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Attention‑deficit hyperactivity 
disorder traits are a more 
important predictor of internalising 
problems than autistic traits
Luca D. Hargitai 1, Lucy A. Livingston 2,3, Lucy H. Waldren 1, Ross Robinson 1, 
Christopher Jarrold 4 & Punit Shah 1*

Autism Spectrum Disorder (ASD) and Attention‑Deficit Hyperactivity Disorder (ADHD) are both linked 
to internalising problems like anxiety and depression. ASD and ADHD also often co‑occur, making 
their individual statistical contributions to internalising disorders difficult to investigate. To address 
this issue, we explored the unique associations of self‑reported ASD traits and ADHD traits with 
internalising problems using a large general population sample of adults from the United Kingdom 
(N = 504, 49% male). Classical regression analyses indicated that both ASD traits and ADHD traits 
were uniquely associated with internalising problems. Dominance and Bayesian analyses confirmed 
that ADHD traits were a stronger, more important predictor of internalising problems. However, brief 
depression and anxiety measures may not provide a comprehensive index of internalising problems. 
Additionally, we focused on recruiting a sample that was representative of the UK population 
according to age and sex, but not ethnicity, a variable that may be linked to internalising disorders. 
Nevertheless, our findings indicate that while ASD and ADHD uniquely predict internalising problems, 
ADHD traits are a more important statistical predictor than ASD traits. We discuss potential 
mechanisms underlying this pattern of results and the implications for research and clinical practice 
concerning neurodevelopmental conditions.

Abbreviations
ADHD  Attention-Deficit Hyperactivity Disorder
AQ-Short  28-item Short Autism-Spectrum Quotient
ASD  Autism Spectrum Disorder
ASRS  Adult ADHD Self-Report Scale
BF10  Bayes Factor
GAD-7  7-Item Generalised Anxiety Disorder Scale
GDW  General Dominance Weight
OCD  Obsessive-Compulsive Disorder
PHQ-9  9-Item Depression Module of the Patient Health Questionnaire.

Autism Spectrum Disorder (ASD) is characterised by social-communication difficulties and restrictive and 
repetitive patterns of  behaviour1. In addition to core ASD symptoms, a large body of research has focused on the 
associations between ASD and mental health problems, particularly internalising disorders. For example, recent 
meta-analyses have indicated that anxiety disorders, depression and obsessive–compulsive disorder (OCD) are 
more prevalent in autism compared to the general  population2,3. Notably, internalising problems have also been 
linked to lower quality of life, physical wellbeing, and social functioning in  ASD4–7, making them important 
targets for intervention. Attention-deficit hyperactivity disorder (ADHD)—characterised by inattention and/or 
hyperactivity and  impulsivity1—is another neurodevelopmental condition associated with internalising disorders, 
including anxiety, depression and  OCD8–10. Research has further indicated that co-occurring depression and 
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anxiety is associated with greater social difficulties in people with ADHD, which can often be difficult to differ-
entiate from ASD  symptomology11,12. Moreover, anxiety and depression are thought to underlie the relationship 
between childhood ADHD and lower quality of life in  adulthood13.

It is now clear that both ASD and ADHD are associated with internalising problems, which also contribute 
to many other health difficulties (e.g., sleep disorders;14) and a lower quality of life in people with these neu-
rodevelopmental  conditions15. Surprisingly, however, there is far greater emphasis on ASD over ADHD in both 
research on internalising  problems16 and clinical  practice17. To complicate matters, ASD and ADHD often co-
occur, with a recent estimate that around 28% of autistic individuals have co-occurring  ADHD3. The diagnostic 
co-occurrence and overlapping cognitive profiles between ASD and ADHD (e.g., emotional and attentional 
 atypicalities18) makes it especially difficult to statistically examine their unique, relative contributions to internal-
ising problems. There is little empirical research on this topic and almost nothing in adults, despite indications 
that the prevalence of anxiety and depression increases notably in adulthood in these clinical  populations19–22. 
Existing studies, mainly in children and adolescents, have used small samples and/or seldom report effect sizes 
[e.g.,23–25]. They are likely to be under-powered and it is difficult to derive implications for clinical practice based 
on such research [see also,15].

A trait-based approach to the investigation of neurodevelopmental phenomena may be a useful way to 
overcome these limitations in previous research, given that both ASD and ADHD are dimensionally distributed 
across the general population [e.g.,26–28]. Instead of using diagnostic data, this involves using large, non-clinical 
samples of participants who complete self-report measures of ASD [e.g.,29] and ADHD [e.g.,30] traits. Harness-
ing the strength of this approach, we aimed to quantify the relative contributions of ASD and ADHD to anxiety 
and depression symptoms. Following the previous literature, we expected that both ASD and ADHD traits 
would be associated with these internalising problems. Critically, the present study focused on using a series of 
statistical methods to establish whether ASD or ADHD traits were the stronger and more important predictor 
of internalising problems.

