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An auditory processing advantage enables communication in less complex social settings: Signs of an extreme female brain in children and adolescents being assessed for Autism Spectrum Disorders
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Background: The underlying factors of the male predominance in Autism Spectrum Disorders (ASD) are largely unknown, although a female advantage in social communication has been pointed out as a potential factor. Recently, attention has been given to ASD as a sensory processing disorder, focusing on the audio-visual temporal processing paramount for the development of communication. In ASD, a deviant audio-visual processing has been noted, resulting in difficulties interpreting multisensory information. Typically Developed (TD) females have shown an enhanced language processing in unisensory situations compared to multisensory situations. We aim to find out whether such an advantage also can be seen in girls within the ASD population, and if so, is it related to social communication skills?

Method: Forty children (IQ > 85), 20 females (mean age = 13.90 years, SD = 2.34) and 20 males (mean age = 12.15 years, SD = 2.83) triaged for an ASD assessment were recruited from a child and youth psychiatric clinic in Sweden. Using The Social Responsiveness Scale (SRS) we looked at associations with child performance on the Integrated Visual and Auditory Continuous Performance Test (IVA-2).

Results: An auditory advantage in the female group was associated with less rated problems in social communications in unisensory processing whereas in multisensory processing an auditory dominance was associated with more rated problems in Social Awareness. In the male group, a visual dominance was associated with more rated problems in Social Rigidity.

Conclusion: A female unisensory processing advantage in ASD could very well be explaining the male domination in ASD. However, the social difficulties related to multisensory processing indicate that ASD females might be struggling as hard as males in more complex settings. Implications on the assessment procedure are discussed.
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Introduction

Autism Spectrum Disorder (ASD) is a set of heterogeneous neurodevelopmental conditions characterized by difficulties in social communication and restricted, repetitive behavior and interests [American Psychiatric Association (APA), 2013]. Historically, ASD was considered a male disorder, although the view has changed there is still a male dominance with a 3:1 ratio (Hull et al., 2017; Loomes et al., 2017; Chiarotti and Venerosi, 2020; Saito et al., 2020). The male predominance in ASD is far from being fully understood, however, since the domination is mostly prominent in the group of High Functioning patients, those with an Intelligence Quotient (IQ) of 75 and above, some mean it is insufficient theoretical knowledge and clinical insight about the ASD female profile that is a part of the explanation (Moseley et al., 2018; Young et al., 2018). Others mean the female double set of x-genes provides a biological protection from ASD (Baron-Cohen et al., 2011; Werling, 2016).

In terms of communication, there is support for both theories. A female superiority in language development is well established although the gender difference in the normal population is very small, larger differences have been seen in those on the 10th percentile and below, boys being twice as likely to be diagnosed with a language disorder (Wallentine, 2020). In support for there being a lack of knowledge of female ASD, there are studies showing autistic girls to generally be more positively rated by a novel conversation partner than autistic boys despite an equal level of autism severity (Rynkiewicz et al., 2016; Dean et al., 2017; Parish-Morris et al., 2017; Cola et al., 2020).

“Camouflaging” refers to the ability to meet social demands by mimicking behavior in a seemingly flexible way and is more common in ASD girls than boys. While the use of camouflaging strategies requires some understanding of social communication, the lack of flexibility typically leaves the individual exhausted and in risk of developing various depression- and anxiety-related disorders (Rynkiewicz et al., 2019). Camouflaging strategies are said to blur important distinctions and inadvertently contribute to misconstruing important clinical and eligibility decisions even though these children/adolescents are insightfully rated by those who know them well in contextually relevant situations (Hull et al., 2017; Young et al., 2018).

A verbal IQ of 70 and above has shown to be positively related to age of diagnosis in both genders when controlling for demographic factors. The association has shown to be far stronger for girls which means that being a female with good verbal skills will be putting you at risk for a delayed autism diagnosis (McDonnell et al., 2021) which, in turn, increases the risk of the patient developing more severe psychiatric symptoms (Rynkiewicz et al., 2019).

In the past few years, the view of ASD as a sensory processing disorder has received more attention (Robertson and Baron-Cohen, 2017; Posar and Visconti, 2018; Zhou et al., 2021), specifically the audio-visual temporal processing and its effect on language development (Ocak et al., 2018; Tanigawa et al., 2018; Jain et al., 2020; Meilleur et al., 2020), social abilities (Wallace and Stevenson, 2014), and to form a coherent perception of the world (De Niear et al., 2018). Sensory processing difficulties, defined as hyper- and hypo-sensitive responses to sensory information, are reported in more than 96% of children with ASD (Marco et al., 2011; Robertson and Baron-Cohen, 2017).

While sensory processing refers to the ability to detect, regulate, interpret, and respond to sensory stimuli (Dunn, 2001), temporal processing refers to the ability to integrate contemporary sensory inputs into an adequate global interpretation of the whole (Wallace and Stevenson, 2014). The Sensory Integration Theory (SIT; Ayres, 1979) states that the human development is strongly affected by the process and integration of sensory inputs. It differs between Unisensory and Multisensory processing, the first referring to the process of one or more stimulus from one sensory modality such as auditory or visual stimuli, whereas the second refers to the integration process of stimuli received from different modalities such as auditory and visual stimuli.

