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What Mediates the Relationship Between Autism Spectrum Disorder and Disordered Eating?

Introduction
Research has identified a link between autism spectrum disorders and the development of eating disorders, however, it has not yet identified a definite answer as to why. This is because the relationship between autism and eating disorders is complicated with numerous risk factors and other comorbidities involved. There is a high importance in finding a clear answer because understanding how a health condition affects a population would help with evidence-based medicine and intervention aimed towards the specific population group.

There are no known differences in nutritional requirements for those with autism, however, the characteristics of autism can affect the choice of foods and other eating behaviours (British Dietetic Association, n.d). Studies suggest that people with autism are more likely to have an eating disorder compared to the non-autistic population (Tchanturia, 2022) and that there is an overrepresentation of autism and autistic traits in eating disorder populations (Wentz et al., 2005). Not to mention, eating disorders tend to be more severe and last longer in these individuals (Carpita et al., 2022). This highlights the importance of understanding the issue and finding strategies and treatments that work specifically for individuals on the spectrum.

Effective treatment of an eating disorder is highly important for any patient regardless of whether they are on the autism spectrum because there is a high mortality rate (Smink and van Hoeken, 2012) and because the longer an individual has an eating disorder, the harder it is to recover and the greater the likelihood of death (Wetzler et al., 2020). As mentioned, determining the causality however might not be achievable because of the many factors involved and because of the complicated relationship between eating disorders and autism. There may not be a clear relationship as such, but many mediators and moderators that play a part, meaning that an eating disorder could develop and manifest in many different ways and in the form of a variety of types of eating disorders. 

Key terms
There are some key terms that will be used throughout the review that are important to understand. Firstly, it is important to differentiate between an eating disorder, feeding disorder and disordered eating. An eating disorder is a diagnosed mental disorder and characterised by abnormal eating behaviours, whilst disordered eating simply describes abnormal eating behaviours (Franzini Pereira and Alvarenga, 2007). Either may present themselves with, or be accompanied by, obsessions with calorie counting and restriction, weighing and physique (National Institute of Mental Health, n.d). It is important to note that just because an individual has abnormal eating behaviours does not mean they will always qualify for a diagnosis of an eating disorder (Franzini Pereira and Alvarenga, 2007; Polivy and Herman, 2002).

The characteristics of eating disorders and feeding disorders often overlap, but the main difference is that eating disorders are usually influenced by poor body image and insecurities, whereas feeding disorders are usually influenced by refusal to eat a food, or a strong dislike for the food itself (Attia et al., 2013). Research has suggested that people with autism often present with a dislike for certain foods and their tastes, smells and textures, rather than with body image issues (Huke et al., 2013). This would suggest they are more likely to develop feeding disorders than eating disorders, however, there is a correlation with both.

The other main key term is autism spectrum disorder and any other alternative names and subcategories that might be used in place of this. Autism spectrum disorder is an umbrella term that includes several behavioural disorders. Each of these disorders differ in severity, but there are certain characteristics they generally share. Autism can affect the way the individual interacts, communicates and behaves, but to varying degrees because it is considered a spectrum (Lord et al., 2020). Each level of autism typically has the same types of symptoms but at a different intensity, so cases range from very mild to severe and anywhere in between (Lord et al., 2020). The Diagnostic and Statistical Manual of Mental Disorders (2013) used to have names for each severity (or level) of autism, but more recently, they were replaced with the umbrella term ‘autism spectrum disorder’. The DSM-5 now looks at autism as three different levels, with level 1 being the mildest and level 3 being the most severe. As of 2022, the International Classification of Diseases (ICD-11) also now recognises autism as one umbrella term.

Despite this recent change in the DSM and ICD, it may still be useful to refer to each of the older discontinued terms because some of the literature was written when these terms were officially used. At the milder end of the spectrum is Asperger’s syndrome. These people may be very intelligent, independent and succeed in life, but they can have difficulty with social situations. They may have trouble recognising other people’s feelings and intensions, as well as expressing their own (Hoffman, 2023). Pervasive developmental disorder – not otherwise specified (PDD-NOS) is slightly more severe than Asperger’s, but these individuals can still be somewhat independent (Hoffman, 2023). After this, autistic disorder is more severe and these individuals might not have the life skills needed to succeed. They may be described as low functioning (Hoffman, 2023). Then on the most severe end of the spectrum is childhood disintegrative disorder; these individuals may be described as low functioning and have many issues that they need support with. They may be non-verbal or only speak very few words (Hoffman, 2023).

This meta-synthesis will often refer to both moderators and mediators, both of which can influence the relationship between two variables, but in different ways. A moderator is a variable that affects the strength or direction of the relationship between the independent variable and dependent variable. Whereas a mediator explains the relationship between two variables by showing how one variable influences the other through an intermediate variable (Wu and Zumbo, 2008). In other words, a mediator variable explains the underlying mechanism or process by which the independent variable influences the dependent variable.

