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Abstract

Background: The concept of neurodiversity draws upon scientific research, and

lessons from practice and lived experience to suggest new ways of thinking about

neurodevelopmental conditions. Among the formative observations are that char-

acteristics associated with neurodevelopmental conditions are part of a “broader

phenotype” of variation across the whole population, and that there appear to be

“transdiagnostic” similarities as well as differences in these characteristics. These

observations raise important questions that have implications for understanding

diversity in neurodevelopmental conditions and in neurocognitive phenotypes

across the whole population.

Method: The present work examines broader phenotypes using seven widely used

self‐report assessments of traits associated with autism, ADHD, dyslexia, Devel-

opmental Coordination Disorder/dyspraxia, tic disorders/Tourette's, cortical hy-

perexcitability associated with subclinical epilepsy, and sensory sensitivities. A

representative sample of 995 adults (aged 17–77) in the UK completed self‐report

measures of neurodiversity, wellbeing, generalized anxiety, and depression, and

cognitive abilities (nonverbal intelligence and executive functioning).

Results: We used confirmatory factor analysis to test whether variation and

covariation was better characterized (1) by traditional diagnostic labels, or (2)

transdiagnostically according to similarities in functions, behaviours, or phenomena.

Results indicated that neurodiversity characteristics were best explained using a

bifactor model with one general “N” factor and four condition‐specific factors.

Conclusion: This was the largest examination to date of the factor structure of

broader phenotypes relevant to neurodevelopmental conditions. It provides critical

benchmark data, and a framework approach for asking systematic questions about

the structure of neurocognitive diversities seen in the whole population and in

people with one or more diagnoses.
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INTRODUCTION

The concept of neurodiversity draws upon lessons from lived expe-

rience, clinical and educational practice, and scientific research to

suggest new ways of thinking about neurodevelopmental conditions

(e.g., Fletcher‐Watson, 2022). One formative set of observations

concerns “complexity”.1 There are many differences between in-

dividuals diagnosed with a given neurodevelopmental condition, and

there also appear to be “transdiagnostic” similarities, and co‐
occurrence of neurodevelopmental conditions is common (e.g.,

Astle et al., 2022). Another formative observation is that character-

istics associated with neurodevelopmental conditions are part of a

“broader phenotype”2 of variation across the whole population.

These observations have implications for how we conceptualise and

study diversity in neurocognitive phenotypes. For example, such

observations raise questions about whether the standard diagnostic

categories give the best account of the complex patterns of variation

and highlight the relevance of examining patterns of variance in the

whole population. In the present work we pursue these questions by

examining the factor structure of individual differences in traits

associated with six neurodevelopmental conditions in a representa-

tive sample of 995 adults from the United Kingdom.

Neurodiversity concepts and terminology

The term “neurodiversity” originated in the autistic advocacy move-

ment that challenged mainstream medical models by conceptualising

autism in terms of neurocognitive differences, rather than pathol-

ogies (Blume, 1998; Singer, 1999). The term's scope has since

broadened to include other neurodevelopmental conditions (e.g.,

Fletcher‐Watson, 2022), and its meanings have become diverse and

contested (e.g., Dwyer, 2022). However, a common thread remains

that neurodevelopmental conditions are part of a bigger picture of

variation in neurocognitive phenotypes across the whole population.

This has generated related terminology, whereby people whose

neurocognitive profiles are more frequent in the population are

described as “neurotypical”, while those with less frequently

observed profiles (and who might meet diagnostic criteria for a

neurodevelopmental condition) are described as “neurodivergent” (e.

g., Pellicano & den Houting, 2022).

Neurodevelopmental conditions are often distinguished from

psychiatric conditions, which are thought to show cycles of remit-

tance and relapse that contrast with the temporal stability and early

childhood emergence of neurodevelopmental conditions (e.g., Thapar

et al., 2017). The security of this distinction is debatable. Arguments

against the distinction include the observations that some “psychi-

atric” conditions—such as schizophrenia—show patterns of develop-

mental emergence that resemble “neurodevelopmental” conditions

(e.g. Birnbaum & Weinberger, 2017; Rapoport et al., 2012), that there

is considerable overlap in the genetic predisposition towards both

schizophrenia and other neurodevelopmental conditions such as

autism and ADHD (Owen & O'Donovan, 2017), and that many neu-

rodevelopmental and psychiatric conditions co‐occur at higher levels

than expected by chance suggesting they may have causes in com-

mon (e.g. Addicoat et al., 2020; Eberhard et al., 2022; England‐

Mason, 2020). The latter argument has been countered by the sug-

gestion that the demands of living with a neurodevelopmental con-

dition in a largely neurotypical world may itself be a cause of at least

some co‐occurrent psychiatric conditions (Alexander‐Passe, 2015;

Cage et al., 2018; Cage & Troxell‐Whitman, 2019; Dwyer, 2022;

Gallant & Good, 2023; Kiraz & Sertçelik, 2021; Mantzalas et al., 2022;

Pryke‐Hobbes et al., 2023; Reindal, 2008). In the present work we

follow the common practice of distinguishing neurodevelopmental

and psychiatric conditions, and we model our data on self‐rated

depression, anxiety, and mental wellbeing separately from neuro-

diversity traits. However, our study was not designed to test these

working assumptions and cannot provide evidence for or against

them.

Neurodevelopmental conditions as complex
phenotypes

It is increasingly recognised that neurodevelopmental conditions are

“complex”, and that this complexity matters for recognising and

providing for individual needs, and for conceptualising research

(Embracing Complexity, 2021). The phenotypes of people with a

particular diagnosis can be highly variable. For example, the DSM‐V‐
TR criteria for autism include: stereotyped or repetitive motor

movements, use of objects, or speech; insistence on sameness,

inflexible adherence to routines, or ritualized patterns of verbal or

nonverbal behaviour; highly restricted, fixated interests that are

abnormal in intensity or focus; hyper‐reactivity or hypo‐reactivity to

sensory input or unusual interest in sensory aspects of the environ-

ment (APA, 2022, pp. 50–59). Diagnosis requires the presence of two

Key Points

� Known: Neurodevelopmental conditions show consider-

able phenotypic variability, and high rates of co‐
diagnosis. Cognitive and behavioural characteristics

associated with these conditions show “broader pheno-

types” across the whole population.

