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ABSTRACT 

Autism spectrum disorder (ASD) is a developmental disability that causes social, 

communication, behavioral and sensory challenges. The prevalence has been on a rise, with the 

latest reports stating 1 in 59 children is diagnosed with ASD. These challenges play a significant 

role in feeding behavior, leading to reduced nutrition among individuals. Much research in this 

field has been attributed to children, however, this study was focused on the adult population, in 

an attempt to improve their quality of life. Building on previous findings and knowledge gaps, 

the objectives of this thesis were two-fold: To better understand the sensory experiences of adults 

with ASD and their responses toward food and beverages and 2) to determine whether ASD 

influences sensory and emotional responses to smell and taste stimuli. Participants with ASD 

reported abnormal and non-uniform sensory experiences, which combined with environmental 

factors, influenced their food choices and eating behavior. Odor identification and odor 

discrimination ability were reduced in adults with autism, as compared to their control 

counterparts. Additionally, the taste identification ability of adults with autism was also reduced. 

The perception of odors, in terms of arousal and intensity also differs among the two groups. 

Increased sensitivity to sweet taste and decreased liking of sour taste was observed. It seemed 

that both odors and tastes with a sour quality were perceived as more intense by the test group. 

Moreover, the emotions evoked by taste solutions differed among the two groups, people with 

ASD reported a lesser number of emotion attributes evoked by tastes and a higher number of 

negative emotions for sweet and sour tastes. In conclusion, ASD affects the olfactory and taste 

abilities of people.                                                                                                            

Keywords: Autism spectrum disorder, Sensory perception, Emotion, Eating behavior, 

Sensitivity. 
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CHAPTER 1 

GENERAL INTRODUCTION 

Autism spectrum disorder (ASD) is characterized as a developmental disability that can 

cause significant social, communication, and behavioral challenges (Centers for Disease Control 

and Prevention, 2016). The five diagnostic criteria of ASD, as described in the Diagnostic and 

Statistical Manual of Mental Disorders (5th ed.; DSM-5) by the American Psychiatric 

Association (2013), are as follows: Firstly, there are persistent deficits in social communication 

and social interaction across multiple contexts, currently or by history. Secondly, there are 

restricted, repetitive patterns of behavior, interests, or activities, currently or by history. Thirdly, 

symptoms must be present in the early developmental period (but may not become manifest until 

social demands exceed limited capacities or may be masked by learned strategies in later life). 

Fourthly, symptoms cause clinically significant impairment in social, occupational, or other 

important areas of current functioning. Finally, these disturbances are not better explained by 

intellectual disability (intellectual developmental disorder) or global developmental delay. 

Intellectual disability and ASD frequently co-occur which can cause further difficulty in 

attaining a diagnosis (Autism Speaks, 2013).  

The prevalence of ASD reported in the US has been increasing: 1 case per 150 children in 

2000, 1 in 88 of in 2008, and 1 in 68 children (1 in 42 boys and 1 in 189 girls) in 2012 (Centres 

for Disease Control and Prevention 2016). The latest reports by Centres for Disease Control and 

Prevention (2019) state that the prevalence of Autism as of 2014 is 1 in 59 children. There is 

ongoing research to identify the causes of ASD, and various speculations have been made. ASD 

maybe a family of diseases with common phenotypes linked to a series of genetic anomalies, 
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each of which is responsible for no more than 2–3% of cases. The total fraction of ASD that can 

be attributed to genetic inheritance may be about 30–40% (Landrigan et al., 2012).  

Although incurable, symptoms of ASD seem to reduce with increasing age. In a study by 

Shattuck et al. (2007), a greater proportion of the sample experienced declines than increases in 

their level of ASD symptoms. ASD commonly co-occurs with other developmental, psychiatric, 

neurologic, chromosomal, and genetic diagnoses patients (Abdul-Rehman & Hudgins 2006). 

There may be coexisting psychiatric symptoms in individuals with ASD, including depression, 

mania, hyperactivity, inattention, aggression, obsessive-compulsive disorder, Tourettes disorder, 

specific phobias, and generalized anxiety (Ghaziuddin et al., 1998).  

Children with ASD have problems with modulating sensory input (Ornitz, 1985). 

Differences in sensory processing may cause core features of ASD, such as language delay 

(auditory processing) and difficulty with reading emotion from faces (visual processing) (Marco 

et al., 2011). Sensory processing problems can be present in people with ASD in several forms, a 

child or adult with ASD can be under-responsive to one stimulus and over-responsive to another 

(Rogers & Ozonoff, 2005). These sensory difficulties can predict communication competence 

and maladaptive behavior (Lane et al., 2010). Researchers support the use of sensory-based 

interventions in the remediation of communication and behavioral difficulties in autism. 

There is a strong relationship between atypical sensory responsiveness and social 

impairment for both typically developing children and for those with High Functioning ASD 

(Hilton et al., 2010). These sensory processing problems may lead to feeding issues that are 

prevalent in people with ASD. Children with ASDs show more food refusal and exhibit a more 

limited food repertoire than typically developing children (Bandini et al., 2010).  Children with 
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ASD are significantly more likely to refuse foods based on texture/consistency, taste/smell, 

mixtures, brand and shape (Hubbard et al., 2014). Schreck et al. (2006) showed that food refusals 

were primarily related to food presentation, specific utensil requirements, food texture, and oral 

motor problems. Whiteley et al. (2000) have also indicated that brand, product name, and 

packaging information might affect food selectivity.  

The atypical sensory response among toddlers is often one of the first red flags for 

children with autism (Hilton et al., 2010). Being able to identify them may facilitate early 

diagnosis and intervention. There are knowledge gaps in our understanding of what impacts the 

eating behaviors of people with ASD. Firstly, many of the studies regarding sensory and feeding 

issues are focused on children, not adults. Secondly, less attention has been paid to 

chemosensory systems than to visual, tactile, and auditory systems (Luisier et al., 2015). Thirdly, 

the limited research that has been conducted to determine whether ASD influences multisensory 

interactions among five sensory cues, particularly smell and taste, has given contradicting 

results. Finally, little is known about whether and how ASD affects emotional responses toward 

single or multisensory cues of food and beverages.  

Building on previous findings and knowledge gaps associated with the effects of ASD on 

sensory perception and eating behavior, the objectives of this thesis were two-fold: 1) To better 

understand the sensory experiences of adults with ASD and their responses toward food and 

beverages  and 2) to determine whether ASD influences sensory and emotional responses to 

smell and taste stimuli. 
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CHAPTER 2 

REVIEW OF LITERATURE 

1. Background 

Autism was first described in 1943 by Leo Kanner. The children in his study showed 

extreme aloneness, were unaffected by people, did not respond to things from the outside world 

and established relations to objects instead (Kanner, 1943).  In his article, he noted that infants 

with autism look at others less frequently and do not orient to their names as often as infants with 

mental retardation. Both infants with ASD and those with mental retardation use gestures and 

look to objects held by others less frequently and engage in repetitive motor actions more 

frequently than typically developing infants (Osterling et al., 2002). Approximately 5% of 

parents suspect a problem before their child is one year of age (Ornitz et al., 1977), and most 

parents express concern to their pediatrician by the time their child is eighteen months of age 

(Siegel et al., 1988). Pediatric health care providers are suggested to administer two ASD 

screenings, at ages eighteen and twenty-four months, using a valid and reliable screening tool 

(Johnson & Myers, 2007). 

The increase in the prevalence of ASD is dependent on various factors. Identification and 

broadening of the diagnostic criteria and general awareness contribute to it (Gernsbacher et al., 

2005). A study showed that ASD prevalence was significantly higher among non-Hispanic white 

children aged 8 years (15.5 per 1,000) compared with non-Hispanic black children (13.2 per 

1,000), and Hispanic (10.1 per 1,000) children aged 8 years. These differences show that 

treatment and service to children with ASD might be lacking or delayed for some groups 

(Christensen et al., 2016). For the Hispanic population, poor access to care due to poverty, 

limited English proficiency, lack of empowerment to take advantage of services, lack of 
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awareness of ASD and stigma associated with disability, may be the factors that reduce the 

identification of ASD among Hispanic children (Zuckerman et al., 2014).   

 

2. Causes of ASD 

There have been many speculations about the cause of ASD for a long time and the 

perspective of people changed as the research in this field continued.  

 

2.1. Refrigerator mother theory 

Kanner (1949) observed a small sample of children from well-educated families and 

stated that children with ASD were more likely to be born into highly intellectual families, due to 

mothering style being "cold". He coined the term "refrigerator mother" (Project Autism, 2018). 

Bettleheim (1950) claimed that ASD developed in some children because of psychological harm 

by their mothers and believed that ASD was an emotional disorder. These theories were 

dismissed after further research. 

 

2.2. Vaccines 

Wakefield et al. (1998) reported a link between MMR vaccines and autism. This report was later 

found to be a result of misconduct and was retracted by The Lancet in 2010. Since then, there are 

still many controversies about vaccines and ASD, especially since many parents cite the normal 

development of their children until they receive vaccines at about the age of 18 months (Lewine 

et al., 1999) and this is the stage where the first signs of autism become apparent. Vaccines have 

been extensively proven not to be an environmental risk factor for ASD, and there are multiple 
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reports denying the association of ASD with vaccines. (Bailey et al., 1995; DeStefano, 2007; 

DeStefano et al., 2013; Institute of Medicine, 2004). 

 

 2.3. Heavy metals 

Thimerosal, an organo-mercury compound has been implicated as a cause of ASD. Major 

symptoms of ASD are documented in cases of mercury poisoning, and biological abnormalities 

in ASD are very similar to the side effects of mercury poisoning itself (Bernard et al., 2001). 

These include psychiatric disturbances (like impairments in sociality, stereotypic behaviors, 

depression, anxiety disorder, and neuroses), increases in incidences of allergies and asthma, 

increases in the presence of IgG autoantibodies against brain and myelin basic proteins, 

reductions in natural killer cell function, and increases in neopterin levels which is indicative of 

immune activation (Bernard et al., 2001). However, nine research studies conducted under the 

supervision of Centres for Disease Control and Prevention reported that thimerosal was a 

preservative but had not toxic roles in vaccines (Institute of medicine, 2004). 

 

2.4. Proteins 

A theory called the ‘‘the Opioid-Excess Theory’’ (Whiteley et al., 1999) suggests that 

ASD is the consequence of incomplete breakdown and excessive absorption of peptides with 

opioid activity, derived from foods that contain casein and gluten. This causes disruption to 

biochemical and neuro-regulatory processes. Some researchers have shown interventions based 

on the Opioid-Excess Theory. Some of the research suggests that it may be possible to reduce 

ASD symptoms by providing a gluten and casein-free diet to individuals with ASD (Knivsberg et 

al., 1999). However, evidence also exists that disturbances of the gastrointestinal system are not 
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more common in children with ASD than in the general population of children (Pastor & 

Reuben, 2008). 

 

2.5. Environment 

U.S. National Academy of Sciences (NAS) estimated that 3% of neurobehavioral 

disorders are caused directly by toxic environmental exposures and another 25% are caused by 

interactions between environmental factors (National Research Council, 2000). There are signs 

that show ASD is a neuropsychiatric disorder (Chakrabarti & Fombonne, 2001; Zwaigenbaum et 

al., 2002), and a theory of ASD suggests that it is not simply a characteristic of the individual but 

reflects a “disordered relationship between the person and the environment” (Loveland, 2001). 

Hence, changing the environment may also cause changes in behaviors. 

 

2.6. Polyunsaturated fatty acid (PUFA) 

A review by Van Elst et al. (2014) shows that n-6/n-3 PUFA ratio disturbances during 

early life can affect major processes in brain development and induce aberrant behavior. They 

reported PUFA changes might influence brain maturation and synaptic development. These 

changes in brain development processes and experimental PUFA ratio changes have clearly 

shown to induce changes in behavioral expression. They described that these behavioral changes 

are mainly observed in the domains of anxiety, locomotor activity, learning, and memory. The n-

6/n-3 ratio, i.e., the introduction of vegetable oils and the removal of cholesterol, maybe an 

environmental factor in the increase of ASD related problems. 
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2.7. Mitochondrial dysfunction 

There is increasing evidence of mitochondrial dysfunction in individuals with ASD, 

without the classic features associated with mitochondrial disease. It has also been determined 

that ASD can be caused by an underlying predisposition to mitochondrial dysfunction (Child 

Health Safety, 2010). Mitochondrial dysfunction could be caused by environmental toxins, and it 

could contribute to the altered energy metabolism in the brains of children with ASD (Chugani et 

al., 1999). Classical mitochondrial diseases occur in a subset of ASD cases, and they are usually 

caused by genetic or mitochondrial respiratory pathway abnormalities (Pons et al., 2004; 

Rossignol & Bradstreet, 2008). Some patients with autistic phenotypes clearly have a genetic-

based primary mitochondrial disease (Haas, 2010). The lowered cellular energetics and deficient 

reserve mitochondrial energy capacity could lead to cognitive impairment and language deficits, 

both common in individuals with ASD. 

 

2.8. Age of parents 

There are well-documented effects of aging on human genetic traits, especially those that 

have their effects in early embryonic life (Strickberger, 1968). It is believed that the age of 

parents may be a causative factor of autism. A study of singleton children (n = 139,419) 

documented advanced maternal and paternal ages to be independently associated with the risk of 

ASD (Croen et al., 2007). 

 

2.9. Genetics 

Folstein and Rutter (1977) published the first twin study in ASD and showed that the 

concordance rate in identical twins was much higher than in non-identical twins. This twin study 
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also suggests that genes may be at least in part, a cause for ASD. Genetic factors are now thought 

to account for 7–8% of ASD cases, but this fraction will likely increase as genetic research 

advances (Landrigan, 2010). ASD may be a family of diseases with common phenotypes linked 

to a series of genetic anomalies, each of which is responsible for no more than 2–3% of cases. 

This way, the total fraction of ASD that can be attributed to genetic inheritance may be about 

30–40% (Landrigan et al., 2012). Other recent studies also show that ASD has a strong 

hereditary component (Buxbaum and Hof, 2011; Sakurai et al., 2011). Evidence from a study by 

Cusco et al. (2009) suggests multiple gene defects along with an environmental catalyst may be a 

cause of ASD. Rodier (2000) reported that there is indisputable evidence for a genetic 

component in ASD. Another twin study reported 60% concordance for classic ASD in 

monozygotic twins versus 0% in dizygotic twins; the higher monozygotic concordance attests to 

genetic inheritance as the predominant causative agent (Muhle et al., 2004). Data supports 

greater ASD concordance in monozygotic (MZ) vs. dizygotic (DZ) twins, higher functioning, 

psychiatric comorbidity, and Asperger syndrome concordance among affected MZ vs. DZ twins 

may also suggest differential heritability for different ASDs (Rosenberg et al., 2009). 