Methods
Recruitment through Prolific obtained a large general population sample of adults, representative of the United 
Kingdom in terms of age and sex distributions (based on Office for National Statistics  data31). The sample had 
504 participants (247 [49%] male; 257 [51%] female), aged 18–79 years (M = 45.03, SD = 15.41). This gave us at 
least 95% statistical power to detect small-to-medium unique effects in the multivariate analyses, where f2 = 0.05 
and α = 0.05 (2-tailed;32). Participants provided their age (years), sex, and education level between 0 (no quali-
fications) and 7 (PhD or equivalent) on the International Standard Classification of  Education33. No additional 
information was collected about clinical diagnoses. Participants completed the following self-report measures 
in a randomised order.

The 28-item Short Autism-Spectrum Quotient (AQ-Short;29) assessed social and non-social ASD traits, gener-
ating a score between 28 (few autistic traits) and 112 (many autistic traits). Importantly, the AQ-Short is suitable 
for use in both males and females as it is potentially less biased towards the male autism phenotype compared to 
other ASD trait  measures34. The AQ-Short had good reliability in the present study (α = 0.84; ω = 0.83).

The Adult ADHD Self-Report Scale  (ASRS30) assessed ADHD traits. Its 18 items measure the frequency of 
symptoms related to inattention and hyperactivity/impulsivity, producing scores between 0 (no ADHD traits) 
and 72 (many ADHD traits). Comparing the ASRS to clinician ratings, Kessler and  colleagues30 reported that the 
classification accuracy of the ASRS for ADHD was 96.2%, supporting its construct validity. In the present study, 
the ASRS had good reliability (α = 0.90; ω = 0.90).

The 7-Item Generalised Anxiety Disorder Scale (GAD-735) assessed how frequently participants experienced 
anxiety symptoms in the preceding 2-week period, leading to a score between 0 (no anxiety) and 21 (severe 
anxiety). Spitzer et al.35 showed that the GAD-7 had good convergent validity using the Beck Anxiety Inven-
tory (r = 0.72) and the Symptom Checklist-90 (r = 0.74). The GAD-7 had good reliability in the present study 
(α = 0.93; ω = 0.93).

The 9-Item Depression Module of the Patient Health Questionnaire (PHQ-936) measured the frequency of 
depression symptoms in the preceding 2-week period, generating a score between 0 (no depression) and 27 
(severe depression). Martin et al.37 showed that the PHQ-9 was associated with the Brief Beck Depression Inven-
tory (r = 0.73), demonstrating its convergent validity and, in the present study, this measure had good reliability 
(α = 0.92; ω = 0.92).

Ethics approval and consent to participate. Ethical clearance was granted by a University of Bath 
Ethics Committee. All procedures performed in studies involving human participants were in accordance with 
the ethical standards of the institutional committee and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. Participants gave informed consent prior to participation and were 
debriefed following completion.

Results
The data were first analysed using JASP (Version 0.14.1)38. Based on predetermined criteria (i.e., a Studentized 
Residual with an absolute value ≥ 3 and a Cook’s Distance ≥ 0.5), no datapoints were identified as multivariate 
outliers. Correlations among variables were assessed using two-tailed Pearson’s correlations, before conducting 
a multiple regression analysis to investigate the associations of ASD traits and ADHD traits with internalising 
disorder symptoms, controlling for sex, age, and education level.

While multicollinearity was not a concern (all VIF values < 1.19), the visual inspection of a Q-Q plot of the 
standardised residuals and a scatterplot of the standardised residuals against the standardised predicted values 
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indicated that the assumptions of normality and homoscedasticity were potentially violated. Thus, 95% bias-
corrected and accelerated bootstrap confidence intervals (2000 resamples) are reported to complement the 
ordinary least squares estimates.

To determine the relative statistical importance of each predictor variable, dominance analyses were then 
conducted using the yhat  package39 in RStudio (Version 1.3.959)40. Finally, two Bayesian regression analyses were 
carried out in JASP to derive Bayes Factors and thus quantify the evidence supporting ASD and ADHD traits as 
unique predictors of internalising problems.

Descriptive statistics and correlations are presented in Table 1. In line with the expected overlap between 
ASD and ADHD, moderate correlations were observed between ASD and ADHD traits, r = 0.30, p < 0.001. Both 
ASD and ADHD traits were correlated with greater anxiety (ASD: r = 0.28, p < 0.001; ADHD: r = 0.56, p < 0.001) 
and depression (ASD: r = 0.33, p < 0.001; ADHD: r = 0.55, p < 0.001). Anxiety and depression were also highly 
correlated (r = 0.81, p < 0.001). Therefore, to avoid concerns with multicollinearity in the multivariate analyses, 
anxiety and depression were combined into a composite measure of internalising problems  [following41,42]. Both 
ASD traits, r = 0.32, and ADHD traits, r = 0.58, were correlated with greater internalising problems (all ps < 0.001).

