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Abstract

Recent findings suggest that stigma and camouflaging contribute to mental health difficulties

for autistic individuals, however, this evidence is largely based on UK samples. While stud-

ies have shown cross-cultural differences in levels of autism-related stigma, it is unclear

whether camouflaging and mental health difficulties vary across cultures. Hence, the current

study had two aims: (1) to determine whether significant relationships between autism

acceptance, camouflaging, and mental health difficulties replicate in a cross-cultural sample

of autistic adults, and (2) to compare these variables across cultures. To fulfil these aims,

306 autistic adults from eight countries (Australia, Belgium, Canada, Japan, New Zealand,

South Africa, the United Kingdom, and the United States) completed a series of online ques-

tionnaires. We found that external acceptance and personal acceptance were associated

with lower levels of depression but not camouflaging or stress. Higher camouflaging was

associated with elevated levels of depression, anxiety, and stress. Significant differences

were found across countries in external acceptance, personal acceptance, depression, anx-

iety, and stress, even after controlling for relevant covariates. Levels of camouflaging also

differed across countries however this effect became non-significant after controlling for the

covariates. These findings have significant implications, identifying priority regions for anti-

stigma interventions, and highlighting countries where greater support for mental health diffi-

culties is needed.
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Introduction

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

acterised by difficulties in social communication and restricted and repetitive interests [1].

Throughout life, autistic people (‘identity-first’ terminology is used throughout in line with the

preferences of the autistic community [2, 3] and guidance for avoiding ableist language [4])

experience a higher risk of psychiatric and mental health disorders [5] and elevated risks of

premature mortality by nearly two decades relative to their non-autistic peers [6]. In a popula-

tion-derived sample of young autistic people aged 10 to 14, 71% met criteria for at least one

mental health disorder, with 41% having additional psychiatric diagnoses [7]. Similarly high

rates of mental health problems have been found in other studies of autistic adolescents [8]

and autistic adults [9–12]. Two of the most common psychiatric problems for autistic adults

are depression and anxiety [13–16], with prevalence rates for depressive and anxiety disorders

reaching as high as 47.1% and 54.0%, respectively [17]. It is also possible that prevalence rates

of co-occurring psychiatric and mental health difficulties are underestimated, with many autis-

tic individuals being subject to missed, delayed or inaccurate diagnoses [18] and healthcare

needs which remain unmet in health systems modelled on the needs of neurotypical individu-

als [19].

For autistic individuals, mental health difficulties increase the likelihood of poorer long-

term outcomes [20] including lower social and adaptive functioning [11], educational and

employment difficulties [21, 22], poorer quality of life [23–25], and suicidality [26]. To support

autistic people in achieving positive long-term outcomes, it is important to further understand

the presentation of mental ill-health in autism and to determine why autistic individuals are at

higher risk of mental health difficulties. This is crucial since the mental health of autistic indi-

viduals has been identified as a key priority for research across multiple stakeholder groups

[27, 28].

There are many factors that could contribute to elevated mental health difficulties in

autism. For example, since the prevalence of alexithymia (a subclinical condition characterised

by difficulties identifying, expressing and differentiating emotions [29]), a transdiagnostic risk

factor for numerous psychiatric conditions (e.g., depression, [30], and anxiety disorders, [31])

is higher in the autistic [49.93%] than the non-autistic population (4.89%; [32]), alexithymia

may lead to increased risk of mental health difficulties in autism. Alternatively, Botha and

Frost [33] advocate the extension of the minority stress model to explain the substantial health

disparities between autistic and non-autistic individuals. The minority stress model posits that

high stress burdens can negatively impact the mental and physical health of marginalised

groups [34]. Such stress burden and resultant poorer health is frequently observed in minority

groups including sexual, gender identity and ethnic minorities [35, 36], and minority stressors

have recently been described to increase depressive symptoms in those with physical disabili-

ties [37]. Examples of minority stressors include everyday discrimination, internalised stigma,

and concealment. In line with this, the current study focuses on the impact of autism accep-

tance and camouflaging (minority stressors) on the mental health of autistic individuals (a

marginalised group).

Autism acceptance, camouflaging and mental health

Autism acceptance, as discussed here, can be defined as “an individual feeling accepted or

appreciated as an autistic person, with autism positively recognised and accepted by others

and the self as an integral part of that individual” [38]. The majority of autistic individuals in

the UK feel that society does not accept [43%] or only sometimes accepts [48%] them as an

autistic person (in total 91%; [38]). In spite of this, until recently, research had not directly
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examined autistic people’s experiences of autism acceptance and how this relates to mental

health difficulties. The first study to do so confirmed a relationship between acceptance and

mental health, finding that autism acceptance from external sources (i.e., from family, friends,

and society) was associated with depression and stress [38] and personal acceptance (i.e.,

acceptance of oneself as an autistic person) was associated with depression. In addition, indi-

viduals who spontaneously reported camouflaging their autistic traits also reported higher

symptoms of depression and fewer experiences of acceptance in the past week [38].

Camouflaging can be defined as “the use of strategies by autistic people to minimise the vis-

ibility of their autism in social situations” [39]. These strategies can involve compensation,

whereby autistic individuals develop behaviours to help them manage social situations (e.g.,

learning how to use eye contact or developing scripts to help them navigate social interactions;

[39, 40]), and masking, whereby autistic individuals aim to hide their autistic traits (e.g., delib-

erately suppressing stimming behaviours; [39]). Whilst the vast majority of autistic individuals

report camouflaging to some degree [39], there are indications that camouflaging may be

more common among women [41–49] and those higher in autistic traits [41, 50–52]. There is

inconsistent evidence regarding whether camouflaging is associated with broader cognitive

ability [41], with some studies finding that a higher level of education is associated with greater

camouflaging [50], and others suggesting there is no association between camouflaging and

Intelligence Quotient (IQ) [39, 43, 53] or executive functioning [49].

However, a burgeoning literature suggests that camouflaging may be a risk factor for

depression and anxiety in autism [26, 38, 54–58], irrespective of gender [59]. Interestingly,

Cage and colleagues [38] suggest that camouflaging may mediate the relationship between

social stressors (e.g., lack of autism acceptance, bullying) and anxiety and depression. That is,

those who experience more social stressors (such as a lack of autism acceptance) are more

likely to camouflage their autistic traits, which in turn results in higher levels of anxiety and

depression. However, a recent study found that whilst autism-related stigma was associated

with lower wellbeing, camouflaging did not mediate this relationship (despite camouflaging

being positively associated with autism-related stigma; [60]). Future research should verify

whether camouflaging mediates the relationship between autism acceptance/stigma and anxi-

ety and depression more specifically.

It is important to note that the terms we use to refer to camouflaging vary across the globe

[61]. In Japan, the term ‘over-adaptation’ is used to describe excessive efforts made by people

(i.e., society more broadly) to meet external demands and expectations, even if this means

forcibly suppressing their internal needs [62]. In recent years, this term has been applied to

autism to describe the substantial efforts made by autistic people to fit into an environment as

a result of differences in interpersonal and social behaviour [63–65]. As such, this concept is

highly similar to the construct of camouflaging (see [62] for a discussion around the similari-

ties and differences between the constructs of camouflaging and over-adaptation in autism).

Importantly, there is anecdotal evidence that over-adaptation is associated with poorer mental

health in autistic individuals in Japan [66]. However, to date no empirical studies have tested

this relationship [62], and therefore further study of over-adaptation and camouflaging in

Japan is necessary.

Cross-cultural perspectives on autism acceptance, camouflaging and

mental health

Culture can be defined as “a set of basic assumptions and values, orientations to life, beliefs,

policies, procedures and behavioural conventions that are shared by a group of people” [67].

Unsurprisingly, across different cultures there can be large variation in these beliefs, attitudes
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and behaviours. In the case of autism, we see cross-cultural variation in attitudes towards autis-

tic people: previous research has found that non-autistic college students in the US reported

lower levels of autism-related stigma than their Lebanese [68, 69] and Japanese [70] counter-

parts. Whilst these studies demonstrate that there may be variation in levels of autism stigmati-

sation among non-autistic individuals across cultures, studies have not yet compared autistic
individuals’ experiences of autism acceptance across different cultures. Given that levels of

stigma reported by non-autistic individuals vary cross-culturally, it is likely that acceptance

from the perspective of autistic individuals themselves also vary across cultures. Such cross-

cultural differences may exist in both external acceptance (as experiencing stigma may result

in autistic individuals feeling less accepted by others) and personal acceptance (as stigma can

become internalised resulting in decreased personal acceptance or ‘self-stigma’; [55, 71, 72]).