Characteristics that make dieting easier
Those with autism may be more likely to stick to a diet because they possess certain characteristics that make it easier, which can increase the chances of a diet turning into an eating disorder (Huke et al., 2013). These characteristics include great attention to detail and higher determination, among other things (Saure et al., 2020). Even after dieting goals have been achieved, they may have trouble stopping the diet because they have become fixated on it and on the eating behaviours they have adopted (Saure et al., 2020).

The similarities between autism spectrum disorder and eating disorders
Attempting to explain the complex relationship between autism spectrum disorder and eating disorders can be difficult (Tchanturia, 2021, p. 18). It can even be difficult to establish the difference of characteristics (symptoms) in autism and eating disorders in some cases because they overlap (Tchanturia, 2021, p. 18). The many possible causes of eating disorders in individuals with autism are mainly based on the behaviours and thinking styles associated with both autism and eating disorders, such as restricted thinking patterns, hyperfocus on small details and ability to be persistent (Tchanturia, 2021, p. 17).



Psychological risk factors
There are three aspects of the autistic mind that may contribute to the development of an eating disorder. Firstly, there is the ‘theory of mind’. This means an individual only see’s things in their own way, causing them difficulty in understanding that others have opinions. This makes them stubborn and less able to change once they decide to stick to something, such as a diet or another goal (Carpita et al., 2022). The second aspect is impaired central coherence, which means they are less able to see things in the bigger picture and are more adapted to focusing on small details, such as slight changes in physique or body fat. They are more able to stay focused on whatever they choose to do, for example, in this context, restricting food and calorie intake or changing their physique (Carpita et al., 2022). Lastly, they may have impaired set shifting, which is the difficulty to move from one task to another. They may not know when to end a diet because they have become extremely focused on it. They also fail to see the bigger picture, which could mean they do not focus on an end goal, preventing them from moving on because they have not planned when they will stop (Carpita et al., 2022).

Physical risk factors
It is important to explore all possible risk factors not just psychological but physical too. Looking at things from a physical perspective, people with autism are prone to gastrointestinal problems like constipation, bloating and diarrhoea, which could be why some eat a limited diet of foods (Ferro and Prasad, 2016). Studies have found a high prevalence of mild to moderate gastrointestinal symptoms, inflammation and dysfunction in people with autism but it not completely clear why (Horvath and Perman, 2002). It could be that disordered eating develops first and is the cause of these gastrointestinal problems, because it would be reasonable to suggest that poor eating habits will lead to GI symptoms. The most common reported symptoms are chronic constipation, diarrhoea and abdominal pain (Hsiao, 2014). Food allergies, altered nutrient intake and metabolic disruptions have also been linked to autism (Hsiao, 2014). In addition to this, there are several studies that report an altered composition of the gut microbiota (Vittoria Ristori et al., 2019). All in all, there is a wide range of different gastrointestinal issues associated with autism.

Some individuals with autism may avoid certain foods because they are more sensitive to the texture, taste or color, rather than restricting food intake because of body image issues (British Dietetic Association, n.d). This again shows that the relationship between autism and eating habits may be more complicated and that the causes could differ to that of neurotypical individuals. Individuals without autism typically present with an eating disorder because of poor body image and an obsession with wanting to change their physique. Individuals with autism however, do not always have obsessions with weight loss or physique (Huke et al., 2013). This is why other factors not related to poor body image should be considered, for example, sensory processing disorder.

Other closely related conditions (comorbidities)
Alexithymia and autism commonly occur together as a comorbidity (Kinnaird and Stewart, 2019). People with alexithymia have difficulty identifying, describing and expressing emotions (Kinnaird and Stewart, 2019). Some of the research on autism and eating disorders suggests that alexithymia could play a role in mediating this relationship (Kinnaird and Stewart, 2019).

Sensory processing disorder is a condition that affects how the brain processes sensory information (Tavassoli et al., 2018). It typically affects a lot more people with autism compared to people without (Tavassoli et al., 2018). People affected with it experience sensory overload when they receive too much input from their five senses (Tavassoli et al., 2018). This can result in the avoidance of certain colors, textures, tastes and smells. As a result, the diet can become very limited, putting an individual at an increased risk of developing an eating disorder (Galiana-Simal and Munoz-Martinez, 2017). These types of individuals are more likely to develop a feeding disorder called avoidant/restrictive food intake disorder, which is highly comorbid with autism (Dovey and Kumari, 2019; Koomar et al., 2021). It is different to other common eating disorders in that there is no effect on body image and patients do not fear weight gain, but instead have a restricted diet because of a strong dislike for the food itself (Zimmerman and Fisher, 2017). 

Avoidant-restrictive food intake disorder
The DSM-5 (2013) mentions three pieces of criteria for a diagnosis of avoidant-restrictive food intake disorder (ARFID). The criteria includes: a sensory-based avoidance of foods, a phobia-based avoidance of foods and a lack of interest in eating. People with autism more commonly display the sensory-related symptoms, but may also display others (Bourne and Mandy, 2022). Research suggests that significant food restriction is common in children and young people with autism and that this is frequently due to sensory issues (Bourne and Mandy, 2022). However, the link between ARFID in autism needs further research, much like with other eating disorders. 