Multiple regression (Table 2) assessed the unique associations of ASD and ADHD traits with internalising 
problems, including age, sex, and education level as covariates. Both trait ASD, β = 0.17, p < 0.001, and ADHD, 
β = 0.49, p < 0.001, were unique predictors of internalising problems. Inspection of beta coefficients suggested 
that trait ADHD was a stronger predictor than trait ASD. Comparing beta coefficients, however, is not sufficient 
to test the relative importance of predictors  [see43]. Therefore, using dominance analysis, as increasingly used in 
autism research [e.g.,44,45], we calculated General Dominance Weights (GDWs), where larger weights indicated 
greater variance explained in internalising problems. These GDWs were used to rank the predictors in order of 
statistical importance  [following46]. ADHD traits (GDW = 0.27) clearly dominated ASD traits (GDW = 0.06) as 
the most important predictor of internalising problems (Table 2). The analysis also revealed that this dominance 
relationship, estimated via bootstrapping (2000 resamples;  following47), had a reproducibility rate of 100%. This 
indicated that ADHD traits would always dominate ASD traits as a predictor of internalising problems at the 
population level.

Finally, two Bayesian analyses were conducted, as recommended alongside traditional frequentist statistics 
 [see48]. We compared models containing the predictor of interest (either ASD traits or ADHD traits) with 
null models including all other variables, following recent autism research [e.g.,49]. The Bayes Factors  (BF10), 
therefore, indexed ASD and ADHD traits as unique predictors of internalising problems. There was “extreme” 
evidence that both ASD and ADHD traits predicted internalising problems but, consistent with the foregoing 
analyses, ADHD traits,  BF10 = 1.049 ×  1029, were a much stronger predictor of internalising problems than ASD 
traits,  BF10 = 2160.73. The overall pattern of results was identical to separate analyses for anxiety (Table 3) and 
depression (Table 4) symptoms.

Table 1.  Descriptive Statistics and Pearson’s Correlations. *p < .05, **p < .01, ***p < .001.

Measures Mean (SD) 1 2 3 4 5 6 7

1. ASD Traits 65.69 (11.02) –

2. ADHD Traits 26.10 (11.46) .30*** _

3. Age (years) 45.03 (15.41)  − .04  − .23*** _

4. Sex (0 = Female, 1 = Male) – .13**  − .09 .01 _

5. Education Level –  − .09*  − .03  − .11* .03 _

6. Anxiety Symptoms 5.92 (5.40) .28*** .56***  − .27***  − .09*  − .04 _

7. Depression Symptoms 7.14 (6.34) .33*** .55***  − .27***  − .01  − .07 .81*** _

8. Internalising Problems 0.00 (0.95) .32*** .58***  − .28***  − .05  − .06 .95*** .95***

Table 2.  Regression, Dominance, and Bayesian Analyses. 95% bias − corrected and accelerated bootstrap 
confidence intervals for B using 2000 resamples. General Dominance Weight (GDW, with higher values 
indicating a more important predictor). Sex is coded as 0 = female; 1 = male.

Predictor B [95% CIs] SE(B) β p sr2 GDW BF10

ASD traits 0.01 [0.01, 0.02] 0.003 .17  < .001 .024 .063 2160.73

ADHD traits 0.04 [0.03, 0.05] 0.003 .49  < .001 .201 .268 1.049 ×  1029

Age  − 0.01 [− 0.02, − 0.01] 0.002  − .17  < .001 .027 .053 –

Sex  − 0.06 [− 0.19, 0.08] 0.068  − .03 .390 .001 .003 –

Education level  − 0.02 [− 0.06, 0.01] 0.018  − .05 .193 .002 .003 –

Overall Model Fit F (5, 498) = 63.56, p < .001, R2 = 0.39
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Discussion
We determined the relative contributions of ASD and ADHD to internalising problems using a trait-based 
approach in a large general population sample. Consistent with the previous literature [e.g.,2,8], both ASD and 
ADHD traits predicted greater internalising problems. The regression analyses also indicated that ADHD traits 
may be a stronger predictor of internalising problems than ASD traits. This was formally confirmed with domi-
nance analyses, which showed that ADHD traits dominated ASD traits in predicting internalising problems, 
with reproducibility estimates highlighting that this finding is almost certain to exist in the general population. 
Bolstering these results, Bayes Factors made it even clearer that ADHD traits were more predictive of internalis-
ing problems than ASD traits. Overall, we report converging evidence that ADHD traits are a stronger and more 
important predictor of internalising problems than ASD traits.