As Lai and colleagues [73] highlight, it is paramount to determine levels of camouflaging in

the autistic population. Currently, it is unknown how many undiagnosed autistic adults exist

[74]. However, it is thought that there are more undiagnosed autistic individuals in some areas

of the world than others [75]. Investigating the rates of camouflaging across cultures will help

us work towards determining the true prevalence of autism, and its sex/gender ratio, across

the globe. To our knowledge, studies have not yet explored camouflaging in autistic popula-

tions outside of the UK (e.g., [59]) and USA (e.g., [76]), though there are anecdotal reports of

over-adaptation in Japan. Rather than assuming levels of camouflaging in the UK and USA

reflect those globally, researchers should collaborate internationally to compare camouflaging

behaviours cross-culturally. Cross-cultural perspectives are likely to have great utility for

understanding the mechanisms underlying camouflaging, as the social environments autistic

individuals aim to adapt to vary across cultures. For example, by determining whether rates of

camouflaging are higher within certain cultures, we can work towards identifying socio-cul-

tural factors that may contribute to camouflaging. This is important as there is a consensus

among researchers that ‘there is much to be learnt about [the] mechanisms’ involved in autistic

camouflaging [73].

Whilst no research has compared camouflaging across cultures, it seems likely that rates of

camouflaging will vary between cultures for a number of reasons. Firstly, in collectivist cultures

(which prioritise community interdependence and shared group norms and values; [77]),

there may be more pressure relative to individualistic cultures (which prioritise independence

and individualism; [77]) to camouflage one’s autistic traits in order to minimise deviation

from shared group norms. Thus, those in collectivist cultures may alter their behaviour or hide

their autistic traits in order to avoid shame and fit in [70]. By contrast, in regions where there

are more discussions about neurodiversity–both as a movement and as an ideology (e.g., the

United States, Canada, and the United Kingdom; see [78])–individuals may feel less pressured

to camouflage their autistic traits. Finally, since autism-related stigma varies across cultures

[68–70] and reduced autism acceptance is associated with increased camouflaging [38, 60], lev-

els of camouflaging may also differ cross-culturally.

Moreover, to the best of our knowledge, studies have not yet compared the level of mental

health difficulties in cross-cultural samples of autistic individuals. Like camouflaging, there are

reasons to believe there is cross-cultural variation in the levels of these difficulties. Firstly, since

autism acceptance differs across cultures [68–70], the level of mental health difficulties may

also vary because a lack of autism acceptance or stigma is associated with poorer mental health

[33, 38]. Secondly, since beliefs about mental health vary across cultures [79], and these beliefs

can affect willingness to seek and adhere to treatment [80], there may be cross-cultural differ-

ences in levels of mental health difficulties. Finally, given that accessibility of mental health ser-

vices also differs across cultures [81], individuals from certain regions may be unable to get the

help they need, thus leading to poorer mental health. As such, research is necessary to explore
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whether the levels of mental health difficulties experienced by autistic individuals vary across

cultures.

The current study

In the current study, we aimed to replicate the regression analyses from previous research,

which found relationships between experiences of acceptance, camouflaging and mental

health, in a diverse sample of autistic adults. In addition, we aimed to compare autistic individ-

uals’ levels of autism acceptance, camouflaging and mental health across multiple countries:

Australia, Belgium, Canada, Japan, New Zealand, South Africa, the United Kingdom, and the

United States. Importantly, exploring these factors across cultures has the potential to a) eluci-

date the potential routes to greater autism acceptance, reduced need for camouflaging behav-

iours, and improved mental health outcomes, b) identify ‘priority regions’ for anti-stigma

interventions (like those in Ranson and Byrne, [82] and Gillespie-Lynch et al., [83]), and c)

highlight areas where greater support for mental health difficulties is needed. In addition,

since acceptance is likely to vary across cultures, we employed an experimental design which

naturally maximises variation in autism acceptance, thus giving us the ability to more sensi-

tively assess the impact of autism acceptance on camouflaging and mental health respectively.

To fulfil our aims, participants completed a number of questionnaires including Autism

Acceptance Questions [38], the Camouflaging Autistic Traits Questionnaire [52], and the

21-item Depression, Anxiety and Stress Scale (DASS-21; [84]). Participants also provided

demographic information.

Hypotheses

Replicating the regression analyses from previous research. In line with Cage and col-

leagues [38], we predicted that external and personal acceptance would be associated with

depression scores after controlling for age, gender, age of diagnosis, anxiety scores and stress

scores. In addition, we predicted that there would be an association between external accep-

tance and stress scores after controlling for age, gender, age of diagnosis, anxiety scores and

depression scores. As was the case in Perry et al., [60], we hypothesized that autism acceptance

would be associated with camouflaging after controlling for age, gender, age of diagnosis, and

autistic traits. In line with Hull et al., [59] we predicted that there would be an association

between camouflaging and anxiety scores after controlling for age and autistic traits (see Fig 1

for a visual representations of these hypotheses).

Comparing levels of acceptance, camouflaging and mental health across cultures. We

predicted that there would be differences in the level of autism acceptance across countries. In

addition, we aimed to explore whether there were any differences in levels of camouflaging

and mental health difficulties across countries.

Materials and methods

The registered report protocol for this study [85] was published online prior to data collection.

There were no deviations to the registered procedures or primary statistical analyses.

Participants

309 participants were recruited for the current study. These participants were recruited

between January 2022 and October 2022. Three participants did not have a formal diagnosis of

autism from an independent clinician and therefore were excluded. As such, the final sample

comprised 306 autistic adults from eight countries across the globe: Australia (N = 40),
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Belgium (N = 38), Canada (N = 40), Japan (N = 35), New Zealand (N = 31), South Africa

(N = 40), the UK (N = 42), and the USA (N = 40). These countries vary in cultural orientation,

both in terms of individualism-collectivism (individualism scores: Japan = 46; South

Africa = 65; Belgium = 75; New Zealand = 79; Canada = 80; UK = 89; Australia = 90; USA = 91

[86, 87]), and in verticality-horizontality (verticality scores: Belgium = 65; Japan = 54; South

Africa = 49; USA = 40; Canada = 39; Australia = 38; UK = 35; New Zealand = 22 [86, 87]).

While individualistic cultures prioritise independence and distinctiveness [77], collectivist cul-

tures prioritise community interdependence and shared group norms [77]. Relatedly, while

horizontal cultures value equality amongst its members, vertical cultures value hierarchy [88–

90]. Here, we included countries which vary across these cultural dimensions, thus allowing us

to test the putative relationships between acceptance, camouflaging and mental health in a

more diverse sample (than employed previously).

Participants’ gender, age, level of autistic traits, and level of alexithymic traits are detailed in

Table 1. Information regarding participants’ levels of education, income, current verbal level,

childhood verbal level, sexuality, autism diagnosis, age of diagnosis, race, and ethnicity are

detailed in S1 File.

Sample size rationale

In our regression analyses, we planned to include data for all participants who completed the

study in one group (regardless of country of residence) to replicate previous findings [38, 59,

60] in a large and cross-cultural sample of autistic adults. The chosen sample size for these

analyses was based on sample size calculations conducted using G*Power [91], which focused

Fig 1. A visual representation of the relationships that were tested in the current study. Black arrows indicate

positive relationships. Red arrows indicate negative relationships.

https://doi.org/10.1371/journal.pone.0299824.g001
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on replicating the regression analyses of interest from Cage et al., [38], Perry et al., [60] and

Hull et al., [59].

For the following sample size calculations, we used a Bonferroni-adjusted alpha level of 0.0125

to account for multiple testing (4 regression analyses), and a power level of 90% (thereby giving

us higher power than is standard in the field [92, 93]). To replicate the finding from Cage et al.,

[38] that external acceptance and personal acceptance account for 17.5% variance explained in

depression scores after controlling for age, gender, age of diagnosis, anxiety and stress (f2 = 0.37),

51 participants are required. To replicate the finding that external acceptance and personal accep-

tance account for 3% variance explained in stress scores after controlling for age, gender, age of

diagnosis, anxiety and stress, 246 participants are required. To replicate the significant association

between stigma and camouflaging (f2 = 0.069) after controlling for age, gender, age of diagnosis,

and autistic traits (as found in Perry et al., [60]), 211 participants are required. Finally, to replicate

the finding that anxiety accounts for 4% variance explained in camouflaging scores after control-

ling for age and autistic traits (as in Hull et al. [59]), 286 participants are required. Therefore, we

aimed to ensure that our final sample comprised at least 286 participants.

To facilitate the analyses comparing participants’ experiences of autism acceptance,

camouflaging, and levels of depression, anxiety and stress across countries, we ensured that

each group had at least 30 participants (and therefore we had sufficient data to draw compari-

sons between these multiple groups). We selected this cut-off as Sekaran [94] highlights that

“where samples are to be broken into sub-samples. . .a minimum sample size of 30 for each

category is necessary”. Importantly, Sekaran [94] also highlights that “in multivariate

research. . .the sample size should be several times (preferably 10 times or more) as large as the

number of variables in this study”. By recruiting 306 participants to our study, our sample was:

(1) 51 times larger than the number of variables in our multivariate analysis (6 variables: exter-

nal acceptance, personal acceptance, camouflaging, depression, anxiety and stress), (2) met the

required sample size based on our power analyses (largest sample size generated = 286), and

(3) facilitated comparisons between participants in 8 countries.

Participants were recruited via an existing international autism research database kept by

the U21 Autism Research Network. The database was set up as part of a collaboration between

Table 1. Participants’ genders, ages, and levels of autistic traits and alexithymic traits. Means are followed by stan-

dard deviations in parentheses.