Anorexia nervosa
Another eating disorder with a strong link to autism is anorexia nervosa (Westwood and Tchanturia, 2017). Unlike with ARFID where there seems to be a logical explanation for the comorbidity, research suggests there is a different kind of relationship between autism and anorexia. Research has found that patients with anorexia nervosa temporarily display symptoms of autism during severe malnutrition and that these symptoms may then improve with normal nutrition (Westwood and Tchanturia, 2017). This suggests that it might not be that those with autism develop anorexia, but those with anorexia temporarily develop traits of autism whilst malnourished.

Rationale
With this background knowledge it is obvious that it is a very large topic with many factors, therefore there are many theories, concepts and problems. Completing a meta-synthesis could help to link everything together to get an idea of the bigger picture. As mentioned, it is also important to understand the relationship between autistic individuals and restrictive eating behaviours, not only because how it presents itself may differ from neurotypical individuals but also because treatment may need to be adapted to suit those with autism (Carpita et al., 2022). This meta-synthesis aims to compile and critically evaluate the literature to answer numerous questions about the cause and risk factors of eating disorders in those on the autism spectrum.

Objectives and research questions
The overall aim of the meta-synthesis is to explore the relationship between autism spectrum disorders and eating disorders. More specifically, to identify the most common risk factors for eating disorders in individuals with autism, to determine what makes people with autism more likely to have an eating disorder. This will help to answer the research question ‘what mediates the relationship between autism and eating disorders?’. The meta-synthesis will also consider moderators.


Hypothesis
It is already known that some sort of relationship exists between the exposure (autism) and outcome (eating disorders), which means numerous hypotheses have already been established. Based on current research, the hypothesis is that autistic individuals are more likely to develop an eating disorder or an unusual eating habit because they display certain behaviours and have thinking patterns associated with, and seen in, eating disorders. The characteristics of the two overlap, as shown in figure 1. The link between the two is not direct because not all people with autism have an eating disorder and the autistic mind is susceptible to other related conditions that may act as a mediator. This mediator is likely to be other secondary disorders linked to autism, such as alexithymia or sensory processing disorder.

Figure 1: The overlap of characteristics (symptoms) between autism spectrum disorder and eating disorders.



Figure 2: the hypothesis suggesting how the relationship works between exposure, mediator and outcome.












Methods

Search strategy
[bookmark: _Hlk126517616]A meta-synthesis of the literature was performed, following the PRISMA guidelines and flowchart. The time frame for the searching and selection process was from December 2022 to April 2023. Databases and other sources were searched for suitable and relevant studies. The search engines used included Google Scholar. The databases searched included PubMed and Cochrane Library. The combination of key words used for searches included: at least one key word related to the population group and exposure (autism spectrum disorder) and at least one key word related to the outcome (eating disorders). Key terms used included autism, autism spectrum disorder, autism spectrum condition, Asperger’s syndrome, eating disorder, disordered eating and feeding disorder. The exact search strategy for all databases and search engines was: (autism OR “autism spectrum disorder” OR “autism spectrum condition” OR “Asperger’s syndrome”) AND (“eating disorder” OR “disordered eating” OR “feeding disorder”).

Eligibility criteria
Only studies published during or after 2018 were included to ensure information was relevant to how eating disorders are diagnosed and treated in more recent times. This is also because there is more understanding of the issue thanks to an increasing amount of research in recent years, therefore older studies may be irrelevant. The results brought up a variety of study types involving a variety of population groups. Therefore, the review included studies on all age groups and genders, all eating disorders and all levels of autism. This meant the review took on a more general approach. In terms of the PICO process, the population selected was children, adolescents and adults of any gender either with a formally diagnosed or suspected autism spectrum disorder, a formally diagnosed or suspected eating disorder, or both. The exposure was symptoms of autism spectrum disorder. There is no comparator as such because only cross-sectional studies were included. The outcome being measured was symptoms of eating disorders and the potential mediators in the relationship between autism and eating disorders.

Only specific types of studies were searched and included to ensure to the quality of evidence and to appropriately answer the research questions. The best available studies to answer the research questions were cross-sectional studies. This is because most studies on the topic were cross-sectional, especially studies looking at what mediates the correlation between ASD and eating disorders. Exclusion criteria was also set out. Studies were excluded if they were written in a language other than English because of the difficulty of having to translating them. Studies were also excluded if the type of study was an expert opinion, animal research study, case study or other descriptive type study. This is because these types of studies are either anecdotal evidence or not considered good quality evidence on the ‘hierarchy of evidence’. Any sources that did not fit the inclusion criteria, or flagged up when assessed against the exclusion criteria, were discarded. The study selection method was an assessment of each record by one reviewer.

Data items and collection process
Qualitative data was collected from cross-sectional studies, such as the study design, year of publication, variables used, screening tools, participant characteristics, sample size, and key findings. This data was collected for the synthesis of results to answer the research questions. The studies helped to establish which particular risk factors or mediators have the biggest contribution to the development of an eating disorder in people with autism.