The Temporal Binding Window (TBW) is used to describe the period of time passing between the exposure of two stimuli in order for them to still be perceived as bind together. In terms of auditory and visual unisensory temporal processing, studies of ASD show varying results, some indicating that there is a larger TBW in people with autism whereas others indicate that it is smaller (Zhou et al., 2018; Meilleur et al., 2020). However, age seems to be affecting the results as adults with ASD showed to be better in visual discrimination than TD, indicating a smaller visual TBW than TD (Falter et al., 2012), whereas children with ASD showed no enhanced visual discrimination but rather an impaired auditory discrimination, indicating a larger auditory TBW than TD (Kwakye et al., 2011). However, both studies are largely dominated by male subjects, and neither considered gender as a factor.

Research of audio-visual temporal processing in ASD shows more consistent findings. A reduced audio-visual temporal acuity is well established (Shams et al., 2000; Alais and Burr, 2004; Zhou et al., 2021). Several studies show that the audio-visual TBE in children and youths with ASD is larger than in TD, however, the results are restricted to audio-visual speech stimuli (Woynaroski et al., 2013; Stevenson et al., 2014; Noel et al., 2018). One study showed no audio-visual temporal processing impairments in youth with ASD (de Boer-Schellekens et al., 2013); however, subjects in this study were young adults including adults and mainly of male gender which might have skewed the results. In a review article covering studies of temporal processing in ASD (Meilleur et al., 2020) lack of age as a developmental variable is noted. Still, it is concluded that the collected material points toward a delayed maturation of multiple sensory integration in children with ASD, since studies of adults with ASD show better audio-visual integration performance than studies with ASD children presented with the same task.

It is common for children with ASD to have one sensory modality that is superior, meaning that it responds faster or stronger than others (Bebko et al., 2006; Kwakye et al., 2011; Foss-Feig et al., 2017; Balasco et al., 2020). A superior modality has shown to dominate the perception, blocking out information from other sources, leaving the person with a lack of information when trying to grasp the full concept of a situation (Meilleur et al., 2020).

Several studies show ASD children to be superior in visual acuity (Jolliffe and Baron-Cohen, 1997; Joseph et al., 2009; Kaldy et al., 2016). Considering that 80% of included participants in ASD studies from the past 10 years are of male gender and that studies rarely separate between gender (Feldman et al., 2018), we should be cautious accepting results stating that autistic children show certain characteristics. However, the belief of ASD females showing cognitive similarities to a male cognitive style is supported in studies of brain structure and function (Lai et al., 2013) as well as by theories meaning ASD should be seen as an “extreme male brain” (Asperger and Frith, 1991; Baron-Cohen et al., 2011). However, we must bear in mind that all studies including patients already diagnosed with autism will present us with biased data. The screening instrument for autism is based on research mostly made on males; hence, the children passing for a diagnosis will also be matching with the male phenotype of autism whether their biological gender is male or female.

According to the empathizing-systemizing (E-S) theory of psychological sex differences, male brains show a stronger systemizing ability, whereas females show a stronger ability of empathizing. Systemizing is defined as the drive to analyze and predict the behavior of a system, whereas empathizing is defined as the drive to analyze and predict other people’s mental states (Baron-Cohen, 2003). The E-S theory differentiates between individual brain types by measuring the dimensions of empathizing and systemizing resulting in five different types. Those having an equal amount of empathizing and systemizing are categorized as Type B (E = S). Type E show a stronger ability of empathizing than systemizing (E > S) and the reversed situation is represented by Type S (E < S). Extreme Type E represent those with an extreme ability for empathizing and is more common in females, whereas Extreme Type S represent those with an extreme ability for systemizing and is more common in males (Greenberg et al., 2018). When people diagnosed with ASD are categorized in accordance with the E-S brain types, results indicate Extreme Type E is highly unusual in both genders (Greenberg et al., 2018) which seems quite logical considering the biased assessment procedure of ASD mentioned above. In another study though, Floris et al. showed that the “male brain syndrome” can only be said to describe a subgroup of the ASD population (Floris et al., 2018) which is supported by DiCriscio and Troiani who published a study showing that an enhanced visual ability is only associated with ASD symptoms in ASD males (DiCriscio and Troiani, 2017).

Rather than relying on old ASD research, perhaps, it is more reasonable to turn our attention toward the normal population for cues as to how we should understand and investigate female ASD.

While TD adult males have shown a visual acuity processing advantage, TD females have shown an auditory acuity processing advantage (McGivern et al., 2019; Siedlecki et al., 2019; Thornton et al., 2019). If the male phenotype of ASD is having an “extreme male brain” would it not be reasonable to assume that a female phenotype of autism would involve an “extreme female brain”?

An extreme female brain would then be characterized by a superior auditory acuity. Auditory acuity has previously been associated with speech comprehension as well as the development of language and social communication (Lee et al., 2018; Ayasse et al., 2019). In a study from 2017, a better signal-detection ability was seen in people with ASD using camouflaging strategies (Lai et al., 2017; Parish-Morris et al., 2017).

