://www.crd.york.ac.uk/ PROSPERO, protocol number: CRD42017051187). Two researchers blindly searched Web of Science, PubMed and PsychInfo (via EBSCO) to January 2019 (with no date/language/type of document restriction), and completed initial searches and data extraction, and quality assessment. The following search terms were used: Autis*, ASD, Asperger* or "Pervasive Developmental Disorder", and "Cortisol Awakening" or "Awakening Cortisol" and syntax was adapted for each database, and included papers with terms in the key words, title or abstract. References of relevant review papers were hand-searched to identify any possible study missed during the electronic search. 
Participants and studies
A study was included if it (1) recruited children and adolescents ≤ 18 years of age with a diagnosis of ASD according to DSM-IV or DSM-5 or ICD-10 criteria, and (2) used a quantitative methodology that involved an analysis of cortisol levels at waking and at least one additional sample 30 minutes later. For the SR, we retained any type of observational study in which the CAR was measured in participants with ASD, regardless of the presence of a control group. For the MA, we included only case-control studies contrasting the CAR in participants with ASD and typically developing (TD) participants. Studies were excluded if they only considered family members (i.e., parent, sibling) of a child with ASD.  Dissertations, conference presentations and unpublished works were excluded if further data necessary for the MA could not be obtained by the study authors.  
Data extraction and quality/risk of bias assessment
Based on expert consensus guidelines on the assessment of the cortisol awakening response,30 we extracted data on  (1) the presence of a control sample; the inclusion of a basic description of participants including (2) age, (3) gender, (4) diagnosis; recognition of factors that impact the CAR, linked to (5) medication and (6) IQ; detail reflecting best practice for the CAR measurement including (7) timing, (8) instructions and (9) compliance. We used the Newcastle Ottawa Scale (http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp) to assess the risk of bias of the studies included in the SR/MA.  
Statistical analysis
To be pooled in the MA, studies had to include a case control design that compared the CAR between groups.31 Means and Standard Deviations (SD) for the CAR value in participants with ASD and controls were extracted by one reviewer and double checked by a second one, entered into Review Manager 5.3 (http://handbook-5-1.cochrane.org/). Standardised mean differences (SMD) were calculated and combined for each study, using the inverse variance method. A random effects model was used, given the inherent heterogeneity of the studies, and I2 statistic was calculated to allow an estimate of between study heterogeneity in SMD.  An I2 value of more than 50% would indicate substantial heterogeneity between the studies used in the meta-analysis.32
RESULTS
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Fifty six papers were identified by both researchers, and after removal of duplications 34 were assessed for eligibility for the review. Two further articles were identified using reference lists of identified papers, making a total of 36 papers. Twenty two papers were excluded from screening titles and abstracts. The full text of 14 papers were explored and of these, nine were included in the SR, and four in the MA. Reasons for exclusion of the remaining six papers are reported in the supplementary information table a. Figure 1 shows the PRISMA flow diagram detailing the selection process. Tables 1 and 2 summarise the core characteristics of the studies included in the SR and MA. 



Table 1. Key characteristics of the studies included in the systematic review and the Cortisol Awakening Response (CAR) results .
	Study information
	ASD
	Results

	Author/ year
	Country 
	Cortisol measure
Other measures
	Diagnosis
	Exclusion
	N
(M/F)
	Mean age (SD) range
	CAR


	Gabriels et al., 2013 33
	US
	Cortisol: Immediate wake, +30 mins; before lunch; 4pm; 3 days.
Other: repetitive behaviour; IQ, sleep patterns

	Met or exceeded cut off on SCQ and ADOS; Diagnosed using clinical records, SCQ and ADOS.
	IQ <40; Female; Pubertal.

	21 male
	3-9 years.
	Compared CAR between groups of children who showed low and high repetitive behaviours (RB); Wake +30 mins CAR NS. Both groups the showed expected circadian rhythm; the high RB group cortisol levels < low RB group at all time points. 

	Marinovic-Curin et al., 2008 34
	Croatia
	Cortisol: Immediate wake, +30 mins; before lunch; after lunch; 6pm; just before sleep (~10PM). 1 day. Other: ACTH stimulation test
	DSM-IV and ICD-10 criteria; ADI and Childhood autism rating scale.
	Psychiatric or endocrinology disorders; Female.
	9 male
	11.9 years; (±2.97).
	This paper included an age matched TD control group (7 males, mean age =11.6 (±4.27).  The paper reported no difference in the CAR between groups and a typical circadian rhythm, but did not tabulate cortisol levels at awakening/ 30 mins later. 

