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Highlights 

• Two statistical models are proposed, one for each of both existing classes of hypotheses 

concerning why autism spectrum disorder (ASD) is less prevalent among females than males. 

• From the models, it is derived that, if the expression hypothesis is true, ASD-diagnosed females 

should show less severe symptoms than their male counterparts, whereas the reverse should 

happen if the perception hypothesis is true. 

• The competing predictions were tested in a meta-analysis (N = 117,778), and the results imply 

that both hypotheses are true—the sex disparity in ASD prevalence likely results from both the 

biological expression of, and the social perception for individuals’ ASD symptoms 
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Abstract 

Background: Why is autism spectrum disorder (ASD) less prevalent among females than males? 

We constructed a statistical model for each of both existing classes of theories, and derived 

competing predictions for the essentialist expression hypothesis (females express less severe ASD 

traits so are diagnosed less) against the constructivist perception hypothesis (females’ expressions 

are socially perceived as less severe so are diagnosed less). Specifically, if the expression 

hypothesis is true, based on our models, diagnosed females should show less severe symptoms 

than their male counterparts, whereas the reverse should happen if the perception hypothesis is 

true. 

Method: We conducted a meta-analysis (Data point N = 117,778 participant N = 16,209) on the 

differences in ASD symptom severity between females and males diagnosed with ASD, across age 

groups, IQ ranges, diagnostic criteria, and assessment tools. 

Results: We found strong new evidence that ASD-diagnosed females and males differ little in 

symptom severity, even in the face of a found publication bias in favor of reporting males’ 

symptoms relative to females’ and the common understanding of ASD as a so-called male disorder. 

Conclusions: We argue the finding supports both classes of theories, implying that they are similar 

in size, though different in directions, in creating sex differences in symptom severity for 

diagnosed individuals. The sex disparity in ASD prevalence likely results from both the biological 

expression of, and the social perception toward individuals’ ASD symptoms. 

 

Keywords: Prevalence, Sex difference, Gender, Female, Meta-analysis, Social perception 
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1. Introduction 

The prevalence of Autism spectrum disorder (ASD)—a neurodevelopmental disorder 

historically characterized by the three symptoms of communication difficulty, social interaction 

difficulty, as well as repetitive and restrictive behaviors and interests 1—is known to be higher for 

males than for females. A comprehensive review (Fombonne, 2009) of studies published between 

1966 and 2007 reports that this male-to-female diagnostic disparity in ASD ranged from 1.33 to 

as large as 16. Nonetheless, the field remains fragmented as to what causes the difference (Begeer 

et al., 2013; Lai et al., 2015; Van Wijngaarden-Cremers et al., 2014). Two classes of explanations 

have been proposed (Hull & Mandy, 2017), with one focusing on the objective bio-neural basis of 

ASD and the other originating from the subjective social construction of the disorder. The two 

lines of work have long been tested individually and not integrated. Accordingly, we take on this 

challenge by statistically modeling and then comparing the two in the current research. 

1.1 The expression hypothesis 

Aware of the specificities of theories within the class, we label the first, more “bio-

essentialist” class of theories concerning individuals’ expressions of ASD symptoms the 

expression hypothesis 2. Researchers have theorized that females are inherently less susceptible to, 

or, more protected against ASD than are males (called the female protective effect or model; 

Jacquemont et al., 2014; Robinson et al., 2013; Zhang et al., 2020). Females, therefore, express 

less severe ASD symptoms, and are diagnosed with the disorder less frequently. For example, the 

imprinted-X liability threshold model suggests that females may develop ASD less often because 

 
1 There is a major change in the latest Diagnostic and Statistical Manual of Mental Disorders (DSM) that combines 

communication difficulty and social interaction difficulty into one symptom, thus making ASD a two- but not three-

core-symptom disorder. Nevertheless, most of the data used in the present research are historical recorders collected 

under the three-symptom scheme. We consequently treat ASD as what it was back then. 
2 Given that our theorizing is more statistics- and phenomenology-driven and, therefore, might not map squarely on 

the theory-driven analysis of Hull and Mandy (2017), we did not adopt these researchers’ terminology and instead 

focused more on naming classes of theories by their implications for their statistical models used in the present work.  
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only females, but not males, inherit the paternal X-chromosome and its potential to suppress ASD-

symptom-like behaviors (Skuse, 2000). Likewise, the extreme male brain theory argues that the 

female brain is equipped with stronger empathizing—the ability to see the world from others’ 

perspectives—while the male brain is wired with stronger systemizing—the ability to find patterns 

in the environment. At the extreme, overly male brains might thus be constrained by themselves 

from thinking empathically, resulting in poor social communication and interactions as well as 

rigid systems of behavioral rules that the male brains construct for themselves to navigate the 

social world (Baron-Cohen, 2002).  

Before moving into the details of modeling the expression hypothesis, it might be worth 

first explaining why the chi-square distribution, as opposed to other types of distributions, is a 

good starting point for this modeling work. Theoretically, the chi-square distribution is invented 

to describe the probability distribution of the level of deviation in the population from the norm, 

as in the case of autistic traits understood as a recognizable difference from the rest of the 

population. Specifically, this probability of deviation is derived from the assumption that the 

phenomenon of interest is governed by a finite number—the df of the distribution—of underlying 

risk factors that independently contribute to the total deviation of a sample, an assumption fits 

squarely with the field’s current understanding that ASD likely has multiple unique causes (as 

reviewed). Phenomenologically, the chi-square distribution is a single-modal distribution with a 

positive (right) tail. This reflects the fact that most individuals in the population are 

developmentally typical—e.g., with less severe autistic traits (Constantino & Todd, 2003), while 

others show more severe autistic traits, sitting on the tail of the distribution and potentially 

diagnosed with ASD thereof. In addition, the literature has indicated that the non-clinical, 

developmentally typical population may share the same etiology of ASD with those who have 
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been diagnosed with ASD (Constantino & Todd, 2003). This then precludes the use of multi-modal 

distributions to represent autistic traits (e.g., by giving developmentally typical individuals a larger 

mode on the low end and autistic individuals another smaller mode on the high end) and favors 

single-modal distributions such as the chi-square distribution. Finally, empirical evidence supports 

the use of the chi-square distribution too, revealing that autistic traits do seem to approximate to a 

chi-square distribution in the population, more so than to other commonly used distributions (Abu-

