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whereas ADHD is identified by developmentally uncharac-
teristic levels of inattention, hyperactivity and impulsivity 
(American Psychiatric Association, 2013).

QoL is defined by the World Health Organisation (WHO) 
as an " individuals’ perception of their position in life in the 
context of the culture and value systems in which they live 
and in relation to their goals, expectations, standards and 

Multiple research studies find that adults with neurodevel-
opmental conditions, such as autism spectrum conditions 
(henceforth autism) and attention deficit hyperactivity dis-
order (ADHD), experience lower quality of life (QoL) than 
their typically developing (TD) peers. Autism is character-
ised by difficulties in social communication and interac-
tion, and restricted and repetitive behaviours and interests, 
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Abstract
This study explored whether high autistic traits, high attention deficit hyperactivity disorder (ADHD) traits and their inter-
action were associated with quality of life (QoL) in a sample of 556 of young-adult twins (Mean age 22 years 5 months, 
52% Female). Four participant groups were created: high autistic traits, high ADHD traits, high autistic/ADHD traits, and 
low ADHD/autistic traits. High autistic traits were associated with lower QoL across domains (physical, psychological, 
social, and environmental). High ADHD traits associated with lower physical, psychological, and environmental QoL. The 
interaction of autistic and ADHD traits was not significant in any domain. While mental health difficulties were associ-
ated with lower QoL, after accounting for mental health, most relationships between autistic traits, ADHD traits and QoL 
remained.
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of 24 French adults with a childhood diagnosis of Asperg-
er’s syndrome, and examined self-reported QoL using the 
WHOQOL-BREF (WHO, 1996). They found no significant 
differences across all QoL domains between Asperger’s syn-
drome subgroups with (N = 4) and without (N = 20) ADHD. 
However small sample sizes limit the conclusions that may 
be drawn from this comparison. In contrast, a recent large-
scale study of 628 autistic adults found that ADHD traits 
were significantly related to lower QoL in each domain, 
after accounting for the impact of demographic factors and 
autistic traits (Yerys et al., 2021). The third study examined 
factors related to QoL in both autistic (N = 106) and non-
autistic (N = 86) adults from the Longitudinal European 
Autism Project (Oakley et al., 2021). Using the WHOQOL-
BREF in adults, results from bivariate correlations suggested 
no association between ADHD traits and self-reported QoL 
in the psychological, social and environmental domains, 
but a small-moderate negative association was observed 
between ADHD traits and physical QoL (r=-.27, p = .04). 
This was the case across the combined sample (i.e. autistic 
and non-autistic adults) and was not reported separately by 
autism status. Due to insufficient complete data, they did 
not perform additional analyses simultaneously exploring 
the role of autistic and ADHD traits in adult QoL. Aside 
from the limited adult literature, there are several notable 
studies which have explored QoL in relation to autism and 
ADHD co-occurrence in children and adolescents. These 
studies have identified that children and adolescents with 
an autism and ADHD diagnosis had lower parent-reported 
QoL compared to those with autism only (Sikora et al., 
2012) or ADHD only (Thomas et al., 2015). Furthermore, 
in a study of 6- to 10-year-old Australian children, higher 
autistic traits were associated with poorer quality of life in 
those with ADHD (Green et al., 2016).

In addition to the possible influence of autistic and 
ADHD traits, other factors are important when considering 
QoL, notably the impact of co-occurring mental health dif-
ficulties. Autistic adults (Hollocks et al., 2019; Lai et al., 
2019; Lugo-Marin et al., 2019), and adults with ADHD 
(Chen et al., 2018; Fayyad et al., 2007), have been shown 
to experience higher rates of most mental health condi-
tions than non-autistic adults/those without ADHD. Asso-
ciations between autistic traits, anxiety and depression 
have also been found in non-autistic samples (Kanne et 
al., 2009; Stice & Lavner, 2019) and ADHD trait levels in 
adults without clinical ADHD diagnoses have been linked 
to the experience of anxiety and depression (Naya et al., 
2021). Furthermore, there is emerging evidence that those 
who are autistic and have ADHD might be even more likely 
to experience certain mental health difficulties compared 
to those who are autistic or have ADHD only (Chen et al., 
2015; Gordon-Lipkin et al., 2018; Solberg et al., 2019). For 

concerns” (p.1405; WHO, 1995). QoL is considered subjec-
tive and multidimensional, and is therefore often measured 
using self-report questionnaires exploring a range of life 
domains. Commonly used measures of QoL from the WHO 
(e.g., World Health Organisation Quality of Life-Bref; 
WHOQOL Group 1998; WHO, 1996) represent QoL in 
four different subdomains: Physical, Psychological, Social, 
Environmental QoL. However, many other measures exist 
and have been used in research which explore different sub-
domains of QoL.

Two recent systematic reviews which examined a total 
of 23 unique studies concluded that the majority of research 
has found that autistic adults reported lower levels of QoL 
compared with TD groups or published norms using a num-
ber of measures (Ayres et al., 2018; Sáez-Suanes & Álva-
rez-Couto, 2021). Although group differences are apparent 
between autistic and TD adults, not all autistic adults report 
diminished QoL (Moss et al., 2017; Oakley et al., 2021). 
Multiple studies have identified that higher levels of autistic 
traits are related to poorer QoL in several domains (Khanna 
et al., 2014; Knüppel et al., 2018; Lawson et al., 2020; 
Mason et al., 2018; van Heijst & Geurts, 2015), with some 
exceptions (Khanna et al., 2014; Renty & Roeyers, 2006; 
van Heijst & Geurts, 2015). Thus, reduced QoL associated 
with autism and autistic traits is commonly, but not univer-
sally, reported. Because of this, it is important to identify 
what factors might be related to poorer (or better) QoL for 
autistic people, in order to highlight key areas for support 
and identify those who might benefit the most from support 
in particular areas.

There has also been similar research exploring the QoL 
of adults with ADHD, although the number of studies in the 
area is still limited. Similar to findings from autism research, 
adults with ADHD have also been shown to experience 
lower QoL than TD groups (Chao et al., 2008; Grenwald-
Mayes, 2002; Quintero et al., 2019; Thorell et al., 2019). 
Furthermore, increasing ADHD traits have been associated 
with lower QoL in adults with ADHD (Rimmerman et al., 
2007; Stern et al., 2017).

