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Autism Spectrum Disorder (ASD) is a complex childhood onset neurodevelopmental disorder that has become the fastest growing developmental disability. Due to the increased demand for diagnostic assessments and subsequent increased wait times, standardized screening as part of regular clinical practice is needed. More specifically, there is an important need for the development of a more streamlined screening tool within an existing assessment system to identify those at greatest risk of having ASD. The current study utilized data from ~17,000 assessments obtained within the province of Ontario, based on the interRAI Child and Youth Mental Health (ChYMH) and Child and Youth Mental Health and Developmental Disability (ChYMH-DD), to develop a scale to identify children who have a higher likelihood of having autism. The scale was then tested on a trial population with data from the interRAI Early Years instrument. Further analyses examined the predictive validity of the scale. The Autism Spectrum Screening Checklist (ASSC) was found to be a good predictor of ASD with a sensitivity of 0.73 and specificity of 0.62, at the recommended cut-point of 2+. The results were consistent across several age ranges, specifically from 2 to 21 years of age. The ASSC scale provides an initial screen to help identify children and youth at heightened risk for autism within larger populations being assessed as part of routine practice. The main goal for the development and implementation of the ASSC scale is to harness the power of the existing interRAI assessment system to provide a more efficient, effective screening and referral process. This will ultimately help improve patient outcomes through needs-based care.
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INTRODUCTION

Autism spectrum disorder (ASD) is a complex, lifelong, neurodevelopmental disorder that is characterized by impairment in social communication and the presence of restricted repetitive behaviors (1, 2). ASD has a variety of causes, such as those at the genetic, biological, and environmental level (3). Some of the earliest signs reported by parents include lower levels of social communication and attention, increased repetitive behavior, and temperament dysregulation (4). However, there is also substantial heterogeneity in its presentation and overlap with other developmental disorders, especially in the first few years of life, thereby adding to the complexity of the diagnostic process (5, 6). Autism is also highly co-morbid with intellectual disability, with estimates around 50–70% being reported in the literature (7). Notably, ASD is associated with substantial disability across the lifespan, which is only exacerbated when interventions are not provided early on (8, 9).

Autism is one of the most common childhood onset neurodevelopmental disorders. It is estimated that the current prevalence rate is ~1–1.5% of the world's population (10). With respect to the pediatric population in particular, recent estimates indicate that 1 in 68 school-aged children has been identified with ASD in the United States (11). Autism has also been deemed the fastest growing developmental disability, with a steady increase in reported prevalence over the past decade (12). Increased prevalence rates have led to increased demand for diagnostic assessments, which typically exceeds available resources and results in increased wait times. Importantly, this waiting time occurs during a critical period of brain development, and so lengthy wait times may delay intervention and decrease its effectiveness (8, 13). Indeed, there is substantive research showing that early intervention is key to achieving better prognostic outcomes (14, 15). This waiting period also represents a highly stressful time for families (16, 17). As such, studies have found that many parents are frustrated and dissatisfied with the diagnostic process and experience it as slow, stressful, and poorly managed (18, 19). Three recent ASD guidelines have recommended a maximal wait time of 3 to 6 months, yet the average wait time between parents' first concerns around their child's developmental progress and diagnosis is 2 to 4 years (20). This discrepancy can help explain the consistent finding that the average age of diagnosis is 4–5 years-old despite the fact that ASD can be reliably detected within the second year of life (20).

Various factors account for the more than 2 year difference between parents noticing the early signs of autism to receiving a diagnosis. Some of these barriers include time-consuming evaluations as well as a lack of providers who are able to administer the diagnostic assessments (21, 22). Other important barriers include inappropriate referrals (or more specifically, over-referrals), and a lack of effective screening tools (23–25). In a comprehensive review of early autism screening, the authors concluded that their findings emphasize the need for “a more efficient, intelligent, and innovative ASD screening tool” (p. 24) (25). Some instruments: (1) are time-consuming to administer, (2) have an unacceptable level of sensitivity (e.g., 40%), and (3) are not comprehensive in terms of the population served; for example, some of the screening tools were only intended to be used on infants from 16 to 36 months, whereas others were strictly meant for adolescents/adults.

