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Introduction: Autism is characterized by a wide range of core and associated behavioral features that can be influenced by co-occurring conditions such as attention-deficit hyperactivity disorder (ADHD) and anxiety disorders. Executive function difficulties are proposed as a common feature of autism and ADHD and are also evident in persons with anxiety disorders. However, little is known about how anxiety disorders or ADHD differentially impact executive functioning or how these difficulties may influence the presentation of core and associated autistic features in young children. In the current study, we explored the unique executive function difficulties associated with co-occurring anxiety and/or ADHD and elucidated how they differentially impact the clinical presentation of autism in young children.



Methods: We assessed 69 autistic children, aged 3 to 5 years. Anxiety and ADHD were assessed through parent interview using the Preschool Age Psychiatric Assessment (PAPA). Executive functions were assessed using the Behavior Rating Inventory of Executive Function – Preschool Version (BRIEF-P). Core autistic features were measured with the Autism Diagnostic Observation Schedule—Second Edition (ADOS-2) and additional features were measured with the Restricted and Repetitive Behaviors Scale, Revised (RBS-R) and the Sensory Experiences Questionnaire (SEQ). Using an additive main effect general linear model, we examined the unique contributions of an anxiety disorder and/or ADHD on core and associated autistic features as well as executive function. Mediation analyses explored the contribution of the executive function profiles to specific features of autism.



Results: Results showed that greater difficulty with attentional shifting was uniquely associated with anxiety, whereas greater difficulty inhibiting behavioral responses was uniquely associated with ADHD. Attentional shifting mediated the relationship between anxiety and ritualistic behaviors, sameness behaviors, sensory hyper-responsivity, and overall autistic features. Conversely, inhibitory control mediated the relationship between ADHD and both irritability and self-injurious behaviors.



Discussion: These findings implicate components of executive functioning as important cognitive processes associated with co-occurring psychiatric conditions in autism. Future research should investigate the impact of early intervention for executive function difficulties on psychiatric and neurodevelopmental outcomes in autistic children.
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1 Introduction

Autism is a broad neurodevelopmental condition with a wide range of presentations, strengths, and support needs. Autistic individuals can experience several associated features such as differences in sensory perception, difficulties in emotional regulation, impaired sleep, gastrointestinal disturbances, and executive functioning differences. The degree and nature of both core and associated features of autism varies widely and may be influenced by the presence of co-occurring conditions (1, 2). Autistic individuals are more likely to have a mental health condition than non-autistic individuals, estimates suggest approximately 70% of autistic individuals have a co-occurring mental health condition (3–5). Exploring the influence of co-occurring conditions, particularly those presenting in early life, could improve our understanding of the differences among autistic individuals and support more targeted interventions.

The two most common co-occurring psychiatric conditions in autistic individuals are attention-deficit hyperactivity disorder (ADHD) and anxiety disorders. ADHD is present in around 50%–70% of autistic individuals (6). Like autism, ADHD is a neurodevelopmental disorder, however age at diagnosis varies and is impacted by co-occurrence of the two (7, 8). Rates of anxiety diagnoses in autistic children increase with age. Around 20% of autistic preschoolers have an anxiety disorder compared to 9.5% of preschoolers without autism. By school age, 26% of autistic children have an anxiety disorder and by adolescence, this increases to 41% (9). Autistic children with co-occurring ADHD have higher rates of anxiety symptoms than children with only an autism diagnosis (10–14). These findings suggest there are likely influences between these conditions.

Autism, anxiety and ADHD are known to impact executive function, which are the cognitive processes involved in planning and goal execution. Executive function difficulties are proposed as a common feature between autism and ADHD and are also implicated in anxiety. In ADHD, difficulties with inhibitory control are central to the disorder and correlate with autistic traits (15–23). In both autism and anxiety, difficulties with shifting and cognitive flexibility are common (24, 25); however it is still unknown whether the presence of co-occurring anxiety has differential impacts on executive function difficulties in young autistic children. With respect to ADHD, previous work suggests executive difficulties do not differentiate between autism and ADHD, but are associated with increased anxiety and depression in autistic individuals with co-occurring ADHD (26). Despite the high rates of co-occurring ADHD and anxiety in autistic children, relatively few studies have explored how executive functions differ in autistic children with both co-occurring conditions (1 27–28).

In the current study, our aim was to identify influences of co-occurring ADHD and anxiety on executive functioning and core and associated features of autism in young children (ages 3–5 years). Specifically, we hypothesized that ADHD and anxiety will each be associated with unique patterns of executive function difficulties and that those difficulties will mediate the expression of different features of autism.



2 Methods


2.1 Participants

Participants were 69 children diagnosed with autism spectrum disorder, aged 3 years to 5 years and 11 months, who were part of a larger study exploring sensory processing and anxiety in autistic children. Testing was conducted at the Duke Center for Autism and Brain Development in Durham, NC, between May 2015 and September 2017. Children were eligible for the study if they had been diagnosed with or were suspected of meeting DSM-5 criteria for Autism Spectrum Disorder. Diagnoses were established or confirmed using the Autism Diagnostic Observation Schedule—Second Edition [ADOS-2 (29)], and the Autism Diagnostic Interview—Revised [ADI-R (64)]. Participant demographic characteristics are shown in Table 1.


TABLE 1 Participant demographic and clinical characteristics (N = 69).
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Exclusion criteria included known presence of a genetic disorder associated with autism (e.g., Fragile X Syndrome), uncorrected vision or hearing impairments, significant motor impairment (e.g., cerebral palsy), chronic or acute medical illness, having a seizure in the last year, a diagnosis of a seizure disorder, and/or taking medicine to control seizures.

Participants were recruited to the Duke University Center for Autism and Brain Development through various community outreach methods including flyers, brochures, emails, and social media posts, as well as through the center's volunteer research registry. Parents/legal guardians were compensated for their time, and children received a toy at each visit to the center for their participation. All parents/legal guardians consented to participate in the study, and all study procedures were approved by the Duke University institutional review board for research with human subjects.