Akel et al., 2019; Constantino & Todd, 2003) 

Having established the appropriateness of the chi-square distribution in the present 

modeling task, for the expression hypothesis, because females appear to have fewer “points of 

susceptibility” for and are hence more protected from ASD than do males following theories under 

the hypothesis (Jacquemont et al., 2014; Robinson et al., 2013; Skuse, 2000; Zhang et al., 2020), 

we suggest that severity of females’ autistic traits in the general population can be modeled using 

a chi-square distribution with fewer degrees of freedom (df; the red curve F in Figure 1-1) to 

deviate from the norm. By comparison, males’ autistic trait severity can be modeled as a chi-square 

distribution with more dfs (the blue curve M). Consequently, because the smaller the df of a chi-

square distribution, the smaller the area under the curve in the (right) tail of the distribution (the 

colored areas); females (the red area) should be less likely to be found in the smaller tail of their 

distribution than should males in their larger tail (the red and the blue area combined). In other 

words, females are expected to be less likely to exceed the severity threshold (T of F/M) that 

defines the tails of distributions and serves as the diagnostic criterion of ASD for both sexes. As a 

result, the current model of the expression hypothesis predicts that females receive the diagnosis 

of ASD less often than do males, in line with the existing understanding of ASD. 

1.2 The perception hypothesis 
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The second class of theories on sex disparity in ASD prevalence focuses on how the 

expression of symptoms is socially perceived; we label this more “social-constructivist” class of 

theories the perception hypothesis. According to the theories, females are less likely to be socially 

recognized as autistic than are males, even when both sexes manifest equally severe symptoms. 

As a result, females less often receive the diagnostic label of ASD. Supporting the idea, a meta-

analysis shows that, lower-quality, potentially more biased studies tend to under-report female but 

not male cases of ASD as compared to higher-quality studies (Loomes et al., 2017). It is further 

estimated that the adjusted, more accurate male-to-female prevalence of ASD would be 3.32, not 

the commonly accepted 4.20. In other words, the perception hypothesis per se may have inflated 

the diagnostic disparity by 27%.  

In terms of the mechanisms of the perception hypothesis, it is suggested that females with 

ASD might be more frequently missed or misdiagnosed than are their male counterparts (Lai et al., 

2015). For one, females with ASD are more prone to “camouflage” their symptoms by various 

behavioral strategies than are males (Hull, Lai, et al., 2020; Hull, Petrides, et al., 2020; Mandy, 

2019; McQuaid et al., 2022). In addition, society often defines normality differently for both sexes 

and judges them against different standards (Cuddy et al., 2015). For example, women in the U.S. 

may be expected to be relatively submissive, not assertive or interested in influencing others’ 

opinions in social interactions and conversations and, thus, be regarded as more or less naturally 

ASD-like compared to men (Cuddy et al., 2015). Women’s autistic traits might then be omitted, 

accepted, deemed normal, and even encouraged. Echoing the idea, an epidemiological review 

reports that, without intellectual disabilities or additional behavioral issues, females are less likely 

to receive the diagnosis of ASD than are males, even if both parties present similarly severe autistic 

characteristics (Dworzynski et al., 2012). This aforementioned review also indicates that published 
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male-to-female diagnostic ratios of ASD range from 5.5 to 10 for individuals with normal 

intellectual ability, but reduce to merely 1.95 for those with intellectual disabilities (Fombonne, 

2009). In other words, females with ASD would have to show intellectual or other additional 

difficulties before being considered for an ASD diagnosis, while their male counterparts do not. 

Finally, previous research has revealed that, even when females’ ASD is formally recognized and 

diagnosed, it is often recognized later in life than it is for males (Giarelli et al., 2010). Overall, 

females either have to fulfill extra criteria, or demonstrate ASD symptoms at a higher frequency 

and/or intensity to receive the same label of ASD as do males (Russell et al., 2010).  

Different from modeling the expression hypothesis focusing on the df of the distribution of 

autistic-trait severity, here we allow the diagnostic threshold of the model of the perception 

hypothesis to vary between sexes while holding the dfs of their distributions a constant. That is, 

both sexes are assumed to be equally biologically affected by ASD in the population, obeying the 

same severity distribution (the black curve F/M in Figure 1-2). Nevertheless, there is a higher 

threshold (T of F) and, thus, a smaller tail of diagnosis for females (the red area) than for males (T 

of M, and the red and the blue area combined, respectively). Consequently, females are again 

expected to be less likely to exceed their diagnostic criterion of ASD than are males against their 

lower criterion. As a result, the current model of the perception hypothesis similarly predicts that 

females receive the diagnosis of ASD less often than do males, as was documented in the literature 

and predicted by the model of the expression hypothesis. 

1.3 Competing predictions from the two models 

Given both statistical models proposed can reproduce the sex disparity in ASD prevalence 

documented in the literature, the question that remains is what statistical characteristics of both 

models would differentiate the expression from the perception hypothesis. Here, we suggest 
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examining the severity of ASD symptoms of those who have been diagnosed (the colored parts in 

Figures 1-1 and 1-2). Specifically, the model of the expression hypothesis predicts females’ 

average severity in the tail (the red area in Figure 1-1) to be lower than that of males (the red and 

the blue area combined) because, relative to males, diagnosed females tend to have “just passed” 

the diagnostic threshold (T of F/M) and crowd at the lower-score side of the tail. In comparison, 

given the heavier tail of males’ distribution than that of females’, diagnosed males tend to be 

farther away from the threshold and, thus, demonstrate more severe symptoms than do their female 

counterparts. Together, the model of the expression hypothesis predicts that, in addition to the sex 

disparity in prevalence, females diagnosed with ASD show lower average symptom severity than 

do diagnosed males.  

