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Anxiety is common in neurodevelopmental disorders (NDD). The parent version of the Spence Children’s Anxiety Scale (SCAS-P) is a widely used measure to assess anxiety across a broad range of childhood populations. However, assessment of the measurement properties of the SCAS-P in NDDs have been limited. The present study aimed to assess the psychometric properties of the SCAS-P in children with attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) using Rasch Measurement Theory. Data from the Province of Ontario Neurodevelopmental Disorders Network Registry were used in the analysis. Children (ages 6-13 years old) with a primary diagnosis of ADHD (n=146) or ASD (n=104) were administered the SCAS-P. Rasch Measurement Theory was used to assess measurement properties of the SCAS-P, including unidimensionality and item-level fit, category ordering, item targeting, person separation index and reliability and differential item functioning. The SCAS-P fit well to the Rasch model in both ADHD and ASD, including unidimensionality, satisfactory category ordering and goodness-of-fit. However, item-person measures showed poor precision at lower levels of anxiety. Some items showed differential item functioning, including items within the obsessive-compulsive, panic/agoraphobia and physical injury fears domains, suggesting that the presentation of anxiety may differ between ADHD and ASD. Overall, the results generally support the use of the SCAS-P to screen and monitor anxiety symptoms in children with ADHD and ASD. Future studies would benefit from examination of more severely anxious NDD cohort, including those with clinically diagnosed anxiety.
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Introduction

Anxiety is a common mental health problem in children with attention-deficit/hyperactivity disorder (ADHD) (1–3) and 40% of children with autism spectrum disorder (ASD) (4, 5). Comorbid anxiety in children with NDDs can cause distress and is associated impaired functioning (6, 7). Accurate assessments of anxiety are therefore needed to identify and monitor symptoms of anxiety in children living with NDDs. However, there are challenges to assessing anxiety in children with NDDs, including overlapping features of NDDs and anxiety that can confound the assessment of anxiety and lead to misinterpretation of anxiety-related signs and symptoms (8, 9). Indeed, there is considerable overlap in diagnostic symptom criteria for ADHD and anxiety, including restlessness and distractibility (8). In ASD, deficits in social interactions and stereotyped, repetitive motor movements too can be misinterpreted as anxiety and vice versa (9). These challenges are particularly difficult given co-occurring intellectual disabilities and language impairments (9).

A number of scales have been developed to assess symptoms of anxiety in children, including the Revised Children’s Anxiety and Depression Scale (10), the Screen for Child Anxiety Related Emotional Disorders (11) and the Spence Children’s Anxiety Scale (SCAS) (12). However, most scales that are used to assess anxiety in NDDs were developed and validated in typically developing children and validation studies in children with NDDs have been limited (9). The SCAS was developed to assess the severity of anxiety symptoms in children that is based on six anxiety disorder dimensions, including generalized anxiety, panic, social phobia, separation anxiety, obsessive compulsive disorder and fear of injuries (12, 13). The SCAS, therefore, can be a useful tool to assess and monitor anxiety in children and has been used across a broad range of childhood populations, including children with NDDs (14). In children with ASD, the SCAS was found to have good psychometric properties (14–17). However, differences in factor structure of the SCAS between anxious children with or without ASD diagnosis have been noted, suggesting presence of ASD-related signs and symptoms may impact the presentation of anxiety (14, 16, 18). The validity of the SCAS in children with ADHD has not been addressed.