ADHD is a commonly reported co-occurring condition 
in autistic adults. A recent meta-analysis of 63 studies esti-
mated high current (38.5%) and lifetime (40.2%) prevalence 
of ADHD in autistic populations (Rong et al., 2021). Addi-
tionally, research has demonstrated high levels of pheno-
typic and genetic overlap among autistic and ADHD traits 
in both childhood and adolescence (Ronald et al., 2014) and 
adulthood (Riglin et al., 2021).

Despite this overlap, and findings that QoL may be lower 
for autistic adults and adults with ADHD, there are only 
three studies that have explored adult QoL in relation to 
autism and ADHD together, and among these, results have 
varied. Vincent et al., (2020) reported on a small sample 
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in childhood or adolescence (see Supporting Information 
S1 for additional recruitment information). All participants 
contacted and recruited by the IDEAS study had an esti-
mated IQ of 70 or above in adolescence. The IDEAS study 
required a high overall time commitment from potential 
participants and included several hours of questionnaires, 
interviews, cognitive/behavioural assessments, and com-
puter tasks with EEG recordings. Due to the general burden 
of the study protocol and complexity of some tasks it was 
thought that those with an IQ < 70 would not be able to com-
plete all elements of the study. This exclusion was based on 
adolescent data as this was the most recent timepoint with 
relevant data for all participants of interest.

The selective recruitment strategy employed in this 
study, especially with regard to adolescent autistic and 
ADHD traits and estimated IQ, meant that while IDEAS 
was community-based (rather than a clinical or convenience 
sample), it was not intended to be a whole community or 
community-representative sample.

Procedure

IDEAS received full ethical approval from King’s College 
London Psychiatry, Nursing and Midwifery Research Eth-
ics Subcommittee (RESCMR-16/17-2673).

Potential participants were contacted by the research 
team by telephone, email, and/or text. Interested partici-
pants were sent an information sheet and asked to book 
a testing session. Prior to the testing session, participants 
were sent a link to an online survey comprising several stan-
dardised questionnaires. This took approximately an hour to 
complete and was hosted using Qualtrics survey software 
(https://www.qualtrics.com/).

Testing sessions were carried out at the research centre 
or in participants’ homes. Written consent was obtained 
from all participants. Two researchers carried out testing 
sessions to allow twins to participate simultaneously if 
desired. During the testing session, participants completed 
interviews, behavioural assessments and computer-based 
tasks with concurrent EEG recording of electrical brain 
activity. Each measure was administered and scored by a 
trained researcher. Assessments were video recorded to 
allow researchers to resolve coding/scoring queries later. 
Testing sessions lasted 2.5–4.5 h and participants were 
reimbursed for travel expenses and given a £30 voucher as 
compensation.

example, Solberg et al., (2019), using data from Norwegian 
population-based registries, found higher rates of anxiety in 
adults who were autistic with additional ADHD, compared 
to those with either autism or ADHD alone.

We know that mental health is an important factor to 
consider in relation to QoL. Previous research has identified 
that autistic adults (Hong et al., 2016; Knüppel et al., 2018; 
Lawson et al., 2020; Lin & Huang, 2019; Mason et al., 
2018; Oakley et al., 2021; Vincent et al., 2020) and adults 
with ADHD (Quintero et al., 2019) with additional mental 
health difficulties or elevated mental health symptom lev-
els report lower QoL. Despite this, no previous research has 
examined autism, ADHD (or their traits), and mental health 
together in relation to adult QoL.

The current study aims to expand upon the previous 
research examining QoL for those with autistic and ADHD 
traits. First, we aim to explore whether high autistic traits, 
high ADHD traits, and their interaction are associated with 
self-reported physical, psychological, social, and environ-
mental QoL in a population-based sample of UK young 
adults. We predict that both high autistic and high ADHD 
traits will be negatively related to QoL across domains. Sec-
ond, we aim to explore the role of additional MH difficulties 
in the relationship between autistic/ADHD traits and QoL. 
We predict that additional mental health difficulties will be 
significantly associated with lower QoL but that high autis-
tic/ADHD traits will be associated with QoL after account-
ing for background demographic factors and mental health 
problems.

Methods

Participants

The Individual Differences in EEG in young Adults Study 
(IDEAS) collected data from February 2017 to May 2019. 
In total, 556 participants took part, with ages between 20 
and 25 years (M = 22 years 5 months, SD = 12 months) and 
52% were female. Both twins from 273 pairs (118 monozy-
gotic, 154 dizygotic, 1 unknown zygosity) participated in 
the study, the remaining ten participants took part without 
their co-twin (1 from a monozygotic pair, 9 from dizygotic 
pairs).

IDEAS participants were all part of the Twins Early 
Development Study (TEDS), a community sample of over 
16,000 twin pairs born in England and Wales between 1994 
and 1996 (Haworth, Davis, & Plomin, 2013, Rimfeld et al., 
2019). IDEAS participants were recruited by one of four 
routes based on previous TEDS/sub-study participation. 
This recruitment strategy meant the sample was enriched 
for those with high levels of autistic and/or ADHD traits 

https://www.qualtrics.com/
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For each domain possible scores range from 4 to 20 with 
higher scores indicating higher QoL (WHO, 1996).

Social Responsiveness Scale-2 (SRS-2)

The SRS-2 adult self-report has 65 items that assess traits 
of autism (e.g. “I am awkward in turn taking interactions 
with others-for example, I have a hard time keeping up with 
the give-and-take of a conversation”; Constantino & Gruber 
2012). Each item is rated using a 4-point Likert scale (not 
true = 0, sometimes true = 1, often true = 2, almost always 
true = 3). Raw sum scores are calculated from the numeric 
scores assigned to each item and range from 0 to 195. Raw 
scores of 68 (corresponding to T-score of 60) or higher have 
been used to identify participants with mild (or greater) 
autistic social difficulties (Constantino & Gruber, 2012).

Barkley Adult ADHD rating scale- IV (BAARS-
IV)

The BAARS-IV (Barkley, 2011) self-report version provides 
measure of current traits associated with ADHD in adult-
hood (additional questions assess age of symptom onset and 
impairment of functioning). For 27 item statements, partici-
pants rate how often each would have described them over 
the last 6 months using a 4-point Likert scale (1 = Never or 
rarely, 2 = Sometimes, 3 = Often, 4 = Very Often). This study 
used three subdomains from this measure: inattention (9 
items e.g. “[I] Have difficulty organizing tasks and activi-
ties”), hyperactivity (5 items e.g. “[I] Shift around exces-
sively or feel restless or hemmed in”), and impulsivity (4 
items e.g. “[I] Have difficulty awaiting my turn”).

