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Abstract 

This article provides a brief historical overview of the earliest publications on autism spectrum disorder and the subsequent 

scientific discussions. The main focus is on the analysis of data on genes that have been confirmed to be associated with 

this condition. The aim of the study is to demonstrate, by processing data from sequenced human genomes obtained from 

various databases. Methods used in the analysis: Data on missense SNPs for 1230 genes from SFARI GENE were 

extracted.  Then a search was performed for matches in David Reich’s Lab (provides genotypes and single nucleotide 

polymorphisms (SNPs). The matches found were compiled into a table using a custom Perl script. In the article we show 

that analysis of gene mutations through the paleogenetic approach is a method that can also be employed for other disorders 

with unknown etiology. 
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1. Introduction 

Autism spectrum disorder (ASD) is a neurodevelopmental impairment that starts in early childhood and is 

characterized by communication deficits, abnormal social interaction, restricted interests, and repetitive behavioral patterns 

[1]. The mechanisms underlying ASD have been the subject of intense study and debate for decades. Common atypical 

behaviors and symptoms appear in all individuals with autism, but it has not been resolved how its pathogenesis is related 

to the formation of structural and metabolic abnormalities in the brain. Although its comprehensive etiopathogenesis is 

unresolved, ASD is considered to be a multifactorial disorder caused by combinations of genetic, epigenetic, and 
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environmental factors [2]. Brain developmental processes, such as cell proliferation, migration, differentiation, 

synaptogenesis, and myelination, are sensitive to damage caused by various environmental factors [3]. 

Autism Spectrum Disorder (ASD) is a common genetically based neurobehavioral disorder in which epigenetic and 

environmental factors are involved [4]. 

Children with ASD regularly experience social anxiety within various  interactive  scenarios.  

The diagnostic profiles of children with autism spectrum disorder (ASD) reveal a spectrum of challenges that 

underscore the complexity of their educational requirements. Most notably, communication deficits manifest through 

limited social engagement and difficulties in comprehending verbal cues, necessitating individualised interventions tailored 

to each child’s unique profile [5].  These profiles often highlight a reliance on specific support frameworks. 

Comorbid psychiatric and behavioral disorders are common in individuals with ASD, including ADHD, mood 

disorders, anxiety, obsessive compulsive disorder, irritability, aggression, substance use disorders, self-injurious behaviors, 

gender dysphoria, suicidality, psychosis, catatonia, and schizophrenia spectrum disorders [6]. Currently, the diagnostics of 

ASD are symptomatic and according to the 5th edition of Diagnostic and Statistical Manual of MentalDisorders, it belongs 

to the group of neurodevelopmental disorders (NDDs) [7]. In the present medical nomenclature, ASD covers several 

NDDs: autism, atypical autism, Asperger’s syndrome, and a pervasive developmental disorder not other-wise specified 

The heterogeneity observed in social interactions indicates not only a need for targeted language development 

programs but also emphasizes fostering emotional regulation and cognitive skills, which are critical for academic 

achievement [8]. 

Since 1943, when  Kanner [9] ‘Autistic disturbances of affective contact’, autism has been a subject of ongoing interest 

for 83 years [9]. 

Autism spectrum disorders (ASD) are observed in all racial, ethnic, and socioeconomic groups [10]. 

Over the years, the various symptoms that characterise this disorder have been defined quite clearly, yet one of the 

most intriguing questions for scientists and most distressing for parents, namely what causes autism, remains unanswered. 

From a psychological point of view, the usual good practices are recommended for children with autism [11] which are 

supposed to result in effective adaptation of educational content within the framework of inclusive education [12] e.g., 

implementation of more visual support, which has been demonstrated to be effective in education, as well as development 

of effective language models, or social models. 

Damyanov [12] identifies and describes some effective strategies that would be adequate for the improvement of the 

education system for students with SEN, including those with autism, which would also support the reduction of burnout 

among teachers [13]. Social anxiety can be especially noticeable in children with autism spectrum disorder (ASD)  

Kanner [9] himself, in the conclusion of his study and description of the characteristics of children with autism, 

suggests that the possible cause may be due to problems in the family: "Even some of the happiest marriages are quite cold 

and formal. Three of the marriages are completely unsuccessful. The question arises whether or to what extent this fact has 

contributed to the condition of the children [9]. 

Despite the fact that Kanner [9] has been careful in his assumption and did not advance it as a definitive hypothesis, 

this did not prevent subsequent researchers from turning it into the main version of the cause and manifestation of autism 

symptoms in children. 

In fact, the main contribution to the enforcement of the idea of the ‘refrigerator mother’ is not Kanner's, but Bruno 

Bettelheim's.  

In 1959, Scientific American published his article Joey, A 'Mechanical Boy' [14], in which he described a boy who had 

become autistic due to a lack of maternal affection and had therefore developed a keen interest in machines, to the point of 

‘becoming a machine himself’.  

Bettelheim stated that, thanks to his work, this boy succeeded to adapt to the other children.  