Assessing risk of bias
There were no assessment tools found to critically appraise cross sectional studies. Therefore, The Critical Appraisal Skill Programme checklist for case control studies (2018) was adapted and used to assess the quality of, and risk of bias in, the included studies. This was done on each study using a checklist from the Critical Appraisal Skills Programme. The ‘Risk Of Bias in Non-randomized Studies - of Exposure (ROBINS-E) (2022)’ was also used to assess risk of bias among the included studies.

Synthesis methods
Studies were grouped for synthesis based on their research question i.e., questions about the mediators and moderators in the relationship between autism and disordered eating, or other terms in place of these. Studies were also grouped based on study design. Relevant data was extracted from each of the studies, including information on the study design, population and participant characteristics, effect measures and outcomes. The quality of each study was then assessed using appropriate tools, such as the Critical Appraisal Skills Programme (2018) and ROBINS-E (2022). Which allowed the limitations and strengths of each study ton be considered.

The data from the included studies was then synthesized and the results were presented in a narrative summary, combining and summarising the results, providing a comprehensive and objective thematic analysis of the evidence. The methods used to tabulate and visually display results included the use of tables and graphical displays.

Assessing heterogeneity in studies
There was heterogeneity in the studies selected, for example, different participant characteristics, diagnostic or screening tools and effect measures. However, there was not a large amount of research to work with, so the studies found were still combined together despite some differences.

Limitations of the study
The study was limited in that it only used qualitative data from studies and this could potentially introduce bias, because it allows for the author of a study to somewhat use subjective judgements. In addition to this, there are already relatively recent systematic and literature reviews on the topic, so it may not be the most useful or original. However, this meta-synthesis has slightly different research aims, objectives and questions. In addition to this, a small amount of new literature has been published since the last systematic review back in 2021 and this new literature may have new evidence worth looking at.




Results

Study selection
The search returned 281 results in total; 204 from PubMed and 77 from Cochrane Library. Any duplicates were removed, leaving a remaining 250 studies to be screened. 225 of these records were excluded after the screening process determined them irrelevant. The remaining 25 studies were then sought for retrieval and assessed for eligibility. Of these, 18 studies were excluded. The main reason for excluding these studies was that most had different research aims and questions, such as questions about the prevalence of an ASD and ED comorbidity, rather than questions about risk factors and mediators. A mix of study types remained because they could all contribute to answering the research questions. The total number of studies to be included were 7.

[bookmark: _Hlk130054488]Figure 3: PRISMA flow diagram for the search and selection process (Page et al., 2021).
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Study characteristics and risk of bias
There were several studies that considered moderators or mediators in the relationship between ASD and eating disorders or disordered eating. Most of these were cross-sectional studies. The first source is the cross-sectional study ‘Alexithymia may explain the relationship between autistic traits and eating disorder pathology’ by Vuillier et al. (2020). The aim of the study was to explore whether alexithymia mediates the heightened risk of eating psychopathology in individuals with autistic traits. This study was separated into two experiments. Experiment 1 involved a sample of 121 participants, predominantly undergraduate students. During the first study, the Toronto Alexithymia Scale (TAS-20) was used to measure alexithymia, the Autism Quotient (AQ) was used to measure traits of autism, and Eating Attitudes Test (EAT-26) was used to measure eating disorder symptoms. The results suggested that TAS-20 scores that measured alexithymia mediated the relationship between heightened autistic traits and eating psychopathology. It suggested that autistic traits exert their influence on eating psychopathology indirectly and entirely through alexithymia. Experiment 2 recruited 300 undergraduate students as participants. These participants were asked to complete the same screening tests as in experiment 1 and then to complete the following measures. The Levels of Emotional Awareness Scale (LEAS), the Patient Health Questionnaire (PHQ-9) and the Beck Anxiety Inventory (BAI). The results suggested that significant relationships existed between autistic traits and alexithymia. It also suggested the mediation effect from experiment 1 was partial and was only seen in female participants. The results showed that relationships between eating psychopathology, TAS-20 and autistic traits were moderated by sex. It concluded that alexithymia could partially explain the prevalence of eating disorders in the ASD population.

In terms of limitations of the study, any cross-sectional study might be useful for understanding the relationship between variables, however, it is considered weaker evidence, because information is only collected during one point in time. There is also a risk of response bias from participants. The other limitation of this specific study was the participant sample. The study included a non-clinical sample of British undergraduate students, who were not asked about their ethnicity. The age range was also small and there were not many male participants, therefore, the sample was not diverse and representative of the population group. Although the study was clearly focused on a research question, the most appropriate methods were not used to answer the question, because cross sectional studies cannot determine causality. Therefore, experimental research would have been useful.

