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Abstract 

 

Background: Co-occurring mental health/psychiatric conditions (CMHCs) are common in 

autism, impeding quality of life. Reported prevalence rates range widely. Better prevalence 

estimates and identification of moderators are needed to enhance recognition and care, and to 

guide future research. 

Methods: We conducted a systematic review and meta-analysis according to PRISMA and 

MOOSE standards (pre-registered protocol: PROSPERO CRD42018103176). We searched 

publications from January 1
st
, 1993 to February 1

st
, 2019 using Medline, Embase, PsycINFO, 

Scopus, Web of Science and from the grey literature. Included articles: (1) were published in 

English/French, (2) reported the prevalence of CMHCs in autism and (3) reported confirmed 

clinical diagnoses of CMHCs and autism using DSM/ICD criteria. Risk of bias was assessed. 

Pooled estimates of prevalence for different CMHCs in autism were determined using random-

effects models. Heterogeneity was investigated using random-effects meta-regression models. 

Findings: Of 9,746 unique studies, 432 were selected for full-text review. Meta-analyses from 

96 studies showed overall pooled estimates of: ADHD 28% (95%CI 25-32%), anxiety disorders 

20% (17-23%), sleep-wake disorders 13% (9-17%), disruptive/impulse-control/conduct disorders 

12% (10-15%), depressive disorders 11% (9-13%), obsessive-compulsive disorder 9% (7-10%), 

bipolar disorders 5% (3-6%) and schizophrenia spectrum disorders 4% (3-5%). Estimates in 

clinical sample-based studies were higher than population/registry-based studies. Age, gender, 

intellectual functioning and country of study were associated with heterogeneity, yet remaining 

heterogeneity not explained was still very substantial (all I
2
 >95%). 

Interpretation: CMHCs are more prevalent in the autism population than in the general 

population. Careful assessment of mental health is an essential component of care for all people 

on the autism spectrum. 

 

Funding: Academic Scholars Awards, Department of Psychiatry, University of Toronto; 

O’Brien Scholars Program, Slaight Family Child and Youth Mental Health Innovation Fund and 

The Catherine and Maxwell Meighen Foundation via the CAMH Foundation 
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Introduction 

Autism spectrum disorder (hereafter ‘autism’) is a neurodevelopmental condition 

characterised by early-onset social-communication difficulties and repetitive/stereotyped 

behaviours. Autism has been increasingly recognised with a current prevalence of ~1%.
1
 Co-

occurring mental health/psychiatric conditions (CMHCs) have been frequently reported in 

individuals with autism (note: we acknowledge there is no single way to refer to individuals on 

the autism spectrum that is universally accepted, and in the stakeholder communities preferences 

vary between person-first language (‘individual with autism’) and identity-first language 

(‘autistic individual’);
2
 in this paper ‘individual with autism’ is used simply following the 

journal’s convention, rather than indicating any superiority over identity-first language), with a 

general impression that as many as 70% of individuals with autism have at least one CMHC, 

with almost 50% diagnosed with multiple CMHCs.
3,4

 The evolution of classification systems 

pertaining to how autism and CMHCs are defined and diagnosed, and shifts in official exclusion 

criteria for CMHCs in the context of autism, play critical roles in how CMHCs are recognised. In 

addition, various patterns of co-occurrence may result from (1) overlap of specific symptoms of 

CMHCs and of autism (according to current behaviour-based criteria),
5
 (2) potentially shared 

underlying mechanisms cutting across diagnostic categories of autism and CMHCs
6
 and (3) life 

experiences associated with being on the autism spectrum from early in life.
7
 

For people with autism, having CMHCs increases the possibility of poorer long-term 

outcomes,
8–11

 including higher mortality.
12

 Co-occurrence of autism and attention-

deficit/hyperactivity disorder (ADHD) is associated with greater impairments in adaptive 

functioning, health-related quality of life and executive functioning than having autism alone.
13–

16
 Similarly, co-occurring anxiety in individuals with autism amplifies autistic symptoms, 

including social impairments,
17–19

 sensory features and repetitive behaviours,
19–22

 and may be 

associated with the development of depression,
23,24

 contributing to heightened risk of suicide and 

early mortality.
25

 Aggression, self-injury and oppositional behaviour may also begin or increase 

with the onset of depression.
26

 Autism diagnoses are also associated with increased risk of severe 

mental illnesses, including psychosis spectrum and bipolar spectrum disorders.
27

 CMHCs in 

autism tend to persist from childhood into adolescence,
28

 and rates of co-occurring 

psychopathology increase in adults with autism,
29

 contributing to substantial long-term negative 

impact on health and quality of life. 



 4 

Accurate ‘prior knowledge’ of the prevalence of CMHCs in autism provides critical 

background information for adequate mental health evaluation and service delivery. However, 

prevalence estimates in the current literature vary greatly across studies.
3
 Reported rates may 

differ due to different ascertainment methods or to heterogeneity amongst subgroups of autism.
30

 

In particular, it is unclear whether intellectual functioning or gender influences the recognition 

and diagnosis of CMHCs, and to what extent patterns of CMHCs are dependent on age. 

Prevalence variation may also result from socio-demographic differences between samples (eg, 

health care accessibility or socio-economic status). In this context, we aimed to determine the 

best estimates of CMHCs in autism and to identify the extent to which the aforementioned 

moderators account for heterogeneity amongst studies. 

 

 

Methods 

Search Strategy 

We conducted this systematic review and meta-analysis (Prospero Registration Number: 

CRD42018103176) according to both MOOSE
31

 and PRISMA
32

 standards. A health-science 

librarian (SB) developed the search strategy in consultation with the research team, for the 

following bibliographic databases: Medline/Medline In Process & Other Non-Indexed 

Citations/Medline E-Pub Ahead of Print, EMBASE, PsycINFO, Scopus and Web of Science. 

Autism and CMHCs were defined using a combination of keywords and controlled vocabulary 

terms applicable to each individual database (Appendix p1-6). There were no publication type or 

language restrictions at this stage, but the search results were limited to human studies and 

journal articles published between January 1
st
, 1993 (to capture studies after the publication of 

ICD-10 and DSM-IV) and February 1
st
, 2019. A targeted grey literature search was also 

completed for emerging but unpublished research, including databases and websites providing 

information on dissertations, conference publications and other research studies in progress. The 

bibliographic database searches were supplemented by scanning the reference lists of identified 

relevant studies for additional research. References were managed using Mendeley 

(https://www.mendeley.com/), in which duplicates were removed. 

 

Study Selection 
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 Two reviewers (CK, RB) screened titles and abstracts with support from a third reviewer 

(M-CL), using broad criteria to allow for the inclusion of any potentially relevant study for 

further evaluation. All studies included at this stage were published in English or French, 

reported original research using an observational design (cross-sectional or cohort) on the co-

occurrence of the following CMHCs (ie, DSM-5-based broad categories) in populations with 

autism as primary diagnoses: ADHD; anxiety disorders; depressive disorders; schizophrenia 

spectrum and other psychotic disorders; bipolar and related disorders; obsessive-compulsive and 

related disorders (OCD); disruptive, impulse-control and conduct disorders; sleep-wake 

disorders; trauma and stress-related disorders; substance-related and addictive disorders; and 

gender dysphoria. Case reports, experimental studies (eg, clinical trials, observational studies on 

task performances) and studies with no prevalence information for primary autism populations or 

those with an autism sample size <20 were excluded. This autism sample size threshold was 

chosen to enable the opportunity to draw upon the maximum amount of information in the 

current literature and sample broadly to minimize bias. 

 Full-text articles were evaluated for inclusion by the same reviewers. Studies were 

included if they reported: (1) autism and CMHC diagnoses confirmed with DSM/ICD criteria 

and confirmed by clinical assessment, parent report or medical records/databases with a stated 

diagnosis; (2) current (instead of lifetime) diagnoses of CMHCs; and (3) the number of people 

with autism and CMHCs as subsets of the total autism sample (ie, autism as the primary 

exposure/diagnosis and CMHCs as the outcome variable). Articles were excluded if they 

reported: (1) CMHCs not confirmed with DSM/ICD criteria; (2) lifetime diagnoses of CMHCs, 

as they are more susceptible to recall biases
33

 and obfuscate age-stratification analyses; (3) 

missing CMHCs information and/or it was impossible to disaggregate information so as to 

determine individual CMHC prevalence in autism samples; or (4) insufficient information for a 

risk of bias assessment (no studies were excluded based on this criterion). Disagreements of 

eligibility were reconciled amongst CK, RB and M-CL, and coauthors (WM, LH, SHA, PS) 

were consulted when required. See Appendix for detailed information on included/excluded 

studies. 

 

Data Abstraction and Study Quality 
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 A standardised data extraction form was developed (available on request). Two reviewers 

(CK, RB) extracted and cross-checked data independently for included full-text articles, 

including study information, participant characteristics, and information needed to calculate 

pooled estimates of prevalence for each CMHC in autism. 

 The Hoy Risk of Bias Tool (which measures internal and external validity and has been 

used extensively to evaluate prevalence studies of various health conditions with different 

designs) was used to evaluate the study quality, of those articles that met full-text inclusion 

criteria.
34

 It provides a summary score representing risk of bias based on 10 items, each scored 0 

or 1 for absence or presence of bias. Summary scores of 0-3, 4-6, and 7-10 indicate low, 

moderate and high risk of bias, respectively. All studies were independently rated by CK and RB 

and checked by M-CL to resolve disagreement. Inter-rater reliability was calculated using intra-

class correlations.
35

 

 

Data Synthesis and Analysis 

 We extracted data based on broad categories (as conceptualised in DSM-5) instead of 

specific individual diagnoses within a category (eg, ‘anxiety disorders’ instead of ‘generalised 

anxiety disorder’, ‘social anxiety disorder’, etc.) because available data of the latter were more 

limited and inconsistent across studies compared to the former. The total number in the autism 

sample with each CMHC was calculated using the broad categories where possible (Appendix 

p7-22). 

 A meta-analysis with a random-effects model, based on a proportions approach, was used 

to determine the prevalence of different CMHCs in the autism population for CMHCs with N≥15 

data-points (studies) available to ensure adequate statistical power for subgroup analysis and 

meta-regression.
36

 A meta-analysis of proportions aims to obtain a more precise estimate of the 

overall proportion of a certain case/event, by computing a one-dimensional binomial measure: an 

average of the proportions of multiple studies, weighted by the inverse of their sampling 

variances in the appropriate statistical model.
36,37

 A larger study is given more weight, so its 

effect size has a greater impact on the overall pooled estimate. This approach was selected given: 

(1) the large variability of comparison groups in the literature of CMHCs in autism (ranging 

from clinical to nonclinical groups) that hinders reliable and valid estimation of odds ratios; and 
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(2) proportions of CMHCs in an autism sample may be better understood intuitively by 

clinicians. 

All statistical analyses were conducted using the meta, metafor and weightr packages in 

R (https://www.r-project.org/). Pooled estimates of prevalence were calculated using the double 

arcsine transformation. This was done in order to correct for non-normally distributed raw 

proportions that were distributed outside of the range of 0·2 to 0·8.
37

 Heterogeneity estimates for 

the pooled estimate of prevalence were quantified using the I
2 

statistic, and its significance 

determined using the Cochran’s Q test p-value. The I
2
 value is defined as the ratio of true 

heterogeneity to total observed variation and allows for comparison across meta-analyses (as it is 

not affected by sample size): 0%, 25%, 50% and 75% indicate zero, low, moderate and high 

levels of heterogeneity, respectively.
36

 Both 95% confidence intervals (CIs) and prediction 

intervals (PIs) were reported for pooled estimates of prevalence. In order to test the robustness of 

our statistical model, we re-ran the main analyses using a normal-binomial model, where the 

within-study variance is modelled using exact likelihood solutions for the binomial distribution.
38

 

The effects of moderators (ie, study design, age, percent-female, country-of-origin and 

percent-ID [intellectual disability]) were assessed using random-effects moderator analysis of 

subgroups and meta-regression analyses. These moderators were chosen a priori based on 

hypothesised sources of heterogeneity that typically stratify populations in epidemiological
39

 and 

autism research.
40

 First, a moderator analysis of subgroups compared prevalence estimates from 

population/registry-based studies to clinical sample-based studies.
41

 ‘Population/registry-based 

studies’ (‘Pop Reg’) were defined as those whose sample encompassed the entirety of the 

population of people with autism in a clearly defined region, or via random sampling in the 

population, in the form of census studies or health registries. In contrast, ‘clinical sample-based 

studies’ (‘Clin Com’) recruited individuals from clinical or community service settings, which 

encompassed patients/clients from treatment centres, hospitals, special schools or associated 

community recruitment; they were therefore a non-randomly sampled subset of the total autism 

population, which may have higher rates of CMHCs than the general population. 

On meta-regression examining other moderators, age was put as the reported mean or 

weighted mean age, or, if this was not provided, as the midpoint of age range as per prior 

validated methodology.
40

 Countries were coded by the United Nation’s latest (2017) Human 

Development Index (HDI), which is a measure of achievement in life expectancy, education and 

https://www.r-project.org/
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per-capita-income where higher scores (up to 1·000) reflect higher development.
42

 The 

proportion of the autism sample who were female was put as a percentage. The same applied to 

ID when reported directly; for studies reporting mean sample IQ and standard deviations only, 

percent-ID (defined as IQ<70) was estimated using the z distribution. For studies that gave age-

stratified prevalence information, percent-female and percent-ID for each stratum were imputed 

using values from the whole autism sample, if specific information for each age stratum was not 

available. For longitudinal studies reporting current diagnoses, information from the last 

measured time-point was used. I
2
, R

2
, QM and QE statistics were used to quantify heterogeneity 

and the results of moderator analyses.
36

 The QE and QM statistics with accompanying p-values 

were used to determine unexplained residual heterogeneity and the significance of the 

moderators, respectively.
41

 For all tests, p<0·05 was considered statistically significant. 

A series of sensitivity analyses were performed (Appendix p76-112). As funnel plot 

asymmetry is not informative in the presence of very high heterogeneity as is present in the 

current analysis, funnel plot asymmetry and Egger’s regression tests were not used to statistically 

examine small study biases as conventionally suggested;
36

 funnel plots were provided for 

illustration purposes only (Appendix p85-92). Publication year was examined as a univariable 

moderator. Outlier analyses were conducted to determine the influence of outliers on the pooled 

estimates.
43

 Baujat plots and studentized residual inspections were used to detect outlier studies 

in the meta-analyses. In Baujat plots, studies that appear in the top right quadrant of the plot 

contribute most to heterogeneity and were considered outliers,
44

 whilst studentized residuals 

larger than three in absolute value were also considered outliers. Identified outliers were then 

removed and the overall pooled estimates were re-calculated for each CMHC to compare with 

the main findings. Studies were also ordered by precision to visually illustrate individual study 

effects on the pooled estimates. Finally, we examined if conducting the meta-analyses of 

proportions separately by study design, or when excluding smaller-sample studies/data-points 

(ie, lowest quintile per CMHC), show similar findings as the main results (Appendix p111-112). 

 

 

Results 

We screened a total of 9,746 unique citations and reviewed the full text of 432 articles, 

with 100 unique studies being systematically reviewed based on inclusion and exclusion criteria 
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(Figure 1); none were further excluded at this stage due to insufficient information to assess risk 

of bias or being of too low quality to include. Data for different CMHCs were extracted and 

stratified according to age ranges as reported, so in certain cases there were several data-points 

from the same study (Appendix p7-21). Overall, 96 studies were meta-analysed. Trauma and 

stress-related disorders, substance-related and addictive disorders and gender dysphoria were not 

meta-analysed (N<15 data-points; Appendix p22).
36

 

For risk of bias assessment, the case 2A intra-class correlation between reviewers was 

high (0·96; 95%CI 0·91-0·98). Risk of bias scores ranged from 0-4 (low to moderate biases), 

indicating satisfactory methodological quality in the meta-analysed literature. The most common 

risk was studies not having a target population that was a close representation of the national 

population. 

The overall pooled estimates of CMHC prevalence in the autism population varied 

between 4% to 28% (Table 1; forest plots are shown in Appendix p28-35 due to limited space in 

the manuscript). All meta-analyses showed very substantial levels of heterogeneity and wide 

prediction intervals. Sensitivity analyses using the normal-binomial model for overall pooled 

estimates yielded comparable results from those of the main model (ie, 95%CIs substantially 

overlap, I
2
 point estimates were similar, and point estimates of prevalence were 2-4% lower 

using the normal-binomial model; Appendix p110). 

Study design subgroup moderator analysis showed that for all CMHCs except sleep-wake 

disorders, prevalence estimates from clinical sample-based studies were statistically significantly 

higher than those from population/registry-based studies (Table 1). Prediction intervals were 

wide for all CMHCs, across study designs. Remaining heterogeneity not explained by study 

design was still very substantial. 

For meta-regressions (Table 2), due to the possibility of multi-collinearity arising from 

interrelated moderators,
45

 age, HDI, percent-female and percent-ID were first assessed 

independently by univariable meta-regression models (Appendix p36-75). Thereafter, 

multivariable meta-regression models examined the combined effect of study design, age, 

percent-female, HDI and percent-ID for each CMHC. If data were missing for a specific 

variable, that study was excluded in both univariable and multivariable analyses. 

Across studies, increased age was associated with lower prevalence of ADHD, and higher 

prevalence of depressive, bipolar and schizophrenia spectrum disorders. Studies with higher 
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percentage of females tended toward higher prevalence of depressive disorders. Studies 

including higher percentage of people with ID tended toward higher prevalence of schizophrenia 

spectrum disorders. Studies from countries with higher HDI tended to report lower prevalence of 

OCD. 

In terms of studies not meta-analysed (Appendix p22), for trauma and stress-related 

disorders, post-traumatic stress disorder was most commonly reported, with prevalence estimates 

ranging 0-3·6%. For substance-related and addictive disorders, alcohol abuse and/or dependence 

were most commonly reported, with prevalence estimates ranging 0-11%. Gender dysphoria was 

reported in zero studies so far. 

Finally, we carried out a series of additional sensitivity analyses. For all CMHCs 

(statistically significant only for anxiety, disruptive/impulse-control/conduct and schizophrenia 

spectrum disorders), there was a pattern of more recent publications reporting lower prevalence 

rates (Appendix p76-84). Funnel plot inspection across CMHCs indicated potential small study 

biases, although this interpretation is significantly limited by the high heterogeneity of the data 

(Appendix p85-92). Outlier removal did not significantly change the overall pooled estimates or 

95%CIs/PIs across CMHCs (Appendix p93-109). Re-running the meta-analyses of proportions 

separately by study design, or with the smaller-sample (lowest quintile) data-points excluded per 

CMHC, did not show major differences from the main findings (ie, 95%CIs overlapped), except 

for a trend of lower rates particularly in clinical sample-based studies when smaller-sample 

studies were excluded (Appendix p111-112). 

 

 

Discussion 

 Overall, 100 studies were included in our systematic review with 96 meta-analysed. 

Meta-analyses identified eight frequently reported CMHCs, with pooled prevalence estimates of: 

ADHD 28% (95%CI 25-32%), anxiety disorders 20% (17-23%), sleep-wake disorders 13% (9-

17%), disruptive/impulse-control/conduct disorders 12% (10-15%), depressive disorders 11% (9-

13%), obsessive-compulsive disorder 9% (7-10%), bipolar disorders 5% (3-6%) and 

schizophrenia spectrum disorders 4% (3-5%). Prevalence tended to be higher in clinical samples 

compared with population/registry-based data, implying high needs of care for CMHCs 

especially in the clinical population. Some heterogeneity could be explained by age, gender, 
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intelligence composition of the sample, the country of origin or publication year of the study. 

However, there remained very substantial unexplained heterogeneity for all CMHCs after 

accounting for a priori-defined moderators and exploration of the effects of outliers, suggesting 

that other potential contributors to heterogeneity in the literature of CMHCs in autism were still 

not well accounted for. Furthermore, the wide prediction intervals may temper the usefulness of 

our prevalence estimates. For highly variable observational and epidemiological data such as 

those included in our meta-analyses, on a substantially heterogenous condition such as autism,
46

 

an ongoing challenge is to delineate the many contributors to heterogeneity and to make more 

precise predictions accordingly. 

The most striking and clinically relevant finding is that CMHCs are highly prevalent in 

the autism population, mostly significantly higher than general population prevalence rates 

reported in representative studies (Table 1). This is shown by non-overlapping prevalence 

estimates/CIs in people with autism (especially those from population/registry-based studies) and 

the prevalence/CIs found in the general population (with the exception of impulse-control 

disorders). However, we are not able to derive reliable and valid odds ratios in individuals with 

autism compared to the general population from the present meta-analyses, given the widely 

different sampling frames, measurement tools, comparison/control groups and variation in 

reporting in the meta-analysed studies. 

 When parsing out heterogeneity, we observed a similar pattern of emergence of 

psychopathology in people with autism as found in the general population. For example, 

depressive, bipolar and schizophrenia spectrum disorders become more prevalent with increased 

age and studies with more females found higher rates of depression.
47

 ADHD diagnosis is more 

prevalent in younger than older ages, as has been observed in the general population.
48

 More of 

the sample with ID was associated with higher probability of schizophrenia spectrum diagnoses, 

which matches with findings in the ID population.
49

 Based on these, we speculate that autism 

may heighten the probability of developing major psychiatric disorders in a general manner, but 

the extent to which the patterns of emergence and factors influencing their onset and course 

(especially regarding the change of CMHC burden during transition stages, eg, from youth to 

adulthood) are different from those in neurotypical people awaits further longitudinal 

investigations that are sensitive to temporal relations and can capture unique phenotypic 

presentations of CMHCs in individuals with autism. Reasons for lower prevalence of OCD from 
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countries with higher HDI are unclear but may relate to different levels of autism-specific 

support and diagnostic practice in different countries.
50

 More recent publication years were 

associated with lower reported rates of CMHCs, especially anxiety, disruptive/impulse-

control/conduct and schizophrenia spectrum disorders. The underlying reasons mostly likely 

include progressions of research design and sampling strategies, with more large-scale 

population/registry-based studies published in recent years, which tend to report lower rates (as 

shown in the subgroup analyses). 

 Although the high rates of these psychiatric diagnoses can reflect true comorbidity in 

autism, it is still likely that measurement error and diagnostic ambiguity contribute to current 

rates. Diagnosing CMHCs in autism based on standard clinical practice or interview schedules 

designed for general population often encounters challenges and uncertainties in differential 

diagnosis. In certain scenarios, whether ‘mental health symptoms’ are in fact part of the 

presentation of autism (eg, sensory issues and avoidant behaviour being interpreted as 

‘generalised anxiety’) is difficult to determine without in-depth, personalised assessment, hence 

rates of CMHCs may be inflated for this reason. In some other scenarios, the autism background 

may overshadow true CMHC symptoms (eg, not verbally reporting depressive mood due to 

emotion recognition and/or communication difficulties), contributing to under-estimation of rates 

of CMHCs. Furthermore, it can be difficult to disentangle whether functional impairment is 

secondary to co-occurring psychiatric symptoms (as would be necessary to warrant a CMHC 

diagnosis in autism), or secondary to the key characteristics of autism (meaning a CMHC 

diagnosis might not be warranted). These challenges point to the urgent need for new 

development and novel use of available mental health assessment schedules for people with 

autism and/or other neurodevelopmental disabilities. Such assessments should also incorporate a 

temporally focused terminology to disentangle the temporal development of CMHCs in autism,
51

 

to better inform causal pathways and, most importantly, clinical formulation for personalised 

treatment. 

