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ABSTRACT

Previous research has shown that children with Autism Spectrum Conditions
(ASC) frequently present with aberrant eating behaviour. Although typically
developing children may also face eating difficulties, these difficulties seem to be
more prevalent and more severe in children with ASC. The present thesis aimed to
explore the prevalence of the following problematic behaviour: food neophobia,
eating selectivity, rigid/perseverant eating behaviour and selectivity in terms of
texture, in a sample of 254 children (103 children with ASC and 151 control children).
This thesis also explored whether the existence of early feeding problems may link
with a more problematic current eating behaviour, or higher sensory sensitivity.
Associations between a more problematic social-communication and behavioural

profile and problems in eating and sensory sensitivity were also investigated.

Despite the health benefits, vegetables are commonly identified as one of the
least preferred food categories. Therefore, the present thesis aimed to identify, in two
observational studies, how factors such as food neophobia, sensory sensitivity and
previous vegetable eating experiences can affect the willingness to try real food
vegetable options, in a sample of 53 typically developing pre-schoolers and 77 adults
with and without autistic traits. Overall, children with ASC presented a significantly
more problematic profile in terms of eating, sensory, social-communication and
behavioural performance than the control group. However, findings highlighted that
generally there are more similarities than differences in the observed relationships

between the factors affecting the eating behaviour of children with and without ASC.
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CHAPTER 1: LITERATURE REVIEW

CHAPTER ONE

LITERATURE REVIEW

1.1 Overview of the literature review

This thesis explores eating difficulties in children aged 2-14 years with and
without autism spectrum conditions (ASC) and researches the variables that can
affect willingness to try vegetables in pre-schoolers and young adults. The aim of
this literature review is to outline key factors that have been identified as
negatively affecting eating in children, to recount the relevant knowledge of how
these factors affect eating in children with ASC, and also to highlight gaps in the
research. The review will be divided into two sections. The first section will focus
on reviewing the current relevant knowledge on how early feeding behaviour, food
neophobia, selective eating and sensory sensitivity can affect eating in typically
developing children. The second section will summarise what is known about how
these factors can affect eating in children with ASC, and highlight, based on
previous literature, any differences in the eating behaviour of children with ASC

and typically developing children.

1.2 Factors affecting eating in a typically developing population

1.2.1 Development of early feeding behaviour
Early feeding experiences start in utero, when flavours and odours from the
diet of the mother pass into the amniotic fluid, and later on during infancy, into the

breast milk (Hepper, 1995; Schaal, Marlier & Soussignan, 2000; Mennella,
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Jagnow, & Beauchamp, 2001). Infants are born with innate taste predispositions;
research suggests that babies naturally prefer sweet tastes and tend to reject
bitter and sour tastes (Crook, 1978; Harris, Thomas & Booth 1990; Rosenstein &
Oster 1988). It is also believed that along with the innate preference to certain
tastes, infants also have the ability to learn food preferences through exposure to
new foods and flavours (Birch, 1999).

Parental feeding practices can have a great influence on children’s eating
experiences. Choices such as whether the infant will be breast or formula fed can
have an effect on the flavour and sensory experiences the infant receives (Birch,
1998; Mennella & Beauchamp, 1991; Mennella & Beauchamp, 1999).
Breastfeeding is a substantially different sensory experience from formula feeding,
as breast fed infants receive milk of different flavours and odours that vary
according to the diet of the mothers (Sullivan & Birch, 1994). Although it is
generally accepted that flavours can be transmitted from the nursing mother’s diet
to her milk, there is not yet a detailed picture on how early experiences with
flavours passed to the infant through breast milk can actually affect the
development of eating preferences. One study showed that 2-6 year old children
who had been breastfed were more likely to have an earlier introduction to
vegetables (Cooke et al., 2004). Similarly, data from other studies suggest that
breastfeeding can facilitate the acceptance of new foods during the introduction of
solids (Hausner, Nicklaus, Issanchou, Mglgaard & Mgller, 2010; Sullivan & Birch,
1994). An Australian study compared the 24-hour food intake of 2287 children
aged 2-8 years and found that children who had been breastfed were more likely

to consume healthy foods such as fruits and vegetables or wholegrain bread
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(Grieger, Scott & Cobiac 2011). Some studies confound breast feeding itself and
the socio-economic status of the mother and the effect that this may have on
infant diet, with mothers from more privileged socio-economic backgrounds being
more likely to breastfeed and for longer (Bentley, Dee, & Jensen, 2003; Brion et
al., 2011). Whether breastfeeding can have a direct influence on dietary habits in
childhood is an ongoing debate, as it could be that mothers who are generally
more concerned about their child’s diet may be more likely to breastfeed and
subsequently promote the consumption of healthy food in the child’s diet (Forestell

& Mennella, 2007).

1.2.2 Introduction and timing of the introduction to solids

When the formula/breast milk becomes nutritionally inadequate the child
transitions to the introduction of solid food (Wiliamson & Beatty, 2015). The
successful transition to this feeding stage depends on the development of oral-
motor and sensory-motor skills necessary to ensure successful deglutition of food
(Arvedson, 2006; Gisel 1991; Rogers & Arvedson, 2005). Literature suggests that
the first year of life is a ‘sensitive period’ for the introduction of new foods as
infants are more ‘open’ to new flavours and textures. More specifically, some
researchers have identified that an early introduction to solid food (earlier than 7
months) plays a determining role in food preferences (Birch & Marlin 1982;
Cashdan, 1994; Coulthard, Harris & Fogel, 2014). Exposure to a wider range of

flavours and textures in this period is linked with an easier acceptance
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(occasionally even after only one exposure) of new food later in childhood (Birch,
Gunder, Grimm-Thomas & Laing 1998; lllingworth & Lister 1964).