Speech comprehension requires the use of both visual and auditory information processes (King et al., 2019). TD males have shown to be more lateralized in their language processing than TD females, meaning that they favor the left hemisphere where most of the auditory comprehension take place. Females, on the other hand, use bilateral language processes, meaning that they rely on both auditory and visual information to a higher degree than males (Burman et al., 2008; Koles et al., 2010; Ross et al., 2015). As mentioned above, a superior sensory modality will block out information from the other modality; hence, a superior visual ability will be blocking out auditory information whereas a superior auditory ability will be blocking out visual information. Mainly relying on auditory information, the male lateralized language process will be highly vulnerable when faced with a superior visual ability. The bilateral language processing seen in females will be more robust, providing an alternative processing rout when faced with a visual or auditory superior ability. However, in a more complex setting where multisensory integration is required, females will be as vulnerable as males when faced with a superior auditory or visual ability. A superior auditory ability will block out visual information needed to understand the full complexity of a setting.

In a review article from 2020, neurobiological sex differences in language processing are rejected due to the lack of consensus found between results from previous studies (Sato, 2020). However, the studies included in the reviews differ in many ways from each other, some using word generation as a measure, others counting, picture naming, or lip reading, which is not a fair comparison since neural organization of language has shown to be task dependent (Hickok and Poeppel, 2007).

The theory of Social Motivation discriminates between less complex social settings, requiring unisensory information to be processed, and more complex social behavior requiring multisensory integration to be processed (Tamir and Hughes, 2018). In a study from 2021, adult TD women showed an enhanced emotional identification in unisensory processing tasks compared to TD males, whereas in multisensory integration tasks, no gender differences were seen (Lin et al., 2021).

Hypothesizing that female children and youths with ASD have an extreme female brain, it could provide us with an explanation as to why ASD females on a group level, are better social performers in some settings, while still experiencing difficulties in others.

The aim of our study is to look at the auditory and visual processing in boys and girls between seven and 17 years of age. By including measurements representing auditory and visual unisensory and multisensory processing we aimed to look for potential associations with parental ratings of the Social Responsiveness Scale. Since 40%–70% of the ASD population show a comorbidity with Attention Deficit Hyperactivity Disorder (ADHD; Antshel and Russo, 2019), defined by difficulties with inattention and hyperactivity with an onset before the age of 10 [American Psychiatric Association (APA), 2013], we included an ADHD rating scale in order to control for hyperactivity and inattention. As to our knowledge, no previous studies have been looking into this before.

The Integrated Visual and Auditory Continuous Performance Test (IVA CPT; Sandford and Turner, 2000) is a continuous performance task administered using a computerized format. IVA measures various attention-related components in terms of both visual and auditory stimuli. Social Responsiveness Scale (SRS; Constantino and Gruber, 2012) is one of the most used standardized assessments of ASD both internationally and in Sweden (Zander, 2021). It surveys the core symptoms of autistic traits in social communication (Constantino et al., 2003). The Swanson, Nolan, and Pelham scale (SNAP-IV) is a widely used rating scale of ADHD (Hall et al., 2020). It gives scores within the core symptoms of ADHD, i.e., inattentiveness and hyperactivity as well as symptoms of Oppositional Defiance Disorder (ODD; Swanson et al., 2012).

We hypothesized that a female auditory processing advantage would be seen in unisensory processing by associations between a better auditory ability and less rated problems in SRS whereas in the male group no associations between a superior auditory or visual ability and less rated problems in SRS would be seen. In the multisensory IVA measurements, we assumed the females would show associations between an auditory dominance and more rated problems within SRS whereas in the male group a visual dominance would be associated with more rated problems within SRS.



Materials and methods


Participants

To avoid as many assessment biases as possible, all children triaged for an ASD assessment during the year of 2017 were invited to participate in the study whether they later receive an autism diagnose or not. Fifty-seven children between the ages of 7–17 (29 females mean age 12.97 years, SD 3.168 and 28 males, mean age 11.71 years, SD 2.904) were recruited from the child and adolescent psychiatric out-patient clinic in Eslöv, Sweden (Table 1). The children were from the same socioeconomic area, the communities of Eslöv, Höör, and Hörby where the median wage is around 74% of the Swedish median wage and has an unemployment rate of 20% compared to 9.4% for all of Sweden (Statistiska Centralbyrån, 2021).