 

3. Theories of ASD 

There is ongoing research in order to identify causes of ASD, however, there is clear 

evidence that genes are at least partly responsible for causing ASD. There are some theories that 

have been put forth to understand the characteristics of ASD, and how the probable difference in 

gene expression could be explained.  
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3.1. Executive functioning theory 

The theory of executive dysfunction stems from the belief that both people with ASD and 

people who have had frontal lobe injury, both have impaired executive functioning. Executive 

dysfunction can be seen to underlie many of the key characteristics of ASD, like rigidity and 

perseveration and initiation (Hill, 2004). 

 

3.2. Theory of mind 

Difficulty in understanding other minds is a core cognitive deficit of ASD conditions. 

Theory of mind is to be able to reflect on the contents of one’s own and other’s minds (Frith, 

2005). This hypothesis proposes that a fault in just one of the many components of the social 

brain can lead to an inability to understand certain basic aspects of communication (Baron-

Cohen et al., 2000). Lack of theory of mind could lead to not putting oneself in another person’s 

shoes, not recognizing what another person feels, not being able to predict what another person 

will do based on what they know, think and feel. It explains poor pretend play, non-literal 

language understanding (jokes) and less trusting ability (Baron-Cohen, 2001). 

 

3.3. Weak central coherence theory 

This means that people with ASD look at the detail in things and their way of processing 

information gives more emphasis to tiny details than overall meaning. This theory explains why 

they can have superior rote memory, look at details, have narrow interests, store information 

differently, have perfect pitch and their insistence on sameness (Hape & Frith, 2006).  
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4. Characteristics of ASD 

The severity of ASD can be defined by several different characteristics such as hyperirritability, 

self-injurious behaviors, cognitive level, or the presence of seizures or dysmorphic features. In 

studies defining the severity of ASD, the composite score on a rating instrument like the Autism 

Behavior Checklist (Krug et al., 1980) or the Childhood Autism Rating Scale (Schopler et al., 

1980) have been used. Although incurable, studies have shown that the symptoms of ASD seem 

to reduce with increasing age. (Shattuck et al., 2007; Seltzer et al., 2003). A study by Duerden et 

al. (2012) attempted to explain this phenomenon. Children and adolescents, as compared to 

adults with autism have increased grey matter in regions of the brain responsible for social 

cognition and limbic processing regions which may underlie the emotional regulation that 

improves with age in this population.  

 

4.1. Neurological aspects 

Magnetic resonance imaging studies evidence that cerebellar anatomical maldevelopment 

in ASD is present before the end of the first year of life (Courchesne et al., 1987). Certain brain 

regions, including the limbic system, particularly the hippocampus, amygdala, and cerebellum, 

have been implicated in the clinical expression and pathophysiologic mechanism of ASD 

(Wakefield et al., 1998). Children with ASD have enlarged cerebral volumes in comparison with 

Typically Developing and Developmentally Delayed children and cerebral enlargement observed 

was independent of IQ (Sparks et al., 2002). The amygdala plays a crucial role in behavioral 

responses to emotional stimuli and in emotional learning (Piven et al., 1995). This shows that 

behavioral problems arise due to brain abnormalities. Hashimoto et al. (1995) studied the 

development of the brainstem and cerebellum in patients with ASD and found that although the 
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brainstem and cerebellum significantly increased in size with age, these structures were 

significantly smaller in patients with ASD than in controls. Another study on brain 

development from five-year-old to adult brains of people with ASD showed that neurons are 

small, mini-columns are narrow and underdeveloped, efficacy is reduced for at least some 

neurotransmitter systems and connectivity is abnormal (Courchesne et al., 2004).  

 

4.2. Comorbidities of ASD 

Comorbidity is the study of the association between two or more conditions. The co-

occurring conditions may or may not be causally related. A variety of coexisting psychiatric 

symptoms have been commonly reported in individuals with ASD, including depression, mania, 

hyperactivity, inattention, aggression, obsessive-compulsive disorder, Tourettes disorder, 

specific phobias, and generalized anxiety (Gadow et al., 2004; Ghaziuddin et al., 1998; Green et 

al., 2000; Lecavalier, 2006; Leyfer et al., 2006; Sverd, 2003). In fact, ASD commonly co-occurs 

with other developmental, psychiatric, neurologic, chromosomal, and genetic diagnoses (See 

Table 1). Many genetic and chromosomal disorders with a possible causative relationship to 

ASD have been identified.  
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Table 2-1: Common co-morbidities of Autism Spectrum Disorder 

Medical comorbidity References 

Intellectual disability Croen et al. (2017); Alexeeff et al. (2017) 

Sleep problems Croen et al. (2017); Alexeeff et al. (2017); Jones et al. 

(2016) 

Seizure disorder Croen et al. (2017); Alexeeff et al. (2017); Aldinger et al. 

(2015); Guinchat et al. (2015); Doshi-Velez et al. (2014); 

Hung (2016) 

Gastrointestinal disorder Croen et al. (2017); Alexeeff et al. (2017); Jones et al. 

(2016); Aldinger et al. (2015); Doshi-Velez et al. (2014) 

Mitochondrial disorders Rossignol and Frye (2012) 

Hormone dysfunction Bauman (2010); Baron-Cohen et al. (2015) 

Motor disorders Alexeeff et al. (2017); Guinchat et al. (2015) 

Language delay Alexeeff et al. (2017) 

Tic disorder Alexeeff et al. (2017); Gilberg et al. (2016) 

Cerebral Palsy Alexeeff et al. (2017) 

Neoplasm Alexeeff et al. (2017) 

Obesity Jones et al. (2016) 

Allergy Aldinger et al. (2015) 

Asthma Aldinger et al. (2015) 

Psychiatric disorders Guinchat et al. (2015); Doshi-Velez et al. (2014); Alexeeff et 

al. (2017) 

Encaphalitis Kern et al. (2016) 

Sotos syndrome Timonen-Soivio et al. (2016) 

Neurofibromatosis Timonen-Soivio et al. (2016) 
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5. Sensory processing in ASD 

In their latest edition, the Diagnostic and Statistical Manual of Mental Disorders has 

added sensory processing problems as one of the diagnostic criteria of ASD. This was done in 

the light of abundant evidence that sensory processing impairments can be highly prevalent in 

autism but are not universal (Baranek et al., 2006; Liss et al., 2006).  

Whether sensory symptoms are related to other social-communicative impairments in 

ASD or not, has been under study for a long time. It was hypothesized that people with ASD 

have problems modulating sensory inputs (Ornitz, 1985). We now know that the expression of 

these sensory abnormalities differs from individual to individual (Klintwall, 2007). It may be that 

sensory impairment is an additional primary impairment, but not an ASD-specific impairment 

(Rogers et al., 2003). Children with ASD show impairments in the processing of dynamic noise, 

motion coherence, and form-from-motion detection (Annaz et al., 2010). In a community study, 

Bromley et al. (2004) found that among 75 children with ASD, 71% were hypersensitive to 

sound; 52% to touch; 41% to smell, and 40% to taste. Kern et al. (2006) showed that in their 

study, persons with ASD had abnormal auditory, visual, touch, and oral sensory processing that 

was significantly different from controls. There was a significant interaction in low threshold 

auditory and low threshold visual.  

Recently it has been considered that at least some of these high-level deficits could be 

explained in terms of lower-level sensorial and perceptual abnormalities (Behrmann et al., 2006). 

Leekam et al. (2007) suggested that sensory inputs cause behavior problems in individuals with 

ASD who are unable to describe their distress. They found that children with ASD were more 

likely to have sensory abnormalities, and across multiple sensory domains when compared to 

Typically Developing children. Tomcheck and Dunn (2007) showed a significant correlation 
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between processing modalities for high and low thresholds of visual, oral and touch sensations, 

suggesting that sensory disturbance correlates with the severity of ASD. Then, Marco et al. 

(2011) also suggested that differences in sensory processing may cause core features of ASD 

such as language delay (auditory processing) and difficulty with reading emotion from faces 

(visual processing).  

 

5.1. Sensory Integration in ASD 

Sensory integration is the ability to take in information through the senses of touch, 

movement, smell, taste, vision, and hearing, and to combine the resulting perceptions with prior 

information, memories, and knowledge already stored in the brain, in order to derive coherent 

meaning from processing the stimuli.  The sensory integration problems seen in ASD are of 

several types. Hyperresponsiveness is an exaggerated behavioral response to sensory stimuli e.g., 

covering ears to sounds or avoidance of touch (Baranek et al., 2006). Also known a sensory 

over-responsivity (SOR), it is a common and impairing feature found in more than half of 

children with ASD, and SOR has been linked to anxiety in children with ASD (Pfeiffer et al., 

2005). Anxiety disorders are common in children with ASD and can increase the functional 

impairment of these children (White et al., 2009). Children with SOR often react negatively to 

noisy or visually complex environments, are bothered by tags or seams on their clothing, or may 

dislike being touched unexpectedly (Liss et al., 2006). These reactions are possibly due to pain 

felt by them under these situations. According to Leekam et al. (2007), anxiety contributes to 

SOR as generalized hyperarousal and hypervigilance focus attention on a specific type of 

sensory stimulus. The threat-based emotion regulation associated with anxiety makes it more 

difficult for children to regulate their emotional and physiological reactions to stimuli. The 
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researchers also address the possibility that a risk factor such as amygdala abnormalities may 

contribute independently to each condition because amygdala plays a role in fear and anxiety, 

and may also be related to SOR through overestimation of the threat value of a sensory stimulus 

which triggers an enhanced response to that stimulus.  

Hypo responsiveness refers to lack of response, or insufficient intensity of response to 

sensory stimuli e.g., diminished response to pain (Baranek et al., 2006). A sensory craving may 

be a result if hypo responsiveness, seen in people with ASD. Grandin (1996), an animal scientist 

who has been diagnosed with ASD, talked about the beneficial effects of holding in some 

children are due to desensitization to touch of the autistic child's nervous system. She described a 

squeeze machine she constructed to satisfy her craving for the feeling of being held. The 

machine was designed so that she could control the amount and duration of the pressure. It was 

lined with foam rubber and applied pressure over a large area of the body. Using the machine 

enabled her to tolerate another person’s touching. She thinks it is important to desensitize a child 

with ASD so that he/she can tolerate a comforting touch. Several squeeze machines are now in 

use at sensory integration clinics in the United States.  

These conditions can be present in people with ASD in several forms. A person with 

ASD can be under-responsive to one stimulus and over-responsive to another. Hence, it is 

difficult to draw a line between these conditions. A study of parental reports by Dickie et al. 

(2009) is another good example of this. The parents described negative experiences in sound, 

visual, touch, and movement. Some children with ASD can have strong reactions to bright light 

and sunlight. Various sounds were examples of stimuli that provoked unpleasant sensory 

experiences, particularly sounds that were too loud. These are characteristics of over-

responsivity. Most of the positive touch accounts were interpersonal touch cuddling or snuggling 



 

19 
 

with a parent, having a back rub, being tickled, or engaging in rough play with an adult. This 

could mean that even though the children longed for social contact, they were not very 

comfortable with touch due to problems in sensory registration. Reports of pleasure related to 

movement usually involved speed, spinning, bouncing, and/or change of body position. Some 

children with ASD were described as loving to chew on things. Reports focused on behaviors 

such as hand flapping, having to chew on things, and not responding to extreme cold. Parents 

described some of these activities as self-stimulating and linked them to their child’s diagnosis. 

This demonstrates sensory craving as the children were trying to stimulate themselves, which 

may be due to sensory under responsivity. 

There have been a few theories to identify these sensory processing problems. Among 

somatosensory sub-modalities (primarily touch, temperature, and pain) that may contribute to 

tactile hypersensitivity in ASD, a class of unmyelinated tactile mechanoreceptors has been 

identified in humans. These receptors, known as CT-afferents, are unmyelinated C fibers that 

respond to light (low force), slowly moving, stroking stimuli (Vallbo et al., 1999; Olausson et al., 

2002). In humans, these low-threshold unmyelinated afferents are distributed primarily in the 

hairy skin and the face, but not in the hairless, glabrous skin of the palm that is highly innervated 

with myelinated tactile afferents, known to be important for sensory discrimination (Kakuda, 

1992). It is hypothesized that, with their distribution in hairy skin and their response preference 

for pleasant, stroking touch, this class of unmyelinated afferents constitute an affiliative, social 

touch system (Olausson et al., 2002; Valbo et al., 1999; Wessberg et al., 2003). Such a system is 

a prime candidate for the tactile hypersensitivity associated with ASD.  

Psychophysical tactile studies have looked at thresholds and sensitivity using vibrotactile 

stimuli. They found that adults with ASD showed hypersensitivity in the Pacinian corpuscles 
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receptor pathway, which is responsible for the vibrotactile stimulus (Blakemore et al., 2006). 

Tactile hypersensitivity was also shown to thermal stimuli in adults with ASD (Cascio et al., 

2008). In contrast, in a small sample of children with ASD, there were no tactile perceptual 

threshold differences for vibrotactile detection (Guclu et al., 2007). These contrasting results 

show that even though tactile sensitivity is a symptom of ASD, it is not universal and can have 

varying degrees. 

 

5.2. Interventions to improve sensory symptoms 

King (1989) has reported that wrapping a child with ASD in a gym mat produces a 

calming effect. A case report involved the sensor motor effect of deep pressure and tactile input 

on Bob, a thirteen-year-old nonverbal boy with ASD with severe mental retardation and self-

injurious behavior, including pinching, biting, and rubbing of his head, neck, trunk, and upper 

and lower extremities. During the observation periods when the patient received deep pressure 

and tactile input from the woven elastic bandage wraps on his extremities, he exhibited less self-

stimulatory behavior, no self-injurious behavior, and, in general, an increase in the number of 

interactions with others (McClure & Holtz-Yotz, 1991). The children who received deep 

pressure in a study by Edelson et al. (1999) demonstrated a significant decrease on the Tension 

scale and a marginally significant decrease on the more general Anxiety scale and the benefits 

were those who had the highest initial levels of physiological arousal.  

In another study, some people with ASD have found that sessions in ‘sensory rooms’, 

areas that provide soft cushions for sitting or lying on, pleasant displays of colored lights, soft 

sounds or music clips have a calming effect and are much enjoyed (Leekam et al., 2007). 

Another intervention method, Student Intervention Team, a clinic-based, child-centered 
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intervention originally developed by Ayres (1972), provides play-based activities with enhanced 

sensation to elicit and reinforce the child adaptive responses. It focuses on the therapist–child 

relationship and uses play-based activities that challenge the children while enhancing self-

regulation, for example, promoting optimal arousal, and increasing appropriate behaviors maybe 

the primary change-producing elements.  