Another recent cross-sectional study (Moseley et al., 2023) looked at alexithymia as a mediator. The study ‘Sex-specific mechanisms for eating disorder risk in men and women with autistic traits: the role of alexithymia’ was published in 2023 and is the most recent piece of research on this topic. It has similarities to the study by Vuillier et al. in that it also considered sex as a moderator and has a cross-sectional design. It also has two of the same authors. The participants included 198 men and 265 women who reported they have a formally diagnosed or suspected eating disorder. Around 4% of the male sample and 4% of the female sample reported they had received a formal diagnosis of autism. The participants completed an online survey of standardised scales, including the Autism-Spectrum Quotient, short form (AQ-S), the Toronto Alexithymia Scale (TAS-20), the Depression, Anxiety and Stress Scale (DASS-21) and the Eating Disorder Examination Questionnaire (EDEQ).

The results suggested that pathways to eating disorders differ in men and women, but in both sexes alexithymia was associated with eating disorder symptoms. In the male group, there was a significant relationship between autistic traits and alexithymia, but not with autistic traits and DASS scores (the Depression, Anxiety and Stress Scale). In the female sample, there was also a significant association between autistic traits and alexithymia, but also with DASS scores. This suggested that the alexithymia and anxious/depressive symptomatology that co-occurs with autistic traits heightens the risk of eating disorders. Again, in terms of assessing the validity of the study, there are weaknesses in cross-sectional study designs because they are not considered strong enough evidence to establish causality. The sample used was a convenience sample, so only individuals who were easily accessible were included. The problem with this is that it might not represent all of the population group. This proved to be true because the sample was mostly white British, with only a few male participants, which introduces bias. 

Another cross-sectional study (Barnett et al.) published in 2020 also considered sex as a moderator. The study examined the potential moderating effect of sex, anxiety and depression in the link between ASD and disordered eating. The sample consisted of 691 participants who participated in an online survey which included demographic questions, the Autism Spectrum Quotient (AQ), Hospital Anxiety and Depression Scale (HADS), and Eating Attitudes Test-26 (EAT-26). The AQ and EAT-26 total scores were significantly positively correlated in both males and females, but more so in females, suggesting that sex has a moderating effect. This effect was independent of anxiety and depression. The study also found significant positive correlations between almost all combinations of the variables.

In terms of strengths and limitations of the study, it included a fairly equal amount of males and females, which allowed the study to consider gender as a mediator. The study also controlled for other covariates, such as those related to mood i.e. anxiety and depression. As for limitations, the study relied on self-reporting of symptoms, which could have introduced response bias. This is because some participants might underestimate or overestimate their symptoms. There was also missing data from some of the participants. This occurred because these participants filled out paper versions of the survey and only electronic versions were collected. This resulted in non-response bias. Another limitation was that the study focused only on adults aged 18 or above, which meant an opportunity was missed to see if the association between autism and ED was influenced by age. Especially considering that many eating disorder cases develop during the late teenage years.

A study in 2022 by Carter Leno et al. explored fussy eating as a mediator between childhood autistic traits and adolescent eating disorder behaviours. The study used data from a longitudinal study called ‘Avon Longitudinal Study of Parents and Children’ in which children between the ages of 7 and 14 were rated on autistic traits and fussy eating. The Social and Communication Disorder Checklist (SCDC) was completed by parents to measure social and communication difficulties of the children at age 7, 11 and 14. Fussy eating was measured by three questions, again answered by parents. This was at 7, 8, 9 and 13 years old. Eating disorder behaviours were measured by a questionnaire completed by the participants when they were 14. This was the last questionnaire, which contained three questions about fasting, binge eating and purging. The study found that higher levels of autistic traits at age 7 was associated with greater eating disorder behaviours at 14, with an indirect pathway via fussy eating.

The conclusion was that fussy eating was a potential link between childhood autistic traits and eating disorder symptoms later on in adolescence. There were limitations of the study, for example, it did not consider sex as a moderator and collected participant information through a self-reported survey which comes with a risk of response bias. It also remains unclear about the relationship between fussy eating and disordered eating, therefore there may be an unmeasured bidirectional association between the two. This is something the study recognised as a limitation. The study also had some notable strengths. The study used a longitudinal approach where a population cohort were assessed over a period of 7 years. It also used a combination of parent and self-report.

Another study (Leader et al., 2020) looked into feeding problems in children and adolescents with autism spectrum disorder, it also considered gastrointestinal symptoms, challenging behaviour and sensory issues because these commonly occur together. The study recognises that sensory issues could be a reason for the high prevalence of feeding and eating disorders within the ASD population. The study assessed the frequency of feeding problems in relation to gastrointestinal (GI) symptoms, challenging behaviour, sensory problems and comorbid psychopathology. This was done through the use of numerous questionnaires: Autism Spectrum Disorder Comorbidity Child (ASD-CC), Screening Tool of Feeding problems in Children (STEP-CHILD), GI Symptoms Inventory, Behaviour Problems Inventory Short Form and Short Sensory Profile. The study consisted of 136 children and adolescents with a diagnosis of autism, mostly males. Sensory problems and gastrointestinal symptoms were found to be higher in participants with feeding problems. The study suggested that sensory problems could be considered a mechanism to explain feeding problems in the ASD population.