By contrast, the model of the perception hypothesis predicts females’ average severity in 

the tail (the red area in Figure 1-2) to be higher than that of males (the red and the blue area 

combined). This is because the higher diagnostic threshold for females (T of F) than that for males 

(T of M) prevents females whose severity is in between the female and the male threshold from 

receiving a diagnosis and from counting toward the average severity of diagnosed females. The 

same intermediate-severity group of males, however, would receive the diagnosis of ASD and 

lower the average severity of diagnosed males. Consequently, the model of the perception 

hypothesis entails that females diagnosed with ASD show higher average symptom severity than 

do diagnosed males—opposite to what the expression hypothesis suggests. Inspecting the average 

difference in symptom severity between diagnosed females and males may therefore help 

differentiate the expression hypothesis from the perception hypothesis. Such work would then shed 

light on why ASD is more prevalent among males than among females, not only for diagnosed 

individuals but also in the general population.  
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1.4 The current investigation 

To compare the two hypotheses for the sex disparity in ASD prevalence, we propose one 

statistical model for each of both hypotheses and derive competing predictions for the models. If, 

in aggregate, evidence reveals that diagnosed females show less severe ASD symptoms than are 

their male counterparts, the evidence would favor the expression hypothesis over the perception 

one. By contrast, if diagnosed females display more severe symptoms than do their male 

counterparts, the evidence would favor the perception hypothesis over the expression one. It is 

worth noting here, however, that these two hypotheses we focus on are not logically exclusive. 

Females and males might be affected by ASD differently (the expression hypothesis), while 

simultaneously being assessed against different diagnostic standards (the perception hypothesis). 

Consequently, facilitated by the above modeling work, the goal of the present research is to 

estimate the relative size of the effects of both hypotheses concerning the causes of sex disparity 

in ASD prevalence, empirically gauging one against the other. And we conducted a meta-analysis 

to provide the most statistically powerful evidence for this investigation. 

Moreover, we considered the possibility that the difference in ASD severity between 

diagnosed females and males is conditioned to and therefore only exists on specific aspects of 

ASD. For example, ASD has three core symptoms. It is possible that the degree of sex disparity 

changes between symptoms. Further, the difference might only appear in some but not all ranges 

of age (Van Wijngaarden-Cremers et al., 2014) or across varying cognitive abilities as measured 

by intellectual (dis)ability (Bartak & Rutter, 1976; Mayes & Calhoun, 2011). Lastly, we explored 

the moderation effect of the diagnostic systems (e.g., Diagnostic and Statistical Manual of Mental 

Disorders [DSM] or International Classification of Diseases [ICD]) that were used to guide 

individuals’ diagnoses in the first place, and a similar effect of the assessment tools (e.g., Autism 
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Diagnostic Observation Schedule [ADOS], Autism Diagnostic Interview [ADI], or others) that 

were applied to measure individuals’ symptom severity scores.  

2. Method 

Following the PRISMA guidelines (Figure 2), we conducted a meta-analysis on the 

differences in ASD symptom severity between females and males diagnosed with ASD. The 

metafor package in R was used.  

2.1 Literature search 

Two exclusive literature searches were carried out to form the dataset for analysis. First, 

we included all studies analyzed in a previous meta-analysis on the sex differences in ASD 

symptom severity of diagnosed individuals (Van Wijngaarden-Cremers et al., 2014), assuming 

that the research had identified the studies needed for our current investigation and published 

before June 2013 (i.e., its scope). We then supplemented this portion of the data by conducting our 

own search for empirical findings published between June 2013 and April 2022 in the following 

bibliographic databases: PsycINFO, Scopus, PubMed, and Web of Science.  

To be overly inclusive in the second search, the following sets of keywords were used: 1) 

autism spectrum disorder, ASD, autism, pervasive development disorder, or PDD; and 2) sex, 

gender 3 , or female(s); and 3) IQ, intelligence, cognitive, or cognition. Articles found were 

evaluated based on the following inclusion criteria: 1) the article reported at least one sex 

comparison in the severity of any of the three core symptoms of ASD based on ADOS or ADI-R 

assessment tools or of their composite; and 2) the article provided enough information for 

extracting the effect size of the comparison. 

 
3 We did not make an explicit distinction between sex and gender because the distinction did not exist in almost all 

studies we found and included. The researchers either used one term (more often “sex”) without giving an indication 

that it was not the other, applied one (in this case, gender) when it was likely the other (e.g. measured by sex), or used 

the two terms interchangeably. See the implications section for more discussion about the sex-gender issue. 
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Our search initially identified 3,936 articles. Their titles and abstracts were screened by the 

lead author and four trained undergraduate research assistants for relevance; the screening resulted 

in 323 articles for full-text review. Of these, 55 met the inclusion criteria, thus leaving a total of 

76 articles—55 from our search and 21 from the target previous meta-analysis (Van Wijngaarden-

Cremers et al., 2014)—for the present research. A second and final review of all these articles was 

conducted for interpretability, resulting in the exclusion of 6 articles because their participants 

either were not formally diagnosed (N of articles = 2), had comorbid genetic disorders (N = 1), 

gender dysphoria (N = 1), the researchers used an autistic-traits-matched sample so all reported 

sex differences were already artificially balanced out (N = 1)., or the articles presented in both our 

and the target previous meta-analysis (N = 1). As a result, the final dataset was composed of 70 

articles (listed in online supplemental materials) that consist of 117,778 assessment scores to 

analyze—94,653 scores from 12,402 males and 23,125 scores from 3,807 females. About the same 

numbers—70, 68, and 60—of the analyzed articles reported scores in the social, communication, 

and repetitive behavior domain, respectively. Together, the current data seemed to cover the three 

ASD symptoms fairly, and were powerful enough to detect an effect as small as || = 7.25  10−3, 

i.e., 13.80 times smaller than a common small effect || =.1 assuming zero ICC. 

2.2 Effect size extraction 

Given that sex is commonly reported as a binary variable in the literature, Cohen’s d was 

derived as the effect size for each comparison between sexes—with males being the positive and 

females the negative, as usually done in the literature—in any of the three core symptoms or their 

composite. This effect-size extraction was repeated for all comparisons in every participant sample 

reported in an article, when there were multiple samples in an article or multiple measures for a 

sample. It is worth noting that, even though these data were in a conceptually three-level structure, 
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wherein effect sizes of sex comparisons were nested in participant samples that were then nested 

in articles, we ignored the highest level of articles because there were only six articles that recruited 

more than one (i.e., two) independent samples of participants. 