Although Kanner [15] had remained cautious in his initial assessment of parental influence as a cause of autism in 

1943, he took a more definitive stance on the matter in one of his subsequent articles, published in 1949: Problems of 

nosology and psychodynamics of early infantile autism [15].  

It makes no sense to dwell on the whole story behind this idea, we can only mention that the idea of ‘cold mothers’ as a 

hypothesis had been circulating for many years and had left its stamp on many families around the world. 

This brings us to one of the main questions being asked regarding autism, and one that provokes the greatest amount of 

discussion: what are the roots of the developmental condition known as autism? The answers vary, ranging from heredity 

and cold mothers to the environmental impact. 

According to Pacheva [16] the etiology and pathogenesis of idiopathic autism, despite the numerous studies, remain 

unclear, with all kinds of hypotheses being considered-a combination of genetic factors, epigenetic factors, and the 

environment [16]. 

It can be assumed that the increasing number of children with autism is due to the decreasing number of children with 

mental retardation, but this is the way in which children with undifferentiated autism have been misdiagnosed. 

The prevalence rate of Autism Spectrum Disorder (ASD) has reached over 1% world-wide prompting governments, 

health providers and schools to develop programs and policies to address this challenging disorder [2]. 

Neurodevelopment has been studied extensively, especially in respect to abuse, anoxia, nutritional status and 

prematurity/low birth weight. However, less attention has been paid to innate and environmental factors, as well as to 

inflammatory conditions that may adversely affect neurodevelopment and learning in children [3]. 

Common early signs and symptoms of ASD in a child's first 2 years of life include: no response to name when called, 

no or limited use of gestures in communication, and lack of imaginative play [1]. 
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Understanding these characteristics is essential for recognizing the unique experiences of children with ASD, 

particularly as they navigate social landscapes that may evoke anxiety or reinforce introverted tendencies. 

Regardless of the discussions to date, the causes of autism are not fully understood,they range from cold mothers to 

severe food allergies, folic acid, genetic components, etc. The lack of certainty has led to numerous unscientific theories 

about the causes of autism, such as vaccination or paracetamol. 

In any case, these hypotheses, put forward in various publications, are incorrect, but thanks to this, discussions have 

been ongoing, regardless of the acrimony with which the authors have defended their ideas. 

Such an understanding is critical for clinicians and researchers to make informed decisions about the direction of future 

research and practice. 

 

2. Paleogenetic Analysis  
There are various theories about the origin of autism, some of which are extremely misleading as discussed in previous 

section of this work. This has not gone unnoticed by researchers in various countries who are focusing on paleogenetic 

analysis to find explanations for the etiology of autism. 

Prakash and Banerjee [17] for example, conducted a comparative analysis of ancient genomes with the aim of 

identifying their evolutionary patterns related to the evolution of autism, with the analysis of the ancient genome 

identifying conservative evolutionary selection clusters involved in cognitive function [17]. 

Esteller-Cucala, et al. [18] in their study related to Hyperactivity and Attention Deficit Disorder (HADD), which is part 

of the group of neurodevelopmental disorders, along with autism, propose several hypotheses to explain this disorder, 

mainly in the context of cultural change between the Paleolithic and Neolithic periods Esteller-Cucala, et al. [18]. Mozzi, et 

al. [19] in their study on Neanderthal introgressions, analyse human populations, apes, and genomic information on 

vertebrates to describe the evolution of two gene modules involved in neurodevelopmental disorders. 

Pauly, et al. [20] consider the potential roles that Neanderthal single nucleotide polymorphisms (SNPs) may play in the 

predisposition to autism. 

All of this suggests that thе approach to seeking the causes of the mechanism of autism is relevant and 

contemporary, and that studies of ancient genomes to explain various disorders whose origins remain unclear have their 

place.  

 

3. Practical Rationale 
Research aim: The aim of the research is to demonstrate, based on sequenced human genome data from various 

databases, that genetic mutations associated with autism have existed long before Kanner [9] systematization of the 

condition in 1943, thereby demystifying some of the conspiracy theories based primarily on misinformation. 

 

4. Methods, Research Data, and Workflow 
4.1. Data Used for the Analysis 

David Reich Lab data v54.1.p1 (Dataverse 8.0, March 6, 2023). Provides genotypes and single nucleotide 

polymorphisms (SNPs) [21]  for ancient and modern individuals for up to 1.23 million positions in the human genome 

(coordinates hg19) [22].   

NCBI dbSNP. Provides information on SNPs [23] and their annotation [24, 25] 

NCBI ClinVar Provides clinical data [26] on human genetic variations [27]. SFARI GENE. Data on genes and their 

[28] relationship to autism [29]. 

 

5. Methods Used in the Analysis 
5.1. dbSNP 

Data on missense SNPs for 1230 genes from SFARI GENE were extracted. A comparison was made to identify which 

of these genes correspond to SFARI category 1 (235 genes). Then a search was performed for matches in Reich’s data. The 

matches found were compiled into a table using a custom Perl script. 