The high prevalence of CMHCs in autism implies that mental health assessment should 

be an integral aspect of clinical care with regular screening, evaluation and treatment undertaken 

as part of ongoing support for individuals with autism. The approach to treatment and support 

should be personalised and holistic, instead of treating psychiatric diagnoses in isolation, as if 

unrelated to the autism background. Acknowledging that autism increases the risk of major 
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psychiatric disorders (eg, OCD, depressive, bipolar and schizophrenia spectrum disorders) also 

necessitates clinical attention especially during youth and transition ages when the probability of 

developing these conditions increases substantially. This careful approach to assessment and care 

of mental health challenges in people on the autism spectrum has not yet been incorporated into 

real-world clinical settings,
52,53

 even though mental health promotion has been endorsed by 

individuals with autism and their families as the top concern (http://www.jla.nihr.ac.uk/priority-

setting-partnerships/autism/top-10-priorities/). 

Uncovering reasons for high co-occurrence of CMHCs in autism has both scientific and 

clinical implications. For example, the co-occurrence of ADHD and autism may be underpinned 

partly by shared genetic contribution
54,55

 and neuro-cognitive architecture,
56–58

 as is the case for 

autism and anxiety.
59

 Investigation into mechanisms and developmental trajectories leading to 

increased risk for CMHCs in autism, either biological or experiential, will inform targeted 

preventive measures and mental health promotion. 

 

 

Strengths and Limitations 

 This systematic review and meta-analysis, to our knowledge, is by far the most 

comprehensive, up-to-date review of literature about the prevalence of often reported CMHCs in 

the autism population. In addition, it is the first to take age, gender and intelligence compositions 

into account systematically, and across both population/registry-based and clinical sample-based 

studies. Inclusion criteria for both CMHCs and autism were carefully defined, providing 

prevalence estimates that are valid reflections of the current literature. 

However, there are multiple limitations. Due to our strict inclusion/exclusion criteria, 

some studies carrying useful information (eg, those reporting lifetime CMHCs) were not 

included for review. For some CMHCs the meta-regression analyses might be under-powered  

(eg, a recommendation is 10 data-points per covariate),
36

 hence our results of the source of 

heterogeneity should be considered exploratory and require future confirmation. Some 

clinical/community-based studies could have samples overlapping with those in the larger 

population/registry-based studies, but it is impossible to disentangle this analytically due to a 

lack of such primary information in the data sources; to address this we estimated the pooled 

prevalence separately for the two categories (Appendix p111-112), which showed comparable 

http://www.jla.nihr.ac.uk/priority-setting-partnerships/autism/top-10-priorities/
http://www.jla.nihr.ac.uk/priority-setting-partnerships/autism/top-10-priorities/
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rates as those derived from the moderator analyses (Table 1). Further, very substantial 

heterogeneity remained unaccounted for across all CMHCs examined, even after accounting for 

hypothetical contributors derived from existing epidemiological literature and excluding outlier 

studies. Also, prediction intervals for all pooled estimates of prevalence were wide, predicting 

high variability of estimates in future studies until the heterogeneity of autism can be more 

clearly parsed out. A fundamental limitation of the autism research literature (including those 

about CMHCs) is the huge heterogeneity. Potential small study effects (some may relate to 

publication bias and some reflect other, including true heterogeneity) were noted for many 

CMHCs, limiting the generalisability of findings and again signifying the impact of large 

heterogeneity in this literature. Fine-grained primary empirical research design is required to 

further elucidate heterogeneity (eg, measuring CMHCs in stratified autism subgroups such as by 

intellectual/communication abilities, gender, clinical profile, genetic or neurological 

background). Given the complexity and variation of how CMHCs were reported in the literature, 

we were unable to meta-analyse illness loads (ie, number of CMHCs or clinical severity) or 

patterns of co-occurrence (ie, what CMHCs tend to aggregate). More consistent report of illness 

loads and patterns of co-occurrence in future primary studies will provide further insight. Also, 

due to changes in diagnostic classifications of both autism and CMHCs over the past decades, 

differences in diagnostic categories used between studies can result in varied estimates of CMHC 

prevalence in autism. Finally, all findings were derived from observational studies; the causal 

and developmental relations underlying such associations await clarification by new primary 

studies that measure temporal relations between autism and CMHCs
51

 and investigate 

underpinning mechanisms. 

 

 

Conclusions 

CMHCs are common in autism, with apparently high prevalence across a variety of 

diagnostic categories. Such co-occurrence warrants clinical attention and aetiological 

investigations to uncover shared underpinnings and sources of vulnerability associated with 

autism. Mental health promotion should be an essential component of care for all individuals on 

the autism spectrum. Valid and standardised measures of mental health challenges in people with 

autism and/or other neurodevelopmental disabilities are needed to facilitate accurate diagnosis. 
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Research in Context 

 

Evidence before this study 

Prior to conducting this systematic review and meta-analysis, as a preparatory scoping review 

we searched PubMed for published observational studies, using combinations of search terms 

that include ‘autis*’, ‘mental health’, ‘psychiatr*’, ‘comorbid*’, ‘co-occurring’ and ‘disorder’. 

Our search did not have language or date restrictions. We identified a wide variety of 

observational studies reporting divergent prevalence rates of mental health symptoms or 

psychiatric diagnoses (using various tools and definitions) in the autism population, with 

substantial variability in study design (ie, from small-sample clinical studies to national 

population-based registry studies), across wide age range, gender composition, rates of co-

occurring intellectual disability and countries of origin. Most commonly studied conditions 

include ADHD, anxiety, depression, bipolar disorder, OCD, psychosis and sleep difficulties. 

However, the range of reported prevalence of co-occurring psychiatric diagnoses varies hugely 

(eg, 1-86% for ADHD, 1-70% for depressive disorders). What could be detrimental is that the 

prevalence rates of specific co-occurring psychiatric diagnoses cited in other empirical 

research, review and guideline papers vary greatly depending on the cited studies. Based on 

these observations, we consider it to be necessary to conduct systematic reviews and meta-

analyses to determine the best estimates of co-occurring psychiatric conditions in autism and 

to identify sources of heterogeneity amongst studies. Such ‘prior knowledge’ will provide 

critical background information for adequate mental health evaluation and service delivery. 

We designed two protocols, one focusing on co-occurring psychiatric diagnoses and another 

focusing on mental health symptoms in the autism population, and pre-registered them with 

PROSPERO (CRD42018103176, CRD42018103178). We reported findings from the first 

protocol in this paper. 

Added value of this study 

We identified eight co-occurring psychiatric diagnoses most commonly reported in the 

literature. From 96 meta-analysed studies, we found the pooled prevalence rates in the autism 

population ranged from 28% for ADHD, 20% for anxiety disorders, 13% for sleep-wake 

disorders, 12% for disruptive/impulse-control/conduct disorders, 11% for depressive disorders, 

9% for obsessive-compulsive disorder, to 5% for bipolar disorders and 4% for schizophrenia 
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spectrum disorders. Estimates in clinical sample-based studies were higher than 

population/registry-based studies. Age, gender, intellectual functioning, country of study and 

publication year were associated with heterogeneity in the literature, yet there are still 

substantial remaining, unexplained sources of heterogeneity. 

Implications of all the available evidence 

Co-occurring psychiatric diagnoses are common in the autism population across the lifespan. 

Mental health promotion, improved assessment and adequate treatment of mental health 

concerns are essential for care and support for the autism population. 
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TABLES 

 

Table 1. Pooled Estimate of Prevalence and Moderator Analysis of Study Design 

 

 

  

POOLED ESTIMATE OF 

PREVALENCE 

 

MODERATOR ANALYSIS: STUDY DESIGN 

d
 Reported 

prevalence in the 

general 

population  
a 
Co-occurring mental 

health condition 

Prevalence in 

autism 

population 
b 

(95%CI) 
b 

[95%PI] 

I
2
% 

(95%CI) 

[Cochran’s Q 

Test p-value] 

Pop Reg 

(95%CI) 

[95%PI] 

Clin Com 

(95%CI) 

[95%PI] 

R
2
% 

(
c 
QE p-

value)
 

I
2
% 

(95%CI

) 

c 
QM 

p-

value 

Prevalence 

(95%CI or 

standard error) 

ADHD 

(N = 89) 

(n = 210,249) 

28% 

(25-32%) 

[4-63%] 

99·65 

(99·55-99·85) 

[<0·0001] 

22% 

(17-26%) 

[1-55%] 

34% 

(29-39%) 

[7-69%] 

2·05 

(<0·000

1) 

99·64 

(99·60-

99·84) 

<0·001 7·2% (6·7-7·8%) 

(point prevalence, 

aged ≤18 years)
50

 

Anxiety Disorders 

(N = 68) 

(n = 169,829) 

20% 

(17-23%) 

[2-48%] 

99·53 

(99·42-99·87) 

[<0·0001] 

15% 

(11-19%) 

[0·5-42%] 

26% 

(22-31%) 

[1-56%] 

0·00 

(<0·000

1) 

99·54 

(99·20-

99·85) 

<0·001 7·3% (4·8-

10·9%) 

(current 

prevalence, across 

ages)
60

 

Depressive Disorders 

(N = 65) 

(n = 162,671) 

11% 

(9-13%) 

[0-33%] 

99·41 

(99·39-99·81) 

[<0·0001] 

8% 

(5-11%) 

[0·01-28%] 

14% 

(11-18%) 

[1-38%] 

0·23 

(<0·000

1) 

99·40 

(99·37-

99·80) 

<0·001 4·7% (4·4-5·0 %) 

(point prevalence 

of MDD, across 

ages)
61

 

Bipolar and Related 

Disorders 

(N = 38) 

(n = 153,192) 

5% 

(3-6%) 

[0-19%] 

99·50 

(99·40-99·82) 

[<0·0001] 

3% 

(2-5%) 

[0-16%] 

7% 

(4-10%) 

[0-24%] 

0·35 

(<0·000

1) 

99·50 

(99·48-

99·81) 

0·018 0·71% (0·56-

0·86%) for 

Bipolar I; 

0·50% (0·35-

0·64%) for 

Bipolar II 

(1-year 

prevalence, across 

ages)
62

 

Schizophrenia 4% 99·18 2% 7% 0·00 99·18 <0·001 0·456% (0·409-
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Spectrum and 

Psychotic Disorders 

(N = 42) 

(n = 166,627) 

(3-5%) 

[0-14%] 

(99·00-99·87) 

[<0·0001] 

(1-4%) 

[0-11%] 

(4-9%) 

[0-19%] 

(<0·000

1) 

(99·01-

99·84) 

0·503%) 

(1-year 

prevalence, across 

ages)
63

 

Obsessive-Compulsive 

Disorder 

(N = 47) 

(n = 53,243) 

9% 

(7-10%) 

[1-21%] 

96·85 

(96·75-99·87) 

[<0·0001] 

4% 

(2-6%) 

[0-13%] 

12% 

(10-15%) 

[3-26%] 

12·51 

(<0·000

1) 

96·20 

(96·17-

99·37) 

<0·001 0·7% (0·4-1·1%) 

(1-year 

prevalence, aged 

≥18 years)
64

 

Disruptive, Impulse-

Control and Conduct 

Disorders 

(N = 50) 

(n = 140,946) 

12% 

(10-15%) 

[0-36%] 

99·52 

(99·47-99·90) 

[<0·0001] 

7% 

(4-10%) 

[0-28%] 

22% 

(17-27%) 

[3-50%] 

0·00 

(<0·000

1) 

99·53 

(99·42-

99·88) 

<0·001 8·9% (standard 

error=0·5%) 

(1-year 

prevalence, aged 

≥18 years)
65

 

Sleep-Wake Disorders 

(N = 26) 

(n = 190,963) 

13% 

(9-17%) 

[0-43%] 

99·87 

(99·78-99·93) 

[<0·0001] 

11% 

(7-17%) 

[0-39%] 

16% 

(8-25%) 

[0-47%] 

8·52 

(<0·000

1) 

99·85 

(99·77-

99·91) 

0·356 3·7% 

(1-year 

prevalence, aged 

≤18 years)
66

 

 
a. N = number of data-points in meta-analyses; n = sample size for individuals with autism included across studies 

b. CI = confidence interval, PI = prediction interval 

c. QE = test of residual heterogeneity; QM = test of moderators, statistical significance at p <0·05 

d. General population estimates were selected from latest meta-analyses and/or large-scale population-based studies; see citations 
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Table 2. Univariable and Multivariable Meta-Regressions 

 

 

 UNIVARIABLE META-REGRESSION 
c 
MULTIVARIABLE META-REGRESSION 

a 
Co-

occurring 

mental health 

condition 

Covariate 
b 

R
2
%

 
I

2
% 

(95%CI)
 

QM 

p-value 

b 
R

2
%

 
I

2
% 

(95%CI)
 

QM 

p-value 

ADHD 

(N = 89) 

(n = 210,249) 

Age 7·72 99·78 

(99·70-99·84) 

<0·001 

13·06 
99·73 

(99·61-99·82) 
0·019 

%ID 0·00 99·77 

(99·68-99·85) 

0·764 

HDI 3·55 99·79 

(99·72-99·85) 

0·050 

%Female 1·50 99·75 

(99·66-99·82) 

0·137 

Anxiety 

Disorders 

(N = 68) 

(n = 169,829) 

Age 0·00 99·80 

(99·72-99·86) 

0·557 

3·87 
99·76 

(99·65-99·85) 
0·226 

%ID 0·00 99·80 

(99·71-99·87) 

0·353 

HDI 0·00 99·80 

(99·73-99·87) 

0·977 

%Female 0·00 99·76 

(99·67-99·84) 

0·937 

Depressive 

Disorders 

(N = 65) 

(n = 162,671) 

Age 21·42 99·61 

(99·46-99·75) 

<0·001 

43·39 
99·34 

(99·02-99·61) 
<0·001 

%ID 0·00 99·65 

(99·49-99·78) 

0·817 

HDI 0·00 99·72 

(99·61-99·81) 

0·839 

%Female 6·17 99·66 

(99·52-99·77) 

0·025 

Bipolar and Age 17·72 99·61 0·004 30·38 99·47 0·001 
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Related 

Disorders 

(N = 38) 

(n = 153,192) 

(99·39-99·78) (99·10-99·74) 

%ID 8·71 99·62 

(99·38-99·80) 

0·071 

HDI 0·00 99·71 

(99·55-99·83) 

0·856 

%Female 3·25 99·68 

(99·49-99·81) 

0·133 

Schizophrenia 

Spectrum and 

Psychotic 

Disorders 

(N = 42) 

(n = 166,627) 

Age 24·00 99·66 

(99·51-99·82) 

<0·001 

38·48 
99·53 

(99·31-99·80) 
<0·001 

%ID 20·29 99·67 

(99·52-99·84) 

<0·001 

HDI 0·00 99·76 

(99·65-99·87) 

0·193 

%Female 3·72 99·74 

(99·63-99·87) 

0·193 

Obsessive-

Compulsive 

Disorder 

(N = 47) 

(n = 53,243) 

Age 0·30 99·08 

(98·63-99·44) 

0·302 

65·32 
95·36 

(92·13-97·46) 
<0·001 

%ID 4·86 98·41 

(97·55-99·10) 

0·117 

HDI 33·59 98·76 

(98·08-99·22) 

<0·001 

%Female 0·23 98·87 

(98·28-99·32) 

0·299 

Disruptive, 

Impulse-

Control and 

Conduct 

Disorders 

(N = 50) 

(n = 140,946) 

Age 0·00 99·84 

(99·76-99·90) 

0·372 

10·61 
99·80 

(99·67-99·90) 
0·115 

%ID 0·00 99·83 

(99·73-99·90) 

0·569 

HDI 0·00 99·85 

(99·78-99·90) 

0·786 

%Female 0·00 99·84 

(99·77-99·90) 

0·336 

Sleep-Wake 

Disorders 

Age 0·00 99·86 

(99·77-99·93) 

0·855 
48·27 

98·95 

(97·76-99·66) 
0·002 
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(N = 26) 

(n = 190,963) 

%ID 0·00 99·42 

(98·92-99·78) 

0·951 

HDI 0·00 99·87 

(99·79-99·94) 

0·412 

%Female 0·00 99·86 

(99·77-99·93) 

0·426 

 

 
a. N = number of data-points in meta-analyses; n = sample size for individuals with autism included across studies 

b. QE test of residual heterogeneity for R
2
 is statistically significant for all CMHC meta-analysed, with p <0·0001, for all cases 

c. For all CMHCs, multivariable meta-regression model covariates are study design, age, percent-female, percent-ID and HDI 
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FIGURES 

 

 

Figure 1. PRISMA Flowchart for Study Selection 
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Abstract 

 

Background: Co-occurring mental health/psychiatric conditions (CMHCs) are common in 

autism, impeding quality of life. Reported prevalence rates range widely. Better prevalence 

estimates and identification of moderators are needed to enhance recognition and care, and to 

guide future research. 

Methods: We conducted a systematic review and meta-analysis according to PRISMA and 

MOOSE standards (pre-registered protocol: PROSPERO CRD42018103176). We searched 

publications from January 1
st
, 1993 to February 1

st
, 2019 using Medline, Embase, PsycINFO, 

Scopus, Web of Science and from the grey literature. Included articles: (1) were published in 

English/French, (2) reported the prevalence of CMHCs in autism and (3) reported confirmed 

clinical diagnoses of CMHCs and autism using DSM/ICD criteria. Risk of bias was assessed. 

Pooled estimates of prevalence for different CMHCs in autism were determined using random-

effects models. Heterogeneity was investigated using random-effects meta-regression models. 

Findings: Of 9,746 unique studies, 432 were selected for full-text review. Meta-analyses from 

96 studies showed overall pooled estimates of: ADHD 28% (95%CI 25-32%), anxiety disorders 

20% (17-23%), sleep-wake disorders 13% (9-17%), disruptive/impulse-control/conduct disorders 

12% (10-15%), depressive disorders 11% (9-13%), obsessive-compulsive disorder 9% (7-10%), 

bipolar disorders 5% (3-6%) and schizophrenia spectrum disorders 4% (3-5%). Estimates in 

clinical sample-based studies were higher than population/registry-based studies. Age, gender, 

intellectual functioning and country of study were associated with heterogeneity, yet remaining 

heterogeneity not explained was still very substantial (all I
2
 >95%). 

Interpretation: CMHCs are more prevalent in the autism population than in the general 

population. Careful assessment of mental health is an essential component of care for all people 

on the autism spectrum. 

 

Funding: Academic Scholars Awards, Department of Psychiatry, University of Toronto; 

O’Brien Scholars Program, Slaight Family Child and Youth Mental Health Innovation Fund and 

The Catherine and Maxwell Meighen Foundation via the CAMH Foundation 
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Introduction 

Autism spectrum disorder (hereafter ‘autism’) is a neurodevelopmental condition 

characterised by early-onset social-communication difficulties and repetitive/stereotyped 

behaviours. Autism has been increasingly recognised with a current prevalence of ~1%.
1
 Co-

occurring mental health/psychiatric conditions (CMHCs) have been frequently reported in 

individuals with autism (note: we acknowledge there is no single way to refer to individuals on 

the autism spectrum that is universally accepted, and in the stakeholder communities preferences 

vary between person-first language (‘individual with autism’) and identity-first language 

(‘autistic individual’);
2
 in this paper ‘individual with autism’ is used simply following the 

journal’s convention, rather than indicating any superiority over identity-first language), with a 

general impression that as many as 70% of individuals with autism have at least one CMHC, 

with almost 50% diagnosed with multiple CMHCs.
3,4

 The evolution of classification systems 

pertaining to how autism and CMHCs are defined and diagnosed, and shifts in official exclusion 

criteria for CMHCs in the context of autism, play critical roles in how CMHCs are recognised. In 

addition, various patterns of co-occurrence may result from (1) overlap of specific symptoms of 

CMHCs and of autism (according to current behaviour-based criteria),
5
 (2) potentially shared 

underlying mechanisms cutting across diagnostic categories of autism and CMHCs
6
 and (3) life 

experiences associated with being on the autism spectrum from early in life.
7
 

For people with autism, having CMHCs increases the possibility of poorer long-term 

outcomes,
8–11

 including higher mortality.
12

 Co-occurrence of autism and attention-

deficit/hyperactivity disorder (ADHD) is associated with greater impairments in adaptive 

functioning, health-related quality of life and executive functioning than having autism alone.
13–

16
 Similarly, co-occurring anxiety in individuals with autism amplifies autistic symptoms, 

including social impairments,
17–19

 sensory features and repetitive behaviours,
19–22

 and may be 

associated with the development of depression,
23,24

 contributing to heightened risk of suicide and 

early mortality.
25

 Aggression, self-injury and oppositional behaviour may also begin or increase 

with the onset of depression.
26

 Autism diagnoses are also associated with increased risk of severe 

mental illnesses, including psychosis spectrum and bipolar spectrum disorders.
27

 CMHCs in 

autism tend to persist from childhood into adolescence,
28

 and rates of co-occurring 

psychopathology increase in adults with autism,
29

 contributing to substantial long-term negative 

impact on health and quality of life. 
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Accurate ‘prior knowledge’ of the prevalence of CMHCs in autism provides critical 

background information for adequate mental health evaluation and service delivery. However, 

prevalence estimates in the current literature vary greatly across studies.
3
 Reported rates may 

differ due to different ascertainment methods or to heterogeneity amongst subgroups of autism.
30

 

In particular, it is unclear whether intellectual functioning or gender influences the recognition 

and diagnosis of CMHCs, and to what extent patterns of CMHCs are dependent on age. 

Prevalence variation may also result from socio-demographic differences between samples (eg, 

health care accessibility or socio-economic status). In this context, we aimed to determine the 

best estimates of CMHCs in autism and to identify the extent to which the aforementioned 

moderators account for heterogeneity amongst studies. 

 

 

Methods 

Search Strategy 

We conducted this systematic review and meta-analysis (Prospero Registration Number: 

CRD42018103176) according to both MOOSE
31

 and PRISMA
32

 standards. A health-science 

librarian (SB) developed the search strategy in consultation with the research team, for the 

following bibliographic databases: Medline/Medline In Process & Other Non-Indexed 

Citations/Medline E-Pub Ahead of Print, EMBASE, PsycINFO, Scopus and Web of Science. 

Autism and CMHCs were defined using a combination of keywords and controlled vocabulary 

terms applicable to each individual database (Appendix p1-6). There were no publication type or 

language restrictions at this stage, but the search results were limited to human studies and 

journal articles published between January 1
st
, 1993 (to capture studies after the publication of 

ICD-10 and DSM-IV) and February 1
st
, 2019. A targeted grey literature search was also 

completed for emerging but unpublished research, including databases and websites providing 

information on dissertations, conference publications and other research studies in progress. The 

bibliographic database searches were supplemented by scanning the reference lists of identified 

relevant studies for additional research. References were managed using Mendeley 

(https://www.mendeley.com/), in which duplicates were removed. 