A limitation to the study is that the term ‘feeding problems’ is vague and ambiguous, therefore participants could each have very different ‘feeding problems’. The study also looked at the participants as a whole, instead of having between-group analyses for different ages. One of the measurement tools used for measuring feeding difficulties had a limitation. The STEP-CHILD contains a scoring method in which caregivers report a frequency score of feeding problems. The caregiver might be aware of the feeding problem, however, they are not always aware of the detrimental effect a feeding disorder can have. This means they could be biased and that they could underestimated its effect. This is particularly a problem where a caregiver is reporting a feeding problem for someone who is non-verbal. The study also did not include a control group.

A separate study by Kitajima et al. published in 2022 also considered sensory processing as a factor, but in the ASD and anorexia nervosa relationship. The study included a group of 17 children and adults with AN (AN group) and a group of 63 adolescents (healthy control group). The AN group participants were all newly diagnosed (in the last year). The assessment measures used were the Sensory Profile (SP) and Adolescent/Adult Sensory profile (AASP), the Childrens Eating Attitude Test - 26 (ChEAT-26) and the Autism-Spectrum Quotient Childrens Version (AQC). The findings lead to the hypothesis that sensory hypersensitivity can occur as a symptom, or complication, in individuals with AN. This hypothesis is thought to be due to a change in the learning process and reward system which happens during chronic starvation. This study might have had some selection bias because it was conducted in one single centre in Japan. There was also a small number of participants who actually had anorexia nervosa, possibly resulting in underestimations in some of the measurements.

The last cross-sectional study found in the search offered something different in that it considered orthorexia and intolerance of uncertainty as mediators in the relationship between ASD traits and disordered eating symptoms. The study by Giles et al. (2021) tested whether the intolerance of uncertainty (IU) indirectly contributed to the development of an eating disorder because rigid eating behaviours can help to achieve a routine and sense of control. The participants were 396 adult females who completed an online self-report questionnaire. The questionnaire contained six different sections such as socio-demographic information, the Autism-Spectrum Quotient (AQ), the Intolerance of Uncertainty Scale (IUS), Orthorexia-Revised (ORTO-R), the Eating Disorder Examination Questionnaire (EDE-Q), and the Hospital Anxiety and Depression Scale (HADS).

Autistic traits were associated with higher levels of IU, orthorexia symptoms, weight and shape concerns, and dietary restraint. The results showed that autistic traits did not directly lead to disordered eating or orthorexia symptoms, but there was a significant indirect relationship between traits of autism and disordered eating through both intolerance of uncertainty and orthorexia. In addition to this, anxiety and depression were significantly associated with autistic traits, disordered eating and IU, suggesting that they moderate the relationship between variables. Once again, with cross-sectional studies, the limitation is that they cannot determine causality. Self-reporting from participants is another common limitation in this study type. It is also important to consider that the sample used in the study was not representative of the population because they were all female and university students.

Figure 4: Summary of study characteristics and outcomes
	Study
	Research aims and questions
	Participant characteristics
	Variables used
	Results

	‘Alexithymia may explain the relationship between autistic traits and eating disorder pathology’ (Vuillier et al., 2020)
	The aim of the study was to explore whether alexithymia mediates the heightened risk of eating psychopathology in individuals with autistic traits.
	Experiment 1 involved a sample of 121 participants, predominantly undergraduate students. Experiment 2 recruited 300 undergraduate students.
	Autistic traits, alexithymia, eating disorder pathology, gender, anxiety and depression.
	The results suggested that significant relationships existed between autistic traits and alexithymia. The results showed that relationships between eating psychopathology, alexithymia and autistic traits were moderated by sex. It concluded that alexithymia could partially explain the prevalence of eating disorders in the ASD population.

	‘Sex-specific mechanisms for eating disorder risk in men and women with autistic traits: the role of alexithymia’ (Moseley et al., 2023)
	The aim of the study was to establish whether there is a difference in mechanisms in the relationship between autistic traits and eating disorders for men and women.
	The participants included 198 men and 265 women who reported they have a formally diagnosed or suspected eating disorder. Around 4% of the male sample and 4% of the female sample reported they had received a formal diagnosis of autism.
	Autistic traits, alexithymia, eating disorders, gender, anxiety, stress and depression.
	The results suggested that pathways to eating disorders differ in men and women, but in both sexes, alexithymia was associated with eating disorder symptoms.

	‘The association between autistic traits and disordered eating is moderated by sex/gender and independent of anxiety and depression’ (Barnett et al., 2021)
	The study examined the potential moderating effect of sex, anxiety and depression in the link between ASD and disordered eating.
	The sample consisted of 691 participants. 419 of these were female, 267 were male, and 5 did not disclose their gender.
	Autistic traits, disordered eating, gender, anxiety and depression.
	Autism and ‘eating attitudes’ total scores were significantly positively correlated in both males and females, but more so in females, suggesting that sex has a moderating effect. This effect was independent of anxiety and depression.