Finally, an overarching barrier to early identification and diagnosis is ineffective care pathways (23). Improved care pathways are needed to reduce waiting times for an ASD diagnostic assessment and direct each child to more appropriate services. More explicitly, there is a critical need for the development of a more streamlined, easily implemented, resource-effective screening method to identify those at greatest risk of having ASD and require a more comprehensive follow-up. This will help facilitate earlier diagnosis and, as a result, earlier intervention and better patient outcomes.

The aim of the present study was to develop a methodology for identifying children who are at greatest risk of having autism within the children's mental health system in the province of Ontario, Canada. Since no effective, easily implemented screening method exists, an effort was launched to develop a new scale for identifying individuals who have an increased likelihood of autism. The Autism Spectrum Screening Checklist (ASSC) was created to assist service providers in determining whether a toddler, child or adolescent is at higher risk of having ASD. This scale is embedded in an assessment-to-intervention system that is already used as standard practice across Ontario in most child and youth mental health agencies to foster effective, evidence-informed care pathways. The aim of this study is to describe the development of the ASSC scale.



METHODS


Sample

Data came from assessments of children and youth receiving mental health services in Ontario, Canada. The derivation sample came from individuals aged 4–21 years assessed with the Child and Youth Mental Health (ChYMH) (26) or the Child and Youth Mental Health and Developmental Disability (ChYMH-DD) (27) instruments, as part of regular clinical practice from 54 agencies from 2012 to 2020. An additional sample of 2 and 3 year-old children assessed with the interRAI Early Years instrument (28) was used for a trial application, and collected from 15 agencies from 2017 to 2020. These assessment instruments are described below. Assessed individuals were referred to these agencies through a variety of sources including family and specialty physicians, school personnel, other allied health professionals, or parents/primary caregivers. Assessment information is used for a variety of purposes, including standardized care planning, as well as the use of items and calculated outcome measures to inform decision making and to track individual change.

There were 16,955 individuals in the derivation dataset, using the first assessment if an individual had more than one. The mean age was 11.95 years (SD 3.50) and 55.9% were male. There were 724 individuals in the trial application dataset of 2 and 3 year-old children, where the mean age was 2.48 (SD 0.52) and 68.8% were male. To examine predictive validity, a sub-sample of 318 individuals was used from the original derivation sample. The mean age was 11.02 years (SD 4.00) and 64.5% were male.

Assessors completed a 2.5 day training of each of the three interRAI Child and Youth instruments: ChYMH, ChYMH-DD, and the interRAI Early Years. The trained child/youth mental health professionals included psychologists, nurses, psychiatrists, speech and language therapists, child and youth workers, developmental social service workers, and social workers. All available sources of information are utilized to complete the assessment (i.e., family members, community members, document review, and clinical observations).

Secure web-based software was utilized to record assessment information, requiring responses of the proper form for all essential items before the record can be authorized as complete. Before making the data available for analysis, personal identifiers were removed. Western University's ethics board granted approval for the secondary analysis of data collected in various agencies throughout the province of Ontario (REB #106415).



Measures

The interRAI Early Years is a new instrument within the interRAI child/youth suite and has been designed for young children under the age of 4 years who are referred for assessment due to mental health, relational and/or developmental concerns (28). It provides unique information tailored to early identification and intervention (e.g., prenatal complications; family and social relations; temperamental characteristics; risks related to development and mental health). It also provides a comprehensive assessment of individual needs with applications that can be used to support decisions related to care planning and outcome measurement. There are compatible items in use across care domains that share design features such as a specified observation period or time frame, a focus on observable behaviors, the use of a few, powerful questions to assess areas of need, and the use of professional judgment to integrate multiple sources of information. The interRAI Early Years is compatible with other interRAI instruments across services and sectors (e.g., mental health, education, adult sectors), relevant for all age groups across the lifespan.