2.2 Measures


2.2.1 Core and associated features

Core autism features, including social and communication difficulties as well as repetitive and restricted behaviors, were evaluated with the ADOS-2. Restricted and repetitive behaviors were further evaluated via the Restricted and Repetitive Behaviors Scale, Revised [RBS-R (30, 31)]. The RBS-R is parent report measure with a 43-item scale that measures specific behaviors and rates the level of severity. Behavioral profiles can be identified by the subscores of stereotyped, self-injurious, compulsive, ritualistic, sameness, and restricted behaviors.

Sensory challenges were measured via the Sensory Experiences Questionnaire version 3.0 [SEQ (32)] a caregiver report measure of the child's response to sensory stimuli in the context of daily activities and routines. The SEQ has been validated for autistic children ages 2–12 years (33), with high levels of internal consistency (α = 0.80) and test–retest reliability (r = 0.92). The SEQ yields 4 mean scale scores: (1) hyper-responsiveness, (2) hypo-responsiveness, (3) sensory interests, repetitions, and seeking behaviors, and (4) enhanced perception. For the purposes of this study, only the SEQ hyper-responsiveness scale was used as a measure of sensory over-responsivity.

Irritability was measured with the Aberrant Behavior Checklist [ABC (34)]. The ABC is a caregiver report measure commonly used in clinical trials for autism interventions to assess the severity of specific behaviors in several domains, including irritability/agitation/crying, social withdrawal, stereotypic behavior, hyperactivity/non-compliance, and inappropriate speech.



2.2.2 Co-occurring anxiety and ADHD

Anxiety and ADHD diagnoses and symptom severity were assessed with the Preschool Age Psychiatric Assessment [PAPA (35)], a caregiver interview that assesses for psychopathology in young utilizing criteria based on the Diagnostic and Statistical Manual Version IV [DSM IV (36)]. Previous studies have used the PAPA to assess co-occurring psychiatric disorders in autistic children (65). The PAPA includes assessment of most DSM IV diagnostic criteria insofar as they are relevant to younger children, plus all items in the Diagnostic Classification: 0–3R (35) and is adapted from the parent-version of the Child and Adolescent Psychiatric Assessment [CAPA (37)], which has also previously been used to assess co-occurring psychiatric disorders in autistic populations (38). The PAPA employs a structured protocol with specific questions and probes that ensure interviewees (1) understand the question being asked; (2) provide clear information on behavior or feelings relevant to the symptom; and (3) report the symptom at a pre-specified level of severity as defined in an extensive glossary. When symptoms are reported, their frequency, duration and dates of onset are also collected, to determine whether they meet the symptom overlap and duration criteria for the various DSM IV diagnoses. A three month “primary period” is used rather than a longer period, because shorter recall periods are associated with more accurate recall (37, 38). Test-retest studies show reliability comparable to interviews for older populations, with kappas ranging from 0.36 to 0.79 and intraclass correlations for DSM IV scales from 0.56 to 0.90 (39).

In the current study, anxiety disorders and ADHD were assessed both at the symptom severity level and diagnostic level. Children were included in the anxiety disorder group if they met diagnostic criteria for generalized anxiety disorder (GAD), separation anxiety disorder (SAD), and/or social phobia disorder. Similarly, the designation of ADHD was based off meeting symptom, duration, and impairment criteria for ADHD. ADHD diagnoses were not subdivided by ADHD type (inattentive, hyperactive, combined). Overall, 49 children (71%) met criteria for a co-occurring anxiety disorder (with or without co-occurring ADHD) and 42 children (61%) met criteria for co-occurring ADHD (with or without a co-occurring anxiety disorder). Most children had both ADHD and an anxiety disorder (45%) rather than a single co-occurring condition (39%). Of those with a single condition, 26% met criteria for an anxiety disorder only and 11% met criteria for ADHD only. Only 9 children (13%) did not have a co-occurring disorder. Diagnostic breakdowns are summarized in Table 1.

The prevalence of anxiety in this cohort was notably higher than typically reported in this age group which may be due to our inclusion of anxiety disorders beyond generalized anxiety disorder (GAD). However, these findings are similar to studies of that include phobias in addition to GAD (40, 41).



2.2.3 Executive function

General intellectual functioning was assessed for most participants using the Abbreviated Battery Intelligence Quotient (ABIQ) from the Stanford-Binet Intelligence Scales, Fifth Edition [SB5 (42)]. The ABIQ has been shown to closely approximate full-scale IQ in autistic children with adequate expressive/receptive language skills and attentional/behavioral regulation (43). In children who were anticipated to not have the language skill or behavioral regulation to fully participate in the ABIQ, general intelligence functioning was measured via the Mullen Scale of Early Learning, American Guidance Service Edition [MSEL:AGS (44)] which includes nonverbal and play-based tasks. Developmental quotient (DQ) was calculated by dividing developmental age by chronological age.

Executive function domains were measured via the Behavior Rating Inventory of Executive Function, Preschool Version [BRIEF-P (45, 46)]. BRIEF-P is a 63-item caregiver report measure of executive functioning for young children and is validated for ages 2 years to 5 years 11 months. Frequencies of behaviors are rated on a three-point Likert scale (1 = never, 2 = sometimes, 3 = often) which correlates to specific indexes (inhibitory self-control, flexibility, and emergent metacognition) and subscales (inhibit, shift, emotional control, working memory, and plan/organize) that are compared to normative data. Standard scores were utilized in analysis.




2.3 Analyses

General linear models were used to examine the unique effects of a co-occurring anxiety disorder and/or ADHD on core and associated autistic features, as well as executive functioning difficulties. Anxiety disorder and ADHD designations were input separately into the model as dichotomous variables (present vs. absent). This method provides marginal predictions for both an anxiety disorder and ADHD while accounting for non-independence between groups, given that some children have both an anxiety disorder and ADHD. As such, this identifies the unique contribution of anxiety disorders and ADHD diagnoses on each outcome.