Country Gender Age AQ TAS

Australia

(N = 40)

20 Female, 13 Male, 6 Non-binary/Third gender, 1 Choose not

to disclose

28.35

(7.40)

35.15

(7.01)

62.83

(13.12)

Belgium

(N = 38)

17 Female, 16 Male, 2 Non-binary/Third gender, 2 Other, 1

Choose not to disclose

38.87

(9.38)

37.16

(8.14)

64.74

(14.37)

Canada

(N = 40)

20 Female, 14 Male, 4 Non-binary/Third gender, 1 Other, 1

Choose not to disclose

28.48

(9.26)

34.08

(7.47)

63.45

(11.27)

Japan

(N = 35)

11 Female, 20 Male, 2 Non-binary/Third gender, 1 Other, 1

Choose not to disclose

30.63

(7.46)

29.20

(6.47)

52.34

(9.81)

New

Zealand

(N = 31)

11 Female, 17 Male, 1 Non-binary/Third Gender, 2 Other 30.84

(8.38)

36.52

(6.73)

61.55

(12.92)

South

Africa

(N = 40)

20 Female, 18 Male, 1 Non-binary/Third gender, 1 Choose not

to disclose

26.18

(6.17)

29.18

(8.40)

63.80

(15.32)

UK

(N = 42)

15 Female, 18 Male, 5 Non-binary/Third gender, 3 Other, 1

Choose not to disclose

31.71

(10.77)

35.40

(8.54)

62.00

(13.75)

USA

(N = 40)

19 Female, 15 Male, 5 Non-binary/Third gender, 1 Other 31.05

(8.36)

35.42

(6.82)

58.40

(11.30)

https://doi.org/10.1371/journal.pone.0299824.t001
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seven autism research groups across 4 continents and 7 countries (Australia, Belgium, Hong

Kong, Japan, New Zealand, UK, and USA). The aim of this initiative was to diversify samples

recruited for autism research and to generate opportunities to answer questions relevant to the

global autistic community. In the current study, we recruited participants from our sites in

Australia, Belgium, Japan, New Zealand, the UK and the USA. In addition, we recruited partic-

ipants via social media and Prolific, thus allowing us to recruit participants from Canada, and

South Africa. All participants provided informed consent. This study was approved by the Sci-

ence, Technology, Engineering and Mathematics (STEM) ethics committee at the University

of Birmingham (ERN_16-0281AP9D).

Materials and stimuli

Demographic information. Participants were asked a number of demographic questions

to establish the nature of the sample. These included questions about a) age, b) sex assigned at

birth, c) gender identity, d) sexual identity, e) ethnicities, f) country of birth, g) country of resi-

dence, h) years lived in country of residence, i) level of education, j) number of siblings, k)

income, l) co-occurring diagnoses, m) how verbal they would consider themselves now, and

n) how verbal they were as a child (as recommended by Botha, Hanlon and Williams [95]).

Participants were also asked to confirm whether they have an autism diagnosis, which diagno-

sis they received (e.g., Autism vs. Autism Spectrum Disorder), who gave them their diagnosis

(e.g., multidisciplinary team, doctor, clinical psychologist, etc.), and finally the age they

received that diagnosis. This information, along with participants’ questionnaire scores, can be

found at https://osf.io/q8tew/. All identifying information was stored separately in a password

protected database prior to conducting any statistical analyses on the questionnaire data.

Autism acceptance. To measure perceptions of autism acceptance, we used the self-report

autism acceptance questions outlined in Cage et al., [38]. First, to obtain a categorical response

for acceptance, participants were asked whether they feel that society (specified as the general

public, made up of people who do not personally know them) generally accepted them, with

“yes”, “no”, “sometimes” and “prefer not to say” as response options. Second, participants

were asked to respond to the statement “over the past week, I have felt accepted by society as

an autistic person/ person with autism”, on a five-point Likert scale from “strongly agree” to

“strongly disagree”. Next, to measure perceptions of autism acceptance from different sources,

participants were also asked: “how accepted by society do you feel as an autistic person?”;

“how accepted by your family and friends do you feel as an autistic person?”; and “how much

have you personally accepted yourself as an autistic person?”. They reported their responses

on a scale from zero, “not at all”, to ten, “completely”. The English version of the autism accep-

tance questions has acceptable internal consistency (Cronbach’s α = 0.64) and good validity

[38]. These questions also had acceptance internal consistency here (McDonald’s ωt = 0.71).

In the current study, we translated the autism acceptance questions into French and Japanese

to allow us to collect data in Belgium and Japan (see information below).

Camouflaging of autistic traits. To measure the extent to which participants camouflage

their autistic traits, we used the Camouflaging Autistic Traits Questionnaire (CAT-Q; [52]).

The CAT-Q comprises 25 items (e.g., “In social situations, I feel like I’m pretending to be nor-

mal”), rated on a seven-point Likert scale (ranging from one, “Strongly Disagree” to seven,

“Strongly Agree”). Total scores on the CAT-Q can range from 25–175, with higher scores

reflecting greater camouflaging. This self-report questionnaire assesses three different domains

relevant to camouflaging: compensation (strategies used to compensate for socio-communica-

tive difficulties, e.g., “I have spent time learning social skills from television shows and films,

and try to use these in my interactions”); masking (strategies used to present a non-autistic or
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less autistic persona to others, e.g., “I monitor my body language or facial expressions so that I

appear interested by the person I am interacting with”), and assimilation (strategies used to fit

in to uncomfortable social situations, e.g., “I have to force myself to interact with people when

I am in social situations”). The English and Japanese versions of the CAT-Q have strong psy-

chometric properties, including internal consistency (English Cronbach’s α = 0.94; Japanese

Cronbach’s α = 0.87) and test-retest reliability (English Pearson’s r = 0.77; Japanese Pearson’s

r = 0.82 [52, 96]). The CAT-Q also had strong internal consistency here (McDonald’s

ωt = 0.93). In the current study, we translated the CAT-Q into French to allow us to collect

data in Belgium (see information below).

Depression, anxiety and stress. To measure levels of depression, anxiety and stress, we

used the Depression, Anxiety and Stress Scale (DASS-21; [84]). In this 21-item questionnaire,

participants judge whether certain statements (e.g., “I found it hard to wind down”) could be

applied to their life over the past week on a scale from zero to three (0 = “did not apply to me

at all; 1 = “applied to me some of the time”; 2 = “applied to me a considerable degree”; 3 =

“applied to me very much or most of the time”). The 21 items can be reduced to 7 items each

for the depression, anxiety and stress subscales. Total scores for each subscale are calculated

and multiplied by two (meaning that scores for each subscale range from zero to 42), with

higher scores representing higher depression, anxiety and stress. The DASS-21 has been previ-

ously used with autistic participants (e.g., [38, 97]) and the English [38, 97], French [98], and

Japanese [99] versions have good internal consistency and factor validity. This scale also had

strong internal consistency here (McDonald’s ωt = 0.95).

Questionnaires to facilitate controlling for other participant characteristics. The fol-

lowing questionnaires were included to facilitate a) the exploration of the relationships found

previously between autistic traits and camouflaging, and alexithymic traits and mental health

(see S4 File), and b) our analyses in which we control for these participant characteristics (see

Exploratory Analyses).

Autistic traits. The autistic traits of all participants were assessed via the Autism Quotient

(AQ; [100]). This self-report questionnaire assesses five domains relevant to autistic character-

istics (attention switching, attention to detail, communication, social skill and imagination). In

this questionnaire, participants are instructed to respond to 50 items with one of four

responses: ‘definitely agree’, ‘slightly agree’, ‘slightly disagree’ and ‘definitely disagree’. These

responses are scored using a binary system, where endorsing an autistic trait (either mildly or

strongly) is scored as 1, and not endorsing an autistic trait (either mildly or strongly) is scored

as 0. As such, scores on the AQ range from 0 to 50, with higher scores representing higher lev-

els of autistic traits. The English [101], French [102], and Japanese [103] versions of the AQ

have strong psychometric properties. The AQ also had good internal consistency here (McDo-

nald’s ωt = 0.88).

Alexithymic traits. The alexithymic traits of participants was measured via the 20-item

Toronto Alexithymia Scale [104]. This self-report questionnaire comprises 20 items rated on a

five-point Likert scale (from 1, strongly disagree, to 5, strongly agree). Total scores on the

TAS-20 range from 20 to 100, with higher scores representing higher levels of alexithymic

traits. The TAS-20 is the most popular tool for assessing alexithymia and the English [104,

105], French [106], and Japanese [107] versions have good psychometric properties. The TAS-

20 also had good internal consistency here (McDonald’s ωt = 0.82).

Translation of relevant questionnaires

Many of the questionnaires used in this study (e.g., the Depression, Anxiety and Stress Scale,

the Autism Quotient, the Toronto Alexithymia Scale) had already been translated into the
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target languages (English, French, Japanese). However, the CAT-Q was yet to be translated

into French and the Autism Acceptance Questions were yet to be translated into French and

Japanese. We followed the recommendations outlined in Gorecki et al., [108] for conducting

translations for cross-cultural research. As such, we used the forward-backward method of

translation that has been used by other researchers in this field (e.g., [70]).