� New: We employed self‐report broader phenotype

measures for six neurodevelopmental conditions. Bifac-

tor modelling revealed that a single N factor accounted

for variance on all measures, and the largest proportion

of variance overall. Four further factors accounted for

additional unique variance in traits often associated with

autism, ADHD, cortical hyperexcitability, and dyslexia/

Developmental Coordination Disorder (DCD)

respectively.

� Relevance: The N þ 4 factor structure suggests that

broader phenotype scales measure both general “neu-

rodiversity”, and variability in traits that are more con-

dition specific. Distinguishing these sources of variance

may be valuable for understanding the highly variable

experiences and needs of people with a neuro-

developmental diagnosis.
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(or more) of these criteria in any combination. This yields 10 unique

combinations, without taking account of the distinctive ways in which

individuals might meet any criterion. This complexity becomes even

more pronounced in the case of phenotypes for ADHD (APA, 2022,

pp. 59–66); both the DSM‐V‐TR criteria for inattentive ADHD and

the criteria for hyperactive‐impulsive ADHD each require six or more

symptoms to be present out of a list of nine potential symptoms, or

five out of the nine for individuals aged 17 or older—for each sepa-

rate diagnosis in adults this yields 84 unique combinations (126

combinations for individuals being diagnosed when aged 17 or older),

or 7056 unique combinations in the case of a diagnosis of combined

inattentive and hyperactive‐impulsive ADHD (15,876 combinations

for people undergoing the diagnostic process when aged 17 or older).

Whilst a diagnosis of dyslexia cannot be met by such varied combi-

nations of symptoms, it is located within the DSM‐V‐TR under the

broader category of ‘Specific Learning Disorder’ and any one of the

following four symptoms is sufficient (along with other mandatory

criteria) for a diagnosis: inaccurate or slow and effortful word

reading; difficulty understanding the meaning of what is read; diffi-

culties with spelling; or difficulties with written expression

(APA, 2022, pp. 66–74).

It is also very common for a person with one diagnosis to meet

the criteria for one or more other diagnoses. For example, meta‐
analysis indicates that the prevalence of ADHD among autistic peo-

ple is approximately 40% (Rong et al., 2021), 14% of autistic people

may have dyslexia (Hofvander et al., 2009), and 5%–46% experience

epileptic seizures (Ghacibeh & Fields, 2015). Approximately 45% of

people with ADHD may also have a specific learning difficulty

(DuPaul et al., 2013), 47% may have challenges with motor skills

(Farran et al., 2020), 13% may meet criteria for an autism diagnosis

(Zablotsky et al., 2020), and 1.2% may have Tourette's (Danielson

et al., 2018). Over 50% of children with dyslexia may also have motor

difficulties associated with DCD (Chaix et al., 2007), and over 50%

also met the criteria for ADHD (Hirschtritt et al., 2015), and the co‐
occurrence of ADHD amongst people with epilepsy is between 28%

and 70% (Berl et al., 2015).

Finally, while diagnostic categories emphasise “core” features

that are distinctive of a particular condition, other “non‐core” fea-

tures may be equally important or sometimes more important con-

tributors to people's experience and needs. Such observations put

pressure on traditional diagnostic categories and have led some to

question the validity of categorical diagnoses and the utility of these

diagnoses as selection criteria for research (e.g., Astle et al., 2022).

Others have argued that diagnostic categories retain utility, but that

they should be combined with new approaches that do justice to

complexity that is not well‐captured by a categorical approach (e.g.,

Dwyer, 2022; Happé & Frith, 2020). In what follows we lay ground-

work for one such approach to this challenge.

Broader phenotypes

While the practice of diagnosis and the tradition of case‐control

studies emphasises categorical distinctions between people “with”

and “without” a particular condition, there is also evidence that many

people with neurodevelopmental conditions tend towards the ex-

tremes of a phenotypic “spectrum” that runs across the whole

population (e.g., Baron‐Cohen et al., 2001; Conners et al., 2003; Fong

et al., 2019; Gaffney et al., 1994; Happé & Frith, 2020; Kirby

et al., 2010; Snowling et al., 2012). There are several ways in which

this “broader phenotype” approach fits well with concepts of neu-

rodiversity. The approach captures “diversity” in terms of continuous

traits rather than categorical distinctions. Broader phenotype mea-

sures often include sub‐scales to measure different phenomena to

reflect the idea that different people can have distinct profiles of

traits associated with that condition.

Moreover, there is no logical or methodological barrier to

profiling an individual on multiple broader phenotype measures,

reflecting the possibility that one person could show high levels of

traits for one, many, or none of the conditions. However, this line of

thinking leads to a challenge of spiralling complexity, given the many

ways in which dimensions of diversity could be combined. In the

present work this challenge is addressed by using factor analysis to

examine the underlying sources of covariance across multiple

measures.

Sampling from the whole population

The broader phenotype perspective suggests that variance in traits

related to neurodevelopmental conditions can be observed across

the whole population. This transdiagnostic approach to recruitment

captures those who experience differences that do not meet stan-

dard clinical cut‐offs and provides an opportunity to investigate

naturally occurring variation and covariation in neurocognitive phe-

notypes (e.g., Astle et al., 2022). While this approach does not

guarantee that patterns seen in the whole population will be the

same for people with a clinical diagnosis, a sample representing a

whole population enables us to establish a foundation for future

work that examines the consistency of the factor structure in

different groups within the population. It can also be motivated

independently, as a distinctive perspective on human neurocognitive

diversity.

Transdiagnostic approaches to psychiatry and
neurodevelopmental conditions

As for neurodevelopmental conditions there are high levels of co‐
occurrence of different psychiatric conditions, and there is consid-

erable variability between individuals with the same diagnosis. This

has led researchers to question common psychiatric diagnostic cat-

egories (e.g., Robbins et al., 2012). One approach to this challenge

uses factor analysis to examine the statistical structure of symptoms

across large samples of people with diverse psychiatric diagnoses (e.

g., Caspi & Moffitt, 2018). Moreover, given the high rates of co‐
occurrence, such work has sometimes included assessments of

characteristics related to neurodevelopmental conditions (e.g.,

Bloemen et al., 2018; Nordhof et al., 2015). This work suggests that

some variation in symptoms is explained by specific diagnostic fac-

tors, and some by super‐ordinate dimensions of “externalising” and

“internalising” (Caspi & Moffitt, 2018). However, the largest portion

of variation is accounted for by a single “p‐factor” that cuts across all

diagnoses (e.g., Caspi et al., 2014). The p‐factor provides a way of
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conceptualising commonalities in the nature and severity of symp-

toms, “liability” for clinical diagnosis, and high rates of diagnosis with

multiple conditions. In the present work we adopted a factor analytic

approach to investigate the sources of overlap between neuro-

diversity characteristics, while remaining agnostic about the rela-

tionship between neurodevelopmental and psychiatric conditions.