To our knowledge, this is the first evidence that ADHD traits are more predictive of internalising problems 
than ASD traits. While its novelty might appear surprising, it is reflective of the dearth of research on this topic. 
Unfortunately, ASD has often been prioritised over ADHD in both research on internalising problems and 
clinical practice, particularly for anxiety  [see16,17]. This has led to major gaps in the literature, which this study 
has helped to address. Based on the robustness and consistency of our results, we argue that greater emphasis 
should be placed on the role of ADHD in mental health research and clinical practice on neurodevelopmental 
conditions. Our finding that ADHD traits dominated ASD traits in predicting internalising disorder symptoms 
could inform strategies to identify individuals who are at an increased risk of internalising problems. This might 
allow preventative measures and interventions to be implemented at an earlier age, which, for example, could 
focus on managing ADHD symptoms for a greater impact on ameliorating internalising problems and improving 
mental wellbeing in adults. Developmental, longitudinal research will now be required to advance this line of 
work, for example, to determine the direction of the relationships between neurodevelopmental and internalising 
symptoms across development. Equally, addressing other gaps in the literature, this study offers novel insight 
into the link between neurodevelopmental conditions and mental health in adults, a population that is often 
understudied in the context of ASD and  ADHD15. Our findings suggest that the management of ADHD traits 
in adults, with or without ASD, has potential to reduce internalising problems, which could supplement clinical 
interventions directly targeting anxiety and depression (e.g., anti-depressant medications, talking therapies), 
although replication is, of course, now required in clinically diagnosed samples. Given that ADHD/ASD traits 
share similar correlates with clinical diagnoses  [see27], we hypothesise that a similar pattern of results will be 
found in such research. Indeed, a recent study in clinically diagnosed autistic people found that ADHD traits, 
compared to autistic traits, were more strongly associated with a lower quality of  life50. As quality of life and 
internalising problems are  correlated51,52, we would expect that our pattern of results will, in future, be found in 
a sample of clinically diagnosed autistic people.

Before these potential suggestions could be translated into practice, there is a need to investigate the mech-
anisms underlying our results. While the specific neurocognitive processes that underpin our findings are 
unknown, a possible explanation for this pattern of results may be the differential executive function difficulties 
that characterise ASD and ADHD. A systematic review by Craig and  colleagues53 revealed that, while both neu-
rodevelopmental conditions are associated with executive dysfunction, autistic individuals tend to have more 

Table 3.  Multiple Regression, Dominance and Bayesian Analyses for Anxiety. 95% bias-corrected and 
accelerated bootstrap confidence intervals for B using 2000 resamples. General Dominance Weight (GDW, 
with higher values indicating a more important predictor). Sex is coded as 0 = female; 1 = male.

Predictor B [95% CIs] SE(B) β p sr2 GDW BF10

ASD traits 0.07 [0.03, 0.11] 0.019 .14  < .001 .017 .048 76.611

ADHD traits 0.22 [0.19, 0.26] 0.018 .47  < .001 .189 .250 3.668 ×  1026

Age  − 0.06 [− 0.08, − 0.03] 0.013  − .16  < .001 .024 .048 –

Sex  − 0.71 [− 1.54, 0.01] 0.396  − .07 .072 .004 .007 –

Education level  − 0.08 [− 0.28, 0.12] 0.103  − .03 .439 .001 .001 –

Overall Model Fit F (5, 498) = 54.60, p < .001, R2 = 0.35

Table 4.  Multiple Regression, Dominance, and Bayesian Analyses for Depression.  95% bias-corrected and 
accelerated bootstrap confidence intervals for B using 2000 resamples. General Dominance Weight (GDW, 
with higher values indicating a more important predictor). Sex is coded as 0 = female; 1 = male.

Predictor B [95% CIs] SE(B) β p sr2 GDW BF10

ASD traits 0.10 [0.05, 0.15] 0.022 .18  < .001 .027 .066 4859.401

ADHD traits 0.25 [0.21, 0.30] 0.022 .45  < .001 .174 .235 4.807 ×  1024

Age  − 0.07 [− 0.10, − 0.04] 0.015  − .17  < .001 .025 .048 –

Sex 0.10 [− 0.82, 0.97] 0.465 .01 .831 .000 .001 –

Education level  − 0.20 [− 0.44, 0.04] 0.121  − .06 .102 .003 .004 –

Overall Model Fit F (5, 498) = 54.74, p < .001, R2 = 0.35
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problems with cognitive flexibility and planning, while those with ADHD have more response inhibition dif-
ficulties [see  also54]. Crucially, such response inhibition problems have also been documented in  depression55–57 
and  anxiety58–60. We therefore speculate that response inhibition difficulties, which appear to be a cognitive 
feature of ADHD, may also potentially underpin the stronger association between ADHD traits and internalis-
ing problems. The residual link between autism and internalising problems may be driven by other atypicalities 
often reported in these conditions, such as alexithymia  [see61]. Our study was neither designed nor able to test 
for such mechanisms, and alexithymia has not been investigated in ADHD controlling for ASD, however it 
provides some direction for future research on the processes underlying differential contributions of ADHD 
and ASD to poor mental health.