As they get older infants develop better oral sensory-motor skills that
allow them to successfully process thicker and lumpy foods, enabling them to
progress to food options closer to the family food (Arvedson, 2006). At this stage
children become more independent, show greater interest in touching the food
and are able to manage finger food consisting of solids which easily dissolve in
the mouth, such as pieces of soft fruits e.g. pears, bananas, or cooked vegetables
(Delaney & Arvedson, 2008; Stevenson & Allaire, 1991). Over time children
enhance their knowledge of where a food comes from and become more aware of
the sensory qualities of food (appearance, texture, smell, taste) and the
anticipated consequences of consumption. All of this information gradually shapes
their food acceptance patterns (Rozin, Fallon & Mandell, 1984; Harris & Coulthard,
2016). Adding to this, it is widely accepted that early exposure to foods including
fruits and vegetables can have a positive impact on the amount and variety of fruit
and vegetables that children consume (Cooke et al., 2004; Scott, Chih & Oddy,
2012). A longitudinal study found that children who had an earlier introduction to
lumpy solids (prior to 6 months) were less selective and less likely to refuse food
at the age of 7 years in comparison to children who had a later introduction to
lumpy foods (from 10 months and onwards) (Coulthard, Harris & Emmett, 2009).

The transition from one feeding stage to the next requires a certain level of
development if the child is to progress successfully to a more demanding feeding
regime. Research has shown that problems in early feeding (e.g. late introduction

to solids) can have a negative impact on the variety of food consumed in later
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childhood (Birch et al., 1998, Coulthard, Harris & Emmett, 2009). This may
eventually result in greater problems in the processing and acceptance of foods of
a more demanding texture (Blossfeld, Collins, Kiely & Delahunty, 2007; Clark &
Laing, 1990; Lundy et al., 1998). However, more research is needed in order to
better identify any associations between early feeding difficulties and the
existence of food related problems, such as rigid eating, texture selectivity and

sensory sensitivity in later childhood.

1.2.3 Food neophobia

Food neophobia is an eating disturbance defined as fear of trying new
foods (Marcontell, Laster & Johnson, 2003). During the second year of life both
the mother’s practices and the child’s acceptance pattern for a variety of foods
change (Skinner et al., 2002). The more mobile young toddlers become, the more
likely they are to find and consume inedible objects in their environment when
without parental guidance. It has been suggested that food neophobia develops at
this age and works as a protective mechanism to prevent the ingestion of
potentially toxic chemicals and other unsafe food or poisonous components (Birch
et al., 1998; Cashdan, 1998; Wright, 1991). Consequently, during this ‘neophobic’
stage toddlers are more reluctant to try new foods or may even stop eating food
that they used to eat if it differs in presentation from the norm (Brown & Harris,

2012a).
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1.2.3.1 Food neophobia and age

The extent of the food neophobic response is considered to be an
hereditary trait, therefore some children might appear more neophobic than others
(Faith, Heo, Keller, & Pietrobelli, 2013; Wardle & Cooke, 2008). The neophobic
response can result in the rejection of an unknown food on-sight (Harris, Blissett &
Johnson, 2000), begins at around 18 to 30 months (Addessi, Galloway,
Visalberghi & Birch, 2005; Cashdan, 1998; Cooke, Wardle & Gibson, 2003; Harper
& Sanders, 1975) and can persist until 4 to 6 years (Cashdan, 1994; Pelchat &
Pliner, 1995; Pliner, 1994; Pliner & Loewen, 1997). A research study by Nicklaus,
(2009) suggests that food neophobia gradually fades away from the age of 5 to 8
years, while other research suggests that food neophobia can manifest, in a lesser
form, into adulthood (Dovey, Staples, Gibson & Halford, 2008; McFarlane & Pliner,
1997).

A study from Hursti and Sjoédén (1997) examined food neophobia levels in
7-17 year old children and their parents. The findings showed that overall the
children were more neophobic than the adults, with older children being less food
neophobic than the younger children of the sample. Hursti and Sjodén (1997) also
found, in agreement with some other studies (Koivisto &Sjodén, 1996; Pelchat &
Pliner, 1986; Pliner, 1994; Tuorila et al., 2001), that the male adults (fathers) were
more food neophobic than the females (mothers) of the sample. However, there is
also a body of research suggesting no gender differences in the existence of food
neophobia in adults (Knaapila, et al., 2015; Pliner & Hobden, 1992). This disparity

in the literature highlights the need for more research, since there is not yet a clear
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picture on whether food neophobia differs according to gender (McFarlane &

Pliner, 1997).

1.2.3.2 Food neophobia and food preferences

Food neophobia has been identified as one of the most common factors
affecting food choices and the willingness to try food (Brown & Harris, 2012b).
Children presenting this trait eat only a limited number of foods and develop a
cognitive aversion, as well as behavioural avoidance, of new foods (Singer,
Ambuel, Wade, & Jaffe, 1992). A U.K study of children aged 2-6 years showed
that fruit and vegetable consumption was inversely related to child neophobia,
while lower levels of food neophobia were associated with greater enjoyment of
food (Cooke et al., 2004). In line with this research, Cooke, Carnell & Wardle
(2006) estimated that highly neophobic pre-schoolers have a fruit and vegetable
intake that is 35% lower than that of low neophobic children. Studies have shown
that the neophobic food response is most evident towards vegetables of the
brassica family (such as cabbages, broccoli & brussels sprouts) and citrus fruits
(Cashdan, 1998; Glander, 1982). Similarly, a recent study with a sample of 249
pre-schoolers from a wide ethnic background noticed significant associations
between food neophobia and lower vegetable intake, as well as limited dietary
variety (Johnson, Davies, Boles, Gavin & Bellows, 2015). Another study, with a
sample of 210 pre-schoolers aged 3-5 years, also found that children with higher
levels of food neophobia ate fewer food items overall (Kaar, Shapiro, Fell &

Johnson, 2016).
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To date the majority of research has focused on examining how food
neophobia affects the willingness to try new foods, and there is a rather unclear
picture of how food neophobia levels can interfere with the willingness to try foods
of different levels of familiarity. Furthermore, given that food neophobia can
appear even in children who developed normal feeding patterns as infants, more
thorough research is needed to explore whether the presence of food neophobia
is more severe in cases of a problematic early feeding background. Further
research is also needed to specifically explore any associations between food
neophobia and difficulties in the introduction to solids, or the later transition from

lumpy solids to family food.

