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Circumscribed interests (CI) encompass a range of different interests and related behaviors that can be characterized by either a high intensity but otherwise usual topic [referred to as restricted interests (RI)] or by a focus on topics that are not salient outside of autism [referred to as unusual interests (UI)]. Previous research has suggested that there is pronounced variability across individuals in terms of the endorsement of different interests, however, this variability has not been quantified using formal subtyping approaches. Therefore, using Latent Profile Analysis in a sample of 1,892 autistic youth (Mage = 10.82, SDage = 4.14; 420 females), this study aimed to identify subgroups based on the RU and UI profiles. Three profiles of autistic individuals were identified. They were characterized as Low CI, Predominantly RI, and Predominantly UI. Importantly, profiles differed on several key demographic and clinical variables, including age, sex composition, IQ, language level, social and communication abilities, anxiety, and obsessive-compulsive behaviors. Although replication across other samples is needed, the profiles identified in this study are potentially promising for future research given their distinct profiles of RI and UI and unique patterns of associations with key cognitive and clinical variables. Therefore, this study represents an important initial step towards more individualized assessment and support for diverse presentations of CI in autistic youth.
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Introduction

Circumscribed interests (CI) are a core subdomain of restricted and repetitive behaviors (RRB) and an important feature for the diagnosis of autism spectrum disorder (ASD; hereafter referred to as autism; American Psychiatric Association, 2013). The CI domain encompasses a range of different interests and related behaviors ranging from an intense interest in video games or music to a fascination with telephone poles or dates. Recent evidence suggests that the CI domain may be multifaceted, potentially comprising of a restricted interests (RI) subdomain that encompasses interests that, although common in terms of their content (i.e., interest in movies or animals) are characterized by unusually high intensity and an unusual interests (UI) subdomain that encompasses interests that are generally not salient or pursued outside of autism (e.g., an interest in traffic lights or timetables and dates; Uljarević et al., 2021a, b, 2022). Previous literature has demonstrated that although interests that can be classified as RI and UI are highly frequent at the group level, endorsement and specific profiles of different interests vary significantly across individuals (Klin et al., 2007; Anthony et al., 2013). Additionally, subtyping approaches have been used successfully to capture and characterize heterogeneity across both core and co-occurring aspects of the autism phenotype (Uljarević et al., 2016, 2020; Tillmann et al., 2020; Spackman et al., 2022a), including the broader RRB domain (Zheng et al., 2019). However, no research to date has attempted to explore whether there are distinct individual-level phenotypic patterns of CI.

Previous studies suggest that upwards of 75% of autistic youth experience CI and that presentations of these behaviors vary significantly across individuals (Klin et al., 2007; Anthony et al., 2013; Uljarević et al., 2021a; Spackman et al., 2022b). Using an informant-report measure of CI, Anthony et al. (2013) observed that autistic youth displayed an average of 11–15 CI, with the most common interests in autistic boys being video games and Lego and the most common interests in autistic girls being math and music. However, despite increasing insights into the presentation of CI in autism (Klin et al., 2007; Anthony et al., 2013; Grove et al., 2018; Uljarević et al., 2021a), our understanding of how these heterogenous symptoms relate to other aspects of the autism phenotype and demographic and cognitive factors remains limited.

The literature to date has reported largely inconsistent findings regarding the relationship between CI and key correlates such as age, sex, IQ, language level, social abilities, and anxiety (South et al., 2005; Klin et al., 2007; Turner-Brown et al., 2011; Anthony et al., 2013; Frazier et al., 2014; Sutherland et al., 2017; Uljarević et al., 2021a, c; Spackman et al., 2022b). This inconsistency may be in large part due to the fact that the majority of previous studies have operationalized CI as a unidimensional domain. Indeed, there is mounting evidence that restricted and unusual interests represent two distinct subdomains that show different patterns of association with key demographic, cognitive, and clinical variables including age, sex, IQ, and core autism characteristics (Uljarević et al., 2021a, 2022). Further, in addition to utilizing broad measures of CI, the above studies have focused on variable-centered approaches, meaning the relationships between these variables were assessed at a group-trend level.