In considering mechanisms to explain our findings, it may also be important to think about the overlap 
between ADHD, ASD and internalising problems at the genetic level  [see15 for a review]. Family studies have 
consistently shown an increased prevalence of depression in biological relatives of individuals with ADHD 
and/or ASD [e.g.,62,63] with similar findings for anxiety [e.g.,64,65]. Further, studies identifying common genetic 
variants (i.e., via genome-wide association studies; GWAS) demonstrate genetic correlations between internal-
ising disorders and both ADHD and ASD [e.g.,66,67]. Interestingly, a recent GWAS of eight major psychiatric 
 conditions68 showed that, whilst ADHD and ASD show similar genetic correlations with depression (0.44 and 
0.45, respectively), significant genetic correlations with anxiety were found with ADHD, but not ASD. That is, 
a pattern of results in a genetic study in line with our findings. Future research could investigate, more directly, 
whether genetic factors can explain why ADHD traits are more strongly associated with internalising problems 
than autistic traits.

Further research is also required to address limitations of the present study. First, internalising problems were 
assessed using brief depression and anxiety measures, which may not provide a comprehensive index of internal-
ising problems. Additionally, several internalising symptoms measured by these brief screeners (e.g., insomnia, 
restlessness and changes in appetite) overlap with the symptom profiles of ASD and  ADHD15, suggesting that 
some participants may have been scoring on certain items due to their neurodevelopmental traits rather than 
experiences of anxiety and/or depression. A future replication of our study using a more in-depth measure that 
overlaps less with items on the ASRS and AQ-Short (e.g., the Depression, Anxiety and Stress Scales;69), may be 
helpful in testing the validity and replicability of our findings. Second, ethnicity was not considered as we focused 
on recruiting a sample that was UK representative by age and sex alone. However, given that there may be a link 
between ethnicity and internalising problems [e.g.,70,71], it will be important to assess whether the dominance 
relationship observed holds after accounting for participants’ ethnicity and other socio-demographic factors. 
Finally, while the trait-based approach was an important step in understanding the unique contributions of ASD 
and ADHD to internalising problems, the study will require a conceptual replication with clinical samples. Such 
research would benefit from using measures of internalising symptoms that have been validated in this popula-
tion, which are currently  lacking15. This will be difficult to achieve as it is only with the most recent revision of 
the Diagnostic and Statistical Manual of Mental  Disorders1 that individuals can receive concurrent ASD and 
ADHD  diagnoses72. Consequently, recruiting a sufficiently large sample of clinically diagnosed participants, as 
required to undertake the analyses we have employed, will require considerable resources. Our study hopefully 
provides the impetus for such research.

Overall, our findings demonstrate that ASD and ADHD uniquely predict internalising problems, such as 
anxiety and depression. Crucially, ADHD traits were a much more important predictor of internalising prob-
lems and our analyses indicated that this relationship is almost certain to occur in the overall population. While 
further research is necessary to replicate these findings and elucidate mechanisms that underpin the observed 
relationships, our study provides important new evidence linking neurodevelopmental conditions and mental 
health in adulthood.

Data availability
The anonymised data from the present study are available from the corresponding author on request.

Received: 17 March 2022; Accepted: 13 December 2022

References
 1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-5®) (American Psychiatric Publish-

ing, 2013).
 2. Hollocks, M. J., Lerh, J. W., Magiati, I., Meiser-Stedman, R. & Brugha, T. S. Anxiety and depression in adults with autism spectrum 

disorder: a systematic review and meta-analysis. Psychol. Med. 49, 559–572 (2019).
 3. Lai, M.-C. et al. Prevalence of co-occurring mental health diagnoses in the autism population: A systematic review and meta-

analysis. Lancet Psychiatry 6, 819–829 (2019).
 4. Chang, Y.-C., Quan, J. & Wood, J. J. Effects of anxiety disorder severity on social functioning in children with autism spectrum 

disorders. J. Dev. Phys. Disabil. 24, 235–245 (2012).
 5. Mason, D. et al. Quality of life for older autistic people: The impact of mental health difficulties. Res. Autism Spectr. Disord. 63, 

13–22 (2019).
 6. Moss, P., Howlin, P., Savage, S., Bolton, P. & Rutter, M. Self and informant reports of mental health difficulties among adults with 

autism findings from a long-term follow-up study. Autism 19, 832–841 (2015).
 7. Oakley, B. F. et al. How do core autism traits and associated symptoms relate to quality of life? Findings from the longitudinal 

European autism project. Autism 25, 389–404 (2021).
 8. Katzman, M. A., Bilkey, T. S., Chokka, P. R., Fallu, A. & Klassen, L. J. Adult ADHD and comorbid disorders: Clinical implications 

of a dimensional approach. BMC Psychiatry 17, 302 (2017).
 9. Kessler, R. C. et al. The prevalence and correlates of adult ADHD in the United States: Results from the national comorbidity survey 

replication. AJP 163, 716–723 (2006).