The interRAI ChYMH and ChYMH-DD are comprehensive, clinician-rated, standardized, and multi-sectoral mental health instruments for children and youth (26, 27). These instruments include over 400 items and build a comprehensive picture of the child's strengths, needs, functioning, and areas of risk to inform care-planning for clients with mental health needs. The clinician creates a clinical profile of children based on a collection of reports, observations, and judgments made from interactions with the family, the children themselves, and service providers with appropriate consent. Each instrument contains evidence-based items, scales, and domains relevant to the population used in this study. While the ChYMH was designed for children 4–18 years of age with potential mental health issues, the ChYMH-DD covers a range of common issues in children with global developmental delays or intellectual disabilities from 4–21 years of age. The items are tailored to the needs of children and youth with intellectual and developmental disabilities and mental health concerns in inpatient and outpatient settings as part of standard of care. Assessors rate a child/youth on a number of demographic variables, family, mental health, and physical health indicators.

For all three instruments, clinicians receive an item-by-item interpretation guide to the interRAI instruments with information regarding intent, definition, process, and proper coding method of each item to ensure accurate and uniform assessment of children/youth across multiple mental healthcare settings. The ChYMH, ChYMH-DD and interRAI Early Years include a subsection called “Diagnostic and other health information,” which collects diagnostic information on 12 provisional categories, including ASD, as determined by a psychiatrist, psychologist, or attending physician.

These instruments were designed to provide a comprehensive assessment to support enhanced individualized care planning (29–32), while providing clinical decision-support algorithms (33–36) to foster evidence-based prioritization/triaging. Notably, the relatively new interRAI Early Years provides 17 care planning protocols pertinent to specific areas of need (37); for example, attachment, sleep, caregiver distress, gross and fine motor skills, and sensory issues.

Strong reliability and validity for the scales and algorithms on the interRAI ChYMH and ChYMH-DD have been found (38–42). These instruments have several applications including outcome measurement, resource allocation, and case-mix systems (34, 35, 43–46).



Analysis

We sought to create a calculated scale that would explain a diagnosis of autism. The dependent variable was “Autism Spectrum Disorder” as a provisional diagnosis, for which the assessor records if a psychiatrist, psychologist, or attending physician has made this diagnosis. It is important to note that the assessor is not acting in any diagnostic capacity and is merely consulting all available sources of information to determine if such a diagnosis has been made. The recorded item requires the assessor to rank any of a number of provisional diagnoses by importance (most, second most, etc.); for our dependent variable, we collapsed a diagnosis of autism of any importance to be one, otherwise zero.

A list of potential explanatory variables was generated. All items in the ChYMH or ChYMH-DD instruments were considered by a clinical expert for their potential association with autism, and seven candidate items were selected (e.g., narrowly restricted range of interest and excessive preoccupation with activity or routine). Furthermore, bivariate associations between an autism diagnosis and other items in the derivation dataset were used to identify a small number of additional items that offered statistical strength. However, these additional items were not pursued, either because they were not available in the interRAI Early Years assessment instrument, or they were considered problematic for use with very young children (e.g., positive symptoms or having at least one friend). The seven candidate items were all binary. The last 3 days was the reference timeframe.

Using multivariable logistic regression, these seven items were tested together to assess their ability to independently predict an autism diagnosis and to remove non-contributing items. A series of tests using the count of retained items was then applied, with logistic regression of the count of the items to assess goodness of fit, and correlation analysis to provide a Cronbach alpha value for the individual items to inform internal consistency of the contributing items. Sensitivity and specificity for different summed scale cut-points were considered. The selected scale was tested in a trial population using the interRAI Early Years cases where it could be calculated. Furthermore, using a sample of 318 ChYMH or ChYMH-DD assessments, the ASSC scale was calculated, and longitudinal analyses related to predictive validity were conducted. Specifically, the sample included individuals for whom provisional diagnostic assignment (for all DSM-IV diagnoses, including ASD) had not been completed at the time of initial assessment, and a follow-up assessment within 365 days where it had been subsequently done. This allowed the scale to operate more like a predictive measure where a child or youth not yet subjected to diagnostic assignment at the time the scale is assigned is subsequently diagnosed, either positively or negatively, for autism.