To check the psychometric properties of the translated versions of the CAT-Q and autism

acceptance questions, we conducted item and factor analyses. Our item analyses demonstrated

good internal consistency for the French and Japanese versions of the autism acceptance ques-

tions and the CAT-Q, across all subscales (see S2 File). Our Principal Component Analysis

revealed a different factor structure for the French version of the CAT-Q relative to the English

version (see S2 File). These results are in line with several other studies that have documented

factor structures that differ from the original English version of the CAT-Q (e.g., Japanese

[96]; Swedish [109]). Nevertheless, these previous studies have concluded that the translated

versions of the CAT-Q are appropriate for use due to their high reliability. Thus, although the

total scores on these scales appear to be reliable indicators of acceptance and camouflaging,

caution should be advised when interpreting the scores on the individual subscales of the

CAT-Q (due to there being differences in factor structure). As a result, in the current study we

did not conduct any analyses involving the individual subscales of the CAT-Q.

Community involvement

Following participatory research guidelines [110, 111], the proposal for this study was

reviewed by members of the autism community (within the Birmingham Psychology Autism

Research Team Consultancy Committee) to ensure that it was in line with their research prior-

ities. The feedback from the community was positive and their advice was actioned.

Results

Experiences of acceptance

Across country groups, 23.5% of participants felt that society accepted them as an autistic per-

son, 48.4% only sometimes felt accepted, and 27.1% did not feel accepted (1.0% prefer not to

say; see Fig 2 for variation across countries). Participants were also asked to rate the statement

“over the past week, I have felt accepted by society as an autistic person”– 36.7% strongly

agreed or agreed, 28.1% neither agreed nor disagreed, and 35.2% disagreed or strongly dis-

agreed (see Fig 3 for variation across countries).

As stated in our registered report protocol [85], here we first include the data for all partici-

pants who completed the study in one group (collapsing across countries) to explore relation-

ships in a large and cross-cultural sample of autistic adults. As registered, for these four

regression analyses, we used a p< .0125 threshold to establish whether to reject the null

hypothesis (corrected for multiple testing). Following this, we then separate participants into

groups based on their country of residence and compare experiences of autism acceptance,

camouflaging, and levels of depression, anxiety and stress across these groups. There was no

missing data on our primary outcome measures for any participants.

Registered analyses: Aiming to replicate previous results in a more diverse

sample of autistic adults

Do personal acceptance and external acceptance significantly relate to depression and

stress?. Following the procedures from Cage et al. [38], we conducted two hierarchical

regression analyses with depression and stress as the outcome variables respectively. In step
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Fig 2. Responses to the question “do you feel that society generally accepts you as an autistic person” across

country groups.

https://doi.org/10.1371/journal.pone.0299824.g002
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Fig 3. Responses to the question “over the past week I have felt accepted by society as an autistic person” across

country groups.

https://doi.org/10.1371/journal.pone.0299824.g003
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one, age, age of diagnosis, gender, and the other DASS subscales were entered; in step two,

external acceptance (i.e., the average of the scores for acceptance from family and friends, and

acceptance from society) and personal acceptance were added.

First, depression was considered as the outcome variable; the variables in step one

accounted for 50.3% of the variance in depression scores. Depression was significantly related

to anxiety [t(295) = 4.29, p< .0001] and stress [t(295) = 7.65, p< .0001], but no other variables

[all p> .0125]. In the second step, adding personal and external acceptance significantly

improved the model [F(2,293) = 11.86, p< .0001, R2 change = 3.41%]. Those who experienced

greater personal acceptance [t(293) = -3.13, p = .0019; see S3 File for exploratory analyses com-

paring the strength of this association across our country groups], lower anxiety [t(293) = 4.00,

p< .0001] and lower stress [t(293) = 7.40, p< .0001] typically had lower depression scores.

External acceptance was not significantly related to depression at our revised p< .0125 thresh-

old [t(293) = -2.03, p = .0430], nor were any of the other variables.

Notably, we identified that external acceptance and personal acceptance were moderately

correlated [r = .371, p< .0001] and loaded on to the same factor in our aggregated sample [fac-

tor loadings: acceptance from family and friends = 0.84; acceptance from society = 0.84; per-

sonal acceptance = 0.68]. Therefore, it was plausible that personal acceptance explained the

same portion of variance as external acceptance in depression scores, leading to a non-signifi-

cant association between external acceptance and depression at our revised p< .0125 thresh-

old. As such, we conducted one further post-hoc multiple regression analysis–this time

excluding personal acceptance–to verify whether this was the case. This analysis revealed that,

when personal acceptance was not included in the model, there was a significant association

between external acceptance and depression [t(294) = -3.68, p = .0003]: those that experienced

higher levels of external acceptance typically experienced lower levels of depression. Hence,

both external and personal acceptance are associated with depression scores but may account

for overlapping variance; when tested together, external acceptance is no longer significantly

related to depression as personal acceptance has greater explanatory power.

In the second hierarchical regression, stress was included as the outcome variable. The vari-

ables in step one accounted for 66.1% of the variance in stress scores. Stress was significantly

related to both depression [t(295) = 7.65, p< .0001] and anxiety [t(295) = 12.17, p< .0001],

but none of the other predictors [all p> .0125]. In the second step, adding the acceptance vari-

ables did not significantly improve the model [F(2,293), 0.07, p = .9287, R2 change = -0.21%];

personal acceptance and external acceptance did not significantly relate to stress scores [both p

> .0125], thus contradicting the results from Cage et al. [38].

Do personal acceptance and external acceptance significantly relate to camouflaging?.

In line with the procedures outlined in Perry et al. [60], we conducted a multiple regression

analysis with camouflaging as the dependent variable, and external acceptance, personal accep-

tance, age, gender, age of diagnosis, and the level of autistic traits as predictors. In conflict with

Perry et al. [60], the only significant relationship was between camouflaging and the level of

autistic traits [t(294) = 8.02, p< .0001; all other p> .0125].

Does camouflaging significantly relate to anxiety?. As in Hull et al. [59], we conducted a

hierarchical regression analysis with anxiety as the dependent variable. In step one, age and

autistic traits were added into the model; in step two, camouflaging was added. The variables

in step one (age and AQ) accounted for 2.30% of the variance, however, neither related to anx-

iety [p> .0125]. In step two, adding camouflaging significantly improved the model [F(1,302)

= 20.84, p< .0001, R2 change = 6.01%]; in line with Hull et al., [59], those who camouflaged

their autistic traits to a greater extent reported greater anxiety [t(302) = 4.57, p< .0001].

Additional exploratory analyses were conducted to evaluate the association between differ-

ent types of external acceptance and depression, the associations between camouflaging and
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depression and stress, and to assess whether strengths of associations between our variables of

interest differed across genders or country groups. These analyses are outside of the registered

replications and are therefore reported in S3 File.

Registered analyses: Comparing autism acceptance, camouflaging and

mental health difficulties across countries

To compare participants’ experiences of autism acceptance, camouflaging, and levels of

depression, anxiety and stress across countries, we conducted a multivariate Kruskal-Wallis

test (since we were unable to establish univariate normality in each country across all six

dependent variables). This analysis included a between-subjects factor country, and the depen-

dent variables external acceptance, personal acceptance, camouflaging, depression, anxiety, and

stress. Here we identified a significant main effect of country across all of these outcome vari-

ables [H(42) = 150.92, p< .0001]; for external acceptance [H(7) = 17.75, p = .0132], personal

acceptance [H(7) = 23.86, p = .0012], camouflaging [H(7) = 15.63, p = .0287], depression [H

(7) = 16.62, p = .0200], anxiety [H(7) = 29.01, p = .0001], and stress [H(7) = 25.73, p = .0006].

To unpack these effects, we next completed a univariate ANOVA for each variable which satis-

fied the conditions for parametric tests (external acceptance) and a Kruskal-Wallis test for each of

the other variables (personal acceptance, camouflaging, depression, anxiety, and stress). In both

cases, we used pairwise comparisons (t-tests for parametric analyses and Dunn’s tests for non-

parametric analyses) with a Benjamini Hochberg False Discovery Rate correction (FDR; [112])

since this adjustment is more powerful than the Bonferroni-type adjustment methods and is rec-

ommended for scenarios in which a large number of hypotheses are simultaneously tested (e.g.,

16–64 hypotheses) [112–117]. For the following analyses, there are 28 pairwise comparisons per

outcome variable and therefore this method of adjustment is most suitable.

Do levels of autism acceptance vary across cultures?. Our analyses revealed that external

acceptance was significantly lower in Japan [mean(standard error of the mean; SEM) = 4.41

(0.39)] than in South Africa [mean(SEM) = 6.14(0.36); t(73) = -3.21, pFDR = .0349], the UK

[mean(SEM) = 5.95(0.35); t(75) = -2.67, pFDR = .0349] and Canada [mean(SEM) = 5.95; t(73)

= 3.18, pFDR = .0349]. External acceptance was also lower in Belgium [mean(SEM) = 4.67

(0.36)] than in South Africa [t(76) = -2.95, pFDR = .0349; see Fig 4, left]. In addition, we identi-

fied that personal acceptance was significantly lower in Japan [mean(SEM) = 5.91(0.44)] than

in the UK [mean(SEM) = 8.14(0.40); Z = -4.02, pFDR = .0016] and USA [mean(SEM) = 8.10

(0.41); Z = -3.83, pFDR = .0018; see Fig 4, right]. There were no other significant differences in

the level of external or personal acceptance across the countries studied. In sum, external

acceptance is lowest in Japan and Belgium and highest in the UK, South Africa, and Canada;

personal acceptance is lowest in Japan and highest in the UK and USA.