Summary of aims

We investigated the latent factor structure of neurodiversity by

examining individual differences in characteristics associated with

autism, ADHD, dyslexia, dyspraxia, tic disorders/Tourette's, cortical

hyperexcitability associated with epilepsy, and sensory sensitivities.

These were chosen because the associated conditions are among the

most frequent neurodevelopmental conditions (Cleaton &

Kirby, 2018; Francés et al., 2022; Straub et al., 2022; Zablotsky

et al., 2019) and had broader phenotype scales with two or more

subscales. The exception to this principle was the scale of sensory

sensitivities, which is a single scale. This was included because sen-

sory sensitivities are widely reported in different neuro-

developmental conditions but do not routinely feature in current

broader phenotype scales (Ward, 2019). A ‘status quo’ model would

suggest that neurodiversity characteristics are driven by separable

(but sometimes correlated) condition‐specific phenotypes. An alter-

native view is that neurodiversity characteristics co‐occur because

they can be explained by a common factor (or common factors) that

transcends traditional condition categories. Our first aim was to use

theory‐driven and data‐driven latent variable modelling to examine

these alternative underlying structures of individual differences in

neurodiversity traits (Figure 1).

Our second aim was to test whether the best model of the data

was redundant with other measures (such as general cognitive abil-

ity), whether components of the model showed selectivity (showing

distinctive patterns of correlation with other measures), and whether

the model showed relevance to people's everyday wellbeing. Given

evidence of high levels of depression and anxiety among many people

with diagnosed neurodevelopmental conditions (e.g., Howlin &

Magiati, 2017; Katzman et al., 2017) we assessed relevance by

examining relationships with participants' self‐rated depression,

anxiety, and general wellbeing. Our research questions and analysis

plan were pre‐registered on the Open Science Framework prior to

data collection (https://osf.io/rtsjy).

MATERIALS AND METHOD

Participants

A target sample of 1000 participants was determined a priori using

Monte Carlo simulations in Mplus (see Supporting Information: Po-

wer Analysis for further detail). Eighteen participants (7%) were

excluded due to potentially confounding neurological, visual, and

hearing conditions. Of the final sample (N = 995), 503 identified as

women, 484 as men, 4 as non‐binary/other; age ranged from 17 to 77

(M = 44.55, SD = 15.64). 78.3% of participants were White British,

6.36% were Asian British, 3.43% were Black British, 2.42% were of

mixed race, and 8.27% were of other ancestry. Participants used the

MacArthur Scale of Subjective Social Status—Adult Version (Adler

et al., 2000) to self‐assess their relative socio‐economic status

(M = 5.28, SD = 1.514, Range 1–9). More detailed demographic in-

formation about the sample can be found on our Open Science

Framework project page: https://osf.io/cmywb/?view_

only=7b11380503464c6e89ddf622ab8cbd4d.

Procedure

Approval was obtained from the University of Birmingham STEM

Ethics committee, (ERN_22–1192). An online survey was constructed

from self‐report scales designed to measure traits related to common

neurodevelopmental conditions. Participants were recruited online

via Prolific (www.prolific.co) [date accessed 08.05.2023], using their

nationally representative sampling criteria for UK residents (ethnicity

by gender for each age category, Prolific, 2023) and completed a

survey on Qualtrics with questions grouped according to measure.

Measures

The self‐report scales were selected to be reliable for adults, to have

subscales corresponding to key trait domains of each condition, and

to be sensitive to individual differences in the “broader phenotype”

for each trait in non‐clinical samples. The scales were presented in

the order listed in Table 1.

RESULTS

Descriptive statistics

See Table S1 for the descriptive statistics, internal consistencies and

correlations for each measure included in the study. Attention‐check

items were embedded within each scale (11 in total). If participants

failed an attention‐check item by selecting an incorrect response,

their data for that scale were treated as missing (N = 34 failed at

least 1 attention‐check; N = 2 failed 2 attention checks, and N = 2

failed 3 attention‐checks).

Latent factor structure of neurodiversity traits/
characteristics

As specified in the pre‐registration, we conducted latent variable

modelling in Mplus (Muthèn & Muthèn, 2017) using a robust

maximum likelihood (MLR) estimator in each of our analyses (Roos &

Bauldry, 2022). Missing data were handled using Full Information

MLR estimation (Roos & Bauldry, 2022). We evaluated overall model

fit using standard criteria: root mean square error of approximation

(RMSEA) <0.08, a comparative fit index > 0.90, and Tucker Lewis

Index > 0.90 (Brown, 2015). We used modification indices to assess

for areas of model strain. To do this, we examined the highest

modification index relating to correlated residual terms and respe-

cified the model if the expected parameter change was theoretically

4 of 14 - APPERLY ET AL.
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interpretable (Roos & Bauldry, 2022). For assessment of measure-

ment models, we randomly allocated our participants into two

datasets. The test dataset consisted of 498 participants, M

Age = 44.66 years, SD = 15.29, 50.8% female. The hold‐out dataset

for cross‐validation consisted of 497 participants, M

Age = 44.44 years, SD = 16.05, 51.7% female. We then re‐combined

the two datasets to examine correlates of neurodiversity using latent

variable modelling.

We first tested four theory‐driven models (see Table 2). Each of

thesemodels providedapoorfit to thedata.We inspectedmodification

indices for each of these models and respecified each model to incor-

porate correlated residual terms.However, thesemodifications did not

F I GUR E 1 Theory‐Driven MeasurementModelsmodelling the underlying structure of individual differences in neurodiversity traits. SENS =
GSQ Sensory Sensitivities. MOTT = MOVES Motor Tics. VERT = MOVES Verbal Tics. OBSS = MOVES Obsessions. COMP = MOVES
Compulsions. ASOC = AQ Social Skills Difficulties. AROU = AQ Preference for Routines. AIMA = AQ Imagination. ANAP = AQ Numbers and

Patterns. INAT = CAARS Inattentiveness. HYPR = CAARS Hyperactivity. IMPL = CAARS Impulsivity. VISS = CHI‐II Heightened Visual Sensitivity.
AURA = CHI‐II Aura‐LikeHallucinatoryExperiences. VISP = CHI‐IIDistortedVisual Perception. READ = ARQReadingDifficulties.WORD = ARQ
Word Finding Difficulties. GROS = ADC‐R Gross Motor Skills. FINE = ADC‐R Fine Motor Skills.
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TAB L E 1 Scales completed by participants.