6

Vol:.(1234567890)

Scientific Reports |           (2023) 13:31  | https://doi.org/10.1038/s41598-022-26350-4

www.nature.com/scientificreports/

 10. Klassen, L. J., Katzman, M. A. & Chokka, P. Adult ADHD and its comorbidities, with a focus on bipolar disorder. J. Affect. Disord. 
124, 1–8 (2010).

 11. Bishop, C., Mulraney, M., Rinehart, N. & Sciberras, E. An examination of the association between anxiety and social functioning 
in youth with ADHD: A systematic review. Psychiatry Res. 273, 402–421 (2019).

 12. Ray, A. R., Evans, S. W. & Langberg, J. M. Factors associated with healthy and impaired social functioning in young adolescents 
with ADHD. J. Abnorm. Child Psychol. 45, 883–897 (2017).

 13. Yang, H.-N., Tai, Y.-M., Yang, L.-K. & Gau, S.S.-F. Prediction of childhood ADHD symptoms to quality of life in young adults: 
Adult ADHD and anxiety/depression as mediators. Res. Dev. Disabil. 34, 3168–3181 (2013).

 14. Basta, M., Chrousos, G. P., Vela-Bueno, A. & Vgontzas, A. N. Chronic insomnia and the stress system. Sleep Med. Clin. 2, 279–291 
(2007).

 15. Thapar, A., Livingston, L., Eyre, O. & Riglin, L. Practitioner Review: Attention-deficit hyperactivity disorder and autism spectrum 
disorder—The importance of depression. J. Child Psychol. Psychiatry https:// doi. org/ 10. 1111/ jcpp. 13678 (2022).

 16. Bishop, D. V. M. Which neurodevelopmental disorders get researched and why?. PLoS ONE 5, e15112 (2010).
 17. Young, S. et al. Failure of healthcare provision for attention-deficit/hyperactivity disorder in the United Kingdom: A consensus 

statement. Front. Psychiatry 12, 324 (2021).
 18. Antshel, K. M. & Russo, N. Autism spectrum disorders and ADHD: Overlapping phenomenology, diagnostic issues, and treatment 

considerations. Curr. Psychiatry Rep. 21, 34 (2019).
 19. Hudson, C. C., Hall, L. & Harkness, K. L. Prevalence of depressive disorders in individuals with autism spectrum disorder: A 

meta-analysis. J. Abnorm. Child Psychol. 47, 165–175 (2019).
 20. Davis, T. E. et al. Anxiety symptoms across the lifespan in people diagnosed with autistic disorder. Res. Autism Spectr. Disorders 

5, 112–118 (2011).
 21. Krone, B. & Newcorn, J. H. Comorbidity of ADHD and anxiety disorders: Diagnosis and treatment across the lifespan. In Attention-

Deficit Hyperactivity Disorder in Adults and Children (eds Adler, L. A. et al.) (Cambridge University Press, 2015).
 22. Libutzki, B. et al. Direct medical costs of ADHD and its comorbid conditions on basis of a claims data analysis. Eur. Psychiatry 58, 

38–44 (2019).
 23. Gadow, K. D., Guttmann-Steinmetz, S., Rieffe, C. & Devincent, C. J. Depression symptoms in boys with autism spectrum disorder 

and comparison samples. J. Autism Dev. Disord. 42, 1353–1363 (2012).
 24. Goldin, R. L., Matson, J. L., Tureck, K., Cervantes, P. E. & Jang, J. A comparison of tantrum behavior profiles in children with ASD, 

ADHD and comorbid ASD and ADHD. Res. Dev. Disabil. 34, 2669–2675 (2013).
 25. Jang, J. et al. Rates of comorbid symptoms in children with ASD, ADHD, and comorbid ASD and ADHD. Res. Dev. Disabil. 34, 

2369–2378 (2013).
 26. Robinson, E. B. et al. Stability of autistic traits in the general population: Further evidence for a continuum of impairment. J. Am. 

Acad. Child Adolesc. Psychiatry 50, 376–384 (2011).
 27. Thapar, A., Cooper, M. & Rutter, M. Neurodevelopmental disorders. Lancet Psychiatry 4, 339–346 (2017).
 28. Vogel, S. W. N. et al. Distribution of ADHD symptoms, and associated comorbidity, exposure to risk factors and disability: Results 

from a general population study. Psychiatry Res. 267, 256–265 (2018).
 29. Hoekstra, R. A. et al. The construction and validation of an abridged version of the autism-spectrum quotient (AQ-Short). J. Autism 