1.2.4 Selective (‘picky’) eating

In the literature, selective eating (also referred to as picky or fussy eating)
has not been effectively defined, as researchers have previously used this term to
describe various eating behaviours (Lafraire, Rioux, Giboreau, & Picard, 2016).
The term commonly refers to the rejection of a large number of foods (Galloway,
Fiorito, Lee, & Birch, 2005) both familiar and unfamiliar (Carruth, Ziegler, Gordon
& Barr, 2004), consequently selective eaters follow a limited diet (Carruth et al.,
1998; Cooke, Wardle & Gibson, 2003; Jacobi, Agras, Bryson & Hammer, 2003)
and in some cases eat an inadequate amount of food (Rydell, Dahl & Sundelin,
1995). As with food neophobia, picky/selective eating has been linked with a lower
intake of vegetables in children aged between 3.5 and 5.5 years (Jacobi, Agras,
Bryson & Hammer, 2003) and with lower fruit and vegetable consumption in

children aged between 1 and 4.8 years (Brown & Harris, 2012b). It is believed that
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rejection of food due to the food neophobic response normally happens before
tasting, while rejection to food due to picky/ selective eating does not occur before

tasting (Brown, 2010).

Selective eating has also been linked with a rigid eating profile. For
instance, in a sample of children aged 5-12 years, selective eaters had an
adherence to certain food items, or foods of a specific colour, and preferred their
foods to not touch (mix) on the plate (Zampollo, Kniffin, Wansink & Shimizu,
2012). Research examining factors that can increase willingness to try food
suggested that children may adhere to a product based on the appearance of
packaging, insist on one brand only (Bryant-Waugh, Markham, Kreipe & Walsh,
2010) or show a greater preference for vegetables cut in geometric shapes
(Olsen, Ritz, Kramer & Mgller, 2012). In addition, Wardle & Cooke (2008)
highlighted that children may show sensitivity to local changes in their food, as
foods with ‘bits’ or lumps were generally less preferred, while other aspects such
as the food presentation (e.g. number of items on the plate) or preparation
methods can also affect food acceptance (Carruth et al., 1998; Zampollo, Kniffin,
Wansink & Shimizu, 2012). A contamination response between liked and disliked
food can also be seen in children as young as 20 months (Brown & Harris, 2012b).
Following on from this, Brown, Harris, Bell and Lines (2012), in a sample of young
children aged 4-6 vyears, revealed that disliked food could function as a
contaminator when it touches a liked food, and consequently the willingness to eat

the liked food decreases.
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In the literature, some links have been reported between early feeding
problems and picky/selective eating in childhood. Galloway, Lee and Birch (2003),
found that girls of around 7 years of age who had been breastfed for less than 6
months showed greater selectivity, while Brown and Harris (2012b), and Mason,
Harris and Blissett (2005) revealed that children who had a difficult transition from
milk to solid food, and from pureed to lumpy textured food, were more likely to
reject known and previously accepted foods from their diet. Based on the findings
of this research it would be interesting to further explore how problems in other
early feeding stages, such as the transition to lumpy solids, or the later transition
from lumpy solids to family food, are associated with eating selectivity in later

childhood.

1.2.5 Sensory sensitivity

Sensory sensitivity is a recently identified factor affecting food choices, and
can play a key role in deciding whether a food is going to be refused (Smith, Roux,
Naidoo & Venter, 2005). Sensory sensitivity (or sensory hyper-reactivity) reflects
how individuals perceive and respond to the sensory information received from
their environment (Coulthard & Blissett, 2009; Dunn, 1999). For the purpose of this
thesis the term sensory sensitivity will be used to describe heightened reactivity
and a lower threshold for the environmental sensory input (Dunn, 1999; Naish &
Harris, 2012).

Rozin, Haidt, McCauley and Imada (1997) suggested that the sensory
characteristics of food (e.g., smell, taste, texture, appearance) may lead to

rejection, due to fear of negative post-ingestive consequences, or due to triggering
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feelings of disgust. In line with this, visual factors associated with food appearance
can often affect willingness to try food and food consumption. For instance,
Addessi, Galloway, Visalberghi and Birch, (2005) found that preschool children
were more likely to successfully model an adult when the adult's food was the
same colour as their own food. Research has also shown that when fruits and
vegetables have spots, or are discoloured due to bruising, willingness to try
decreases in both children and adolescents (Krglner et all., 2011).

When a food is tasted it also provides access to the non-taste properties of
the food such as the feeling of the food in the mouth (Dazeley & Houston-Price
2015). Children generally show greater preference for crispy and crunchy textures
over slimy textures (Szczesniak, 2002). Smell also plays a very important role in
our ability to detect the properties of food (Murphy & Cain 1980). Research in an
adult population showed that more highly food neophobic individuals rated the
smell of a food as being less pleasant, and their sniffing process was less vigorous
in comparison to individuals with lower levels of food neophobia (Raudenbush,
Schroth, Reilley & Frank, 1998). Adding to this field of research, Monnery-Patris et
al., (2015), in a sample of 123 toddlers aged 20-22 months, found that the more
neophobic boys were more responsive to odours, possibly explaining why the

neophobic response is followed by rejection of food before being tasted.