Given the high rates of comorbid anxiety and inherent challenges in assessing anxiety in NDD, is important that the psychometric properties of the SCAS be further evaluated in children with NDDs. The objective of this study was to assess the psychometric properties of the parent version of the SCAS (SCAS-P) in children with ADHD and ASD using Rasch Measurement Theory (RMT) (19, 20). RMT considers the probability of an item’s score as a function of both the person’s individual trait level (i.e., level of anxiety) and the item’s difficulty (i.e., level of anxiety that item assesses) (19). In this context, children with higher levels of anxiety have a greater chance of endorsing an anxiety item, and an item that assesses lower levels of anxiety are more likely to be endorsed than items that assess higher levels of anxiety. RMT provides fundamental criteria for objective scale measurement and determines how well the observed data approximates the Rasch measurement model. Items that do not fit the model are indication that they may be measuring more than one construct, thus calling into question the scales construct validity. RMT approach, therefore, can be particularly useful in evaluating the construct validity and generalizability of rating scales in populations that they were not originally developed. We recently used this approach to evaluate depressive symptoms in adults with neurological disorders, where the overlap between symptoms of depression and neurological disorders could potentially confound the assessment of depression (21). The same approach was used in the present study, including Rasch-based criteria to assess item-level goodness of fit, category ordering, item targeting, person separation index and reliability and item bias (differential item functioning) (21–23).





Methods




Study population

The present study used de-identified data from the Province of Ontario Neurodevelopmental Disorders Network (POND) Registry; a multi-centre research network studying the neurobiology of NDDs (24). These data are currently stored in the Brain-CODE Neuroinformatics Platform (25) and were made available for secondary use through a controlled public data release from the Ontario Brain Institute (www.braincode.ca). Data included demographic and SCAS-P assessments for children aged 6-13 years old, with a primary diagnosis of ADHD (n=146) or ASD (n=104), as well as small cohort of typically developing (TD) children (n=13). Please see (20) for POND protocol details.





Assessments

The SCAS-P is a 38-item parent-report measure that assesses the severity of anxiety-related symptoms in children (12, 26). The scale is aligned with symptom domains based on DSM-IV criteria for anxiety disorder, including separation anxiety (6 items), social phobia (6 items), obsessive-compulsive (6 items), panic (6 items)/agoraphobia (3 items), physical injury fears (5 items) and generalized anxiety (6 items). Items are scored on a 4-point scale: 0 = never, 1 = sometimes, 2 = often and 3 = always; a total score is calculated (maximum = 114), as well as for each of the six domains/subscales, with higher scores indicating greater severity of anxiety symptoms.





Analyses

Demographic and clinical characteristics were calculated and compared across cohorts; ANOVA was used for comparison of continuous variables (age) and chi-squared for comparison of categorical variables (sex). Analyses were performed using SPSS V27. A level of p < 0.05 was regarded as statistically significant. RMT was used to assess performance of the SCAS-P in NDD. Rasch analyses were carried out using WinSteps Version 5.1.

Unidimensionality was examined by principal component analysis of the residuals derived from the Rasch model. The scale was considered unidimensional if > 40% of variance was explained by the measurement variable and unexplained variance of the first contrast accounts for < 10 % (27–29).

Item-level goodness of fit statistics were calculated as an index of how much the observed score for a given item within the scale deviates from the expected score of the Rasch model. Items that did not fit the Rasch model (misfits) do not contribute to measurement of the underlying construct and likely add unwanted noise to the scale. Item “infit” mean square (MNSQ) values provide a fit index for each item that are in close proximity to the person’s severity level, and “outfit” MNSQ values for differences between observed and expected values for items that are far from the person’s severity level. MNSQ values between 0.5 and 1.5 were considered to be acceptable fit, with values between 1.5 and 2 considered to underfit the model, but do not distort the results, and values greater than 2.0 flagged as misfits that can distort the scale (30).

Category threshold ordering determined whether participants can discriminate between the ordered response options (i.e., never, sometimes, often, always) with fit values between 0.5 and 1.5 considered to be acceptable fit, and values greater than 2.0 flagged as misfitting (30).

Person-item maps plot individual participants and items on a single continuum to compare the range and position of the person measure distribution to that of the item measure distribution. Both item “difficulty” (i.e., the level of anxiety that item assesses) and person “ability” (i.e., level of symptom severity) are visualized together on a logit scale (i.e., log of the odds); with the right side of the map displaying the items from most difficult (top) to least difficult (bottom) and the left side plotting the individual participants, with those at the top having the highest trait level (symptom severity) and those at the bottom the least. The targeting of the scale is assessed by comparing mean person and mean item logit locations, with good measurement targeting evidenced when mean persons and items that are in close proximity to one another (within 1 logit) (31, 32). The clinical utility of summing individual items from a scale to form a total score of overall severity requires that the items be spread out across the severity level of a broad range of persons. Gaps between items impact the scale’s sensitivity, as persons falling within those gaps cannot be differentiated from one another.