 

Study Selection 
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 Two reviewers (CK, RB) screened titles and abstracts with support from a third reviewer 

(M-CL), using broad criteria to allow for the inclusion of any potentially relevant study for 

further evaluation. All studies included at this stage were published in English or French, 

reported original research using an observational design (cross-sectional or cohort) on the co-

occurrence of the following CMHCs (ie, DSM-5-based broad categories) in populations with 

autism as primary diagnoses: ADHD; anxiety disorders; depressive disorders; schizophrenia 

spectrum and other psychotic disorders; bipolar and related disorders; obsessive-compulsive and 

related disorders (OCD); disruptive, impulse-control and conduct disorders; sleep-wake 

disorders; trauma and stress-related disorders; substance-related and addictive disorders; and 

gender dysphoria. Case reports, experimental studies (eg, clinical trials, observational studies on 

task performances) and studies with no prevalence information for primary autism populations or 

those with an autism sample size <20 were excluded. This autism sample size threshold was 

chosen to enable the opportunity to draw upon the maximum amount of information in the 

current literature and sample broadly to minimize bias. 

 Full-text articles were evaluated for inclusion by the same reviewers. Studies were 

included if they reported: (1) autism and CMHC diagnoses confirmed with DSM/ICD criteria 

and confirmed by clinical assessment, parent report or medical records/databases with a stated 

diagnosis; (2) current (instead of lifetime) diagnoses of CMHCs; and (3) the number of people 

with autism and CMHCs as subsets of the total autism sample (ie, autism as the primary 

exposure/diagnosis and CMHCs as the outcome variable). Articles were excluded if they 

reported: (1) CMHCs not confirmed with DSM/ICD criteria; (2) lifetime diagnoses of CMHCs, 

as they are more susceptible to recall biases
33

 and obfuscate age-stratification analyses; (3) 

missing CMHCs information and/or it was impossible to disaggregate information so as to 

determine individual CMHC prevalence in autism samples; or (4) insufficient information for a 

risk of bias assessment (no studies were excluded based on this criterion). Disagreements of 

eligibility were reconciled amongst CK, RB and M-CL, and coauthors (WM, LH, SHA, PS) 

were consulted when required. See Appendix for detailed information on included/excluded 

studies. 

 

Data Abstraction and Study Quality 
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 A standardised data extraction form was developed (available on request). Two reviewers 

(CK, RB) extracted and cross-checked data independently for included full-text articles, 

including study information, participant characteristics, and information needed to calculate 

pooled estimates of prevalence for each CMHC in autism. 

 The Hoy Risk of Bias Tool (which measures internal and external validity and has been 

used extensively to evaluate prevalence studies of various health conditions with different 

designs) was used to evaluate the study quality, of those articles that met full-text inclusion 

criteria.
34

 It provides a summary score representing risk of bias based on 10 items, each scored 0 

or 1 for absence or presence of bias. Summary scores of 0-3, 4-6, and 7-10 indicate low, 

moderate and high risk of bias, respectively. All studies were independently rated by CK and RB 

and checked by M-CL to resolve disagreement. Inter-rater reliability was calculated using intra-

class correlations.
35

 

 

Data Synthesis and Analysis 

 We extracted data based on broad categories (as conceptualised in DSM-5) instead of 

specific individual diagnoses within a category (eg, ‘anxiety disorders’ instead of ‘generalised 

anxiety disorder’, ‘social anxiety disorder’, etc.) because available data of the latter were more 

limited and inconsistent across studies compared to the former. The total number in the autism 

sample with each CMHC was calculated using the broad categories where possible (Appendix 

p7-22). 

 A meta-analysis with a random-effects model, based on a proportions approach, was used 

to determine the prevalence of different CMHCs in the autism population for CMHCs with N≥15 

data-points (studies) available to ensure adequate statistical power for subgroup analysis and 

meta-regression.
36

 A meta-analysis of proportions aims to obtain a more precise estimate of the 

overall proportion of a certain case/event, by computing a one-dimensional binomial measure: an 

average of the proportions of multiple studies, weighted by the inverse of their sampling 

variances in the appropriate statistical model.
36,37

 A larger study is given more weight, so its 

effect size has a greater impact on the overall pooled estimate. This approach was selected given: 

(1) the large variability of comparison groups in the literature of CMHCs in autism (ranging 

from clinical to nonclinical groups) that hinders reliable and valid estimation of odds ratios; and 



 7 

(2) proportions of CMHCs in an autism sample may be better understood intuitively by 

clinicians. 

All statistical analyses were conducted using the meta, metafor and weightr packages in 

R (https://www.r-project.org/). Pooled estimates of prevalence were calculated using the double 

arcsine transformation. This was done in order to correct for non-normally distributed raw 

proportions that were distributed outside of the range of 0·2 to 0·8.
37

 Heterogeneity estimates for 

the pooled estimate of prevalence were quantified using the I
2 

statistic, and its significance 

determined using the Cochran’s Q test p-value. The I
2
 value is defined as the ratio of true 

heterogeneity to total observed variation and allows for comparison across meta-analyses (as it is 

not affected by sample size): 0%, 25%, 50% and 75% indicate zero, low, moderate and high 

levels of heterogeneity, respectively.
36

 Both 95% confidence intervals (CIs) and prediction 

intervals (PIs) were reported for pooled estimates of prevalence. In order to test the robustness of 

our statistical model, we re-ran the main analyses using a normal-binomial model, where the 

within-study variance is modelled using exact likelihood solutions for the binomial distribution.
38

 

The effects of moderators (ie, study design, age, percent-female, country-of-origin and 

percent-ID [intellectual disability]) were assessed using random-effects moderator analysis of 

subgroups and meta-regression analyses. These moderators were chosen a priori based on 

hypothesised sources of heterogeneity that typically stratify populations in epidemiological
39

 and 

autism research.
40

 First, a moderator analysis of subgroups compared prevalence estimates from 

population/registry-based studies to clinical sample-based studies.
41

 ‘Population/registry-based 

studies’ (‘Pop Reg’) were defined as those whose sample encompassed the entirety of the 

population of people with autism in a clearly defined region, or via random sampling in the 

population, in the form of census studies or health registries. In contrast, ‘clinical sample-based 

studies’ (‘Clin Com’) recruited individuals from clinical or community service settings, which 

encompassed patients/clients from treatment centres, hospitals, special schools or associated 

community recruitment; they were therefore a non-randomly sampled subset of the total autism 

population, which may have higher rates of CMHCs than the general population. 

On meta-regression examining other moderators, age was put as the reported mean or 

weighted mean age, or, if this was not provided, as the midpoint of age range as per prior 

validated methodology.
40

 Countries were coded by the United Nation’s latest (2017) Human 

Development Index (HDI), which is a measure of achievement in life expectancy, education and 

https://www.r-project.org/
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per-capita-income where higher scores (up to 1·000) reflect higher development.
42

 The 

proportion of the autism sample who were female was put as a percentage. The same applied to 

ID when reported directly; for studies reporting mean sample IQ and standard deviations only, 

percent-ID (defined as IQ<70) was estimated using the z distribution. For studies that gave age-

stratified prevalence information, percent-female and percent-ID for each stratum were imputed 

using values from the whole autism sample, if specific information for each age stratum was not 

available. For longitudinal studies reporting current diagnoses, information from the last 

measured time-point was used. I
2
, R

2
, QM and QE statistics were used to quantify heterogeneity 

and the results of moderator analyses.
36

 The QE and QM statistics with accompanying p-values 

were used to determine unexplained residual heterogeneity and the significance of the 

moderators, respectively.
41

 For all tests, p<0·05 was considered statistically significant. 

A series of sensitivity analyses were performed (Appendix p76-112). As funnel plot 

asymmetry is not informative in the presence of very high heterogeneity as is present in the 

current analysis, funnel plot asymmetry and Egger’s regression tests were not used to statistically 

examine small study biases as conventionally suggested;
36

 funnel plots were provided for 

illustration purposes only (Appendix p85-92). Publication year was examined as a univariable 

moderator. Outlier analyses were conducted to determine the influence of outliers on the pooled 

estimates.
43

 Baujat plots and studentized residual inspections were used to detect outlier studies 

in the meta-analyses. In Baujat plots, studies that appear in the top right quadrant of the plot 

contribute most to heterogeneity and were considered outliers,
44

 whilst studentized residuals 

larger than three in absolute value were also considered outliers. Identified outliers were then 

removed and the overall pooled estimates were re-calculated for each CMHC to compare with 

the main findings. Studies were also ordered by precision to visually illustrate individual study 

effects on the pooled estimates. Finally, we examined if conducting the meta-analyses of 

proportions separately by study design, or when excluding smaller-sample studies/data-points 

(ie, lowest quintile per CMHC), show similar findings as the main results (Appendix p111-112). 

 

 

Results 

We screened a total of 9,746 unique citations and reviewed the full text of 432 articles, 

with 100 unique studies being systematically reviewed based on inclusion and exclusion criteria 



 9 

(Figure 1); none were further excluded at this stage due to insufficient information to assess risk 

of bias or being of too low quality to include. Data for different CMHCs were extracted and 

stratified according to age ranges as reported, so in certain cases there were several data-points 

from the same study (Appendix p7-21). Overall, 96 studies were meta-analysed. Trauma and 

stress-related disorders, substance-related and addictive disorders and gender dysphoria were not 

meta-analysed (N<15 data-points; Appendix p22).
36

 

For risk of bias assessment, the case 2A intra-class correlation between reviewers was 

high (0·96; 95%CI 0·91-0·98). Risk of bias scores ranged from 0-4 (low to moderate biases), 

indicating satisfactory methodological quality in the meta-analysed literature. The most common 

risk was studies not having a target population that was a close representation of the national 

population. 

The overall pooled estimates of CMHC prevalence in the autism population varied 

between 4% to 28% (Table 1; forest plots are shown in Appendix p28-35 due to limited space in 

the manuscript). All meta-analyses showed very substantial levels of heterogeneity and wide 

prediction intervals. Sensitivity analyses using the normal-binomial model for overall pooled 

estimates yielded comparable results from those of the main model (ie, 95%CIs substantially 

overlap, I
2
 point estimates were similar, and point estimates of prevalence were 2-4% lower 

using the normal-binomial model; Appendix p110). 

Study design subgroup moderator analysis showed that for all CMHCs except sleep-wake 

disorders, prevalence estimates from clinical sample-based studies were statistically significantly 

higher than those from population/registry-based studies (Table 1). Prediction intervals were 

wide for all CMHCs, across study designs. Remaining heterogeneity not explained by study 

design was still very substantial. 

For meta-regressions (Table 2), due to the possibility of multi-collinearity arising from 

interrelated moderators,
45

 age, HDI, percent-female and percent-ID were first assessed 

independently by univariable meta-regression models (Appendix p36-75). Thereafter, 

multivariable meta-regression models examined the combined effect of study design, age, 

percent-female, HDI and percent-ID for each CMHC. If data were missing for a specific 

variable, that study was excluded in both univariable and multivariable analyses. 

Across studies, increased age was associated with lower prevalence of ADHD, and higher 

prevalence of depressive, bipolar and schizophrenia spectrum disorders. Studies with higher 
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percentage of females tended toward higher prevalence of depressive disorders. Studies 

including higher percentage of people with ID tended toward higher prevalence of schizophrenia 

spectrum disorders. Studies from countries with higher HDI tended to report lower prevalence of 

OCD. 

In terms of studies not meta-analysed (Appendix p22), for trauma and stress-related 

disorders, post-traumatic stress disorder was most commonly reported, with prevalence estimates 

ranging 0-3·6%. For substance-related and addictive disorders, alcohol abuse and/or dependence 

were most commonly reported, with prevalence estimates ranging 0-11%. Gender dysphoria was 

reported in zero studies so far. 

Finally, we carried out a series of additional sensitivity analyses. For all CMHCs 

(statistically significant only for anxiety, disruptive/impulse-control/conduct and schizophrenia 

spectrum disorders), there was a pattern of more recent publications reporting lower prevalence 

rates (Appendix p76-84). Funnel plot inspection across CMHCs indicated potential small study 

biases, although this interpretation is significantly limited by the high heterogeneity of the data 

(Appendix p85-92). Outlier removal did not significantly change the overall pooled estimates or 

95%CIs/PIs across CMHCs (Appendix p93-109). Re-running the meta-analyses of proportions 

separately by study design, or with the smaller-sample (lowest quintile) data-points excluded per 

CMHC, did not show major differences from the main findings (ie, 95%CIs overlapped), except 

for a trend of lower rates particularly in clinical sample-based studies when smaller-sample 

studies were excluded (Appendix p111-112). 

 

 

Discussion 

 Overall, 100 studies were included in our systematic review with 96 meta-analysed. 

Meta-analyses identified eight frequently reported CMHCs, with pooled prevalence estimates of: 

ADHD 28% (95%CI 25-32%), anxiety disorders 20% (17-23%), sleep-wake disorders 13% (9-

17%), disruptive/impulse-control/conduct disorders 12% (10-15%), depressive disorders 11% (9-

13%), obsessive-compulsive disorder 9% (7-10%), bipolar disorders 5% (3-6%) and 

schizophrenia spectrum disorders 4% (3-5%). Prevalence tended to be higher in clinical samples 

compared with population/registry-based data, implying high needs of care for CMHCs 

especially in the clinical population. Some heterogeneity could be explained by age, gender, 



 11 

intelligence composition of the sample, the country of origin or publication year of the study. 

However, there remained very substantial unexplained heterogeneity for all CMHCs after 

accounting for a priori-defined moderators and exploration of the effects of outliers, suggesting 

that other potential contributors to heterogeneity in the literature of CMHCs in autism were still 

not well accounted for. Furthermore, the wide prediction intervals may temper the usefulness of 

our prevalence estimates. For highly variable observational and epidemiological data such as 

those included in our meta-analyses, on a substantially heterogenous condition such as autism,
46

 

an ongoing challenge is to delineate the many contributors to heterogeneity and to make more 

precise predictions accordingly. 

The most striking and clinically relevant finding is that CMHCs are highly prevalent in 

the autism population, mostly significantly higher than general population prevalence rates 

reported in representative studies (Table 1). This is shown by non-overlapping prevalence 

estimates/CIs in people with autism (especially those from population/registry-based studies) and 

the prevalence/CIs found in the general population (with the exception of impulse-control 

disorders). However, we are not able to derive reliable and valid odds ratios in individuals with 

autism compared to the general population from the present meta-analyses, given the widely 

different sampling frames, measurement tools, comparison/control groups and variation in 

reporting in the meta-analysed studies. 

 When parsing out heterogeneity, we observed a similar pattern of emergence of 

psychopathology in people with autism as found in the general population. For example, 

depressive, bipolar and schizophrenia spectrum disorders become more prevalent with increased 

age and studies with more females found higher rates of depression.
47

 ADHD diagnosis is more 

prevalent in younger than older ages, as has been observed in the general population.
48

 More of 

the sample with ID was associated with higher probability of schizophrenia spectrum diagnoses, 

which matches with findings in the ID population.
49

 Based on these, we speculate that autism 

may heighten the probability of developing major psychiatric disorders in a general manner, but 

the extent to which the patterns of emergence and factors influencing their onset and course 

(especially regarding the change of CMHC burden during transition stages, eg, from youth to 

adulthood) are different from those in neurotypical people awaits further longitudinal 

investigations that are sensitive to temporal relations and can capture unique phenotypic 

presentations of CMHCs in individuals with autism. Reasons for lower prevalence of OCD from 
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countries with higher HDI are unclear but may relate to different levels of autism-specific 

support and diagnostic practice in different countries.
50

 More recent publication years were 

associated with lower reported rates of CMHCs, especially anxiety, disruptive/impulse-

control/conduct and schizophrenia spectrum disorders. The underlying reasons mostly likely 

include progressions of research design and sampling strategies, with more large-scale 

population/registry-based studies published in recent years, which tend to report lower rates (as 

shown in the subgroup analyses). 

 Although the high rates of these psychiatric diagnoses can reflect true comorbidity in 

autism, it is still likely that measurement error and diagnostic ambiguity contribute to current 

rates. Diagnosing CMHCs in autism based on standard clinical practice or interview schedules 

designed for general population often encounters challenges and uncertainties in differential 

diagnosis. In certain scenarios, whether ‘mental health symptoms’ are in fact part of the 

presentation of autism (eg, sensory issues and avoidant behaviour being interpreted as 

‘generalised anxiety’) is difficult to determine without in-depth, personalised assessment, hence 

rates of CMHCs may be inflated for this reason. In some other scenarios, the autism background 

may overshadow true CMHC symptoms (eg, not verbally reporting depressive mood due to 

emotion recognition and/or communication difficulties), contributing to under-estimation of rates 

of CMHCs. Furthermore, it can be difficult to disentangle whether functional impairment is 

secondary to co-occurring psychiatric symptoms (as would be necessary to warrant a CMHC 

diagnosis in autism), or secondary to the key characteristics of autism (meaning a CMHC 

diagnosis might not be warranted). These challenges point to the urgent need for new 

development and novel use of available mental health assessment schedules for people with 

autism and/or other neurodevelopmental disabilities. Such assessments should also incorporate a 

temporally focused terminology to disentangle the temporal development of CMHCs in autism,
51

 

to better inform causal pathways and, most importantly, clinical formulation for personalised 

treatment. 

The high prevalence of CMHCs in autism implies that mental health assessment should 

be an integral aspect of clinical care with regular screening, evaluation and treatment undertaken 

as part of ongoing support for individuals with autism. The approach to treatment and support 

should be personalised and holistic, instead of treating psychiatric diagnoses in isolation, as if 

unrelated to the autism background. Acknowledging that autism increases the risk of major 
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psychiatric disorders (eg, OCD, depressive, bipolar and schizophrenia spectrum disorders) also 

necessitates clinical attention especially during youth and transition ages when the probability of 

developing these conditions increases substantially. This careful approach to assessment and care 

of mental health challenges in people on the autism spectrum has not yet been incorporated into 

real-world clinical settings,
52,53

 even though mental health promotion has been endorsed by 

individuals with autism and their families as the top concern (http://www.jla.nihr.ac.uk/priority-

setting-partnerships/autism/top-10-priorities/). 

Uncovering reasons for high co-occurrence of CMHCs in autism has both scientific and 

clinical implications. For example, the co-occurrence of ADHD and autism may be underpinned 

partly by shared genetic contribution
54,55

 and neuro-cognitive architecture,
56–58

 as is the case for 

autism and anxiety.
59

 Investigation into mechanisms and developmental trajectories leading to 

increased risk for CMHCs in autism, either biological or experiential, will inform targeted 

preventive measures and mental health promotion. 

 

 

Strengths and Limitations 

 This systematic review and meta-analysis, to our knowledge, is by far the most 

comprehensive, up-to-date review of literature about the prevalence of often reported CMHCs in 

the autism population. In addition, it is the first to take age, gender and intelligence compositions 

into account systematically, and across both population/registry-based and clinical sample-based 

studies. Inclusion criteria for both CMHCs and autism were carefully defined, providing 

prevalence estimates that are valid reflections of the current literature. 

However, there are multiple limitations. Due to our strict inclusion/exclusion criteria, 

some studies carrying useful information (eg, those reporting lifetime CMHCs) were not 

included for review. For some CMHCs the meta-regression analyses might be under-powered  

(eg, a recommendation is 10 data-points per covariate),
36

 hence our results of the source of 

heterogeneity should be considered exploratory and require future confirmation. Some 

clinical/community-based studies could have samples overlapping with those in the larger 

population/registry-based studies, but it is impossible to disentangle this analytically due to a 

lack of such primary information in the data sources; to address this we estimated the pooled 

prevalence separately for the two categories (Appendix p111-112), which showed comparable 

http://www.jla.nihr.ac.uk/priority-setting-partnerships/autism/top-10-priorities/
http://www.jla.nihr.ac.uk/priority-setting-partnerships/autism/top-10-priorities/
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rates as those derived from the moderator analyses (Table 1). Further, very substantial 

heterogeneity remained unaccounted for across all CMHCs examined, even after accounting for 

hypothetical contributors derived from existing epidemiological literature and excluding outlier 

studies. Also, prediction intervals for all pooled estimates of prevalence were wide, predicting 

high variability of estimates in future studies until the heterogeneity of autism can be more 

clearly parsed out. A fundamental limitation of the autism research literature (including those 

about CMHCs) is the huge heterogeneity. Potential small study effects (some may relate to 

publication bias and some reflect other, including true heterogeneity) were noted for many 

CMHCs, limiting the generalisability of findings and again signifying the impact of large 

heterogeneity in this literature. Fine-grained primary empirical research design is required to 

further elucidate heterogeneity (eg, measuring CMHCs in stratified autism subgroups such as by 

intellectual/communication abilities, gender, clinical profile, genetic or neurological 

background). Given the complexity and variation of how CMHCs were reported in the literature, 

we were unable to meta-analyse illness loads (ie, number of CMHCs or clinical severity) or 

patterns of co-occurrence (ie, what CMHCs tend to aggregate). More consistent report of illness 

loads and patterns of co-occurrence in future primary studies will provide further insight. Also, 

due to changes in diagnostic classifications of both autism and CMHCs over the past decades, 

differences in diagnostic categories used between studies can result in varied estimates of CMHC 

prevalence in autism. Finally, all findings were derived from observational studies; the causal 

and developmental relations underlying such associations await clarification by new primary 

studies that measure temporal relations between autism and CMHCs
51

 and investigate 

underpinning mechanisms. 

 

 

Conclusions 

CMHCs are common in autism, with apparently high prevalence across a variety of 

diagnostic categories. Such co-occurrence warrants clinical attention and aetiological 

investigations to uncover shared underpinnings and sources of vulnerability associated with 

autism. Mental health promotion should be an essential component of care for all individuals on 

the autism spectrum. Valid and standardised measures of mental health challenges in people with 

autism and/or other neurodevelopmental disabilities are needed to facilitate accurate diagnosis. 
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Research in Context 

 

Evidence before this study 

Prior to conducting this systematic review and meta-analysis, as a preparatory scoping review 

we searched PubMed for published observational studies, using combinations of search terms 

that include ‘autis*’, ‘mental health’, ‘psychiatr*’, ‘comorbid*’, ‘co-occurring’ and ‘disorder’. 

Our search did not have language or date restrictions. We identified a wide variety of 

observational studies reporting divergent prevalence rates of mental health symptoms or 

psychiatric diagnoses (using various tools and definitions) in the autism population, with 

substantial variability in study design (ie, from small-sample clinical studies to national 

population-based registry studies), across wide age range, gender composition, rates of co-

occurring intellectual disability and countries of origin. Most commonly studied conditions 

include ADHD, anxiety, depression, bipolar disorder, OCD, psychosis and sleep difficulties. 

However, the range of reported prevalence of co-occurring psychiatric diagnoses varies hugely 

(eg, 1-86% for ADHD, 1-70% for depressive disorders). What could be detrimental is that the 

prevalence rates of specific co-occurring psychiatric diagnoses cited in other empirical 

research, review and guideline papers vary greatly depending on the cited studies. Based on 

these observations, we consider it to be necessary to conduct systematic reviews and meta-

analyses to determine the best estimates of co-occurring psychiatric conditions in autism and 

to identify sources of heterogeneity amongst studies. Such ‘prior knowledge’ will provide 

critical background information for adequate mental health evaluation and service delivery. 

We designed two protocols, one focusing on co-occurring psychiatric diagnoses and another 

focusing on mental health symptoms in the autism population, and pre-registered them with 

PROSPERO (CRD42018103176, CRD42018103178). We reported findings from the first 

protocol in this paper. 

Added value of this study 

We identified eight co-occurring psychiatric diagnoses most commonly reported in the 

literature. From 96 meta-analysed studies, we found the pooled prevalence rates in the autism 

population ranged from 28% for ADHD, 20% for anxiety disorders, 13% for sleep-wake 

disorders, 12% for disruptive/impulse-control/conduct disorders, 11% for depressive disorders, 

9% for obsessive-compulsive disorder, to 5% for bipolar disorders and 4% for schizophrenia 
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spectrum disorders. Estimates in clinical sample-based studies were higher than 

population/registry-based studies. Age, gender, intellectual functioning, country of study and 

publication year were associated with heterogeneity in the literature, yet there are still 

substantial remaining, unexplained sources of heterogeneity. 