TABLE 1 Group statistics.
[image: Table1]

The children were triaged either through a screening procedure done by clinical psychiatric nurses using the structured Brief Child and Family Phone Interview (BCFPI; Boyle et al., 2009; Cunningham et al., 2009) or by referral from other clinical professionals. Four girls and seven boys already had a diagnosis of ADHD and were included in the study unmedicated. The remaining 46 children had no prior neuropsychiatric diagnosis. To be included in the study a verbal as well as fluid intelligence quotient of 85 and above was required which was measured with the Wechsler Intelligence Scale for Children (WISC-V; Wechsler, 2003). Exclusion criteria were a diagnosis of any hearing disabilities including tinnitus, difficulties communicating in Swedish, and any form of substance abuse. Nine children were excluded due to not passing the IVA validity scales. Four children interrupted and did not want to continue the IVA testing and were therefore excluded. Two children were excluded when screening for outliers within the IVA-results and another two were excluded due to parental assessments not being completed. The remaining participants were 20 females (mean age 13.90 yrs., SD 2.34) and 20 males (mean age 12.15 yrs., SD 2.83). The females had a mean score of 69.8 in the parental ratings of Social Cognition and a mean score of 66.6 in the ratings of Social Communication, whereas the males had a mean score of 64.8 in Social Cognition and 64.3 in Social Communication, indicating females were rated as having higher problems in both Social Cognition and Social Communication than the males. A written informed consent was obtained from all children and their guardians. The study was approved by the regional ethics committee in Lund (Dnr: 2016/964).



Tests


IVA-2 CPT

IVA-2 (Sandford and Turner, 2000) is a computerized continuous performance test integrating visual and auditory sensory processes. The visual stimuli are presented on the computer screen, while the auditory stimuli are presented via headphones equipped with ear cushions. The output consists of 20 different basic measurements, each providing a combined visual–auditory measure as well as independent measurements of auditory and visual EF. The basic measurements are also used in the construct of different scales. The four primary scales are attention, sustained attention, response control, and symptomatic problems. Eight subscales provide a combined auditory-visual processing score as well as separate processing scores for auditory and visual function. The Validity Scales control for lack of comprehension, unwillingness to participate, or other misconduct behavior. The unisensory measurements used in this study were chosen to represent aspects in ASD that are either enhanced (Acuity) or dysfunction (Focus, Elasticity). A more complex unisensory measurement in the form of two scales was also used to measure high- and low-demanding tasks. Finally, we also used the auditory–visual difference score from the two extreme measurements of Focus as well as Scale of Agility as a measurement of multisensory processing (Table 2). The IVA-2 profile is summarized quantitatively through standard scores that are familiar to most clinical practitioners. An IVA-testing not passing the validity scales shows no results. Test time: 15 min.



TABLE 2 IVA-measurements used.
[image: Table2]



The Swanson, Nolan, and Pelham scale

The Swanson, Nolan, and Pelham scale (SNAP-IV; Swanson et al., 2012) provides measurements of basic ADHD symptoms of inattention, hyperactivity as well as Oppositional Defiant Disorder (ODD). The scale was included since the same symptoms are common in patients with autism. The scale consists of 26 questions divided into three different groups, the first nine being related to inattention, the following nine to impulsivity/hyperactivity, and the remaining eight to ODD. The rating span 0–3 corresponds to the child showing a certain behavior “not at all,” “just a little,” “quite a bit” and “very much.” An average score for each subscale is calculated and used as a measurement, hence ranging from 0.0–3.0. A score above 1.0 indicates deviances. Test time: 10 min.



Social responsiveness scale

The Social Responsiveness Scale (SRS-2; Constantino and Gruber, 2012) measures behavior of a child or adolescent between the ages of 4 and 18, serving as one index of severity of social deficits in ASD. It consists of 65 questions (17 of which are reverse scored) divided into five subscales measuring Social Cognition (ability to interpret social cues once they are picked up), Social Communication (ability to be motoric expressive in social communication), Social Awareness (ability to pick up on social cues), Social Motivation (motivation to engage in social-interpretational behavior), and Social Rigidity (stereotypical behaviors and restricted interests; Constantino and Gruber, 2012). The rating span 0 to 3 represents, in corresponding order: Not true, somewhat true, often true, and always true. The score is compared to a norm curve and the final measurement used is a t-scale score. A t-score above 60 raises suspicions the child/adolescent may be at risk or have signature features consistent with ASD. Test time: 30 min.




Procedure

The IVA-tests were administered by trained staff. Participants were seated on a comfortable chair, adjusted to give the child a comfortable and easy-to-reach position. The participant was presented with the auditory stimuli through tight-fit headphones to reduce ambient noise that might be needless distracting. The test room was empty, and the windows were covered up to shut out possible disturbing visual stimuli outside. The participants were presented with a session of 2 × 1 min of responding to auditory and visual stimuli one at a time. After that, a training session of 1.5 min started where the child got to practice responding to both kinds of stimuli in a random order. The test starts when the computer has registered a proper response pattern in the practice part. The main test consists of either a written number 1 or 2 on the computer screen or a voice reading “one” or “two.” The computer voice tells the participants when they are to click on the mouse and when they are not to. The parental rating scales as well as a reply envelope were given to the parents at the first assessment visit to the clinic.



Data analysis

Analyses were done using the Statistical Package for Social Sciences (SPSS; IBM Corp, 2019) using a significance level of 0.05 in all tests. Before further analyzing, the IVA-data were screened for unusual cases above 3 x the interquartile range. The descriptive statistics were used for calculating group mean scores and standard deviations. The Kolmogorov–Smirnov test was used to test for normal distribution. The independent samples t-test was used when calculating group mean differences in age. Levene’s test of variance was used to explore the homogeneity of variances. An analysis of covariance (ANCOVA) test was used to examine group mean differences within the measurements from the parental scales and the a priori chosen IVA measurements, controlling for the covariate of Age. The Bonferroni correction was used to adjust for multiple correlations. The Pearson’s correlation test was used when determining relationships between the parental ratings and the selected IVA-measurements using age as a control variable.