The use of variable-centered approaches in heterogenous samples can potentially obscure heterogeneity and limit understanding of the factors associated with phenotypic heterogeneity (Rosato and Baer, 2012) Indeed, the cognitive and neurobiological processes underlying autism characteristics are complex and likely vary significantly between individuals showing distinct phenotypic profiles. Thus, it is important to go beyond simple case-control designs and the use of variable-centered analytical methods to gain greater insight into the mechanisms underpinning individual differences. Therefore, person-centered approaches that aim to characterize heterogeneity in a population by identifying homogeneous subgroups of similar individuals (Nylund-Gibson and Choi, 2018) are becoming increasingly utilized in autism research and have demonstrated promise when applied across different aspects of the autistic phenotype including, anxiety (Spackman et al., 2022a), social functioning (Livingston et al., 2019; Kang et al., 2020; Uljarević et al., 2020), sensory features (Ausderau et al., 2016; Uljarević et al., 2016; Tillmann et al., 2020), and RRB (Zheng et al., 2019). Within the CI domain, although studies have suggested that there is pronounced variability across individuals in terms of the endorsement of different interests, with some individuals presenting with a more constrained profile (i.e., endorsing only 1–2 interests), and others having a broader range of interests, this variability hasn’t been quantified in current literature. Further, it is not currently clear whether certain individuals tend to endorse only thoughts/behaviors that fall under the umbrella of RI, as opposed to UI, and vice versa. Therefore, adopting a person-centered approach to characterize CI heterogeneity, this study aimed to, firstly, identify subgroups of autistic children and adolescents based on their unique profile of RI and UI endorsement and, secondly, to characterize the association between identified CI profiles and key clinical and developmental features that have been linked to CI in previous literature, including other core characteristics of autism as well as age, sex, cognitive functioning, language levels, and anxiety.



Methods


Participants

The sample comprised of 1,892 autistic youth (Mage = 10.82, SDage = 4.14; range: 3–18 years; 420 females) recruited through the Simons Foundation Powering Autism Research for Knowledge (SPARK) project. In line with previous SPARK studies (Fombonne et al., 2020; Uljarević et al., 2022), only individuals with a parent-reported professional diagnosis of ASD who scored above the cut-off (≥15) on the Social Communication Questionnaire (SCQ) were included.



Measures

Participants completed a comprehensive online survey consisting of several measures of clinical symptoms including measures of core autism symptom severity [Social Communication Questionnaire (SCQ; Rutter et al., 2003)], anxiety (Parent-Rated Anxiety Scale—ASD [PRAS-ASD; Scahill et al., 2019], behavioral problems (Strengths and Difficulties Questionnaire [SDQ; Goodman, 2001], and sensory features [Sensory Experiences Questionnaire-3 (SEQ-3; Ausderau et al., 2014)]. Cognitive test scores, as reported by parents, were collected. This data was available for 958 participants and was coded on 10 levels (IQ = ≤ 24, 25–39, 40–54, 55–69, 70–79, 80–89, 90–109, 110–119, 120–129, and ≥ 130), which has been shown to be a sound measure of IQ (Fombonne et al., 2022). There were no significant differences in sex distribution between individuals with and without cognitive test scores.


Stanford dimensional assessment of repetitive behaviors (DARB)

CI was assessed using the restricted interests (15 items) and unusual interests (8 items) subscales of the Dimensional Assessment of Restricted and Repetitive Behaviors (DARB; Uljarević et al., 2022). DARB is a recently developed instrument to assess RRB and includes eight domains: repetitive sensory-motor behaviors (RSMB), insistence on sameness (IS), self-injurious behaviors (SIB), sensory sensitivity (SS), obsessions and compulsions (OC), repetitive language (RL), and two CI-related, restricted interests (RI), and unusual interests (UI). The RI and UI subscales consist of a pre-determined list of interests commonly reported in autistic youth, with a child’s interest in each topic/stimuli being rated on a five-point Likert scale from “mild-interest” to “very intense/extreme interest.” Specific interests were chosen based on the systematic search of the literature to ensure comprehensive coverage of relevant RI and UI. In addition, the DARB also includes an open-ended item for parents to list any additional interests not included in the questionnaire. Given that the majority of parents reported that all interests were captured by the pre-determined list and that they did not quantify reported interests using Likert scale, open ended responses were not used in the current study. RI and UI have been found to have good internal consistency (omega values: RI = 0.76; UI = 0.78) and excellent test-retest stability (Intraclass correlation coefficients: RI = 0.90; UI = 0.90). The remaining six subscales of the DARB we used to explore the relationships between presentations and other RRBs.