Name of scale Likert scale Subscales used Modifications and notes

Autism quotient (AQ, Baron‐Cohen

et al., 2001)

4‐Point: Definitely agree [1], slightly

agree [2], slightly disagree [3],

definitely disagree [4] (some

items reverse‐coded)

Hoekstra et al. (2011): Social skills

[ASOC] (4 of 8 items), Routine

[AROU] (3 of 4 items),

imagination [AIMA] (4 of 8

items), numbers and patterns

[ANAP] (5 of 5 items)

See footnotea

Adult reading questionnaire (ARQ,

Snowling et al., 2012)

Questions 1 & 2: 3‐Point (yes [0], no

[1], don't know/unsure [0.5→1]).

Question 3: 4‐Point (good [0],

average [1], poor [2], very poor

[3]), questions 4–8: 5‐Point

(never [0], rarely [1],

sometimes [2], frequently [3],

always [4])

Reading [READ] (5 questions),

Word finding [WORD] (3

questions)

All questions whose scores did not

load onto the 2 subscales were

removed. ‘Don't know/unsure’

[0.5] was coded onto ‘No’ [1]

(questions 1 and 2)

Conners adult ADHD rating scale

(CAARS, Conners et al., 2003)

4‐Point: Not true at all (Never,

Seldom) [0], just a little true

(Occasionally) [1], Pretty much

true (often, quite a bit) [2], very

much true (very often, very

frequently) [3]

Inattention/Memory problems

[INAT] (12 questions),

Hyperactivity/Restlessness

[HYPR] (12 questions),

Impulsivity/Emotional Lability

[IMPL] (12 questions)

Problems with self‐ concept

subscale removed (6 questions)

Glasgow sensory questionnaire

(GSQ, Robertson &

Simmons, 2013)

5‐Point: Never [0], rarely [1],

sometimes [2], often [3],

Always [4]

Total scale used [SENS] (42

questions, single factor scale, 21

hypersensitivity, 21

hyposensitivity)

None

Motor tic, obsessions and

compulsions, vocal tic evaluation

survey (MOVES, Gaffney

et al., 1994)

4‐Point scale: Never [0],

sometimes [1], often [2],

always [3]

Motor tics [MOTT] (4 questions),

vocal tics [VERT] (4 questions),

obsessions [OBSS] (4 questions),

compulsions [COMP] (4

questions)

4 questions on ‘associated

symptoms’ removed: Echolalia,

echopraxia, coprolalia,

copropraxia

Revised adult developmental

coordination disorders/

dyspraxia checklist (ADC‐R,

Meachon et al., 2022)

‘Never’ [1], ‘sometimes’ [2],

‘frequently’ [3] or ‘always’ [4]

Gross motor difficulties

[GROS] (16 questions), Fine

motor difficulties

[FINE] (10 questions)

Executive functions subscale

removed (11 questions)

Cortical hyperexcitability

index—II (CHi‐II, Fong

et al., 2019)

Two 7‐point scales for each

question: Frequency (0 = never

to 6 = all the time) and intensity

(0 = not at all to 6 = extremely

intense)

Heightened visual sensitivity and

discomfort [VISS] (11 questions),

aura‐like Hallucinatory

experiences [AURA], (9

questions), distorted visual

perception VISP] (6 questions)

Version of scale used where all

questions load onto a distinct

factor

Abbreviated Raven's progressive

matrices task (RPMT, Bilker

et al., 2012)

Multiple choice, 1 correct answer

per question. Questions 1–2 had

6 options, questions 3–9 had 8

options

Total scale used (9 questions from

original 60 RMPT questions: Set

A as produced by Bilker et al.,

2012) to produce a single score

Used as a proxy measure for non‐
verbal ability

Warwick– Edinburgh Mental well‐
being scale (WEMWBS,

Tennant et al., 2007)

5‐Point measuring frequency over

the past 2 weeks: None of the

time [1], rarely [2], some of the

time [3], often [4], all of the

time [5]

Total scale used (14 questions) Higher scores on WEMWBS

indicate higher levels of mental

wellbeing.

Generalized anxiety disorder

assessment (GAD‐7, Spitzer

et al., 2006)

4‐Point measuring frequency over

the past 2 weeks: Not at

all [1], several days [2], more

than half the days [3], nearly

every day [4]

Total scale used (7 questions) Scores from WEMWBS (reverse‐
coded), GAD‐7 and PHQ‐9 were

summed into a combination

scale, which indicated self‐
assessed challenges with mental

health and wellbeing
Patient health questionnaire

(PHQ‐9, Kroenke

et al., 2001)

4‐Point measuring frequency over

the past 2 weeks: Not at all [1],

several days [2], more than half

the days [3], nearly every day [4]

Total scale used (9 questions)
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lead to acceptable model fit. Next, we adopted a data‐driven approach

using exploratory factor analysis with oblique Geomin rotation to es-

timate a first‐order solution incorporating between 1 and 6 latent

factors. We also used exploratory bifactor modelling with orthogonal

Geomin rotation to compare competing bifactor solutions with 1

general factor and between 1 and 5 specific factors. Results of these

EFAs are shown in Table 1. A five‐factor solution provided the best

fitting first‐order model (B5). A bifactor model with one general factor

and four specific factors provided the best fitting bifactor model (B9).

We tested these two models using confirmatory factor analysis (CFA).

CFA of the 5‐factor model specification (with no cross‐loadings)

provided a poor fit to the data (Table 2). Modification indices

suggested that there were correlated residual terms. We respecified

the model to estimate these parameters but this model resulted in

unacceptable parameter estimates as indicated by a negative residual

variance estimate. CFA using the bifactor model specification pro-

vided an initially poor fit to the model. Re‐specification of the model

based on the modification indices improved the overall model fit

(Table 2). We cross‐validated the re‐specified bifactor model in the

hold‐out sample and it fit the data adequately. A simplified path di-

agram of this final model is shown in Figure 2. The standardized

loadings can be found in the Supporting Information (Table S3).

The bifactor model results indicated that individual differences in

neurodiversity characteristics/traits were explained by both a

TAB L E 2 Model fit indices for measurement models.