Implications of all the available evidence 

Co-occurring psychiatric diagnoses are common in the autism population across the lifespan. 

Mental health promotion, improved assessment and adequate treatment of mental health 

concerns are essential for care and support for the autism population. 
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TABLES 

 

Table 1. Pooled Estimate of Prevalence and Moderator Analysis of Study Design 

 

 

  

POOLED ESTIMATE OF 

PREVALENCE 

 

MODERATOR ANALYSIS: STUDY DESIGN 

d
 Reported 

prevalence in the 

general 

population  
a 
Co-occurring mental 

health condition 

Prevalence in 

autism 

population 
b 

(95%CI) 
b 

[95%PI] 

I
2
% 

(95%CI) 

[Cochran’s Q 

Test p-value] 

Pop Reg 

(95%CI) 
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Clin Com 
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2
% 

(
c 
QE p-

value)
 

I
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) 

c 
QM 

p-

value 

Prevalence 

(95%CI or 

standard error) 

ADHD 

(N = 89) 

(n = 210,249) 

28% 

(25-32%) 

[4-63%] 

99·65 

(99·55-99·85) 

[<0·0001] 

22% 

(17-26%) 

[1-55%] 

34% 

(29-39%) 

[7-69%] 

2·05 

(<0·000

1) 

99·64 

(99·60-

99·84) 

<0·001 7·2% (6·7-7·8%) 

(point prevalence, 

aged ≤18 years)
50

 

Anxiety Disorders 

(N = 68) 

(n = 169,829) 

20% 

(17-23%) 

[2-48%] 

99·53 

(99·42-99·87) 

[<0·0001] 

15% 

(11-19%) 

[0·5-42%] 

26% 

(22-31%) 

[1-56%] 

0·00 

(<0·000

1) 

99·54 

(99·20-

99·85) 

<0·001 7·3% (4·8-

10·9%) 
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prevalence, across 
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Depressive Disorders 

(N = 65) 

(n = 162,671) 

11% 

(9-13%) 

[0-33%] 

99·41 

(99·39-99·81) 

[<0·0001] 

8% 

(5-11%) 

[0·01-28%] 

14% 

(11-18%) 

[1-38%] 

0·23 

(<0·000

1) 

99·40 

(99·37-

99·80) 

<0·001 4·7% (4·4-5·0 %) 

(point prevalence 

of MDD, across 

ages)
61

 

Bipolar and Related 

Disorders 

(N = 38) 

(n = 153,192) 

5% 

(3-6%) 

[0-19%] 

99·50 

(99·40-99·82) 

[<0·0001] 

3% 

(2-5%) 

[0-16%] 

7% 

(4-10%) 

[0-24%] 

0·35 

(<0·000

1) 

99·50 

(99·48-

99·81) 

0·018 0·71% (0·56-

0·86%) for 

Bipolar I; 

0·50% (0·35-

0·64%) for 

Bipolar II 

(1-year 

prevalence, across 

ages)
62

 

Schizophrenia 4% 99·18 2% 7% 0·00 99·18 <0·001 0·456% (0·409-
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Spectrum and 

Psychotic Disorders 

(N = 42) 

(n = 166,627) 

(3-5%) 

[0-14%] 

(99·00-99·87) 

[<0·0001] 

(1-4%) 

[0-11%] 

(4-9%) 

[0-19%] 

(<0·000

1) 

(99·01-

99·84) 

0·503%) 

(1-year 

prevalence, across 

ages)
63

 

Obsessive-Compulsive 

Disorder 

(N = 47) 

(n = 53,243) 

9% 

(7-10%) 

[1-21%] 

96·85 

(96·75-99·87) 

[<0·0001] 

4% 

(2-6%) 

[0-13%] 

12% 

(10-15%) 

[3-26%] 

12·51 

(<0·000

1) 

96·20 

(96·17-

99·37) 

<0·001 0·7% (0·4-1·1%) 

(1-year 

prevalence, aged 

≥18 years)
64

 

Disruptive, Impulse-

Control and Conduct 

Disorders 

(N = 50) 

(n = 140,946) 

12% 

(10-15%) 

[0-36%] 

99·52 

(99·47-99·90) 

[<0·0001] 

7% 

(4-10%) 

[0-28%] 

22% 

(17-27%) 

[3-50%] 

0·00 

(<0·000

1) 

99·53 

(99·42-

99·88) 

<0·001 8·9% (standard 

error=0·5%) 

(1-year 

prevalence, aged 

≥18 years)
65

 

Sleep-Wake Disorders 

(N = 26) 

(n = 190,963) 

13% 

(9-17%) 

[0-43%] 

99·87 

(99·78-99·93) 

[<0·0001] 

11% 

(7-17%) 

[0-39%] 

16% 

(8-25%) 

[0-47%] 

8·52 

(<0·000

1) 

99·85 

(99·77-

99·91) 

0·356 3·7% 

(1-year 

prevalence, aged 

≤18 years)
66

 

 
a. N = number of data-points in meta-analyses; n = sample size for individuals with autism included across studies 

b. CI = confidence interval, PI = prediction interval 

c. QE = test of residual heterogeneity; QM = test of moderators, statistical significance at p <0·05 

d. General population estimates were selected from latest meta-analyses and/or large-scale population-based studies; see citations 
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Table 2. Univariable and Multivariable Meta-Regressions 

 

 

 UNIVARIABLE META-REGRESSION 
c 
MULTIVARIABLE META-REGRESSION 

a 
Co-

occurring 

mental health 

condition 

Covariate 
b 

R
2
%

 
I

2
% 

(95%CI)
 

QM 

p-value 

b 
R

2
%

 
I

2
% 

(95%CI)
 

QM 

p-value 

ADHD 

(N = 89) 

(n = 210,249) 

Age 7·72 99·78 

(99·70-99·84) 

<0·001 

13·06 
99·73 

(99·61-99·82) 
0·019 

%ID 0·00 99·77 

(99·68-99·85) 

0·764 

HDI 3·55 99·79 

(99·72-99·85) 

0·050 

%Female 1·50 99·75 

(99·66-99·82) 

0·137 

Anxiety 

Disorders 

(N = 68) 

(n = 169,829) 

Age 0·00 99·80 

(99·72-99·86) 

0·557 

3·87 
99·76 

(99·65-99·85) 
0·226 

%ID 0·00 99·80 

(99·71-99·87) 

0·353 

HDI 0·00 99·80 

(99·73-99·87) 

0·977 

%Female 0·00 99·76 

(99·67-99·84) 

0·937 

Depressive 

Disorders 

(N = 65) 

(n = 162,671) 

Age 21·42 99·61 

(99·46-99·75) 

<0·001 

43·39 
99·34 

(99·02-99·61) 
<0·001 

%ID 0·00 99·65 

(99·49-99·78) 

0·817 

HDI 0·00 99·72 

(99·61-99·81) 

0·839 

%Female 6·17 99·66 

(99·52-99·77) 

0·025 

Bipolar and Age 17·72 99·61 0·004 30·38 99·47 0·001 
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Related 

Disorders 

(N = 38) 

(n = 153,192) 

(99·39-99·78) (99·10-99·74) 

%ID 8·71 99·62 

(99·38-99·80) 

0·071 

HDI 0·00 99·71 

(99·55-99·83) 

0·856 

%Female 3·25 99·68 

(99·49-99·81) 

0·133 

Schizophrenia 

Spectrum and 

Psychotic 

Disorders 

(N = 42) 

(n = 166,627) 

Age 24·00 99·66 

(99·51-99·82) 

<0·001 

38·48 
99·53 

(99·31-99·80) 
<0·001 

%ID 20·29 99·67 

(99·52-99·84) 

<0·001 

HDI 0·00 99·76 

(99·65-99·87) 

0·193 

%Female 3·72 99·74 

(99·63-99·87) 

0·193 

Obsessive-

Compulsive 

Disorder 

(N = 47) 

(n = 53,243) 

Age 0·30 99·08 

(98·63-99·44) 

0·302 

65·32 
95·36 

(92·13-97·46) 
<0·001 

%ID 4·86 98·41 

(97·55-99·10) 

0·117 

HDI 33·59 98·76 

(98·08-99·22) 

<0·001 

%Female 0·23 98·87 

(98·28-99·32) 

0·299 

Disruptive, 

Impulse-

Control and 

Conduct 

Disorders 

(N = 50) 

(n = 140,946) 

Age 0·00 99·84 

(99·76-99·90) 

0·372 

10·61 
99·80 

(99·67-99·90) 
0·115 

%ID 0·00 99·83 

(99·73-99·90) 

0·569 

HDI 0·00 99·85 

(99·78-99·90) 

0·786 

%Female 0·00 99·84 

(99·77-99·90) 

0·336 

Sleep-Wake 

Disorders 

Age 0·00 99·86 

(99·77-99·93) 

0·855 
48·27 

98·95 

(97·76-99·66) 
0·002 
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(N = 26) 

(n = 190,963) 

%ID 0·00 99·42 

(98·92-99·78) 

0·951 

HDI 0·00 99·87 

(99·79-99·94) 

0·412 

%Female 0·00 99·86 

(99·77-99·93) 

0·426 

 

 
a. N = number of data-points in meta-analyses; n = sample size for individuals with autism included across studies 

b. QE test of residual heterogeneity for R
2
 is statistically significant for all CMHC meta-analysed, with p <0·0001, for all cases 

c. For all CMHCs, multivariable meta-regression model covariates are study design, age, percent-female, percent-ID and HDI 
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FIGURES 

 

 

Figure 1. PRISMA Flowchart for Study Selection 
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Response to Reviewer 

 

Reviewer #2:  
Forest plots are OK.  

 

In terms of the combining different study designs, the data-driven sensitivity analysis (to show 

that excluding various studies would make not much difference to the overall prevalence) is 

missing the point. The authors have already shown the prevalence rate is higher in clinical 

studies, what is moot is whether it is meaningful to combine these two sets of prevalence due to 

selection bias for patients in clinical studies (as authors say p7). Wouldn't population studies 

generally include those in clinical studies? If there is no overlap, ie people in clinical studies will 

not have been entered into population studies then you could justify it on the grounds that the 

population register excludes clinical population. However, I don't think this is how it works which 

is why I'm advocating presenting the pooled estimates separately. 

 

Reply: The data-driven sensitivity analysis is intended to address the reviewer’s earlier point 

about potential impact of smaller-N studies. We agree with the reviewer’s concern of ‘sample 

overlap' (i.e. some of the clinical/community-based studies could have overlapping sample with 

the larger population/registry-based studies), but this is impossible to be disentangled analytically 

due to no primary information provided in the primary data sources, so we have no way to know 

if this is the case. If we understand correctly, we have addressed the point of ‘presenting the 

pooled estimates separately’ in the latest added analysis on Appendix p111-112 and briefly 

highlighted this to the readers in the manuscript. To clarify these points further, and also based on 

the Editor’s suggestion, we have added the following text in the limitations section, on p.13, 

“Some clinical/community-based studies could have samples overlapping with those in the 

larger population/registry-based studies, but it is impossible to disentangle this analytically 

due to a lack of such primary information in the data sources; to address this we estimated 

the pooled prevalence separately for the two categories (Appendix p111-112), which showed 

comparable rates as those derived from the moderator analyses (Table 1).” 

 

*Reply to Reviewers Comments
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Online Appendix 
 
Index 
 
Appendix1: Search Strategy 
Appendix2: Raw Data and Summary for Included Studies 
Appendix3: Forest Plots by Study Design Subgroups 
Appendix4: Univariable Meta-regression Plots 
Appendix5: Sensitivity Analysis (Publication Year) 
Appendix6: Sensitivity Analysis (Funnel Plots) 
Appendix7: Sensitivity Analysis (Outliers) 
Appendix8: Sensitivity Analysis (Normal-Binomial Model for Overall Pooled Estimates of 
Prevalence) 
Appendix9: Sensitivity Analysis (Separate Meta-analysis by Study-design, and Excluding 
Smaller-sample Studies) 
Appendix10: Excluded Studies 
 
 
Appendix1-Method: Search Strategy 
 
Database: Ovid MEDLINE(R) <1946 to February 1st 2019>, Ovid MEDLINE(R) In-Process & Other Non-
Indexed Citations <February 1st 2019>, Ovid MEDLINE(R) Epub Ahead of Print <February 1st 2019> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1     exp Mental Disorders/   
2     exp Intellectual Disability/   
3     exp Behavioral Symptoms/   
4     exp Mental Health/   
5     exp Mentally Ill Persons/   
6     exp Amnesia/   
7     exp Delirium/   
8     exp Hallucinations/   
9     exp Schizophrenia/   
10   exp Mood Disorders/   
11     exp Anxiety Disorders/   
12     exp Dissociative Disorders/   
13     exp Cognition Disorders/   
14     exp Dissociative Disorders/   
15     exp "Feeding and Eating Disorders"/   
16     exp Personality Disorders/   
17     exp Gambling/   
18     exp Sexual Dysfunctions, Psychological/   
19     exp Sleep Wake Disorders/   
20     exp "Trauma and Stressor Related Disorders"/   
21     exp Neurodevelopmental Disorders/   
22     exp Communication Disorders/   
23     exp Motor Disorders/   
24     exp Tic Disorders/   
25     exp "Schizophrenia Spectrum and other Psychotic Disorders"/   
26     exp "Bipolar and Related Disorders"/   
27     exp Elimination Disorders/   
28     exp Substance-Related Disorders/   
29     exp Restless Legs Syndrome/   
30     dementia$.mp.   

Appendix
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31     delusional$.mp.   
32     (manic adj3 disorder$).mp.  
33     (emotionally adj3 labile adj3 disorder$).mp.   
34     (asthenic adj3 disorder$).mp.     
35     (post$ encephalitic adj3 syndrome$).mp.   
36     (behav$ adj3 disorder$).mp.   
37     (postconcussional adj3 syndrome$).    
38     (post$ concessional adj3 syndrome).mp.   
39     hypomani$.mp.  
40     depressive$.mp.   
41     depression$.mp.   
42     cyclothymi$.mp.   
43     dysthymi$.mp.   
44     agoraphobi$.mp.    
45     (panic adj3 disorder$).mp.   
46     (acute stress adj3 reaction$).mp.   
47     (adjustment adj3 disorder$).mp.    
48     (dissociative adj3 disorder$).mp.   
49     (conversion adj3 disorder$).mp.   
50     (dissociative adj3 fugue$).mp.   
51     (dissociative adj3 stupor$).mp.   
52     (trance adj3 disorder$).mp.   
53     (possession adj3 disorder$).mp.   
54     (ganser$ adj3 syndrome$).mp.   
55     (somatoform adj3 disorder$).mp.   
56     (somatization adj3 disorder$).mp.   
57     (hypochondriacal adj3 disorder$).mp.   
58     neurastheni$.mp.   
59     (depersonalization$ adj3 syndrome$).mp.   
60     (derealization$ adj3 syndrome$).mp.   
61     insomni$.mp.   
62     hypersomn$.mp.   
63     sleepwalk$.mp.   
64     sleep walk$.mp.   
65     somnambulism$.mp.   
66     sleep terror$.mp.   
67     night terror$.mp.   
68     nightmare$.mp.   
69     (sexual adj3 aversion$).mp.   
70     (fail$ adj3 genital$ adj3 respons$).mp.   
71     (orgasm$ adj3 dysfunct$).mp.   
72     (prematur$ adj3 ejaculat$).mp. 
73     (nonorganic adj3 vaginism$).mp.   
74     (non$ organic adj3 vaginism$).mp  
75     (nonorganic adj3 dyspareu$).mp.   
76     (non$ organic adj3 dyspareu$).mp.   
77     (excessiv$ adj3 sexual$ adj3 driv$).mp.   
78     (compulsi$ adj3 sexual$ adj3 behav$).mp.   
79     (habit adj3 disorder$).mp.   
80     (impuls$ adj3 disorder$).mp.   
81     (patholog$ adj3 gambl$).mp.    
82     (patholog$ adj3 firesett$).mp.   
83     (patholog$ adj3 fire$ adj3 setting).mp.   
84     pyroman$.mp.   
85     (patholog$ adj3 steal$).mp.   
86     kleptoman$.mp.   
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87     trichotilloman$.mp.   
88     (gender$ adj3 ident$ adj3 disorder$).mp.  
89     transsexual$.mp.    
90     transvest$.mp.   
91     fetish$.mp.   
92     exhibition$.mp.   
93     voyeuri$.mp.   
94     paedophili$.mp.   
95     sadomasoch$.mp.   
96     (disorder$ adj3 sexual$ adj3 prefer$).mp.   
97     (egodyston$ adj3 sexual$ adj3 orientate$).mp.   
98     (speech adj3 disorder$).mp.   
99     (language adj3 disorder$).mp.   
100     (acquired adj3 aphasi$).mp.   
101     (landau$ kleffner adj3 syndrome$).mp.   
102     (reading adj3 disorder$).mp.   
103     (spelling adj3 disorder$).mp.   
104     (disorder$ adj3 arithmetic$).mp.   
105     (disorder$ adj3 scholastic).mp.   
106     (rett$ adj3 syndrom$).mp.   
107     (hyperkinet$ adj3 disorder$).mp.   
108     (oppositional adj3 defiant adj3 disorder$).mp.   
109     (sibling$ adj3 rival$ adj3 disorder$).mp.   
110     (disorder$ adj3 social$ adj3 function$).mp.   
111     mutism$.mp.   
112     (attachment$ adj3 disorder$).mp.   
113     (motor$ adj3 disorder$).mp.   
114     (tic$ adj3 disorder$).mp.   
115     (non$ organic adj3 enures$).mp.    
116     (nonorganic adj3 enures$).mp.   
117     (nonorganic adj3 encopres$).mp.  
118     pica.mp.   
119     stutter$.mp.   
120     cluttering$.mp.   
121     (global adj3 developmental adj3 delay$).mp.   
122     (fluency adj3 disorder$).mp.   
123     cataton$.mp.   
124     (panic adj3 attack$).mp.   
125     (body adj3 dysmorphi$ adj3 disorder$).mp.   
126     (hoarding$ adj3 disorder$).mp.    
127     trichotillomani$.mp.   
128     (hair$ adj3 pulling adj3 disorder$).mp.   
129     excoriation$.mp.   
130     (skin$ adj3 picking adj3 disorder$).mp.   
131     (disinhibit$ adj3 social$ adj3 engag$ adj3 disorder$).mp.   
132     (functional adj3 neurological$ adj3 symptom$ adj3 disorder$).mp.   
133     (factitious adj3 disorder$).mp.   
134     (rumination adj3 disorder$).mp.   
135     (food adj3 intak$ adj3 disorder$).mp.   
136     (feeding adj3 disorder$).mp.   
137     (hypersomnolence adj3 disorder$).mp.   
138     narcolep$.mp.   
139     (sleep adj3 apnea$).mp.   
140     (sleep$ adj3 hypoventil$).mp.    
141     parasomn$.mp.   
143     (restless adj3 leg$ adj3 syndrome$).mp.   
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144     (delayed adj3 ejaculat$).mp.   
145     (erectile adj3 disorder$).mp.   
146     (orgasm$ adj3 disorder).mp.   
147     (arousal adj3 disorder$).mp.   
148     (genital$ adj3 pelvic$ adj3 pain$ adj3 disorder$).mp.   
149     (penetration adj3 disorder$).mp.   
150     (prematur$ adj3 ejaculat$).mp.   
151     (sexual adj3 dysfunct$).mp.   
152     (gender adj3 dysphor$).mp.   
153     (intermittent$ adj3 explosive adj3 disorder$).mp.   
154     (alcohol$ adj3 disorder$).mp.   
155     (alcohol$ adj3 intoxicat$).mp.   
156     (alcohol$ adj3 withdrawal$).mp.   
157     (caffeine$ adj3 disorder$).mp.   
158     (caffeine$ adj3 intoxicat$).mp.   
159     (caffeine adj3 withdraw$).mp.   
160     (cannabis$ adj3 disorder$).mp.   
161     (cannabis$ adj3 intoxicat$).mp.   
162     (cannabis$ adj3 withdraw$).mp.   
163     (hallucinogen$ adj3 disorder$).mp.   
164     (phencyclidine$ adj3 disorder$).mp.   
165     (phencyclidin$ adj3 intoxicat$).mp.   
166     (hallucinogen$ adj3 intoxication$).mp.   
167     (inhalant$ adj3 disorder$).mp.   
168     (inhalant$ adj3 intoxica$).mp.   
169     (opi$ adj3 disorder$).mp.   
170     (opi$ adj3 intoxicat$).mp.   
171     (opi$ adj3 withdraw$).mp.   
172     (sedative$ adj3 disorder$).mp.   
173     (hypnotic$ adj3 disorder$).mp.   
174     (anxiolytic$ adj3 intoxicat$).mp.   
175     (sedative$ adj3 withdraw$).mp.   
176     (hypnotic$ adj3 withdraw$).mp.   
177     (anxiolytic$ adj3 withdraw$).mp.   
178     (stimulant$ adj3 disorder$).mp.   
179     (stimulant$ adj3 intoxicat$).mp.   
180     (stimulant$ adj3 withdraw$).mp.   
181     (tobacco$ adj3 disorder$).mp.   
182     (tobacco adj3 withdraw$).mp.   
183     (substance$ adj3 disorder).mp.   
184     (gambl$ adj3 disorder$).mp.   
185     (frotteuris$ adj3 disorder$).mp.   
186     pedophil$.mp.   
187     paraphil$.mp.   
188     (intellectual adj3 disabil$).mp.   
189     (mental$ adj3 retard$).mp.   
190     (behav$ adj3 symptom$).mp.   
191     suicid$.mp.   
192     mental health.mp.   
193     mental$ ill$.mp.   
194     amnes$.mp.   
195     delirium$.mp.   
196     hallucination$.mp.   
197     schizo$.mp.   
198  self? harm$.mp. 
199 self? injur$.mp. 
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200     psychosis$.mp.   
201     psychotic$.mp.   
202     (mood adj3 disorder$).mp.   
203     (affective$ adj3 disorder$).mp.   
204     depression$.mp.    
205     depressive$.mp.   
206     cyclothymic$.mp.   
207     anxiety.mp.   
208     anxious$.mp.   
209     agoraphobi$.mp.   
210     (neurotic adj3 disorder$).mp.  
211     mental$ disorder$.mp.   
212     (obsessiv$ compulsive adj3 disorder$).mp.   
213     substance abuse$.mp.   
214     drug abus$.mp.   
215     addict$.mp.  
216     (panic adj3 disorder$).mp.   
217     phobic$.mp.   
218     phobia$.mp.   
219     (bipolar adj3 disorder$).mp.   
220     (impuls$ adj3 disorder$).mp.   
221     (conduct$ adj3 disorder$).mp.   
223     (elimination adj3 disorder$).mp.   
224     (eating adj3 disorder$).mp.   
225     (anorex$ adj3 nervos$).mp.   
226     bulimia$.mp.   
227     bulimic$.mp.   
228     (bing$ eating adj3 disorder$).mp.   
229     (cognition adj3 disorder$).mp.   
230     dyslexi$.mp.   
231     dyscalcul$.mp.   
232     (oppositional adj3 defiant adj3 disorder$).mp.   
233     (attention$ adj3 deficit$ adj3 disorder$).mp.   
234     (communication adj3 disorder$).mp.   
235     (motor skill$ adj3 disorder$).mp.   
236     paraphili$.mp.   
237     (personality$ adj3 disorder$).mp.   
238     alcoholism$.mp.   
239     alcoholic$.mp.   
240     (posttrauma$ adj3 Stress$ adj3 disorder$).mp.   
241     (post$ trauma$ adj3 Stress$ adj3 disorder$).mp.   
242     PTSD.mp.   
243     (acute adj3 stress$ adj3 disorder$).mp.   
244     adhd.mp.  
245     exp Comorbidity/    
246     exp "Diagnosis, Dual (Psychiatry)"/   
247     comorbid$.mp.   
248     concurrent$.mp.   
249     (dual$ adj3 diagnos$).mp.   
250     multimorbid$.mp.   
251     co-occur$.mp.   
252     cooccur$.mp.   
253     exp Child Development Disorders, Pervasive/  
254     autistic$.mp.   
255     autism$.mp.   
256     (kanner$ adj3 syndrome$).mp.   
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257     (pervasiv$ adj3 child$ adj3 development$ adj3 disorder$).mp.   
258     asperger$.mp.   
259     ASD.mp.   
260     or/1-241 [mental disorders set]   
261     or/242-249 [comorbid set]   
262     or/250-256 [autism set]   
263     animals/ not humans.sh.   
264     257 and 258 and 259   
265     261 not 260   
266     limit 262 to yr="1993 -Current" 
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Appendix2-Tables1-9: Raw Data and Summary for Systematic Review and Meta-analyses 
 
Legend 
Pop Reg = Population-based/Registry-based studies; Clin Com = Clinical studies from community samples 
NA indicates missing data 
 
Superscripts 
(a) Age calculated as the midpoint of an age range 
(b) HDI is the average of all the countries in the study 
(c) Percent ID estimated using the z distribution, from reported mean IQ and standard deviation 
(d) Age-stratified data, where the data for covariates are taken from the whole autism sample 
* value estimated from reported data (ie, when cases are reported across nearby age bands) or general population data (ie, age calculated as the mid-point of the 
given number [50+] and average life expectancy of the country) – applicable only in Houghton et al. 2017 & Houghton et al. 2018 
 
1. ADHD in autism 
Case definition: ADHD reported as the number of people in the autism sample with “any ADHD”, “all ADHD”, or “at least one ADHD” using DSM-IV, DSM-5 or ICD-9/10 criteria. 
 