As measures for the unisensory processing, we used the independent measures of auditory and visual Focus, Acuity, and Elasticity as well as two more complex unisensory measures in the form of scales, each providing a combined measure of three different aspects from the same modality. The Scale of Competence represented high-demanding tasks whereas the Scale of Maintenance represented low-demanding tasks. As a measure of multisensory processing, we used the difference score between auditory and visual performance in Focus, an individual measure and in the Scale of Agility. A positive difference score indicates an auditory dominance whereas a negative score indicates a visual dominance (Table 2). The IVA-scores were correlated with each of the parental SRS assessment variables. All the correlations were calculated using Pearson rho. The results are presented in r-values between −1 to +1. A positive value indicates a positive correlation, and a negative value indicates an inverse relation. A value around 0 indicates no correlation.




Results

Two patients showed extreme outliers, above the 3 × inter-quarter range (IQR) in several of the IVA-measurements, one male and one female. Both were excluded from the study. Another outlier was detected in the female group within Auditory Acuity showing an extreme low result. The subject was kept in the study but left out from affected analyses, hence the participant was excluded from the analyses including Auditory Acuity and Auditory Scale of Maintenance. The t-test used for equality of means in age showed a significant result (Sig. 2-tailed 0.040) with the females having a 1.75 year higher mean age than the males. Levene’s test of Equality of Error Variances turned out positive in the cases of Social Rigidity (sig = 0.006), Auditory Acuity (sig = 0.011), and Auditory Scale of Maintenance (sig ≤ 0.001), the females showing a higher variance than the males in the ratings of Social Rigidity and the males showing a higher variance in the measurements of auditory Acuity and auditory Maintenance (Table 3).



TABLE 3 Group statistic of the estimated mean score of the IVA-measurements.
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The ANCOVA showed significant differences between the group means in the measure of Auditory Maintenance (Table 4).



TABLE 4 Levene’s test of equality of variances as well as the ANCOVA for variables showing significant differences between the groups.
[image: Table4]

In the female group, the independent unisensory measurements showed two significant correlations with the parental ratings (Table 5; Figures 1, 2) whereas the scales showed no significant correlation (Table 6). A positive correlation was seen between Auditory Elasticity and Social Motivation (r = 0.519, p = 0.023) and a negative correlation was seen between Auditory Acuity and Social Communication (r = −0.535, p = 0.022) In the male group, no significant correlations were seen with the Social Responsiveness Scale; however, the unisensory processing showed a negative correlation between the specific measurement of Auditory Acuity and ODD (r = −0.613, p = 0.005; Table 4) as well as between the auditory Scale of Maintenance and ODD (r = −0.481, p = 0.037; Table 5).



TABLE 5 Pearson correlation table between the independent unisensory IVA-measurements and the parental rating scalesa.
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FIGURE 1
 Significant correlations in unisensory processing in the female group. aUsing age as a control variable. bAccounted for 19 subjects. *p < 0.05.


[image: Figure 2]

FIGURE 2
 Significant correlations in unisensory processing in the male group. aUsing age as a control variable. **p < 0.005.




TABLE 6 Correlation table between the complex unisensory IVA Scales and the parental rating scalesa.
[image: Table6]

The difference score, representing the multisensory processing showed one significant correlation in the female group. An auditory dominance in Agility was significantly associated with Social Awareness in the female group (r = 0.541, p = 0.017; Table 7; Figure 3). In the male group, a visual dominance in Focus was significantly associated with Social Rigidity (r = −0.601, p = 0.007; Table 7; Figure 4).



TABLE 7 Correlation table between the multisensory IVA-measurements, auditory-visual (A-V) difference score and the parental scalesa.
[image: Table7]

[image: Figure 3]

FIGURE 3
 Regression analysis for multisensory processing in the female group. Social awareness and agility different vs. social awareness and agility difference inverted. aUsing age as a control variable. *p ≤ 0.05.


[image: Figure 4]

FIGURE 4
 Regression analysis for multisensory processing in males. Social rigidity and focus different score vs. social rigidity and focus difference inverted score. aUsing age as a control variable. **p ≤ 0.01.




Discussion

The results confirm gender differences in unisensory vs. multisensory processing with females showing a superior auditory processing associated with better social communication skills in unisensory processing (Figure 1), whereas the multisensory processing was associated with more problems within social awareness (Figure 3). In the male group, visual processing showed no correlation with social skills in the unisensory processing (Figure 2). In the multisensory processing, a visual dominance was associated with difficulties in social rigidity (Figure 4). The lack of gender differences in the rating of Social Responsiveness indicates both groups show the same number of difficulties.