Mediation models tested the hypothesis that symptom levels of anxiety and ADHD influence the core and associated features of autism through differences in executive function. The mediation models exploring the relationship between anxiety symptoms, executive function, and autism features included ADHD symptoms as a covariate. Similarly, the mediation models exploring the relationship between ADHD symptoms, executive function, and autism features included anxiety symptoms as a covariate.

There was no significant difference in age or developmental quotient (DQ) when comparing children with and without ADHD or children with and without anxiety disorders. Thus, age and DQ were not utilized in the models or analyses (47). Comparison statistics are summarized in Table 2.


TABLE 2 Comparison of age and DQ by ADHD and anxiety status.
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All models were run in SAS. Mediation analyses were assessed using the PROCESS macro version 3.0 for SAS (http://www.processmacro.org), with statistical significance of the indirect effect assessed using a bootstrapping procedure with 10,000 bootstrap samples and 95% confidence intervals estimation.




3 Results


3.1 Co-occurring disorders and autistic features

After accounting for ADHD, a co-occurring anxiety disorder was linked to an overall increase in autistic features [F(1) = 4.6, p < .05] as measured by the ADOS-2. A co-occurring anxiety disorder was also associated with increased ritualistic [F(1) = 10.2, p < .01] and sameness [F(1) = 3.9, p = .05] behaviors, as well as heightened sensory hyper-responsivity [F(1) = 16.5, p < .001]. Conversely, when accounting for a co-occurring anxiety disorder, co-occurring ADHD was associated with increased levels of self-injurious behaviors [F(1) = 4.4, p < .05] and increased levels of irritability [F(1) = 0.89, p = 0.4], but it was not associated with an overall increase of autistic core features. Neither ADHD nor anxiety disorders were associated with the ADOS-2 social affect score or the RBS-R stereotyped motor behaviors, compulsive behaviors, or restricted behaviors. Results of core and associated behavioral features associated with an anxiety disorder and/or ADHD are summarized in Table 3.


TABLE 3 Autism features associated with co-occurring conditions.
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3.2 Co-occurring disorders and executive function difficulties

In terms of executive function (Table 4), when accounting for ADHD, children with a co-occurring anxiety disorder had greater reported difficulty with attention shifting [F(1) = 22.6, p < .0001] and emotional control [F(1) = 3.4, p = 0.07] on the BRIEF-P. When accounting for an anxiety disorder, co-occurring ADHD was linked to greater difficulty with inhibition [F(1) = 12.2, p < .001], working memory[F(1) = 8.7, p < .01], and planning/organizing [F(1) = 8.1, p < .01]. Additionally, there was an interaction effect between anxiety disorders and ADHD on inhibition [F(1) = 4.68, p < .05], attention shifting [F(1) = 4.91, p < .05], and emotional control [F(1) = 7.61, p < .01].


TABLE 4 Executive function domains correlated with co-occurring conditions.
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3.3 Executive function as a mediator of differences in how anxiety and ADHD symptoms impact core and associated autistic features

Figure 1 summarizes the findings of the mediation analyses. When accounting for co-occurring ADHD symptoms, children with autism and higher anxiety symptoms who have the highest levels of shifting difficulties (Figure 1A), have more ritualistic behaviors [β(SE) = 0.22(0.1), 95% CIs = 0.05–0.5], more sameness behaviors [β(SE) = 0.35(0.12), 95% CIs = 0.11–0.59], and higher levels of sensory hyper-responsivity [β(SE) = 0.99(0.45), 95% CIs = 0.11–1.9]. On the other hand, when accounting for anxiety symptoms, children with autism and ADHD symptoms who have greater difficulties with inhibitory control (Figure 1B) have higher levels of self-injurious behaviors [β(SE) = 0.37(0.17), 95% CIs = 0.08–0.74] and irritability [β(SE) = 0.10(0.05), 95% CIs = 0.02–0.2].


[image: Figure 1]
FIGURE 1
(A) Mediation path diagram between anxiety symptoms, executive function, and autism symptoms. Data are presented as ß(SE). In children with anxiety, when accounting for co-occurring ADHD, attention shifting difficulties mediate the relationship between higher anxiety symptoms and more difficulties with ritualistic behaviors [β(SE), = 0.22(0.1), 95% CIs = 0.05–0.5], more sameness behaviors [β(SE) = 0.35(0.12), 95% CIs = 0.11–0.59], and higher levels of sensory hyper-responsivity (β(SE). (B) Mediation path diagram between ADHD symptoms, executive function, and autism symptoms. Data are presented as ß(SE). In children with ADHD, when accounting for co-occurring anxiety, inhibition difficulties mediate the relationship between higher ADHD symptoms and more self-injurious behaviors [β(SE) = 0.37(0.17), 95% CIs = 0.08–0.74] and irritability [β(SE) = 0.10(0.05), 95% CIs = 0.02–0.2].





4 Discussion

This study supports the hypothesis that co-occurring ADHD and anxiety differentially affect the core and associated behavioral features of autism and executive function abilities in preschoolers. It is important to note that while this study design does not elucidate the directionality or causality between these conditions, it does support growing evidence that these conditions can influence each other. These findings offer insights into the complex interplay of these conditions in early childhood.

By using an additive main effect general linear model, we identified unique associations between the presence of an anxiety disorder and/or ADHD on specific core and associated features of autism. This analysis also revealed unique executive function differences, with difficulties in attention shifting being associated with an anxiety disorder while difficulties with inhibition were associated with ADHD. A mediation analysis at the symptom level examined the influence of these specific executive function differences in mediating autism features.