Author Year Cases Total 

Autism 
Design 
Code 

Study Design Age Country HDI % Female % ID 

1. Abdallah 20111 74 414 0 Pop Reg 16·28 Denmark 0·929 19·1 21·3 
2. Albores-Gallo 20172 25 55 1 Clin Com 4 a Mexico 0·774 21·81 NA 
3. Albores-Gallo 20172 26 39 1 Clin Com 11·5 a Mexico 0·774 12·82 NA 
4. Amr 20123 19 60 1 Clin Com 8·45 Egypt,Jordan,Arabia 0·761 b 38·3 66·8 c 
5. Anckarsater 20064 47 113 1 Clin Com 39·5 a Sweden 0·933 NA NA 
6. Bishop-Fitzpatrick & Rubenstein 

20195 
13 143 0 Pop Reg 52·4 USA 0·924 31.5 44·8 

7. Bowers 20156 62 883 1 Clin Com 8·3 USA 0·924 17·4 36·8 
8. Brookman-Frazee 20177 156 201 1 Clin Com 9·13 USA 0·924 16 13·19 c 
9. Bryson 20088 232 586 1 Clin Com 9·18 USA 0·924 15·56 NA 
10. Chen 20159 466 1191 0 Pop Reg 16·40 Taiwan 0·907 19·31 NA 
11. Close 201210 25 154 0 Pop Reg 4·14 USA 0·924 17·5 NA 
12. Close 201210 141 373 0 Pop Reg 8·38 USA 0·924 17·7 NA 
13. Close 201210 156 386 0 Pop Reg 14·41 USA 0·924 19·2 NA 
14. Croen 201511 167 1507 1 Clin Com 29 USA 0·924 26·9 19·2 
15.    Cummings 201612 616 3926 0 Pop Reg 6.2 USA 0·924 17·3 NA 
16. Cummings 201612 1606 4399 0 Pop Reg 13.2 USA 0·924 18 NA 
17. Davignon 201813 602 4123 1 Clin Com 18·39 USA 0·924 19·33 13 
18. De Bruin 200714 42 94 1 Clin Com 8·5 Netherlands 0·931 11·7 11·17 c 
19. Ghanizadeh 201215 37 68 1 Clin Com 7·3 Iran 0·798 27·94 NA 
20. Ghaziuddin 199816 10 35 1 Clin Com 15·1 USA 0·924 17·14 4·01 c 
21. Ghirardi 201817 13793 28468 0 Pop Reg 21·5 a Sweden 0·933 30·68 NA 
22. Gillberg 201618 13 39 1 Clin Com 30 Sweden 0·933 0 0 
23. Gjevik 201119 22 71 1 Clin Com 11·8 Norway 0·953 18 57 c 
24. Gjevik 201520 17 55 1 Clin Com 11·9 Norway 0·953 16·36 59 c 
25. Goin-Kochel 200821 125 498 1 Clin Com 8·6 USA,Canada,UK, 0·927 b 19·9 9·24 
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Australia,New 
Zealand 

26. Gordon-Lipkin 201822 973 2354 0 Pop Reg 8·5a USA 0·924 17 d 19·6 d 
27. Gordon-Lipkin 201822 530 965 0 Pop Reg 14·5a USA 0·924 17 d 19·6 d 
28. Hallerback 201423 16 54 1 Clin Com 27 a Sweden 0·933 51·85 0 
29. Hansen 201624 35 284 1 Clin Com 4·5 USA 0·924 15·1 26 
30. Horowitz 201725 43 107 1 Clin Com 13·63 USA 0·924 23 10·76 
31. Houghton 201726 692 6399 0 Pop Reg 3·5 a USA 0·924 20 d 9·34 
32. Houghton 201726 16357 36947 0 Pop Reg 8 a USA 0·924 20 d 9·35 
33. Houghton 201726 13818 28040 0 Pop Reg 14·5 a USA 0·924 20 d 12·01 
34. Houghton 201726 4813 15086 0 Pop Reg 21 a USA 0·924 20 d 20·20 
35. Houghton 201726 910 6529 0 Pop Reg 37 a USA 0·924 20 d 39·93 
36. Houghton 201726 71 638 0 Pop Reg 64·5 a * USA 0·924 20 d 45·14 
37. Houghton 201827 0 110 0 Pop Reg 3·5 a UK 0·922 19·3 d 0 
38. Houghton 201827 293 2813 0 Pop Reg 8 a UK 0·922 19·3 d 0·14 * 
39. Houghton 201827 598 3371 0 Pop Reg 14·5 a UK 0·922 19·3 d 0·53 * 
40. Houghton 201827 428 2467 0 Pop Reg 21 a UK 0·922 19·3 d 1·7 
41. Houghton 201827 169 1667 0 Pop Reg 37 a UK 0·922 19·3 d 13·9 
42. Houghton 201827 7 428 0 Pop Reg 65·5 a * UK 0·922 19·3 d 26·2 
43. Joshi 201028 181 217 1 Clin Com 9·7 USA 0·924 13·36 NA 
44. Joshi 201329 26 63 1 Clin Com 29·2 USA 0·924 34·92 2·34 
45. Kantzer 201830 18 79 1 Clin Com 5·22 Sweden 0·933 17·71 55·7 
46. Keen & Ward 200431 27 196 1 Clin Com 8·5 a UK 0·922 15·82 27·6 
47. Knuppel 201832 275 1434 0 Pop Reg 21 a Denmark 0.929 18·9 16.7 
48. Kommu 201733 74 201 1 Clin Com 5·92 India 0·640 20·4 45·68 
49. Levy 201034 547 2568 0 Pop Reg 8 USA 0·924 19·12 18·3 
50. Levy 201935 52 668 1 Clin Com 4·94 USA 0·924 18·4 NA 
51. Logan 201436 242 629 1 Clin Com 8 USA 0·924 19 62·96 
52. LoVullo & Matson 200937 1 162 1 Clin Com 48·7 USA 0.924 42·6 100 
53. Lugnegard 201138 16 54 1 Clin Com 27 Sweden 0·933 51·85 0 
54. Manohar 201739 20 50 1 Clin Com 4 a India 0·640 20 34 
55. Mansour 201740 85 99 1 Clin Com 9·37 USA 0·924 21·2 24·71 c 
56. Mathu-Muju 201641 42 303 1 Clin Com 9·46 Canada 0·926 23 39·6 
57. Matilla 201042 19 50 1 Clin Com 12·7 Finland 0·920 24 0 
58. Meguid 201843 55 80 1 Clin Com 3·77 Egypt 0·696 25 93·75 c 
59. Meier 201544 3948 18184 0 Pop Reg 23·5 a Denmark 0·929 NA NA 
60. Ming 200945 6 23 1 Clin Com 9 a USA 0·924 17·39 NA 
61. Moseley 201146 1 84 1 Clin Com 19·5 Australia 0·939 18 79 
62. Mukaddes & Fateh 201047 17 37 1 Clin Com 10·9 Turkey 0·791 13·51 0 
63. Mukaddes 201048 39 60 1 Clin Com 10·65 Turkey 0·791 0 0 
64. Musser 201449 59 265 1 Clin Com 9 a USA 0·924 19 NA 
65. Nahar 201850 2 33 1 Clin Com 22·7 India 0.640 21·3 0 
66. Neumeyer 201951 135 2114 0 Pop Reg 3·8 USA 0·924 18·45  NA 
67. Neumeyer 201951 421 1221 0 Pop Reg 9·6 USA 0·924 16·46 NA 
68. Orinstein 201552 14 42 1 Clin Com 13·9 USA,Canada 0·925 b 9·52 0 
69. Rasmussen 201953 32 143 1 Clin Com 10·5 a Australia 0·939 20 NA 
70. Rasmussen 201953 18 93 1 Clin Com 14·5 a Australia 0·939 23 NA 
71. Romero 201654 71 123 1 Clin Com 10·62 Spain 0·891 18 NA 
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72. Rosa 201655 23 50 1 Clin Com 11·95 Spain 0·891 8 1·18 c 
73. Rubenstein 201856 320 2352 0 Pop Reg 8 USA 0·924 18·3 3·8 
74. Russell 201657 46 474 1 Clin Com 30·59 UK 0·922 21·6 0 
75. Saqr 201858 62 126 1 Clin Com 21·2 USA 0·924 22·2 49·21 
76. Simonoff 200859 32 112 0 Pop Reg 11·5 UK 0·922 12·5 45·03 c 
77. Soke 201860 43 783 0 Pop Reg 4 USA 0·924 22·09 NA 
78. Soke 201860 306 1091 0 Pop Reg 8 USA 0·924 18·97 NA 
79. Stacy 201461 322 913 0 Pop Reg 10·23 USA 0·924 18·29 NA 
80. Stadnick 201762 29 197 1 Clin Com 9·12 USA 0·924 16·24 13·44 c 
81. Stevens 201663 717 1766 0 Pop Reg 11·53 USA 0·924 21·12 21·12 
82. Supekar 201764 660 4790 0 Pop Reg 17·5 USA 0·924 NA NA 
83. Suren 201265 408 2352 0 Pop Reg 5·5 a Norway 0·953 18·9 NA 
84. Ung 201366 75 108 1 Clin Com 10·95 USA 0·924 20·37 0 
85. Van Steensel 201367 9 40 1 Clin Com 11·1 Netherlands 0·931 10 5 
86. Verheij 201568 29 74 1 Clin Com 16 Netherlands 0·931 12 8·75 c 
87. Vohra 201769 146 1772 0 Pop Reg 31 a USA 0·924 29 NA 
88. Witwer 201070 55 61 1 Clin Com 11·2 USA 0·924 18·03 59·02 
89. Wu 201671 1461 7773 0 Pop Reg 8 USA 0·924 17·35 NA 
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2. Anxiety disorders in autism 
Case definition: anxiety disorders reported as the number of people in the autism sample with “any anxiety disorder”, “all anxiety disorders”, or “at least one anxiety disorder” using DSM-IV, DSM-5 or 
ICD-9/10 criteria. 
 
Author Year Cases Total 

Autism 
Design 
Code 

Study Design Age Country HDI % Female % ID 

1. Bakken 201072 21 62 1 Clin Com 24·3 Norway 0·953 27·42 100 
2. Bishop-Fitzpatrick & Rubenstein 

20195 
62 143 0 Pop Reg 52·4 USA 0·924 31·5 44·8 

3. Bowers 20156 46 883 1 Clin Com 8·3 USA 0·924 17·4 36·8 
4. Brookman-Frazee 20177 113 201 1 Clin Com 9·13 USA 0·924 16 13·19 c 
5. Buck 201473 51 129 0 Pop Reg 25·4 USA 0·924 24·8 72·8 
6. Bryson 20088 29 586 1 Clin Com 9·18 USA 0·924 15·56 NA 
7. Chen 20159 134 1191 0 Pop Reg 16·4 Taiwan 0·907 19·31 NA 
8. Close 201210 21 154 0 Pop Reg 4·14 USA 0·924 17·5 NA 
9. Close 201210 122 373 0 Pop Reg 8·38 USA 0·924 17·7 NA 
10. Close 201210 156 386 0 Pop Reg 14·41 USA 0·924 19·2 NA 
11. Croen 201511 439 1507 1 Clin Com 29 USA 0·924 26·9 19·2 
12. Cummings 201612 192 3926 0 Pop Reg 6·2 USA 0·924 17·3 NA 
13. Cummings 201612 814 4399 0 Pop Reg 13·2 USA 0·924 18 NA 
14. Davignon 201813 595 4123 1 Clin Com 18·39 USA 0·924 19·33 13 
15. De Bruin 200714 52 94 1 Clin Com 8·5 Netherlands 0·931 11·7 11·17 c 
16. Gillberg 201618 8 39 1 Clin Com 30 Sweden 0·933 0 0 
17. Gjevik 201119 30 71 1 Clin Com 11·8 Norway 0·953 18 57 c 
18. Gjevik 201520 24 55 1 Clin Com 11·9 Norway 0·953 16·36 59 c 
19. Gordon-Lipkin 201822 605 2354 0 Pop Reg 8·5 a USA 0·924 17 d 19·6 d 
20. Gordon-Lipkin 201822 420 965 0 Pop Reg 14·5 a USA 0·924 17 d 19·6 d 
21. Hansen 201624 13 284 1 Clin Com 4·5 USA 0·924 15·1 26 
22. Horowitz 201725 45 107 1 Clin Com 13·63 USA 0·924 23 10·76 
23. Houghton 201726 197 6399 0 Pop Reg 3·5 a USA 0·924 20 d 9·34 
24. Houghton 201726 5533 36947 0 Pop Reg 8 a USA 0·924 20 d 9·35 
25. Houghton 201726 6897 28040 0 Pop Reg 14·5 a USA 0·924 20 d 12·01 
26. Houghton 201726 3828 15086 0 Pop Reg 21 a USA 0·924 20 d 20·20 
27. Houghton 201726 1488 6529 0 Pop Reg 37 a USA 0·924 20 d 39·93 
28. Houghton 201726 198 638 0 Pop Reg 64·5 a * USA 0.924 20 d 45·14 
29. Houghton 201827 0 110 0 Pop Reg 3·5 a UK 0·922 19·3 d 0 
30. Houghton 201827 48 2813 0 Pop Reg 8 a UK 0·922 19·3 d 0·14 * 
31. Houghton 201827 162 3371 0 Pop Reg 14·5 a UK 0·922 19·3 d 0·53 * 
32. Houghton 201827 244 2467 0 Pop Reg 21 a UK 0·922 19·3 d 1·7 
33. Houghton 201827 292 1667 0 Pop Reg 37 a UK 0·922 19·3 d 13·9 
34. Houghton 201827 80 428 0 Pop Reg 65·5 a * UK 0·922 19·3 d 26·2 
35. Kerns 201474 37 59 1 Clin Com 10·48 USA 0·924 22·03 3·43 c 
36. Knuppel 201832 139 1434 0 Pop Reg 21a Denmark 0·929 18·9 16·7 
37. Levy 201034 87 2568 0 Pop Reg 8 USA 0·924 19·12 18·3 
38. Logan 201436 61 629 1 Clin Com 8 USA 0·924 19 62·96 
39. LoVullo & Matson 200937 1 162 1 Clin Com 48·7 USA 0·924 42·6 100 
40. Lugnegard 201138 30 54 1 Clin Com 27 Sweden 0·933 51·85 0 
41. Maddox & White 201575 14 28 1 Clin Com 23·93 USA 0·924 46·43 0 
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42. Mattila 201042 21 50 1 Clin Com 12·7 Finland 0·920 24 0 
43. Mathu-Muju 201641 28 303 1 Clin Com 9·46 Canada 0.926 23 39·6 
44. McCarthy 201076 5 124 1 Clin Com 41·5 a UK 0·922 30·65 100 
45. Meier 201544 665 18184 0 Pop Reg 23·5 a Denmark 0·929 NA NA 
46. Ming 200945 4 23 1 Clin Com 9 a USA 0·924 17·39 NA 
47. Moseley 201146 10 84 1 Clin Com 19·5 Australia 0·939 18 79 
48. Mukaddes 201047 25 60 1 Clin Com 10·65 Turkey 0·791 0 0 
49. Muris 199877 37 44 1 Clin Com 9·7 Netherlands 0·931 NA 24·87 c 
50. Neumeyer 201951 59 2114 0 Pop Reg 3·8  USA 0·924 18·45 NA 
51. Neumeyer 201951 241 1221 0 Pop Reg 9·6  USA 0·924 16·46 NA 
52. Rosa 201655 9 50 1 Clin Com 11·95 Spain 0·891 8 1·18 c 
53. Rubenstein 201856 86 2352 0 Pop Reg 8 USA 0·924 18·3 3·8 
54. Russell 201657 186 474 1 Clin Com 30·59 UK 0·922 21·6 0 
55. Saqr 201858 65 126 1 Clin Com 21·2 USA 0·924 22·2 49·21 
56. Simonoff 200859 47 112 0 Pop Reg 11·5 UK 0·922 12·5 45·03 c 
57. Soke 201860 37 783 0 Pop Reg 4 USA 0·924 22·09 NA 
58. Soke 201860 122 1091 0 Pop Reg 8 USA 0·924 18·97 NA 
59. Stacy 201461 299 913 0 Pop Reg 10·23 USA 0·924 18·29 NA 
60. Stadnick 201762 18 197 1 Clin Com 9·12 USA 0·924 16·24 13·44 c 
61.    Sterling 200878  13 46 1 Clin Com 23·7 USA 0·924 8·7 10·99 c 
62. Tsakanikos 200679 6 147 1 Clin Com 33·3 UK 0·922 32·65 100 
63. Tsakanikos 201180 7 150 1 Clin Com 28·5 UK 0·922 33·33 100 
64. Van Steensel 201367 11 40 1 Clin Com 11·1 Netherlands 0·931 10 5 
65. Verheij 201568 23 74 1 Clin Com 16 Netherlands 0·931 12 8·75 c 
66. Vohra 201769 216 1772 0 Pop Reg 31 a USA 0·924 29 NA 
67. Witwer 201070 41 61 1 Clin Com 11·2 USA 0·924 18·03 59·02 
68. Wu 201671 317 7773 0 Pop Reg 8 USA 0·924 17·35 NA 
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3.  Bipolar and related disorders in autism 
Case definition: bipolar and related disorders reported as the number of people in the autism sample with “any bipolar disorder”, “all bipolar disorders”, or “at least one bipolar disorder”; and if these 
were not reported, the number of people in the autism sample with “bipolar I”, “bipolar II”, and/or “unspecified bipolar” were used, and added together if all were reported in the same study, defined 
using DSM-IV, DSM-5 or ICD-9/10 criteria. 
 
Author Year Cases Total 

Autism 
Design 
Code 

Study Design Age Country HDI % Female % ID 

1. Bowers 20156 22 883 1 Clin Com 8·3 USA 0·924 17·4 36·8 
2. Bishop-Fitzpatrick & Rubenstein 

20195 
52 143 0 Pop Reg 52·4 USA 0·924 31·5 44·8 

3. Bryson 20088 48 586 1 Clin Com 9·18 USA 0·924 15·49 NA 
4. Buck 201473 11 129 0 Pop Reg 25·4 USA 0·924 24·8 72·8 
5. Chen 20159 45 1191 0 Pop Reg 16·40 Taiwan 0·907 19·31 NA 
6. Croen 201511 159 1507 1 Clin Com 29 USA 0·924 26·9 19·2 
7. Davignon 201813 264 4123 1 Clin Com 18·39 USA 0·924 19·33 13 
8. Ghaziuddin 199816 1 35 1 Clin Com 15·1 USA 0·924 17·14 4·01 c 
9. Houghton 201726 10 6399 0 Pop Reg 3·5 a USA 0·924 20 d 9·34 
10. Houghton 201726 1016 36947 0 Pop Reg 8 a USA 0·924 20 d 9·35 
11. Houghton 201726 2313 28040 0 Pop Reg 14·5 a USA 0·924 20 d 12·01 
12. Houghton 201726 1832 15086 0 Pop Reg 21 a USA 0·924 20 d 20·20 
13. Houghton 201726 770 6529 0 Pop Reg 37 a USA 0·924 20 d 39·93 
14. Houghton 201726 75 638 0 Pop Reg 64·5 a * USA 0·924 20 d 45·14 
15. Houghton 201827 0 110 0 Pop Reg 3·5 a UK 0·922 19·3 d 0 
16. Houghton 201827 0 2813 0 Pop Reg 8 a UK 0·922 19·3 d 0·14 * 
17. Houghton 201827 4 * 3371 0 Pop Reg 14·5 a UK 0·922 19·3 d 0·53 * 
18. Houghton 201827 15 * 2467 0 Pop Reg 21 a UK 0·922 19·3 d 1·7 
19. Houghton 201827 37 1667 0 Pop Reg 37 a UK 0·922 19·3 d 13·9 
20. Houghton 201827 27 428 0 Pop Reg 65·5 a * UK 0·922 19·3 d 26·2 
21. Joshi 201028 68 217 1 Clin Com 9·7 USA 0·924 13·36 NA 
22. Joshi 201329 4 63 1 Clin Com 29·2 USA 0·924 34·92 2·34 
23. Kommu 201733 1 201 1 Clin Com 5·92 India 0·640 20·4 45·68 
24. Levy 201034 18 2568 0 Pop Reg 8 USA 0·924 19·12 18·3 
25. LoVullo & Matson 200937 9 162 1 Clin Com 48·7 USA 0·924 42·6 100 
26. Lugnegard 201138 5 54 1 Clin Com 27 Sweden 0·933 51·85 0 
27. Moseley 201146 3 84 1 Clin Com 19·5 Australia 0·939 18 79 
28. Mukaddes & Fateh 201047 3 37 1 Clin Com 10·9 Turkey 0·791 13·51 0 
29. Mukaddes 201048 1 60 1 Clin Com 10·65 Turkey 0·791 0 0 
30. Munesue 200881 12 44 1 Clin Com 20·27 Japan 0·909 36 0 
31. Nahar 201850 3 33 1 Clin Com 22·7 India  0·640 21·3 0 
32. Orinstein 201552 0 42 1 Clin Com 13·9 USA,Canada 0·925 b 9·52 0 
33. Rubenstein 201856 6 2352 0 Pop Reg 8 USA 0·924 18·3 3·8 
34. Ryden & Bejerot 200882 2 53 1 Clin Com 30 Sweden 0·933 46·43 0 
35. Schalbroek 201883 116 17234 0 Pop Reg 23·15 Netherlands 0·931 23·93 10·51 
36. Selten 201584 51 9062 0 Pop Reg 15·3 Sweden 0·933 27 NA 
37. Witwer 201070 9 61 1 Clin Com 11·2 USA 0·924 18·03 59·02 
38. Wu 201671 62 7773 0 Pop Reg 8 USA 0·924 17·35 NA 
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4. Depressive disorders in autism 
Case definition: depressive disorders reported as the number of people in the autism sample with “any depressive disorder”, “all depressive disorders”, or “at least one depressive disorder”; and if these 
were not reported, the number of people in the autism sample with “major depressive disorder”, using DSM-IV, DSM-5 or ICD-9/10 criteria. 
 