Does the degree of camouflaging vary across cultures?. Our analysis also identified that

camouflaging was significantly lower in Japan [mean(SEM) = 108.20(3.90)] than in Australia

[mean(SEM) = 125.2(3.78); Z = 3.45, pFDR = .0155] and the USA [mean(SEM) = 123.5(3.40); Z

= -2.93, pFDR = .0478; see Fig 5].

Do levels of mental health difficulties vary across cultures?. Next, we aimed to compare

the levels of depression, anxiety, and stress that the autistic participants experienced across

each country. Our analysis identified that autistic individuals in South Africa [mean(SEM) =

23.80(1.85); Z = 3.25, p = .0163] and Australia [mean(SEM) = 24.00(1.85); Z = 3.27, p = .0299]

experienced significantly higher levels of depression than those in the USA [mean(SEM) =

15.25(1.85); see Fig 6, top left].

Similarly, we identified that autistic people in South Africa [mean(SEM) = 24.25(1.65)]

experienced significantly higher levels of anxiety than in the USA [mean(SEM) = 12.80(1.65);
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Z = 4.76, pFDR < .0001], Canada [mean(SEM) = 15.05(1.65); Z = -3.78, pFDR = .0022], the UK

[mean(SEM) = 15.43(1.61); Z = 3.54, pFDR = .0037], Australia [mean(SEM) = 16.00(1.65); Z =

-3.39, pFDR = .0048], and Belgium [mean(SEM) = 16.37(1.69); Z = -3.11, pFDR = .0106]. In

addition, the autistic individuals in Japan [mean(SEM) = 19.43(1.77)] experienced higher lev-

els of anxiety than in the USA [Z = 2.89, pFDR = .0177; see Fig 6, bottom left].

Finally, our analysis revealed that the autistic participants in the USA [mean(SEM) = 16.05

(1.66)] experienced significantly lower levels of stress than those in South Africa [mean(SEM)

= 25.60(1.66); Z = 3.85, pFDR = .0033], Australia [mean(SEM) = 24.70(1.66); Z = 3.60, pFDR =

.0045], New Zealand [23.42(1.89); Z = 2.82, pFDR = .0223], and Belgium [22.90(1.71); Z = 2.83,

pFDR = .0254]. In addition, autistic individuals in Japan [mean(SEM) = 18.00(1.78)] had signif-

icantly lower stress scores than in South Africa [Z = -3.21, pFDR = .0122] and Australia

[Z = 2.97. pFDR = .0208; see Fig 6, right].

In sum, there are different profiles of mental health difficulties across each of the countries

studied: autistic individuals in South Africa experience the highest levels of depression, anxi-

ety, and stress, while those in the USA experience the lowest; those in Australia experience dif-

ficulties with depression and stress but have comparable levels of anxiety to the other countries

studied; those in Japan have elevated levels of anxiety, but low levels of stress.

Exploratory analyses: Are there differences in acceptance, camouflaging

and mental health difficulties after controlling for relevant individual

differences?

To assess the contribution of various individual differences to acceptance, camouflaging and

mental health, we conducted a) bivariate correlations between our outcome variables and con-

tinuous individual difference variables (e.g., age, age of diagnosis, autistic traits, alexithymic

Fig 4. Levels of external acceptance (left) and personal acceptance (right) experienced by autistic individuals across Australia (Aus), Belgium (Bel), Canada

(Can), Japan (Jap), New Zealand (NZ), South Africa (SA), the United Kingdom (UK), and the United States of America (USA).

https://doi.org/10.1371/journal.pone.0299824.g004
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traits), and b) Kruskal-Wallis tests comparing our outcome variables across categorical groups

(e.g., gender, sexuality, level of education, income, etc.). This identified that age, age of diagno-

sis, gender, the level of autistic traits, the level of alexithymic traits, sexuality, level of education,

current verbal level, and presence of co-occurring conditions contributed to at least one of the

outcome variables (see S4 File).

Following this, we ran a series of parametric ANCOVAs (for external acceptance) and

ranked ANCOVAs (for variables where parametric assumptions were not met: personal accep-

tance, camouflaging, depression, anxiety and stress) predicting our outcome variables with

country group after controlling for these relevant covariates. This allowed us to verify that any

differences found across countries in acceptance, camouflaging, and mental health were not

underpinned by differences in demographic factors across groups (e.g., age, gender, etc.).

These analyses demonstrated that external acceptance, personal acceptance, depression, anxi-

ety, and stress significantly differed across countries, after controlling for age, age of diagnosis,

gender, the level of autistic traits, the level of alexithymic traits, sexuality, level of education,

verbal ability, and the presence of co-occurring conditions. By contrast, the main effect of

country on camouflaging became non-significant after controlling for these relevant demo-

graphic factors.

In our ANCOVA with external acceptance, the significant main effect of country remained

[F(7,273) = 3.94, p = .0004], after controlling for the covariates. This analysis also revealed that

Fig 5. Levels of camouflaging across Australia (Aus), Belgium (Bel), Canada (Can), Japan (Jap), New Zealand

(NZ), South Africa (SA), the United Kingdom (UK), and the United States of America (USA).

https://doi.org/10.1371/journal.pone.0299824.g005
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Fig 6. Levels of depression (top left), anxiety (bottom left), and stress (right) across Australia (Aus), Belgium (Bel), Canada (Can), Japan (Jap), New Zealand

(NZ), South Africa (SA), the United Kingdom (UK), and the United States of America (USA).

https://doi.org/10.1371/journal.pone.0299824.g006
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higher age [F(1,273 = -15.27, p = .0001] and the presence of co-occurring conditions [F(2,273)

= 8.47, p = .0003] were associated with lower external acceptance. In addition, verbal level had

a significant effect on external acceptance [F(2,273) = 3.39, p = .0350]: non-verbal individuals

[mean(SEM) = 7.17(0.51)] experienced higher levels of external acceptance than minimally

verbal [mean(SEM) = 5.31(0.06)] and verbal [mean(SEM) = 5.43(0.01)] individuals. Similarly,

in our ranked ANCOVA with personal acceptance, the significant main effect of country

remained [F(7,274) = 3.20, p = .0028] after controlling for the covariates. Additionally, this

analysis revealed that higher levels of autistic traits [F(1,274) = 4.61, p = .0327], lower levels of

alexithymic traits [F(1,274) = -4.10, p = .0439], and an absence of co-occurring conditions [F

(2,274) = 3.23, p = .0412] were associated with greater levels of personal acceptance.

In our ranked ANCOVA with camouflaging, we identified that the significant effect of

country group disappeared [F(7,274) = 0.68, p = .6908] after controlling for the covariates.

This analysis also identified that the level of autistic traits [F(1,274) = 14.80, p = .0002] and the

level of alexithymic traits [F(1,274) = 3.88, p = .0497] were significantly related to camouflag-

ing: those higher in autistic and alexithymic traits camouflaged their autistic traits more.

Finally, we also found that camouflaging differed across genders [F(5,274) = 2.42, p = .0359]:

autistic individuals that identified as non-binary/Third gender [mean(SEM) = 132.8] and

women [mean(SEM) = 123.8] camouflaged more than men [mean(SEM) = 109.9].

Next, our ranked ANCOVA with depression identified that the main effect of country

group remained significant [F(7,274) = 2.50 p = .0167] after controlling for the covariates. In

addition, the level of alexithymic traits [F(1,274) = 11.31 p = .0009] and the presence of co-

occurring conditions [F(2,274) = 7.37, p = .0008] significantly related to levels of depression:

those higher in alexithymic traits and/or with co-occurring conditions typically experienced

higher levels of depression.

In our ranked ANCOVA with anxiety, we identified that the significant main effect of

country remained [F(7,274) = 4.17 p = .0002] after controlling for the covariates. Moreover,

the level of alexithymic traits [F(1,274) = 24.83, p< .0001] and the presence of co-occurring

conditions [F(2,274) = 5.52, p = .0045] significantly related to levels of anxiety: those higher in

alexithymic traits and/or with co-occurring conditions experienced higher levels of anxiety.

Finally, anxiety differed as a function of verbal level [F(2,274) = 9.28, p = .0001]: non-verbal

individuals experienced the highest levels of anxiety [mean(SEM) = 29.33], followed by mini-

mally verbal individuals [mean(SEM) = 25.53], followed by verbal [mean(SEM) = 15.77]

individuals.

Finally, our ANCOVA with stress identified that the main effect of country group remained

significant [F(7,274) = 2.18, p = .0361] after controlling for the covariates. In addition, the level

of alexithymic traits [F(1,274) = 34.39, p< .0001] and the presence of co-occurring conditions

[F(2,274) = 5.08, p = .0068] related to levels of stress: those higher in alexithymic traits and/or

with co-occurring conditions experienced higher stress.