Items from each domain are summed to produce domain 
scores. An ADHD total sum score is produced from all items 
in the inattention, hyperactivity, and impulsivity domains. 
ADHD sum scores can range from 18 to 72, with higher 
scores related to increasing levels of ADHD like traits. Raw 
scores of 39 or above exceed the 93rd percentile in a general 
population sample of those aged 18–39 years, and represent 
scores of those with mild to marked ADHD traits (Barkley, 
2011).

Cognitive ability

Online versions of the Raven’s Standard Progressive Matri-
ces (Raven, 1960) and the Mill Hill Vocabulary Scale 
(Raven, 1962) were used to create a general measure of cog-
nitive ability in IDEAS. More details on these measures and 
items are presented in Supporting Material S3. Raven’s and 

Procedure for participants also in Social 
Relationships (SR) Study Phase 3

A number of IDEAS participants (N = 85) had also taken part 
in the related SR Study Phase 3. Usually, this was several 
months prior to their participation in IDEAS, however some 
participants completed the IDEAS testing session before 
taking part in SR Study Phase 3. These studies employed 
several overlapping measures in their online questionnaire 
battery and in person assessments. These included the Social 
Responsiveness Scale-2), the World Health Organisation 
Quality of Life-Bref online questionnaires and the Autism 
Diagnostic Observation Schedule-2 which was completed 
in person.

To reduce time burden and practice effects, participants 
completed a reduced battery in the second of the two stud-
ies in which they participated. For these participants, online 
questionnaire measures were all completed within 1 year 9 
months of the main IDEAS testing session (Med = 1 month 
before; Range = 1 year 9 months before- 2 months after). 
ADOS-2 assessments were all completed within 1 year 11 
months of the main IDEAS testing session (Med = 4 months 
before; Range = 1 year 10 months before- 1 year 11 months 
after).

Measures

Data from all measures were entered into SPSS and were 
cleaned and corrected for errors prior to analyses (process 
described in Supporting Information S2). All questionnaire 
measures were completed in online format, interviews and 
observation were carried out in person as standard.

World Health Organisation Quality of Life-Bref 
(WHOQOL-BREF).

The WHOQOL-BREF is a commonly used measure of 
QoL and consists of 26 questions asking the participant to 
reflect on their life in the last two weeks (WHOQOL Group, 
1998; WHO, 1996). Each item has a 5-point Likert response 
scale which varies depending on question phrasing (e.g. 
“How satisfied are you with your sleep?”, “How often do 
you have negative feelings, such as blue mood, despair, anx-
iety, depression?”, “How much do you enjoy life?”).

The measure consists of two summary items and 24 
items divided between four subdomains (Physical, Psycho-
logical, Social, Environmental). The Physical subdomain 
(7 items) includes questions on physical pain, sleep, and 
energy for everyday activities. The Psychological domain 
(6 items) includes positive and negative feelings, and per-
sonal beliefs. The Social domain (3 items) covers personal 
relationships, social support and sex life. Finally, the Envi-
ronmental domain (8 items) includes financial resources, 
home environment, and opportunities for leisure activities. 
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family, social contacts, free time/hobby, self-confidence/
self-image).

The DIVA 2.0 assessment can be used to determine 
whether a participant would be likely to meet DSM-5 diag-
nostic criteria for adult ADHD, based on report of 5 or more 
symptoms of inattention and/or hyperactivity/impulsivity, 
recall of childhood onset of symptoms, and that these cause 
problems in more than one life domain (American Psychiat-
ric Association, 2013).

MINI International Psychiatric interview 
v5.0.0 (MINI)

The MINI is a structured diagnostic interview to assesses 
mental health problems according to DSM-IV and ICD-10 
diagnostic criteria (Sheehan et al., 1998).

IDEAS used a shortened version of the MINI with mod-
ules assessing current Major Depression, Dysthymia, Panic 
Disorder, Agoraphobia, Social Anxiety Disorder, Obsessive-
Compulsive Disorder, and Generalised Anxiety Disorder. 
This subset of modules was selected to provide a relatively 
brief, measure of common mental health conditions and 
those often linked to neurodevelopmental difficulties. For 
each condition, participants were asked a hierarchy of ques-
tions probing for symptoms, their frequency, and duration; 
e.g., ’Have you worried excessively or been anxious about 
several things over the past 6 months?’.

The specific module is discontinued after any answers 
are given that indicate a participant would not meet criteria 
for the condition. Participants who do not meet any discon-
tinuation rules throughout a module complete all questions 
relating to that mental health condition. Upon finishing a 
module, the interviewer applies scoring rules to determine 
if a participant meets diagnostic criteria. Modules are com-
pleted in sequence until the end of the interview.

TEDS Data: parental socioeconomic status 
(SES)

The parental SES composite variable was based on mea-
sures of parent qualifications and employment, and maternal 
age at birth of first child. This information was collected 
by TEDS when twins were 18 months old. The 18-month 
parental SES composite has been used and described pre-
viously (Hanscombe et al., 2012; von Stumm & Plomin, 
2015).

Mill Hill scores were standardised and combined to create 
a general cognitive ability composite score. Online adapta-
tions of these measures and ‘g score’ composites have been 
previously used within TEDS (Haworth et al., 2007; von 
Stumm & Plomin, 2015).

Autism Diagnostic Observation schedule 2 
(ADOS-2

The ADOS-2 is a gold standard semi-structured observa-
tional assessment to assess autism spectrum behavioural cri-
teria (Lord et al., 2012). All of the participants were assessed 
using module 4 of the ADOS-2 (for adolescents and adults 
with fluent speech) which includes a range of tasks including 
a puzzle, creating a story with everyday items, and interview 
style questions. Researchers rated observed behaviours in 
relation to 32 autism-associated characteristics (e.g. echo-
lalia, unusual eye contact). For each characteristic, scores 
range from 0 (minimal or no observed autistic-like behav-
iour) to 2 or 3 (marked or definite autistic-like behaviour).