Dev. Disord. 41, 589–596 (2011).
 30. Kessler, R. C. et al. The World Health Organization adult ADHD self-report scale (ASRS): A short screening scale for use in the 

general population. Psychol. Med. 35, 245–256 (2005).
 31. Office for National Statistics. Detailed occupation by age group, education, sex, industry and UK area: 2019. (2020).
 32. Faul, F., Erdfelder, E., Lang, A.-G. & Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral, 

and biomedical sciences. Behav. Res. Methods 39, 175–191 (2007).
 33. UNESCO Institute for Statistics. International standard classification of education: ISCED 2011. http:// uis. unesco. org/ sites/ defau 

lt/ files/ docum ents/ inter natio nal- stand ard- class ifica tion- of- educa tion- isced- 2011- en. pdf (2012)
 34. Grove, R., Hoekstra, R. A., Wierda, M. & Begeer, S. Exploring sex differences in autistic traits: A factor analytic study of adults 

with autism. Autism 21, 760–768 (2017).
 35. Spitzer, R. L., Kroenke, K., Williams, J. B. W. & Löwe, B. A brief measure for assessing generalized anxiety disorder: The GAD-7. 

Arch. Intern. Med. 166, 1092–1097 (2006).
 36. Kroenke, K., Spitzer, R. L. & Williams, J. B. W. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 16, 

606–613 (2001).
 37. Martin, A., Rief, W., Klaiberg, A. & Braehler, E. Validity of the brief patient health questionnaire mood scale (PHQ-9) in the general 

population. Gen. Hosp. Psychiatry 28, 71–77 (2006).
 38. JASP Team. JASP (Version 0.14.1). (2020)
 39. Nimon, K., Oswald, F. & Roberts, J. K. yhat: Interpreting regression effects. (2021)
 40. RStudio Team. RStudio: Integrated development environment for R (Version 1.3.959). (2020)
 41. MacLennan, K., Rossow, T. & Tavassoli, T. The relationship between sensory reactivity, intolerance of uncertainty and anxiety 

subtypes in preschool-age autistic children. Autism 25, 2305–2316 (2021).
 42. Song, M.-K., Lin, F.-C., Ward, S. E. & Fine, J. P. Composite variables: When and how. Nurs. Res. 62, 45–49 (2013).
 43. Budescu, D. V. Dominance analysis: A new approach to the problem of relative importance of predictors in multiple regression. 

Psychol. Bull. 114, 542–551 (1993).
 44. Bloch, C., Burghof, L., Lehnhardt, F.-G., Vogeley, K. & Falter-Wagner, C. Alexithymia traits outweigh autism traits in the explana-

tion of depression in adults with autism. Sci. Rep. 11, 2258 (2021).
 45. Shah, P., Livingston, L. A., Callan, M. J. & Player, L. Trait autism is a better predictor of empathy than alexithymia. J. Autism Dev. 

Disord. 49, 3956–3964 (2019).
 46. Nimon, K. F. & Oswald, F. L. Understanding the results of multiple linear regression: Beyond standardized regression coefficients. 

Organ. Res. Methods 16, 650–674 (2013).
 47. Azen, R. Using dominance analysis to estimate predictor importance in multiple regression. In Applied Quantitative Analysis in 

Education and the Social Sciences (eds Petscher, Y. M. et al.) (Routledge, 2013).
 48. Kruschke, J. K. & Liddell, T. M. The Bayesian New Statistics: Hypothesis testing, estimation, meta-analysis, and power analysis 

from a Bayesian perspective. Psychon. Bull. Rev. 25, 178–206 (2018).
 49. Taylor, E. C., Livingston, L. A., Callan, M. J., Hanel, P. H. P. & Shah, P. Do autistic traits predict pro-environmental attitudes and 

behaviors, and climate change belief?. J. Environ. Psychol. 76, 101648 (2021).
 50. Yerys, B. E., McQuaid, G. A., Lee, N. R. & Wallace, G. L. Co-occurring ADHD symptoms in autistic adults are associated with less 

independence in daily living activities and lower subjective quality of life. Autism 26, 2188–2195. https:// doi. org/ 10. 1177/ 13623 
61322 11121 98 (2022).

 51. Olatunji, B. O., Cisler, J. M. & Tolin, D. F. Quality of life in the anxiety disorders: A meta-analytic review. Clin. Psychol. Rev. 27, 
572–581 (2007).

 52. Hansson, L. Quality of life in depression and anxiety. Int. Rev. Psychiatry 14, 185–189 (2002).
 53. Craig, F. et al. A review of executive function deficits in autism spectrum disorder and attention-deficit/hyperactivity disorder. 

Neuropsychiatr. Dis. Treat. 12, 1191–1202 (2016).

https://doi.org/10.1111/jcpp.13678
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-isced-2011-en.pdf
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-isced-2011-en.pdf
https://doi.org/10.1177/13623613221112198
https://doi.org/10.1177/13623613221112198


7

Vol.:(0123456789)

Scientific Reports |           (2023) 13:31  | https://doi.org/10.1038/s41598-022-26350-4

www.nature.com/scientificreports/

 54. Geurts, H. M., Verté, S., Oosterlaan, J., Roeyers, H. & Sergeant, J. A. How specific are executive functioning deficits in attention 
deficit hyperactivity disorder and autism?. J. Child Psychol. Psychiatry 45, 836–854 (2004).