Researchers, using the Short Sensory Profile, (Dunn, 1999) have tried to
explore the associations between tactile, visual and smell-taste sensitivity and
food acceptance. Smith, Roux, Naidoo, & Venter (2005) found that children who

were more sensitive to touch (tactile sensitivity), were more likely to refuse to eat

11
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food due to a dislike of taste or texture in comparison with children with normal
responses to touch. Coulthard and Blissett (2009) revealed that, in a sample of
typically developing children aged 2-5 years, those with higher sensitivity to visual
stimuli (e.g. covers eyes or squints to protect eyes from light) were more food
neophobic. This study also found that children with taste/smell and tactile
sensitivity consumed fewer fruits and vegetables.

However, at present there has been little research on how problems in the
early feeding stages may link with subsequent eating difficulties (including food

neophobia) and sensory sensitivity in childhood.

1.3 Factors affecting eating behaviour in children with ASC

1.3.1 Autism spectrum conditions

Autistic spectrum conditions (ASC) are a set of neuro-developmental
disorders which present a variety of challenges, including impairments in social
skills, communication, and restricted and repetitive interests and behaviours.
Hyper-or hypo-reactivity to sensory input or unusual interest in sensory aspects of
the environment has also been added to the criteria for ASC in the most recent
edition of DSM (DSM-V, APA, 2013) (DSM IV-TR, APA 2000).

Since the earliest diagnostic description of ASC, eating difficulties have
been observed to co-exist on a widespread basis in the ASC population (Kanner,
1943). The prevalence of problematic eating behaviour in ASC has been reported
to be as high as 90% (Kodak & Piazza, 2008) with close to 70% of children
described as selective eaters (Twachtman-Reilly, Amaral & Zebrowski, 2008).

Based on such evidence, some clinicians and researchers have suggested that

12
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abnormal eating behaviour should be included in the symptomatology and be
among the early diagnostic indicators of ASC (Ritvo & Freeman, 1977). In line with
this, evidence coming from more recent research has suggested that the presence
of feeding difficulties in infancy should alert parents and clinicians as an early sign
of autism (Keen, 2008; Twachtman-Reilly et al., 2008). Therefore, more research
on the onset and correlates of these difficulties and the impact that early feeding
stages can have on subsequent eating behaviour in children with ASC would be

beneficial.

1.3.2 Early feeding behaviour in children with ASC

Early feeding stages such as breastfeeding and the introduction to solid
foods have been shown to have an impact on the eating behaviour of typically
developing children (Hausner, Nicklaus, Issanchou, Mglgaard & Mgller, 2010).
Given that eating problems in children with ASC is still a developing research field
there are very few studies looking at how early feeding problems can affect or
predict eating behaviour in later childhood in children with ASC. Williams,
Dalrymple and Neal (2000) collected some descriptive data regarding early
feeding behaviour from 100 parents of children with ASC aged between 22
months and 10 years. Cross-sectional data showed that 44% had been breastfed,
with 10% of these children still breastfeeding at one year, while 88% (of the
sample) were bottle fed for some period of time. For a small percentage of
children this early period was problematic, 18% of the children had difficulty with
sucking in infancy, but by the age of one year 67% of the sample were able to be

spoon-fed. Among the children having sucking problems, over 75% presented
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insistence on routines later in life, while 72% of this group tended to eat non-
edibles in childhood. Although this study is one of the earliest to provide some
information on the early feeding behaviour of children with ASC, a comparison
group was not included.

Emond, Emmett, Steer and Golding (2010) compared the early feeding
behaviour of a large typically developing sample (approximately 13971 cases) with
the data of 79 infants who received a subsequent diagnosis of ASC. Feeding and
dietary data were collected at the age of 6, 15, 24, 38 and 54 months. The results
suggested that, although there were no significant variations in their diet at 6
months old (including breastfeeding), a later transfer to solid food was observed in
the ASC population, and infants with ASC were more frequently described as
‘slow feeders’ by the mothers. At 15 and 54 months, parents of children with ASC
reported significantly more difficulties in feeding their children, and more children
with ASC were reported as ‘very picky’ at these ages in comparison to the control
group. It was also noticed that from 15 months old, children with ASC started
having a more selective diet and increased their selectivity over time. A food
inventory of 56 food items at the age of 38 months showed that children with ASC
consumed significantly fewer fresh fruits, vegetables and salads than their typically
developing peers (Emond, Emmett, Steer & Golding, 2010). Although this study is
a valuable source for shaping a better understanding of the presence of early
feeding problems in children with ASC, the recording of the data discontinued at
54 months, which does not help us to gain an understanding of whether selective

continues into middle childhood.
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In a later study, Brisson and colleagues (2012) collected family videos of
48 children with ASC and 46 typically developing control group children. For this
study the research team isolated the feeding situations and psychologists coded
the infants’ anticipation behaviour in both groups at the age of 3, 4, 5 and 6
months. The research team counted each time the parent held the spoon out to
the infant’'s mouth with the aim of feeding them. Every successful anticipation
behaviour (every time the infant opened their mouth before the spoon touched
their mouth) was counted, while cases when the infant was looking in another
direction as the spoon was approaching their mouths were not considered.
Although there was no difference between the two groups regarding the number of
attempts to feed, the results showed that children in the control group who at first
did not have successful anticipation skills managed to gain these skills in later
months. However, this did not happen with the ASC infants. More specifically,
results showed that fewer ASC infants managed to successfully anticipate at least
50% of the attempts than did infants in the control group. In an attempt to explain
these findings the research team suggested that since spoon feeding is a
repeated action, the control group could learn how to best react when they see the
spoon. It may be that infants with ASC needed more time to react and understand
a goal-directed behaviour, such as spoon feeding (Hamilton, 2009). Although this
study was conducted in a small sample, it suggests that this early eating
behaviour could be a potential indicator of an ASC diagnosis.