A second ADOS-2 trained researcher generated their own 
independent scores for 62 (11.33%) ADOS-2 assessments 
from IDEAS participants. Percentage agreement was good 
on average (M = 88.02%, SD = 9.53%). This type of reliabil-
ity checking is considered best practice when conducting 
ADOS-2 assessments.

Calibrated Severity Scores (CSS) from the ADOS-2 
assessments were calculated based on updated guidelines 
from Hus & Lord (2014). CSS range from 1 to 10, where 
scores of 4 or more map on to a behavioural presentation 
consistent with an autism spectrum diagnosis. These CSS 
are used in the current study.

Diagnostic interview for ADHD in adults 2.0 
(DIVA)

The DIVA 2.0 (Kooij, 2010) is a semi-structured diagnostic 
interview assessing ADHD in adults, which has high diag-
nostic accuracy compared to clinical interview (Pettersson 
et al., 2018) and alternative instruments (Ramos-Quiroga 
et al., 2019). The interview probes participants’ experience 
of ADHD traits currently in adulthood and historically in 
childhood. A total of 18 items are assessed including nine 
on Inattention (e.g., “Do you often find it difficult to sustain 
your attention on tasks?”) and nine on Hyperactivity/Impul-
sivity (e.g. “Do you often feel restless?”, “Do you often find 
it difficult to await your turn?”). Participants are then asked 
whether endorsed items cause them difficulties in particu-
lar areas of their life (work/education, relationship and/or 
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also included participant sex, age, cognitive ability, and 
parental SES based on agreed pre-registered analysis plans. 
Mixed effects models were re-run including the grouping 
variable identifying those with and without above thresh-
old mental health difficulties (MH + vs. MH-). These were 
carried out to explore any remaining relationships between 
autistic and ADHD traits and QoL after accounting for men-
tal health difficulties.

Multiple testing was controlled using the false discovery 
rate method (Benjamini & Hochberg, 1995) across all pre-
dictors included in mixed effects models. Across all models, 
for 60 predictors, p-values were ranked, and critical q-val-
ues were calculated using a false discovery rate of 5%.

Missing data were handled with Multiple Imputation 
using Chained Equations. Between 0 and 13.1% of data 
for each variable were missing, all of which were imputed 
using this method (with 20 imputed sets). Supporting Infor-
mation S4 provides a full description of missing data across 
variables and groups, and more detail on the imputation 
procedure. Analyses were carried out both with complete 
case data and with the multiply imputed data. Results from 
analyses with multiply imputed data have been reported, 
alongside the three discrepancies in patterns of significance 
with complete case analyses.

The distribution of scores for non-categorical variables 
(QoL domain scores, age, cognitive ability and parental 
SES) were visually inspected via histograms. Variables 
considered to be non-normally distributed on visual inspec-
tion were assessed and transformed using a multivariate 
Box-Cox procedure (Lindsey & Sheather, 2010; Velilla, 
1993). Analyses were run with both transformed and non-
transformed variables, but no differences emerged. For ease 
of interpretation, analyses using non-transformed variables 
have been reported.

Raincloud plots produced using R (R Core Team, 2020) 
were used for visualisation of QoL scores across groups. 
Raincloud plots combine split-half violins (showing the 
probability density of the data), boxplots (showing the 
median and interquartile range) and raw data points jittered 
for improved visibility (Allen et al., 2021).

Results

Participant groups

Details of number of participants across groups, with and 
without current mental health difficulties are displayed in 
Table 1. Additional descriptive results are presented in Sup-
porting Information S5, including: autistic and ADHD trait 
scores across groups; overlap in our high autistic and high 
ADHD traits groups; percentages of participants likely to 

Participant grouping variables: autistic 
traits, ADHD traits, and Mental Health

Scores from the ADOS-2, SRS-2, BAARS-IV and the DIVA 
2.0 were used to create two grouping variables identifying 
those with high levels of autistic (Aut-Hi) and/or ADHD 
traits (ADHD-Hi). Participants were classed as Aut-Hi if 
they either had an ADOS-2 CSS of four or more (indicating 
a behavioural presentation consistent with an autism diag-
nosis) or if their SRS-2 raw score was 68 or above (indicat-
ing mild to severe autistic social difficulties). This grouping 
was chosen to capture those with generally high levels of 
autistic traits or observable behaviours consistent with an 
autism diagnosis. Participants falling below both of these 
criteria were classed as low in autistic traits (Aut-Lo).

Participants were classed as ADHD-Hi if they were 
likely to meet DSM-5 diagnostic criteria for adult ADHD 
according to self-report using the DIVA 2.0 (five or more 
symptoms of inattention and/or hyperactivity/impulsivity, 
reported impairment in two or more life areas, and reported 
onset of some symptoms before age 12) or if their BAARS-
IV total ADHD score was 39 or above (indicating mild to 
marked ADHD traits and related difficulties). As with the 
Aut-Hi grouping, this was chosen to identify young adults 
with generally high levels of ADHD traits or those likely to 
meet adult ADHD diagnostic criteria. Participants meeting 
neither of these criteria were classed as low in ADHD traits 
(ADHD-Lo).

Data from the MINI were used to identify participants 
with current above threshold mental health difficulties. Par-
ticipants meeting diagnostic criteria for one or more men-
tal health conditions were classed as having current mental 
health difficulties, while those who did not were classed as 
not experiencing current mental health difficulties.

Statistical analysis

Analyses were carried out using STATA Release 16 (Stata-
Corp, 2019). These analyses form a part of a larger proj-
ect for which analyses and aims have been pre-registered 
(https://osf.io/cmxu8).

To compare differences in reported QoL domains among 
our Aut and ADHD groups, multilevel mixed effects mod-
els with random intercepts to account for clustering in the 
sample (i.e., related twins) were used as these allow use of 
the whole sample for analyses (standard regression mod-
els would not have been appropriate given that our sample 
contains related individuals and therefore non-independent 
datapoints). Each QoL domain score was the dependent 
variable in its own multilevel model. In each model, Aut and 
ADHD grouping variables have been included as indicators, 
as well as interaction terms between these variables. Models 

https://osf.io/cmxu8
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related to social QoL. Again, the Aut by ADHD group inter-
action was not significant.

Relationships with Quality of Life after Accounting for 
Mental Health Difficulties

Across domains, those experiencing additional mental 
health difficulties reported lower QoL than those without 
(Table 3). This was significant independent of the effects of 
all other variables.