Statistical analysis

Latent Profile Analysis (LPA), using the maximum likelihood estimation method (Morin et al., 2011), was conducted to explore profiles of response patterns on all CI items across the two DARB subscales. Although no prior studies have attempted to identify latent profiles in CI presentation, previous subtyping studies examining both the core and co-occurring symptoms of autism have yielded up to six subgroups (Agelink van Rentergem et al., 2021). To ensure that any relevant profiles were captured, models with 1–6 profiles were estimated. The final model was selected by considering the combination of the following fit indices: (i) the Akaïke Information Criterion (AIC); (ii) the Bayesian Information Criterion (BIC); (iii) the sample-size Adjusted BIC (ABIC); (iv) the Bootstrap Likelihood Ratio Test (BLRT); (v) Vuong–Lo–Mendell–Rubin likelihood ratio test (VLMR); and (vi) entropy values (Morin et al., 2011; Nylund-Gibson and Choi, 2018). A better absolute fit was indicated by lower AIC, BIC, and ABIC values and higher entropy. The VLMR and BLRT are relative fit indices that assess fit improvement with the addition of each subgroup (k vs. k–1; Nylund-Gibson and Choi, 2018). In addition, model selection was also guided by parsimony and interpretability.

Once the profiles were extracted, subgroup-level differences in mean RI and UI item scores, as well as differences in clinical features including age, sex, IQ, language levels, social abilities, anxiety, and other RRBs, were examined via one-way analysis of variance (ANOVA). Bootstrapping using 5,000 resamples was conducted to provide more robust statistics and account for the potential skewness of the data (Efron and Tibshirani, 1993). Omega squared (ω2) and Cohen’s d was computed as a measure of effect size for relevant comparisons. The alpha criterion was adjusted using the Benjamini et al. (2001) method to control the false discovery rate for multiple ANOVAs and a Bonferroni correction was applied to post hoc comparisons. All analyses were conducted in SPSS version 28.0 (IBM Corp, 2021), with the exception of the LPA which were conducted in MPlus 8.2 (Muthén and Muthén, 1998–2017).




Results

Descriptive statistics are presented in Table 1. Fit statistics for the 1–6 profile solutions are presented in Table 2. As can be seen, the information criterion values (AIC, BIC, and Adjusted-BIC) continued to decrease incrementally with each added profile, indicating a better fit, however, reductions were small after the addition of the third profile. Additionally, the BLRT and VLMR were no longer significant by the fourth profile, indicating no significant improvement with the addition of a fourth profile. The three-profile solution exhibited high entropy (0.92) and high latent profile probabilities (Profile 1 = 0.97, 2 = 0.93, 3 = 1.00), indicating good classification accuracy (Nylund-Gibson and Choi, 2018). Examination of the adjacent two- and four-profile solutions confirmed the added value of the third profile when compared to the two-profile solution, as the two-profile solution fell along a severity gradient, whereas the three-profile solution formed groups that differed meaningfully between items under the RI and UI domains. However, the addition of the fourth profile did not yield an additional profile with distinct RI and UI presentation. Therefore, the three-profile solution was selected as the optimal solution.


TABLE 1 Sample demographic characteristics.
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TABLE 2 Latent profile analysis fit statistics across models.
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For each participant, the profile assignment was determined by maximum probability. Differences between profiles were significant for all CI items, except between profiles 2 and 3 for RI items “TV shows or movies”, “watching sports”, “playing sports”, “psychology” and “science”. As can be seen in Table 3, participants in profile 1 (n = 1,357) scored significantly lower across all CI items and the profile was, therefore, labeled “low CI”. Participants in profile 2 (n = 416) scored higher than profile 1, but lower than profile 3 (n = 106), on all UI items, but scored higher than or equal to profile 3 on all RI items except interest in vehicles. Thus, profile 2 was labeled predominantly RI. And profile 3 was predominantly UI. However, it is important to note that the difference between profiles 2 and 3 was much greater on UI items than RI items, meaning that the predominantly UI group still presented with elevated RI (see Table 3).


TABLE 3 LPA profile differences on RI and UI items.