The successful transition from one feeding stage to another (e.g. from
pureed to lumpy food) depends on the development of the child during the first

years of life (Gisel 1991; Reilly, Skuse, Mathisen & Wolke, 1995). Consequently,
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children with developmental problems may struggle during the transition to the
next feeding stage due to previous unsuccessful feeding experiences. For
example, inexperience with certain textures may be a result of physiological
conditions such as sensory sensitivity or poor chewing skills (Field, Garland &
Williams, 2003), which may in turn further limit the child’s ability to progress to a
more challenging feeding stage. Furthermore, although there is some research on
how feeding experiences during infancy may affect later feeding stages, little is
known about how early feeding problems can contribute to the development of
food neophobia, selective eating or the appearance of sensory sensitivity, not only

in children with ASC but also in typically developing children.

1.3.3 Food neophobia in children with ASC

Individuals in the ASC population have been identified as being resistant to
change and unwilling to embrace new things, whether this might be new clothing
or visiting a new place (Gotham et al., 2013). In line with this, research has shown
that generally neophobic individuals (e.g. avoiding new situations and people) are
also more food neophobic (Otis, 1984; Pelchat & Pliner, 1986; Pliner & Hobden,

1992).

Although numerous studies have reported the high rates of unwillingness to
try novel foods in children with ASC (Klein & Nowak, 1999; Kozlowski, Matson,
Fodstad & Moree 2011; Nadon, Feldman, Dunn & Gisel, 2011; Schreck, Williams
& Smith, 2004; Whiteley, Rodgers & Shattock, 2000; Williams, Dalrymple & Neal,
2000), only Martins, Young and Robson (2008) have previously measured food

neophobia in children with ASC with the use of the Child Food Neophobia Scale
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(Pliner, 1994). In this study the level of food neophobia in 41 children with ASC, 12
typically developing siblings of the ASC group, and 41 typically developing
children aged between 2 and 12 years was compared. The data showed that
children with ASC had poorer self-feeding skills and presented with higher food
neophobia levels than the other two groups. More research is needed to see
whether these findings can be replicated, and to investigate any links between

food neophobia and early feeding problems in this population.
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1.3.4 Eating problems in children with ASC

1.3.4.1 Selective eating

Abnormal eating behaviours such as extreme food selectivity and food
refusal have been identified as major reasons for the referral of children with ASC
to nutritional services (Bandini et al., 2010). Research studies have also noted a
high prevalence of children with ASC who are underweight (Burklow et al., 1998),
or show extreme food selectivity, eating only 5-6 or fewer different foods, and this
may be their typical food repertoire for years (Jacobi, Agras, Bryson & Hammer,

2003).

Schreck, Williams and Smith (2004) explored eating behaviour in 138
children with ASC and 298 typically developing children aged between 7 and 9.5
years. The Children’s Eating Behavior Inventory (CEBI) was used to evaluate
eating behaviour and to discover the extent to which these behaviours were a
problem for the family. In addition, parents reported, with the use of a food
preference inventory, whether their child ate an age-appropriate range of food
from 5 food groups (fruits, vegetables, dairy, proteins, and starches) and what type
of foods they usually preferred. The data showed that children with ASC were
more ‘picky’ and had a less varied eating repertoire. However, given the small age
range of the study (7-9.5 years) these findings cannot be generalised to younger
and older children.

Schreck and Williams (2006) also used the data collected from the previous

study (Schreck, Williams & Smith, 2004) in order to identify whether children with
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ASC had a higher preference for specific types of foods. The results highlighted
that children with ASC commonly presented with various idiosyncratic eating
behaviour patterns. Many children with ASC showed food refusal (57%), were
highly selective (72%), would refuse to eat if they were not provided with particular
utensils (48.6%), or would not eat if the food touched different foods on the plate
(13.8%). In another study Williams, Dalrymple & Neal, (2000) examined parental
reports of factors affecting eating selectivity in children with ASC. The results
suggested that food appearance (58%), taste (45%), smell (36%) and the
temperament of the child (22%) were the most commonly reported factors

affecting food selectivity in these children.

In a cross-sectional study, Nadon, Feldman, Dunn and Gisel (2011b)
compared the eating behaviour of 48 children with ASC and 48 typically
developing siblings aged 3-12 years. The questionnaire used in this research was
the Eating Profile (Nadon, 2007) and covered 11 different domains, such as health
issues, food preferences for both the children and the family, eating behaviours
and the autonomy of the child during mealtimes, in addition to the strategies that
parents used when their child demonstrated challenging mealtime behaviour.
Although eating problems were present in both groups, the results indicated a
higher prevalence of eating problems relating to oral-motor difficulties (e.g.
drooling, coughing, gagging, and vomiting during mealtime) in children with ASC.
Additionally, the ASC group was more likely to have a food preference repertoire
consisting of fewer than 20 different types of food and were less likely to be

successfully introduced to a new food. However, the study did not assess whether
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there were any associations between these eating difficulties and sensory

sensitivity in the sample.

1.3.4.2 Rigid/ perseverant eating behaviour

One of the first studies to compare eating behaviour between typically
developing children and children diagnosed with ASC was conducted in 1986 by
Raiten and Massaro. Parents of 40 children with ASC (mean age 10.6 years) and
34 typically developing children (mean age 8.8 years) completed a questionnaire
about their child’s health and eating behaviour and also recorded a 7-day dietary
intake of their children. The study showed that individuals with ASC were more
likely to insist on the same foods or have ritualistic behaviour during mealtime than
were the typically developing participants. However, no statistical analysis was
carried out and therefore the data could not be used to give a valid picture of the
wider ASC population. In line with ASC symptomatology, insistence on sameness,
such as eating the same food every day (Schreck, Williams & Smith 2004), or
mealtime routines and ritualised behaviour, such as only using certain utensils, are
commonly reported eating problems of this population. In addition to this, it is
commonly noted that individuals with autism pay extra attention to the local details
of the food, with parents’ reports indicating that their child would only eat a certain
food item if it was in specific branded packaging or presented in a prescribed

manner (Cornish, 1998; Rogers, Magill-Evans & Rempel, 2012).