Relationships with high autistic traits and QoL remained 
after accounting for current mental health difficulties. 
Relationships between high ADHD traits and physical and 
psychological QoL remained significant, however the asso-
ciation of high ADHD traits and environmental QoL became 
non-significant after accounting for mental health. parental 
SES remained associated with physical QoL (although only 
in analyses with imputed data), but sex was no longer sig-
nificantly related to psychological QoL. We also note that in 
these analyses, sex was significantly related to social QoL in 
complete case analyses but was not significant when using 
multiply imputed data.

These results suggest that poorer QoL in those with high 
autistic traits (and ADHD traits with respect to physical and 
psychological QoL) is not solely due to the experience of 
additional mental health difficulties. However, the poorest 
QoL was reported by those with high autistic traits and addi-
tional mental health difficulties.

Discussion

This is the first study to examine subjective QoL in rela-
tion to high autistic traits, high ADHD traits, and their 

meet autism and ADHD diagnostic criteria; and rates of cur-
rent mental health difficulties across groups.

High autistic traits, high ADHD traits, and Quality of Life

Figure 1 shows raincloud plots of the distribution of QoL 
domain scores across groups. Regression coefficients, 
p-values and corrected significance are reported in Table 2. 
Aut-Hi participants had significantly lower QoL in the 
physical, psychological, and environmental domains than 
the Aut-Lo group, independent of ADHD grouping. Simi-
larly, ADHD-Hi participants had significantly lower QoL in 
these domains than ADHD-Lo participants, independent of 
Aut group. The Aut by ADHD group interaction was not 
significant for these domains, suggesting that also being in 
the ADHD-Hi group did not significantly amplify or attenu-
ate the effect of high autistic traits on QoL, or vice versa. 
Finally, sex, age, parental SES, and cognitive ability were 
not significantly related to physical QoL scores. Cognitive 
ability was significantly positively associated with physical 
QoL (however this was only true in analyses with imputed 
data, not in analyses of complete data only), and males had 
significantly higher psychological QoL. There were no 
further significant relationships between sex, age, parental 
SES, and cognitive ability and QoL in the physical, psycho-
logical, and environmental domains.

[Figure 1]
In the social QoL domain, while those in the Aut-Hi 

group showed lower QoL than Aut-Lo participants, ADHD-
Hi individuals did not significantly differ from those in the 
ADHD-Lo group after correction for multiple comparisons 
(although this was significant at p < .05). Sex, age, cognitive 
ability, and parental SES were not found to be significantly 

Table 1
Number of Participants Across Autistic and ADHD Traits Groups and Those With and Without Current Mental Health Difficulties

Low ADHD 
Traits(ADHD-Lo)

High ADHD 
Traits(ADHD-Hi)

Total

Low Autistic Traits(Aut-Lo)
MH- 240 95
MH+ 56 38
Group Total 296 133 429
(% Female) (66.54%) (44.27%)
High Autistic Traits(Aut-Hi)
MH- 25 30
MH+ 30 42
Group Total 55 72 127
(% Female) (34.55%) (45.83%)
Total 351 205 556
Note: Additional description of group overlap and mental health status in Supporting Material S6.
ADHD = Attention Deficit Hyperactivity Disorder. MH + = Participants with current above threshold mental health difficulties. MH-= Partici-
pants without current above threshold mental health difficulties.
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2018; Oakley et al., 2021; van Heijst & Geurts, 2015). Our 
findings suggest adults with high levels of autistic traits, 
irrespective of whether they meet full autism diagnostic cri-
teria, still experience lower QoL in every domain than low 
traits counterparts.

Quality of life and high ADHD traits

Participants in the high ADHD group had significantly 
lower physical, psychological and environmental QoL 
compared to those with lower ADHD traits, independent 
of autistic traits and demographic variables. However high 
ADHD traits were not independently associated with social 
QoL. This study adds further evidence that ADHD traits are 
linked to lower physical QoL in adulthood both in mixed 
sample (like ours and Oakley et al., 2021), and specifically 
for autistic adults (Yerys et al., 2021). This association could 
be due to the higher rates of several physical health prob-
lems (Instanes et al., 2016) and multi-morbidity (Stickley et 
al., 2017) in adults with ADHD. Therefore promoting good 
physical health and preventing health problems, where pos-
sible, among those with ADHD or high ADHD traits may 
be particularly important for improving their QoL. Our find-
ings also suggested that high ADHD traits were also linked 

interaction in adulthood. Our focus on the young adult 
period is important because of the relative under-represen-
tation of adult samples compared to child and adolescent 
studies in autism research (Mason et al., 2022; Mukaetova-
Ladinska et al., 2012). Our findings shed light on the experi-
ences of young adults with high autistic and/or ADHD traits 
and how these interact. Furthermore, this study also found 
a significant association between QoL and current mental 
health difficulties, but that high autistic traits remained sig-
nificantly associated with QoL after adjusting for these and 
other demographic characteristics.

High autistic traits are Associated with Lower 
Quality of Life among Young adults

We found high autistic traits were associated with poorer 
QoL across all domains. Critically, this was independent of 
age, sex, cognitive ability, parental SES, and ADHD traits, 
suggesting that autistic traits are independently associated 
with QoL over and above these other factors. This is in line 
with studies which report group differences across multiple 
QoL domains between autistic and TD adults (Bishop-Fitz-
patrick et al., 2018; Hamm & Yun, 2019; Jennes-Coussens 
et al., 2006; Lin, 2014; Lin & Huang, 2019; Mason et al., 

Fig. 1 Raincloud plots showing distribution of Quality of Life (QoL) scores in participants with low autistic and ADHD traits (Aut-Lo ADHD-
Lo), low autistic traits and high ADHD traits (Aut-Lo ADHD-Hi), high autistic traits and low ADHD traits (Aut-Hi ADHD-Lo), and those with 
high autistic and ADHD traits (Aut-Hi ADHD-Hi). For each group, jittered raw data are shown on the left, boxplots with median and interquartile 
range are shown in the middle, and density plots are shown on the right. See Supporting Information S6 for group means and standard deviations
 ADHD = Attention Deficit Hyperactivity Disorder Traits. Aut = Autistic Traits. QoL = Quality of Life

 