2.3 Moderator coding.  

For the analysis of symptom effects, we coded each effect size in every type of symptoms 

that the effect assessed 4, the assessment instrument used to generate the effect, as well as each 

effect’s 5 associated aggregate participant age range, IQ range, and diagnostic criteria. Specifically, 

a coder 6 masked to the research hypotheses yet familiar with ASD assessments coded each effect 

size as either 0 or 1 in each of the three core symptoms (i.e., communication impairment, social 

impairment, and repetitive/restrictive behaviors), with 1 identifying effect sizes that did not 

measure the symptom and 0 identifying effect sizes that did measure the symptom. For example, 

for the communication subscale of Vineland, the scale was coded 0 in its target domain of 

communication impairment, and 1 in both social impairment and repetitive/restrictive behaviors, 

thus generating a score for each of the three symptom codes. The codes were developed this way, 

contrary to the convention of using 1 for construct presence and 0 for absence, because our three 

codes would together make the intercept of the model—where all three symptoms were 0 and thus 

“present”—the size of theoretical composite ASD severity. By contrast, if we had followed the 

tradition and reversed the codes, the intercept would estimate the uninterpretable effect of “no 

symptom measured.” Lastly, it might be worth noting that, given the coding strategy, the effect of 

 
4 An effect collected might assess more than one symptom when being a composite, so a single three-level categorical 

code would not work. 
5 That is, we did not treat females and males as two groups and gave them different, say, IQ ranges. Only one IQ range 

was extracted, for both sexes. If both sexes differed significantly, we treated the moderator uninterpretable and missing.  
6 There was only one coder and, therefore, no inter-coder reliability was calculated because, as can be seen here and 

below, the present research only coded moderators that could be objectively extracted from the original studies 

collected. For instance, we did not infer the IQ level of any samples, but only classified the mean IQ reported in 

numbers in the original papers. 
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each symptom-type code would be interpreted as the impact on the composite severity when the 

focal symptom was removed and not covered by a historical assessment score collected. As a result, 

the code still tackles the influence of the symptom as in the conventional coding scheme. 

Finally, moderating-factor coding was designed as follows. A participant sample was 

categorized by the sample’s mean age as either infants and toddlers (sample mean age 0-3 years 

old; N = 3), preschoolers (3-6 years old; N = 4), children (6-12 years old; N = 19), adolescents 

(12-18 years old; N = 13), or adults (older than 18 years old; N = 6), with the children group being 

the largest and thus the reference group. Regarding IQ, a sample was categorized as having a mean 

IQ either less than 70 (the reference group), or greater than 70 (without intellectual disability). For 

studies that only provided scores of mental ages without an IQ, the mental-age-equivalent IQ was 

derived by dividing the mean mental age by chronological age. Regarding symptom assessments, 

due to the large number of assessments used by the included studies (i.e., 26), we combined all 

versions of ADOS into one group (the reference group), and all versions of ADI into another. The 

two groups weighted about equally, together accounting for more than half of the effect sizes (i.e., 

51.07%). Aware of their heterogeneity, we subsequently group all other assessments into a third, 

“others” group, as none of them was used frequently enough in the literature to form a stand-alone 

category for analysis. Lastly, diagnostic criteria were coded by separating the DSM (the reference 

group) from the ICD system, ignoring versions of the systems, because only a few studies used 

versions of the diagnoses other than the popular DSM-IV, DSM-5, and ICD-10. It is important to 

note that some studies did not indicate their diagnostic criteria at all, or ambiguously stated that 

they applied some mixture of DSM and ICD. We excluded these studies when analyzing diagnostic 

criteria. All effect sizes, their codes and source references can be found in online supplemental 

materials. 
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3. Results 

3.1 Main effects 

We first inspected the overall sex difference in symptom severity between females and 

males diagnosed with ASD. To prepare the analysis, we used funnel plots to identify and remove 

two outliers from all effect sizes collected (Figure 3A; K = 374). A two-level random-effect model 

without moderators was then fitted to the remaining effects (Figure 3B; K = 372; Table 1), 

revealing significantly heterogeneity among the effects (Q = 1933.849, p < .001) yet without 

significant sex difference in composite ASD severity (d = 0.096, Z = 1.066, p = .286). Reflecting 

the known sex disparity in ASD prevalence, visual inspection of the funnel plot, however, 

suggested a possible publication bias toward reporting effects for males than females, even though 

such bias did not result in a significant Egger’s test of publication bias (Z = −2.224, p = .026) or a 

significant sex difference in symptom severity (found here). To be cautious, the trim-and-fill 

method was still applied to the cleaned data (Figure 3C; K = 389); it consolidated the finding that 

there was no significant sex difference in composite ASD severity (d = 0.028, Z = 0.474, p = .635). 

3.2 Symptom effects 

The above results indicated no significant overall difference between females and males 

with ASD diagnoses in composite ASD severity. However, significant heterogeneity of effect sizes 

did emerge and suggest a moderation analysis. Since moderation analysis cannot be conducted on 

simulated data, from here we worked with the pre-trim-and-fill no-outlier data (Figure 3B; K = 

372), starting from the moderation of symptom types.  

Building upon this baseline model (Figure 3B; K = 372), the distinctive effects of the three 

symptoms were modeled by adding the three symptom-type codes in the meta-regression. The 

results (Table 2) indicated that, in addition to again showing no significant composite difference 
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between both sexes (Est. = −0.031, Z = −0.158, p = .874), such a null effect on symptom severity 

did not significantly vary between the three core symptoms (|Est.|  0.220, |Z|  1.726, p ≥ .084). 

Females and males with ASD did not seem to differ in how severe their conditions were even if 

we only looked at one symptom at a time. 

3.3 Moderating factors 

Delving deeper, we tested whether the severity of the three core symptoms and their 

composite differed between sexes conditionally to diagnosed individuals’ intellectual (dis)ability, 

age, the diagnostic criteria from which the diagnoses were derived, or the assessment tools that 

gave the severity scores in the first place. Statistically, these non-symptom moderators were 

entered one at a time into the above symptom-specific model as “Moderator x Symptom” 

interactions. Simple effects were derived for significant moderations found.  