	Sharpley et al., 2019 35
	Australia
	Cortisol: Immediate wake + 30 mins; 1 day. Other: Self-reported anxiety (GAD, SP) and depression symptoms; IQ. 
	ADOS; ADOS-2 cut-off (DSM-5). 
	Female; IQ < 70; Genetic or neurological conditions, or previous or comorbid psychiatric disorder.
	32 male
	14.3 years (2.7).
	Inter-individual variability in the CAR with around half of the adolescents showing no or a reverse CAR. 
No association between emotional symptoms and the CAR. Age and IQ, and ADOS score was not associated with the CAR. 

	Sharpley et al., 2016 36
	Australia
	Cortisol: Immediate wake, +30 mins; between 2-4pm. 1 day. Other: Self-reported anxiety (GAD) and depression symptoms; IQ.
	DSM-IV criteria, and ADOS-2.
	Male; Genetic or neurological conditions, or previous or comorbid psychiatric disorder; IQ < 70.
	39 female
	10.1 (SD 2.7).
	Inter-individual variability in the CAR with around half (59%) of the adolescents showing no or a reverse CAR.  Circadian rhythm present for ~86%. Self-reported MDD was associated with a flattened CAR. Age, IQ and ADOS score, RB, was not associated with the CAR. 


	Viau et al., 2010 37
	Canada
	Cortisol: Immediate wake, +30 min; bedtime. 
1 day a week; Averages computed for each time point (2 weeks pre-dog; 4 weeks during dog, and 2 weeks post dog). Other: family income
	Diagnostic evaluation by professionals.
	Allergic to dogs or taking oral steroids
	42/ 37
	7.1 (± 3.1).
	Normal diurnal rhythms in salivary cortisol.  Reduction in CAR when the service dog was introduced.
Age and family income were not associated with the CAR. 


Table 1 note.  Five studies were included in the SR, and these were not included in the MA due to the absence of a TD control group (N = 4), or *where the data presented did not allow a group comparison, and where no further information could be obtained following unsuccessful efforts to make contact with the authors (N=1). GAD= generalised anxiety disorders and SP = social phobia. 


Table 2. Key characteristics of the studies included in the systematic review and meta-analysis and a comparison of the Cortisol Awakening Response (CAR) results between TD and individuals with ASD.
	Study information
	ASD group
	TD group
	Results


	Author/ Year
	Origin
	Cortisol measures
	Diagnosis
	Exclusion
	N (F/M)
	Age (Mean; SD; rang)
	CAR (Mean, SD)
	N
(F/M)
	Mean age (SD/ rang)
	CAR (Mean; SD)
	CAR difference


	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Brosnan et al., 2009 38
	UK
	Cortisol: Immediate wake +30 mins; evening; 2 days. Other measure: daily hassles. 
	DSM-IV formal diagnosis. 
	Learning or physical disability; Medication; Female; 
Comorbid conditions.
	20 male
	12.8 (1.91)
11-16
	0.29 (1.21)
	28 male
	13.3 (1.91)
11-16
	1.63 (2.58)
	Flattened CAR in ASD group, and typical circadian rhythm in both groups (decrease from AM to PM). Age and daily hassles not linked to the CAR. 

	Corbett & Schupp, 2014 39
	USA
	Cortisol: Immediate wake +30 mins; afternoon; evening;
3 days. Other measure: IQ; social communication.
	DSM-IV and  ADOS formal diagnosis. 
	IQ < 70; Pubertal; Female; Medications
Control: neuro-developmental conditions.
	46 male
	10.3
8-12.1
	0.21 (0.50)
	48/ male
	9.9
8-12.1
	0.23 (0.28)
	Group difference NS. IQ and social communication was not associated with the CAR. Circadian rhythm data not reported. 