Our findings showed that having an anxiety disorder, but not ADHD, is associated with increased overall autism-related behavioral features. Specifically, having an anxiety disorder was associated with increased ritualistic behaviors and need for sameness It is important to note that there may be multiple complex transdiagnostic interactions between these behaviors that should be further elucidated (48). Interestingly, an experimental study found that placing people in anxiogenic situations increased their ritualistic and repetitive behaviors. These behaviors may play a role in alleviating or reducing an internal anxiety state. It is also possible that increased rigidity and cognitive inflexibility may lead to a greater likelihood of developing an anxiety disorder. Intolerance of uncertainty is associated with higher levels of anxiety in autistic individuals (49).

Alternatively, increased ADHD symptoms were associated with increased self-injurious behavior, suggesting a distinct pattern of correlation between the presence of ADHD and autistic features. The presence of co-occurring ADHD was also associated with higher levels of irritability, whereas a co-occurring anxiety disorder was associated with greater sensory hyper-responsivity. These findings were interesting as prior research has found atypical sensory profiles in people with ADHD or impaired attention regardless of whether co-occurring autism is present (50, 51).

In terms of executive function, children with co-occurring anxiety disorders had more difficulty with attention shifting compared to children with ADHD, while children with ADHD had more difficulty with inhibition compared to children with anxiety disorders. Autistic children with both an anxiety disorder and ADHD had difficulties across both inhibition and attention shifting, as well as emotional control. These findings have several important clinical implications. They highlight the need for a nuanced approach to assessment and intervention in young autistic children who present with co-occurring ADHD and/or anxiety disorders. There is evidence that co-occurring conditions can affect intervention outcomes. Different pharmacologic management of ADHD in autistic individuals has been recommended due to decreased tolerability and efficacy of some medications (52). Given that these co-occurring conditions can uniquely impact the presentation of autism features, tailored interventions that address both autism-specific behaviors and the symptoms of ADHD and anxiety disorders may be more effective.

The effectiveness of various psychotherapies for treating co-occurring conditions in autistic children has shown variable results and appears to be affected by the specific conditions and interventional targets. Notably, cognitive behavioral therapy (CBT) tailored for anxiety has been effective in reducing anxiety symptoms in autistic children. Protocols such as the Behavioral Interventions for Anxiety in Children with Autism (BIACA) have demonstrated superior outcomes compared to traditional CBT (53–55) in terms of reduction of anxiety symptoms. BIACA modifies traditional CBT for anxiety by including divided sessions between the child and their parents, integrating social communication skills, and employing special interests as part of a reward system.

Research on BIACA and similar modified CBT approaches suggest that co-occurring ADHD does not generally impair a treatment's effectiveness for anxiety (56). However, some adjustments, such as shortening sessions, have been suggested to better accommodate children with ADHD (57). Interestingly, some studies report that autistic children with co-occurring ADHD may derive more benefit from these anxiety treatments than those without ADHD (58). Mediation analyses conducted during treatment of anxiety disorders have shown that as anxiety symptoms improve, there is a reduction in restricted and repetitive behaviors as well as improvements in social communication (59).

In contrast, group interventions focused on social skills in autistic children have shown improvements in children without a co-occurring condition and with co-occurring anxiety disorders but have been less effective for those with ADHD (60). It is possible the group format differentially affects children with ADHD.

Another clinical implication of the present findings is the importance of considering executive functioning in the evaluation and intervention of young autistic children. Since executive function difficulties, particularly related to attention shifting and inhibition, mediate the relationship between co-occurring conditions and autism features, interventions aimed at improving executive function may help mitigate some of the negative impacts of anxiety and ADHD on core autism features. Notably, children with anxiety who were responders to CBT were found to have improved attention shifting while non-responders did not (61). Additionally, mindfulness-based therapies reduce inattention in ADHD (62).

These findings underscore the critical need for identifying clinically significant subgroups within the autistic population and targeting interventions appropriately, especially from an early age.


4.1 Limitations

The current study was cross-sectional in design and thus we are unable to determine the temporality of the relationships between executive difficulties and the impact of co-occurring conditions on core and associated autistic features. Future prospective studies should explore the developmental time course of these associations.

Diagnosis of co-occurring conditions in autistic individuals using measures designed for non-autistic children can be difficult due to overlap in similar behavioral features, atypical presentation, communication barriers, and behavioral context. The PAPA used in this study was designed for use in non-autistic children, which may not accurately reflect the nuances in co-occurring conditions in autistic individuals. Future studies would benefit from using measures validated in this population such as the Anxiety and Related Disorders Interview Schedule, Autism Spectrum Addendum [ADIS/ASA (63)].

It is important to note that the caregiver report measures of this study may not represent the experiences of the children or their abilities but rather how their caregiver perceives the children's abilities in these areas. Additionally, the BRIEF-P, which was used to measure executive functioning in the current study, assesses the impact of executive difficulties on everyday functioning, which may not be directly related to core executive functioning skills. As such, further studies would benefit from objective task-based measurements of executive function.




5 Conclusion

Overall, our findings support the growing literature body that highlights the importance of considering co-occurring conditions in autistic individuals. This study provides evidence that co-occurring anxiety and ADHD distinctly influence the presentation of autism in young children with executive function playing a mediating role. This emphasizes the diverse experiences and behavioral profiles of autistic individuals. By studying young children it also provides potential areas for early intervention. Given the early emergence of executive function differences, interventions targeting executive functions, such as improving cognitive flexibility and inhibition, may have benefits beyond those areas alone. Future research should explore the longitudinal relationship between these commonly co-occurring conditions and how interventions in executive function might influence outcomes over time.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Duke University Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

DW: Writing – original draft, Writing – review & editing. GB: Funding acquisition, Supervision, Writing – original draft, Writing – review & editing. EG: Investigation, Writing – original draft, Writing – review & editing. HR: Investigation, Writing – original draft, Writing – review & editing. LD: Investigation, Writing – original draft, Writing – review & editing. GD: Funding acquisition, Supervision, Writing – original draft, Writing – review & editing. KC: Conceptualization, Formal analysis, Funding acquisition, Investigation, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The study was supported by the Department of Defense Office of the Assistant Secretary of Defense for Health Affairs through the Autism Research Program (Award number W81XWH-14-1-0526; PIs: Dawson/Carpenter/Baranek), a NARSAD Young Investigator Grant from the Brain & Behavior Research Foundation (#23807, PI: Carpenter), and a grant from the Eunice Kennedy Shriver National Institute for Child Health and Human Development (R01HD101440; PI: Carpenter).