Journal of Autism and Developmental Disorders

1 3

Quality of life and the Autistic/ADHD Traits Interaction

We also tested whether the effect of high autistic traits on 
QoL was quantitatively different between those with high or 
low ADHD traits via an interaction between the autistic and 
ADHD groups. Across all QoL domains we found no sig-
nificant interaction effects after correction for multiple com-
parisons. This indicates that the negative association of high 
autistic traits with QoL is not significantly different among 
those who also have high ADHD traits (and vice versa). 
Our ADHD grouping had a significant independent effect in 
relation to physical, psychological, and environmental (but 
not social) QoL. Therefore, while high ADHD traits do not 

to poorer QoL in the psychological and environmental, but 
not social QoL domains. These results fit with some, but not 
all, previous findings, e.g. Yerys et al., (2021), but not Oak-
ley et al., (2021), found that ADHD traits were associated 
with worse psychological, social and environmental QoL. 
Further research is needed to address this inconsistency in 
the literature and begin to explain whether discrepancies in 
findings to date are likely to be due to sample size differ-
ences, sample differences, measurement approaches and/or 
controlling for different demographic factors.

Model/
QoL Domain

Predictor Unstan-
dardized 
Coefficient

p-value q-value Sig. After 
Correc-
tion

Physical High Aut -1.32 0.000 0.003 *
High ADHD -1.42 0.000 0.004 *
Aut x ADHD 0.08 0.861 0.047 -
Age -0.06 0.584 0.037 -
Sex (Female) 0.35 0.111 0.025 -
Cognitive 
Ability

0.27 0.015 0.017 *a

Parental SES -0.33 0.009 0.013 *
Psychological High Aut -2.45 0.000 0.007 *

High ADHD -1.19 0.000 0.008 *
Aut x ADHD 0.10 0.851 0.046 -
Age 0.07 0.595 0.038 -
Sex (Female) 0.64 0.010 0.015 *
Cognitive 
Ability

0.14 0.286 0.030 -

Parental SES -0.09 0.533 0.035 -
Social High Aut -2.31 0.000 0.010 *

High ADHD -0.80 0.037 0.021 -
Aut x ADHD 0.79 0.272 0.029 -
Age 0.07 0.670 0.041 -
Sex (Female) -0.60 0.063 0.023 -
Cognitive 
Ability

0.04 0.820 0.045 -

Parental SES 0.19 0.263 0.028 -
Environmental High Aut -1.65 0.000 0.001 *

High ADHD -0.65 0.003 0.013 *
Aut x ADHD 0.23 0.596 0.038 -
Age -0.10 0.319 0.031 -
Sex (Female) 0.15 0.471 0.033 -
Cognitive 
Ability

0.21 0.041 0.022 -

Parental SES 0.04 0.749 0.043 -
Note: Bold denotes predictor significant at p < .05. 
* Predictor significant after correction for multiple comparisons
a Cognitive ability met significance threshold in models with multiply imputed data, but did not 
meet threshold in complete case analysis
ADHD = Attention Deficit Hyperactivity Disorder. Aut = Autistic Traits. Aut x ADHD = Aut 
and ADHD Group Interaction Term. MH = Mental Health. SES = Socioeconomic Status. 
Sig.=Significant. QoL = Quality of Life. q-values = Critical q-Values from Multiple Correction 
Procedure.

Table 2 Prediction of Quality of Life 
from High Autistic Traits, High ADHD 
Traits Groups and Their Interaction
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Additional impact of Mental Health Difficulties

We found that above threshold mental health difficulties 
were, significantly and independently, associated with lower 

seem to exacerbate the effect of high autistic traits on QoL, 
those with high levels of both traits are still likely to experi-
ence the poorest QoL, as having high traits in each area is 
independently associated with lower QoL.

Model/
QoL Domain

Predictor Unstan-
dardized 
Coefficient

p-value q-value Sig. After 
Correc-
tion

Physical High Aut -0.91 0.011 0.016 *
High ADHD -1.30 0.000 0.005 *
Aut x ADHD -0.03 0.942 0.049 -
Age -0.06 0.563 0.036 -
Sex (Female) 0.17 0.432 0.033 -
Cognitive 
Ability

0.23 0.032 0.020 -

Parental SES -0.29 0.017 0.018 *a

MH 
Difficulties

-1.15 0.000 0.006 *

Psychological High Aut -1.64 0.000 0.008 *
High ADHD -0.95 0.001 0.011 -
Aut x ADHD -0.12 0.817 0.044 -
Age 0.06 0.626 0.039 -
Sex (Female) 0.30 0.215 0.027 -
Cognitive 
Ability

0.06 0.640 0.040 -

Parental SES -0.01 0.915 0.048 -
MH 
Difficulties

-2.23 0.000 0.009 *

Social High Aut -1.92 0.001 0.012 *
High ADHD -0.66 0.085 0.023 -
Aut x ADHD 0.67 0.351 0.032 -
Age 0.05 0.733 0.043 -
Sex (Female) -0.78 0.023 0.018 b

Cognitive 
Ability

0.01 0.976 0.050 -

Parental SES 0.22 0.190 0.026 -
MH 
Difficulties

-1.01 0.009 0.014 *

Environmental High Aut -1.19 0.000 0.002 *
High ADHD -0.48 0.028 0.019 -
Aut x ADHD 0.06 0.890 0.048 -
Age -0.11 0.239 0.028 -
Sex (Female) -0.07 0.723 0.042 -
Cognitive 
Ability

0.17 0.094 0.024 -

Parental SES 0.07 0.513 0.034 -
MH 
Difficulties

-1.28 0.000 0.003 *

Note: Bold denotes predictor significant at p < .05. 
* Predictor significant after correction for multiple comparisons. 
a Parental SES met significance threshold in models with multiply imputed data, but did not 
meet threshold in complete case analysis
b Sex met significance in complete case analysis only, but not in models with multiply imputed 
data
ADHD = Attention Deficit Hyperactivity Disorder. Aut = Autistic Traits. Aut x ADHD = Aut 
and ADHD Group Interaction Term. MH = Mental Health. SES = Socioeconomic Status. 
Sig.=Significant. QoL = Quality of Life. q-values = Critical q-Values from Multiple Correction 
Procedure

Table 3 Prediction of Quality of Life 
from High Autistic Traits, High ADHD 
Traits Groups, and Their Interaction and 
Mental Health Difficulties
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Relationships with Age, sex, cognitive ability, and 
parental SES