Author Year Cases Total 

Autism 
Design 
Code 

Study Design Age Country HDI % Female % ID 

1. Abdallah 20111 28 414 0 Pop Reg 16·28 Denmark 0·929 19·1 21·3 
2. Amr 20123 8 60 1 Clin Com 8·45 Egypt,Jordan,Ara

bia 
0·761 b 38·3 66·8 c 

3. Bakken 201072 23 62 1 Clin Com 24·3 Norway 0·953 27·42 100 
4. Bishop-Fitzpatrick & Rubenstein 

20195 
40 143 0 Pop Reg 52·4 USA 0·924 31·5 44·8 

5. Bitsika 201685 13 150 1 Clin Com 11·2 Australia 0·939 0 0 
6. Bowers 20156 28 883 1 Clin Com 8·3 USA 0·924 17·4 36·8 
7. Bryson 20088 56 586 1 Clin Com 9·18 USA 0·924 15·56 NA 
8. Buck 201473 15 129 0 Pop Reg 25·4 USA 0·924 24·8 72·8 
9. Chen 20159 86 1191 0 Pop Reg 16·40 Taiwan 0·907 19·31 NA 
10. Close 201210 1 154 0 Pop Reg 4·14 USA 0·924 17·5 NA 
11. Close 201210 30 373 0 Pop Reg 8·38 USA 0·924 17·7 NA 
12. Close 201210 81 386 0 Pop Reg 14·41 USA 0·924 19·2 NA 
13. Croen 201511 388 1507 1 Clin Com 29 USA 0·924 26·9 19·2 
14. Cummings 201612 16 3926 0 Pop Reg 6·2 USA 0·924 17·3 NA 
15. Cummings 201612 365 4399 0 Pop Reg 13·2 USA 0·924 18 NA 
16. Davignon 201813 412 4123 1 Clin Com 18·39 USA 0·924 19·33 13 
17. De Bruin 200714 10 94 1 Clin Com 8·5 Netherlands 0·931 11·7 11·17 c 
18. Gillberg 201618 12 39 1 Clin Com 30 Sweden 0·933 0 0 
19. Ghaziuddin 199816 12 35 1 Clin Com 15·1 USA 0·924 17·14 4·01 c 
20. Gjevik 201119 1 71 1 Clin Com 11·8  Norway 0·953 18 57 c 
21. Gjevik 201520 6 55 1 Clin Com 11·9 Norway 0·953 16·36 59 c 
22. Gotham 201586 10 50 1 Clin Com 20·7 USA 0·924 10 0 
23. Henry 201487 0 123 1 Clin Com 9·49 USA 0·924 17·07 NA 
24. Houghton 201726 126 6399 0 Pop Reg 3·5 a USA 0·924 20 d 9·34 
25. Houghton 201726 1414 36947 0 Pop Reg 8 a USA 0·924 20 d 9·35 
26. Houghton 201726 3573 28040 0 Pop Reg 14·5 a USA 0·924 20 d 12·01 
27. Houghton 201726 2655 15086 0 Pop Reg 21 a USA 0·924 20 d 20·20 
28. Houghton 201726 1111 6529 0 Pop Reg 37 a USA 0·924 20 d 39·93 
29. Houghton 201726 176 638 0 Pop Reg 64·5 a * USA 0·924 20 d 45·14 
30. Houghton 201827 0 110 0 Pop Reg 3·5 a UK 0·922 19·3 d 0 
31. Houghton 201827 4 * 2813 0 Pop Reg 8 a UK 0·922 19·3 d 0·14 * 
32. Houghton 201827 50 * 3371 0 Pop Reg 14·5 a UK 0·922 19·3 d 0·53 * 
33. Houghton 201827 255 2467 0 Pop Reg 21 a UK 0·922 19·3 d 1·7 
34. Houghton 2018 27 460 1667 0 Pop Reg 37 a UK 0·922 19·3 d 13·9 
35. Houghton 201827 150 428 0 Pop Reg 65·5 a * UK 0·922 19·3 d 26·2 
36. Joshi 201028 121 217 1 Clin Com 9·7 USA 0·924 13·36 NA 
37. Joshi 201329 19 63 1 Clin Com 29·2 USA 0·924 34·92 2·34 
38. Kerns 201474 12 59 1 Clin Com 10·48 USA 0·924 22·03 3·43 c 
39. Knuppel 201832 125 1434 0 Pop Reg 21a Denmark 0·929 18·9 16·7 
40. Levy 201034 28 2568 0 Pop Reg 8 USA 0·924 19·12 18·3 
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41. LoVullo & Matson 200937 3 162 1 Clin Com 48·7 USA 0·924 42·6 100 
42. Lugnegard 201138 38 54 1 Clin Com 27 Sweden 0·933 51·85 0 
43. McCarthy 201076 9 124 1 Clin Com 41·5 a USA 0·924 30·65 100 
44. Meier 201544 1568 18184 0 Pop Reg 23·5 a Denmark 0·929 NA NA 
45. Moseley 201146 9 84 1 Clin Com 19·5 Australia 0·939 18 79 
46. Mukaddes & Fateh 201047 11 37 1 Clin Com 10·9 Turkey 0·791 13·51 0 
47. Mukaddes 201048 8 60 1 Clin Com 10·65 Turkey 0·791 0 0 
48. Munesue 200881 4 44 1 Clin Com 20·27 Japan 0·909 36 4·68 c 
49. Nahar 201850 1 33 1 Clin Com 22·7 India 0·640 21·3 0 
50. Orinstein 201552 3 42 1 Clin Com 13·9 USA,Canada 0·925 b 9·52 0 
51. Rai 201888 808 4073 0 Pop Reg 21·5 Sweden 0·933 34·12 28·14 
52. Raja & Azzoni 201089 3 26 1 Clin Com 30·2 Italy 0·880 3·85 22·91 c 
53. Rosa 201655 1 50 1 Clin Com 11·95 Spain 0·891 8 1·18 c 
54. Rubenstein 201856 8 2352 0 Pop Reg 8 USA 0·924 18·3 3·8 
55. Ryden & Bejerot 200882 2 53 1 Clin Com 30 Sweden 0·933 46·43 0 
56. Saqr 201858 39 126 1 Clin Com 21·2 USA 0·924 22·2 49·21 
57. Simonoff 200859 1 112 0 Pop Reg 11·5 UK 0·922 12·5 45·03 c 
58. Stacy 201461 112 913 0 Pop Reg 10·23 USA 0·924 18·29 NA 
59. Tsakanikos 200679 9 147 1 Clin Com 33·3 UK 0·922 32·65 100 
60. Tsakanikos 201180 9 150 1 Clin Com 28·5 UK 0·922 33·33 100 
61. Ung 201366 4 108 1 Clin Com 10·95 USA 0·924 20·37 0 
62. Van Steensel 201367 1 40 1 Clin Com 11·1 Netherlands 0·931 10 5 
63. Verheiji 201568 8 74 1 Clin Com 16 Netherlands 0·931 12 8·75 c 
64. Witwer 201070 9 61 1 Clin Com 11·2 USA 0·924 18·03 59·02 
65. Wu 201671 47 7773 0 Pop Reg 8 USA 0·924 17·35 NA 
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5.  Disruptive, impulse-control and conduct disorders in autism 
Case definition: disruptive, impulse-control and conduct disorders reported as the number of people in the autism sample with “any disruptive, impulse-control or conduct disorder”, “all disruptive, 
impulse-control or conduct disorders”, or “at least one disruptive, impulse-control or conduct disorder”; and if these were not reported, the number of people in the autism sample with “conduct 
disorder” and/or “oppositional defiant disorder” were used, and added together if both were reported in the same study, using DSM-IV, DSM-5 or ICD-9/10 criteria. 
 
Author Year Cases Total 

Autism 
Design 
Code 

Study Design Age Country HDI % Female % ID 

1. Albores-Gallo 20172 13 94 1 Clin Com 9 a Mexico 0·774 18 NA 
2. Amr 20123 14 60 1 Clin Com 8·45 Egypt,Jordan,Ara

bia 
0·761 b 38·3 66·8 c 

3. Bryson 20088 9 586 1 Clin Com 9·18 USA 0·924 15·56 NA 
4. Chen 20159 53 1191 0 Pop Reg 16·4 Taiwan 0·907 19·31 NA 
5. Close 201210 30 154 0 Pop Reg 4·14 USA 0·924 17·5 NA 
6. Close 201210 100 373 0 Pop Reg 8·38 USA 0·924 17·7 NA 
7. Close 201210 113 386 0 Pop Reg 14·41 USA 0·924 19·2 NA 
8. Cummings 201612 165 3926 0 Pop Reg 6·2 USA 0·924 17·3 NA 
9. Cummings 201612 321 4399 0 Pop Reg 13·2 USA 0·924 18 NA 
10. Davignon 201813 143 4123 1 Clin Com 18·39 USA 0·924 19·33 13 
11. De Bruin 200714 44 94 1 Clin Com 8·5 Netherlands 0·931 11·7 11·17 c 
12. Gjevik 201119 5 71 1 Clin Com 11·8 Norway 0·953 18 57 c 
13. Gjevik 201520 4 55 1 Clin Com 11·9 Norway 0·953 16·36 59 c 
14. Houghton 201726 622 6399 0 Pop Reg 3·5 a USA 0·924 20 d 9·34 
15. Houghton 201726 5926 36947 0 Pop Reg 8 a USA 0·924 20 d 9·35 
16. Houghton 201726 5279 28040 0 Pop Reg 14·5 a USA 0·924 20 d 12·01 
17. Houghton 201726 1936 15086 0 Pop Reg 21 a USA 0·924 20 d 20·20 
18. Houghton 201726 761 6529 0 Pop Reg 37 a USA 0·924 20 d 39·93 
19. Houghton 201726 55 638 0 Pop Reg 64·5 a * USA 0·924 20 d 45·14 
20. Houghton 201827 0 110 0 Pop Reg 3·5 a UK 0·922 19·3 d 0 
21. Houghton 201827 0 2813 0 Pop Reg 8 a UK 0·922 19·3 d 0·14 * 
22. Houghton 201827 6 3371 0 Pop Reg 14·5 a UK 0·922 19·3 d 0·53 * 
23. Houghton 201827 14 2467 0 Pop Reg 21 a UK 0·922 19·3 d 1·7 
24. Houghton 201827 22 * 1667 0 Pop Reg 37 a UK 0·922 19·3 d 13·9 
25. Houghton 201827 4 * 428 0 Pop Reg 65·5 a * UK 0·922 19·3 d 26·2 
26. Joshi 201028 205 217 1 Clin Com 9·7 USA 0·924 13·36 NA 
27. Joshi 201329 1 63 1 Clin Com 29·2 USA 0·924 34·92 2·34 
28. Kommu 201733 6 201 1 Clin Com 5·92 India 0·640 20·4 45·68 
29. Levy 201034 108 2568 0 Pop Reg 8 USA 0·924 19·12 18·3 
30. Logan 201436 88 629 1 Clin Com 8 USA 0·924 19 62·96 
31. Mansour 201740 23 99 1 Clin Com 9·37 USA 0·924 21·2 24·71 c 
32. Mattila 201042 9 50 1 Clin Com 12·7 Finland 0·920 24 0 
33. Moseley 201146 1 84 1 Clin Com 19·5 Australia 0·939 18 79 
34. Mukaddes & Fateh 201047 19 37 1 Clin Com 10·9 Turkey 0·791 13·51 0 
35. Mukaddes 201048 11 60 1 Clin Com 10·65 Turkey 0·791 0 0 
36. Neumeyer 201951 50 2114 0 Pop Reg 3·8 USA 0·924 18·45 NA 
37. Neumeyer 201951 74 1221 0 Pop Reg 9·6 USA 0·924 16·46 NA 
38. Orinstein 201552 9 42 1 Clin Com 13·9 USA, Canada 0·925 b 9·52 0 
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39. Rosa 201655 1 50 1 Clin Com 11·95 Spain 0·891 8 1·18 c 
40. Rubenstein 201856 16 2352 0 Pop Reg 8 USA 0·924 18·3 3·8 
41. Simonoff 200859 35 112 0 Pop Reg 11·5 UK 0·922 12·5 45·03 c 
42. Soke 201860 7 783 0 Pop Reg 4 USA 0·924 22·09 NA 
43. Soke 201860 44 1091 0 Pop Reg 8 USA 0·924 18·97 NA 
44. Stacy 201461 243 913 0 Pop Reg 10·23 USA 0·924 18·29 NA 
45. Stadnick 201762 13 197 1 Clin Com 9·12 USA 0·924 16·24 13·44 c 
46. Ung 201366 35 108 1 Clin Com 10·95 USA 0·924 20·37 0 
47. Van Steensel 201367 10 40 1 Clin Com 11·1 Netherlands 0·931 10 5 
48. Verheij 201568 22 74 1 Clin Com 16 Netherlands 0·931 12 8·75 c 
49. Witwer 201070 46 61 1 Clin Com 11·2 USA 0·924 18·03 59·02 
50. Wu 201671 243 7773 0 Pop Reg 8 USA 0·924 17·35 NA 
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6.  Obsessive-compulsive disorder in autism 
Case definition: obsessive-compulsive disorder (OCD) reported as the number of people in the autism sample with OCD using DSM-IV, DSM-5 or ICD-9/10 criteria. 
 
Author Year Cases Total 

Autism 
Design 
Code 

Study Design Age Country HDI % Female % ID 

1. Amr 20123 33 60 1 Clin Com 8·45 Egypt,Jordan,Ara
bia 

0·761 b 38·3 66·8 c 

2. Anckarsater 20064 28 113 1 Clin Com 39·5 a Sweden 0·933 NA NA 
3. Bishop-Fitzpatrick & Rubenstein 

20195 
18 143 0 Pop Reg 52·4 USA 0·924 31·5 44·8 

4. Bakken 201072 8 62 1 Clin Com 24·3 Norway 0·953 27·42 100 
5. Bitsika & Sharpley 201590 14  140 1 Clin Com 11·16 Australia 0·939 0 0 
6. Bowers 20156 17 883 1 Clin Com 8·3 USA 0·924 17·4 36·8 
7. Brookman-Frazee 20177 19 201 1 Clin Com 9·13 USA 0·924 16 13·19 c 
8. Bryson 20088 20 586 1 Clin Com 9·18 USA 0·924 15·56 NA 
9. Buck 201473 43 129 0 Pop Reg 25·4 USA 0·924 24·8 72·8 
10. Croen 201511 115 1507 1 Clin Com 29 USA 0·924 26·9 19·2 
11. Davignon 201813 94 4123 1 Clin Com 18·39 USA 0·924 19·33 13 
12. De Bruin 200714 6 94 1 Clin Com 8·5 Netherlands 0·931 11·7 11·17 c 
13. Gillberg 201618 4 39 1 Clin Com 30 Sweden 0·933 0 0 
14. Ghaiziuddin 1998 1 35 1 Clin Com 15·1 USA 0·924 17·14 4·01c 
15. Gjevik 201119 7 71 1 Clin Com 11·8 Norway 0·953 18 57 c 
16. Gjevik 201520 5 55 1 Clin Com 11·9 Norway 0·953 16·36 59 c 
17. Houghton 201827 0 110 0 Pop Reg 3·5 a UK 0·922 19·3 d 0 
18. Houghton 201827 10 2813 0 Pop Reg 8 a UK 0·922 19·3 d 0·14 * 
19. Houghton 201827 52 3371 0 Pop Reg 14·5 a UK 0·922 19·3 d 0·53 * 
20. Houghton 201827 84 2467 0 Pop Reg 21 a UK 0·922 19·3 d 1·7 
21. Houghton 201827 100 1667 0 Pop Reg 37 a UK 0·922 19·3 d 13·9 
22. Houghton 201827 21 428 0 Pop Reg 65·5 a * UK 0·922 19·3 d 26·2 
23. Joshi 201028 53 217 1 Clin Com 9·7 USA 0·924 13·36 NA 
24. Joshi 201329 10 63 1 Clin Com 29·2 USA 0·924 34·92 2·34 
25. Kerns 201474 1 59 1 Clin Com 10·48 USA 0·924 22·03 3·43 
26. Knuppel 201832 82 1434 0 Pop Reg 21 a Denmark 0·929 18·9 16·7 
27. Levy 201034 51 2568 0 Pop Reg 8 USA 0·924 19·12 18·3 
28. Lugnegard 201138 4 54 1 Clin Com 27 Sweden 0·933 51·85 0 
29. Mansour 201740 15 99 1 Clin Com 9·37 USA 0·924 21·2 24·71 c 
30. Mattila 201042 11 50 1 Clin Com 12·7 Finland 0·920 24 0 
31. Meier 201544 458 18184 0 Pop Reg 23·5 a Denmark 0·929 NA NA 
32. Mukaddes & Fateh 201047 11 37 1 Clin Com 10·9 Turkey 0·791 13·51 0 
33. Mukaddes 201048 22 60 1 Clin Com 10·65 Turkey 0·791 0 0 
34. Nahar 201850 15 33 1 Clin Com 22·7 India 0·640 21·3 0 
35. Orinstein 201552 4 42 1 Clin Com 13·9 USA,Canada 0·925 b 9·52 0 
36. Raja & Azzoni 201089 2 26 1 Clin Com 30·2 Italy 0·880 3·85 22·91 c 
37. Romero 201654 50 123 1 Clin Com 10·62 Spain 0·891 18 NA 
38. Rosa 201655 2 50 1 Clin Com 11·95 Spain 0·891 8 1·18 c 
39. Rubenstein 201856 9 2352 0 Pop Reg 8 USA 0·924 18·3 3·8 
40. Russell 201657 85 474 1 Clin Com 30·59 UK 0·922 21·6 0 
41. Ryden & Bejerot 200882 12 53 1 Clin Com 30 Sweden 0·933 46·42 0 
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42. Simonoff 200859 9 112 0 Pop Reg 11·5 UK 0·922 12·5 45·03 c 
43. Ung 201366 5 108 1 Clin Com 10·95 USA 0·924 20·37 0 
44. Van Steensel 201367 3 40 1 Clin Com 11·1 Netherlands 0·931 10 5 
45. Verheij 201568 6 74 1 Clin Com 16 Netherlands 0·931 12 8·75 c 
46. Witwer 201070 3 61 1 Clin Com 11·2 USA 0·924 18·03 59·02 
47. Wu 201671 131 7773 0 Pop Reg 8 USA 0·924 17·35 NA 
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7. Schizophrenia spectrum and psychotic disorders in autism 
Case definition: schizophrenia spectrum and psychotic disorders, reported as the number of people in the autism sample, with “any schizophrenia spectrum disorder”, “all schizophrenia spectrum 
disorders” or “at least one schizophrenia spectrum disorder”; and if these were not reported, “any psychotic disorder”, “psychosis”, and “schizophrenia” were used and added together if reported in the 
same study, using DSM-IV, DSM-5 or ICD-9/10 criteria. 
 
Author Year Cases Total 

Autism 
Design 
Code 

Study Design Age Country HDI % Female % ID 

1. Abdallah 20111 12 414 0 Pop Reg 16·28 Denmark 0·929 19·1 21·3 
2. Bakken 201072 16 62 1 Clin Com 24·3 Norway 0·953 27·42 100 
3. Bishop-Fitzpatrick & Rubenstein 

20195 
15 143 0 Pop Reg 52·4 USA 0·924 31·5 44·8 

4. Bowers 20156 3 883 1 Clin Com 8·3 USA 0·924 17·4 36·8 
5. Buck 201473 6 129 0 Pop Reg 25·4 USA 0·924 24·8 72·8 
6. Chen 20159 95 1191 0 Pop Reg 16·4 Taiwan 0·907 19·31 NA 
7. Croen 201511 118 1507 1 Clin Com 29 USA 0·924 26·9 19·2 
8. Davignon 201813 70 4123 1 Clin Com 18·39 USA 0·924 19·33 13 
9. De Bruin 200714 0 94 1 Clin Com 8·5 Netherlands 0·931 11·7 11·17 c 
10. Houghton 201726 1 6399 0 Pop Reg 3·5 a USA 0·924 20 d 9·34 
11. Houghton 201726 80 36947 0 Pop Reg 8 a USA 0·924 20 d 9·35 
12. Houghton 201726 325 28040 0 Pop Reg 14·5 a USA 0·924 20 d 12·01 
13. Houghton 201726 635 15086 0 Pop Reg 21 a USA 0·924 20 d 20·20 
14. Houghton 201726 486 6529 0 Pop Reg 37 a USA 0·924 20 d 39·93 
15. Houghton 201726 57 638 0 Pop Reg 64·5 a * USA 0·924 20 d 45·14 
16. Houghton 201827 0 110 0 Pop Reg 3·5 a UK 0·922 19·3 d 0 
17. Houghton 201827 0 2813 0 Pop Reg 8 a UK 0·922 19·3 d 0·14 * 
18. Houghton 201827 0 3371 0 Pop Reg 14·5 a UK 0·922 19·3 d 0·53 * 
19. Houghton 201827 5 2467 0 Pop Reg 21 a UK 0·922 19·3 d 1·7 
20. Houghton 201827 31 1667 0 Pop Reg 37 a UK 0·922 19·3 d 13·9 
21. Houghton 201827 21 428 0 Pop Reg 65·5 a * UK 0·922 19·3 d 26·2 
22. Joshi 201028 42 217 1 Clin Com 9·7 USA 0·924 13·36 NA 
23. Joshi 201329 5 63 1 Clin Com 29·2 USA 0·924 34·92 2·34 
24. Kohane 201291 350 14381 1 Clin Com 17·5 a USA 0·924 20·67 NA 
25. Knuppel 201832 27 1434 0 Pop Reg 21a Denmark 0·929 18·9 16·7 
26. Levy 201034 3 2568 0 Pop Reg 8 USA 0·924 19·12 18·3 
27. Logan 201436 1 629 1 Clin Com 8 USA 0·924 19 62·96 
28. LoVullo & Matson 200937 2 162 1 Clin Com 48·7 USA 0·924 42·6 100 
29. McCarthy 201076 7 124 1 Clin Com 41·5 a USA 0·924 30·65 100 
30. Mouridsen 2008a92 31 89 1 Clin Com 45·3 Denmark 0·929 34·83 39 
31. Mouridsen 2008b93 8 118 1 Clin Com 40·6 Denmark 0·929 27·97 71 
32. Mukaddes 201048 1 60 1 Clin Com 10·65 Turkey 0·791 0 0 
33. Nahar 201850 0 33 1 Clin Com 22·7 India 0·640 21·3 0 
34. Raja & Azzoni 201089 16  26 1 Clin Com 30·2 Italy 0·880 3·85 22·91 c 
35. Russell 201657 6 474 1 Clin Com 30·59 UK 0·922 21·6 0 
36. Ryden & Bejerot 200882 5 53 1 Clin Com 30 Sweden 0·933 46·42 0 
37. Schalbroek 201883 845 17234 0 Pop Reg 23·14 Netherlands 0·931 23·93 10·51 
38. Selten 201584 57 9062 0 Pop Reg 15·3 Sweden 0·933 27 NA 
39. Supekar 201764 95 4790 0 Pop Reg 17·5 USA 0·924 NA NA 
40. Tsakanikos 200679 23 147 1 Clin Com 33·3 UK 0·922 32·65 100 
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41. Tsakanikos 201180 25 150 1 Clin Com 28·5 UK 0·922 33·33 100 
42. Vohra 201769 294 1772 0 Pop Reg 31 a USA 0·924 29 NA 
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8.  Sleep-wake disorders in autism 
Case definition: sleep-wake disorders reported as the number of people in the autism sample with “any sleep disorder”, “all sleep disorders”, or “at least one sleep disorder” using DSM-IV, DSM-5 or 
ICD-9/10 criteria. 
 