1.3.4.3 Selectivity in terms of texture

Whiteley, Rodgers and Shattock (2000) conducted a qualitative analysis of

parental reports of 100 children with ASC aged 2-16 years in order to investigate
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in depth, the feeding habits and food preferences of this population. The results of
this project revealed that children with ASC were highly selective in their food
preferences. Data indicated that the texture of food can affect the food
preferences of children with ASC. It was noted that children with ASC showed a
higher preference for dry, crispy and crunchy foods (such as dry breakfast cereals)
and ‘soft foods’ (such as mashed potatoes or rice pudding). These findings were
supported by another study which compared the eating behaviour of 53 children
with ASC and 58 typically developing children aged 3-11 years, and found that
although texture was reported among the most common factors affecting eating
selectivity in both groups, the rates were significantly higher in children with ASC
(77.4%) in comparison to the control group (36.2 %) (Whiteley, Rodgers &
Shattock, 2000). However, another study that also explored texture and selective
eating in children with ASC found a greater preference for pureed foods (Schreck,
Williams & Smith, 2004). Irrespective of the reported difference about the most
preferred food texture in this population, most studies agree that texture generally
plays an important role in the eating choices of children with ASC (Cornish, 1998;

Rogers, Magill-Evans & Rempel, 2012; Williams, Dalrymple & Neal, 2000
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1.4 Sensory sensitivity in children with ASC

Sensory sensitivity has been suggested as one of the most common factors
likely to influence eating behaviour in children with ASC (Ayres, 1979; Dunn,
Myles & Orr, 2002; Watling, Deitz & White, 2001), with some researchers
highlighting sensory sensitivity as an important variable determining food
selectivity in children with ASC (Cermak, Curtin & Bandini, 2010). Published
reports and research studies describe numerous cases in which individuals with
ASC and their caregivers have reported that sensory sensitivity can affect the daily
life of ASC populations (Dunn, Myles & Orr, 2002; Kern et al., 2006; Leekam,

Nieto, Libby, Wing & Gould, 2007).

The earliest research on how sensory sensitivity can affect eating
behaviour in children with ASC were mainly based on studies using non-
standardised measures (Jasmin et al., 2009; Keen, 2008; Nadon et al., 20113,
2011b; Schaaf et al., 2011), or parental reports which suggested that an
association may exist between sensory sensitivity and restricted diet or the
avoidance of certain textures in children with ASC (Legge, 2002; Twachtman-

Reilly, Amaral & Zebrowski, 2008).

A small number of later studies have used the Short Sensory Profile (SSP,
Dunn, 1999) to measure sensory sensitivity in children with ASC, and have
provided data that can be compared with subsequent studies measuring sensory
sensitivity in both children with and without ASC. Nadon, Feldman, Dunn and
Gisel (2011) explored the associations between sensory sensitivity and the

existence of eating problems in a sample of 95 children with ASC aged between 3
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and 10 years. Their results showed that children with “definite” sensory problems
in tactile sensitivity, taste-smell and visual/auditory sensitivity had a higher number
of eating problems than the children with typical sensory performance. Moreover,
this study revealed that children in the ‘definite difference’ group had significantly
higher mean scores for eating problems when compared with the other two groups
of ‘probable difference’ and ‘typical performance’. The data also showed higher
mean scores for eating problems in the ‘definite difference’ groups within the
modalities of: taste-smell (M=18, SD=5.2), visual-auditory sensitivity (M=17.6,
SD=6.1) and tactile sensitivity (M=15.6, SD=6.4). In addition, it was noted that the
children with a ‘definite difference’ in terms of tactile sensitivity also presented
problems in the social aspects of mealtime, or presented with rigidness in terms of
food brands, the method of cooking, colour, texture, or the temperature of the
food. However, apart from this example, the research team did not provide further
details on whether sensory sensitivity in each of these modalities was linked to
more specific eating problems or behaviours. Although this study has provided a
valuable input into this body of research, there was unfortunately no comparison
control group.

Zobel-Lachiusa, Andrianopoulos, Mailloux and Cermak (2015) conducted
the first study which explored the association between mealtime behaviour
problems and sensory differences in a sample of 34 children with ASC and 34
typically developing children aged 5-12 years. In this study the SSP (Dunn, 1999)
and the Sensory Eating Checklist, a modified version of Eating Checklist (Yack,
Sutton & Aquilla, 2003) was used in order to measure the sensory processing

performance of the sample, while the TIE (Touch Inventory for Elementary School-
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Aged Children, Royeen & Fortune, 1990), a child-reported measure, was chosen
to measure children’s tactile sensitivity. Additionally, the Brief Autism Mealtime
Behavior Inventory (BAMBI, Lukens & Linscheid, 2008) was used to measure
mealtime behaviour in both children with ASC and typically developing children.
The BAMBI is a parent-report questionnaire consisting of 18 statements relating to
children’s mealtime behaviours (e.g. “My child is flexible about mealtime routines”,
“My child is willing to try new foods,” and “My child cries or screams during
mealtimes,” etc.). The results revealed significantly more prevalent sensory
differences in children with ASC, and higher sensory sensitivity was associated
with the existence of mealtime problems. However, this study did not specify
which areas of mealtime behaviour were more problematic. Moreover, although
this study was among the first to measure and compare sensory sensitivity and
mealtime behaviour in children with and without ASC, it had a number of
limitations. Firstly, the sample used in this study could be considered as a self-
selected sample as, according to the research team, parents may not have offered
to participate if there was not a personal interest in, or concern about, their child’s
sensory and eating behaviours. The research team also failed to describe which
areas of mealtime were more problematic in the ASC group (e.g. selective eating,
rigidness, unwillingness to try new food) or how individual SSP subcategories
(visual, tactile and taste-smell sensitivity) were related to problematic mealtime
behaviours. These limitations show that future research is needed to examine how
sensory sensitivity is related to specific eating behaviours in ASC groups and
whether these more specific problematic eating behaviours, such as unwillingness

to try new foods (food neophobia), are more prevalent in the ASC population.
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1.5 Behavioural and social-communication skills as a determinant of
children’s eating behaviour