Acknowledgments

We would like to thank Brian Small for his help with training and oversight of the PAPA interview and Gordon Keeler for his support in preparing the PAPA data. This work would not have been possible without the support of the children and families who participated.



Conflict of interest

Author GD is on the Scientific Advisory Board of Tris Pharma, Inc. and the Nonverbal Learning Disability Project, a consultant for YAMO Pharmaceuticals and Guidepoint Global, LLC, and receives book royalties from Guilford Press and Springer Nature Press.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Factor RS, Ryan SM, Farley JP, Ollendick TH, Scarpa A. Does the presence of anxiety and ADHD symptoms add to social impairment in children with autism spectrum disorder? J Autism Dev Disord. (2017a) 47(4):1122–34. doi: 10.1007/s10803-016-3025-9

2. Sprenger L, Bühler E, Poustka L, Bach C, Heinzel-Gutenbrunner M, Kamp-Becker I, et al. Impact of ADHD symptoms on autism spectrum disorder symptom severity. Res Dev Disabil. (2013) 34(10):3545–52. doi: 10.1016/j.ridd.2013.07.028

3. Khachadourian V, Mahjani B, Sandin S, Kolevzon A, Buxbaum JD, Reichenberg A, et al. Comorbidities in autism spectrum disorder and their etiologies. Transl Psychiatry. (2023) 13(1):1–7. doi: 10.1038/s41398-023-02374-w

4. Kirsch AC, Huebner ARS, Mehta SQ, Howie FR, Weaver AL, Myers SM, et al. Association of comorbid mood and anxiety disorders with autism spectrum disorder. JAMA Pediatr. (2020) 174(1):63–70. doi: 10.1001/jamapediatrics.2019.4368

5. Lai M-C, Kassee C, Besney R, Bonato S, Hull L, Mandy W, et al. Prevalence of co-occurring mental health diagnoses in the autism population: a systematic review and meta-analysis. The Lancet. Psychiatry. (2019) 6(10):819–29. doi: 10.1016/S2215-0366(19)30289-5

6. Rong Y, Yang C-J, Jin Y, Wang Y. Prevalence of attention-deficit/hyperactivity disorder in individuals with autism spectrum disorder: a meta-analysis. Res Autism Spectr Disord. (2021) 83:101759. doi: 10.1016/j.rasd.2021.101759

7. Knott R, Mellahn OJ, Tiego J, Kallady K, Brown LE, Coghill D, et al. Age at diagnosis and diagnostic delay across attention-deficit hyperactivity and autism spectrums. Aust N Z J Psychiatry. (2024) 58(2):142–51. doi: 10.1177/00048674231206997

8. Stevens T, Peng L, Barnard-Brak L. The comorbidity of ADHD in children diagnosed with autism spectrum disorder. Res Autism Spectr Disord. (2016) 31:11–8. doi: 10.1016/j.rasd.2016.07.003

9. Vasa RA, Kalb L, Mazurek M, Kanne S, Freedman B, Keefer A, et al. Age-related differences in the prevalence and correlates of anxiety in youth with autism spectrum disorders. Res Autism Spectr Disord. (2013) 7(11):1358–69. doi: 10.1016/j.rasd.2013.07.005

10. Carta A, Fucà E, Guerrera S, Napoli E, Valeri G, Vicari S. Characterization of clinical manifestations in the co-occurring phenotype of attention deficit/hyperactivity disorder and autism Spectrum disorder. Front Psychol. (2020) 11:861. doi: 10.3389/fpsyg.2020.00861

11. Chen M-H, Wei H-T, Chen L-C, Su T-P, Bai Y-M, Hsu J-W, et al. Autistic spectrum disorder, attention deficit hyperactivity disorder, and psychiatric comorbidities: a nationwide study. Res Autism Spectr Disord. (2015) 10:1–6. doi: 10.1016/j.rasd.2014.10.014

12. Colombi C, Ghaziuddin M. Neuropsychological characteristics of children with mixed autism and ADHD. Autism Res Treat. (2017) 2017(1):5781781. doi: 10.1155/2017/5781781

13. Gordon-Lipkin E, Marvin AR, Law JK, Lipkin PH. Anxiety and mood disorder in children with autism spectrum disorder and ADHD. Pediatrics. (2018) 141(4):e20171377. doi: 10.1542/peds.2017-1377

14. Wu M, Joubran E, Kumar D, Assadi ND, Nguyen H. Variations in anxiety and related psychiatric comorbidity levels among youths with individual diagnoses of autism Spectrum disorder or attention deficit hyperactivity disorder and those with both diagnoses. Cureus. (2023) 15(7):e41759. doi: 10.7759/cureus.41759

15. Breaux RP, Griffith SF, Harvey EA. Preschool neuropsychological measures as predictors of later attention deficit hyperactivity disorder. J Abnorm Child Psychol. (2016) 44(8):1455–71. doi: 10.1007/s10802-016-0140-1

16. Constantino JN, Hudziak JJ, Todd RD. Deficits in reciprocal social behavior in male twins: evidence for a genetically independent domain of psychopathology. J Am Acad Child Adolesc Psychiatry. (2003) 42(4):458–67. doi: 10.1097/01.CHI.0000046811.95464.21