Discussion

The current study comprises the first ever cross-cultural investigation of autistic individuals’

experiences of autism acceptance, camouflaging, and mental health difficulties. There were

two primary aims of this study: (1) to determine whether significant relationships between

autism acceptance, camouflaging, and mental health difficulties replicate in a more diverse

cross-cultural sample, and (2) to compare these variables across countries. With respect to the

former, our results partially replicate those found previously, in a more diverse cross-cultural

sample of autistic adults. That is, in line with Hull et al., [59] we found that anxiety was associ-

ated with camouflaging across all countries studied (Australia, Belgium, Canada, Japan, New
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Zealand, South Africa, UK, and USA): those who camouflaged their autistic traits to a greater

extent experienced elevated levels of anxiety (along with heightened depression and stress; see

S3 File). Moreover, we partially replicated the findings from Cage et al. [38]: whilst depression

was (negatively) associated with both personal acceptance and external acceptance (though

note that these variables explain similar portions of variance), stress was not associated with

external acceptance (in contrast to Cage et al. [38]). Finally, in conflict with Perry et al. [60],

the extent to which individuals camouflaged their autistic traits did not relate to the degree of

personal or external acceptance.

The finding that camouflaging one’s autistic traits is associated with higher levels of anxiety

adds to a growing literature suggesting a link between camouflaging and mental health [26, 38,

54–58]. This literature proposes several potential mechanisms that may underlie this associa-

tion. One argument posits that regularly pretending not to be autistic erodes one’s sense of

identity [39], which is known to be crucial for mental health [118–122]. Additionally, since

camouflaging is reported to be exhausting [39, 56], another argument is that it depletes one’s

mental resources, leading to poorer mental health outcomes. Finally, it is thought that

camouflaging can result in the needs of the individual being misunderstood or overlooked

entirely [54], thereby depriving them of the support they need, and further contributing to

diminished mental wellbeing. Due to the substantive qualitative research on potential mecha-

nisms, we have suggested that camouflaging one’s autistic traits may contribute to higher levels

of anxiety, however, it is important to note that the opposite direction of causality is also plau-

sible (as this study is cross-sectional). For example, since highly anxious individuals have

increased threat perception (e.g., [123–125]) it may be that these individuals camouflage their

autistic traits to mitigate this potential threat. If this argument is true, we would expect threat

perception to mediate the relationship between anxiety and camouflaging (though this is yet to

be tested). Another possibility is that there is a bidirectional or cyclical relationship between

these variables such that camouflaging leads to elevated anxiety, which in turn leads to even

higher camouflaging, and so on. Further research is necessary to verify the direction of the

relationships between these variables. Longitudinal research, which examines how relation-

ships between acceptance, camouflaging, and mental health change across time, will be partic-

ularly beneficial for establishing directionality. Additionally, research that involves causal

manipulation, for example studies assessing the impact of autism awareness campaigns, on lev-

els of perceived acceptance, camouflaging, and mental health difficulties, will be useful for

establishing causality between these variables.

There are a number of potential explanations for why we did not fully replicate the results

from Cage et al. [38] and Perry et al. [60]. Firstly, since the sample in the current study was

larger than those recruited previously (here N = 306; Cage et al., N = 111; Perry et al.,

N = 233), and larger samples result in more precise parameter estimates [126], the effect sizes

in previous studies may have been inflated to some extent. Another possibility is that the dis-

crepancy in findings results from differences in mean levels of acceptance and camouflaging

across samples. Participants in the current study experienced higher levels of external accep-

tance [mean = 5.43] and lower levels of camouflaging [mean = 119.56] than in Cage et al.,

[external acceptance mean = 4.86] and Perry et al., [camouflaging mean = 126.65]. Therefore,

our sample can be said to have less severe experiences of stigma and camouflaging than previ-

ous samples and, as such, associations found previously may be driven by those with ‘more

severe’ experiences. Further research is necessary to test whether these associations hold in

samples who have experienced higher levels of stigma and camouflaging.

Another explanation for why we did not replicate the results from Perry et al. [60], specifi-

cally, is that we used a different scale to assess stigma/acceptance. In our study, we used the

autism acceptance questions from Cage et al., [38], whilst Perry et al., [60] used an adapted
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version of the Stigma Consciousness Scale, which assesses awareness of stigmatized status.

Since this scale involves five items on a four-point Likert scale (in comparison to just two

items for external acceptance here), it may be more sensitive to individual differences in per-

ceived stigma/acceptance than our measure, which may explain why we did not detect a signif-

icant association between acceptance and camouflaging. An alternative explanation is that

there is conceptual overlap in the items of Stigma Consciousness Scale and the CAT-Q, that is

not present between the CAT-Q and Cage’s autism acceptance questions. For example, the

question “I almost never think about the fact I am autistic when I’m around others” in the

Stigma Consciousness Scale is similar to the “I always think about the impression I make on

other people” and “I am always aware of the impression I make on other people” items from

the CAT-Q. Although these questions are distinct to some degree–the former concerns autism

specifically while the latter two concern the impression one makes more generally (which may

be affected by other personal characteristics)–there is some conceptual overlap between them.

This overlap may augment the strength of the association between stigma and camouflaging,

resulting in a significant effect (as in [60]). Thus, further research, using measures that assess

fully distinct concepts, is necessary to understand the extent of the association between accep-

tance and camouflaging.

Our results highlight that there are differences in levels of autism acceptance, camouflaging,

and mental health difficulties across country groups. When interpreting such cross-cultural

differences, it is important to consider the equivalence of samples across groups, which can be

influenced by factors such as sampling, accessibility of autism diagnoses, and differences in

demographic factors across countries (e.g., age, age of diagnosis, level of autistic traits, etc.).

Notably, we find that the majority of the cross-cultural differences remain even after control-

ling for relevant factors that may vary across each of our countries (e.g., age, age of diagnosis,

gender, the level of autistic traits, the level of alexithymic traits, sexuality, level of education,

verbal ability, and presence of co-occurring conditions). Therefore, our results provide con-

vincing evidence for genuine cross-cultural variation in these factors, independent of variables

that may distinguish participants across country groups.

In line with our hypothesis, and previous studies identifying cross-cultural variation in atti-

tudes (held by non-autistic people) towards autistic people [68–70], our results show cross-cul-

tural differences in levels of acceptance experienced by autistic people, even after controlling for

relevant covariates. Specifically, we found that individuals in Japan experienced lower levels of

both external and personal acceptance, while individuals in Belgium experienced lower levels

of external acceptance than at least one of the other countries studied. There are many factors

that could be driving these differences in levels of acceptance across countries, such as varying

levels of autism-related knowledge or differences in cultural orientation. With respect to the

former, a growing body of research suggests that those with poorer awareness of autism typi-

cally exhibit higher levels of stigma towards autistic people [68–70, 127–130]. Hence, it could

be the case that individuals in Belgium and Japan have reduced knowledge about autism (rela-

tive to other countries) and therefore display greater stigma towards autistic people–though

research is necessary to confirm this. If this is true, it would be advisable to employ autism

knowledge interventions, like those conducted previously [70, 83, 131–133], in Belgium and

Japan to increase awareness about, and decrease stigma towards, autism. Although this is an

appropriate avenue for future research, it is unlikely that soley differences in knowledge can

explain cross-cultural differences in stigma: recent research revealed that differences between

Japan and USA in stigma remain even after controlling for autism-related knowledge [70]. As

such, it is important to consider other factors that may contribute to autism-related stigma.

Another potential contributing factor is cultural orientation. It is reasonable to assume that

stigma associated with autism–a condition characterised by difficulties fitting into a
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neurotypical world not built for them–might be more pronounced in a society with greater

emphasis on shared group norms (i.e., collectivist cultures) than in one that prioritizes inde-

pendence (i.e., individualist cultures), as being unique may be perceived as a threat in interde-

pendent cultures [70]. Concurrently, stigma may be higher in societies that place greater

emphasis on hierarchy (i.e., vertical cultures) than in those that emphasize equality between its

members (i.e., horizontal cultures). Indeed, a growing body of evidence suggests that autism-

related stigma is higher in collectivist than individualistic cultures (e.g., Japan: [70]; Lebanon:

[68, 69]; South Korea: [127]), and that higher verticality is linked to greater stigma towards

autistic and neurodivergent people [68, 134]. Notably, differences in cultural orientation may

underpin the cross-country variation in acceptance documented here. In the current study,

external acceptance was lowest in Japan followed by Belgium; notably Japan is lowest in indi-

vidualism (Japan = 46; South Africa = 65; Belgium = 75; New Zealand = 79; Canada = 80;

UK = 89; Australia = 90; USA = 91 [86, 87]), and both Belgium and Japan are higher in verti-

cality (Belgium = 65; Japan = 54; South Africa = 49; USA = 40; Canada = 39; Australia = 38;

UK = 35; New Zealand = 22 [86, 87]), than the other countries studied. Further research is nec-

essary to confirm whether differences in cultural orientation underpin cross-country variation

in levels of acceptance. Such research could also attempt to study other aspects of cultural ori-

entation, such as masculinity, uncertainty avoidance, long term orientation, and indulgence

[86, 87, 135, 136], thus moving beyond the binary categorisation of culture that is often seen in

the literature (i.e., individualism-collectivism; see [137] for a critique). In addition, rather than

assuming that all individuals within each country conform to their cultural norm (e.g., all indi-

viduals in the USA are individualists), future studies could index the orientiation of each indi-

vidual participant (e.g., with scales like the Cultural Value Orientation Scale [138]), thus

allowing for intra-cultural variation in these factors. Finally, further research could aim to

determine the relative contributions of cultural orientation, knowledge and other potentially

relevant factors (e.g., openness to experience, contact with autistic people; see S5 File for preva-

lence rates across countries [68, 127]) to autism-related stigma. Such work has the potential to

illuminate routes to increased acceptance of autism.