To assess potential item biases, differential item functioning (DIF) was used to determine whether items show differences in item difficulty between groups (i.e., whether subgroups with similar levels of anxiety have the same probability of endorsing a given item). In the present study, DIF are indications that the expression of anxiety may differ between subgroups. The existence of DIF was assessed by cohort (ADHD vs ASD) and sex (male vs female), with mean differences in person measures > 0.64 logits (with p<0.05 in Rasch-Welch test statistic) as indications of significant and meaningful DIF (31, 32).

Reliability of the SCAS-P was evaluated using item and person separation indices and reliability derived from the Rasch model (30). The person separation index provides an estimate of spread of participants that reflect the number of distinct levels of severity that can be distinguished (strata), with person separation indices of > 1.5 considered acceptable(minimum required to divide sample into two distinct strata). Person reliability is analogous to Cronbach’s alpha as a measure of internal constancy, with values of >0.70 as indication of acceptable internal consistency. That is, confirmation that a person with higher levels of the underlying trait do indeed score higher on the scale than those with lower levels of the underlying trait, and vice versa. The item separation index was used to confirm hierarchy of items, with item separation indices of > 2 and reliability >0.8 considered acceptable to support the scales construct validity (30).






Results

Demographic and clinical characteristics are shown in Table 1. The ADHD and ASD cohorts were predominately male (79.45 and 84.62%, respectively) and that is consistent with the higher rates reported by males (33, 34). The ADHD cohort reported greater social phobia than ASD, whereas the ASD cohort reported greater obsessive-compulsive behaviors, panic/agoraphobia and fears of physical injury than the ADHD cohort (see Table 1). SCAS-P total scores did not differ between NDD cohorts. Demographic and clinical characteristics for the TD cohort are also shown in Table 1 for comparison (statistical comparisons to the TD cohort were not reported given the small sample size).


Table 1 | Demographic and clinical characteristics.



Principal component analysis of the residuals revealed unidimensionality of the SCAS-P that supported a single dominant factor (29, 30), with variances explained by the measurement variables of 48.6% and 40.7% and unexplained variance of the first residual of 4.3% and 5.9% in ADHD and ASD cohorts, respectively.

Item difficulty estimates and fit statistics are shown in Table 2. In both cohorts, Item 5 (“My child would feel afraid of being on his/her own at home”) was the least difficult/most endorsed item (ADHD: -2.07 logits; ASD: -1.63 logits) and item 30 (“My child suddenly becoming faint or dizzy for no reason”) the most difficult/least endorsed item (ADHD: 2.51 logits; ASD: 1.99 logits). Most items showed acceptable goodness-of-fit statistics, although some underfitting was noted (MNSQs >1.5, see Table 2). In particular, item 16 (“My child is scared of dogs”) was identified as a possible misfit item in the ADHD cohort with infit MNSQ = 1.77 and outfit MNSQ = 2.06, thus questioning the construct validity of this item as a measure of anxiety. This is not surprising given the potential positive impact child-dog interactions can have on wellbeing and can serve as a source of reduced stress (35).


Table 2 | Item difficulty and fit statistics.



The category thresholds were ordered indicating that the SCAS-P scale options functioned in sequential order in capturing increases levels of severity, with children with higher levels of anxiety endorsing higher SCAS-P options. Average measures increased in scale categories from -2.74 logits (“never”) to 0.08 logits (“always”) in the ADHD cohort and from -2.33 logits (“never”) to 0.42 logits (“always”) in the ASD cohort. All infit/outfit MNSQ were acceptable (MNSQ < 1.5).

Person-item locations (Wright maps) for the SCAS are shown in Figure 1. The mean person measures were -2.00 and -1.71 logits in ADHD and ASD cohorts, respectively. Therefore, although the SCAS had a wide range of items and no large gaps were noted between items, no items targeted children with anxiety levels below -2.07 logits in ADHD and -1.63 logits in ASD (see Figure 1, Table 2).