 

Author Year Cases Total 
Autism 

Design 
Code 

Study Design Age Country HDI % Female % ID 

1. Croen 201511 265 1507 1 Clin Com 29 USA 0·924 26·9 19·2 
2. Cummings 201612 149 3926 0 Pop Reg 6·2 USA 0·924 17·3 NA 
3. Cummings 201612 264 4399 0 Pop Reg 13·2  USA 0·924 18 NA 
4. Davignon 201813 256 4123 1 Clin Com 18·39 USA 0·924 19·33 13 
5. Elrod 201694 14951 48762 0 Pop Reg 3 a USA 0·924 20 NA 
6. Jones 201595 38 92 1 Clin Com 36 USA 0·924 25 NA 
7. Hansen 201624 38 284 1 Clin Com 4·5 USA 0·924 15·1 26 
8. Houghton 201726 629 6399 0 Pop Reg 3·5 a USA 0·924 20 d 9·34 
9. Houghton 201726 3019 36947 0 Pop Reg 8 a USA 0·924 20 d 9·35 
10. Houghton 201726 1921 28040 0 Pop Reg 14·5 a USA 0·924 20 d 12·01 
11. Houghton 201726 1006 15086 0 Pop Reg 21 a USA 0·924 20 d 20·20 
12. Houghton 201726 451 6529 0 Pop Reg 37 a USA 0·924 20 d 39·93 
13. Houghton 201726 64 638 0 Pop Reg 64·5 a * USA 0·924 20 d 45·14 
14. Houghton 201827 7 110 0 Pop Reg 3·5 a UK 0·922 19·3 d 0 
15. Houghton 201827 372 2813 0 Pop Reg 8 a UK 0·922 19·3 d 0·14 * 
16. Houghton 201827 485 3371 0 Pop Reg 14·5 a UK 0·922 19·3 d 0·53 * 
17. Houghton 201827 389 2467 0 Pop Reg 21 a UK 0·922 19·3 d 1·7 
18. Houghton 201827 285 1667 0 Pop Reg 37 a UK 0·922 19·3 d 13·9 
19. Houghton 201827 82 428 0 Pop Reg 65·5 a * UK 0·922 19·3 d 26·2 
20. Kohane 201291 161 14381 1 Clin Com 17·5 a USA 0·924 20·67 NA 
21. Logan 201436 15 629 1 Clin Com 8 USA 0·924 19 62·96 
22. Meguid 201843 19 80 1 Clin Com 3·77 Egypt 0·696 25 93·75 c 
23. Ming 200896 83 160 1 Clin Com 9 a USA 0·924 18·13 NA 
24. Neumeyer 201951 567  2114 0 Pop Reg 3·8 USA 0·924 18·45 NA 
25. Neumeyer 201951 297 1221 0 Pop Reg 9·6 USA 0·924 16·46 NA 
26. Supekar 201764 40 4790 0 Pop Reg 17·5 USA 0·924 NA NA 



Lai & Kassee et al. Co-occurring mental health conditions in autism: a meta-analysis 
 

	 22	

9. Studies not meta-analysed and only descriptively synthesised 
 

Trauma, stress related disorders in autism were reported in 14 studies.8,14,68,74,82,97,18,28,29,34,40,52,66,67  

Post traumatic stress disorder was most commonly reported, with prevalence estimates ranging from 0 to 

3·6%. Substance related and addictive disorders in autism were reported in 14 studies.1,11,92,98–

100,18,23,28,29,47,57,69,89 The most commonly reported on substance related sub-conditions was alcohol abuse 

and/or alcohol dependence, which ranged from 0 to 11%. Gender dysphoria in autism was reported in 0 

studies. Due to the diverse ways in which these conditions and sub-conditions were presented in the included 

studies, it was not possible to combine the information reported into an acceptable case definition for meta-

analyses with more than 15 data points for meta-analysis. 
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Appendix3: Forest Plots by Study Design Subgroups (Main Analyses) 
Legend: Pop Reg = Population-based/Registry-based studies; Clin Com = Clinical studies from community samples 
C.I = Confidence Interval 
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[0.24; 0.27]
[0.40; 0.47]
[0.03; 0.04]
[0.15; 0.15]
[0.24; 0.25]
[0.25; 0.26]
[0.22; 0.24]
[0.28; 0.35]
[0.00; 0.02]
[0.01; 0.02]
[0.04; 0.06]
[0.09; 0.11]
[0.16; 0.19]
[0.15; 0.23]
[0.08; 0.11]
[0.03; 0.04]
[0.03; 0.04]
[0.02; 0.04]
[0.18; 0.22]
[0.03; 0.04]
[0.33; 0.51]
[0.03; 0.06]
[0.09; 0.13]
[0.30; 0.36]
[0.11; 0.14]
[0.04; 0.05]
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c. Depressive Disorders 

 

Study

Combined prevalence
Heterogeneity: I2 = 99%, τ2 = 0.0186, χ64

2  = 10837.92 (p = 0)

studydesign = Clin Com

studydesign = Pop Reg 

Combined prevalence

Combined prevalence

Heterogeneity: I2 = 96%, τ2 = 0.0186, χ35
2  = 880.71 (p < 0.01)

Heterogeneity: I2 = 100%, τ2 = 0.0186, χ28
2  = 9696.37 (p = 0)

Amr 2012
Bakken 2010
Bitsika 2016
Bowers 2015
Bryson 2008
Croen 2015
Davignon 2018
De Bruin 2007
Gillberg 2016
Ghaziuddin 1998
Gjevik 2011
Gjevik 2015
Gotham 2015
Henry 2014
Joshi 2010
Joshi 2013
Kerns 2014
LoVullo & Matson 2009
Lugnegard 2011
McCarthy 2010
Moseley 2011
Mukaddes &Fateh 2010
Mukaddes 2010
Munesue 2008
Nahar 2018
Orinstein 2015
Raja & Azzoni 2010
Rosa 2016
Ryden & Bejerot 2008
Saqr 2018
Tsakanikos 2006
Tsakanikos 2011
Ung 2013
Van Steensel 2013
Verheij 2015
Witwer 2010

Abdallah 2011
Bishop−Fitzpatrick &Rubenstein 2019
Buck 2014
Chen 2015
Close 2012(1)
Close 2012(2)
Close 2012(3)
Cummings 2016(1)
Cummings 2016(2)
Houghton 2017(1)
Houghton 2017(2)
Houghton 2017(3)
Houghton 2017(4)
Houghton 2017(5)
Houghton 2017(6)
Houghton 2018(1)
Houghton 2018(2)
Houghton 2018(3)
Houghton 2018(4)
Houghton 2018(5)
Houghton 2018(6)
Knuppel 2018
Levy 2010
Meier 2015
Rai 2018
Rubenstein 2018
Simonoff 2008
Stacy  2014
Wu 2016

Proportion

0.11

0.14

0.08

0.13
0.37
0.09
0.03
0.10
0.26
0.10
0.11
0.31
0.34
0.01
0.11
0.20
0.00
0.56
0.30
0.20
0.02
0.70
0.07
0.11
0.30
0.13
0.09
0.03
0.07
0.12
0.02
0.49
0.31
0.06
0.06
0.04
0.02
0.11
0.15

0.07
0.28
0.12
0.07
0.01
0.08
0.21
0.00
0.08
0.02
0.04
0.13
0.18
0.17
0.28
0.00
0.00
0.01
0.10
0.28
0.35
0.09
0.01
0.09
0.20
0.00
0.01
0.12
0.01

95% C.I

[0.09; 0.13]

[0.11; 0.18]

[0.05; 0.11]

[0.06; 0.23]
[0.25; 0.50]
[0.05; 0.14]
[0.02; 0.04]
[0.07; 0.12]
[0.24; 0.28]
[0.09; 0.11]
[0.05; 0.18]
[0.17; 0.46]
[0.19; 0.51]
[0.00; 0.06]
[0.04; 0.21]
[0.10; 0.32]
[0.00; 0.01]
[0.49; 0.62]
[0.19; 0.42]
[0.11; 0.32]
[0.00; 0.05]
[0.57; 0.82]
[0.03; 0.13]
[0.05; 0.18]
[0.16; 0.46]
[0.06; 0.23]
[0.02; 0.20]
[0.00; 0.13]
[0.01; 0.17]
[0.02; 0.27]
[0.00; 0.08]
[0.36; 0.63]
[0.23; 0.39]
[0.03; 0.11]
[0.03; 0.10]
[0.01; 0.08]
[0.00; 0.10]
[0.05; 0.19]
[0.07; 0.25]

[0.05; 0.09]
[0.21; 0.36]
[0.07; 0.18]
[0.06; 0.09]
[0.00; 0.03]
[0.05; 0.11]
[0.17; 0.25]
[0.00; 0.01]
[0.07; 0.09]
[0.02; 0.02]
[0.04; 0.04]
[0.12; 0.13]
[0.17; 0.18]
[0.16; 0.18]
[0.24; 0.31]
[0.00; 0.02]
[0.00; 0.00]
[0.01; 0.02]
[0.09; 0.12]
[0.25; 0.30]
[0.31; 0.40]
[0.07; 0.10]
[0.01; 0.02]
[0.08; 0.09]
[0.19; 0.21]
[0.00; 0.01]
[0.00; 0.04]
[0.10; 0.14]
[0.00; 0.01]
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d. Bipolar and Related Disorders 

 

Study

Combined prevalence
Heterogeneity: I2 = 100%, τ2 = 0.0138, χ37

2  = 7464.95 (p = 0)

studydesign = Clin Com

studydesign = Pop Reg 

Combined prevalence

Combined prevalence

Heterogeneity: I2 = 92%, τ2 = 0.0138, χ17
2  = 221.54 (p < 0.01)

Heterogeneity: I2 = 100%, τ2 = 0.0138, χ19
2  = 7025.65 (p = 0)

Bowers 2015
Bryson 2008
Croen 2015
Davignon 2018
Ghaziuddin 1998
Joshi 2010
Joshi 2013
Kommu 2017
LoVullo & Matson 2009
Lugnegard 2011
Moseley 2011
Mukaddes &Fateh 2010
Mukaddes 2010
Munesue 2008
Nahar 2018
Orinstein 2015
Ryden & Bejerot 2008
Witwer 2010

Bishop−Fitzpatrick &Rubenstein 2019
Buck 2014
Chen 2015
Houghton 2017(1)
Houghton 2017(2)
Houghton 2017(3)
Houghton 2017(4)
Houghton 2017(5)
Houghton 2017(6)
Houghton 2018(1)
Houghton 2018(2)
Houghton 2018(3)
Houghton 2018(4)
Houghton 2018(5)
Houghton 2018(6)
Levy 2010
Rubenstein 2018
Schalbroek 2018
Selten 2015
Wu 2016

Proportion

0.05

0.07

0.03

0.02
0.08
0.11
0.06
0.03
0.31
0.06
0.00
0.06
0.09
0.04
0.08
0.02
0.27
0.09
0.00
0.04
0.15

0.36
0.09
0.04
0.00
0.03
0.08
0.12
0.12
0.12
0.00
0.00
0.00
0.01
0.02
0.06
0.01
0.00
0.01
0.01
0.01

95% C.I

[0.03; 0.06]

[0.04; 0.10]

[0.02; 0.05]

[0.02; 0.04]
[0.06; 0.11]
[0.09; 0.12]
[0.06; 0.07]
[0.00; 0.12]
[0.25; 0.38]
[0.01; 0.14]
[0.00; 0.02]
[0.02; 0.10]
[0.03; 0.19]
[0.00; 0.09]
[0.01; 0.20]
[0.00; 0.07]
[0.15; 0.42]
[0.01; 0.22]
[0.00; 0.04]
[0.00; 0.11]
[0.07; 0.25]

[0.29; 0.44]
[0.04; 0.14]
[0.03; 0.05]
[0.00; 0.00]
[0.03; 0.03]
[0.08; 0.09]
[0.12; 0.13]
[0.11; 0.13]
[0.09; 0.14]
[0.00; 0.02]
[0.00; 0.00]
[0.00; 0.00]
[0.00; 0.01]
[0.02; 0.03]
[0.04; 0.09]
[0.00; 0.01]
[0.00; 0.01]
[0.01; 0.01]
[0.00; 0.01]
[0.01; 0.01]
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e. Schizophrenia Spectrum and Psychotic Disorders 

 

Study

Combined prevalence
Heterogeneity: I2 = 99%, τ2 = 0.0088, χ41

2  = 5019.33 (p = 0)

studydesign = Clin Com

studydesign = Pop Reg 

Combined prevalence

Combined prevalence

Heterogeneity: I2 = 96%, τ2 = 0.0088, χ19
2  = 529.22 (p < 0.01)

Heterogeneity: I2 = 100%, τ2 = 0.0088, χ21
2  = 4337.25 (p = 0)

Bakken 2010
Bowers 2015
Croen 2015
Davignon 2018
De Bruin 2007
Joshi 2010
Joshi 2013
Kohane 2012
Logan 2014
LoVullo & Matson 2009
McCarthy 2010
Mouridsen 2008a
Mouridsen 2008b
Mukaddes 2010
Nahar 2018
Raja & Azzoni 2010
Russell 2016
Ryden & Bejerot 2008
Tsakanikos 2006
Tsakanikos 2011

Abdallah 2011
Bishop−Fitzpatrick &Rubenstein 2019
Buck 2014
Chen 2015
Houghton 2017(1)
Houghton 2017(2)
Houghton 2017(3)
Houghton 2017(4)
Houghton 2017(5)
Houghton 2017(6)
Houghton 2018(1)
Houghton 2018(2)
Houghton 2018(3)
Houghton 2018(4)
Houghton 2018(5)
Houghton 2018(6)
Knuppel 2018
Levy 2010
Schalbroek 2018
Selten 2015
Supekar 2017
Vohra 2017

Proportion

0.04

0.07

0.02

0.26
0.00
0.08
0.02
0.00
0.19
0.08
0.02
0.00
0.01
0.06
0.35
0.07
0.02
0.00
0.62
0.01
0.09
0.16
0.17

0.03
0.10
0.05
0.08
0.00
0.00
0.01
0.04
0.07
0.09
0.00
0.00
0.00
0.00
0.02
0.05
0.02
0.00
0.05
0.01
0.02
0.17

95% C.I

[0.03; 0.05]

[0.04; 0.09]

[0.01; 0.04]

[0.16; 0.38]
[0.00; 0.01]
[0.07; 0.09]
[0.01; 0.02]
[0.00; 0.02]
[0.14; 0.25]
[0.02; 0.16]
[0.02; 0.03]
[0.00; 0.01]
[0.00; 0.04]
[0.02; 0.11]
[0.25; 0.45]
[0.03; 0.12]
[0.00; 0.07]
[0.00; 0.05]
[0.42; 0.80]
[0.00; 0.03]
[0.03; 0.19]
[0.10; 0.22]
[0.11; 0.23]

[0.01; 0.05]
[0.06; 0.16]
[0.02; 0.09]
[0.07; 0.10]
[0.00; 0.00]
[0.00; 0.00]
[0.01; 0.01]
[0.04; 0.05]
[0.07; 0.08]
[0.07; 0.11]
[0.00; 0.02]
[0.00; 0.00]
[0.00; 0.00]
[0.00; 0.00]
[0.01; 0.03]
[0.03; 0.07]
[0.01; 0.03]
[0.00; 0.00]
[0.05; 0.05]
[0.00; 0.01]
[0.02; 0.02]
[0.15; 0.18]
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f. Obsessive-Compulsive Disorder 

 

Study

Combined prevalence
Heterogeneity: I2 = 97%, τ2 = 0.0069, χ46

2  = 1459.45 (p < 0.01)

studydesign = Clin Com

studydesign = Pop Reg 

Combined prevalence

Combined prevalence

Heterogeneity: I2 = 95%, τ2 = 0.0069, χ32
2  = 707.04 (p < 0.01)

Heterogeneity: I2 = 97%, τ2 = 0.0069, χ13
2  = 475.87 (p < 0.01)

Amr 2012
Anckarsater 2006
Bakken 2010
Bitsika & Sharpley 2015
Bowers 2015
Brookman−Frazee 2017
Bryson 2008
Croen 2015
Davignon 2018
De Bruin 2007
Gillberg 2016
Ghaziuddin 1998
Gjevik 2011
Gjevik 2015
Joshi 2010
Joshi 2013
Kerns 2014
Lugnegard 2011
Mansour 2017
Matilla 2010
Mukaddes &Fateh 2010
Mukaddes 2010
Nahar 2018
Orinstein 2015
Raja & Azzoni 2010
Romero 2016
Rosa 2016
Russell 2016
Ryden & Bejerot 2008
Ung 2013
Van Steensel 2013
Verheij 2015
Witwer 2010

Bishop−Fitzpatrick &Rubenstein 2019
Buck 2014
Houghton 2018(1)
Houghton 2018(2)
Houghton 2018(3)
Houghton 2018(4)
Houghton 2018(5)
Houghton 2018(6)
Knuppel 2018
Levy 2010
Meier 2015
Rubenstein 2018
Simonoff 2008
Wu 2016

Proportion

0.09

0.12

0.04

0.55
0.25
0.13
0.10
0.02
0.09
0.03
0.08
0.02
0.06
0.10
0.03
0.10
0.09
0.24
0.16
0.02
0.07
0.15
0.22
0.30
0.37
0.45
0.10
0.08
0.41
0.04
0.18
0.23
0.05
0.08
0.08
0.05

0.13
0.33
0.00
0.00
0.02
0.03
0.06
0.05
0.06
0.02
0.03
0.00
0.08
0.02

95% C.I

[0.07; 0.10]

[0.10; 0.15]

[0.02; 0.06]

[0.42; 0.67]
[0.17; 0.33]
[0.06; 0.23]
[0.06; 0.16]
[0.01; 0.03]
[0.06; 0.14]
[0.02; 0.05]
[0.06; 0.09]
[0.02; 0.03]
[0.02; 0.12]
[0.02; 0.22]
[0.00; 0.12]
[0.04; 0.18]
[0.03; 0.18]
[0.19; 0.30]
[0.08; 0.26]
[0.00; 0.07]
[0.02; 0.16]
[0.09; 0.23]
[0.11; 0.35]
[0.16; 0.46]
[0.25; 0.49]
[0.29; 0.63]
[0.02; 0.21]
[0.00; 0.22]
[0.32; 0.49]
[0.00; 0.12]
[0.15; 0.22]
[0.12; 0.35]
[0.01; 0.10]
[0.01; 0.18]
[0.03; 0.16]
[0.01; 0.12]

[0.08; 0.19]
[0.25; 0.42]
[0.00; 0.02]
[0.00; 0.01]
[0.01; 0.02]
[0.03; 0.04]
[0.05; 0.07]
[0.03; 0.07]
[0.05; 0.07]
[0.01; 0.03]
[0.02; 0.03]
[0.00; 0.01]
[0.04; 0.14]
[0.01; 0.02]
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g. Disruptive, Impulse-Control and Conduct Disorders 

 

Study

Combined prevalence
Heterogeneity: I2 = 100%, τ2 = 0.0215, χ49

2  = 10285.87 (p = 0)

studydesign = Clin Com

studydesign = Pop Reg 

Combined prevalence

Combined prevalence

Heterogeneity: I2 = 99%, τ2 = 0.0215, χ22
2  = 1585.9 (p < 0.01)

Heterogeneity: I2 = 100%, τ2 = 0.0215, χ26
2  = 8684.18 (p = 0)

Albores−Gallo 2017
Amr 2012
Bryson 2008
Davignon 2018
De Bruin 2007
Gjevik 2011
Gjevik 2015
Joshi 2010
Joshi 2013
Kommu 2017
Logan 2014
Mansour 2017
Matilla 2010
Moseley 2011
Mukaddes &Fateh 2010
Mukaddes 2010
Orinstein 2015
Rosa 2016
Stadnick  2017
Ung 2013
Van Steensel 2013
Verheij 2015
Witwer 2010

Chen 2015
Close 2012(1)
Close 2012(2)
Close 2012(3)
Cummings 2016(1)
Cummings 2016(2)
Houghton 2017(1)
Houghton 2017(2)
Houghton 2017(3)
Houghton 2017(4)
Houghton 2017(5)
Houghton 2017(6)
Houghton 2018(1)
Houghton 2018(2)
Houghton 2018(3)
Houghton 2018(4)
Houghton 2018(5)
Houghton 2018(6)
Levy 2010
Neumeyer 2019(1)
Neumeyer 2019(2)
Rubenstein 2018
Simonoff 2008
Soke 2018(1)
Soke 2018(2)
Stacy  2014
Wu 2016

Proportion

0.12

0.22

0.07

0.14
0.23
0.16
0.03
0.47
0.07
0.07
0.94
0.29
0.03
0.14
0.23
0.18
0.01
0.51
0.18
0.21
0.02
0.07
0.32
0.25
0.30
0.75

0.04
0.19
0.27
0.29
0.04
0.07
0.10
0.16
0.19
0.13
0.12
0.09
0.00
0.00
0.00
0.01
0.01
0.01
0.04
0.02
0.06
0.01
0.31
0.01
0.04
0.27
0.03

95% C.I

[0.10; 0.15]

[0.17; 0.27]

[0.04; 0.10]

[0.08; 0.22]
[0.13; 0.35]
[0.13; 0.19]
[0.03; 0.04]
[0.37; 0.57]
[0.02; 0.14]
[0.02; 0.16]
[0.91; 0.97]
[0.18; 0.40]
[0.01; 0.06]
[0.11; 0.17]
[0.15; 0.32]
[0.08; 0.30]
[0.00; 0.05]
[0.35; 0.67]
[0.09; 0.29]
[0.10; 0.35]
[0.00; 0.08]
[0.04; 0.11]
[0.24; 0.42]
[0.13; 0.40]
[0.20; 0.41]
[0.64; 0.86]