In addition, we identified significant differences in levels of camouflaging across countries,

with Japanese individuals scoring the lowest, though notably these differences did not remain

after controlling for relevant covariates (e.g., age, age of diagnosis, gender, sexuality, etc.). Fur-

ther research is necessary to confirm whether rates of camouflaging are lower in Japanese

autistic adults; indeed one other large study recently identified even lower camouflaging scores

for this group than documented here (see [96]). If this is confirmed, studies should explore

potential influencing factors. For example, it could that autistic individuals in Japan perceive
that they are camouflaging their autistic traits less because they are acustomed to adapting

other parts of their identity in order to minimise deviation from shared group norms. Alterna-

tively, assuming that the aim of camouflaging is to reach what would be considered a “typical”

level of autistic traits, one explanation is that individuals in Japan have to camouflage less

(than in other countries) to reach such a threshold. This is plausible since the levels of autistic

traits in large general population samples appear to be higher in Japan (means = 21.32–23.29

[139]) than in Australia and the USA (i.e., the countries where we found differences;

mean = 16.03–16.72 [140, 141]). Hence, autistic individuals in Japan may not need to camou-

flage their autistic traits as much in order to ‘fit into’ their society. Relatedly, the extent to

which autistic individuals engage in camouflaging will also depend on the specific environ-

ments they find themselves in, and importantly these environments may vary across cultures.

For example, in certain countries, higher proportions of autistic adults may be unemployed or

in supported employment, where there may be less pressure to camouflage one’s autistic traits.

Conversely, in unsupported employment settings, there may be greater pressure to conform to
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neurotypical norms. This explanation is plausible since there are higher rates of unemploy-

ment and supported employment, and lower rates of unsupported employment, amongst

autistic adults in Japan [142] than Australia and the USA (i.e., where we found group differ-

ences [143, 144]). As such, the autistic participants in Japan may not need to camouflage their

autistic traits as much to fit in to their specific workplace environments (and therefore may

report lower camouflaging). Further research is neccesary to confirm (1) whether rates of

camouflaging are lower in Japan, and (2) the mechanisms underpinning such differences.

Finally, in the current study, we identified different profiles of mental health difficulties

across countries. Specifically, we found that autistic individuals in South Africa experienced

the highest mental health burden, displaying elevated levels of depression, anxiety, and stress,

while those in the USA experienced the lowest. Notably, this increased mental health burden

in South Africa may not be unique to the autistic population but rather reflect increased men-

tal health difficulties in the general population. Future studies employing well-matched non-

autistic samples (e.g., as in [44]) are necessary to test whether these cross-cultural differences

are unique to the autistic population. Nevertheless, there are several potential explanations for

these cross-cultural differences in mental health difficulties. One idea is that there are systemic

and attitudinal barriers to accessing support in certain countries [79–81], thus leading to

greater prevalence and severity of mental health difficulties. This explanation is particularly

plausible given that 47.2% of adults with a mental illness in the USA accessed mental health

services in the past year [145] in comparison to just 25.5% of individuals in South Africa [146].

This discrepancy could be due to several systemic barriers: insufficient funding, a lack of

human resources and facilities, a scarcity of child and adolescent services, and inconsistent

availability of medication all pervade South African health services [147]. Concurrently, a lack

of awareness about, or stigma towards, mental illness [147, 148], low perceived need for treat-

ment, or perceptions that the support will be ineffective may also contribute to this discrep-

ancy [148]. Consequently, as highlighted by the South African Human Rights Commission

[147], it is necessary to dismantle systemic barriers (e.g., design services for children and ado-

lescents) as well as attitudinal barriers (e.g., by introducing stigma reduction programs in

schools to increase willingness to access treatment; see [147] for full recommendations) to

mental health support, thereby reducing the levels of mental health difficulties in both the gen-

eral and autistic populations.

Limitations

In the current study we have accomplished our aim of recruiting a more diverse, cross-cul-

tural, sample of autistic adults. Here we have tested participants that speak three different

native languages, across eight countries (including one middle-income country; South Africa)

spanning five continents (Africa, Asia, Europe, North America, and Oceania). In addition,

based on comparisons to large populations, the sample is representative of the broader autistic

community in terms of sexuality (current study: 58.91% of individuals that reported their sexu-

ality were heterosexual, 20.00% bisexual, 10.18% lesbian, gay or homosexual, and 10.91%

other; UK sample in Weir, Allison & Baron-Cohen [149] 63.03% heterosexual, 13.63% bisex-

ual, 7.58% lesbian, gay or homosexual, 15.76% Other), level of autistic traits (current study

mean = 34.01; Ruzich et al. [150] mean = 35.19), and level of alexithymic traits (current study:

52.94% alexithymic; Kinnaird, Stewart & Tchanturia [32]: 49.93% alexithymic). Nevertheless,

there are a number of shortcomings of our sample with respect to generalizability. Notably, the

respondents in our survey were predominantly white (54.3%), verbal (85.6%), highly educated

individuals (48.0% with university education), from developed individualistic countries (e.g.,

Australia, Belgium, Canada, New Zealand, UK, USA). As such, our results may not represent
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racially or ethnically minoritized individuals, those who are non-verbal or minimally verbal

(here 14.4%, estimated to be 30.0% of autistic adults; [151, 152]), those with lower levels of

education or intellectual disabilities, and those from different cultural backgrounds. In addi-

tion, although the proportion of non-binary individuals in our sample is comparable to that of

the broader autistic population (current study: 8.5%; previous studies: approximately 4–12%

[153, 154]), autistic females may be over-represented, and autistic males under-represented, in

the current sample. While recent estimates suggest that the relative proportion of autistic

males to females is around 3:1 [155], there are similar numbers of autistic males (42.8%) and

females (43.5%) in our sample. Therefore, our findings may not be representative of the

broader, predominantly male, autistic population. Finally, participants in the current study

were required to have access to a computer/mobile device and internet; consequently, we

encourage future studies to find ways to dismantle such barriers to inclusion (e.g., sending

written versions of surveys to participants, participants completing the survey over the phone,

etc.).

Conclusion

In the current study, we aimed to (1) determine whether significant relationships between

autism acceptance, camouflaging, and mental health difficulties replicate in a more diverse

cross-cultural sample of autistic adults, and (2) compare these variables across cultures. With

respect to the former, we partially replicated previous results: external acceptance and personal

acceptance were associated with lower levels of depression but not camouflaging or stress, and

higher camouflaging was associated with elevated levels of anxiety. With respect to the latter,

we found significant differences across countries in external acceptance, personal acceptance,

depression, anxiety, and stress, even after controlling for relevant covariates. These findings

have significant implications, identifying priority regions for anti-stigma interventions and

highlighting countries where greater mental health support is needed.

Registered report protocol: Keating, C. T., Hickman, L., Geelhand, P., Takahashi, T.,

Leung, J., Schuster, B.,. . . & Sowden, S. (2021). Global perspectives on autism acceptance,

camouflaging behaviours and mental health in autism spectrum disorder: A registered report

protocol. Plos one, 16(12), e0261774. https://doi.org/10.1371/journal.pone.0261774.
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24. Knüppel A, Telléus GK, Jakobsen H, Lauritsen MB. Characteristics of Young Adults with Autism Spec-

trum Disorder Performing Different Daytime Activities. Journal of Autism and Developmental Disor-

ders. 2019; 49(2):542–55. Available from: https://doi.org/10.1007/s10803-018-3730-7 PMID:

30151782

25. Robertson SM. Neurodiversity, Quality of Life, and Autistic Adults: Shifting Research and Professional

Focuses onto Real-Life Challenges. Disability Studies Quarterly. 2009; 30(1). Available from: https://

dsq-sds.org/article/view/1069/1234

26. Cassidy S, Bradley L, Shaw R, Baron-Cohen S. Risk markers for suicidality in autistic adults. Molecu-

lar Autism. 2018; 9(1):1–14. https://doi.org/10.1186/s13229-018-0226-4 PMID: 30083306

27. Cusack J. Sterry R. Your questions: shaping future autism research. London: Autistica. 2016.

28. Roche L, Adams D, Clark M. Research priorities of the autism community: A systematic review of key

stakeholder perspectives. Autism. 2021; 25(2):336–48. https://doi.org/10.1177/1362361320967790