 

6. Feeding issues in ASD 

Bandini et al. (2010) defined food selectivity to comprise three separate domains: food 

refusal; limited food repertoire; and high-frequency single food intake. They found that children 

with ASD showed more food refusal and exhibited a more limited food repertoire than did 

typically developing children. They also showed that dietary “pickiness” is not outgrown with 

age. Approximately 25% of all children experience eating problems during the early years of life, 

but this number may rise to as high as 80% in children with developmental difficulties (Manikam 

& Perman, 2000; Jacobi, 2003). One of the reasons may be that these children have specific 

developmental delays that may also affect eating. Difficulties with socialization may have an 

impact on the pleasure of eating in the company of others. This problem may also make learning 

by imitation and accepting nutritionally balanced meals more difficult. Similarly, having limited 

interests may restrict intake to known and familiar foods (Nadon et al., 2011). Children with 

ASD often exhibit a strong emotional response when presented with non-preferred food, 

including crying, disruption, and aggression during meals (Sharp et al., 2013). 

Kerwin et al. (2005) stated that although more than 60% of parents interviewed reported 

that their children with ASD had strong food preferences, only 6.7% of them described their 

children as not having an appetite. Cermak et al. (2010) also showed feeding problems in 
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children with ASD. Klein and Nowak (1999) found that children with ASD were reluctant to try 

new foods. An association between feeding problems and sensory defensiveness has been shown 

in otherwise typically developing children by Smith et al. (2005). The problems describe 

children with ASD as being “picky” eaters, eat few vegetables, rarely eat the same meal as the 

rest of the family, do not want different foods to touch each other, have aversions to certain 

tastes and textures, refuse some foods because of their smell, and do not like extremes of 

temperature.  Ayres (1964) described sensory defensiveness in the tactile domain as an over-

reaction to certain experiences of touch, resulting in an observable aversion or negative 

behavioral response to certain tactile stimuli. This tactile sensitivity could also be related to 

aversion from certain food textures. Dietary patterns of children with ASD often involve strong 

preferences for starches and snack foods coinciding with a bias against fruits and vegetables 

(Cornish, 2002). 

There have been many studies on the feeding problems of children with ASD. According 

to parental reports for food refusal, children with ASD were significantly more likely to refuse 

foods based on texture/consistency, taste/smell, mixtures, brand, shape, appearance, taste, smell, 

and temperature, as well as reluctance to try new foods and a small repertoire of accepted foods 

(Hubbard et al., 2014; Williams et al., 2005). Similar results were found by other researchers, 

where children with ASD exhibited more general feeding problems including refusing foods, 

requiring specific presentations of foods and specific utensils, eating only low texture foods, and 

eating a narrow variety of foods than children without ASD. 70% of children with ASD selected 

what they ate according to texture compared to 11% of children without ASD. Although the 

children with ASD ate significantly fewer foods from each of the food groups than did children 

without ASD, this finding did not extend to their families (Schreck et al., 2004, Whiteley et al., 
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2000; Schmitt et al., 2008; Bandini et al., 2010). Klein and Nowak (1999) found that more than 

half (53%) of their subjects with ASD were unwilling to try new foods.  

A study on mothers who nursed their children with ASD was done by Provost et al. 

(2010), where 47% reported difficulties with breast-feeding. Only 12% of the children with ASD 

ate a variety of food and only 21% had no difficulty eating in any setting. Almost one half 

preferred certain food temperatures. 33% of the children with ASD showed a preference for food 

colors and 25% had preferences for food packaging. Most children did not prefer eating in loud, 

crowded and unfamiliar places. Mealtime behaviors reported were leaving the table frequently 

and resisting sitting at the table, throwing/dumping the food, and frequent tantrums. 50% of the 

children with ASD required food prepared in a special way, became upset if a mealtime routine 

was broken. 33% of the children with ASD were reported to stuff their mouths and cheeks, and 

25% had problems with gagging. 54% of the children with ASD were reported to mouth non-

food items and 6 (25%) to swallow these items. Parents of children with ASD are more likely to 

report mealtime behavioral problems, spousal stress at meals, and that their child’s food 

preferences influenced what other family members ate (Curtin et al., 2015). These factors cause 

difficulty in building family relationships further and decrease the quality of life. 

 

6.1. Behavior questionnaires to identify feeding problems among children with ASD 

A functional analysis involves the systematic manipulation of antecedent and consequent 

variables to determine their influence on problem behavior (Skinner, 1953). Functional analyses 

can be useful in identifying reasons why problematic feeding behavior may be maintained and in 

determining function-based treatments to reduce the feeding problems. In order to answer some 

of these questions, certain assessment tools were created. Archer et al. (1991) developed the 
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Children’s Eating Behavior Inventory (CEBI) to address the contribution of children, parents, 

and family factors to eating and mealtime problems for children from a broad age span who had 

a variety of developmental and medical conditions. The questionnaire included food preferences, 

motor skills, and behavioral compliance of the children.  Matson and Kuhn (2001) developed the 

Screening Tool of Eating Problems to assess the presence of feeding problems in adults with 

ASD, including aspiration risk (vomiting and rumination), selectivity (selectivity by food type, 

texture, temperature, feeder, and the meal setting), feeding skills (swallowing ability, the ability 

to chew, the ability to feed independently, and the need for adaptive feeding equipment), food 

refusal (mealtime refusal or termination and behaviors such as spitting out food, self-injury 

during meals, and aggression associated with mealtime), and nutrition-related problems (over- 

and under-eating as well as pica and food stealing). Hendy et al. (2009) developed the Parent 

Mealtime Action Scale (PMAS) to identify both child and parent mealtime behavior and the 

frequency that the parents eat and serve certain foods.  

 

6.2. Causes of feeding issues in ASD 

There have been several speculations about the causes of feeding issues. Maenner et al. 

(2012) reported that when there are no identifiable organic factors (abnormal sensory processing, 

oral motor disorders, or gastrointestinal problems), food selectivity can be the manifestation of 

the restricted interests and the behavioral rigidity characteristic of ASD. They demonstrated that 

certain behaviors associated with ASD, such as food refusal, were significantly associated with 

gastrointestinal disorders. Problems related to motor anticipation in children with ASDs have 

also been reported. Nausea, vomiting, and/or choking could be secondary to sensory disorders 
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and, food refusal could be an adaptive behavioral response (Overland, 2011; Brisson et al., 

2012). 

In a study by Nadon et al. (2011), they found that some children took medications (Ritalin, 

Concerta, Adderall, Keppra, and Strattera) that may suppress food intake. These studies suggest 

that certain sensory modalities may influence the number of feeding problems more than others, 

like tactile sensitivity. Cermak et al. (2010) explained oral over-responsiveness (defensiveness) 

may result in difficulty with food textures and therefore food selectivity. Oral seeking behavior 

may result in the child putting everything in his/her mouth for oral stimulation. 

 

6.3. Alternative diets for ASD 

Cornish (1998) reported inadequate nutrient intakes in children with ASD based on a 

three-day dietary recall and a food frequency checklist. Inadequate intakes of iron, vitamin D, 

vitamin C, niacin, riboflavin, and zinc were found in one or more children. The majority of 

children did not consume adequate amounts of fruit and vegetables, but 94% of the children ate 

foods daily that the authors considered to be in the “fatty” and “sugary” food groups. There is 

evidence that poor dietary diversity in ASD may increase the risk of nutritional and/or related 

medical issues, including vitamin and mineral deficiencies (Bandini et al. 2010; Zimmer et al. 

2012), poor bone growth (Hediger et al., 2008), visual loss and optic atrophy (Pineles et al., 

2010).  

In order to compensate for the feeding problems, and to supplement nutrition, over the 

years many parents have adapted alternative diets that may or may not have an evidence base. A 

survey of 552 parents of children with ASD found that alternative diets had been implemented 

with 9.9% of children with Aspergers syndrome, 29.4% of children with mild ASD, and 32.2% 
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of children with severe ASD (Green et al., 2006). Several studies have proven that alternative 

diets may not be an effective way to reduce feeding issues. Rather, these diets cause harm to the 

health of individuals. Arnold et al. (2003) collected plasma amino acid profiles of children with 

ASD and found them more likely to have nutritional deficiencies and lower plasma levels in 

essential amino acids. Children on the Gluten-Free Casein-Free diet were significantly more at 

risk than the rest of the children with ASD in this study. This difference may be due to the lack 

of proteins specifically found in gluten and casein and/or the increase in food refusal, which may 

follow the implementation of a GFCF diet. In the review by Mulloy et al. (2010), they concluded 

that published studies do not support the use of GFCF diets in the treatment of ASD. There were 

also increased rates of constipation among children with ASD (Ibrahim et al., 2009) and diet-

related diseases (e.g. obesity and cardiovascular disease) into adolescence and adulthood (Ho et 

al., 1997). It is important to investigate the factors associated with food selectivity and sensory 

sensitivity in children with ASD as it affects the nutritional adequacy directly. Spelling out 

causes of food selectivity can be a step towards solving the issue. 

 

 7. Autism in adulthood 

The past few decades have seen some insightful and much-needed research in the field of 

autism. General awareness is increasing, and society has made many changes to accommodate 

the needs of autism. Due to this, children are diagnosed with autism early in their life and 

accordingly, interventions can be used to help reduce symptoms. However, there is a major 

section of this population that did not get a diagnosis early on in life in order to make use of early 

intervention and are aging to be adults. Some research has revealed contradicting results that 

sensory sensitivities increased over age for people with autism (Talay-Ongan & Wood, 2000). 
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As more children with ASD are becoming adults, there is an increasing need for research on 

services for the growing population of adults with an ASD (Howlin, 2008). Especially because 

health concerns for people with autism is on a rise and many get inadequate care. A study done 

in Scotland with over 6500 adults with ASD revealed that adults with autism spectrum disorders 

have substantially poorer general health than other adults, across the entire adult life course 

(Rydzewska, 2019). Utilization and costs of health care services are significantly higher among 

adults with ASD than among adults with ADHD or adults with neither condition, even after 

controlling for medical and psychiatric comorbidities (Zerbo et al., 2019). Only about thirty-six 

percent of medical professionals in a survey reported receiving some training about caring for 

adults with ASD. This is a surprisingly low number considering the special needs of people with 

autism (Bruder et al., 2012). It is imperative to conduct research in the genetic field to 

understand ASD better, nevertheless, researchers have suggested emphasizing on research 

addressing quality of life for adults with autism, to improve living standards in this community 

(Gerhardt & Lainer, 2011). 
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CHAPTER 3 

PERCEPTION OF, AND RESPONSES TO FOOD AND BEVERAGE PRODUCTS 

AMONG ADULTS WITH AUTISM SPECTRUM DISORDER 

1. Introduction  

Research over the years has allowed for a better understanding of the characteristics of 

autism spectrum disorder (ASD). It is a popular notion that symptoms of ASD present 

themselves differently among different individuals and no two autistic-people can be expected 

to be the same. However, we do find some similarities among people with autism, in terms of 

sensory processing. It may thus be beneficial to study sensory processing in autism. Moreover, 

it is now being considered that some behavioral and feeding issues could be explained in terms 

of lower-level sensory and perceptual abnormalities (Behrmann et al., 2006; Leekam et al., 

2007).  

Children/adolescents with ASD show lower phonetic-iconic congruency response 

patterns than neurotypical controls, pointing to poorer multisensory integration capabilities 

(Occelli et al., 2013).  There is an inability to engage selective attention to ignore non-salient 

irrelevant distractor stimuli in ASD. Socially meaningful auditory stimuli are noticed by 

neurotypical and people with ASD similarly across visual perceptual loads, however, people 

with ASD have a greater detection rate of the non-socially meaningful auditory stimuli under 

the high load (Tyndall et al., 2018). Awareness about these sensory issues is increasing among 

the public and there have been studies regarding perception in each sense. For example, Khalfa 

et al. (2004) found an increased perception of loudness, indicating hyperacusis in subjects with 

autism. Talay-Ongan and Wood (2000) reported that the most frequently reported incidents 

were hearing planes, trains, alarms, or television before others could hear them. 
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Studies have found that participants with ASD have impaired performances of odor 

identification and have a higher odor detection threshold (Galle et al., 2013; Luisier et al., 

2015; Suzuki et al., 2003). Similarly, few studies like Bennetto et al. (2007) and Tavassoli and 

Baron-Cohen (2012) studied the taste perception in ASD and found that adults with ASD were 

less accurate in identifying tastes overall (irrespective of medication or age). In addition, people 

with autism can have a range of visual abnormalities, for example, disliking dark/bright lights, 

sharp flashes of light or liking reflections and brightly colored objects (Bogdashina, 2003). The 

focus of attention and enhancement of perception are sharper in people with ASD than in 

matched controls (Robertson et al., 2013). Adults with autism show increased sensitivity to 

vibration and thermal stimulation (Cascio et al., 2008).  They tend to show diminished 

responses to pleasant and neutral tactile stimuli and exaggerated responses to unpleasant stimuli 

(Cascio et al., 2012). 

These sensory abnormalities can influence eating behavior. For example, Williams et al. 

(2000) indicated that the parents who complained of food selectivity said that it was determined 

by texture, appearance, taste, smell, temperature, as well as reluctance to try new foods and a 

small repertoire of accepted foods.  In another study, (Nadon et al., 2011) nearly fifteen percent 

of the participating children with ASD but none of the siblings had oral motor difficulties with 

chewing, moving their tongue or swallowing. However, it should be noted that most of these 

studies that have looked at multisensory integration through interviews have been done with 

parents who reported sensory abnormalities for their children, based on their own perception of 

it. This can pose a bias because these accounts are not firsthand. There are a few studies 

(Robertson & Simmons, 2013; Tavassoli et al., 2014; Crane et al., 2009) that asked adults in 

either a self-reported questionnaire form or a focus group discussion, about their sensory 

https://www.sciencedirect.com/science/article/pii/S0042698909003563#bib56
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behavior. These studies have found that adults with ASD experience sensory over-responsivity, 

in at least one sensory function. They have suggested that individuals with ASD could 

experience very different, yet similarly severe, sensory processing abnormalities.  

Some research has shown that sensory sensitivities increased over age for people with 

autism (Talay-Ongan & Wood, 2000). In our efforts to increase research among adults with 

ASD addressing quality of life to improve living standards in this community, we propose this 

one on one interview study with adults with ASD. This study aims to determine the perception 

and sensory experiences of people with ASD and to understand how it could affect eating 

behavior.  

 

2. Materials and Method 

This study was approved by the Institutional Review Board of the University of 

Arkansas and written consent was obtained from each participant. 