Depending on the occasion, mealtimes may require increased levels of
social interaction which, in cases of children with greater social and
communication difficulties, may compromise their ability to eat successfully,
particularly in social settings. Crowded settings such as school cafeterias,
restaurants or family gatherings may put extra pressure on these children and
increase their anxiety levels (Twachtman-Reilly et al., 2008). Anxiety in turn can
result in a decrease in appetite (Bryant-Waugh, Markham, Kreipe & Walsh, 2010),
which a child with communication problems may find difficult to explain,
consequently lack of appetite may be perceived as extreme food selectivity or

‘fussiness’.

Social and communication skills are a commonly neglected area in
research into eating behaviour in children. When children start consuming the
same food as the rest of the family they are expected to perceive a series of social
cues and effectively react to the physical and social environment of the mealtime
(e.g. when is the time to eat, where is the place to eat, following table manners).
From early infancy children are also expected to learn by imitating the eating
related behaviours of parents and siblings (Birch, McPhee, Sullivan & Johnson,
1989). Typically developing children tend to imitate others and start trying new
foods if they observe others eating them, however, those who struggle with social
imitation are more likely to exhibit food neophobia (Harris, 2000). In line with this,
previous research has identified a link between the fruit and vegetable intake of

parents and their children, which highlights the fact that, if children have the skills
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to imitate and model their parent’'s eating behaviours, this can have a positive
impact on the variety of their food intake (Fisher, Mitchell, Smiciklas-Wright &

Birch, 2002; Gibson, Wardle & Watts, 1998).

Twachtman-Reilly, Amaral and Zebrowski (2008) investigated the mealtime
multisensory experience and attempted to describe the potential challenges for
children with ASC who also face sensory sensitivity. They described how a school
cafeteria could be a place where noise levels can be high (e.g. plates banging,
cutlery noises, chatting), smell stimuli may be intense (smell from food cooking,
smell from food eaten nearby, cleaning products or perfumes) and visual flickering
from fluorescent lights or people moving around the room may be distracting. In
line with this, Hilton et al (2010), using the Short Sensory Profile (SSP, Dunn,
1999), compared sensory processing skills between 26 typically developing 6-10
year olds and 36 high functioning children with autism of the same age and found
a moderate to strong correlation between social difficulties and atypical sensory

processing performance in both groups.

Children’s inability to tolerate certain sensory inputs may result in negative
social and behavioural responses, such as becoming upset, aggressive or having
temper tantrums, whether they have an ASC or not. Consequently, it is difficult to
be sure whether aberrant mealtime behaviour, reported both in children with and
without ASC (Carruth et al., 1998; Rogers, Magill-Evans & Rempel, 2012), (such
as avoiding the meal table or the dining room, socially withdrawing from the whole
experience, spitting or throwing food) may appear due to ‘fussiness’ in terms of

eating, or as a coping technique in response to an overwhelming sensory input.

26



CHAPTER 1: LITERATURE REVIEW

1.6 Brief description of the limitations of the reviewed research

Although food neophobia in typically developing children has been widely
explored, at present only one study has looked at the association between food
neophobia and different aspects of sensory sensitivity in typically developing
children with the use of standardised measures (Coulthard & Blissett, 2009).
Therefore more research is needed in order to replicate these findings in a larger

sample.

Previous research has demonstrated a link between the timing of the
introduction to solid food and the subsequent eating behaviour of children at 7
years old (Coulthard, Harris & Emmett, 2009). More research would be beneficial
in order to shape a more detailed picture of how difficulties in early feeding stages
(and especially problems in the transition from baby food to family food) can affect
or predict eating behaviour throughout childhood. Furthermore, it remains to be
explored whether there is a link between early feeding problems and the

development of higher levels of food neophobia.

Unlike food neohobia, which is a clearly defined eating behaviour in
children, measured by the Child Food Neophobia Scale (CFNS), many eating
behaviours have been characterised as ‘picky’/selective eating and there is no
consensus regarding which eating behaviours constitute this term across research
studies. This lack of clarity is a major limitation, as various research studies use
the ‘picky’/selective eating umbrella term to describe behaviours such as rigidness
in terms of eating (e.g. adherence to brands, packaging, utensils) (Bryant-Waugh

et al., 2010; Cornish, 1998), selectivity in terms of texture (Field, Garland &
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Williams, 2003; Smith, Roux, Naidoo & Venter, 2005), fussiness (Carruth et al.,
1998; Rogers, Magill-Evans & Rempel, 2012) or lower food intake (Cooke et al.,
2003), while a series of different measures have been used to assess these varied
eating behaviours (Lafraire, Rioux, Giboreau & Picard, 2016). This is a common
phenomenon in research investigating eating behaviour both in typically
developing children and in children with ASC (Nadon, Feldman, Dunn & Gisel,
2011; Zobel-Lachiusa et al., 2015). Consequently this makes any comparison

between the populations of these studies difficult.

In typically developing children the use of the CFNS creates a common
ground for exploring food neophobia. In research exploring eating in children with
ASC, although unwillingness to try new foods is commonly reported, the study by
Martins, Young and Robson (2008) is the only one to have used the CFNS to
compare food neophobia levels between typically developing children and children
with ASC. Although this study forms the basis for future research, the sample used
was small. This highlights the need for further research that will replicate the

findings in a larger sample.