PMID: 33143455

29. Nemiah JC. Alexithymia: a view of the psychosomatic process. Modern Trends in Psychosomatic

Medicine. 1976; 3:430–9. Available from: https://ci.nii.ac.jp/naid/10029440327

30. Celikel FC, Kose S, Erkorkmaz U, Sayar K, Cumurcu BE, Cloninger CR. Alexithymia and tempera-

ment and character model of personality in patients with major depressive disorder. Comprehensive

Psychiatry. 2010; 51(1):64–70. https://doi.org/10.1016/j.comppsych.2009.02.004 PMID: 19932828

31. Frewen PA, Lanius RA, Dozois DJA, Neufeld RWJ, Pain C, Hopper JW, et al. Clinical and Neural Cor-

relates of Alexithymia in Posttraumatic Stress Disorder. Journal of Abnormal Psychology. 2008; 117

(1):171–81. Available from: /record/2008-01363-014 https://doi.org/10.1037/0021-843X.117.1.171

PMID: 18266495

32. Kinnaird E, Stewart C, Tchanturia K. Investigating alexithymia in autism: A systematic review and

meta-analysis. European Psychiatry. 2019; 55:80. Available from: /pmc/articles/PMC6331035/ https://

doi.org/10.1016/j.eurpsy.2018.09.004 PMID: 30399531

33. Botha M, Frost DM. Extending the Minority Stress Model to Understand Mental Health Problems Expe-

rienced by the Autistic Population. Society and Mental Health. 2020; 10(1):20–34. Available from:

http://journals.sagepub.com/doi/10.1177/2156869318804297

34. Meyer IH. Prejudice, social stress, and mental health in lesbian, gay, and bisexual populations: Con-

ceptual issues and research evidence. Psychology of Sexual Orientatation and Gender Diversity.

2013; 1(S):3–26.

35. Frost DM, Lehavot K, Meyer IH. Minority stress and physical health among sexual minority individuals.

Journal of Behavioral Medicine. 2015; 38(1):1–8. Available from: www.columbia.edu/*im15/. https://

doi.org/10.1007/s10865-013-9523-8 PMID: 23864353

36. Williams DR, Williams-Morris R. Racism and mental health: The African American experience. Eth-

nicty & Health. 2000; 5(3–4):243–68. Available from: https://www.tandfonline.com/doi/abs/10.1080/

713667453

37. Brown RL. Functional limitation and depressive symptomatology: Considering perceived stigma and

discrimination within a stress and coping framework. Stigma and Health. 2017; 2(2):98–109. Available

from: /pmc/articles/PMC5421991/ https://doi.org/10.1037/sah0000042 PMID: 28497112

38. Cage E, Di Monaco J, Newell V. Experiences of Autism Acceptance and Mental Health in Autistic

Adults. Journal of Autism and Developmental Disorders. 2018; 48(2):473–84. Available from: https://

doi.org/10.1007/s10803-017-3342-7 PMID: 29071566

39. Hull L, Petrides K V., Allison C, Smith P, Baron-Cohen S, Lai MC, et al. “Putting on My Best Normal”:

Social Camouflaging in Adults with Autism Spectrum Conditions. Journal of Autism and Developmen-

tal Disorders. 2017; 47(8):2519–34. https://doi.org/10.1007/s10803-017-3166-5 PMID: 28527095

40. Cook J, Crane L, Bourne L, Hull L, Mandy W. Camouflaging in an everyday social context: An interper-

sonal recall study. Autism. 2021;136236132199264. Available from: http://journals.sagepub.com/doi/

10.1177/1362361321992641

41. Cook J, Hull L, Crane L, Mandy W. Camouflaging in autism: A systematic review. Clinical Psychology

Review. 2021; 89:102080. https://doi.org/10.1016/j.cpr.2021.102080 PMID: 34563942

42. Cassidy SA, Gould K, Townsend E, Pelton M, Robertson AE, Rodgers J. Is Camouflaging Autistic

Traits Associated with Suicidal Thoughts and Behaviours? Expanding the Interpersonal Psychological

Theory of Suicide in an Undergraduate Student Sample. Journal of Autism and Developmental

PLOS ONE Cross-cultural variation in acceptance, camouflaging and mental health difficulties in autism

PLOS ONE | https://doi.org/10.1371/journal.pone.0299824 March 20, 2024 26 / 32

https://doi.org/10.1177/1362361315585643
https://doi.org/10.1177/1362361315585643
http://www.ncbi.nlm.nih.gov/pubmed/26019306
https://doi.org/10.1007/s10803-018-3730-7
http://www.ncbi.nlm.nih.gov/pubmed/30151782
https://dsq-sds.org/article/view/1069/1234
https://dsq-sds.org/article/view/1069/1234
https://doi.org/10.1186/s13229-018-0226-4
http://www.ncbi.nlm.nih.gov/pubmed/30083306
https://doi.org/10.1177/1362361320967790
http://www.ncbi.nlm.nih.gov/pubmed/33143455
https://ci.nii.ac.jp/naid/10029440327
https://doi.org/10.1016/j.comppsych.2009.02.004
http://www.ncbi.nlm.nih.gov/pubmed/19932828
https://doi.org/10.1037/0021-843X.117.1.171
http://www.ncbi.nlm.nih.gov/pubmed/18266495
https://doi.org/10.1016/j.eurpsy.2018.09.004
https://doi.org/10.1016/j.eurpsy.2018.09.004
http://www.ncbi.nlm.nih.gov/pubmed/30399531
http://journals.sagepub.com/doi/10.1177/2156869318804297
http://www.columbia.edu/im15/
https://doi.org/10.1007/s10865-013-9523-8
https://doi.org/10.1007/s10865-013-9523-8
http://www.ncbi.nlm.nih.gov/pubmed/23864353
https://www.tandfonline.com/doi/abs/10.1080/713667453
https://www.tandfonline.com/doi/abs/10.1080/713667453
https://doi.org/10.1037/sah0000042
http://www.ncbi.nlm.nih.gov/pubmed/28497112
https://doi.org/10.1007/s10803-017-3342-7
https://doi.org/10.1007/s10803-017-3342-7
http://www.ncbi.nlm.nih.gov/pubmed/29071566
https://doi.org/10.1007/s10803-017-3166-5
http://www.ncbi.nlm.nih.gov/pubmed/28527095
http://journals.sagepub.com/doi/10.1177/1362361321992641
http://journals.sagepub.com/doi/10.1177/1362361321992641
https://doi.org/10.1016/j.cpr.2021.102080
http://www.ncbi.nlm.nih.gov/pubmed/34563942
https://doi.org/10.1371/journal.pone.0299824


Disorders. 2020; 50(10):3638–48. Available from: https://doi.org/10.1007/s10803-019-04323-3 PMID:

31820344

43. Lai MC, Lombardo M V., Ruigrok ANV, Chakrabarti B, Auyeung B, Szatmari P, et al. Quantifying and

exploring camouflaging in men and women with autism. Autism. 2017; 21(6):690–702. https://doi.org/

10.1177/1362361316671012 PMID: 27899710

44. Hull L, Lai MC, Baron-Cohen S, Allison C, Smith P, Petrides K V., et al. Gender differences in self-

reported camouflaging in autistic and non-autistic adults. Autism. 2020; 24(2):352–63. Available from:

http://journals.sagepub.com/doi/10.1177/1362361319864804 PMID: 31319684

45. Parish-Morris J, Liberman MY, Cieri C, Herrington JD, Yerys BE, Bateman L, et al. Linguistic camou-

flage in girls with autism spectrum disorder. Molecular Autism. 2017; 8(1):48. Available from: https://

molecularautism.biomedcentral.com/articles/10.1186/s13229-017-0164-6 PMID: 29021889

46. Ratto AB, Kenworthy L, Yerys BE, Bascom J, Wieckowski AT, White SW, et al. What About the Girls?

Sex-Based Differences in Autistic Traits and Adaptive Skills. Journal of Autism and Developmental

Disorders. 2018; 48(5):1698–711. Available from: https://doi.org/10.1007/s10803-017-3413-9 PMID:

29204929

47. Wood-Downie H, Wong B, Kovshoff H, Mandy W, Hull L, Hadwin JA. Sex/Gender Differences in

Camouflaging in Children and Adolescents with Autism. Journal of Autism and Developmental Disor-

ders. 2021; 51(4):1353–64. Available from: https://doi.org/10.1007/s10803-020-04615-z PMID:

32691191

48. Rynkiewicz A, Schuller B, Marchi E, Piana S, Camurri A, Lassalle A, et al. An investigation of the

“female camouflage effect” in autism using a computerized ADOS-2 and a test of sex/gender differ-

ences. Molecular Autism. 2016; 7(1):10. Available from: http://www.molecularautism.com/content/7/1/

10

49. Schuck RK, Flores RE, Fung LK. Brief Report: Sex/Gender Differences in Symptomology and

Camouflaging in Adults with Autism Spectrum Disorder. Journal of Autism and Developmental Disor-

ders. 2019; 49(6):2597–604. Available from: https://doi.org/10.1007/s10803-019-03998-y PMID:

30945091
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