Compared to the more widespread associations that we iden-
tified between autistic traits, ADHD traits, mental health 
and QoL, we found fewer significant relationships with age, 
sex, cognitive ability and parental SES. Before accounting 
for the role of mental health, higher cognitive ability and 
parental SES were associated with physical QoL, sex was 
associated with social QoL and cognitive ability was asso-
ciated with environmental QoL. After accounting for the 
role of mental health, parental SES and its association with 
physical QoL was the only one that remained significant. 
These relationships, or lack thereof, between QoL and some 
of these demographic factors should be interpreted in light 
of a number of considerations. Our measure of SES is based 
on parental information from when twins were 18 months 
of age. This measure was selected as a covariate in analy-
ses because of its high coverage of the sample and use of 
existing records introduced no additional burden on partici-
pants, who were already completing a lengthy testing and 
questionnaire battery for this study. However, it should be 
acknowledged that this measure is likely to be far less rel-
evant to current QoL than information based on the young 
adult’s current SES. Similarly, while sex at birth has been 
used in analyses, young adult gender identity, which may be 
different, may be more relevant to current QoL.

It is also important to note that there were three differ-
ences in patterns of significance between our analyses with 
multiply imputed data and those using complete case data 
only. These related to the role of cognitive ability (physical 
QoL model), parental SES (physical QoL model account-
ing for mental health), and sex (social QoL models account-
ing for mental health). These differences could be due to a 
number of factors; they may indicate that multiply imputed 
data better account for processes that produce missing data, 
or a poorly specified multiple imputation model producing 
invalid results compared to complete data. Since the reasons 
cannot be determined in the current design, these particular 
results should be considered with more caution.

Strengths and Limitations

The inclusion of a moderate sized, community-based sample 
of young adults (including 260 with high autistic traits, high 
ADHD traits or both) is a key strength of this study. Many 
QoL studies in relation to autism and autistic traits have 
focused on small and clinically-derived samples (Ayres et 
al., 2018; Sáez-Suanes & Álvarez-Couto, 2021). There is 
also relatively little research into QoL and ADHD in adults 
(Agarwal et al., 2012). As such this study extends the cur-
rent knowledge base and forms a bridge between autism and 

QoL across all domains. After accounting for the impact of 
mental health, we still found largely the same pattern of 
significant results in relation to the autistic and ADHD trait 
groups. Specifically, those in the high autistic traits group 
still reported significantly lower QoL across all domains, 
independent of their mental health status. The independent 
effect of ADHD group in the physical and psychological 
domains also remained, although the relationship with high 
ADHD traits and lower environmental QoL was no longer 
significant. Lower environmental QoL in those with high 
ADHD traits may be largely due to co-occurring mental 
health difficulties or inequalities arising from mental health 
status.

In relation to the perseverance of the relationship 
between high autistic traits and lower QoL after account-
ing for mental health, our results are consistent with Mason 
et al., (2018) who found that continuous autistic traits and 
having a mental health condition were both significant inde-
pendent predictors of self-reported QoL across domains in 
370 autistic adults. Coversely, Oakley et al., (2021) found 
no effect of autistic traits in their adult sample (106 autistic, 
86 non-autistic) after accounting for continuous anxiety and 
depressive traits. They suggested that this might be because 
(a) the areas of QoL most affected by core autism character-
istics are not reflected in the WHOQOL-BREF or (b) that 
at older ages individuals develop compensatory strategies 
that attenuate the link between autism characteristics and 
QoL. Our findings, which used the WHOQOL-BREF with 
adults of a similar mean age, suggest that these factors do 
not explain the conflicting findings. In our study and Mason 
et al.’s (2018), mental health was represented using a single 
dichotomous variable (any vs. no mental health difficulty), 
so it may be the use of multiple continuous mental health 
scores that explain Oakley et al’s different results. In the 
current study, we chose to explore differences between 
those with any vs. no mental health difficulties (in line with 
previous work by Mason et al., 2018). It should also be 
noted that the reduced subset of the MINI employed in this 
study only examined a few different types of mental health 
difficulties. Therefore, further research should explore the 
impact of a broader range of mental health difficulties and 
consider how different types of co-occurring mental health 
difficulties are related to QoL, alongside autism, ADHD (or 
traits) and their overlap. Nonetheless, our findings would 
suggest that support aiming to improve QoL for adults with 
neurodevelopmental conditions or mental health difficulties 
should consider the role of autistic traits, ADHD traits, and 
mental health difficulties simultaneously.
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without some of the possible biases associated with clinical 
samples. Therefore, this may improve inclusion of groups 
who are typically under- or mis-diagnosed and hence not 
fully represented in clinical settings (e.g. females; Loomes 
et al., 2017). Nonetheless, we highlight that the IDEAS 
sample is also selected, albeit differently to clinical studies, 
so is likely to present with its own unique biases.

Despite some of the strengths of our high traits approach 
it is important to consider that results from more inclusive 
criteria may be less representative of the experience of clini-
cally diagnosed autistic or ADHD adults, and may fail to 
reflect their poor experiences in relation to QoL. However, 
evidence suggests that the continuum of autistic (Lundström 
et al., 2012; Ronald et al., 2006; Robinson et al., 2011), and 
ADHD (Larsson et al., 2012; Stergiakouli et al., 2015) traits 
are underpinned by the same genetic variation as the diag-
nosed conditions. From this perspective, our findings from 
high traits groups should still provide some valuable infor-
mation when considering the QoL of those diagnosed with 
autism and/or ADHD.

There are several other considerations concerning the 
selection of high and low ADHD groups and the type of 
measures used. Our high ADHD traits group included those 
who appeared to meet full current ADHD diagnostic crite-
ria as well as those reporting generally high levels of traits. 
As such, our grouping does not distinguish between those 
with persistent levels of ADHD/traits across the lifespan, 
and those who may be reporting these experiences for the 
first time in adulthood. Ongoing debate remains concerning 
to what extent adult-onset ADHD is similar to or distinct 
from persisting childhood-onset ADHD in terms of aetiol-
ogy and neural mechanisms (Asherson & Agnew-Blais, 
2019; Polanczyk et al., 2019). Further work should examine 
differences in QoL between ADHD groups reporting differ-
ent patterns of onset/persistence, and whether they present 
similar interrelationships with QoL and autistic traits as we 
have found here.