	Tomarken, et al., 2015 40
	USA
	Cortisol: Immediate wake +30 mins; afternoon; evening; 3 days. Other: IQ, stress, sensory sensitivity, child behaviour, self-reported state and trait anxiety.
	DSM-IV and ADOS formal diagnosis. 
	IQ < 70; Medication.
	 6/30
	10.2 (1.96)
	0.64 (2.00)
	27 (4/23)
	9.71 (1.54)
	0.68 (1.44)
	Group difference CAR NS. (ASD had increased cortisol in the evening; morning/ afternoon to evening was flatter and more variable). IQ was not associated with cortisol. Parent and self-report anxiety was associated with lower awakening cortisol. 

	Zinke et al., 2010 41
	Germany
	Cortisol: Immediate wake +30 mins; 2 days. Other: IQ; sleep; mediation; morning stress; comorbidity.
	ICD-10; ADI; ADOS.
	Insufficient verbal ability; IQ < 78;  Genetic, infectious or metabolic disorders.
	2/13
	9.1
6-12
	5.16 (5.17)
	25 (4/21)
	9.0
6-12
	7.59 (5.89)
	Group difference CAR NS 
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Study characteristics  
Tables 1 and 2 show that the age range of participants in the nine papers was 3 to 18 years across 135 TD and 276 children and adolescents with ASD. All studies included a sample with a diagnosis of Autism, Asperger’s or PDD-NOS. The majority of participants were male (ASD: 77% ; TD: 94%), with five studies including all male participants,33-35, 38,39 one with all female participants36 and three with mixed gender.37,40,41 Most studies (8/9) confirmed diagnoses of ASD with validated and widely accepted diagnostic measures, including the Autism Diagnostic Interview Revised42 or the Autism Diagnostic Observation Schedule.43 The remaining study relied on prior diagnostic evaluation by “independent professionals” and no further information was provided.37 
Systematic review
Following the inclusion criteria, all studies used the preferred sampling method for the CAR data, taking samples at awakening and 30 minutes after. Studies focused on investigating the CAR and its correlates in children and adolescents with ASD and/or comparing the CAR with TD controls. Five studies included an age matched control comparison group, and the remaining four studies had no control sample (table 2). Of those with a control group, four studies provided evidence to suggest that the CAR (any rise in cortisol 30 minutes post awakening) in children and adolescents with ASD is similar to that seen in the general population,34, 39-41 and one study found a blunted CAR in ASD (versus a TD group).38 Considering the four studies that did not have a TD comparison, one study showed increases in cortisol from immediate awakening to 30 minutes in children with ASD (changes were illustrated only in figures).37 A further study showed a similar pattern, but the difference did not reach statistical significance.33 Two further studies reported that a CAR was present in around half of adolescents with ASD (with others showing a flattened or reverse CAR, i.e., a decrease from awakening to 30 minutes later).35,36 Other researchers also found that some children and adolescents with ASD did not show an increase in cortisol from awakening to 30 minutes later, though noted that the number of young people who did not show a CAR was similar between ASD and TD groups.39,41 
The only intervention study included in the present review found an expected CAR that decreased during the intervention stage (introduction of a therapy dog) for children and adolescents with ASD, and increased once the intervention was removed.37 Reductions in the CAR following the intervention were reflected in parent reports of fewer behavioural difficulties and the authors suggested that the change in the CAR reflected increased positivity in the young person.
Two studies focused only on the CAR (sampling at two time points),35,41 while six measured the diurnal rhythm more broadly, sampling cortisol across the day (mean number of samples across all studies = 3.11 (SD = .73, range = 2 - 4). Four studies reported a typical cortisol circadian rhythm33,34,38,40 (though one study noted a shallower decline in the ASD group).40 One study did not report this data39 and a further study reported a flattened slope from morning to evening cortisol for a subset of adolescents with ASD (vs a TD group).36 
Several studies measured additional variables to ensure that key factors (e.g., IQ, bedtime behavior, medication, social communication, puberty level) were either matched between comparison groups33,39,41 or to control for these variables in analyses.35 Other researchers explored whether these additional variables were associated with the CAR or the diurnal rhythm more broadly. For example, one paper reported a flattened (or reverse) CAR for some girls diagnosed with ASD and where this was most evident for those young people who self-reported elevated symptoms of depression.36 Another study found a negative association between increased parent report symptoms of anxiety/depression with waking cortisol.40 In addition, one paper showed that children with ASD with more repetitive behavior had lower cortisol levels at every measurement point across the day (i.e., with samples taken at awakening + 30 minutes, lunch and dinner).30 