	‘Associations between childhood autistic traits and adolescent eating disorder behaviours are partially mediated by fussy eating’ (Carter Leno et al., 2022)
	The study explored fussy eating as a mediator between childhood autistic traits and adolescent eating disorder behaviours.
	The sample included children and adolescents between the ages of 7 and 14.
	Autistic traits, eating disorder behaviours and fussy eating, 
	The study found that higher levels of autistic traits at age 7 was associated with greater eating disorder behaviours at 14, with an indirect pathway via fussy eating. The conclusion was that fussy eating was a potential link between childhood autistic traits and eating disorder symptoms later on in adolescence.

	‘Feeding problems, gastrointestinal symptoms, challenging behavior and sensory issues in children and adolescents with autism spectrum disorder’ (Leader et al., 2020)
	The study investigated feeding problems in children and adolescents with autism spectrum disorder, it also considered gastrointestinal symptoms, challenging behaviour and sensory issues because these commonly occur together.
	The study consisted of 136 children and adolescents with a diagnosis of autism, mostly males.
	Autism spectrum disorder, feeding problems, gastrointestinal symptoms, challenging behavior and sensory issues.
	Sensory issues and gastrointestinal symptoms were found to be higher in participants with feeding problems. The study suggested that sensory issues could be considered a mechanism to explain feeding problems in the ASD population.

	‘Sensory processing in children and adolescents shortly after the onset of anorexia nervosa: a pilot study’ (Kitajima et al., 2022)
	The study explored sensory processing as a mediator in the ASD and anorexia nervosa relationship.
	The study included a group of 17 children and adults with AN (AN group) and a group of 63 adolescents (healthy control group).
	Sensory processing, anorexia nervosa and autism spectrum disorder.
	The results suggest that sensory hypersensitivity can occur as a symptom, or complication, in individuals with anorexia nervosa.

	‘Do orthorexia and intolerance of uncertainty mediate the relationship between autism spectrum traits and disordered eating symptoms?’ (Giles et al., 2021)
	The study investigated whether the intolerance of uncertainty (IU) and or orthorexia contributed to the development of an eating disorder.
	The participants were 396 adult females.
	Autistic traits, intolerance of uncertainty, orthorexia, disordered eating symptoms, body mass index, anxiety, depression and age.
	Autistic traits were associated with higher levels of IU and orthorexia symptoms. Autistic traits did not directly lead to disordered eating or orthorexia symptoms, but there was a significant indirect relationship between traits of autism and disordered eating through both intolerance of uncertainty and orthorexia. In addition to this, anxiety and depression were significantly associated with autistic traits, disordered eating and IU, suggesting that they moderate the relationship between variables.



Results of synthesis
The studies each investigated the variables associated with the relationship between autistic traits and disordered eating. The studies were mainly cross-sectional and found that alexithymia, fussy eating, sensory issues, gastrointestinal symptoms, challenging behaviour, orthorexia and intolerance of uncertainty are all possible mediators. Sex and age were also considered as the main moderators. The ROBINS-E tool (2022) was used to determine bias among the studies. Two of the studies had some concerns for bias and the remaining five studies had a high risk of bias. The main types of bias found in the studies were measurement and selection bias. This was due to the design of the cross-sectional studies which mostly collected data through self-reported surveys during one moment in time. There was also selection bias in many of the studies. Some only featured specific groups, such as university students, females or adults over 18. There was also some risk of confounding as in observational studies it cannot be completely eliminated even if confounders are acknowledged. 




Figure 5: Risk of bias among contributing studies based on the ROBINS-E tool
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Heterogeneity
There was heterogeneity in the studies selected, for example, different participant characteristics, diagnostic or screening tools and effect measures. The exposure and outcome were different in some studies. In some, autism was the exposure and eating disorders were the outcome being measure, for other studies, it was the other way around.




Discussion
The included studies found that alexithymia, fussy eating, sensory issues, gastrointestinal symptoms, challenging behaviour, orthorexia and intolerance of uncertainty are all possible mediators in the relationship between autism spectrum disorders and disordered eating. The studies looking at alexithymia found that there was a relationship between autistic traits, alexithymia and eating disorder symptoms. It is difficult to explain why a relationship between variables occurs when relying on cross-sectional studies, but the dissatisfaction, distress and inability to express emotions caused by alexithymia and autism could be what leads to abnormal eating behaviours seen in these individuals. Other possible explanations for the link between autism and disordered eating seem more logical, such as the findings from the study by Leno et al. It suggested that fussy eating partially mediates the relationship between childhood symptoms of autism and disordered eating that develops in adolescence. This supports what is already known about the onset of eating disorders in the general population; an eating disorder can start off as fussy eating or restriction of certain foods. However, the pathway is different for each person with an eating disorder and strict dieting is only one of many risk factors.

Similar to fussy eating; the restriction of certain foods considered unhealthy by an individual is known as orthorexia, another possible mediator in the link between autism and disordered eating. The study by Giles et al. found that orthorexia, along with intolerance of uncertainty, significantly but indirectly mediated the relationship. Intolerance of uncertainty may also link back to alexithymia, considering that those with alexithymia are uncertain of the way they feel. The intolerance of uncertainty however refers to more than just being unsure about emotions. The intolerance of uncertainty could be influenced by other things, such as events out of the individuals control. 