Description χ2 df CFI TLI RMSEA AIC BIC

Theory‐driven confirmatory factor analysis

A1 One factor model 1231.25 152 0.67 0.63 0.12 51,687.27 51,927.27

A2 Six correlated factors, one indicator 563.00 132 0.87 0.83 0.08 50,913.39 51,237.61

A3 Second‐order factor, six first‐order factors 634.75 146 0.85 0.83 0.08 50,978.79 51,244.05

A4 Bifactor model: One general, five specifica 626.34 128 0.85 0.80 0.09 50,959.78 51,300.84

Data‐driven exploratory factor analysis

B1 One factor model 1231.15 152 0.67 0.63 0.12 51,687.27 51,927.27

B2 Two factor model 880.07 134 0.77 0.71 0.11 51,260.09 51,575.88

B3 Three factor model 638.04 117 0.84 0.77 0.10 50,966.21 51,353.57

B4 Four factor model 353.14 101 0.92 0.87 0.07 50,711.00 51,165.75

B5 Five factor model 244.75 86 0.95 0.90 0.06 50,620.05 51,137.95

B6 Bifactor model: One general, one specific 880.07 134 0.77 0.71 0.11 51,260.09 51,575.88

B7 Bifactor model: One general, two specific 638.04 117 0.84 0.77 0.10 50,966.21 51,353.57

B8 Bifactor model: One general, three specific 353.14 101 0.92 0.87 0.07 50,711.00 51,165.75

B9 Bifactor model: One general, four specific 244.75 86 0.95 0.90 0.06 50,620.05 51,137.95

CFA of models from exploratory factor analysis

C1 Five factor solution (initial) 400.94 130 0.92 0.89 0.07 50,730.32 51,062.95

C2 Bifactor model solution (initial) 455.22 134 0.90 0.88 0.07 50,788.49 51,104.29

C3 Bifactor model solution with correlated residuals 334.39 129 0.94 0.92 0.06 50,656.84 50,993.69

C4 Bifactor model solution with correlated residuals (S2) 381.47 129 0.93 0.90 0.06 50,573.49 50,910.17

C5 Bifactor model solution with correlated residuals (all) 569.19 129 0.93 0.91 0.06 101,215.99 101,608.21

Note: C3. Modification indices suggested that the error terms for the following five pairs of items were correlated: Reading Difficulties and Word Finding

Difficulties (ARQ), Sensory Sensitivity (GSQ) and Heightened Visual Sensitivity (CHI‐II), Fine Motor Difficulties (ADC‐R) and Reading Difficulties (ARQ),

Sensory Sensitivity (GSQ) and Preference for Numbers and Patterns (AQ), Distorted Visual Perception (CHI‐II) and Hyperactivity (CAARS).
aA bifactor model with one general factor and six specific factors did not converge.

T A B L E 1 (Continued)

Name of scale Likert scale Subscales used Modifications and notes

Executive function index (EFI,

Spinella, 2005)

5‐Point Likert scale: Not at all [1],

[2], somewhat [3], [4], very much

[5] (12 items reverse‐coded)

Empathy (6 questions), strategic

planning (7 questions),

organization (5 questions),

impulse control (5 questions)

Motivational drive subscale cut (4

questions).

Used as a proxy for EF skills (higher

scores indicate greater EF skills)

aA 28‐item version of the Autism Quotient (AQ, Baron‐Cohen et al., 2001) by Zhu et al. (2022) was administered to assess traits related to autism.

Participants responded on a 4‐point Likert Scale, with responses summed for each subscale. Preliminary analyses of the subscales indicated that scores

measuring social and communication preferences did not correlate with each other as expected (e.g., social anhedonia and [participation in] social

discourse conventions, r (987) = .04). In a departure from our pre‐registration, we opted for a simpler scoring scheme based on four subscales identified

by Hoekstra et al. (2011): Social skills, Routine, Imagination, and Numbers & Patterns.

A TRANSDIAGNOSTIC APPROACH TO NEURODIVERSITY - 7 of 14
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general neurodiversity factor (that we called “N”) and four orthog-

onal specific factors (that we called A, B, C, D). The N factor captu-

red covariance in traits that crosscut the original condition‐specific

broader phenotype scales. Factor loadings indicated that several

characteristics (e.g., sensory sensitivities, verbal tics, obsessive

behaviour) were not unique to any specific broader phenotype,

loading only on the N factor. A model‐based estimate of reliability,

ωH = 0.81, indicated that 81% of the variance in summed total sco-

res across the original scales was accounted for by the N Factor

(Rodriguez et al., 2016).

The four specific factors captured common variance distinct from

the general N factor in subsets of traits typically associated with

specific neurodevelopmental conditions. Factor A explained variance

in characteristics typically associated with autism. High scores on this

latent factor were linked with lower social and imaginative abilities, a

preference for routines, and low levels of hyperactivity and motor

tics. Factor B explained variance in characteristics associated with

ADHD. High scores were linked with inattentiveness, hyperactivity,

and impulsivity. Factor C explained variance in cortical hyperexcit-

ability. High scores on this factor were linked with visual sensitivity,

aura‐like experiences, and visual perceptual distortions. Factor D

captured characteristics associated with dyslexia and dyspraxia. High

scores were linked with difficulties with reading, fine and gross‐
motor coordination, and inattentiveness, as well as low levels of

compulsive behaviour and reduced preference for numbers and

patterns. Model‐based estimates of reliability indicated that, once

variance due to N was taken into account, the percentage of variance

in summed subscale scores accounted for by the specific factors was

39% for Factor A, ωHS = 0.39, 38% for Factor B, ωHS = 0.38, 42% for

Factor C, ωHS = 0.42, and 25% for Factor D, ωHS = 0.25 (Rodriguez

et al., 2016). Note that, for some items, there were correlated re-

sidual terms that cross‐cut specific latent factors (e.g., hyperactivity

and distorted visual perception). These correlated residual terms

indicate that there was variance in these items that was not

explained by either the general or specific latent factors but was

shared between these items. The general and specific latent factors

were entirely orthogonal (i.e., the correlation between these factors

was fixed at 0).