Seven studies reported adequate cortisol analysis techniques, with sufficient detail of extraction and assay techniques.33,35,36,38-41 Across studies, there was some variation in instructions given to participants regarding protocols and kits used for collecting saliva samples. For example, four (out of nine) studies provided inadequate information regarding methods for measuring participant compliance with cortisol sampling procedures.33,34,36,40  Compliance is important for measuring the CAR and differences between actual and recorded time of sampling can skew the reported pattern of cortisol levels. Consensus guidelines likens the sampling of the CAR following awakening to a quadratic function, indicating that short and long delays increase or decrease the CAR respectively (and where delays >40 minutes can lead to a negative CAR).30 Further studies reported methods to increase compliance.  
Two studies employed a TrackCap system; an electronic monitoring system that tracks when test tubes are opened and swabs removed and returned to the collection kits.39,41 Other studies increased compliance with researchers taking the cortisol samples themselves38 or visiting the home before and after samples were collected.35,36 Other methods involved the use of established standardised procedures and practices,40 or researchers asking parents to use a diary to record sampling times.38  For one study, different methods led to a lack of equivalence between participant groups, where the researcher collected samples from the ASD group and parents collected them in the control group.37 The presence of the researcher can introduce an artificial (and likely stressful) component to a young person’s normal waking routine, that may have influenced cortisol levels. 
Tables 1 and 2 show that five studies excluded children and adolescents with IQs below 70 or 80, and one study33 excluded those with an IQ below 40 to control for the effect of cognitive functioning on cortisol level.  The broader measurement, reporting and analysis of IQ across studies is mixed.  For example, six studies measured IQ.33,35,36,39-41 Of the five studies that included a TD comparison group, three reported statistically significant differences in IQ between groups (with increased IQ in the TD group).39-41 Across studies there was no association between IQ and cortisol level,41 with the degree of change from cortisol at awakening to 30 minutes later39 or with the presence or absence of a CAR.35 In one paper it was unclear that group differences in IQ had been explored in the analysis43 or the authors reported that IQ was not explored due to a small sample sizes.33  
Tables 1 and 2 show that to further reduce the influence of confounding variables, three studies excluded participants taking any medication38-40 and six excluded all participants with current or historic co-morbid psychiatric disorders or a neurodevelopmental disorder (e.g., ADHD). Exclusion based on the presence of a psychiatric disorder could serve to reduce the external validity of studies and their applicability to the wider ASD population, because psychiatric disorders, especially anxiety disorders are highly prevalent in individuals with ASD.45 
Studies that included additional analyses comparing medicated and non-medicated participants reported no significant group differences on cortisol levels41 or noted that the medication did not affect cortisol secretion (as reported by the manufacturer) and so these participants were not excluded from their analyses.36  
Meta-analysis 
Five studies identified from the SR met the eligibility criteria for inclusion in the MA (see table 2 and figure 2). One paper was excluded from the meta-analysis due to unsuccessful contact with authors (i.e., no further information could be obtained regarding specific cortisol values that were not reported in the paper; see supplementary information a). Therefore, in total, four studies were included in the meta-analysis.
While the overall CAR was smaller in the ASD versus the TD group, collectively the results indicated no significant difference between ASD and TD groups in the mean CAR (SMD : - 0.21, 95% CI = - 0.49 to 0.08), suggesting that both groups showed a similar pattern of a rise in cortisol in the 30 minutes after wakening (figure 2). The I2 test for between study heterogeneity indicated that only 14% of the variability in effect estimate was likely to be due to the heterogeneity of the studies.  While there is no established minimum of studies that can be included in a MA,44 this analysis was limited by a small sample of studies. However, the I2 of our pooled estimated was low (14%) indicating consistency across the pooled studies, suggesting that our results are likely to be generalisable and representative of the true effect size.
Assessment of study quality/risk of bias
Supplementary table b indicates that all studies were considered at low risk in terms of definition of cases and ascertainment of exposure, however, no study provided information representativeness of cases and non-response rate. Definition of controls, when applicable, was in general appropriate. In relation to the item “comparability of cases and controls, most studies matched cases and controls on one, rather than two or more, factors.
DISCUSSION
This study explored, using a systematic review (SR) and meta-analysis (MA), possible differences in the CAR between children and adolescents with ASD and TD. The SR highlighted that few studies (N = 9) have explored the CAR in children and adolescent with ASD and fewer studies (N = 5) have compared the results to an age-matched control group. When pooling studies in the MA, even though participants with ASD showed an overall lower CAR in ASD compared to TD, the difference was not significant.