RESULTS

The seven candidate items and their distribution by autism diagnosis are summarized in Table 1, along with sample characteristics. One item, “lack of interest in social interaction”, was dropped because of a weaker association and also because it was not available in this form in the interRAI Early Years instrument. Progression of the analysis is summarized in Table 2. Step 1 used the six items, giving a Cronbach alpha of 0.702 that would be increased to 0.723 if the item “self-injurious behavior” was removed. When this was done (step 2), the model fit did not decrease, making the five-item construction superior to the six-item one. As one additional variation, the weakest item of these five, “difficulty adapting to even minor change”, was dropped, resulting in a four-item sum (step 3) with a small drop in internal consistency but no change in model fit. Distribution of the summed items, odds ratios of each sum total, as well as sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for sum cut-points are also provided in Table 2. Receiver-Operator Characteristics (ROC) curve plot of the five-item sum is shown in Figure 1.


Table 1. Sample characteristics.
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Table 2. Sequential steps and results: Derivation sample.
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FIGURE 1. Receiver Operator Characteristics (ROC) Curve: Five-item scale.


The five-item version was ultimately selected based on it having more parsimony than the six-item version, and the best internal consistency of the three options. However, all three versions are quite similar in performance with strong goodness of fit; c-statistics are >0.82, which is considered to be a strong result (47).

The five-item summative scale was applied to the interRAI Early Years assessments, where 9.5% of the cases had a diagnosis of autism; the results are summarized in Table 3. Distribution of the summed items and sensitivity, specificity, PPV, and NPV for sum cut-points are also provided in Table 3. The c-statistic is slightly higher than that in the derivation cases, and the Cronbach alpha value is slightly lower. Regarding the distribution, the interRAI Early Years cases tended to be in the lower risk categories, consistent with this group having a lower likelihood of an autism diagnosis.


Table 3. Five-item scale in trial population (age 3 and younger).
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Using a sub-sample from the derivation dataset, the predictive validity of the ASSC score was investigated. Distribution of the summed items and percentage with autism diagnosis at follow-up are provided in Table 4, along with sensitivity, specificity, PPV, and NPV for sum cut-points. In utilizing this approach, cut-points of 1+ and 2+ would provide PPVs of 29.5 and 36.7%, respectively. However, it should be noted that these higher achieved PPVs relate directly to the higher prevalence of a future autism diagnosis at 23.3%, compared to a 12.5 and 9.5% prevalence rate in the derivation sample and trial population, respectively.


Table 4. Longitudinal analysis: High risk for future autism diagnosis by Autism Spectrum Screening Checklist (ASSC) score at baseline.
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DISCUSSION

High risk for ASD was predicted by five contributing items, namely narrowly restricted range of interest, excessive preoccupation with activity or routine, lack of social/emotional conventions when socializing, excessive or unusual reaction to sensory stimuli, and difficulty adapting to even minor change. The contributing items are all well-known signs and symptoms of autism (1). Moreover, several of these items represent some of the earliest behavioral symptoms in ASD. For example, studies have found that some of the signs that are often noticed and reported first by parents include repetitive interests and behaviors, atypical social emotional responses, and extremes of behavioral activity (4, 48, 49). Furthermore, several studies that examined and coded family home videos found differences in repetitive behaviors, social behaviors, and sensory oriented behaviors between those with ASD and typically developing children; these differences were detectable as early as 12 months-old (50, 51). Therefore, in addition to the contributing items of the ASSC scale representing many of the typical symptoms of ASD, research has found that they are also some of the most commonly reported initial concerns.


Use and Utility of ASSC

Based on the findings, ASSC provides an empirically based score that may be used to identify toddlers, children, and youth who present with signs and symptoms that are known to increase one's likelihood of being diagnosed with ASD. Findings indicate that the ASSC is a good predictor of autism and has reasonable sensitivity and specificity at the designated cut-point of 2+. As a result, it will allow service providers to make more systematic evaluations in determining whether an individual is at greater risk of having ASD, which ultimately helps facilitate prioritization and triaging.