The results (Table 3) indicated that there was no significant moderation effect of 

intellectual disability on the overall sex difference in ASD severity (Est. = 0.433, Z = 1.014, p 

= .310). Intellectual disability did however significantly interact with the repetitive-behavior code 

(but not the other two; |Est.|  −0.547, |Z|  −1.748, p ≥ .081) in predicting sex difference in 

symptom severity (Est. = −0.682, Z = −1.977, p = .048). We therefore examined the simple effect 

of each symptom and found that, for those with intellectual disability, females with ASD showed 

more severe social impairment than their male counterparts (Est. = −0.663, Z = −2.161, p = .031). 

This sex difference, nonetheless, did not reflect in a difference in the composite severity score, for 

which the symptom was included as a key part (Est. = 0.298, Z = 0.355, p = .402). Similarly, 

although males with ASD but not intellectual disability demonstrated more severe restricted and 

repetitive behavior than females (Est. = 0.427, Z = 3.156, p = .002), the symptom effect did not 

result in a significant difference in the composite score (Est. = −0.135, Z = −0.571, p = .568). 
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Together, we saw no coherent evidence for a sex difference in symptom severity between females 

and males diagnosed with ASD when intellectual (dis)ability was considered. 

Likewise, the results (Table 4) indicated that age only affected sex differences in ASD for 

individuals equal to or older than 18 (Est. = −1.530, Z = −2.471, p = .013). This moderation of age 

was further qualified by the types of symptoms: Simple effects of the adult group revealed that the 

composite ASD severity was significantly higher for female than male adults (Est. = −1.438, Z = 

−2.769, p = .006). However, this sex difference did not replicate for any individual symptom that 

it was composed of (|Est.|  0.620, |Z|  1.935, p ≥ .053), thus coming across as a potential local 

fluctuation in estimation as those reported above for intellectual disability.  

The same inconsistent relationships between the composite severity and those of individual 

symptoms appeared in the analysis of diagnostic systems too. Even though DSM and ICD seemed 

to vary in the sex difference in severity they detected (Est. = −2.681, Z = −2.009, p = .045), simple 

effect analyses revealed that the negative effect of ICD on the composite severity (Est. = −2.599, 

Z = −1.963, p = .050) did not present for any symptom (|Est.|  0.444, |Z|  1.702, p ≥ .089). In 

comparison, the significant simple difference in restricted and repetitive behavior generated by 

DSM (Est. = 0.039, Z = 3.269, p = .001) did not lead to a significantly varying composite score 

(Est. = 0.082, Z = 0.483, p = .629) either. Overall, there was again no coherent evidence for a sex 

difference in symptom severity. 

Finally, the results (Table 6) demonstrated that ADOS, the reference assessment, replicated 

the overall pattern of ASD symptom severity, showing no disparity in the symptom composite (Est. 

= 0.403, Z = 1.730, p = .084) and no moderation from individual symptoms (|Est.|  0.095, |Z|  0. 

454, p ≥ .650). Although with significant, same-direction sex differences in all three symptoms 

when the symptoms were tested individually (|Est.| ≥ 0.395, |Z| ≥ 2.262, p  .024), ADI did not 
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produce a significant difference in composite severity between females and males with ASD (Est. 

= 0.369, Z = 0.909, p = .685) either. The results were therefore similar to what we have been 

documenting so far: there was no consistent, non-conflicting support for a difference in symptom 

severity between females and males diagnosed with ASD, in either the negative, female-more-

severe, or the positive, male-more-severe direction.  

The only such consistent and logical finding on sex differences, also the final test to report 

in the present investigation, was that the assessments that were not ADOS or ADI, together as a 

group, generated an effect by which females with ASD showed higher overall symptom severity 

than their male counterparts (Est. = −0.910, Z = −2.833, p = .005). The effect was further seen on 

social (Est. = −0.451, Z = −2.658, p = .008) as well as communication impairment (Est. = −0.666, 

Z = −3.303, p < .001), albeit restricted behavior went in the opposite direction (Est. = 0.585, Z = 

2.654, p = .008). Here, the composite and its building-block symptoms formed a coherent set of 

phenomena, and was deemed the only sex difference found in the current investigation. 

4. Discussion 

As summarized in Table 7, our analysis that pooled effects from 117,778 historical 

assessment scores indicates that females and males with ASD showed considerably little evidence 

for a difference in symptom severity, even in the face of a potential (yet non-significant) 

publication bias in favor of reporting males’ symptoms relative to females’ and the common 

understanding of ASD as a so-called “male disorder.” In particular, given the estimated statistical 

power of the current research, this difference was theoretically smaller than || = 7.25  10−3—that 

is, 13.80 times smaller than common small effects || = .1 and 141.38 times smaller than common 

behavioral-science effects || = .3—and was based on historical data ranging across a wide range 

of time. Indeed, we only discovered a statistically logical sex difference in that, compared to their 
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male counterparts, females were reported to demonstrate severe social and communication 

impairment and possibly mild restricted and repetitive behavior when the individuals were not 

tested by the two most used and established assessment tools (i.e., ADOS and ADI). When the two 

tools were applied or it was another moderating factor being considered, no coherent support for 

a sex difference in symptom severity was seen.   

4.1 Implications 

With the considerable sex similarity found in symptom severity, the present investigation 

is in line with the possibility – yet, critically, does not prove – that both the expression and the 

perception hypotheses are true and, specifically, effective to a similar level thus generating a sex 

difference quite close to zero. 7 In other words, ASD might both be about how one demonstrates 

one’s autistic characteristics, as well as how these characteristics are received by social others. 

Supporting this position, the results from the non-ADOS-or-ADI assessments suggest that the 

perception hypothesis might function more strongly in the domains where stereotyping and, thus, 

social construction is more expected: social interaction and communication. 8 By comparison, 

when stereotyping, implicit or explicit, may not be that apparent, that is, on observable restricted 

and repetitive behavior, we found the expression hypothesis to overcome the perception one. 