 

2.1 Design of study 

The objective of this study was to understand the perception of adults with autism 

spectrum disorder, toward food and beverages. This study utilized the structured form of 

interviews, in which questions were always asked in the same order. The complete interview 

was divided into three sections: sensory experiences, eating behavior and demographics. Within 

the sensory experiences section, subgroups of questions were formed which included sight, 

smell, taste, hearing, and touch.  
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2.2 Participants 

For this study, twenty-three adult participants (fourteen males) were recruited from the 

Northwest Arkansas community, based on an existing diagnosis of autism spectrum disorder. 

The mean age of the participants was Mean ± Std Dev = 26 ± 8.5 years. The mean age of 

diagnosis of ASD for the participants was 12.3 ± 11.6 years.  For two participants with reduced 

verbal abilities, the caregiver answered questions during interviews. 

 

2.3 Data collection and analysis 

The interviews were held in a quiet room. Interviews were audio-recorded and 

transcribed verbatim by the researcher. The questions that were asked in the sensory experience 

category for each of the five senses were for example: 

1. Do you think that you are more sensitive in smell function than other people?  

2. How important are odors, aromas, and flavors of food and beverages for your eating and 

drinking?  

3. Are there any smells that you find extremely intense?   

4. Are there any specific smells of food or beverage items that you like?  

5. Are there any specific smells of food or beverage items that you don’t like?  

6. Have you encountered any trouble in smelling food or beverage items?  

7. When you consume food or beverage items, do you also consider smells from other sources 

such as persons or environments? 
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The eating behavior questions included preference to eat alone or with others, eating out 

frequency and preference to new foods or restaurants. The demographics questions were asked 

to identify any factors that could be related to their eating behavior.  

A summative data analysis was used to understand the information gathered. It starts 

with identifying and quantifying certain words to understand the contextual use of the words. 

This quantification is an attempt not to infer meaning but, rather, to explore usage (Hsieh & 

Shannon, 2005). 

 

3. Results 

Six participants received their diagnosis by two years of age. All but one participant 

lived with their parent/s, with the number of family members being Mean ± Std Dev = 3.2 ± 

1.3. Nine participants reported that they did not help with cooking meals at home. Two 

participants mentioned concerns of safety during cooking as being one of the main reasons. 

Eleven people said they did not eat at the cafeteria in school, rather brought their own lunch 

every day. Thirteen participants reported not receiving any kind of therapy to help with their 

symptoms of autism. Six participants received Applied Behavior Analysis as behavior therapy, 

three participants received speech therapy and one participant received music therapy. One 

participant mentioned studying in a special needs classroom. 

When asked if they preferred eating alone or with others, eleven participants said they 

liked eating with others, reasoning that they liked socializing (4), talking with others (5) or 

listening to others (1), and avoid being alone (1). Seven participants said they prefer to eat 

alone because they dislike loud surroundings (2), they thought people judge them for the way 

they eat (2), like personal space (1), dislike socializing (1) and force of habit (1). The other five 
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participants said that they liked doing both. Fourteen participants said that they liked going out 

to eat regularly, one mentioned only going during late or “quiet hours”. Eight said they did so 

sometimes. One participant mentioned not liking to go out to eat at all. On average, participants 

in this study went out to eat three times in a month. Seven participants said they dislike trying 

new foods or going out to new restaurants. One participant liked trying different food, but in 

the same restaurant, and one said they like trying different restaurants, but not different foods. 

One participant mentioned making others try the food before eating to avoid surprises. Six 

participants mentioned having trouble in sensory function during their lifetime, including poor 

sight, over-responsivity to touch, hearing what other people cannot hear, being overly sensitive, 

having skin rashes and inability to taste when young. 

We asked the participants about which the most important sense for them in their daily 

life is, ten reported sight, six hearing, five touch, four taste, and four smell. People rated sight 

because being able to see was most important to them, whereas people who reported touch 

reasoned liking to feel things. The most sensitive sense, compared to other people, was hearing 

for fifteen participants because loud noises bothered them, they could hear the slightest voices 

and get distracted by them. Seven people said that they did not think they were less sensitive 

than other people in any sensory function (“If someone pats me gently on my back it hurts 

me.”). One participant mentioned: “My hearing is most sensitive; I can sometimes hear 

something that others do not hear.” 

 

3.1 Hearing 

Twenty participants said they are more sensitive in their hearing function as compared 

to other participants, while three others think they are average or less sensitive. Eleven 
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participants mentioned problems with loud places, and it hurts their ears. One participant used 

noise-canceling headphones most of the time to avoid pain. Four participants said they can hear 

things that others cannot which made it difficult to concentrate or sleep. Fourteen participants 

reported that sounds elicited by foods are important for their eating experience. Particularly, ten 

of them mentioned disliking chewing sounds of others, while seventeen mentioned they 

disliked people talking while eating. 

“I do not like chomping and loud chewing sounds, it is very annoying to me and I get 

goosebumps.” 

“I dislike background chatter. Eating is relaxing time, so I don't like distractions. I 

enjoy music sometimes.” 

In terms of sounds elicited by food, most intense was crunchy for five participants, 

carbonation for two and gummy or sticky for two. The crunchy sound was pleasing to fourteen 

participants whereas the sounds of food with soft texture was disliked by six. 

“Some (sounds) can be annoying, some are fun. I dislike crunching of broccoli. I like 

crunch of toasted bread. I get annoyed by people chewing loud.” 

 

3.2 Sight 

Fourteen adults said they are sensitive in their sight function as compared to other 

participants, while nine others think they are average or less sensitive. Nine participants 

mentioned that brightness bothers them. Three participants mentioned that they see details in 

things, that others often cannot see.   

“I can be more sensitive than other people in sight, sometimes when it is very sunny it 

hurts my eyes. It is hard to drive without sunglasses.” 
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“I can catch things that others do not see; I have to lower the brightness on my phone.” 

Eighteen participants thought that the appearance of food is important to them, while 

five others thought it was not an important part of their food. 

“I am very particular about colors. I like things to match in color. The food 

presentation is very important, I don’t like if my food touches other food on my plate” 

“I like eating colorful foods”; “I like my plate to look pretty and be colorful” 

 In terms of food, most intense colors for ten participants were red/orange, while blue 

and green were most intense for six. The most liked color was red (8), while brown and black 

were most disliked (4). Food shaped round, and triangle were liked by four and three 

participants respectively. The visual texture of food was mentioned by two participants: 

 “I dislike the mashed potato and gravy visual texture” 

“I dislike food that has big raisins in it. I dislike nuts in food like pecans.” 

When asked about the light conditions in the room where they eat, both liking and 

disliking of bright lights seemed to be evenly distributed, with the former being preferred by 

eight participants and later by seven. Four participants mentioned being particular with the 

utensils and having specific utensils that they liked.  

“I am very picky about my utensils; I like clean plates without prints on them. I like 

square plates with a dark color. I like smoother-looking things. I like bright rooms, I do not like 

the dark.” 

 

3.3 Smell 

Eleven participants said they are more sensitive in smell function as compared to other 

participants, while twelve others think they are average or less sensitive. Twenty participants 
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thought that the smell of food was important in their perception. Four people said that if they 

smell something they do not like, they experience a gag reflex.  

“It (being more sensitive to smells) bothers me because I smell things other people do 

not. I can smell even if someone is sick, body odor is especially bad.” 

Five participants mentioned that the smell of sour foods was very intense for them and 4 

others thought the smell of spicy food was intense. The smell of sweet food was liked by four 

participants, whereas the smell of pizza and lasagna was favored by six. The smell of eggs and 

fish was disliked by three and four participants respectively. Fifteen participants mentioned that 

the smell of heavy perfume or other smells in the environment during eating bothers them and 

can give several of these participants a headache. 

“smoking bothers me, smell of grass bothers me, some perfumes really aggravate me, it 

has gotten worse with time, now I prefer unscented products.” 

 

3.4 Taste 

Eleven participants said they are more sensitive in taste function as compared to other 

participants, while twelve others think they are average or less sensitive. Twenty-one 

participants said that the taste of the food is very important to them in their food choices. 

“somethings I taste are stronger than what other people think.” 

In terms of most intense tastes, bitter was selected by twelve participants while sour by 

six. Seven participants said the umami taste was their most liked and sweet was most liked for 

thirteen. Eight participants disliked the sour taste the most while six disliked the bitter taste. 
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3.5 Touch 

Seventeen participants said they are more sensitive in tactile function as compared to 

other participants, while six others think they are average or less sensitive. Several participants 

mentioned they like to touch and feel things and that certain textures can be calming. Two 

participants were reported to dislike big chunks of food and taking little bites. Eighteen 

participants said that the texture of food was important to them in their food preferences. 

“I like touching things and feeling them always. It does not bother me.  I am sensitive in 

my mouth texture, like chips, it hurts me.” 

“I am more sensitive in hand-feel, I think I am on max overload all the time, I used to 

have issues sleeping because of how things feel, the bedsheet, I do not like microfiber in 

sheets.” 

Among the food textures that were mentioned as intense were hard, chewy, hot (spicy) 

and fizzy. The rubbery texture of meat and gummies was liked by seven participants, while the 

crunch of chips and cookies was liked by four. Six participants reported disliking the grainy 

texture of food, three disliked the mouthfeel of sour foods and two disliked mushy textures. 

Some participants also mentioned being particular about the temperature of food. 

“I do not like hot food, liver texture bothers me, it is stringy and dry like white meat. I 

prefer dark meat.” 

“Very hard and solid foods, that require effort to chew, like gum. Heat and really cold 

is very intense.”  
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4. Discussion 

This study attempted to understand the sensory difficulties of people with ASD through 

one on one interviews. To our knowledge, it is a very extensive study done with adults, 

addressing all domains of sensory sensitivities. We found that the average age when the group 

received their ASD diagnosis was twelve years, which is later than what most early intervention 

programs suggest. Moreover, thirteen participants did not receive any therapy, which may be 

linked to their late diagnosis. About half the participants recalled bringing their own lunch to 

school. This finding is consistent with that of (Nadon et al., 2011), who found that more 

children with ASD than their siblings did not eat at daycare, school, in restaurants, with the 

extended family or with friends. Our participants also mentioned that they did not like going 

out to a restaurant, with the participants who did like going out, preferred to go to the same 

places or eat the same food. This could also be related to their responses that some of them 

prefer to eat alone because they dislike loud surroundings, think people judge them for the way 

they eat and like having personal space. 

Hearing was the most sensitive sense for twenty people, both loud and softer voices can 

bother or distract them. The sounds elicited by food was also important to them, including 

being bothered by loud chewing sounds. These results are complementary to a previous study 

(Robertson and Simmons, 2015) where participants noted that loud sounds can sometimes 

cause pain, and noises with low intensity could also cause discomfort. We found that 

“Crunchy” sound was pleasing to fourteen participants, which was also found by Shea (2015) 

and Knox et al. (2012), even though those studies were done with only 1 participant each. 

Some participants mentioned that brightness bothers them. For light conditions in dining 

rooms, both liking and dislike of bright lights seemed to be evenly distributed. This discrepancy 
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was also noted by Bogdashina (2003), who said that some people who may be hyposensitive to 

light, liked looking at lights and colors, while others who were hypersensitive disliked it. 

Participants in our study reported that the appearance of food and serving utensils is important 

to them. These results have been previously seen in numerous studies for food preferences, 

where children refused foods based on appearance, visual texture, brands, etc. (Williams et al., 

2000; Schreck & William, 2006).   

About half the participants said that they were more sensitive in taste and smell function 

while the other half said that they were less sensitive. Acuity in odor and taste identification has 

been found to be reduced in people with ASD (Galle et al., 2013; Bennetto et al., 2007). 

Interestingly, sour smell quality was found to be more intense and sour taste was most disliked. 

This is in line with the study by Schreck and Williams, 2006 that found that children with ASD 

may be sensitized to sour and bitter tastes. In terms of most intense tastes, bitter was selected by 

twelve participants while sour by six. Seven participants said the umami taste was their most 

liked and sweet was most liked by another thirteen. Eight participants disliked the sour taste 

most while six disliked the bitter taste. Participants mentioned the smell of perfume or other 

smells in the environment during eating bothers them. Pellicano (2013) also found that their 

participants were hypersensitive to strong smells of perfume, cigars, damp wool caps or gloves. 

Seventeen participants said they are more sensitive in tactile function. Eighteen 

participants said that the texture of food was important to them in their food preferences. One 

of our participants mentioned light patting being hurtful. Similar findings were mentioned in a 

paper by Robertson and Simmons (2015) where the participants said that people lightly 

brushing past and hugging could cause physical pain. Most people in their study mentioned 

textures of food being uncomfortable, including anything that “bursts” and the mixture of 
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textures was also an issue. Among our participants, the food textures that were mentioned as 

intense were hard, chewy, hot (spicy) and fizzy. They liked the rubbery texture of meat and 

gummies, the crunch of chips and cookies, whereas disliked grainy texture, sour foods, and 

mushy textures. Two participants were reported to dislike big chunks of food and taking little 

bites. Kerwin et al. (1995) advanced a similar argument, suggesting that larger bite-sizes 

increase the response effort (acceptance; swallowing) and consequently the ‘cost’ of accepting 

(bite size). Cascio et al. (2012) noted that people with ASD show diminished responses to 

pleasant and neutral stimuli, and exaggerated limbic responses to unpleasant stimuli, which 

diminish social reward associated with touch. 

 

5. Conclusion 

To summarize, we found that people with ASD reported abnormal and non-uniform 

sensory experiences. Both hypersensitivity and hyposensitivity were reported by participants in 

each sensory function. Participants reported heightened responses to loud places, sour and bitter 

tastes, sour food smells, brightness, and touch. Participants reported food choices, driven by 

taste, smell, texture, appearance, and sound. We also found that environmental factors influence 

eating behavior in persons with ASD, including the brightness of a room, types of utensils, odors 

of other people or the room, background noise and food evoked sounds. In conclusion, we found 

that increased sensitivity to sensory stimuli, combined with unfavorable environmental factors 

lead to a reduces eating experience for people with autism. Further research is required to 

generate interventions to help with the difficult eating environment, to improve the overall 

quality of life for people with ASD.  
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CHAPTER 4 

INFLUENCES OF AUTISM SPECTRUM DISORDER ON SENSORY RESPONSES TO 

OLFACTORY CUES 

1. Introduction 

Olfaction serves the function of identifying noxious substances that are to be avoided, 

helps us to enjoy the hedonic pleasure of food and plays a role in our social life. There is an 

association between personality traits and attitudes toward the sense of smell. A study showed 

that people who were able to lie more often used olfactory cues in social communication (Seo et 

al., 2013). Olfaction is different from other senses in the way that it does not have a thalamus 

relay, which means there’s a shorter pathway for olfactory stimuli. (Smythies, 1997). Perhaps the 

functions that it serves is the reason for this anomaly. The smell function is closely related to 

autobiographical memory and this memory, when triggered by olfactory information is older 

than verbal and visual cues (Willander & Larsson, 2006). An impairment in autobiographical 

memory exists among people with autism (Crane and Goddard, 2008). A study by Crane et al. 