Participant characteristics and neurodiversity

We first examined the association between the general and specific

neurodiversity latent factors and participants' socio‐demographic

characteristics by regressing each factor onto indicators for age,

gender (0 = man, 1 = woman) and self‐reported socio‐economic

status (see Supporting Information Table S2 for model fit). Com-

pared with younger participants, older participants scored lower on

the N Factor, β = −0.28, SE = 0.03, p < 0.0001, and B Factor,

β = −0.09, SE = 0.04, p < 0.05, but higher on the A Factor, β = 0.27,

SE = 0.04, p < 0.0001. Higher socio‐economic status was negatively

associated with scores on the N Factor, β = −0.15, SE = 0.03,

p < 0.0001, the A Factor, β = −0.16, SE = 0.04, p < 0.0001, and the D

Factor, β = −0.11, SE = 0.04, p < 0.05. There were no gender dif-

ferences on the N Factor but, on average, women had higher scores

than men on the D Factor, β = 0.36, SE = 0.04, p < 0.0001, and men

had higher scores than women on the B Factor, β = −0.40, SE = 0.04,

p < 0.0001.

F I GUR E 2 Path Diagram Depicting Final Bifactor Model. Blue lines indicate positive loadings and red lines indicate negative loadings.

Thicker lines depict stronger loadings. Standardized loadings and residual covariances are shown in Table S2 (Supporting Information).
SENS = GSQ Sensory Sensitivities. MOTT = MOVES Motor Tics. VERT = MOVES Verbal Tics. OBSS = MOVES Obsessions. COMP = MOVES
Compulsions. ASOC = AQ Social Skills Difficulties. AROU = AQ Preference for Routines. AIMA = AQ Imagination. ANAP = AQ Numbers and
Patterns. INAT = CAARS Inattentiveness. HYPR = CAARS Hyperactivity. IMPL = CAARS Impulsivity. VISS = CHI‐II Heightened Visual

Sensitivity. AURA = CHI‐II Aura‐Like Hallucinatory Experiences. VISP = CHI‐II Distorted Visual Perception. READ = ARQ Reading Difficulties.
WORD = ARQ Word Finding Difficulties. GROS = ADC‐R Gross Motor Skills. FINE = ADC‐R Fine Motor Skills.
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Executive function, cognitive ability and
neurodiversity

Next, we examined the links between the general and specific neu-

rodiversity latent factors, executive function (i.e., strategic planning,

organisation, impulse control, empathy) and non‐verbal intelligence.

We regressed each indicator of executive function and non‐verbal

intelligence onto the general and specific neurodiversity factors,

age, gender and socio‐economic status (Supporting Information

Table S2). The dependent variables (i.e., executive function and non‐
verbal intelligence indicators) were permitted to correlate with each

other. The predictor variables (except for the orthogonal factors)

were also permitted to covary in the model. The results of the model

are shown in Table 3. Although the N Factor was associated with

lower empathy and organisation, stronger links were observed be-

tween high scores on the A Factor and lower empathy, and high

scores on the B factor and lower impulse control. The N factor was

not associated with strategic planning, impulse control, or non‐verbal

intelligence. Instead, high scores on the A Factor were associated

with better planning while high scores on the B factor were associ-

ated with poorer planning and somewhat poorer performance on the

non‐verbal intelligence task. High scores on the D Factor were

associated with better empathy but weaker organisational skills.

Factor C was weakly associated with impulse control difficulties and

somewhat poorer performance on the non‐verbal intelligence task.

Mental health, wellbeing and neurodiversity

Finally, we examined the links between the neurodiversity latent

factors and participants' mental health and wellbeing. We regressed

indicators of depressive symptoms, anxiety symptoms, and mental

wellbeing onto the general and specific neurodiversity factors, age,

gender, socio‐economic status and non‐verbal ability (Supporting

Information Table S2). The dependent variables (i.e., mental health

and wellbeing indicators) were permitted to covary. The predictor

variables (except for the orthogonal factors) were also permitted to

covary in The model. The results of the model are depicted in Table 4.

High scores on the N Factor were associated with lower wellbeing

and higher levels of anxiety and depressive symptoms. High scores on

the A and B Factors were also associated with lower wellbeing and

weakly associated with higher anxiety and depressive symptoms.

Scores on the C and D Factors were unrelated to anxiety or

depressive symptoms.

DISCUSSION

We conducted a pre‐registered series of theory‐driven and data‐
driven analyses of our data on the broader phenotypes associated

with six neurodevelopmental conditions (autism, ADHD, dyslexia,

dyspraxia, tic disorders/Tourette's, cortical hyperexcitability associ-

ated with epilepsy) plus sensory sensitivities. Theory‐driven analyses

tested alternative models of co‐variance between broader phenotype

TAB L E 3 Standardized robust maximum likelihood (MLR) estimates for relations between neurodiversity factors, executive function and

non‐verbal ability.

Empathy Strategic planning Organisation Impulse control Non‐verbal ability

β SE β SE β SE β SE β SE

N Factor −0.15*** 0.04 −0.03 0.04 −0.33*** 0.03 −0.08 0.07 −0.05 0.04

A factor −0.37*** 0.04 0.11* 0.04 0.04 0.03 0.18*** 0.03 0.05 0.04

B factor −0.17*** 0.04 −0.20*** 0.04 −0.02 0.03 −0.53*** 0.04 −0.11** 0.04

C factor −0.05 0.04 0.02 0.04 −0.01 0.03 −0.09** 0.03 −0.11** 0.04

D factor 0.11** 0.04 0.01 0.05 −0.19*** 0.04 0.03 0.04 0.04 0.05

Age 0.12*** 0.03 0.02 0.03 0.11*** 0.02 0.21*** 0.02 −0.05 0.04

Gender 0.04 0.05 0.04 0.04 0.02 0.03 −0.14** 0.05 −0.13** 0.04

SES −0.02 0.03 0.23*** 0.03 −0.02 0.02 0.03 0.02 0.05 0.03

Note: A = Characteristics related to autism. B = Characteristics related to ADHD. C = Characteristics linked with cortical hyperexcitability.

D = Characteristics linked with dyslexia and dyspraxia.

***p < 0.001. **p < 0.01. *p < 0.05.

TAB L E 4 Standardized robust maximum likelihood (MLR)
estimates for relations between neurodiversity factors, wellbeing

and mental health.