[0.03; 0.06]
[0.14; 0.26]
[0.22; 0.31]
[0.25; 0.34]
[0.04; 0.05]
[0.07; 0.08]
[0.09; 0.10]
[0.16; 0.16]
[0.18; 0.19]
[0.12; 0.13]
[0.11; 0.12]
[0.07; 0.11]
[0.00; 0.02]
[0.00; 0.00]
[0.00; 0.00]
[0.00; 0.01]
[0.01; 0.02]
[0.00; 0.02]
[0.03; 0.05]
[0.02; 0.03]
[0.05; 0.07]
[0.00; 0.01]
[0.23; 0.40]
[0.00; 0.02]
[0.03; 0.05]
[0.24; 0.30]
[0.03; 0.04]
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h. Sleep-Wake Disorders 

Study

Combined prevalence
Heterogeneity: I2 = 100%, τ2 = 0.0269, χ25

2  = 19277.50 (p = 0)

studydesign = Clin Com

studydesign = Pop Reg 

Combined prevalence

Combined prevalence

Heterogeneity: I2 = 99%, τ2 = 0.0269, χ7
2 = 1210.44 (p < 0.01)

Heterogeneity: I2 = 100%, τ2 = 0.0269, χ17
2  = 15060.94 (p = 0)

Croen 2015
Davignon 2018
Jones 2015
Hansen 2016
Kohane 2012
Logan 2014
Meguid 2018
Ming 2008

Cummings 2016(1)
Cummings 2016(2)
Elrod 2016
Houghton 2017(1)
Houghton 2017(2)
Houghton 2017(3)
Houghton 2017(4)
Houghton 2017(5)
Houghton 2017(6)
Houghton 2018(1)
Houghton 2018(2)
Houghton 2018(3)
Houghton 2018(4)
Houghton 2018(5)
Houghton 2018(6)
Neumeyer 2019(1)
Neumeyer 2019(2)
Supekar 2017

Proportion

0.13

0.16

0.11

0.18
0.06
0.41
0.13
0.01
0.02
0.24
0.52

0.04
0.06
0.31
0.10
0.08
0.07
0.07
0.07
0.10
0.06
0.13
0.14
0.16
0.17
0.19
0.27
0.24
0.01

95% C.I

[0.09; 0.17]

[0.08; 0.25]

[0.07; 0.17]

[0.16; 0.20]
[0.05; 0.07]
[0.31; 0.52]
[0.10; 0.18]
[0.01; 0.01]
[0.01; 0.04]
[0.15; 0.34]
[0.44; 0.60]

[0.03; 0.04]
[0.05; 0.07]
[0.30; 0.31]
[0.09; 0.11]
[0.08; 0.08]
[0.07; 0.07]
[0.06; 0.07]
[0.06; 0.08]
[0.08; 0.12]
[0.02; 0.12]
[0.12; 0.15]
[0.13; 0.16]
[0.14; 0.17]
[0.15; 0.19]
[0.16; 0.23]
[0.25; 0.29]
[0.22; 0.27]
[0.01; 0.01]
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Appendix4: Univariable scatter-plots and box-and-whisker plots (* indicates QM p<0·05) 
X-axis indicates the univariable meta-regression moderator modeled, and y-axis indicates reported proportion of each CMHC in the autism sample, based on the moderator. Solid line indicates estimated 
regression line, and dotted line indicates 95% confidence intervals. For the subgroup analysis, box-and-whisker plot shows the distribution of the sample by study design, the solid horizontal line 
represents the sample median, and the whiskers display the 95% confidence intervals. Circle size represents size of a study’s influence on the regression line.  
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*Study Design 
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b. Anxiety disorders  
 
Age 
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Percent ID 
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Percent Female 
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*Study Design 
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c. Depressive disorders 
 

*Age 
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*Percent Female 
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*Study Design 
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d. Bipolar and related disorders 
 
*Age 
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HDI 
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Percent Female 
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*Study Design 
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e. Schizophrenia spectrum and psychotic disorders 
 

*Age 
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*Percent ID 
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HDI 
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Percent Female 
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*Study Design 
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f. Obsessive-compulsive disorder 
 
Age 
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Percent ID 
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*HDI 
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Percent Female 
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*Study Design 
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g. Disruptive, impulse-control and conduct disorders 
 
Age 
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 Percent ID 
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HDI 
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Percent Female 
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*Study Design 
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h.  Sleep-wake disorders 
 
Age 
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Percent ID 
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HDI 
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Percent Female 
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Study Design 
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Sensitivity analysis for publication year 
 
Appendix5: Summary of univariable meta-analysis for ‘Publication Year’ 
 

a Co-occurring mental health condition b R2% I2% 
(95%CI) 

QM p-value 

ADHD 
(N = 89) 

(n = 210,249) 

1·77 99·79 
(99·76-99·85) 

0·117 

Anxiety Disorders 
(N = 68) 

(n = 169,829) 

7·72 99·78 
(99·70-99·85) 

0·009 

Depressive Disorders 
(N = 65) 

(n = 162,671) 

0·98 99·71 
(99·59-99·80) 

0·174 

Bipolar and Related Disorders 
(N = 38) 

(n = 153,192) 

3·94 99·68 
(99·51-99·82) 

0·134 

Schizophrenia Spectrum and Psychotic 
Disorders 
(N = 42) 

(n = 166,627) 

17·74 99·69 
(99·55-99·83) 

0·023 

Obsessive-Compulsive Disorder 
(N = 47) 

(n = 53,243) 

4·02 99·11 
(98·66-99·46) 

0·127 

Disruptive, Impulse-Control and 
Conduct Disorders 

(N = 50) 
(n = 140,946) 

42·48 99·73 
(99·61-99·83) 

<0·0001 

Sleep-Wake Disorders 
(N = 26) 

(n = 190,963) 

0·00 99·86 
(99·77-99·93) 

0·376 

 
a. N = number of data-points in meta-analyses; n = sample size for individuals wih autism included across studies 
b. QE test of residual heterogeneity for R2 is statistically significant for all CMHC meta-analysed, with p <0·0001, for all cases 
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Appendix5: Univariable scatter-plots for publication year effect (* indicates QM p<0·05) 
 
X-axis indicates the univariable meta-regression moderator modeled (ie, publication year), and y-axis indicates reported proportion of each 
CMHC in the autism sample. Solid line indicates estimated regression line, and dotted line indicates 95% confidence intervals. Circle size 
represents size of a study’s influence on the regression line.  

 
ADHD 
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*Anxiety disorders 
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Depressive disorders 
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Bipolar and related disorders 
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*Schizophrenia spectrum and psychotic disorders 
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Obsessive-compulsive disorder 
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*Disruptive, impulse-control and conduct disorders 
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Sleep-wake disorders 
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Appendix6: Funnel plots 
 
For funnel plots, the x-axis indicates an estimate of study effect, and y-axis indicates the study size (measured as the standard error). The dots 
represent the precision of each study in the analysis. The vertical line indicates the summary effect of the funnel plot. Studies with high precision 
will be close to the vertical line, while those with low precision should evenly spread on both sides of the line, creating a funnel shape. 

 
a. ADHD 
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b. Anxiety disorders 
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c. Depressive disorders 
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d. Bipolar and related disorders 
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e. Schizophrenia spectrum and psychotic disorders 
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f. Obsessive-compulsive disorder 
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g. Disruptive, impulse-control and conduct disorders 
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h. Sleep-wake disorders 
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Sensitivity analyses of outliers’ influences 
 
Appendix7: Pooled estimates of prevalence with outliers removed 
 
 OVERALL POOLED ESTIMATES OF PREVALECE 

a Co-occurring 
mental health 

condition 

b Data points removed 
(determined by 
plotting study 

influences) 

Overall prevalence 
in autism population 

c (95%CI) 
c [95%PI] 

I2% 
(95%CI) 

Cochran’s Q Test (p-
value) 

ADHD 
(N = 89) 

(n = 210,249) 

#43, 55, 88 28% 
(25-32%) 
[4-64%] 

99·66 
(99·55-99·82) 

p<0·0001 
Anxiety Disorders 

(N = 68) 
(n = 169,829) 

#49 20% 
(17-23%) 
[2-48%] 

99·53 
(99·41-99·85) 

p<0·0001 
Depressive Disorders 

(N = 65) 
(n = 162,671) 

#36, 42 11% 
(9-13%) 
[0-33%) 

99·41 
(99·37-99·75) 

p<0·0001 
Bipolar and Related 

Disorders 
(N = 38) 

(n = 153,192) 

#2, 21 5% 
(3-6%) 
[0-19%] 

99·51 
(99·24-99·73) 

p<0·0001 

Schizophrenia 
Spectrum and 

Psychotic Disorders 
(N = 42) 

(n = 166,627) 

#30, 34, 42 4% 
(3-5%) 
[0-14%] 

99·09 
(99·00-99·84) 

p<0·0001 

Obsessive-
Compulsive 

Disorder 
(N = 47) 

(n = 53,243) 

#1, 9, 18, 31, 33, 34, 37, 
39, 47 

9% 
(7-10%) 
[1-21%] 

94·18 
(93·14-97·92) 

p<0·0001 

Disruptive, Impulse-
Control and 

Conduct Disorders 
(N = 50) 

(n = 140,946) 

#26, 49 12% 
(10-15%) 
[0·3-36%] 

99·49 
(99·31-99·83) 

p<0·0001 

Sleep-Wake 
Disorders 
(N = 26) 

(n = 190,963) 

#5 13% 
(9-17%) 
[0-42%] 

99·47 
(99·38-99·91) 

p<0·0001 

a. N = number of data-points in complete meta-analyses without removing outliers; n = sample size for individuals with 
autism included across studies in complete meta-analyses 

b. Please refer to raw data tables (Appendix2-Tables1-8) for information on the data-point removed 
c. CI = confidence interval, PI = prediction interval 
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Appendix7: Baujat plots and forest plots ranked by precision 
 
For the Baujat plots, the x-axis indicates the contribution of each study to the Q statistic, and the y-axis indicates the influence of each 
study on the effect size proportion. Therefore, studies on the top right quadrant are the most heterogeneous, and therefore may indicate 
outliers. Forest plots presented here rank studies based on precision (high to low from top to bottom). 

 
a. ADHD 
 
Baujat plot 
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Forest plot by precision (from high to low) 
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b. Anxiety disorders 
 
Baujat plot 
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Forest plot by precision (from high to low) 
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c. Depressive disorders 
 
Baujat plot 
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Forest plot by precision (from high to low) 
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d. Bipolar and related disorders 
 
Baujat plot 
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Forest plot by precision (from high to low) 
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e. Schizophrenia spectrum and psychotic disorders 
 
Baujat plot 
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Forest plot by precision (from high to low) 
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f. Obsessive-compulsive disorder 
 
Baujat plot 
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Forest plot by precision (from high to low) 
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g. Disruptive, impulse-control and conduct disorder 
 
Baujat plot 
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Forest plot by precision (from high to low) 
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h. Sleep-wake disorders 
 
Baujat Plot 
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Forest plot by precision (from high to low) 
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Sensitivity analyses with a different model 
 
Appendix8: Normal-binomial model for overall pooled estimates of prevalence 
 

a Co-occurring mental health 
condition 

Re-calculation of Pooled 
Estimate of Prevalence, GLMM 

Model 
(95%CI; I2%) 

Pooled Estimate of Prevalence, 
Main Model 

(95%CI; I2%) 

ADHD 
(N = 89) 

(n = 210,249) 

26% 
(22-31%; 99·83) 

28% 
(25-32%; 99·65) 

Anxiety Disorders 
(N = 68) 

(n = 169,829) 

17% 
(13-22%; 99·78) 

20% 
(17-23%; 99·53) 

Depressive Disorders 
(N = 65) 

(n = 162,671) 

8% 
(5-11%; 99·74) 

11% 
(9-13%; 99·41) 

Bipolar and Related Disorders 
(N = 38) 

(n = 153,192) 

3% 
(2-5%; 99·76) 

5% 
(3-6%; 99·50) 

Schizophrenia Spectrum and 
Psychotic Disorders 

(N = 42) 
(n = 166,627) 

2% 
(1-4%; 99·72) 

4% 
(3-5%; 99·18) 

Obsessive-Compulsive Disorder 
(N = 47) 

(n = 53,243) 

7% 
(5-10%; 98·11) 

9% 
(7-10%; 96·85) 

Disruptive, Impulse-Control 
and Conduct 

Disorders 
(N = 50) 

(n = 140,946) 

8% 
(5-13%; 99·87) 

12% 
(10-15%; 99·52) 

Sleep-Wake Disorders 
(N = 26) 

(n = 190,963) 

11% 
(7-16%; 99·86) 

13% 
(9-17%; 99·87) 

 
a. N = number of data-points in meta-analyses; n = sample size for individuals with autism included across studies
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Sensitivity analyses about study design and smaller-sample study influences 
 
Appendix9: Separate Meta-analysis by Study Design, and Excluding Smaller-sample Studies 
 
The following analyses explored if conducting the meta-analyses of proportions separately by study design, and when excluding smaller-sample studies/data-
points (ie, lowest quintile per CMHC), show similar findings as the main analyses. The ‘main analyses’ columns are taken from Table 1 of the manuscript. The 
‘separate meta-analyses by study design’ colunms refer to pooled estimates of prevalence calculated separately for each study design (ie, not analysed as a 
moderator as in the main analyses). The ‘smallest-20%-excluded’ colunms refer to analyses where the smallest quintile (20%, by sample size) of data-points 
were dropped from each CMHC dataset, and all proportions re-calculated. 
 
 

 MAIN ANALYSES: MODERATOR 
ANALYSIS BY STUDY DESIGN 

SUBGROUPS 

SEPARATE META-
ANALYSES BY STUDY 

DESIGN 

SMALLEST-20%-EXCLUDED 
ANALYSES: MODERATOR ANALYSIS 

BY STUDY DESIGN SUBGROUPS 
Co-occurring mental 

health condition 
Pooled 

Prevalence 
Estimate 
(95%CI; 

I2%) 

Pop Reg 
(95%CI; 

aI2%) 

Clin Com 
(95%CI; 

aI2%) 

Pop Reg 
(95%CI; 

I2%) 

Clin Com 
(95%CI; 

I2%) 

Pooled 
Prevalence 
Estimate 
(95%CI; 

I2%) 

Pop Reg 
(95%CI; 

aI2%) 

Clin Com 
(95%CI; 

aI2%) 

ADHD 28% 
(25-32%; 

99·65) 

*22% 
(17-26%; 

99·64) 

*34% 
(29-39%; 

99·64) 

22% 
(17-26%; 

99·83) 

34% 
(28-40%; 

98·05) 

26% 
(22-30%; 

99·72) 

*21% 
(17-26%; 

99·71) 

*31% 
(26-37%; 

99·71) 
Anxiety Disorders 20% 

(17-23%; 
99·53) 

*15% 
(11-19%; 

99·54) 

*26% 
(22-31%; 

99·54) 

15% 
(12-19%; 

99·74) 

27% 
(21-33%; 

97·70) 

16% 
(13-19%; 

99·67) 

15% 
(11-19%; 

99·62) 

18% 
(13-24%; 

99·62) 
Depressive Disorders 11% 

(9-13%; 
99·41) 

*8% 
(5-11%; 
99·40) 

*14% 
(11-18%; 

99·40) 

8% 
(5-11%; 
99·71) 

14% 
(10-19%; 

96·03) 

10% 
(7-12%; 
99·52) 

8% 
(5-11%; 
99·52) 

12% 
(9-16%; 
99·52) 

Bipolar and Related 
Disorders 

5% 
(3-6%; 
99·50) 

*3% 
(2-5%; 
99·50) 

*7% 
(4-10%; 
99·50) 

3% 
(2-5%; 
99·73) 

6% 
(4-10%; 
96·27) 

4% 
(2-6%; 
99·61) 

*3% 
(1-5%; 
99·61) 

*8% 
(4-12%; 
99·61) 

Schizophrenia 
Spectrum and 

Psychotic Disorders 

4% 
(3-5%; 
99·18) 

*2% 
(1-4%; 
99·18) 

*7% 
(4-9%; 
99·18) 

2% 
(1-4%; 
99·52) 

7% 
(4-9%; 
96·41) 

3% 
(2-4%; 
99·31) 

2% 
(1-4%; 
99·32) 

5% 
(3-7%; 
99·32) 

Obsessive-Compulsive 
Disorder 

9% 
(7-10%; 
96·85) 

*4% 
(2-6%; 
96·20) 

*12% 
(10-15%; 

96·20) 

4% 
(2-5%; 
97·27) 

13% 
(9-17%; 
95·47) 

8% 
(7-10%; 
97·26) 

*4% 
(2-6%; 
96·77) 

*12% 
(10-15%; 

96·77) 
Disruptive, Impulse-
Control and Conduct 

Disorders 

12% 
(10-15%; 

99·52) 

*7% 
(4-10%; 
99·53) 

*22% 
(17-27%; 

99·53) 

7% 
(4-10%; 
99·70) 

22% 
(13-33%; 

98·61) 

10% 
(7-13%; 
99·61) 

*7% 
(4-10%; 
99·62) 

*20% 
(14-27%; 

99·62) 
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Sleep-Wake Disorders 13% 
(9-17%; 
99·87) 

11% 
(7-17%; 
99·85) 

16% 
(8-25%; 
99·85) 

11% 
(7-17%; 
99·89) 

18% 
(6-34%; 
99·93) 

10% 
(6-15%; 
99·90) 

5% 
(1-15%; 
99·89) 

12% 
(7-17%; 
99·89) 

 
a. I2 value from the same model 
* QM statistically significantly different  (p<0·05) in subgroup analyses 
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Appendix10: Studies excluded from full-text review, with reasons 
 

 
Publications removed before making it to this list: conference papers, protocols, non-peer reviewed papers, publications screened out at title/abstract stages 
(n=33) 
 
Note on methods: If a publication was unable to be evaluated from the information in the title/abstract, it was examined in a full-text review, and subsequently 
excluded afterward, based on criteria that may have applied to the title/abstract exclusion stage  
 
Title/Abstract exclusion criteria:  

1. Title/Abstract screening 
a. Not available in English or French 
b. Total autism sample size less than n=20 
c. Not primary autism population (ie, the primary exposure is a non-autism condition, where additional traits/conditions being examined could 

include autism, CMHCs, and/or non-psychiatric comorbidities, eg, autistic traits in OCD, sleep disorders in bipolar, gastrointestinal conditions 
in cerebral palsy) 

d. No prevalence information (eg, methodology is not observational, etc.) 
e. Not about autism population (at all) (eg, OCD traits in the general population, sleep problems in parents of special need children, etc.) 

 
Full-text review exclusion criteria: 

2. CMHCs not confirmed with DSM/ICD criteria 
a. CMHC symptoms only, no diagnoses 
b. Autistic traits and CMHC symptoms only 
c. Not DSM-IV, DSM-5, ICD-9 or ICD-10 diagnostic criteria 

3. Lifetime CMHCs diagnoses 
a. Lifetime diagnoses only 
b. Lifetime and current diagnoses combined 

4. Cannot disaggregate CMHCs / CMHC information missing 
a. Combined across categories, eg, ‘mood and anxiety disorders’ which can include anxiety, depression and/or bipolar disorders, etc. 
b. Combined autism+CMHC sample at outset: study specifically recruits a unique sub-group, so that prevalence estimates of CMHCs are biased 

(eg, autism+ADHD) 
c. No information on individual CMHCs, ie, CMHCs combined into ‘psychiatric comorbidity’ category or symptom trajectories, information not 

available, did not report the number of people with CMHCs as a subset of the total autism population 
d. Not about CMHCs: autism prevalence information only, non-psychiatric comorbidities only 
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ARTICLE REASONS FOR EXCLUSION 
1. Aathira R, Gulati S, Tripathi M, et al. Prevalence of sleep abnormalities in Indian children 

with autism spectrum disorder. Pediatr Neurol 2017; 74: 62-67 
2a: CMHC symptoms only, no diagnoses 

2. Abu-Akel A, Clark J, Perry A, Wood SJ, Forty L, Craddock N, et al. Autistic and 
schizotypal traits and global functioning in bipolar I disorder. J Affect Disord 2017; 207: 
268-275 

1c: Not primary autism population (autistic 
traits in bipolar disorder) 

3. Acquaviva E, Stordeur C. ADHD (attention disorder hyperactivity disorder) and ASD 
(autism spectrum disorders) comorbidity. Ann Med Psychol (Paris) 2014; 172(4): 302-308 

1d: No prevalence information 
(methodology is not observational – 
review) 

4. Ahmedani BK, Hock RM. Health care access and treatment for children with co-morbid 
autism and psychiatric conditions. Soc Psychiatry Psychiatr Epidemiol 2012; 47(11): 
1807-1814 

3a: Lifetime diagnoses of CMHCs only 

5. Akbaş S, Karabekiroğlu K, Pazvantoğlu, O. Eight Week Follow-up for Autism Symptoms 
and Comorbid Features of Autistic Children Under Special Education and Medication. 
Türk psikiyatri dergisi 2009; 12(3): 134-140 

1a: Not available in English or French 

6. Allik H, Larsson JO, Smedje H. Insomnia in school-age children with Asperger syndrome 
or high-functioning autism. BMC Psychiatry 2006; 6(1): 18 

2a: CMHC symptoms only, no diagnoses 

7. Al-Salehi SM, Al-Hifthy EH, Ghaziuddin M. Autism in Saudi Arabia: presentation, 
clinical correlates and comorbidity. Transcult Psychiatry 2009; 46(2): 340-347 

2a: CMHC symptoms only, no diagnoses 

8. Ames CS, White SJ. Brief report: Are ADHD traits dissociable from the autistic profile? 
Links between cognition and behaviour.  J Autism Dev Disord 2011; 41(3): 357-363 

2a: CMHC symptoms only, no diagnoses 

9. Anckarsäter H, Larson T, Hansson SL, et al. Child neurodevelopmental and behavioural 
problems are intercorrelated and dimensionally distributed in the general population. Open 
Psychiatr J 2008; 2: 5-11 

2a: CMHC symptoms only, no diagnoses 

10. Anckarsäter H, Lundström S, Kollberg L, et al. The Child and Adolescent Twin Study in 
Sweden (CATSS). Twin Res Hum Genet 2011; 14(6): 495-508 

2a: CMHC symptoms only, no diagnoses 

11. Anholt GE, Aderka IM, Van Balkom AJLM, et al. Age of onset in obsessive–compulsive 
disorder: admixture analysis with a large sample. Psychol Med 2014; 44(1): 185-194 

1c: Not primary autism population (OCD 
traits in general population) 

12. Anholt GE, Cath DC, Van Oppen P, et al. Autism and ADHD symptoms in patients with 
OCD: are they associated with specific OC symptom dimensions or OC symptom 
severity? J Autism Dev Disord 2010; 40(5): 580-589 

1c: Not primary autism population (autistic 
and ADHD traits in OCD population) 

13. Ardizzone I, Soletti L, Panunzi S, Carratelli TI. Autistic dimension in obsessive-
compulsive disorder in adolescence. Riv Psichiatr 2010; 45(2): 94-101 

1c: Not primary autism population (autistic 
traits in OCD population) 

14. Arildskov TW, Højgaard DR, Skarphedinsson G, et al. Subclinical autism spectrum 1c: Not primary autism population 
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symptoms in pediatric obsessive–compulsive disorder. Eur Child Adolesc Psychiatry 
2016; 25(7): 711-723 

(autistic traits in OCD population) 

15. Avni E, Ben-Itzchak E, Ditza AZ. The presence of comorbid ADHD and anxiety 
symptoms in autism spectrum disorder: clinical presentation and predictors. Front 
Psychiatry 2018; 9: 717 

2a: CMHC symptoms only, no diagnoses 

16. Backner W, Clark E, Jenson W, Gardner M, Kahn J. An investigation of psychiatric 
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