(2009) demonstrated that both people with and without ASD could distinguish between self-

defining and everyday memories, however, the people with ASD could recall fewer specific 

memories overall. They were not able to cite meaning from their narratives as well as the other 

group, which suggests a failure in using past experiences to update the self among people with 

ASD.   

The olfactory functions have been understudied in people with ASD (Luisier et al., 2015) 

and the findings of olfactory functions, specifically, odor identification performance, have been 

conflicting. For example, in multiple studies, it has been found that participants with ASD had 

impaired performances of odor identification. The study by Galle et al. (2013) used control and 
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Asperger participants, and compared to them, participants in the ASD group performed worse. 

Identification of pleasant odors was better than for the unpleasant odors in typically developing 

children, but not children with ASD (Luisier et al., 2015). Suzuki et al. (2003) also confirmed 

that adults with Asperger syndrome showed impaired olfactory identification. However, Dudova 

et al. (2011) reported that children with ASD showed almost normal performance of odor 

identification as compared to the control group; odor identification ability correlated 

significantly with age in the control group, but not in the ASD group.  

In terms of odor detection threshold, Suzuki et al. (2003) found that adults with ASD 

performed normally relative to typically developed individuals. Interestingly, a study reported 

that people with ASD detect odors at a mean distance larger than the control group, who detected 

them at a significantly shorter mean distance (Ashwin et al., 2014). In contrast, Dudova et al. 

(2011) reported that people with Asperger’s syndrome and high functioning ASD, in comparison 

with healthy controls, were significantly impaired in odor detection threshold. These contrasting 

results might be caused by inconsistency between verbal reports by people with ASD, specific 

diagnosis of people used (e.g., Asperger’s, PDD-NOS, low functioning and high functioning 

autism) or methodology being used.  

There is a difference in the behavioral and implicit measures of olfactory processing in 

children with ASD who are less likely to match their facial expressions to the verbal expression 

of their affective states (Luisier et al., 2015). It is worth noting that in a study with only ASD 

children, Dudova and Hrdlicka (2013) found no significant correlation between autism severity 

and odor detection, odor pleasantness ratings or odor identification ability. Among children with 

ASD, results found that the less they discriminated hedonically (especially for pleasant odors), 

the more neophobic they were. This is consistent with another finding that an advantage in odor 
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identification ability for non-neophobic people exists over more-neophobic participants (Dematte 

et al., 2013). These results suggest that one of the main causes of greater food selectivity in 

children with ASD may lie in their sensory functioning (Matson & Fodstad, 2009). Woo and 

Leon (2013) exposed three12-year-old ASD children to either daily olfactory/tactile stimulation 

along with sensory and cognitive exercises (enrichment group), or to standard care (control 

group) and observed that the severity of autistic traits was significantly lower in the enrichment 

group than in controls. They suggested that improvement in olfactory ability could help in 

reducing symptoms of ASD, for which, understanding of this mechanism is necessary. A study 

with parental reports (Lane et al., 2014) found that tactile sensitivity was not associated with 

picky eating and problem eating behaviors, but the taste and smell sensitivity was.  

This study aims to determine whether ASD influences olfactory performances (odor 

discrimination and odor identification tasks), hedonic ratings, intensity, arousal, pleasantness, 

familiarity, and edibility of everyday odors. We also aim to investigate the differences in usage 

and importance of odors in everyday lives between people with ASD and without ASD. 

 

2. Materials and Methods 

This study was approved by the Institutional Review Board of the University of Arkansas 

and written consent was obtained from each participant. Participants were compensated with 

$30 in the form of gift cards, upon successful completion of the study.  

 

2.1 Participants 

Participants were recruited from the Northwest Arkansas community. A survey was sent 

out to the prospective participants which included questions about health, allergies, and 

https://www.frontiersin.org/articles/10.3389/fpsyg.2015.01830/full#B53
https://www.frontiersin.org/articles/10.3389/fpsyg.2015.01830/full#B53
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demographics. Participants who qualified were over eighteen years of age, had no food 

allergies, had no clinical history of major diseases and did not smoke. Twenty participants 

(twelve males; mean age ± standard deviation = 29.5 ±12.5) were recruited for the test group, 

using University of Arkansas Sensory Service Center consumer database, based on a diagnosis 

of Autism Spectrum Disorder, which was confirmed using the Autism Spectrum Quotient (AQ) 

developed by Baron–Cohen et al. (2001). This screening tool can be administered for 5-10 min. 

The participants in the control group (twelve males, mean age ± standard deviation = 29.5 

±12.4) did not have a diagnosis of Autism Spectrum Disorder and were selected to match the 

age, gender, body mass index of the participants in the test group.   

 

2.2 Samples 

The participants were provided with an odor discrimination test kit called “Sniffin’ Sticks” 

(Hummel et al., 1997) which are pen-shaped odor dispensers. It is a set of sixteen triplets of 

odorants. The “Sniffin’ Sticks” odor identification kit was used for the second half of this 

study. There are sixteen common food and non-food odorants in this kit: Orange, shoe leather, 

cinnamon, peppermint, banana, lemon, licorice, turpentine, garlic, coffee, apple, cloves, 

pineapple, rose, anise, and fish.  

  

2.3 Measurement of responses 

Participants rated odor intensity, liking, pleasantness, arousal, familiarity, and edibility of 

the samples on a 9-point categorical scale. They were asked to identify each odor from four 

alternate forced choices. For the  odor discrimination test, number of correctly identified odors 

were recorded.  
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2.4 Procedure 

This study was conducted in one session that lasted for approximately one hour. 

Participants were asked to fill out a demographics form upon arrival. Following that, their body 

mass index was measured using a weighing scale and a stadiometer. Thereafter, they were 

explained the procedure of this study and made familiar with the scales. 

Odor discrimination was tested using 16 sets of odorants. The participant was provided 

with three odorants and was asked to identify the sample that had a different smell. Participants 

were blindfolded during this test to avoid visual bias. The presentation of triplets was separated 

by thirty second intervals. After this test, the participant was given a ten-minute break. Following 

the break, participants were presented with sixteen odors in the Sniffin’ Sticks odor identification 

kit. They sniffed each odor for ~three seconds and rated odor intensity, liking, pleasantness, 

arousal, familiarity, and edibility. Thereafter, they identified each odor from four different 

choices. The presentation of odors was separated by one-minute breaks.  

Thereafter, each participant filled out an “Importance of Odors” questionnaire. This 

questionnaire was developed by Croy et al. (2010). It attempts to understand how people 

perceive everyday odors in terms of application, assessment, consequence, and aggravation. This 

is a 20-item questionnaire, with a four-point rating scale (1 = totally disagree, 2 = mostly 

disagree, 3 = mostly agree, and 4 = mostly disagree) for each question. 

 

2.5 Data Analysis 

Data was analyzed using JMP Pro (version 14.1, SAS Institute Inc., Cary, NC, USA) and 

SPSS (Version 25.0. IBM Corp., Armonk, NY, USA). For the odor discrimination test, a total 

number of correct responses was recorded and used for data analysis. The scale values for odor 
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intensity, liking, pleasantness, arousal, familiarity, and edibility were assigned a number from 1 

to 9. These values were used for analysis. Similarly, the responses on the “Importance of odors” 

ballot were assigned numbers from 1 to 4 and used for analysis. The normality assumption was 

tested for the dataset using the Shapiro–Wilk W test. The test showed that odor identification, 

discrimination, intensity, liking, pleasantness, arousal, familiarity, and edibility were not 

normally distributed (P < 0.05 for all attributes). Thus, Mann Whitney U tests were conducted to 

compare these variables among the two groups. This statistical test is used to compare the 

differences between two independent groups when the dependent variable is either ordinal or 

continuous. For each odor quality, the test groups were considered as factors and the ratings of 

intensity, liking, etc were considered as variables. A statistically significant difference was 

defined as when P < 0.05. 

 

3. Results 

The autism spectrum quotient (AQ) scores differed significantly between the control and 

test groups (U = 3.00, P < 0.001); as expected, the ASD group [mean ± standard deviation (SD) 

=  28.8 ± 5.3; mean rank = 30.35] showed higher AQ scores than control group (15.1 ± 4.3; mean 

rank = 10.65).  

As shown in Figure 4-2, the ASD group (mean ± SD = 8.0 ± 1.9; mean rank = 10.65) 

showed a worse performance with respect to odor discrimination task than the control group 

(mean ± SD = 13.6 ± 1.4; mean rank = 30.35) (U = 3.00, P < 0.001). The ASD group (mean ± 

SD = 10.5 ± 3.3; mean rank = 16.15) also showed a worse perforamance in odor identification 

task than the control group (mean ± SD = 13.0 ± 1.6; mean rank = 24.85) (U = 113.0, P = 0.018). 
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As shown in Table 4-1, the two groups, ASD and control, showed no significant 

differences with respect to overall likings of everyday odors, except anise odor (U = 129.00, P  = 

0.046). The ASD group liked anise odor significantly more than control group. In addition, the 

ASD group perceived peppermint (U = 96.00, P =0.003), lemon (U = 129.50, P = 0.049), and 

pineapple (U = 128.00, P = 0.046) significantly more intense than the control group (Table 4-2). 

With respect to odor-induced emotions, significant differences between the ASD and control 

groups were found in several odors. More specifically, compared to the control group, the ASD 

group felt orange odor less pleasant (U = 122.50, P = 0.03) (Table 4-3). In addition, the ASD 

group felt peppermint (U = 127.50, P = 0.047), lemon (U = 120.50, P = 0.03), apple (U = 126.00, 

P = 0.04), clove (U = 91.50, P = 0.002), rose (U = 115.50, P = 0.02), and anise (U = 104.00, P = 

0.007) odors significantly more arousing than the control group, as shown in Table 4-4.  

There were no significant differences between the ASD and control groups with respect to 

edibility of everyday odors, except coffee odor (U = 123.50, P = 0.03). The coffee odor was 

perceived as lesser edible by the ASD group, compared to the control group (Table 4-5). Finally, 

there were significant differences between the ASD and control groups in terms of odor 

familiarity in several odors: shoe leather (U = 122.50, P = 0.03), cinnamon (U = 123.00, P = 

0.03), and fish (U = 128.00, P = 0.04) odors. While the ASD group was found to be more 

familiar with shoe leather and cinnamon odors, the control group was more familiar with the fish 

odor, compared to the counterpart (Table 4-6). 

For the importance of odors questionnaire, significant differences were not found in any of 

the three subscales of application, assessment and consequence.  
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4. Discussion 

This study found that odor identification for adults with ASD was impaired when 

compared to adults without ASD. This is in line with the previous study by Galle et al. (2013) 

and who found that participants in ASD group were worse in odor identification than Asperger 

and control participants and suggested that the olfactory functions that involve verbalization are 

reduced in autistic individuals. In contrast, Suzuki et al. (2003) found odor identification 

impairment in participants with Asperger syndrome. Although we did not separate participants 

between ASD and Asperger’s diagnosis, all our participants were verbal. Nevertheless, it is 

difficult to compare these results. Dudova et al. (2011) reported that children with ASD showed 

an almost normal performance of odor identification, and Brewer et al. (2008) reported the same 

for children with high functioning autism. However, the latter found a negative correlation of 

olfactory ability with age in the High Functioning Autism group, but not in the control group, 

which suggests that with age, olfaction could deteriorate in people with autism.   

Odor discrimination also varied among the two groups, with ASD participants 

performing significantly worse than control participants. These results are contrasting with the 

results in the study by Galle et al. (2013), who did not find any differences in the odor 

discrimination ability. However, it is to be noted that their methodology of testing was different. 

Where our test involved identifying the “different odor” from sets of 3 odors, the previous paper 

asked whether a pair of smells were the same or different. Perhaps, this might be the key 

differentiator, where our methodology involved more verbalization of responses, and the existing 

verbal difficulty in ASD could have affected our results. In our study, liking and pleasantness of 

odors between the groups were very similar, which is consistent with previous findings by 

Tavassoli and Baron-Cohen (2011). The study by Hrdlicka et al. (2011) found that children with 
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Asperger Syndrome perceived the smell of cinnamon, pineapple, and cloves as significantly less 

pleasant than controls. These differences may be attributed to adaptation among adults, with 

repeated exposure. 

Intensity ratings for lemon, peppermint, and pineapple were higher by the ASD group 

than the control group. Additionally, anise, apple, cloves, lemon, peppermint, and rose odors 

were perceived as significantly more arousing by the ASD group.  This is a contrasting finding 

from the study by Galle et al. (2013). They used 8 odors on a scale from very weak to very 

strong. In this study, we used sixteen odors and a longer scale, ranging from extremely weak to 

extremely strong, which gives more space and could have been more sensitive to differences. 

Since some of these odorants may have a trigeminal sensation, like lemon, peppermint, cloves, 

pineapple, anise, there might be differences in perception of a trigeminal stimulus. This was also 

suggested by Luisier et al. (2015), who said that the stimulation of the fifth cranial nerve might 

be different in people with ASD. There is also evidence that people with ASD are cortically 

hyper-reactive to non-CT-targeted touch, while being hyporeactive to CT-targeted touch. 

Although trigeminal sensations cannot be classified as non-CT targeted touch one cannot 

eliminate the possibility of different mechanisms and physiology of nerves in people with 

autism. Muratori et al. (2017) suggested that hyper-responsivity to smell is due to the impairment 

in the odor identification ability, which makes the stimulus more intense. Pellicano and Burr 

(2012) had proposed that because people with autism did not have a reference point to compare 

stimuli, these odors might come as a surprise and be more arousing.  

People with ASD rated less familiarity with shoe leather and fish odors, but more familiarity 

with cinnamon. These findings are inconsistent with Galle et al. (2013), and since they used a 

different scale and 8 undisclosed odors, these results are not comparable. We found similar 
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ratings between edibility, with an exception in coffee, which might be the result of perception 

of coffee as bitter and the associated bitterness sensitivity in people with autism. We did not 

find any differences among the three sections of the Importance of Odors questionnaire.  

 

5. Conclusion 

To summarize, there were three major findings of this study. First, odor identification 

ability is diminished in adults with ASD. Second, the odor discrimination ability of people 

with ASD is lower as compared to people without ASD. Lastly, the perception of odors 

among people with ASD is different from people without ASD, specifically in terms of 

arousal and perceived intensity. It seemed that odors with sour quality and possible trigeminal 

sensation qualities were perceived as more intense by the ASD group. There were few 

differences in liking and pleasantness of odors among the two groups. In conclusion, ASD 

affects the olfactory abilities of people, and further research is necessary to identify emotions 

elicited by odors, in order to understand these discrepancies better.  
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Figure 4-1: Comparison of odor discrimination scores between the ASD and Control groups. 