Concerning the measures used in this study, there was 
a heavy emphasis on current self-report information, for 
autistic and ADHD traits, mental health and QoL (the 
ADOS-2 was the only current observational measure). In 
some respects, this is a strength of the study as it emphasizes 
the relationships between the current subjective experiences 
of young adults. However, these results may be questioned 
if young adults themselves do not provide the best infor-
mation on their own traits and difficulties. For example, in 
relation to autism and ADHD there are concerns that we do 
not have strong evidence as to when/if self-reports are the 
most useful source of information (Hartman et al., 2016). 
Related to this issue, the reliance on self-report information 
means that we cannot rule out a response bias; those likely 
to endorse high autistic or ADHD traits, may also be likely 

ADHD QoL research. However, some limitations should 
be considered with respect to this sample and our study. 
Studying a sample of twins, may in itself affect our findings 
on QoL in young adulthood. Twins may differ from non-
twin populations in relevant ways; for example, twins have 
greater sibling attachments (with their twin) in adult life 
compared to non-twin siblings (de Oliveira Landenberger et 
al., 2021; Fraley & Tancredy, 2012). This could be impor-
tant as previous research has highlighted that social/infor-
mal support (e.g., Bishop-Fitzpatrick et al., 2018), social 
networks (Mason et al., 2018), and lower loneliness (Lin & 
Huang, 2019) are related to more positive QoL in autistic 
adults. For adults with ADHD, improved QoL is related to 
having a friend (Rimmerman et al., 2007). Thereby, differ-
ences in the social lives and supports of twins might influ-
ence their QoL (and its interrelationship with other factors) 
compared to non-twins. Therefore, it would be beneficial 
for our findings to be replicated in non-twin samples, and 
further research could examine the role of twin-status on 
QoL in adulthood.

Exclusion of individuals with low IQ (estimated from 
adolescent data) in this study means that our sample is not 
representative of individuals across the full continuum of 
autistic and ADHD traits in adulthood. This represents a key 
bias in our sample for several reasons. Adolescent estimated 
IQ data were used for this exclusion as this was the most 
recent timepoint with available data for all participants of 
interest (i.e. those from previous TEDS sub-studies). Typi-
cally, IQ does show a high degree of stability between ado-
lescence and young adulthood (Deary et al., 2000) however 
we cannot rule out that participants who would now have 
an IQ in the average range may have been excluded. Since 
IQ may not be a reliable indicator of functional abilities in 
those on the autism spectrum (Alvares et al., 2020), it is 
also possible that some excluded participants would have 
proved able to complete the long and complex battery of 
tasks in IDEAS.

Future work building on our findings should seek to 
include those with a broader range of cognitive and func-
tional abilities. Some studies of autistic adults’ QoL have 
used parental proxy-reports to capture the QoL of adults 
with intellectual disability (Hong et al., 2016; Knüppel 
et al., 2018; Moss et al., 2017). However, the validity of 
proxy-report QoL has been questioned because these rat-
ings seem to be consistently lower than self-report (Jons-
son et al., 2017). Overall, it has been highlighted that more 
needs to be done to include the experiences of those often 
excluded from studies using self-report QoL measures (e.g. 
Shogren et al., 2021).

The use of high autistic/ADHD traits, rather than rely-
ing on clinical diagnoses, allowed us to examine the QoL 
of those who have substantial autistic and/or ADHD traits 
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need of support in these areas. The types of support that 
would be beneficial are likely to differ based on an individ-
ual’s particular QoL profile and circumstances. Therefore, 
future research should specifically aim to identify which 
supports promote the best QoL for specific groups, taking 
into account their traits of both autism and ADHD, as well 
as wider factors.

Our findings also have implications beyond clinical ser-
vice provision specific to neurodevelopmental disorders. 
Given the association of high autistic and ADHD traits with 
lower quality of life, it may be important for general mental 
health services to routinely screen for and consider the role 
of co-occurring autistic and ADHD traits in the design and 
implementation of interventions and treatments for general 
mental health needs.
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to endorse poorer QoL or mental health, irrespective of how 
these constructs actually manifest or would be judged by an 
observer/clinician.

An additional consideration is the length of time between 
participants completing different measures within the 
study. Due to the length of the testing and questionnaire 
battery employed in IDEAS, participants often completed 
online questionnaire measures (WHOQOL-BREF, SRS-
2, BAARS-IV, Cognitive Ability) separately to in person 
assessments (ADOS-2, DIVA 2.0, MINI). Furthermore, 
a small subset of participants completed some measures 
(WHOQOL-BREF, SRS-2, ADOS-2) at different time 
points with the related SR Study. Given that the WHOQOL-
BREF asks participants to assess their QoL within the last 
two weeks, the gap between completion dates across mea-
sures for some participants, raises additional questions in 
the interpretation of our findings. Nonetheless, it is encour-
aging that our key findings in relation to QoL, high autistic 
traits, high ADHD traits and mental health seem to have 
been robust to temporal differences in measure completion.

Furthermore, for the current study we focused on a 
relatively narrow range of additional factors in relation to 
autistic traits, ADHD traits, their possible interaction and 
QoL. However, we recognize that there are likely to be 
many other important factors influencing the relationships 
we have examined. Future research is needed to address 
the roles of physical health, medication use, independence, 
and access to services in relation to QoL in autism/ADHD 
groups. Camouflaging of neurodivergent traits, in particular, 
deserves inclusion in studies of QoL in these groups, since 
‘masking’ has been reported to be negatively associated 
with wellbeing in autism (Cook et al., 2021) and is begin-
ning to be explored in ADHD research (Young et al., 2020).

Finally, while we have chosen to focus on current traits 
and experiences, future work may wish to consider longi-
tudinal associations between childhood autistic and ADHD 
traits and adult QoL. These findings may be of greater utility 
clinically by identifying areas for early support for autistic 
children and those with ADHD to reduce the likelihood of 
poor QoL outcomes in adulthood.

Conclusions

Our study found that young adults with high autistic traits 
experienced lower QoL across all domains than their low 
traits counterparts. Therefore, those with high levels of 
traits, not just diagnosed autistic adults, may benefit from 
targeted support to improve their QoL. Additionally, those 
with high autistic traits with co-occurring high levels of 
ADHD traits have especially poor QoL in relation to their 
physical and psychological health and may be in particular 
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