Further, this pattern of null effects held for children younger than 18. For adults, who are likely 

 
7 It is unlikely that the effect sizes of both hypotheses are zero, because both of them are derived from strong existing 

literature; overthrowing them both at once does not seem rational. Further, we believe this situation in which one has 

no other option results from that the perception and the expression side of social communication (of assessment of 

ASD, in the current case) together form a logical exhaustive pair. There does not seem to be “a third way” that is 

neither perception nor expression to fill in as the cause of the null effect. Reflecting such theoretical implausibility, 

the two models we build would together predict no sex disparity in the prevalence of ASD if both hypotheses are null. 

This contradicts the reality and, consequently, requires at least of both to exist.  
8 It is important to note here that, as a reviewer of the paper points out, to which we agree, that we are not suggesting 

ADOS or ADI is better than other assessments and free from bias. It is known they both are historically developed 

with predominantly male participants. As such, they are likely biasedly informed by males as other assessments. 

Indeed, what we argue in the current paragraph is that the null sex difference found for ADOS and ADI suggests they 

are in line with the perception hypothesis and appear to be sexually biased. It is merely they do not seem to show 

differential effects on the three symptoms, which is what we focus on discussing here.  
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stereotyped more by social others than children (as stereotype knowledge increases and stereotype 

flexibility decreases mainly during adolescence, separating children from adults in how social 

perception affects them; Alfieri et al., 1996; Banse et al., 2010), the data showed an unstable yet 

potentially indicative effect that now adult women diagnosed with ASD appear to present not only 

equally but possibly more severe ASD across symptoms than do men. Lastly, these indirect 

observations from the current meta-analysis are roughly in line with Kaat and colleagues’ (2021) 

recent large-scale direct assessments of individuals with ASD. In the study, the researchers 

document that boys show more severe repetitive and restrictive behavior than girls, which, when 

interpreted with the models we put forward, supports that the expression hypothesis operates more 

strongly on this one but not the other two, relatively socially oriented, symptoms. At the same time, 

Kaat and colleagues’ (2021) find that girls start to differ from boys and show more severe social-

relational difficulty during adolescence. This finding echoes with our results and inferences that 

the perception hypothesis may operate more strongly for social and communication impairment, 

especially for adults, bolstering the possibility that the more stereotyping may be at work, the 

stronger the perception effect over the expression one.  

Together, the message we hope the present research to be able to convey is that the what 

is often called the sex disparity in ASD prevalence should be corrected and also be deemed a 

gender disparity to some degree. Although sex and gender often correlate with one another 9, the 

former taps into the biology that a person is born with, while the latter describes the person’s social 

identity (for oneself) or recognition (from social others; World Health Organization, 2020, Jan.). 

 
9 It is documented that, by 2021, “LGBT identification rises to 5.6%”, that is, more than 1 in every 20 individuals, in 

the U.S. (Jones, 2021) The LGBTQIA community is thus by no means small or ignorable in any way. However, the 

poll also unequivocally, if not explicitly, suggests that, statistically speaking, about 94.4% people in the population 

indicated they are not of the non-gender-binary community. Even if this percentage cannot be taken directly as the 

size of the gender-binary, we do think the result sufficiently supports our statement that sex and gender are statistically, 

again, if not necessarily, correlated.  
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The two can consequently diverge, as in the current research where we show that the target 

disparity in ASD prevalence seemingly rooted in human biology and symptom expression may 

also be caused by how the expression is socially defined, perceived, and received based on one’s 

social sex—or more correctly, gender.  

We did not make such a distinction between sex and gender up front for a practical reason: 

It did not exist in most studies we found and included in the meta-analyses; the same confusion 

between sex and gender is observed and reported in recent reviews advocating for their 

clarification and differentiation too (Lai & Szatmari, 2020; Strang et al., 2020). In these past 

studies, the researchers either used one term (more often, sex) without giving an indication that it 

was not the other (e.g., Lord et al., 1982), applied one (in this case, gender) when it was likely the 

other (measured by sex; e.g., May et al., 2016), or used the two terms interchangeably (e.g., Banach 

et al., 2008, where the researchers studied sex, not gender). Nevertheless, we found indications of 

gender disparity in ASD diagnosis, even though we began the investigation focusing on the term 

sex (which may or may be used correctly in the literature, as can be seen now). As some researchers 

have begun advocating (Lai et al., 2015; Lai & Szatmari, 2020; Strang et al., 2020), sex and gender 

are two related yet separate constructs, and more attention is needed for the sex-gender analysis in 

ASD research (Lai & Szatmari, 2020; Strang et al., 2020). Supporting the need for the work, it has 

been documented that individuals with ASD more often identify as LGBTQIA (Dewinter et al., 

2017; George & Stokes, 2017) and experience gender-dysphoria than do developmentally typical 

individuals (Nordahl-Hansen et al., 2019; van Schalkwyk et al., 2015). This then begs the question 

as to what people with ASD subjectively experience in terms of their gender roles and the society’s 

gender exportations for them, as well as how the field can incorporate these live experiences into 

future research and practice for the sex-gender analysis of ASD.  
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To the questions, it is critical to point out that we do not believe our findings generalize 

beyond the binary sexes examined in the current work. Past research also shows that non-gender-

binary individuals with ASD do not seem to share the same patterns of symptoms with 

developmentally typical individuals (Hull, Lai, et al., 2020). Unfortunately, we could not make 

such fine-grained distinctions between more than two sexes/gender because our modeling 

approach, using single-continuum mean-difference scores, can only compare two groups of people 

by mapping them onto the two sides of the continuum. Accordingly, future research would want 

to tackle not only the theory but also the methodology for the sex-gender analysis in ASD research 

as well as other fields of investigation. 

4.2 Limitations and future directions 

As is true in all meta-analyses, our investigation collected no new data and can only be as 

good as the studies it included. Even though we unbiasedly collected past publications online, it is 

still possible and, in fact, likely that the publications were more or less biased in the first place in 

terms of their representation of different ethnicities, countries and regions of residence, age groups, 

and critically, genders. Although representation is always the challenge, it needs to be considered 

and whenever feasible, addressed. Likewise, the tests and the implications drawn from the tests 

heavily rely on the inferential statistical models that we built to link diagnostic prevalence in the 

whole population to existing studies on diagnosed individuals’ symptom severity. In other words, 

although we do have confidence in the logical basis of the models, the investigation did not assess 

people in the population directly, and our inferences can only be as good as the studies they were 

based on.  