*** represents a significant difference between the scores at P < 0.001.  Error bars represent 

standard error of mean. ASD stands for Autism spectrum Disorder. 
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Figure 4-2: Comparison of odor identification scores between the ASD and Control groups. 

* represents a significant difference between the scores at P < 0.05. Error bars represent standard 

error of mean. ASD stands for Autism spectrum Disorder. 
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Table 4-1: Comparisons between the ASD and control groups with respect to likings of 16 

everyday odors  

  ASD Group Control Group U Values P value 

Orange 6.1 (±1.8) 6.6 (±1.3) 170.00 0.40 

Shoe Leather 5.3 (±1.9) 5.1 (±1.6) 183.00 0.64 

Cinnamon  6.3 (±2.5) 5.5 (±1.6) 139.50 0.10 

Peppermint 7.5 (±1.6) 7.6 (±1.0) 186.50 0.70 

Banana 6.6 (±2.2) 6.6 (±1.6) 190.00 0.78 

Lemon 5.9 (±2.2) 6.6 (±1.0) 171.00 0.42 

Licorice 5.6 (±2.6) 4.5 (±2.0) 143.00 0.12 

Turpentine 4.5 (±2.5) 4.7 (±1.4) 187.00 0.72 

Garlic 6.5 (±2.5) 5.5 (±2.1) 143.00 0.12 

Coffee 6.6 (±2.3) 7.5 (±1.2) 163.00 0.31 

Apple 7.0 (±1.4) 6.9 (±1.1) 190.00 0.78 

Cloves 5.7 (±2.1) 5.7 (±1.9) 183.00 0.64 

Pineapple 7.4 (±1.5) 7.6 (±1.0) 194.00 0.87 

Rose 6.4 (±1.9) 6.4 (±1.6) 181.50 0.61 

Anise 6.2 (±1.9) 5.3 (±1.2) 129.00 0.046 

Fish 4.0 (±2.4) 3.0 (2.1) 150.00 0.17 

  Values represent mean (± standard deviation) 

  ASD stands for Autism Spectrum Disorder. 
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Table 4-2: Comparisons between the ASD and control groups with respect to perceived 

intensity of 16 everyday odors 

  ASD Group Control Group U Values P value 

Orange 5.9 (±1.8) 5.4 (±1.1) 162.50 0.30 

Shoe Leather 5.8 (±1.9) 5.0 (±1.5) 142.50 0.11 

Cinnamon  6.7 (±1.6) 5.8 (±1.3) 133.50 0.07 

Peppermint 8.0 (±1.2) 7.2 (±0.7) 96.00 0.003 

Banana 6.2 (±1.8) 6.7 (±1.2) 174.50 0.48 

Lemon 7.0 (±1.6) 5.8 (±1.7) 129.50 0.049 

Licorice 6.4 (±1.9) 6.0 (±1.8) 187.00 0.72 

Turpentine 6.4 (±2.2) 5.7 (±1.5) 163.50 0.32 

Garlic 8.0 (±1.0) 7.7 (±0.8) 156.00 0.21 

Coffee 7.2 (±1.5) 7.0 (±1.1) 185.00 0.67 

Apple 6.4 (±2.1) 5.8 (±1.5) 147.50 0.14 

Cloves 6.8 (±1.9) 6.4 (±1.5) 166.50 0.36 

Pineapple 7.1 (±1.9) 6.4 (±1.2) 128.00 0.046 

Rose 6.8 (±2.0) 5.8 (±1.6) 141.00 0.10 

Anise 5.8 (±2.1) 5.4 (±1.6) 165.50 0.34 

Fish 7.2 (±1.9) 7.9 (±1.3) 156.00 0.21 

  Values represent mean (± standard deviation) 

  ASD stands for Autism Spectrum Disorder. 
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Table 4-3: Comparisons between the ASD and control groups with respect to pleasantness 

of 16 everyday odors 

  ASD Group Control Group U Values P value 

Orange 5.8 (±1.7) 6.8 (±1.3) 122.50 0.03 

Shoe Leather 5.7 (±1.9) 5.1 (±1.7) 161.00 0.28 

Cinnamon  6.0 (±2.1) 5.2 (±1.6) 153.00 0.20 

Peppermint 7.5 (±1.1) 7.6 (±1.1) 190.00 0.78 

Banana 6.4 (±2.2) 6.4 (±1.8) 199.50 0.99 

Lemon 5.7 (±2.3) 6.7 (±1.3) 155.00 0.21 

Licorice 5.4 (±2.4) 4.4 (±1.8) 147.00 0.14 

Turpentine 4.7 (±2.4) 4.7 (±1.5) 195.50 0.90 

Garlic 6.2 (±2.5) 4.9 (±2.1) 133.00 0.07 

Coffee 6.5 (±2.2) 7.5 (±1.2) 151.50 0.18 

Apple 7.0 (±1.5) 6.9 (±1.4) 192.00 0.83 

Cloves 5.8 (±2.5) 5.3 (±2.1) 165.50 0.35 

Pineapple 7.1 (±1.6) 7.5 (±1.1) 172.00 0.44 

Rose 6.2 (±2.1) 6.3 (±1.6) 197.50 0.95 

Anise 6.2 (±1.8) 5.2 (±1.6) 139.50 0.09 

Fish 4.0 (±2.6) 2.8 (±2.1) 146.50 0.14 

  Values represent mean (± standard deviation) 

  ASD stands for Autism Spectrum Disorder. 
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Table 4-4: Comparisons between the ASD and control groups with respect to arousal of 16 

everyday odors 

  ASD Group Control Group U Values P value 

Orange 4.6 (±1.8) 4.5 (±1.4) 198.00 0.96 

Shoe Leather 4.9 (±1.7) 4.9 (±1.4) 178.00 0.54 

Cinnamon  5.7 (±2.2) 4.9 (±1.2) 130.00 0.06 

Peppermint 6.1 (±2.6) 4.6 (±2.2) 127.50 0.047 

Banana 5.7 (±1.9) 4.9 (±1.3) 143.00 0.12 

Lemon 6.1 (±1.5) 4.9 (±1.6) 120.50 0.03 

Licorice 5.4 (±2.0) 4.8 (±1.3) 159.50 0.25 

Turpentine 5.9 (±1.8) 5.5 (±1.1) 155.00 0.20 

Garlic 6.6 (±1.7) 6.0 (±1.3) 147.00 0.14 

Coffee 6.6 (±1.8) 5.1 (±2.4) 132.00 0.06 

Apple 5.4 (±2.1) 4.2 (±1.0) 126.00 0.04 

Cloves 6.6 (±1.4) 5.2 (±1.3) 91.50 0.002 

Pineapple 5.7 (±2.2) 4.5 (±1.5) 131.00 0.06 

Rose 5.5 (±2.3) 4.1 (±1.4) 115.50 0.02 

Anise 5.6 (±1.8) 4.4 (±1.0) 104.00 0.007 

Fish 6.7 (±1.8) 5.9 (±1.4) 140.50 0.09 

  Values represent mean (± standard deviation) 

  ASD stands for Autism Spectrum Disorder. 
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Table 4-5: Comparisons between the ASD and control groups with respect to edibility of 16 

everyday odors 

  ASD Group Control Group U Values P value 

Orange 5.2 (±2.6) 6.0 (±2.4) 167.00 0.37 

Shoe Leather 3.7 (±2.1) 2.7 (±1.5) 141.00 0.11 

Cinnamon  5.9 (±2.6) 5.3 (±1.9) 160.00 0.27 

Peppermint 6.9 (±2.5) 7.7 (±0.9) 186.00 0.69 

Banana 6.0 (±2.5) 7.4 (±1.3) 137.50 0.08 

Lemon 6.1 (±2.2) 6.0 (±1.7) 187.00 0.72 

Licorice 5.3 (±2.7) 5.2 (±2.2) 193.50 0.86 

Turpentine 4.1 (±2.6) 2.6 (±1.6) 131.50 0.06 

Garlic 6.0 (±2.8) 7.0 (±1.6) 174.00 0.47 

Coffee 5.9 (±2.8) 7.9 (±1.0) 123.50 0.03 

Apple 6.8 (±2.0) 7.0 (±1.4) 194.50 0.88 

Cloves 5.2 (±2.5) 5.7 (±2.2) 180.00 0.58 

Pineapple 6.9 (±1.9) 7.3 (±1.5) 177.50 0.53 

Rose 4.5 (±2.8) 3.4 (±2.0) 157.50 0.24 

Anise 4.6 (±2.5) 4.1 (±2.0) 170.00 0.41 

Fish 4.2 (±2.7) 3.8 (±2.9) 180.50 0.59 

  Values represent mean (± standard deviation) 

  ASD stands for Autism Spectrum Disorder. 
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Table 4-6: Comparisons between the ASD and control groups with respect to familiarity of 

16 everyday odors 

  ASD Group Control Group U Values P value 

Orange 6.6 (±2.1) 6.5 (±1.7) 181.50 0.61 

Shoe Leather 6.4 (±1.6) 5.0 (±2.0) 122.50 0.03 

Cinnamon  7.1 (±1.7) 5.8 (±2.0) 123.00 0.03 

Peppermint 8.1 (±1.2) 8.4 (±0.8) 177.00 0.50 

Banana 6.6 (±2.2) 7.7 (±1.1) 144.00 0.13 

Lemon 7.7 (±1.3) 7.2 (±1.5) 158.50 0.25 

Licorice 6.7 (±1.8) 7.0 (±1.5) 180.00 0.58 

Turpentine 5.6 (±2.2) 4.7 (±2.1) 159.00 0.26 

Garlic 7.5 (±2.0) 8.1 (±1.0) 177.00 0.51 

Coffee 7.4 (±2.0) 8.3 (±0.7) 169.50 0.38 

Apple 7.0 (±1.6) 6.6 (±1.5) 169.00 0.39 

Cloves 6.4 (±1.9) 6.3 (±2.1) 197.50 0.95 

Pineapple 6.8 (±2.3) 7.2 (±1.7) 192.50 0.84 

Rose 6.6 (±2.5) 6.3 (±1.8) 169.50 0.40 

Anise 5.5 (±2.4) 4.6 (±2.4) 148.00 0.16 

Fish 6.6 (±2.3) 7.9 (±1.5) 128.00 0.04 

  Values represent mean (± standard deviation) 

  ASD stands for Autism Spectrum Disorder. 
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CHAPTER 5 

INFLUENCES OF AUTISM SPECTRUM DISORDER ON PERCEPTION AND 

EMOTIONAL RESPONSES TO TASTE CUES 

 

1. Introduction 

Taste perception is one of the primary ways to enjoy food. Our liking of a certain taste 

drives our food choices which indirectly affect our health. There are five identified basic tastes: 

sweet, salty, sour, bitter and umami. Evidence suggests that taste perception can change based on 

genetic composition, which can result in different experiences of people to the same tastes. The 

taste perception in humans can differ depending on the number of taste buds and sensory 

sensitivity of individuals. (Duffy & Bartoshuk, 2000). There have been very few studies on the 

influences of ASD on taste perception. One of them, by Bennetto et al. (2007), investigated odor 

and taste perception in ASD. They found that compared to participants without ASD, those with 

ASD were significantly less accurate in identifying sour tastes and marginally less accurate for 

bitter tastes, but they were not different in identifying sweet and salty stimuli. The taste detection 

threshold using electrogustometry among both groups were equivalent. Tavassoli and Baron-

Cohen (2012) performed a similar study on taste perception in ASD and found similar results. 

Adults with ASD were less accurate in identifying tastes overall (irrespective of medication or 

age). Specifically, adults with ASD had lower scores for identifying bitter, sweet, and sour tastes. 

However, they did not significantly differ with regard to detecting salty tastes. They noted that 

adults with ASD more often misidentified a taste as salty or as no taste (Tavassoli & Baron-

Cohen, 2012). The results might be due to that different pathways are present for different tastes. 

The type two pathway is for sweet, bitter, salty and umami tastes, while type three is for sour 
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taste (Trivedi, 2012). Thus, a better perception of salty taste and not sweet taste poses an 

intriguing question.  

It is found that 6-n-propylthiouracil (PROP) is a compound that is used to detect 

supertasters (Bartoshuk et al., 1994), who have a higher density of taste buds as compared to rest 

of the population. When people with Alexithymia (subclinical inability to identify and describe 

emotions in the self) were given the PROP test, it was found that non-tasters had higher 

alexithymia scores than PROP tasters. Alexithymia is a subclinical phenomenon characterized by 

difficulties in recognizing, describing, and distinguishing feelings from the bodily sensations of 

emotional arousal (Nemiah et al., 1976).  The researchers concluded that Alexithymia may play a 

role in responsiveness to the aversive and bitter taste of PROP and in combination with other 

personality traits, may provide important insights for better understanding food liking (Robino et 

al., 2016). Their data confirmed that genetic variation in the TAS2R38 gene is the main factor 

responsible for the capacity to perceive PROP, but that alexithymia can be a significant modifier 

of PROP bitter perception beyond the effects of the gene. In another study, it was reported that 

subjects with ASD were relatively impaired in both the appreciation and production of emotional 

expressions (Macdonald et al., 1989). These results suggest that due to the similarity in 

Alexithymia and certain ASD characteristics, it is possible that people with ASD might be non-

tasters. Cole et al. (2017) found a relationship between bitter sensitivity from the TAS2R38 gene 

and feeding problems in healthy preschool kids. They associated the presence of the TAS2R38 

gene to picky eating behavior, perhaps because of increased sensitivity. There is data that 

suggests a correlation between food selectivity and TAS2R38 genetics in ASD (Riccio et al., 

2018). Although this study had a small sample size, there is compelling evidence that this gene 

should be further investigated in terms of eating behavior. 
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This study aims to determine whether ASD influences taste identification and 

discrimination performances, hedonic ratings, and emotional responses with respect to basic taste 

cues (sweet, sour, salty and bitter [as elicited by caffeine and quinine]). Two compounds for 

bitter taste were used because of a testable hypothesis published by Ghanizadeh (2010), that 

suggested that caffeine might have a role in ASD. 

 

 

2. Materials and Methods 

This study was approved by the Institutional Review Board of the University of Arkansas 

and written consent was obtained from each participant. They were compensated with $30 in the 

form of gift cards, upon successful completion of the study.  