Two of the included studies explored how sensory issues mediate the relationship between autistic traits and disordered eating. At surface level this seems to be logical relationship, especially considering that many people with sensory issues have a sensory food aversion. Past literature has found an association between autism, sensory processing disorder and avoidant restrictive food intake disorder, which makes sense without a need for explanation. Some of the findings in this meta-synthesis however, found that sensory hypersensitivity can occur as a complication in anorexia nervosa. Similarly, autistic traits were found to occur, or exacerbate, as a complication of anorexia nervosa. These complications were found in those who were severely malnourished. 


Sex and age were considered as moderators in this relationship because the severity and number of eating disorder cases appeared to be somewhat different for each population group. This is similar to the prevalence of eating disorders in the general population, where they are more commonly seen in females and adolescents. Anxiety and depression also moderated the relationship in some studies. This was to be expected considering that having a mood disorder is a risk factor for the development of an eating disorder. 


This all suggests that there are many potential ways in which an eating disorder could develop in someone with autism. It also confirms that the relationship between autistic traits and eating behaviours is complicated, something supported by previous research and other review type studies on the topic of autism and eating. 
















Figure 6: A diagram to show how the variables might link together based on the review and current literature
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Limitations of the studies included in the review
The included studies had a high risk of bias, particularly with selection and measurement bias, as found in the risk of bias assessment. Confounding was also a risk because observational studies are particularly susceptible to this. Most of the studies were cross-sectional and the data used is typically self-reported by participants. Some of the questionnaires were aimed at parents and this could have lead to inaccurate answers to questions because they do not experience the disordered eating themselves, therefore, they cannot give fully accurate answers about every aspect. There is even more of a risk with parents or caregivers of non-verbal children.

One interesting thing about the review was that poor body image was not considered in the relationship between autistic traits and disordered eating, which may have been missed out simply because previous research suggests that people with autism do not usually develop an eating disorder due to poor body image. Despite this, it should not be ruled out. The other limitation is that the studies rarely looked at specific eating disorders, other than anorexia nervosa. This is particularly a problem when trying to differentiate the causal pathway for each individual disorder, however, a separate review would ideally need to be done to address each one.

Limitations of the review
The search process may have been flawed because after the results stage of the study, other appropriate studies were identified. It may have been useful to use more than two databases. Although qualitative information can be useful in generating a hypothesis, the disadvantage is that this type of research is more subjective to the researcher. The review only included thematic analysis, which has the potential for reporting bias and subjective interpretations. Statistical analysis would have been useful to quantify the results of the study. Nonetheless, this type of research can be used to explain the processes and patterns of experiences, attitudes and behaviours. All of which are relevant to this topic. The other limitation was the selection of mainly cross-sectional studies, which were useful, however, they are not strong enough evidence.

Implications of the results for practise, policy and future research
There is already a relatively large amount of evidence about the prevalence of eating disorders within the ASD population and vice versa. Therefore, it is not important for more research on this because a correlation between ASD and eating disorders has already been well-established. However, more research is needed on the causal pathway. Most of the studies included in this meta-synthesis were cross-sectional and this is not strong enough evidence to determine causality. Stronger evidence is therefore needed to explore the relationship. Cohort and case-control studies could potentially address this. It seems there are already some cohort studies, but the majority investigate the link between autism and anorexia, with very little about other eating disorders. This is another reason why more research is needed, especially on other eating and feeding disorders, not just anorexia.

Determining how eating disorders develop in the autistic population could lead to a better understanding of the issue and also help with developing evidence-based practise, leading to more suitable treatment for people with both autism and an eating or feeding disorder. With that in mind, further research on treatment for this population group would also be beneficial. Especially when considering that eating and feeding disorders tend to last longer and be more severe in autistic individuals.





















Conclusion
The main research aim was to explore the complicated relationship between autism spectrum disorders and disordered eating, with particular attention to mediators, moderators and other variables. Throughout the review, many inferences were made about the possible mediators in this relationship, as well as moderators. However, with the limitations of cross-sectional studies, no definite conclusion can be made about the mechanism between autism and disordered eating. Despite this, the review did help to piece together all the possible explanations to see the bigger picture. The findings supported the hypothesis that comorbidities would play a role in mediating the relationship. It was hypothesized that alexithymia and sensory processing issues would be the biggest mediators and the results of the review supported this. However, additional mediators were suggested in some of the studies, such as fussy eating, challenging behaviour, gastrointestinal symptoms, orthorexia and intolerance of uncertainty. 
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Characteristics of autism spectrum disorder


Characteristics of eating disorders



Exposure: autism spectrum disorder (or autistic traits).


Mediator: e.g. secondary disorders linked to autism such as alexethymia or sensory processing disorder.


Outcome: disordered eating (and or diagnosis of eating disorder).
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