Wellbeing

Depressive

symptoms

Anxiety

symptoms

β SE β SE β SE

N Factor −0.36*** 0.03 0.52*** 0.03 0.55*** 0.03

A factor −0.42*** 0.04 0.18*** 0.04 0.13*** 0.04

B factor −0.18*** 0.04 0.19*** 0.04 0.28*** 0.04

C factor 0.02 0.04 0.04 0.04 0.05 0.04

D factor −0.12** 0.04 0.08 0.04 −0.05 0.04

Age 0.18*** 0.03 −0.13*** 0.03 −0.12*** 0.03

Gender −0.08* 0.04 0.14*** 0.04 0.24*** 0.04

SES 0.20*** 0.03 −0.14*** 0.03 −0.12*** 0.03

Non‐verbal ability −0.03 0.03 0.02 0.02 0.004 0.02

Note: A = Characteristics related to autism. B = Characteristics related

to ADHD. C = Characteristics linked with cortical hyperexcitability.

D = Characteristics linked with dyslexia and dyspraxia.

***p < 0.001. **p < 0.01. *p < 0.05.
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measures, either while preserving the grouping of subscales accord-

ing to traditional neurodevelopmental conditions, or else dispensing

entirely with these groupings. No model provided a good fit for the

data. Data‐driven analyses allowed subscales to re‐group into new

factors, with the N þ 4 model providing the best fit. As per our pre‐
registered plan, we cross‐validated this model in an entirely new set

of participants, providing confirmatory evidence that the N þ 4

model captures the structure of neurodiversity in representative

samples from the UK population. Below we discuss the implications

of these results.

Factor structure: Patterns of similarity and diversity

Given that each of the original scales was devised to assess the

broader phenotype of a particular neurodevelopmental condition, the

status quo position for examining similarity and diversity between

these phenotypes should retain the structure of the original scales

grouped by condition. The fact that a simpler N þ 4 factor model

provided a better fit for the data suggests that there is overlap in

some of the traits assessed in the original measures, which can be

summarised more effectively with fewer factors. The best model

included a general N factor that accounted for individual differences

in traits that cut across all neurodevelopmental phenotypes assessed.

Individual differences in some traits were also explained by specific

factors A‐D reflecting characteristics associated with autism (Factor

A), ADHD (Factor B), cortical hyperexcitability (Factor C), and

dyslexia/dyspraxia (Factor D). These features of the N þ 4 model

capture the sense that there is considerable overlap in the broader

phenotypes associated with different neurodevelopmental conditions

and that the same traits can be explained by different underlying

causes when they load on both the general factor and a specific

factor.

However, a further critical feature of the N þ 4 model is that its

five factors are orthogonal, meaning that they can vary indepen-

dently of one another. It is informative to contrast this with the

“status quo” approach of studying broader phenotypes of neuro-

diversity by simply using a combination of existing scales for different

phenotypes. The descriptive power of such an approach is severely

limited by the high correlations between scales, which mean (for

example) that a person with a high score on any one scale is likely to

have a high score on every other scale. This makes it very difficult for

a simple combination of these scales to do justice to the apparent

complexity of phenotypes described in the introduction. In contrast

the orthogonality of factors in the N þ 4 model gives much greater

descriptive power by characterising each person on five statistically

independent latent dimensions.

To illustrate, this means that two people who score high on

Factor A could equally well show different profiles across the other

four factors. One person might combine lower social skills and

imagination and a preference for routines (Factor A) with high inat-

tentiveness, hyperactivity, and impulsivity (Factor B), while the other

person might combine the same Factor A traits with high difficulties

with reading, fine and gross‐motor coordination (and/or traits loading

on Factor C) but low traits for Factor B. Of course, the factor

structure does also constrain the likely phenotypes: a person who

scores high on Factor A is likely to report more difficulties with social

skills, social imagination, and a greater preference for routines,

because all three of these subscales load highly onto Factor A.

In summary, the orthogonal N þ 4 factor structure maximises the

differentiation of traits that covary and traits that do not. In doing so

it helps cast light on the “complexity” of neurodiversity broader

phenotypes by identifying sources that account for both the simi-

larities between notionally distinct phenotypes (the N factor), and

sources that can account for highly distinctive patterns of difference

between phenotypes.

Redundancy, relevance, and selectivity

Redundancy

We found no evidence that any of the N þ 4 factors could be

explained in terms of general cognitive abilities (non‐verbal ability, or

executive function). Although general cognitive abilities can explain a

large amount of variance in many aspects of human behaviour (e.g.,

Friedman & Miyake, 2017; Mackintosh, 2011), they did not share the

majority of the variance measured by the N þ 4 factors. Relevance.

We found evidence that the N þ 4 factors measured variance that

was related to other characteristics, for wellbeing, depression, and

anxiety, with the N factor showing particularly strong relationships to

these measures. Importantly, these relationships also showed selec-

tivity. All N þ 4 factors predicted at least one aspect of executive

function and/or wellbeing, depression, or anxiety, but none predicted

all of them. For example, Factors C and D did not predict depression

or anxiety symptoms, and even though the N factor strongly pre-

dicted depression and anxiety symptoms, it only predicted 2 of the 4

aspects of executive function. This observation suggests that the

factors are not only statistically independent but that they are

differentially sensitive to variation in characteristics and experiences

that are important in everyday life.

Interpretation of the factors, and implications for
understanding neurodevelopmental conditions

We must emphasise that the present study examined neurodiversity

broader phenotypes in a representative sample from the whole adult

population of the UK. While 3.23% of our sample said they had a

formally diagnosed neurodevelopmental condition, and a further

12.97% were self‐diagnosed, further work would be necessary to test

whether the conclusions from the present study apply specifically to

either of these groups. With that major caveat we will proceed

cautiously to highlight potential implications based on research

into the factor structure of psychiatric and neurodevelopmental

conditions.

We find evidence of a general N‐factor that accounts for a large

amount of variance across all neurodiversity characteristics. From

prior work on “p factor”, we might expect the N factor to predict the

“severity” of difficulties experienced (regardless of their nature), and

the likelihood of multiple diagnoses now, or in the future. The factor

structure might help explain why high scores on broader phenotype

measures are not consistently related to diagnostic status (e.g., Abu‐
Akel et al., 2019; Lundqvist & Lindner, 2017). For example, it is

10 of 14 - APPERLY ET AL.
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conceivable that a high level on one specific factor (A,B,C, or D) is

necessary but not sufficient for diagnosis. The likelihood of diagnosis

may depend in addition on a co‐occurring high level on the N factor

level.