[image: Table 3]

Table 4 shows age, IQ, social abilities, anxiety, behavior problems, sensory features, and other RRB comparisons across the three CI profiles identified in LPA. Participants in the predominantly RI profile were significantly older (F = 9.21, p < 0.001, ω2 = 0.009) scored higher on cognitive functioning (F = 10.41, p < 0.001, ω2 = 0.019), and showed higher language levels ((F = 27.84, p < 0.001, ω2 = 0.028) than the participants in low CI profile or predominantly UI profile. They also presented with more anxiety (F = 5.64, p = 0. 004, ω2 = 0.007) and obsessive/compulsive behaviors (F = 4.87, p = 0.008, ω2 = 0.004) than the low CI profile but did not differ significantly on either anxiety or Obsessive-Compulsive Behaviors from the predominantly UI profile. Finally, a chi-square analysis revealed that sex distributions differed significantly across profiles (χ2 = 9.09, p = 0.011), however, the effect size for this difference was small (V = 0.070). Post hoc analysis with a Bonferroni correction revealed that females were more likely than males to be in the Predominantly RI profile, while males were more likely than females to be in the low CI profile. The sex composition on the Predominantly UI profile did not differ significantly.


TABLE 4 Profile differences across demographic, cognitive, and clinical characteristics.
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Discussion

Previous research has suggested that CI is a broad domain encompassing a range of different interests and related behaviors that can be classified as either Restricted Interests (RI) or Unusual Interests (UI). However, no study to date has provided a systematic characterization of whether different autistic individuals show distinct CI profiles across the RI and UI subdomains. Given that previous literature has suggested that different manifestations of CI may show unique patterns of association with clinical features (Uljarević et al., 2021a, 2022), characterizing profiles of distinct aspects of CI, including RI and UI, among individuals with autism, is an important step toward better understanding these complex and heterogenous domains. In the current study, three profiles were identified, labeled as low CI, predominantly RI, and predominantly UI based on the constellation of specific CI. Identified profiles differed significantly on age, sex composition, IQ, language levels, social characteristics, anxiety, and obsessive-compulsive behaviors, which provides important, albeit preliminary, evidence that different profiles of CI presentations may be underpinned by distinct cognitive and potentially even neurobiological mechanisms.

The findings that participants in the predominantly RI profile were significantly older and demonstrated higher cognitive functioning and language abilities are somewhat consistent with variable-level trends observed in a previous study that found IQ and age were positive predictors of RI and negative predictors of UI (Uljarević et al., 2022). Whilst other variable-level studies have reported either no relationship between developmental variables and CI (Anthony et al., 2013), or a reverse relationship for IQ (Uljarević et al., 2021c), these studies have typically excluded individuals with a co-occurring intellectual disability or have used broad measures of CI. Interestingly, it has been reported that autistic individuals with delayed speech onset provide more perceptual descriptions of their interests (i.e., related to color, appearance, order, etc.), whereas autistic individuals without delayed speech onset provide more thematic descriptions of their interests (i.e., related to knowledge or semantics; Chiodo et al., 2017). Therefore, it is possible that individuals in the predominantly UI profile presenting with lower language and developmental levels may be linked to UI having a more perceptual focus than RI, which instead, may be more thematic. Alternatively, another explanation for the current finding that participants in the predominantly RI profile scored higher on development-related variables may be that many RI (e.g., science and technology) require a certain level of cognitive ability; thus, it is possible that younger children and individuals with a co-occurring ID may be less likely to pursue these interests. Further, it is also possible that these profiles may show different patterns of trajectory across ages and developmental levels, something that future longitudinal studies may wish to explore.

The predominantly RI profile demonstrated higher anxiety and compulsive behaviors than the predominantly UI profile. However, neither of these profiles differed significantly from the low CI profile on these variables. Spiker et al. (2012) suggested that engaging in CI may serve as a means to reduce anxiety and therefore CI may be higher in individuals who experience elevated anxiety. Whilst the current finding that neither the predominantly RI nor UI profiles differed from the low CI profile on anxiety scores is not directly consistent with this suggestion, the relationship between anxiety and CI is not well explored in the current literature. It is also possible that the difference in anxiety between RI and UI profiles identified in this study could be driven by a common underpinning mechanism. Therefore, future studies may wish to explore other potential third variables, such as executive functioning or self-regulation, both of which have been linked to anxiety and CI (Anthony et al., 2013; Hollocks et al., 2014; Demetriou et al., 2019; Faja and Nelson Darling, 2019).