In the female group, a unisensory processing advantage in Auditory Acuity was associated with less rated problems in Social Communication, the males did not show this correlation (Table 5; Figures 1, 2). This is in line with our hypothesis of ASD females showing the same unisensory processing advantage in social communication as is seen in previous studies of TD women (McGivern et al., 2019; Siedlecki et al., 2019; Thornton et al., 2019). Auditory Acuity has previously been associated with language comprehension (Lee et al., 2018; Ayasse et al., 2019) so, a process such as language, heavily relying on auditory information will naturally be favored by those having a superior auditory processing. However, in the male group, a better performance in Auditory Acuity was associated with less rated problems of ODD (r = −0.613, p = 0.005; Figure 2), which is in line with our hypothesis of males having a superior visual processing blocking out auditory information. A higher score of auditory acuity in males will be representing a person with a visual dominance of lesser degree, still limiting the auditory information but perhaps reducing autistic behaviors, resulting in less rated problems within ODD. However, the symptoms being rated in Oppositional defiant disorder [American Psychiatric Association (APA), 2013] differs from other psychiatric symptoms since it is a diagnose based on parental interpretation of a child’s intentions and feelings rather than an observation of a specific concrete behavior, hence the measure becomes less specific. Since parental assessments of teen aged children have shown to be influenced by the child’s gender due to preconceptions about the underlying cause for the behaviour (Geelhand et al., 2019) we must count that in as a possible explanation for the results. However, the lack of differences in the parental ratings of Social Responsiveness speaks against that theory, in fact, looking at the actual scores, the females were indeed higher rated than the males in both ODD and Social Communication (Table 3).

In the female group, two significant correlations of the opposite direction were also found in the unisensory processing. A higher performance in Auditory and Visual Elasticity was associated with higher ratings of problems within Social Motivation (r = 0.519, p = 0.023) and ODD, respectively (r = 0.460, p = 0.047). Elasticity has previously been associated with the use of “Camouflaging strategies” (Hull et al., 2021). Since camouflaging strategies are known to cause exhaustion, stress, and anxiety (Rynkiewicz et al., 2016) it seems reasonable to assume that a higher performance in Auditory Elasticity would be associated with higher ratings of problems within Social Motivation. The association between a higher performance in Visual Elasticity and ODD seen in the female group stands in contrast to the male on-the-verge of being significant association between a lower performance in Auditory Elasticity and higher rated problems within ODD (r = −0.452, p = 0.052). Again, the lack of gender differences in the parental ratings makes us turn to other explanations than parental preconceptions of their children for interpretations. Difficulties within language and flexibility have previously been identified as risk factors impacting ODD in TD boys, whereas only flexibility was identified as a risk factor in TD girls (Kerekes et al., 2014). As elasticity is a measure of flexibility and auditory acuity is associated with speech comprehension (Lee et al., 2018; Ayasse et al., 2019), our results are in line with previous research as far as the male correlations go. However, in the female group, a higher performance in visual flexibility is associated with ODD rather than a lower performance. How can this be explained? A farfetched but still reasonable interpretation can perhaps be found by applying the “extreme female brain” (Floris et al., 2018) vs. “extreme male brain” theories (Shams et al., 2000; Alais and Burr, 2004). By looking at the two groups’ overall performance in Elasticity, the male performance in auditory and visual elasticity are equally good, whereas in the female group, there is an auditory superiority (Figure 3). The female correlation between a higher Visual Elasticity and ODD symptoms could then be a result caused by those females showing more of a male structured brain; hence, the more “male-like” a female autistic child’s brain is, the more similar will the outcome of behavior also be.

To get a more complex measure of unisensory processing, we included measures of performance in scales representing low- and high-demanding unisensory processing, respectively. Although no significant correlations were seen in the female group (Table 6) they outperformed the male group in Scale of Maintenance having a 20-point higher average score (Table 3). The female group showed a couple of non-significant correlations with Auditory and Visual Maintenance [Social communication (r = −0.405) and Social Motivation (r = 0.448), respectively] mirroring those seen in the correlations with the specific measurements of Auditory Acuity and Visual Elasticity (Table 6). In the male group, a significant negative correlation was seen between auditory Scale of Maintenance, representing low-demanding tasks and ODD (r = −0.481, p = 0.037; Table 6). Since both groups show correlations that are smaller and less significant than the specific measurements of Acuity and Elasticity, we can assume that the specific IVA measurements are of more value in predicting psychiatric symptoms than the scales built up by several aspects of auditory vs. visual performance. This is noteworthy for future research since it implies it is the superiority of specific auditory vs. visual measurements that are of interest in the association with social responsiveness rather than an overall auditory or visual performance. However, an interesting observation in the female group are the two similar non-significant correlations between Auditory Scale of Maintenance and Social Cognition (r = −0.404, p = 0.096), respectively, and Social Communication (r = −0.405, p = 0.095). In the correlations with the specific measurements, Social Communication showed a significant correlation with Auditory Acuity (r = −0.535, p = 0.22) whereas Social Cognition showed a much smaller non-significant correlation (r = −0.300) which indicates Social Cognition might be better predicted with a more complex measure of auditory performance.