17. Craig F, Lamanna AL, Margari F, Matera E, Simone M, Margari L. Overlap between autism Spectrum disorders and attention deficit hyperactivity disorder: searching for distinctive/common clinical features. Autism Res. (2015) 8(3):328–37. doi: 10.1002/aur.1449

18. Nigg JT. Neuropsychologic theory and findings in attention-deficit/hyperactivity disorder: the state of the field and salient challenges for the coming decade. Biol Psychiatry. (2005) 57(11):1424–35. doi: 10.1016/j.biopsych.2004.11.011

19. Nigg JT, Willcutt EG, Doyle AE, Sonuga-Barke EJS. Causal heterogeneity in attention-deficit/hyperactivity disorder: do we need neuropsychologically impaired subtypes? Biol Psychiatry. (2005) 57(11):1224–30. doi: 10.1016/j.biopsych.2004.08.025

20. Nigg JT, Casey BJ. An integrative theory of attention-deficit/ hyperactivity disorder based on the cognitive and affective neurosciences. Dev Psychopathol. (2005) 17(3):785–806. doi: 10.1017/S0954579405050376

21. Polderman TJC, Hoekstra RA, Vinkhuyzen AAE, Sullivan PF, van der Sluis S, Posthuma D. Attentional switching forms a genetic link between attention problems and autistic traits in adults. Psychol Med. (2013) 43(9):1985–96. doi: 10.1017/S0033291712002863

22. Tureck K, Matson JL, Cervantes P, Turygin N. Autism severity as a predictor of inattention and impulsivity in toddlers. Dev Neurorehabil. (2015) 18(5):285–9. doi: 10.3109/17518423.2013.807884

23. Visser JC, Rommelse NNJ, Greven CU, Buitelaar JK. Autism spectrum disorder and attention-deficit/hyperactivity disorder in early childhood: a review of unique and shared characteristics and developmental antecedents. Neurosci Biobehav Rev. (2016) 65:229–63. doi: 10.1016/j.neubiorev.2016.03.019

24. Dawson G, Toth K, Abbott R, Osterling J, Munson J, Estes A, et al. Early social attention impairments in autism: social orienting, joint attention, and attention to distress. Dev Psychol. (2004) 40(2):271–83. doi: 10.1037/0012-1649.40.2.271

25. Elsabbagh M, Gliga T, Pickles A, Hudry K, Charman T, Johnson MH. The development of face orienting mechanisms in infants at-risk for autism. Behav Brain Res. (2013) 251:147–54. doi: 10.1016/j.bbr.2012.07.030

26. Dajani DR, Llabre MM, Nebel MB, Mostofsky SH, Uddin LQ. Heterogeneity of executive functions among comorbid neurodevelopmental disorders. Sci Rep. (2016) 6(1):36566. doi: 10.1038/srep36566

27. Anning KL, Langley K, Hobson C, Van Goozen SHM. Dimensional associations between executive function processes and symptoms of ADHD, ASD, oppositional defiance and anxiety in young school-referred children. Cortex. (2023) 167:132–47. doi: 10.1016/j.cortex.2023.06.005

28. Avni E, Ben-Itzchak E, Zachor DA. The presence of comorbid ADHD and anxiety symptoms in autism spectrum disorder: clinical presentation and predictors. Front Psychiatry. (2018) 9:717. doi: 10.3389/fpsyt.2018.00717

29. Lord C, Rutter M, DiLavore PC, Risi S, Gotham K, Bishop S. Autism Diagnostic Observation Schedule. 2nd ed. Torrance, CA: Western Psychological Services (2012).

30. Bodfish JW, Symons FJ, Parker DE, Lewis MH. Varieties of repetitive behavior in autism: comparisons to mental retardation. J Autism Dev Disord. (2000) 30(3):237–43. doi: 10.1023/a:1005596502855

31. Lam KSL, Aman MG. The repetitive behavior scale-revised: independent validation in individuals with autism spectrum disorders. J Autism Dev Disord. (2007) 37(5):855–66. doi: 10.1007/s10803-006-0213-z

32. Ausderau K, Sideris J, Furlong M, Little LM, Bulluck J, Baranek GT. National survey of sensory features in children with ASD: factor structure of the sensory experience questionnaire (3.0). J Autism Dev Disord. (2014) 44(4):915–25. doi: 10.1007/s10803-013-1945-1

33. Little LM, Freuler AC, Houser MB, Guckian L, Carbine K, David FJ, et al. Psychometric validation of the sensory experiences questionnaire. Am J Occup Ther. (2011) 65(2):207–10. doi: 10.5014/ajot.2011.000844

34. Kaat AJ, Lecavalier L, Aman MG. Validity of the aberrant behavior checklist in children with autism spectrum disorder. J Autism Dev Disord. (2014) 44(5):1103–16. doi: 10.1007/s10803-013-1970-0

35. Egger HL, Angold A. The preschool age psychiatric assessment (PAPA): a structured parent interview for diagnosing psychiatric disorders in preschool children. In: DelCarmen-Wiggins R, Carter A, editors. Handbook of Infant, Toddler, and Preschool Mental Health Assessment. New York: Oxford University Press (2004). p. 223–43.