While the ASSC scale has reasonable sensitivity (0.73) and specificity (0.62) at the recommended cut-point of 2+, its PPV at this level is 0.367. This means that ~37% of children and adolescents above the designated cut-point will likely be diagnosed with autism. Although this percentage seems somewhat low, there are a couple of important considerations to take into account. First, both PPV and NPV depend on prevalence, with PPV being directly proportional to the prevalence of autism. This is exemplified in the current study whereby as prevalence of autism increased, for example, from within the trial population dataset to the longitudinal dataset (i.e., 9.5 to 23.3%), the PPV also increased (i.e., from 0.226 to 0.295 for 1+ and to 0.367 for the designated cut-point of 2+). Therefore, utilizing NPV and PPV when prevalence is low should be done with caution, given that one would expect a low PPV. Second, other studies utilizing administrative datasets from real world settings to screen for autism have also reported low PPV (e.g., 0.11) on previously validated instruments (52–55).

Service providers who have completed the interRAI ChYMH, ChYMH-DD, or interRAI Early Years assessment can obtain the ASSC results automatically from the software in which the scale is embedded. It is important to emphasize that the results are meant to assist healthcare providers in identifying how to best support each child's care planning needs based on the ASSC score. Thus, the scale is not meant to be used as an automated decision-making system, without any clinical judgment, but in conjunction with all of the other information collected during the assessment process. Lastly, it is important to always consult with the individual child and the family to ensure that their strengths and needs are considered throughout the process.

Subsequent assessment and care planning steps will be determined, in part, by whether the child's ASSC score falls within the upper or lower range. For example, if the child's score falls within the lower range, it is advised that the healthcare clinicians discuss whether the ASSC score is fitting in light of all of the information that has been gathered. However, if the child's score falls within the upper range, it is advised that the healthcare clinicians consider the individual to be at higher risk for having autism and conduct an in-depth evaluation specifically designed for this sub-population. Ultimately, the key advantage of implementing the ASSC scale would be that toddlers, children, and youth with higher levels of risk should be receiving a timelier comprehensive follow-up evaluation compared to those with lower-level risk. Notably, future research will be conducted to assign ASSC scores to ascending risk categories to determine what labels are best utilized for specific scores on the scale (e.g., highly probable), as well as how they relate to clinical referrals and specific actions that are recommended.

It is important to note that diagnosing autism is a complex process and requires multiple steps, such as: (a) reviewing records; (b) interviewing parents, family members, and other caregivers; (c) assessing for core features through interactions with the child to examine social interaction and communication abilities; (d) utilizing ASD-specific diagnostic tools; and (e) conducting a physical examination and additional investigations (20). Given that the ASSC scale is a brief 5-item measure of key signs and symptoms of autism, it should only be used as an initial screening tool as part of routine practice within a population-based sample. In jurisdictions where the ChYMH or ChYMH-DD is done routinely, the ASSC scale is available at no added cost to provide an additional point of evidence that the team can weigh in the decision-making process. Best practice for a diagnosis of autism is often conducted within a team-based approach utilizing a multi-modal assessment process. In many Canadian jurisdictions, an inter-disciplinary or multidisciplinary specialized team comprised of various health care practitioners work collaboratively in an integrated and coordinated fashion to establish an ASD diagnosis (56), as well as consider differential diagnoses and co-occurring conditions (20).

While the ASSC scale provides an initial screening as opposed to a diagnostic tool, it still has significant utility for individuals, families, clinicians, and the system as a whole. For example, this effective screening method could reduce wait times, allowing for more efficient referrals, and thus quicker access to health, social support, and education services. Notably, earlier access to intervention can foster appropriate development in social interactions, communication, and behavior (57). Therefore, improving access to early diagnosis for young children will capitalize on key developmental windows, increasing the effectiveness of interventions, thereby enhancing prognostic outcomes (8).