 

2.1 Participants 

Participants were recruited from the Northwest Arkansas community, using the 

University of Arkansas Sensory Service Center consumer database. A survey was sent out to the 

database which included questions about health, allergies, and demographics. Participants who 

qualified were over eighteen years of age, had no food allergies, had no clinical history of major 

diseases and did not smoke. Twenty participants (thirteen males; mean age ± standard deviation 

= 28 ±12.1) were recruited for the test group, based on an existing diagnosis of Autism Spectrum 

Disorder, confirmed by Autism spectrum quotient (AQ). The Autism Spectrum Quotient (AQ) 

developed by Baron–Cohen et al. (2001). This screening tool can be administered for 5-10 min. 

The participants in the control group (thirteen males, mean age ± standard deviation = 27.3 

±11.9) did not have a diagnosis of Autism Spectrum Disorder and were selected to match the 

age, gender, body mass index of the participants in the test group.   
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2.2 Sample Preparation 

Taste solutions were prepared using commercially available pure cane sugar (Great 

Value, Walmart Stores, Inc. Bentonville, AR), citric acid (Sigma Aldrich Fine Chemicals, St 

Louise, MO), caffeine (Aldrich Chemical Company, Inc., Milwaukee WI), quinine hydrochloride 

(Sigma Aldrich Fine Chemicals, St Louise, MO), and sodium chloride (Morton Salt, Inc., 

Chicago, IL). Springwater (Mountain Valley Springs Co., LLC, Hot Springs, AR) was used to 

prepare these taste solutions. The spring water was used as a warm-up sample. Each taste 

solution was prepared at three concentrations low, medium and high that correspond to 5, 7 and 

10 rating on a 15 point intensity scale (Meilgaard et al. 2015). The conversion of these scale 

values to volumetric concentration are provided in Table 5-1. The samples were presented in 

1oz. cups labeled with 3-digit random codes.  

 

2.3 Measurement of responses 

Taste intensity ratings were given on a General Labeled Magnitude Scale (Bartoshuk et 

al., 2004), which is a quasi-logarithmic line-scale containing labeled anchors from no sensation 

to strongest sensation imaginable of any kind. Participants rated the overall liking of the samples 

on a Labeled Hedonic Scale (Lim & Fujimaru, 2010), which is a line scale with common hedonic 

descriptors. The emotional responses were measured using explicit and implicit methods. The 

explicit responses were measured using a self-reported emotion questionnaire Essence 25 

(Nestrud et al., 2016) which contains twenty-five terms of emotions on a 5 point scale labeled 

from not at all to extremely. This scale is a shortened version of the Essence profile which 

contains thirty-nine emotion terms on the 5 point scale (King&  Meiselman, 2010). The implicit 

responses were measured using facial expression software iMotions (version 6.1, iMotions, Inc., 
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MA). This software uses the principles of Facial Action Coding System and provides data based 

on head orientation, facial landmarks, and facial expressions. This software was used to analyze 

seven universal facial expressions: joy, anger, surprise, contempt, fear, disgust and sadness. 

Numerical scores are assigned to each emotion, called evidence values, which correspond to the 

degree of confidence that an emotion is present. (iMotion, 2018). A camera (C920 HD Pro 

Webcam, Logitech Europe S.A., Nijmegen, Netherlands) was mounted on top of the display 

screen in order to capture facial expression and was positioned correctly before each data 

collection session.  

 

2.4 Procedure 

This study was conducted in one session that lasted for approximately one hour. 

Participants were asked to fill out a demographics form upon arrival. Thereafter, they were 

explained the procedure of this study and made familiar with the scales. A warm up sample 

(spring water) was provided to the subject in order to demonstrate the procedure and answer 

potential queries. The participant was then provided with a total of ten samples (five taste 

solutions in low and high concentrations), randomized and presented in serial monadic fashion. 

For each taste solution, participants were instructed to completely pour the sample in their 

mouth, without swallowing it, and then look at the screen for 6 seconds. After that, participants 

were asked to expectorate the sample and rate taste intensity, evoked emotions and liking of the 

sample respectively. After rating, they were asked to cleanse their palate using unsalted crackers 

(Nabisco Premium, Mondelēz International, East Hanover, NJ) and spring water.  

Once the participant tasted all ten samples, they were given a ten min break. Following 

that, participants performed a taste identification test, in which they were provided five taste 
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solutions at medium concentration, randomized in a monadic sequential fashion. They were 

given five choices (salty, sweet, sour, bitter, and no taste) per sample. After five samples, 

participants were presented with an N-Propylthiouracil (PROP) taste strip (Precision 

Laboratories, Cottonwood, AZ) and asked to identify its taste, among the same five choices as 

above. This test is used to identify supertasters, individuals who perceive the taste strip as bitter 

are considered supertasters whereas individuals who perceive it as “bland” or no taste are 

considered non-tasters. 

 

2.5 Data Analysis 

Data was analyzed using JMP Pro (version 14.1, SAS Institute Inc., Cary, NC, USA) and 

SPSS (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, 

NY: IBM Corp.). The scale values for taste intensity were measured in centimeters and 

converted to a 100-point scale. Liking ratings made on the LHS were measured from the bottom 

of the scale and were translated into a range from -100 to +100. The ratings on the Essence25 

were coded as 1 (not at all), 2 (slightly), 3 (moderately), 4 (very) and 5 (extremely). For facial 

expression analysis, the average values of emotions for 30 frames pre-tasting and 30 frames post 

tasting were used, to avoid the biased contribution of the anticipatory phase (Samant at al., 

2017). The values of pre-tasting were subtracted from the values of post-tasting, and the resulting 

numerical values were used for analysis. The normality assumption was tested for the dataset 

using the Shapiro–Wilk W test. The test showed that the ratings of liking, intensity, Essence25, 

and facial expressions were not normally distributed (P > 0.05 for all attributes). Thus, Mann 

Whitney U tests were conducted to compare these variables among the two groups. This test is 

used to compare the differences between two independent groups when the dependent variable is 
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either ordinal or continuous. For each taste quality, the test groups were considered as factors 

and the ratings of intensity, liking, emotions and facial expressions were considered as variables. 

A statistically significant difference was defined as when P < 0.05. Chi-square goodness of fit 

test was performed for PROP taster data since the values were either 1 or 0. A statistically 

significant difference was defined as when P < 0.05. 

 

3. Results 

The autism spectrum quotient for the test group and the control group differed 

significantly (U = 371.50; P < 0.001); as expected, the ASD group [mean ± standard deviation 

(SD) = 28.4 ±5.1] showed higher AQ scores than control group (17.0 ±5.4).  

The ASD group (mean ± SD = 3.8 ± 1.1) showed a worse performance with respect to 

taste identification task than the control group (mean ± SD = 4.6 ± 0.5) (U = 124.00, P < 0.05). 

Additionally, it should be noted that caffeine was the only taste quality that was misidentified by 

the control group, however, participants in the test group misidentified among all five taste 

qualities. The results from the PROP taste strip test showed that seventeen individuals in the 

ASD group were super-tasters, whereas ten individuals in the control group were identified as 

supertasters (P < 0.05).   

As shown in Table 5-2, the two groups, ASD and control, showed no significant 

differences in terms of liking of basic tastes except sour taste at a high concentration (U= 122.50; 

P = 0.04). Although both groups disliked this stimulus, the ASD group disliked it more than the 

control group. In addition, ASD group perceived sweet taste at a high concentration (U = 117.50; 

P = 0.03) significantly less intense than the control group (Table 5-3).  
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As shown in Table 5-4, the number of attributes reported were significantly different for 

all taste attributes at both concentrations among the ASD and the control group.The control 

group reported a greater number of emotions being felt as compared to the ASD group for 

caffeine at high concentration (U = 115.00, P = 0.02), caffeine at low concentration (U = 95.00, 

P = 0.004), sucrose at high concentration (U = 92.50, P = 0.004), sucrose at low concentration (U 

= 91.00, P = 0.003), sodium chloride at high concentration (U = 102.00, P = 0.008), sodium 

chloride at low concentration (U = 87.00, P = 0.002), quinine at high concentration (U = 69.00, P 

< 0.001), quinine at low concentration (U = 88.00, P = 0.002), citric acid at high concentration 

(U = 58.50, P < 0.001) and citric acid at low concentration (U = 54.00, P < 0.001). Additionally 

the control group reported feeling higher intensity of emotions (Table 5-5) for sodium chloride, 

quinine and caffeine taste qualities, but for sucrose at high concentration, where the ASD group 

reported feeling more aggressive (U = 122.50, P = 0.03) and more disgusted (U = 122.50, P = 

0.03) than the control group and for citric acid at low concentration, the ASD group reported 

being more disgusted (U = 122.50, P = 0.03) than the control group.  

As shown in Table 5-6, two taste qualities elicited differences in facial expressions. For 

citric acid at high concentration, the ASD group showed a higher sadness expression (U = 

119.00, P = 0.03) and lower surprise facial expression (U =292.00, P = 0.01) than the control 

group. Moreover, for sucrose at high concentration the ASD group showed a higher sadness 

expression (U = 115.00, P = 0.02) and higher contempt expression (U = 123.00, P = 0.04) than 

the control group.  
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4. Discussion 

We found that taste identification is impaired in people with autism, which was consistent 

with previous findings of Bennetto et al. (2007) and Tavassoli and Baron-Cohen (2012). Our 

results from the PROP test were contrasting than those found by Robino et al. (2016), for people 

with alexithymia. Thus, it can be said that the same mechanism does not exist for people with 

autism and people with alexithymia and further research is necessary to understand the 

differences. The perceived intensity of sweet taste was less in the test group compared to the 

control group. Damiano et al. (2014) found no differences in sweet taste sensitivity or hedonic 

response to sweet tastes between the ASD and control groups. Although we did not find 

differences in the liking of sweet taste, our results regarding sweet sensitivity were contrasting. 

Although Damiano et al. (2014) said that ASD symptom severity was associated with sweet taste 

sensitivity, we tested the perceived intensity and not the physiological sensitivity, thus these 

results cannot be directly compared. Sour taste liking was reduced in people with autism, which 

may be explained by a reduced ability to identify sour taste, thus leading to a reduction in liking, 

as hypothesized for odors by Muratori et al. (2017). These results are also complementary to the 

one on one interview and odor performance results, both of which sour qualities were perceived 

as more intense and less liked. 

The results of facial expression and self-reported emotion have also highlighted sweet 

and sour tastes, particularly at higher concentrations. These taste qualities generally elicited 

negative emotions, both in terms of implicit and explicit measures. We found that the overall 

number of attributes reported by participants in the test group was less than the control group. It 

is known that the cerebral cortex and amygdala are smaller in volume among children with 

autism (Herbert et al., 2003), these regions are associated with processing, regulating and 
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communicating emotions. Communication of emotions, thus, can be a significant difficulty in 

autism: communication of emotions can be a challenging task for them (Dennis et al., 2000).  

These results suggest that similar emotions are not elicited by people with ASD as 

compared to others, which means that food appreciation might not be the same among the two 

groups. Emotions play a major role in food appreciation (Nederkoorn et al., 2000), and not being 

able to identify, express or feel these emotions elicited by food, would suggest differing food 

choices. Nevertheless, it should be noted that only a few facial expressions were different in the 

test group from the control group, while multiple self-reported emotions differed in both quantity 

and quality between the two groups. This suggests that the involuntary emotions elicited by both 

groups are similar, and facial expressions can prove to be a very useful tool in understanding 

perception and liking among people with ASD.   

 

5. Conclusion 

To summarize, we found that ASD affects taste abilities. Specifically, the taste 

identification ability of adults with autism was reduced. Increased sensitivity to sweet taste at 

low concentration and decreased liking of sour taste at a high concentration was noted. The 

majority of the ASD participants were tasters for PROP, which indicates that they might be 

generally more sensitive in terms of taste buds. Moreover, the emotions evoked by taste 

solutions differed among the two groups. People without ASD diagnosis reported a greater 

number of emotion attributes evoked by tastes, as compared to people with ASD. A higher 

number of negative emotions, both through implicit and explicit measures was noted by adults 

with ASD, for sour and sweet taste qualities. Thus, further investigation about the interactions 

of these taste qualities with the physiology of persons with ASD is recommended. 
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Table 5-1: Volumetric concentrations of basic taste solutions used in this study 

  

LOW 

INTENSITY 

MEDIUM 

INTENSITY 

HIGH 

INTENSITY 

Caffeine 0.08%w/v 0.11% w/v 0.16% w/v 

Sucrose 5% w/v 7% w/v 10% w/v 

Sodium Chloride 0.35% w/v 0.44% w/v 0.55% w/v 

Quinine Hydrochloride 0.004% w/v 0.006% w/v 0.008% w/v 

Citric Acid 0.08% w/v 0.11% w/v 0.16% w/v 

 

                                                                                  (Meilgaard et al. 2015) 
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Table 5-2: Comparisons between the ASD and control groups with respect to likings of the 

10 taste stimuli  

  Values represent mean (± standard deviation) 

  ASD stands for Autism Spectrum Disorder. 