Moving over to the results seen in multisensory processing, we find support for the belief of an extreme female vs. male brain. The multisensory processing represents situations where both auditory and visual information need to be processed. In the female group a superior auditory Agility was associated with more rated problems within Social Awareness, whereas in the male group a superior visual Focus was associated with more rated problems within Social Rigidity (Table 7). This supports our belief that ASD is portrayed through different gender phenotypes. It is also in line with previous research of gender differences in ASD showing males to have more rigid behaviors than females (Werling and Geschwind, 2013; Lockwood Estrin et al., 2021). However, the parental ratings show no significant difference between the groups regarding social rigidity, indicating the females show as many rigid behaviors as males (Table 3). A reasonable explanation can be related to gender differences in the portrayal of rigidity. Previous research of children with ASD has noted gender differences in the portrayal of rigid behaviors where boys are more inclined to show stereotyped behaviors and restricted interests, whereas girls are more compulsive insisting on sameness and having self-injurious behavior (Antezana et al., 2019). Since the phenotypes of female rigidity are not as well represented in rating scales as male rigidity is, it makes sense other scales might be more suitable for rating females. An auditory dominance in the more complex multisensory measure of Agility might then indeed be associated with higher-rated problems within Social Awareness in only ASD females, whereas in males a visual dominance in Focus is related to higher-rated problems in Social Rigidity. The fact that we see gender differences in the correlations between cognitive abilities and social difficulties gives further support to our believe that ASD is differently portrayed in females than in males and that different cognitive profiles produce different kinds of problems.

To be sure our results represent a modality dominance rather than any modality imbalance, we inversed all the negative difference scores to produce an unbalanced measure (Table 7) which were then correlated with the parental ratings. In the female group, the inverted measurement of Agility showed a smaller, non-significant correlation (r = 0.354, p = 0.137) with Social Awareness and in the male group, the new measure showed no correlation at all (r = 0.015). The new lower association seen in the female group is in line with research of language processing claiming females use bilateral processing in language processing, relying on both auditory and visual information to a higher degree than males (Burman et al., 2008; Koles et al., 2010; Ross et al., 2015). In our hypothesis, we suggested females need information from both modalities when processing complex settings and if that is true any auditory–visual imbalance in multisensory settings should produce some difficulties which is also what the results show. The lack of correlation between the inverted score and social rigidity in the male group signifies that it is mostly a visual dominance that will affect the language process in males which again is in line with the research mentioned above, claiming males to be more reliant on auditory information in the process of language (Burman et al., 2008; Koles et al., 2010; Ross et al., 2015).

In the female group, a couple of non-significant trends were also seen between a visual dominance in Focus and difficulties with Social Communication and Inattention. Since the correlations are seen in the measurement of Focus, just as in the male group, again one can speculate if those are represented by females being more of the ASD male phenotype.

The result of our study supports the belief of a female phenotype of autism portrayed in form of an extreme female brain making it easier to process unisensory information in case of a sensory disturbance. This could very well be considered as females being biologically protected from ASD as some claim them to be (Baron-Cohen et al., 2011; Werling and Geschwind, 2013; Werling, 2016); however, one would think that a protection would mean females also have less rated problems within social responsiveness which is not the case. The question we therefor need to ask is whether a unisensory processing advantage is in fact an advantage in a modern complex society of today? As it seems, an auditory–visual processing advantage may very well be the downfall in an assessment procedure, allowing female patients to pass at subclinical levels, despite showing an equal or sometimes even higher degree of difficulties than ASD males (Hanley, 2016; Beggiato et al., 2017; Lai and Szatmari, 2020).

Our study showed only one significant gender difference regarding the IVA-performance (Scale of Maintenance) even if the females produced higher scores in all but one measurement (Visual Elasticity). A higher power might have provided more significant differences; however, it is worth noting that most of the IVA-performances in the female group are still well below the average performance of a norm curve (Figure 1). This is important to acknowledge when discussing if females are underrepresented in ASD or not. Females might not be affected in the same way as males, but it does not mean that they are not affected at all.

The thought of females being protected in less complex social settings, still having difficulties in more complex settings raises several questions. For example, what does the concept of “being protected” include and how do you know when that concept is fulfilled? What does it imply to be able to handle a less complex social setting? Does it mean someone is able to handle a social setting in the same way as a TD person? Or does it mean that someone can adapt in a way that from the outside is perceived as a TD behavior but lacking the ability to account for their own feelings and thoughts, leaving them exhausted and vulnerable to develop psychiatric problems? Previous research of Camouflaging behavior in ASD is supportive of the latter definition rather than the first. Camouflaging strategies, the ability to behave in a seemingly flexible way, are said to blur social difficulties and inadvertently contribute to misconstruing important clinical and eligibility decisions (Hull et al., 2017; Young et al., 2018). The lack of flexibility is said to make the individual exhausted and in risk of developing various depression- and anxiety-related disorders (Rynkiewicz et al., 2019).