Families will also benefit from implementation of the ASSC; more specifically, utilizing an existing instrument that is already in use across most mental health agencies can facilitate expedited triaging resulting in a reduction in the waiting period for families. Such an approach would not only reduce the stress level of the family when navigating the service system, but also foster an increased likelihood of more appropriate referrals to specialized autism services. Research has shown that most families experience the “diagnostic odyssey” as overwhelmingly negative due to long waiting periods. For example, Lappé et al. (58) found that these lengthy wait times caused parents to experience feelings of frustration and a profound sense of uncertainty. Each obstacle and delay within the diagnostic journey has the potential to erode the trust the family has in the healthcare system and their willingness to interact with it (59). Furthermore, as parents continue to wait for an assessment and their stress levels increase, they may be more likely to seek alternative non-evidence-based treatments for their child (60).

With respect to clinical utility, the ASSC provides an opportunity for initial screening for children and youth who are referred for mental health services. Consequently, children who are at greater risk of having autism can be identified through this initial screening approach, resulting in reduced cost and time on behalf of the clinician, agency, as well as the client and their family. Additionally, if a child is determined to be at high risk of having autism and is eventually referred for a more comprehensive diagnostic assessment, a substantial amount of background information will already be available from the interRAI assessment, thereby reducing assessor burden. Interestingly, one study examined factors influencing wait times for an ASD diagnosis and found that the most important predictor of assessment duration was the amount of information available in relation to the child prior to the assessment (61), exemplifying positive downstream effects of the interRAI assessment-to-intervention approach. Thus, increased efficiency will improve early identification, prioritization, and triaging, which will improve the referral-assessment-diagnostic and care pathway as a whole.

At the systems level, comprehensive assessment of ASD is associated with more healthcare costs and resources. Proper screening and triaging utilizing the ASSC can aid in more expedient and efficient use of resources. Having said that, use and utility may differ depending on the resources available as well as the challenges of operationalizing services that are more or less precious. For example, trading off wait times for follow-up diagnosis may look different if a child is seeking services in an urban center in comparison to a remote area or developing nation.

In addition to individualized care planning, the ASSC scale can also provide comprehensive, standardized data across large catchment areas, which: (1) enhances early identification of children with possible autism across the system and (2) provides the ability to examine the prevalence of these symptoms across jurisdictions. Furthermore, this streamlined screening method may help decrease disparities in access to diagnostic services, providing more equitable care at the population-level (62). In addition to the potential impact the ASSC scale can have on patient outcomes, it can also be more cost-effective to the healthcare system as a whole (8, 63, 64). Therefore, our initial screening tool has the potential to make a meaningful impact at both the individual and societal level.

While the current study has many notable strengths, it also has some limitations. For example, given that the present study was not conducted within the controlled setting of a rigorous research study, reliance on broad signals related to associations between items and an autism diagnosis is required, thereby limiting psychometric precision. As such, these results suggest that augmented assessment approaches are needed to reduce disparities to enhance early detection (53). To improve screening and diagnostic precision, new and innovative approaches could be developed that integrate the ASSC with video models (65), new technological advancements, as well as machine learning (52, 66, 67).

Another limitation is that the results of the study may not be generalizable to a community-based sample. This is due to the fact that the young persons assessed were receiving services from inpatient and outpatient mental health agencies. Therefore, future research will explore whether the results of the current study are similar when the young persons assessed are comprised of a community sample. Furthermore, future research will also examine the scale's utility at different cut points once further implementation of the instruments are done both nationally and internationally.




CONCLUSION AND IMPLICATIONS

There is an overwhelming call for an evolution of the systems of care built to identify those with ASD, as the current wait time to receive a diagnosis is unacceptable to the individuals and families we serve (20, 22, 68). This critical need necessitates the development of an easily accessible and effective screening method. The ASSC scale provides an initial screen for larger populations being assessed as part of routine practice to help identify children and youth at heightened risk for autism. Overall, the main goal for the development and implementation of the ASSC scale is to harness the power of the existing interRAI assessment system to provide a more streamlined screening and referral process. This approach to screening can contribute to earlier identification and intervention, ultimately leading to better patient outcomes at the individual level, and more effective care pathways at the systems level.
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