 55. De Raedt, R. & Koster, E. H. W. Understanding vulnerability for depression from a cognitive neuroscience perspective: A reap-
praisal of attentional factors and a new conceptual framework. Cogn. Affect. Behav. Neurosci. 10, 50–70 (2010).

 56. Gotlib, I. H. & Joormann, J. Cognition and depression: Current status and future directions. Annu. Rev. Clin. Psychol. 6, 285–312 
(2010).

 57. Yu, F. et al. Decreased response inhibition to sad faces during explicit and implicit tasks in females with depression: Evidence from 
an event-related potential study. Psychiatry Res. Neuroimaging 259, 42–53 (2017).

 58. Richards, H. J., Benson, V. & Hadwin, J. A. The attentional processes underlying impaired inhibition of threat in anxiety: The 
remote distractor effect. Cogn. Emot. 26, 934–942 (2012).

 59. Roxburgh, A. D., Hughes, M. E. & Cornwell, B. R. Threat-induced anxiety weakens inhibitory control. Biol. Psychol. 144, 99–102 
(2019).

 60. Shi, R., Sharpe, L. & Abbott, M. A meta-analysis of the relationship between anxiety and attentional control. Clin. Psychol. Rev. 
72, 101754 (2019).

 61. Oakley, B. F. M. et al. Alexithymia in autism: Cross-sectional and longitudinal associations with social-communication difficulties, 
anxiety and depression symptoms. Psychol. Med. 52, 1–13. https:// doi. org/ 10. 1017/ S0033 29172 00032 44 (2020).

 62. Chen, M.-H. et al. Coaggregation of major psychiatric disorders in first-degree relatives of individuals with attention-deficit/
hyperactivity disorder: A nationwide population-based study. J. Clin. Psychiatry 80, 18m12371 (2019).

 63. Wang, H. E. et al. Familial coaggregation of major psychiatric disorders in first-degree relatives of individuals with autism spectrum 
disorder: A nationwide population-based study. Psychol. Med. 52, 1437–1447 (2022).

 64. Piven, J. & Palmer, P. Psychiatric disorder and the broad autism phenotype: Evidence from a family study of multiple-incidence 
autism families. AJP 156, 557–563 (1999).

 65. Braaten, E. B. et al. Revisiting the association between attention-deficit/hyperactivity disorder and anxiety disorders: A familial 
risk analysis. Biol. Psychiat. 53, 93–99 (2003).

 66. Demontis, D. et al. Discovery of the first genome-wide significant risk loci for attention deficit/hyperactivity disorder. Nat. Genet. 
51, 63–75 (2019).

 67. Grove, J. et al. Identification of common genetic risk variants for autism spectrum disorder. Nat. Genet. 51, 431–444 (2019).
 68. Lee, P. H. et al. Genomic relationships, novel loci, and pleiotropic mechanisms across eight psychiatric disorders. Cell 179, 1469-

1482.e11 (2019).
 69. Lovibond, P. F. & Lovibond, S. H. The structure of negative emotional states: Comparison of the Depression Anxiety Stress Scales 

(DASS) with the Beck Depression and Anxiety Inventories. Behav. Res. Ther. 33, 335–343 (1995).
 70. González, H. M., Tarraf, W., Whitfield, K. E. & Vega, W. A. The epidemiology of major depression and ethnicity in the United 

States. J. Psychiatr. Res. 44, 1043–1051 (2010).
 71. Weich, S. et al. Common mental disorders and ethnicity in England: The EMPIRIC study. Psychol. Med. 34, 1543–1551 (2004).
 72. Taurines, R. et al. ADHD and autism: differential diagnosis or overlapping traits? A selective review. Atten. Defic. Hyperact. Disord. 

4, 115–139 (2012).

Acknowledgements
The authors thank Emily Taylor for assistance with data scoring.

Author contributions
P.S. and L.A.L. conceived the study. P.S. and R.R. participated in data collection. L.D.H., L.H.W., R.R., and P.S. 
analysed the data. L.D.H., L.A.L., L.H.W., C.J., and P.S. drafted and/or reviewed the manuscript. All authors read 
and approved the final manuscript. Informed consent was sought from participants who were informed that 
their data may be used in a publication.

Funding
This work was supported by a GW4 award, ‘Neurodevelopmental Neurodiversity Network’. L.A.L is supported 
by the Waterloo Foundation. L.D.H and L.H.W. are supported by the Economic and Social Research Council.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to P.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1017/S0033291720003244
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Attention-deficit hyperactivity disorder traits are a more important predictor of internalising problems than autistic traits
	Methods
	Ethics approval and consent to participate. 

	Results
	Discussion
	References
	Acknowledgements