 

 

 

 

 

 

 

 

 

 

 

 

Stimulus Control Group ASD Group 

 

U Value P Value 

Caffeine High -25.4 (±24.8) -13.2 (±45.2) 192.00 0.83 

Caffeine Low -5.8 (±20.9) -8.3 (±39.7) 188.00 0.75 

Sucrose High 37.7 (±26.4) 31.3 (±43.3) 196.50 0.93 

Sucrose Low 26.7 (±24.9) 38.1 (±27.5) 152.50 0.20 

Sodium Chloride High -25.7(±26.7) -18.3 (±40.5) 157.50 0.25 

Sodium Chloride Low -14.5 (±20.2) -16.5 (±36.2) 186.50 0.72 

Quinine High -50.8 (±27.1) -44.1 (±42.0) 183.50 0.66 

Quinine Low -43.7 (±28.4) -48.1 (±35.0) 177.00 0.53 

Citric Acid High -2.8 (±34.4) -22.9 (±42.8) 122.50 0.04 

Citric Acid Low 4.3 (±25.5) -12.6 (±44.6) 144.50 0.13 



 

88 
 

Table 5-3: Comparisons between the ASD and control groups with respect to perceived 

intensity of the 10 taste stimuli   

Stimulus Control Group ASD Group 

 

U Value P Value 

Caffeine High 25.7 (±24.5) 33.7 (±24.5) 148.00 0.16 

Caffeine Low 13.8 (±10.2) 21.5 (±23.1) 167.00 0.37 

Sucrose High 40.6 (±15.0) 31.2 (±21.3) 117.50 0.03 

Sucrose Low 34.2 (±17.4) 26.7 (±19.7) 140.50 0.11 

Sodium Chloride High 36.2 (±20.7) 26.6 (±15.0) 144.00 0.13 

Sodium Chloride Low 24.1 (±15.5) 19.4 (±15.3) 165.00 0.34 

Quinine High 57.0 (±23.4) 46.5 (±24.2) 143.00 0.12 

Quinine Low 52.0 (±26.7) 43.3 (±24.3) 159.50 0.27 

Citric Acid High 30.9 (±16.7) 41.1 (±20.6) 135.00 0.08 

Citric Acid Low 25.5 (±17.0) 30.9 (±19.6) 169.00 0.40 

     Values represent mean (± standard deviation) 

     ASD stands for Autism Spectrum Disorder. 
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Table 5-4: Comparisons between the ASD and control groups with respect to the number 

of emotional response terms reported on the EsSence25 scale 

Stimulus Control Group ASD Group 

 

U Value P Value 

Caffeine High 10.4 (±6.8) 5.9 (±6.6) 115.00 0.02 

Caffeine Low 11.7 (±6.8) 5.3 (±5.9) 95.00 0.004 

Sucrose High 15.9 (±4.4) 8.5 (±7.8) 92.50 0.004 

Sucrose Low 15.2 (±5.7) 8.1 (±7.5) 91.00 0.003  

Sodium Chloride High 11.8 (±6.8) 6.2 (±6.9) 102.00 0.008 

Sodium Chloride Low 12.7 (±6.0) 6.2 (±7.3) 87.00 0.002 

Quinine High 10.3 (±6.3) 3.9 (±3.8) 69.00 < 0.001 

Quinine Low 11.1 (±6.8) 5.1 (±5.8) 88.00 0.002 

Citric Acid High 12.5 (±6.4) 4.6 (±5.2) 58.50 < 0.001 

Citric Acid Low 13.0 (±6.2) 4.5 (±4.7) 54.00 < 0.001 

    Values represent mean (± standard deviation) 

    ASD stands for Autism Spectrum Disorder. 
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Table 5-5: Comparisons between the ASD and control groups with respect to the intensity 

level of taste stimuli-evoked emotional responses reported on the EsSense25 scale  

 Emotion term Control Group ASD Group 

 

U Value P Value 

Active 2.0 (±0.8) 1.5 (±0.9) 12326.00 < 0.001 

Adventurous 1.8 (±0.9) 1.4 (±0.8) 13572.00 < 0.001 

Aggressive 1.3 (±0.6) 1.3 (±0.9) 19603.50 0.60 

Bored 1.4 (±0.8) 1.3 (±0.9) 16999.00 < 0.001 

Calm 2.4 (±1.1) 1.6 (±1.0) 11287.00 < 0.001 

Disgusted 1.9 (±1.3) 1.9 (±1.3) 19020.00 0.34 

Enthusiastic 1.8 (±0.9) 1.4 (±0.9) 14657.00 < 0.001 

Free 1.9 (±1.0) 1.4 (±0.9) 13408.50 < 0.001 

Good 2.4 (±1.1) 1.7 (±1.1) 12325.00 < 0.001 

Good-natured 2.3 (±1.2) 1.5 (±0.9) 11524.00 < 0.001 

Guilty 1.1 (±0.5) 1.2 (±0.7) 19946.50 0.92 

Happy 2.2 (±1.2) 1.5 (±1.0) 13302.50 < 0.001 

Interested 2.4 (±1.0) 1.8 (±1.1) 12850.50 < 0.001 

Joyful 2.0 (±1.1) 1.4 (±1.0) 14193.00 < 0.001 

Loving 1.8 (±0.9) 1.4 (±0.9) 13799.50 < 0.001 

Mild 2.0 (±1.0) 1.4 (±0.8) 12382.50 < 0.001 

Nostalgic 1.4 (±0.8) 1.2 (±0.7) 17683.50 0.003 

Pleasant 2.1 (±1.1) 1.4 (±0.9) 12674.00 < 0.001 

Satisfied 1.9 (±1.1) 1.4 (±0.9) 14783.00 < 0.001 

Secure 2.1 (±1.2) 1.4 (±0.9) 13143.50 < 0.001 

Tame 2.0 (±1.1) 1.3 (±0.8) 12418.00 < 0.001 

Understanding 2.1 (±1.1) 1.4 (±0.9) 12518.50 < 0.001 

Warm 1.9 (±1.0) 1.5 (±1.0) 13991.50 < 0.001 

Wild 1.4 (±0.7) 1.2 (±0.8) 17283.50 < 0.001 

Worried 1.3 (±0.6) 1.3 (±0.8) 19329.50 0.39 

 Values represent mean (± standard deviation) 

  ASD stands for Autism Spectrum Disorder. 
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Table 5-6: Comparisons between the ASD and control groups with respect to facially 

expressed emotions to the 10 taste stimuli 

Taste 

Quality 

Facial 

Expression 

Control 

Group 
ASD Group U Value P value 

Caffeine 

High 

Joy -0.5 (±1.9) -0.1 (±1.7) 164.00 0.33 

Anger 0.5 (±0.7) 0.6 (±1.3) 161.00 0.29 

Surprise -0.3 (±0.7) -0.4 (±0.9) 175.00 0.50 

Fear -0.2 (±0.6) -0.3 (±0.8) 187.00 0.73 

Contempt -0.2 (±0.5) -0.2 (±0.6) 200.00 1.00 

Disgust 0.4 (±1.0) 0.3 (±1.0) 171.00 0.43 

Sadness 0.2 (±0.4) 0.4 (±0.7) 163.00 0.32 

Caffeine 

Low 

Joy -1.2 (±1.8) -0.8 (±2.0) 164.00 0.33 

Anger 0.7 (±0.8) 0.8 (±1.1) 159.00 0.27 

Surprise -0.1 (±0.7) -0.3 (±1.1) 162.00 0.30 

Fear -0.2 (±0.5) -0.3 (±0.4) 146.00 0.14 

Contempt -0.1 (±0.6) -0.4 (±0.6) 158.00 0.26 

Disgust 0.4 (±0.8) 0.3 (±1.1) 196.00 0.91 

Sadness 0.5 (±0.7) 0.5 (±0.7) 180.00 0.59 

Sucrose High 

Joy -0.8 (±1.3) -0.7 (±2.6) 165.00 0.34 

Anger 0.3 (±0.6) 0.6 (±1.4) 178.00 0.55 

Surprise -0.1 (±0.5) 0.1 (±1.0) 152.00 0.19 

Fear -0.1 (±0.3) -0.2 (±0.8) 200.00 1.00 

Contempt -0.3 (±0.3) -0.0 (±0.7) 123.00 0.04 

Disgust 0.2 (±0.5) 0.0 (±1.1) 187.00 0.73 

Sadness 0.3 (±0.5) 0.9 (±1.1) 115.00 0.02 

Sucrose Low 

Joy -0.7 (±1.2) -0.6 (±2.8) 171.00 0.43 

Anger 0.3 (±0.6) 0.4 (±1.3) 196.00 0.91 

Surprise -0.1 (±0.6) -0. 3 (±1.0) 173.00 0.47 

Fear -0.1 (±0.4) -0.4 (±0.9) 161.00 0.29 

Contempt -0.1 (±0.5) -0.2 (±0.7) 190.00 0.79 

Disgust 0.3 (±0.7) -0.2 (±1.3) 172.00 0.45 

Sadness 0.3 (±0.5) 0.5 (±0.9) 181.00 0.61 
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Table 5-6 (Cont.) 

Taste Quality 
Facial 

Expression 

Control 

Group 
ASD Group U Value P value 

Sodium 

Chloride High 

Joy -0.6 (±1.5) -1.0 (±3.0) 196.00 0.91 

Anger 0.6 (±0.4) 0.5 (±1.0) 172.00 0.45 

Surprise -0.2 (±0.8) -0.3 (±1.0) 188.00 0.75 

Fear -0.1 (±0.7) -0.5 (±0.6) 147.00 0.15 

Contempt -0.2 (±0.6) -0.4 (±0.8) 167.00 0.37 

Disgust 0.5 (±1.1) 0.1 (±1.2) 161.00 0.29 

Sadness 0.4 (±0.6) 0.3 (±0.6) 199.00 0.98 

Sodium 

Chloride Low 

Joy -0.8 (±1.4) -1.0 (±2.6) 184.00 0.67 

Anger 0.6 (±0.9) 0.6 (±1.3) 186.00 0.71 

Surprise -0.3 (±0.6) -0.1 (±0.7) 161.00 0.29 

Fear -0.2 (±0.6) -0.2 (±0.8) 194.00 0.87 

Contempt -0.2 (±0.7) -0.3 (±0.8) 193.00 0.85 

Disgust -0.0 (±1.0) 0.1 (±1.1) 185.00 0.69 

Sadness 0.2 (±0.5) 0.5 (±0.7) 158.00 0.26 

Quinine 

Hydrochloride 

High 

Joy -0.4 (±1.6) -0.3 (±2.1) 177.00 0.53 

Anger 0.3 (±0.9) 0.8 (±1.0) 149.00 0.17 

Surprise -0.5 (±0.8) -0.3 (±1.1) 196.00 0.91 

Fear 0.0 (±0.6) -0.0 (±1.0) 184.00 0.67 

Contempt -0.3 (±0.7) -0.3 (±0.8) 193.00 0.85 

Disgust 0.6 (±1.1) 0.4 (±1.4) 190.00 0.79 

Sadness 0.4 (±0.6) 0.6 (±0.9) 168.00 0.39 

Quinine 

Hydrochloride 

Low 

Joy -0.3 (±1.6) -0.7 (±2.0) 195.00 0.89 

Anger 0.6 (±0.7) 0.8 (±0.9) 173.00 0.47 

Surprise -0.5 (±0.7) -0.4 (±1.0) 193.00 0.85 

Fear -0.2 (±0.7) -0.3 (±0.9) 181.00 0.61 

Contempt -0.3 (±0.5) -0.5 (±0.6) 169.00 0.40 

Disgust 0.5 (±0.7) 0.6 (±0.9) 161.00 0.29 

Sadness 0.3 (±0.6) 0.6 (±1.0) 158.00 0.26 
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Table 5-6 (Cont.) 

Taste 

Quality 

Facial 

Expression 

Control 

Group 
ASD Group U Value P value 

Citric Acid 

High 

Joy -0.8 (±1.5) -0.3 (±2.1) 174.00 0.48 

Anger 0.2 (±0.5) 0.5 (±0.9) 167.000 0.37 

Surprise 0.2 (±0.7) -0.3 (±0.9) 292.000 0.01 

Fear -0.0 (±0.5) -0.0 (±0.7) 207.00 0.85 

Contempt -0.2 (±0.7) -0.3 (±0.7) 216.00 0.67 

Disgust 0.3 (±0.7) 0.3 (±1.0) 186.000 0.71 

Sadness 0.3 (±0.6) 0.6 (±0.6) 119.000 0.03 

Citric Acid 

Low 

Joy -1.2 (±1.6) -0.7 (±2.1) 148.00 0.16 

Anger 0.5 (±0.8) 0.75 (±1.0) 159.00 0.27 

Surprise -0.0 (±0.7) -0.3 (±0.9) 191.00 0.81 

Fear -0.2 (±0.5) -0.3 (±0.8) 169.00 0.40 

Contempt -0.2 (±0.6) -0.2 (±0.7) 197.00 0.94 

Disgust 0.2 (±0.6) 0.3 (±1.0) 200.00 1.00 

Sadness 0.4 (±0.6) 0.5 (±0.7) 181.00 0.61 

   Values represent mean (± standard deviation) 

   ASD stands for Autism Spectrum Disorder. 
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CHAPTER 6 

GENERAL CONCLUSION 

 

To summarize, chapter 3 found that people with ASD have atypical and uneven sensory 

experiences, which can be either hypersensitivity or hyposensitivity to sensory stimuli. It was 

found that several participants were hyperreactive to one sensory stimulus while being 

hyporeactive to the other. Chapters 4 and 5 showed that participants with ASD had reduced 

abilities to identify taste and odor stimuli, but most participants in the ASD group were PROP 

tasters, as well as rated certain taste and odor stimuli as highly intense. Specifically, the sour 

quality was found to be very intense for persons with autism, which was confirmed in chapters 3, 

4 and 5. It was also found that food choice in autism is driven by environmental factors, taste, 

smell, texture, appearance, and sound. Additionally, emotions evoked by taste stimuli were 

reduced for them, which could contribute to their food choice, paired with increased sensitivity. 

Odor discrimination and identification ability of people with ASD were found to be reduced, 

which confirms the results of previous studies, along with suggesting that odor identification 

ability might reduce with age for persons with ASD, but not for the control group. 

In conclusion, this study attempted to study taste and smell abnormalities in autism, and 

how they are affected by it. This study confirmed some previously known results and found 

some new insight into this arena. We were able to study and report variances in food evoked 

emotions among people with and without ASD, through implicit and explicit measures. This 

study was one of the few that used an extensive number of subjects and controls. The researchers 

realize that this study might have some limitations. First, the asymmetric development of adult 

participants with ASD might have influenced some results. Second, the small sample size makes 
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it difficult to see trends or significance. However, for practical reasons like few volunteers 

wanting to take part in such studies, it was difficult to recruit more panelists.  
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APPENDICES 

APPENDIX 1 

RESEARCH COMPLIANCE PROTOCOL LETTERS 
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APPENDIX 2 

IMPORTANCE OF OLFACTION QUESTIONNAIRE 
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1 
The smell of a person plays a role in the decision whether I like 

him/her. 
    

2 I smell foods to find out whether it is spoiled or not.     

3 I sniff on food before eating.     

4 

Please imagine you visit a museum. There is an offer to get 

additionally smell-presentations to underline the overall 

impression for the price of $5.00. Would you take this offer? 

    

5 When I don’t like the smell of a shampoo, I don’t buy it.     

6 When I smell delicious food, I get hungry.     

7 Without my sense of smell, life would be worthless.     

8 I try to locate the odor, when I smell something.     

9 I feel rather quickly disturbed by odors in my environment.     

10 Certain smells immediately activate numerous memories.     

11 Before drinking coffee/tea, I intentionally smell it.     

12 When I buy tomatoes, I pay attention to their odor.     

13 If my partner has a nasty smell, I avoid kissing him/her.     

14 Certain smells immediately activate strong feelings.     

15 I smell my clothes to judge whether I have to wash them or not.     
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APPENDIX 2 (Cont.) 

16 
When there is a nasty smell in the office/apartment of a 

colleague, I leave the room as soon as possible. 
    

17 Certain odors can stimulate my fantasy.     

18 
To me it is more important to be able to smell than to be able 

to see or hear. 
    

19 
Sometimes I smell a person (e.g. my partner or my child) to 

judge, if he/she has had alcohol or smoked. 
    

20 
I cannot pass good smelling candles in a store without buying 

one. 
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