 	This null result could be accounted for by the limited power due to the small number of included studies, but also to heterogeneity across studies with respect to a number of characteristics, as well as methodological issues of the individual studies included in the MA. For example, of the five studies with a control group only three measured IQ. No study included groups matched on both age and IQ. The MA did however indicate that children and adolescents with ASD showed a comparable CAR to TD children and these studies were of increased quality relative to those across the SR more broadly. One further study indicated that CAR could be effectively utilized as an index of positive change following an intervention.37 
Some studies included in the MA did highlight cortisol differences for children and adolescents diagnosed with ASD (versus TD) and this included a blunted CAR.38 A further study also noted a blunted CAR in children with ASD (no TD comparison).33 This profile of findings fits with previous research which suggests that chronic stress or prolonged exposure to stressors is associated with a smaller CAR.23 27 A blunted CAR was found in adolescent males with ASD who lived in residential care compared to TD adolescents who lived a home.38  A later study proposed that the group difference might potentially reflect daily adaptation challenges in this alternative care (vs care at home) setting,41 that negatively impacted HPA axis functioning (see also 28).  Further studies also raised the possibility that findings highlighting a flattened or reversed CAR,35 or a smaller decrease in cortisol from the morning to the evening,40 may also reflect chronic stress and anxiety in individuals with ASD.
Some studies noted that while there is some evidence for the absence of a CAR in children and adolescents with ASD, the percentage who show this profile is similar to age matched TD control groups.39,41 This finding emphasizes the need to more carefully explore underpinning reasons for different CAR profiles in ASD and TD populations. While differences might reflect challenges in daily life,38 results in the SR showed a negative association between the CAR with symptoms of depression in girls with ASD.36 Moreover, moving beyond the CAR, increased repetitive behavior in male children with ASD was also associated with lowered cortisol across the day. The authors argued that this behaviour might serve an adaptive function to moderate daily stressors.33 The investigation of individual differences and associations with the cortisol diurnal cycle fits with findings that have shown a positive association between self- and parent reported symptoms of generalised anxiety with increased (afternoon) cortisol in children with ASD.46 
[bookmark: _GoBack]Explaining individual differences in the CAR has extended to consideration of cognitive functioning, with several studies in the broader literature reporting positive associations with cognitive ability.26,29,47 These link to research that has identified a positive association between IQ with symptoms of anxiety in adults48 and children and adolescents diagnosed with ASD.49  Further studies have found that indices of lower cognitive functioning (e.g., the absence (versus presence) of spoken language) were associated with a reduced fall in cortisol across the day in children and adolescents with ASD.50
SUMMARY AND CLINICAL IMPLICATIONS
This MA represents the first quantitative synthesis of studies on the CAR in ASD, which complement the larger qualitative synthesis provided by the SR. The MA suggests no differences between the CAR in TD and ASD populations, though across the SR results are more mixed.  The findings should be considered in the light of possible limitations of our MA. Even though we endeavored to conduct a comprehensive search, we cannot exclude the possibility that we missed relevant studies. Additionally, we could not gather information/data from all the contacted authors. Finally, due to the limited number of studies, we could not test publication bias, sub-group analyses or meta-regression analyses. Given the small evidence base, the review highlights a need for further well-designed and controlled studies to develop a clearer understanding of the CAR as a reliable and valid measure of stress and anxiety in children and young people with ASD.  To control for developmental and gender differences, future research should aim to include comparison groups that are matched for chronological age and cognitive ability, and that allow some comparison between gender. 
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FIGURE LEGENDS
Figure 1. PRISMA flow-chart
Note: A: No ASD population (N = 2); Conference presentation (N = 1); Review paper (N = 2); Focus on other family member (N = 17). B:  No ASD population (N = 1); Conference presentation (N = 1);  Review paper (N = 3)

Figure 2 Forest plot for meta-analysis of differences in CAR between children and adolescents diagnosed with ASD versus TD control groups.
Note. Mean and SD values represent raw scores for all studies except Corbett & Schupp (2014) which show log CAR values. 