36. American Psychiatric Association. Diagnostic and statistical manual of mental disorders (4, text rev. ed.) (2000).

37. Angold A, Costello EJ. The child and adolescent psychiatric assessment (CAPA). J Am Acad Child Adolesc Psychiatry. (2000) 39(1):39–48. doi: 10.1097/00004583-200001000-00015

38. Simonoff E, Pickles A, Charman T, Chandler S, Loucas T, Baird G. Psychiatric disorders in children with autism spectrum disorders: prevalence, comorbidity, and associated factors in a population-derived sample. J Am Acad Child Adolesc Psychiatry. (2008) 47(8):921–9. doi: 10.1097/CHI.0b013e318179964f

39. Egger HL, Erkanli A, Keeler G, Potts E, Walter BK, Angold A. Test-retest reliability of the preschool age psychiatric assessment (PAPA). J Am Acad Child Adolesc Psychiatry. (2006) 45(5):538–49. doi: 10.1097/01.chi.0000205705.71194.b8

40. Kerns CM, Kendall PC, Berry L, Souders MC, Franklin ME, Schultz RT, et al. Traditional and atypical presentations of anxiety in youth with autism spectrum disorder. J Autism Dev Disord. (2014) 44(11):2851–61. doi: 10.1007/s10803-014-2141-7

41. Salazar F, Baird G, Chandler S, Tseng E, O’sullivan T, Howlin P, et al. Co-occurring psychiatric disorders in preschool and elementary school-aged children with autism spectrum disorder. J Autism Dev Disord. (2015) 45(8):2283–94. doi: 10.1007/s10803-015-2361-5

42. Roid GH. Stanford-Binet Intelligence Scales. 5th ed. Itasca, IL: Riverside Publishing (2003).

43. Coolican J, Bryson SE, Zwaigenbaum L. Brief report: data on the Stanford-Binet intelligence scales (5th ed.) in children with autism spectrum disorder. J Autism Dev Disord. (2008) 38(1):190–7. doi: 10.1007/s10803-007-0368-2

44. Mullen EM. Mullen Scales of Early Learning (AGS ed.). Circle Pines, MN: American Guidance Service (1995).

45. Gioia GA, Espy KA, Isquith PK. Behavior Rating Inventory of Executive function-Preschool version. Lutz, FL: Psychological Assessment Resources (2003).

46. Gioia GA, Isquith PK, Guy SC, Kenworthy L. TEST REVIEW behavior rating inventory of executive function. Child Neuropsychol. (2000) 6(3):235–8. doi: 10.1076/chin.6.3.235.3152

47. Kurita H, Osada H, Shimizu K, Tachimori H. Validity of DQ as an estimate of IQ in children with autistic disorder. Psychiatry ClinThe Journal of Molecular Diagnosticshe Journal of Physical Chemistry C. (2003) 57(2):231–3. doi: 10.1046/j.1440-1819.2003.01106.x

48. Morris L, Mansell W. A systematic review of the relationship between rigidity/flexibility and transdiagnostic cognitive and behavioral processes that maintain psychopathology. J Exp Psychopathol. (2018) 9(3):2043808718779431. doi: 10.1177/2043808718779431

49. Bird S, Moid LAE, Jones CA, Surtees ADR. The relationships between restrictive/repetitive behaviours, intolerance of uncertainty, and anxiety in autism: a systematic review and meta-analysis. Res Autism Spectr Disord. (2024) 117:102428. doi: 10.1016/j.rasd.2024.102428

50. Bijlenga D, Tjon-Ka-Jie JYM, Schuijers F, Kooij JJS. Atypical sensory profiles as core features of adult ADHD, irrespective of autistic symptoms. Eur Psychiatry. (2017) 43:51–7. doi: 10.1016/j.eurpsy.2017.02.481

51. Dellapiazza F, Vernhet C, Blanc N, Miot S, Schmidt R, Baghdadli A. Links between sensory processing, adaptive behaviours, and attention in children with autism spectrum disorder: a systematic review. Psychiatry Res. (2018) 270:78–88. doi: 10.1016/j.psychres.2018.09.023

52. Howes OD, Rogdaki M, Findon JL, Wichers RH, Charman T, King BH, et al. Autism spectrum disorder: consensus guidelines on assessment, treatment and research from the British Association for psychopharmacology. J Psychopharmacol. (2018) 32(1):3–29. doi: 10.1177/0269881117741766

53. Kerns CM, Wood JJ, Kendall PC, Renno P, Crawford EA, Mercado RJ, et al. The treatment of anxiety in autism spectrum disorder (TAASD) study: rationale, design and methods. J Child Fam Stud. (2016) 25(6):1889–902. doi: 10.1007/s10826-016-0372-2

54. Wood JJ, Drahota A, Sze K, Har K, Chiu A, Langer DA. Cognitive behavioral therapy for anxiety in children with autism spectrum disorders: a randomized, controlled trial. J Child Psychol Psychiatry. (2009) 50(3):224–34. doi: 10.1111/j.1469-7610.2008.01948.x

55. Wood JJ, Kendall PC, Wood KS, Kerns CM, Seltzer M, Small BJ, et al. Cognitive behavioral treatments for anxiety in children with autism Spectrum disorder: a randomized clinical trial. JAMA Psychiatry. (2020) 77(5):474. doi: 10.1001/jamapsychiatry.2019.4160

56. Storch EA, Lewin AB, Collier AB, Arnold E, De Nadai AS, Dane BF, et al. A randomized controlled trial of cognitive-behavioral therapy versus treatment as usual for adolescents with autism spectrum disorders and comorbid anxiety. Depress Anxiety. (2015) 32(3):174–81. doi: 10.1002/da.22332

57. Oerbeck B, Overgaard KR, Attwood T, Bjaastad JF. “Less stress”: a pilot study on a cognitive behavioral treatment program for anxiety in children with autism spectrum disorders. Scand J Child Adolesc Psychiatr Psychol. (2021) 9:30–40. doi: 10.21307/sjcapp-2021-005

58. McBride NM, Weinzimmer SA, La Buissonnière-Ariza V, Schneider SC, Ehrenreich May J, Lewin AB, et al. The impact of comorbidity on cognitive-behavioral therapy response in youth with anxiety and autism spectrum disorder. Child Psychiatry Hum Dev. (2020) 51(4):625–35. doi: 10.1007/s10578-020-00961-2