Secondly, since our modeling approach relies on mean differences, which by definition 

have only two, the positive and the negative, sides, only two hypotheses and two groups of people 
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mapped on the hypotheses can be tested. This was one of the practical reasons we did not tackle 

gender but chose sex, which is apparently less diverse and with fewer categories than gender. The 

modeling limitation however is no excuse for the field to keep developing new techniques that are 

more flexible and inclusive. Moreover, as to the hypotheses behind the two groups of individuals 

examined, our models are not capable of distinguishing theories and mechanisms within each of 

the two classes of hypotheses. Indeed, as reviewed in the introduction, each of the hypotheses is 

likely a family of multiple similar yet distinguishable social or biological processes. This might be 

the reason why there was significant residual heterogeneity in error variance left in all the tests 

reported, and something future researchers want to elaborate on once methodologically allowed.  

Finally, we found some indication that the relative strength of the expression and the 

perception hypotheses might vary between the ADOS-ADI combination and the combination of 

assessment tools other than these two, as well as between the DSM and the ICD diagnostic system. 

The former comparison might be anticipated, if not entirely explainable, as it echoes with the fact 

that the two uniquely named assessments—ADOS and ADI—are the most widely used and 

accepted. We however did not expect DSM and ICD to produce different assessment patterns, 

even only potentially. As suggested by a reviewer of the paper, this finding could be further 

evidence for the perception hypothesis, because there is little reason to believe the two diagnostic 

systems are systematically used for biologically different populations that express ASD differently, 

leaving the perception hypothesis the only candidate explanation. We generally agree with this 

conjecture. However, we refrain from overly emphasizing the finding in the present study because, 

one, the finding was not enough statistically stable and two, the conjecture is empirically testable 

and, as such, should be tested by future research before being settled. 
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ASD symptom severity 

Figure 1-1. An illustration of the distribution of 

autistic-trait severity in the population following 

the expression hypothesis. F, M, and T(F/M) 

designate the distributions of females, of males, 

and the diagnostic threshold for both sexes. The 

units of both axes are arbitrary and only for 

illustration purposes.   

Figure 1-2. An illustration of the 

distribution of autistic-trait severity in the 

population following the perception 

hypothesis. F/M, T(F), and T(F) designate 

the distribution of both sexes, the diagnostic 

thresholds for females, and for males. The 

units of both axes are arbitrary and only for 

illustration purposes.   
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Figure 2. The PRISMA flow diagram of the present meta-analysis.  
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Figure 3. Funnel plots. Plot A is of all effects collected; Plot B is of all effects except the two 

outliers marked in Plot A; Plot C is Plot B after the trim-and-fill method. 
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Table 1.  

Results of Meta-Analyses of ASD Sex Difference 

Model Est. SE Z p of Z [ CI 95% bounds ] Cohen’s Q p of Q 

K = 374 0.098 0.090 1.082 .279 −0.079 0.275 1941.145 * < .001 

K = 372 0.096 0.090 1.066 .286 −0.081 0.274 1933.849 * < .001 

K = 389 0.028 0.060 0.474 .635 −0.089 0.146 2013.571 * < .001 

Note: Males and females were defined as the positive and the negative effect, respectively; 

Model K = 374 is the original dataset; model K = 372 is without two outlier effects; model K = 

389 is trimmed and filled from model K = 372; * = p < .05. 
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Table 2.  

Results of Meta-Analysis of ASD Symptoms 

Predictor Est. SE Z p [ CI 95% bounds ] 

Residual Q * 1704.046   < .001   

Intercept −0.031 0.197 −0.158 .874 −0.417 0.354 

Social impairment 0.220 0.127 1.726 .084 −0.030 0.469 

Communicative 

impairment 
0.187 0.126 1.482 .138 −0.060 0.434 

Restricted and repetitive 

behavior 
−0.154 0.141 −1.089 .276 −0.431 0.123 

Note: * = p < .05; the Q statistic measures the heterogeneity of residual variance.  

  



Meta-analysis of Sex Differences in Autism 

 

3 

 

Table 3.  

Results of Meta-Analysis of Intellectual Disability (v. IQ ≥ 70) 

Predictor Est. SE Z p [ CI 95% bounds ] 

Residual Q * 1458.961   < .001   

Intercept (IQ ≥ 70) −0.135 0.237 −0.571 .568 −0.600 0.329 

Social impairment  0.272 0.147 1.857 .063 −0.015 0.559 

Communicative 

impairment * 
0.291 0.145 2.006 .045 0.007 0.3 

Restricted and 

repetitive behavior 
−0.022 0.164 −0.131 .896 −0.343 0.575 

Intellectual disability 0.433 0.427 1.014 .310 −0.404 1.27 

x Social impairment −0.105 0.316 −0.333 .739 −0.725 0.514 

x Communicative 

impairment 
−0.547 0.313 −1.748 .081 −1.161 −0.006 

x Restricted and 

repetitive behavior * 
−0.682 0.345 −1.977 .048 −1.359 0.067 

Simple effect       

Baseline (IQ ≥ 70)       

Social impairment  0.134 0.135 0.988 .323 −0.131 0.399 

Communicative 

impairment  
0.115 0.143 0.803 .422 −0.166 0.396 

Restricted and 

repetitive behavior * 
0.427 0.135 3.156 .002 0.162 0.693 

Intellectual disability 0.298 0.355 0.838 .402 −0.398 0.994 

Social impairment * −0.663 0.307 −2.161 .031 −1.264 −0.062 

Communicative 

impairment 
−0.239 0.282 −0.848 .396 −0.792 0.314 

Restricted and 

repetitive behavior 
0.208 0.285 0.730 .466 −0.351 0.766 

Note: * = p < .05; the Q statistic measures the heterogeneity of residual variance.  
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Table 4.  