Previous research has shown a link between visual sensitivity and higher
levels of food neophobia in typically developing children (Coulthard & Blissett,
2009). However, since the SSP (Dunn, 1999), or any other measurement of
sensory performance, was not used in the study of Martins, Young & Robson
(2008) we cannot be sure whether, in children with ASC, there is also an
association between sensory sensitivity and higher levels of food neophobia.
Studies focusing on comparing eating behaviour of children with ASC and children

in the control group presented further technical limitations, such as using a limited
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age range (Schreck, Williams & Smith, 2004) and small (Brisson et al.,2012) or
geographically restricted samples (Zobel-Lachiusa et al., 2015) which compromise

the generalisation of the findings.

1.7 Overall summary of the review and directions for this thesis

The research reviewed has suggested that early feeding problems, food
neophobia and sensory sensitivity are potential factors affecting eating behaviour
in children with typical development. Previous research studies consisting of both
cross-sectional (Galloway, Lee & Birch, 2003) and longitudinal data (Coulthard,
Harris & Emmett, 2009) have indicated links between difficulties during early
feeding stages (breastfeeding and introduction to solids) and later eating
behaviour in childhood. More specifically, it was found that girls who had been
breastfed for less than 6 months showed higher food selectivity,(Galloway, Lee &
Birch,2003) and children who presented a difficult transition from milk to solid food
were more likely to reject a known food which was previously accepted (Brown &
Harris, 2012b). In line with this research, a link has been suggested between early
exposure (before the age of 10 months) to a wider range of flavours and textures
and the later acceptance of foods varying in texture (Birch, Gunder, Grimm-
Thomas & Laing 1998; Blossfeld, Collins, Kiely & Delahunty, 2007; Coulthard,
Harris & Fogel, 2016; Northstone & Emmett, 2013). However, more research is
needed to investigate how other early feeding stages can impact on selective

eating and food neophobia in childhood.

Food neophobia has been identified as the most common factor

contributing to selective eating behaviour in children (Brown & Harris, 2012; Cooke
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et al., 2004). Research into sensory sensitivity has suggested a link between
tactile sensitivity and selective eating, as well as a link between tactile sensitivity
and selectivity in terms of texture (Smith, Roux, Naidoo & Venter, 2005). Similarly,
Coulthard and Blissett (2009) revealed a link between taste-smell and tactile
sensitivity and higher fruit and vegetable selectivity. Their study also showed an
association between visual sensitivity and higher food neophobia. It would
therefore be interesting to explore any associations between rigidness in terms of
eating and sensory sensitivity. Similarly, early feeding problems need to be further
explored as a potential predictor of higher food neophobia and sensory sensitivity
in childhood, and the exact sensory domain which drives the neophobic response

of food refusal on sight.

Although previous research has not revealed a direct link between social
skills and selective eating, higher sensory sensitivity has been found to co-exist
with poorer social responses in both children with and without ASC (Hilton et al.,
2010). In line with this, some researchers suggest that, although there might not
be a direct relationship of cause and effect between eating and social skills, it may
be that the existence of sensory sensitivity negatively affects social-
communication and/or other aspects of behaviour such as eating (Twachtman-

Reilly et al., 2008).

Figure 1.1 demonstrates the relationships reviewed in the existing research
in both typically developing children and those with ASC. It can clearly be seen
that previous research investigating eating behaviour in typically developing
children has provided a relatively clear image of the role certain factors play in the

eating behaviours of these individuals. However, further research is needed to
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define the role of factors such as early feeding problems, food neophobia and

sensory sensitivity and the association between them.

In contrast, given that research on eating behaviour in children with ASC is
still a developing field, very little is known about the extent to which previously
recognised factors affecting eating behaviour in typically developing children
impact on the eating behaviour of children with ASC (Figure 1.1). An association
has been suggested between tactile sensitivity and problematic social responses
at mealtimes, as well as rigidness in terms of brands, ways of preparation, colour,
texture and temperature of the food (Nadon, Feldman, Dunn and Gisel, 2011).
However, these associations need further investigation in a larger sample of
children with ASC, while the presence of a control group would be ideal in order to
examine whether these associations appear in a typically developing child sample

or are ASC specific.

Zobel-Lachiusa et al. (2015) observed a correlation between sensory
sensitivity and the existence of mealtime problems, however this study failed to
detail which areas of mealtime were more problematic in the ASC group (e.g.
selective eating, rigidness). Therefore, in Figure 1.1 potential associations are
indicated with dashed arrows, including the potential links between sensory
sensitivity with selective eating, rigid/ perseverant eating and selectivity in terms of

texture.

Research into the impact that early feeding problems have on the later
eating behaviour of children with ASC is still at an early stage. Therefore, the

prevalence of these difficulties needs to be investigated in order to progress to
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exploring associations between the existence of early feeding problems and
sensory sensitivity, eating selectivity, rigid eating and/or food neophobia in this
population. Similarly, very little is known about how food neophobia may link with
sensory sensitivity in children with ASC. Consequently, current research has to be
based on the associations between food neophobia and sensory sensitivity in
typically developing populations in order to shape research hypotheses. This
thesis will establish a more concrete picture of the observed associations between
factors affecting eating behaviour in children with typical development. Then,
based upon this knowledge, hypotheses will be shaped for the factors affecting

eating behaviour in children with ASC and the associations between them.

1.8 Aims of the thesis

This thesis aims to investigate the factors affecting the eating behaviour of
children with and without ASC (Figure 1.1). One of the primary aims is to look at
ways in which early feeding problems, food neophobia, sensory sensitivity and the
existence of autistic traits or an ASC diagnosis can interfere with eating behaviour,
and to identify any association between these factors. Secondly, this thesis aims
to explore links between problematic eating, sensory sensitivity and the existence
of social-communicational and behavioural/emotional problems in children with
and without ASC aged 2-14 years.

Additionally, given that children in both typically developing and ASC
populations are highly selective about specific foods, in particular, vegetables
Chapters 5 and Chapter 6 will look at how food neophobia and sensory sensitivity
can interact with vegetable preferences and willingness to try various veget