59. Fuselier MN, Guzick AG, Bakhshaie J, Wood JJ, Kendall PC, Kerns CM, et al. Examining the relationship between anxiety severity and autism-related challenges during cognitive behavioral therapy for children with autism. J Autism Dev Disord. (2024) 54(5):1849–56. doi: 10.1007/s10803-023-05912-z

60. Antshel KM, Polacek C, McMahon M, Dygert K, Spenceley L, Dygert L, et al. Comorbid ADHD and anxiety affect social skills group intervention treatment efficacy in children with autism spectrum disorders. J Dev Behav Pediatr. (2011) 32(6):439–46. doi: 10.1097/DBP.0b013e318222355d

61. Waters AM, Mogg K, Bradley BP. Direction of threat attention bias predicts treatment outcome in anxious children receiving cognitive-behavioural therapy. Behav Res Ther. (2012) 50(6):428–34. doi: 10.1016/j.brat.2012.03.006

62. Cairncross M, Miller CJ. The effectiveness of mindfulness-based therapies for ADHD: a meta-analytic review. J Atten Disord. (2020) 24(5):627–43. doi: 10.1177/1087054715625301

63. Kerns CM, Renno P, Kendall PC, Wood JJ, Storch EA. Anxiety disorders interview schedule–autism addendum: reliability and validity in children with autism spectrum disorder. J Clin Child Adolesc Psychol. (2017) 46(1):88–100. doi: 10.1080/15374416.2016.1233501

64. Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview—Revised: a revised version of a diagnostic interview for caregivers of individuals with possible pervasive developmental disorders. J Autism Dev Disord. (1994) 24(5):659–85. doi: 10.1007/BF02172145

65. Hollocks MJ, Leno VC, Chandler S, White P, Yorke I, Charman T, et al. Psychiatric conditions in autistic adolescents: longitudinal stability from childhood and associated risk factors. Eur Child Adolesc Psychiatry. (2023) 32(11):2197–208. doi: 10.1007/s00787-022-02065-9



OPS/images/frcha-04-1585507-g001.jpg
Shifting Difficulties

Higher:
1. Ritualistic behaviors
2. Sameness behaviors
3. Sensory hyper-
responsivity

Higher
Anxiety Symptoms

Inhibitory Control
Difficulties

Higher H'g:'e" o

: j
2. Irritability

ADHD Symptoms






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Unique and shared influences of anxiety and ADHD on the behavioral profile of autism in early childhood

		1 Introduction



		2 Methods



		2.1 Participants



		2.2 Measures



		2.2.1 Core and associated features



		2.2.2 Co-occurring anxiety and ADHD



		2.2.3 Executive function











		2.3 Analyses











		3 Results



		3.1 Co-occurring disorders and autistic features



		3.2 Co-occurring disorders and executive function difficulties



		3.3 Executive function as a mediator of differences in how anxiety and ADHD symptoms impact core and associated autistic features











		4 Discussion



		4.1 Limitations











		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Child and Adolescent Psychiatry

Unique and shared influences of
anxiety and ADHD on the
behavioral profile of autism in
early childhood





OPS/images/frcha-04-1585507-t004.jpg
Executive Anxiety Anxiety*ADHD
function interaction
domain®

Inhibition NS. 2 F(1)=47,p=003

Shifting Attention F(1)=226, 3 F(1)=49, p<0.05
P <0.0001
Emotional Control A1) =3. F1) =75, H(1)=7.6, p<001
p=0. P<001
‘Working Memory . F(1)=86, NS.

“Planning/Organizing T I 1, | NS.

BRIEF-P, behavior rating inventory of exccutive function, preschool version; NS,
not significant.
"Craom BRIEE-P subscores





OPS/images/frcha-04-1585507-t002.jpg
Comparison Group Variable | t(df) = 67 | p-value

ADHD vs. no ADHD DQ 0.07 0.94
ADHD vs. no ADHD Age -19 007
Anxiety disorder vs. no anxiety disorder | DQ —o77 044
Anxiety disorder vs. no anxiety disorder | Age -141 0.16

DQ, developmental quotient; ADHD, attention-deficit hyperactivity disorder; t(df), t-value
(degrees of freedom).






OPS/images/frcha-04-1585507-t003.jpg
Behavioral
domain

Measurement

Anxiety

Overall autism features ADOS-2 F(1)= 46, NS
P<005

Social affect score ADOS-2 N. NS

Sensory hyper- SEQ F(1)=165, NS.

responsivity p<0001

Restricted and Repetitive

Behaviors

Ritualistic RBS-R F1)=102, NS
<001

Sameness RBS R F(1)=39, NS
<005

Self-injury RBS-R NS.

Stereotyped motor RBS-R NS.

behavior

Compulsive behaviors RBSR NS. N

Restricted behaviors RBS-R NS. NS

Irritability ABC NS. F1)=73,

Pp<001

ASD, Autism spectrum disorder; ADHD, attention-deficit hyperactivity disorder; ADOS-2
Autism diagnostic observation schedule — second edition; RBS-R, restricted and repetitve
behaviors scale; SEQ, sensory experiences questionnaire; ABC, Aberrant behavior checklist

N.S., not significant.







OPS/images/frcha-04-1585507-t001.jpg
Characteristic
Age in Years [Mean (SD)]

4.1 (09)

Gender [N (%)]

Girls

15 (22%)

Boys

54 (78%)

Ethnicity/Race [N (%)]

Black

5 (7%)

White, Non-Hispanic

30 (43%)

Hispanic

10 (15%)

More than one race

18 (26%)

Other

6 (9%)

Co-occurring Diagnoses [N (%)]

Anxiety Disorders (any)

49 (71%)

Anxiety only

18 (26%)

Anxiety+ ADHD

31 (45%)

ADHD (any)

42 (61%)

ADHD only

11 (16%)

Anxiety sADHD

31 (45%)

D Quotient [Mean (SD)]

77 33.2)

ADHD, attention-deficit hyperactivity disorder.






OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Child and Adolescent Psychiatry