Importantly, the predominantly UI profile demonstrated significantly greater social and communication impairments than the other two profiles. Although previous studies have reported that higher CI is associated with greater social impairments (Klin et al., 2007; Clements et al., 2018; Carter et al., 2020; Uljarević et al., 2021c), these studies treated CI as a unidimensional construct. The current study, with its large sample size, is the first investigation to identify a cluster of participants presenting with higher UI and moderate RI that displayed more severe social impairments than individuals in other profiles. This finding builds on previous evidence that RI and UI demonstrate different variable-level associations with social and communication characteristics, such that higher social abilities predicted higher RI and lower UI (Uljarević et al., 2022). Further, previous literature has suggested that despite being associated with more social impairments, CI can also have adaptive benefits for promoting socialization when a conversational partner who shares their interest can be found (Boyd et al., 2007; Harrop et al., 2019; Smerbeck, 2019). Whether current findings reflect the fact that this adaptive function may apply more strongly to RI than UI, or whether individuals with higher social abilities, to begin with, may be more likely to develop an interest in RI topics over UI is currently unclear and warrants further investigation.

Finally, the three profiles demonstrated different sex compositions with males significantly more likely to be in the low CI profile and females significantly more likely to be in the predominantly RI profile. Although it is difficult to situate findings in the context of previous literature as this is the first study to capture subgroups based on CI patterns, that males were more likely to be in the low CI profile is somewhat inconsistent with previous studies that have reported no sex-based differences in the intensity of CI (Anthony et al., 2013; Sutherland et al., 2017; Spackman et al., 2022b). However, the finding that females were more likely than males to be in the Predominantly RI profile, is broadly consistent with previous literature that suggests the interests of autistic females more closely align with the interests of neurotypical females than autistic males (Harrop et al., 2018; Bourson and Prevost, 2022). Further, by identifying a profile of interests, mostly consisting of RI, that females are more likely to display, this study builds on previous group-level findings using the DARB that reported several specific RI items were more commonly endorsed by females than males—including having a favorite person or an interest in music, art, literature, and psychology (Spackman et al., 2022b). In summary, the use of person-centered analysis in the current study has identified clusters of participants that were further differentiated by key demographic, cognitive, and clinical validators, thus providing important, albeit preliminary, evidence that different profiles of CI presentations may be underpinned by distinct cognitive mechanisms.

The present findings should be considered in light of several limitations. First, as data was collected through SPARK, it was not possible to independently confirm ASD diagnoses. However, previous studies exploring this limitation of SPARK have found a high validity of ASD diagnoses (Feliciano et al., 2018; Fombonne et al., 2020, 2022) and the current study included only participants scoring above the SCQ cut-off score. Second, given the challenges of measuring autism characteristics in non-verbal individuals, the current study relied exclusively on parent-report measures. Whilst this has shown to be an efficient means of measuring autism characteristics in samples including non-verbal participants (Irwin et al., 2012), we acknowledge the importance of multi-informant methods in autism research (Stratis and Lecavalier, 2015). Future research may wish to expand on these findings using self-report measures and consider additional features on which profiles might differ, including different facets of executive functioning and self-regulation. Further, as the field moves towards more transdiagnostic understandings of neurodevelopment, it will be important for future studies to explore whether identified profiles might also be replicated in other neurodevelopmental conditions and how they compare with profiles that might be observed in typically developing children. Finally, it has been suggested that phenotypic heterogeneity in autism likely reflects diverse biological etiologies. It is thus important for future studies to explore whether distinct RI- and UI-based profiles are underpinned by specific neurobiological signatures. In particular, it will be important to focus on structural and functional atypicalities in cognitive and limbic cortico-striatal circuits that have been linked to specific aspects of executive functioning and reward processing and have been suggested to potentially underpin different aspects of CI (Langen et al., 2011; Carter et al., 2020). Therefore, although significantly more research is needed to determine the generalizability of current profiles, identifying subgroups of participants based on distinct presentations of precisely defined core autism characteristics and underlying cognitive processes may represent an important step toward elucidating the complexities of these brain-behavior relationships.

In summary, three profiles of CI presentations were identified that differed in key clinical features: low CI, predominantly UI, and predominantly RI. Although derived profiles are promising and potentially informative, significantly more research is needed to replicate and explore the utility of these subtypes for understanding neurobiological underpinnings, prognostic implications, and therapeutic relevance. Additional research will be important to characterize potential mechanisms underlying distinct presentations, in particular focusing on executive functioning and reward processing, and their relevance for informing clinical management and support strategies.
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