The orthogonal factor structure also allows for individuals' trait

profiles to arise for multiple reasons. For example, it seems likely that

autistic people would tend to have high scores on the A factor. The

fact that some (but not all) autistic people experience sensory

sensitivity or impulsivity might be accounted for by the N factor,

because those traits load onto the N factor not the A factor. Likewise,

the observation that people with dyslexia sometimes experience

difficulties associated with ADHD could be explained by the combi-

nation of high C‐factor and either high B factor or high N factor, since

traits relevant to ADHD load strongly onto both of the latter factors.

Finally, the same possibilities would make it very plausible that

people might meet diagnostic criteria for a given condition with

different combinations of the underlying factors. Examining these

possibilities directly clearly requires further work. We hope that here

we have illustrated the potential for the N þ 4 model to help do

justice to some of the phenotypic complexity that is widely seen to be

a recurrent feature of neurodevelopmental conditions (Astle

et al., 2022; Dwyer, 2022; Embracing complexity, 2021; Fletcher‐
Watson, 2022).

Factor structure as a “signature”

While it is possible that the factor structure of a majority‐
neurotypical sample may not apply in a sample of neurodivergent

people, the approach taken here provides promising tools for oper-

ationalising this and other questions about variation in neuro-

diversity. Researchers, clinicians, and people with lived experience of

neurodivergence are increasingly questioning how neuro-

developmental conditions are experienced and diagnosed in people

of different genders, ages, ethnicities, or cultural backgrounds (Happé

& Frith, 2020; Macdonald & Deacon, 2019; Mandell et al., 2009). The

current approach can help address these questions by examining the

“measurement invariance” of the factor structure over different

groups. This has the potential to reveal whether the same underlying

structure exists even for different groups who might experience

different levels of difficulty (perhaps neurotypical vs. neurodivergent

groups), and also highlight potential limitations of measures that may

be more suitable or sensitive to the experiences of one group (such as

males vs. females).

What do “broader phenotype measures” measure?

The present work has implications for our understanding of

broader phenotypes of neurodevelopmental conditions, and the

practice of examining them with scales designed to capture the

phenotypes of specific conditions. Put simply, our findings suggest

that each individual broader phenotype scale mostly measures

“neurodiversity”: variability that is general, rather specifically

associated with any one neurodevelopmental condition. Some

scales also measure variability in traits that are linked to particular

neurodevelopmental conditions, but this is only apparent when the

scales are analysed together, allowing the general and specific

variance to be distinguished. We suggest that future work would

benefit from adopting the use of multiple scales linked to different

neurodevelopmental conditions, and examining individual differ-

ences in latent factors, as in the N þ 4 model, rather than scale‐
specific scores.

Assumptions, limitations, and further work

Our approach reflects a common practice of distinguishing between

neurodevelopmental and psychiatric conditions. One consequence

was that our selection of broader phenotype measures prior-

itised conditions that most people would agree were “neuro-

developmental”. A second consequence was that we explored links

between neurodiversity traits and self‐rated depression, anxiety, and

mental wellbeing, rather than testing how they might relate within a

common factor structure. This approach is in accord with claims that

the experience of neurodivergence in a majority‐neurotypical world

can have negative consequences for mental health and wellbeing

(Alexander‐Passe, 2015; Cage et al., 2018; Cage & Troxell‐Whit-

man, 2019; Dwyer, 2022; Gallant & Good, 2023; Kiraz & Sertçe-

lik, 2021; Mantzalas et al., 2022; Pryke‐Hobbes et al., 2023;

Reindal, 2008). However, as noted in the introduction, the distinction

between neurodevelopmental and psychiatric conditions may be

questioned in at least some cases. Future work incorporating mea-

sures of psychosis, internalizing and internalizing will shed light on

the distinctiveness of the N and p factors. Finally, any study of this

kind must make pragmatic decisions about the number of measures

to include, and therefore the number of broader phenotypes that are

represented in the data. Our selection of 7 broader phenotype

measures corresponded to some of the most frequent neuro-

developmental conditions (e.g. as identified by Cleaton & Kirby, 2018,

Zablotsky et al., 2019, Francés et al., 2022, Straub et al., 2022), and 6/

7 had two or more subscales. The present study is not an exhaustive

representation of “neurodiversity”, though given the contested

boundaries between “neurodevelopmental” and “psychiatric” condi-

tions it is not currently clear what ought to be included in an attempt

at such an exhaustive project.

Future work is necessary to examine the relationships between

broader phenotypes for a larger set of neurodevelopmental and

psychiatric conditions. It is equally important to test the invariance of

factor structures over different measures of the same putative

phenotype. It cannot be taken for granted that the same general and

specific factor structure will emerge when different measures are

employed. The most powerful evidence would come from conver-

gence between findings from self‐assessments of the kind employed

here and those from third‐party informants (such as friends, parents,

teachers, or clinicians). Ratings from third‐party informants would

make it possible to examine the broader phenotypes of children who

may not be able to give reliable self‐ratings and would make it

possible to test whether the factor structure changed over devel-

opment. Finally, it is important to recognise that longitudinal

research is uniquely informative about the causal direction of sta-

tistical associations. For example, it is conceivable that the best

statistical models of cross‐sectional data do not support a clear

distinction between neurodevelopmental and psychiatric conditions
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or broader phenotypes. Nonetheless it could be that longitudinal data

still reveal causal priority, for example, showing that earlier neuro-

diversity traits predict later mental wellbeing more strongly than

either the reverse pattern, or concurrent relationships at any one

point in time. Such findings would have implications for individual and

environmental interventions to support mental wellbeing, and

whether they could be tailored to take account of the neurodiversity

of individuals or groups.

CONCLUSION

In a representative sample of 995 adults, the N þ 4 model best

accounted for individual differences in broader phenotype traits

related to 6 neurodevelopmental conditions. A large amount of

variance was accounted for by a general N Factor that cut across

all the original condition‐specific measures, and further variance

was accounted for by 4 specific factors were more strongly linked

to features commonly associated with specific neurodevelopmental

conditions. We believe this is a promising approach to studying the

“complexity” of neurodiversity phenotypes. The current results

have direct implications for future studies of broader phenotypes

across the whole population of neurotypical and neurodivergent

people, and suggest novel, informative, and tractable ways of

addressing related questions specifically in relation to neuro-

developmental conditions.
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ENDNOTES
1 The concept of neurodiversity has other important motivations and

implications (for recent review and discussion see Dwyer, 2022). Here

we focus on the two that are particularly relevant for the present

research.

2 For brevity we will use “phenotype” to refer both to characteristics that

are observable “from the outside” and the lived experience of individual

people.
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