Figure 1 | Person-item location (Wright maps) for SCAS-P items in ADHD (left panel) and ASD (right panel). The right side of the map displays the items from most difficult (top) to least difficult (bottom), and the left side plots the individual participants, with those at the top having the highest trait level (depression) and those that the bottom the least. M, mean difficulty; S, one standard deviation; T, two standard deviations.



Meaningful DIF (>0.64 logits) between ASD and ADHD was noted for 15 of the 39 items, including multiple items within the “obsessive-compulsive,” “panic-agoraphobia” and “physical injury fears” domains more likely to be endorsed in the ASD than the ADHD cohort, and items within the “social phobia” domain more likely to be endorsed in the ADHD than the ASD cohort (Table 3). No DIF was noted based on sex.


Table 3 | Differential item functioning.



Person separation indices and reliability were acceptable in both cohorts, indicating the SCAS-P could stratify NDD participants into at least 3 separate groups, with person separation indices and reliability of 2.83 and 0.89 in the ADHD cohort, respectively and 2.73 and 0.88 in the ASD cohort, respectively. Internal consistency was also good, with Cronbach’s alpha of 0.97 (ADHD) and 0.94 (ASD), consistent with previous reports in ASD of 0.94 (15). The scales construct validity and hierarchy of items was also supported, with acceptable item separation indices and reliability of 6.07 and 0.97 for ADHD and 4.08 and 0.94 for ASD, respectively.





Discussion

The present study used RMT to evaluate the psychometric properties of the SCAS-P in children with ADHD and ASD. The results generally support the use of the SCAS-P to assess anxiety in children with ADHD and ASD, including unidimensionality and acceptable item-level goodness-of-fit statistics, suggesting that all items contributed to the same underlying construct. However, item difficulty estimates and person-item maps showed poor item targeting at lower levels anxiety (see Figure 1). This is not surprising as POND participants were recruited based on primary NDD diagnosis and not presence (or absence) of comorbid anxiety (24). None-the-less, person separation indices and reliability indicated that in the present cohort the SCAS-P can effectively discriminate different levels of anxiety and can therefore be a useful tool screen and monitor anxiety in children with NDDs.

The present study also compared the presentation of anxiety-related symptoms between ADHD and ASD cohorts. DIF revealed that children with ASD were more likely to endorse anxiety symptoms related to OC behaviours, panic/agoraphobia and physical fear-related behaviours, than the ADHD cohort (see Table 3). These results are consistent with those reported by Toscano et al. (18) that children with ASD and comorbid anxiety show higher levels of anxiety related to fears of physical injuries and OC behaviours, as compared to children with anxiety without an ASD diagnosis. On the other hand, DIF revealed that children in the ADHD cohort were more likely to endorse anxiety related to social phobias, than the ASD cohort, including afraid that (s)he will make a fool of him/herself in front of people (item 9), worries that (s)he will do badly at school (item 10) and worries what other people think of him/her (item 26). Indeed, previous studies have demonstrated that anxiety in children with ADHD is associated with poorer social functioning (36). Taken together, these results suggest the expression of anxiety may be different across NDDs and should be considered in the assessment of anxiety-related behaviours.

Interestingly, DIF revealed that within the OC domain, children with ASD were more likely to express compulsive-like thoughts/behaviours, including checking that (s)he has done things right (item 13), think special thoughts to stop bad things from happening (item 24), do things over and over again (item 35) and do certain things in just the right way to stop bad things from happening (item 37), whereas the cohorts did not differ in obsessive-like thoughts, such as bad/silly thoughts in head (items 17 and 36). As obsessions are intrusive, recurring thoughts that cause anxiety and distress, compulsions are in response to these intrusive thoughts that are meant to control anxiety (13). This is consistent with the compulsive behaviors in ASD as being a way of reducing anxiety and managing intrusive thoughts and overwhelming sensory inputs (37). However, although compulsions in OCD are unwanted and distressing, compulsive behaviours in ASD can provide comfort (38). Furthermore, the similarity between ASD-related repetitive behaviours and OCD-related behaviours can make it difficult to differentiate their underlying motivation (37, 38). This should be considered in the assessment of OC behaviours in ASD, as obsessions and compulsions in ASD may have different dynamics than OCD that can lead to misinterpretation of OC features in ASD.