In the theory of social motivation, they differentiate between social settings requiring unisensory vs. and multisensory processing and refer to less complex social behavior and more complex social behavior, respectively (Tamir and Hughes, 2018). While less complex social behavior is referred to situations that do not require different perspectives, complex social behavior reflects situations where a person needs to take more perspectives into account before action is taken and therefore requires the integration of information from different modalities (Tamir and Hughes, 2018).

A less complex social setting might then be represented by a situation where the individual can understand what is expected here and now and behave in such a way. In the short run, it is not a problem since everybody can handle to set their own emotions aside occasionally, but in the long run, it will create a problem. For several “less complex social settings” to make sense, the individual must see to the overall perspective and be able to account for their own feelings and thoughts. A more complex setting may then be built up by several less complex settings. In order to uphold a psychiatric wellbeing, the individual need to be able to grasp the overall perspective and understand how to adapt to the more complex social setting of which the “less complex setting” is a part.

The ASD assessment procedure of today has been critiqued by those meaning that it is predominantly focused on male ASD symptoms. This has raised the request for more research of how ASD is portrayed in females (Moseley et al., 2018; Young et al., 2018).

Perhaps another important question to be raised is whether the assessment procedure of today can provide such a complex social setting that might be needed for a female ASD patient to be detected? The Autism Diagnostic Observation Schedule (ADOS-2) used in ASD assessment of today includes a certain number of tasks/questions for the patient to adhere to while the assessor assesses whether the patient is showing proof of autistic behavior or not (Lord et al., 2012). Since an ADOS-2 observation only involves the patient and the assessor, takes about 1 h to implement, and the different tasks are in no way connected to each other, it shows every sign of being a representative of “less complex social settings.”

By creating an assessment procedure that provides more complex social settings we might be able to detect females at an earlier stage, reducing their risk of them being severely injured. A missed diagnose will not only prolong the course of disease, but it will also put the patient at risk of developing severe psychiatric symptoms (Rynkiewicz et al., 2019; Sveriges Kommuner och Regioner, 2021) putting an extra burden on society since patients with severe psychiatric unhealthy are less likely to uphold a job and more likely to need psychiatric care (Lanctôt et al., 2013; Bailey et al., 2018).


Conclusion

Our result supports a gender-specific understanding of ASD, suggesting a female auditory processing advantage is of importance in the understanding of why females are considered to be “biologically protected” from ASD. However, the results indicate that the social advantages provided by having an auditory processing advantage are limited to social settings of less complexity. More complex social settings seem to be as difficult to handle for ASD females as they are for ASD males.

The lack of significant group differences regarding social responsiveness indicates both groups show an equal level of social functioning despite the superior auditory processing seen in the female group. We suggest the autism assessment procedures of today need to be reworked to include observations of behavior in settings of higher complexity level to be able to detect the difficulties of patients with a feminine ASD profile. As of today, the female “protective” factor might as well be working as a pitfall for those who “passes” the ASD assessment and are left without a diagnosis.



Strength and limitations

To avoid the DSM-5 criteria possibly screening out children we aimed to reach out to, our design included all children coming for an ASD assessment rather than children already diagnosed. We might still have missed several children since the triaging process also is depending on the DSM-5 criteria of ASD. Another strength of this study is the use of the computerized IVA-test. The children have been exposed to the exact same testing procedure which reduces the risk of the assessor affecting the results. The parental scales are used in the same way as they are used in an ASD assessment, hence eventual problems related to parental differences in rating will mirror the reality of using parental assessments as a diagnostic tool.

This study also has limitations, one being the size of the study. With the possible lack of statistical power in this study, it cannot be excluded that statistical correlations, now displaying trends toward a correlation in some cases, may have provided more clearly, significant results in a larger study sample. Also, in a small study, covariables such as age are difficult to control for. Even though we used age as a control variable in all correlations, the possibility of odd cases skewing the results is much higher in a small population than in a larger size population. We tried to secure this by excluding a couple of IVA-measures that were outliers. The high number of subjects (25%) being excluded from the study due to invalid IVA-results or an inability to go through with the IVA-test is also a matter of concern. Hypothetically these subjects can be sharing a specific autistic trait causing difficulties to succeed with an IVA-test; hence, when excluding a group of subjects with similar behavior, we run the risk of getting skewed results. However, there were about the same number of boys and girls that were excluded, indicating that the same difficulties are present in both genders. The lack of a representation of a specific autistic trait will therefore be seen in both groups. Further, the lack of a measure of the child’s socioeconomic status could possibly have helped us understand the parental ratings to a better degree perhaps giving us a better understanding of parental abilities to support their child. We tried to reduce the effect of selection bias by using children from the same socioeconomic area, with an IQ of 85 and above, as well as making it easy to participate, no extra travels were needed. A final limitation worth noting is the IQ-level used as an exclusion criterion. The result of the study can only be related to people with an IQ-level within the normal variation or above.

We believe our study has contributed with a different gender perspective of ASD, showing results that are in line with previous research and have the possibility to add a great deal of understanding of female ASD. Future research should focus on ASD gender differences in audio-visual language processing in social settings of different complexity. Also, there is a need for future research to focus on the ASD assessment procedures which is in need for a radical update to be able to pick up those children that today go undetected.
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