Results of Meta-Analysis of Age (v. age 6-12) 

Predictor Est. SE Z p [ CI 95% bounds ] 

Residual Q * 1229.377   < .001   

Intercept (age 6-12) 0.092 0.337 0.273 .785 −0.569 0.752 

Social impairment (S) 0.029 0.222 0.131 .896 −0.406 0.464 

Communicative 

impairment (C) 
0.282 0.218 1.293 .196 −0.146 0.709 

Restricted and 

repetitive behavior (B) 
−0.359 0.242 −1.484 .138 −0.833 0.115 

Age 0-3 −1.634 1.227 −1.332 .183 −4.038 0.770 

x S 0.978 0.663 1.475 .140 −0.322 2.277 

x C 0.349 0.712 0.490 .624 −1.047 1.746 

x B 0.496 0.752 0.659 .510 −0.979 1.971 

Age 3-6 0.216 0.518 0.417 .677 −0.799 1.231 

x S 0.006 0.476 0.014 .989 −0.927 0.940 

x C −0.498 0.457 −1.088 .277 −1.394 0.399 

x B −0.217 0.474 −0.459 .646 −1.146 0.711 

Age 12-18 0.372 0.545 0.682 .495 −0.696 1.440 

x S 0.117 0.340 0.346 .730 −0.549 0.784 

x C −0.330 0.335 −0.986 .324 −0.986 0.326 

x B 0.038 0.368 0.104 .917 −0.683 0.760 

Age 18+ * −1.530 0.619 −2.471 .013 −2.744 −0.317 

x S * 0.880 0.408 2.156 .031 0.080 1.681 

x C  0.634 0.403 1.574 .116 −0.155 1.423 

x B * 1.501 0.447 3.358 < .001 0.625 2.377 

Simple effect       

Age 18+ * −1.438 0.519 −2.769 .006 −2.456 −0.420 

S 0.620 0.302 1.935 .053 −0.008 1.247 

C 0.613 0.331 1.852 .064 −0.036 1.262 

B 0.387 0.286 1.351 .177 −0.174 0.948 

Note: * = p < .05; the Q statistic measures the heterogeneity of residual variance.  
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Table 5.  

Results of Meta-Analysis of Diagnosis (v. DSM) 

Predictor Est. SE Z p [ CI 95% bounds ] 

Residual Q * 932.987   < .001   

Intercept (DSM) 0.082 0.170 0.483 .629 −0.252 0.416 

Social impairment * 0.214 0.107 2.003 .045 0.005 0.423 

Communicative impairment 0.094 0.105 0.899 .369 −0.111 0.299 

Restricted and repetitive 

behavior 
−0.182 0.122 −1.484 .138 −0.421 0.058 

ICD * −2.681 1.335 −2.009 .045 −5.296 −0.065 

x Social impairment * 1.457 0.691 2.107 .035 0.102 2.812 

x Communicative 

impairment 
1.278 0.691 1.850 .064 −0.076 2.631 

x Restricted and repetitive 

behavior 
1.244 0.692 1.799 .072 −0.112 2.599 

Simple effect       

Baseline (DSM)       

Social impairment −0.005 0.124 −0.042 .967 −0.248 0.238 

Communicative impairment 0.114 0.130 0.881 .378 −0.140 0.369 

Restricted and repetitive 

behavior * 
0.390 0.119 3.269 .001 0.156 0.624 

ICD * −2.599 1.324 −1.963 .050 −5.193 −0.004 

Social impairment −0.164 0.244 −0.674 .501 −0.643 0.314 

Communicative impairment 0.135 0.259 0.520 .603 −0.373 0.642 

Restricted and repetitive 

behavior 
0.444 0.261 1.702 .089 −0.067 0.956 

Note: * = p < .05; the Q statistic measures the heterogeneity of residual variance.  
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Table 6.  

Results of Meta-Analysis of Assessment Tool (v. ADOS) 

Predictor Est. SE Z p [ CI 95% bounds ] 

Residual Q * 1610.095   < .001   

Intercept (ADOS) 0.403 0.233 1.730 .084 −0.054 0.860 

Social impairment (S) 0.007 0.199 0.035 .972 −0.383 0.397 

Communicative 

impairment (C) 
−0.082 0.199 −0.412 .681 −0.473 0.309 

Restricted and 

repetitive behavior 

(B) 

0.095 0.210 0.454 .650 −0.316 0.507 

ADI −0.034 0.933 −0.037 .971 −1.862 1.793 

x S 0.083 0.507 0.164 .870 −0.911 1.077 

x C 0.200 0.508 0.394 .694 −0.795 1.195 

x B * 0.937 0.296 3.162 .002 0.356 1.517 

Others * −1.314 0.388 −3.388 <. 001 −2.074 −0.554 

x S * 0.634 0.296 2.143 .032 0.054 1.213 

x C −0.159 0.519 −0.307 .758 −1.176 0.857 

x B  −0.491 0.316 −1.554 .120 −1.110 0.128 

Simple effect       

ADI 0.369 0.909 0.406 .685 −1.413 2.150 

S * 0.422 0.187 2.262 .024 0.056 0.789 

C * 0.395 0.174 2.263 .024 0.053 0.736 

B * 0.577 0.165 3.491 < .001 0.253 0.901 

Others * −0.910 0.321 −2.833 .005 −1.540 −0.281 

S * −0.451 0.170 −2.658 .008 −0.784 −0.119 

C * −0.666 0.202 −3.303 < .001 −1.061 −0.271 

B * 0.585 0.220 2.654 .008 0.153 1.016 

Note: * = p < .05; the Q statistic measures the heterogeneity of residual variance.  
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Table 7.  

Summary of Results  

Severity  

domain 

Moderators considered 

None Symptom 
Symptom and  

ID Age Diagnosis Assessment 

Baseline (and 

nonmoderated) group 
  No 6-12 DSM ADOS 

Composite = = = = = = 

Social impairment  = = = = = 

Communicative 

impairment 
 = = = = = 

Restricted and 

repetitive behavior 
 = M/E = M/E = 

Significantly moderated 

group 
 (None) Yes 18+ ICD ADI Others 

Composite   = F/P F/P = F/P 

Social impairment   F/P = = M/E F/P 

Communicative 

impairment 
  = = = M/E F/P 

Restricted and 

repetitive behavior 
  = = = M/E M/E 

Note: ID = intellectual disability; Others = assessments not ADOS or ADI, pooled together; 

equal sign = no difference between sexes and, thus, between the expression and the perception 

hypothesis; M/E or F/P = males or females show more severe symptoms and, thus, the results 

support the expression or the perception hypothesis, respectively. 

 