It is important to note that in the present study only the parent version of the SCAS was used. Although previous studies have demonstrated generally good concordance between parent and child versions of the SCAS in typically developing children (26, 39), concordance is reduced in children with ASD (36). Given the intellectual and verbal challenges in children with ASD and other NDDs, it is possible that reduced parent-child concordance is related to the child’s difficulty in communicating anxiety-related thoughts and feelings (39). Indeed, child’s verbal ability is associated with greater parent-child concordance, suggesting that better verbal skills facilitate communication of anxiety-related feelings and reduce ambiguity between anxiety and NDD-related signs and symptoms (39, 40). Moreover, parent-child concordance is higher for observable symptoms, such as separation anxiety, as compared to internalized symptoms, such as generalized anxiety (39, 40). It is possible therefore that compulsive behaviours in ASD are more easily recognized by the parent, than internal obsessive thoughts. In the present study this may have led to a bias towards observable behaviours and underrepresentation of internalized symptoms of anxiety. Assessment of anxiety in children with NDDs based on the SCAS-P therefore should be interpreted with caution, as it relies on interpretation of a child’s behaviour and recognition of internalized symptoms of anxiety. Furthermore, as the SCAS-P is based on the parent’s own conceptualizations of anxiety and interpretation of symptoms, it is important that other sources of information also be considered. To get a more complete picture, assessment of anxiety in children with NDDs would benefit from inclusion of multi-informant information (9, 40).

The POND Network is part of the Ontario Brain Institute’s Integrated Discovery programs (41). These programs generate diverse data types that are integrated within the Brain-CODE platform to support cross-disease comparisons (25). In particular, the establishment of common data elements provides consistency in data collection and optimizes pooling of data and cross-disorder comparisons (42). In the present study, demographic information and SCAS-P were collected consistently across cohorts, thus allowing us to pool and compare ADHD and ASD cohorts. Overall, the present study supports the SCAS-P as a valid instrument to screen and monitor anxiety-related symptoms in children with ADHD and ASD, including children without formally diagnosed anxiety disorders. As a screening tool for comorbid anxiety disorders in children with NDDs, therefore, the SCAS-P can provide important information about the presence of anxiety-related symptoms that may warrant clinical follow-up (9). However, there still remains inherent challenges to assessing anxiety in children with NDDs, including communication difficulties, overlapping features of anxiety and NDD, as well as potential differences in the presentation of anxiety across NDDs (6, 8, 9). These factors will add unwanted noise the measurement tool and reduce its sensitivity to screen and monitor for anxiety.





Limitations and future directions

As the present study involved secondary use of data, some limitations were noted. SCAS-P items were found to target more severe anxiety than experienced in the present NDD cohorts, which was not surprising as comorbid anxiety was not considered a selection criterion for participation in POND (24). The performance of the SCAS-P in more severely anxious cohorts would require additional studies, including examination in those with clinically diagnosed anxiety. Furthermore, although previous studies have shown that anxiety is a common mental health issue in children with NDDs (1–5), the relatively small sample size of the typically developing children limited comparisons with the ASD and ADHD cohorts. Larger sample size of typically developing children would be needed to support any statistical inferences with respect to the higher levels of anxiety in children with NDDs observed this study.

The present study shows that the SCAS-P can be a valuable tool to assess and monitor anxiety in children with NDD and has implications regarding presentation of anxiety-related symptoms across NDDs and challenges in assessing these symptoms, including confounding NDD-related symptoms, and language and intellectual challenges. Future research should address these challenges, including the modification of existing scales or development of new fit-for-purpose anxiety measures designed specifically for children with NDDs (9). This, of course, will require a better understanding of anxiety-related behaviours in children with NDDs and challenges in assessing those behaviours.
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