 

5.2. Workflow 

• Extracting all gene names from SFARI GENE. 

• Extracting data for these genes from dbSNP using a custom Perl script that utilizes Entrez eutils, specifically 

esearch.fcgi (https://www.ncbi.nlm.nih.gov/books/NBK25501). 

• It was also necessary the period/era of each subject to be determined. ChatGPT was used to assist with the 

following classification [30]: 
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Table 1.  

Period/era. 

Era From year To year 

Palaeolithic (or Old Stone Age) -3 400 000 -10 000 

Mesolithic (or Middle Stone Age -10 001 -7 000 

Neolithic (or New Stone Age) -7 001 -3 300 

Bronze Age -3 301 -1 200 

Iron Age -1 201 500 

Middle Ages 501 1500 

 

• Each RSID was compared with Reich's data. Matches were collected and transformed into the final tabular format 

using a Perl script. 

 

6. Data Analysis 

Various research teams use the publicly available online database [31] to download, process, analyse, and publish data. 

The database currently contains a large number of genes. The available genes are grouped into the following categories: 

• Genes established as being associated with autism, developing alongside other diseases affecting the body (so-called 

syndromic genes);  

• Genes confirmed to be associated with autism; 

• Genes ‘suspected’ of possibly being associated with autism; 

• Genes of unclear significance. 

Thus, 35 genes were systematized, established as related to autism and ‘suspected’ of of being possibly involved 

for the mechanism of autism. 

 
Table 2.  

Distribution of gene mutations by period/era. 

Era Palaeolithic Mesolithic Neolithic Bronze Age Iron Age Middle Ages 

Women 55 137 1102 2331 2019 1628 

Men 119 162 1328 2702 2406 2206 

Unspecified 5 4 16 84 39 46 

Total 179 303 2446 5117 4464 3880 

 

Table 2 presents the distribution of gene mutations by gender during different eras – Palaeolithic, Mesolithic, 

Neolithic, Bronze Age, Iron Age, and Middle Ages. One row has been added for gender that cannot be determined. Given 

the extremely low values in this row, it can be assumed that the data cannot be distorted. 

Figure 1 illustrates that the highest values are recorded during the Bronze Age (period from -3,301 to -1,200) - 5117 

results, followed by the Iron Age (from -1201 to 500) with 4464 results, the Middle Ages (from 501 to 1500) with 3880 

results, and the Neolithic (from -7001 to -3300) with 2446 results. The Palaeolithic and Mesolithic periods have the lowest 

results, with 179 and 303 subjects, respectively.  

 

 
Figure 1.  

General data for the periods. 
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Completely identical distributions are also reported in Figures 2 and 3 which refer to gender – men and women. 

For women Figure 2 the highest values are recorded during the Bronze Age and Iron Age (2331 and 2019 totals), while 

the lowest are again during the Palaeolithic and Mesolithic periods, with 55 and 137 totals, respectively. 

 

 
Figure 2.  

Data by gender – women. 

 

For males - 2702 and 2406 for the Bronze Age and Iron Age, respectively, and 119 and 162 totals for the Paleolithic 

and Mesolithic periods. 

 

 
Figure 3.  

Data by gender – men. 

 

For unspecified gender data, the general trends are followed, with the exception of the differences between the Iron 

Age and the Middle Ages, where the ranks are rearranged.  
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Figure 4. 

Data by gender – unspecified. 

 

Something else is worth noting. The literature references a gender ratio in relation to autism, where it is assumed that 

the prevailing ratio is in favour of males over females by a ratio of two to one [32] while another study indicates that the 

ratio of boys to girls with autism in a population study in Finland is 3.5:1 [33]. 

Our study, however, reveals different values. The gender ratio is not statistically significant, nor is it even percentage-

wise significant. For example, at the highest values in the Bronze and Iron Ages, the ratio is not even 2:1, but 1.19 in favour 

of men in the Iron Age, 1.15 in the Bronze Age, and at the lowest values in the Palaeolithic and Mesolithic, they are 2.16 

and 1.18, respectively. 

This shows that the hypotheses about the prevailing ratio of men to women in genetic mutations are not confirmed, as 

the lines are almost identical.  

 

7. Conclusion 
The mechanism of autism is still unclear, and so far only inductive conclusions can be drawn about what does not 

cause this disorder. 

The study confirms that hypotheses related to vaccines, cold mothers, paracetamol, etc., are not relevant. 

It also refutes the claim that there is a ratio where the male profile predominates by 2 to 3 to 1. The data show that this 

ratio is not accurate, as autism is more common in boys, but the ratio is insignificant. 

Overall, understanding diagnostic profiles is crucial for developing long-term support strategies to enhance the 

educational outcomes and social adaptation of children with ASD [8] 

In conclusion, analysis of gene mutations through the paleogenetic approach is a method that can also be employed for 

other disorders with unknown etiology.  
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