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Abstract

Objectives: The aim of this study was to assess the relationship between
sensory processing and a broad range of eating behaviours across the lifespan.
Methods: Five electronic databases of published and unpublished quantita-
tive studies were systematically searched, evaluated for risk of bias and syn-
thesised according to identified eating outcomes.

Results: Across 25 studies, there was consistent evidence of a relationship
between sensory processing and a range of eating behaviours. There was early
evidence for the particular role of taste/smell sensitivities, as well as hyper-
sensitivities, although future research is needed looking at different sensory
patterns and modalities. There was also tentative evidence to suggest this
relationship extends across development.

Discussion: Study findings are discussed in relation to implications for
sensory-based eating and feeding interventions and the development of eating
disorders. Methodological and conceptual limitations are discussed and sug-
gestions for future research are made to address these limitations. A broader
investigation of multi-sensory issues and clearly defined eating behaviours,
including disordered eating in clinically diagnosed samples, will allow for a
more comprehensive and robust understanding of the relationship between
sensory processing and eating behaviours in autism.

KEYWORDS
autism, eating behaviours, sensory processing, sensory sensitivities

Key points

e Sensory processing, notably taste/smell and hypersensitivities, was associ-
ated with a broad range of eating behaviours in autism, although no study
looked at disordered eating outcomes.

e There are clear implications for the development of sensory-based eating
interventions in clinical and subclinical populations, highlighting the need

© 2022 The Authors. European Eating Disorders Review published by Eating Disorders Association and John Wiley & Sons Ltd.

Eur Eat Disorders Rev. 2022;1-22.

wileyonlinelibrary.com/journal/erv

1


https://doi.org/10.1002/erv.2920
https://orcid.org/0000-0002-5888-1555
https://orcid.org/0000-0002-9162-9722
mailto:E.Nimbley@sms.ed.ac.uk
https://orcid.org/0000-0002-5888-1555
https://orcid.org/0000-0002-9162-9722
http://wileyonlinelibrary.com/journal/erv
http://crossmark.crossref.org/dialog/?doi=10.1002%2Ferv.2920&domain=pdf&date_stamp=2022-06-23

2| WILEY

NIMBLEY ET AL.

for considering and adjusting for unique sensory needs in treatment

approaches.

e A broader investigation of different sensory profiles and disordered eating
outcomes across development will allow us to untangle the role of sensory
processing in autism and eating behaviours.

1 | INTRODUCTION

Autism spectrum disorder (ASD), here on referred to as
autism, is clinically characterised by differences in social
interaction and communication, the presence of restrictive
and repetitive behaviours and differences in sensory pro-
cessing (APA, 2013). Sensory differences reflect a heter-
ogenous presentation of global and multi-modal
differences and have been reported in up to 90% of in-
dividuals (Baranek et al., 2006; De Both & Reynolds, 2015).
The DSM-V (APA, 2013) adopts one of the most common
theoretical approaches to sensory processing that high-
lights patterns of hyper- and hypo-sensitivities (Boyd et al.,
2009; Marco et al., 2011) as well as sensory seeking be-
haviours (Ben-Sasoon et al., 2009). These subtypes can
refer to sensitivities at an individual sensory modality but
are also hypothesised to apply across multiple sensory
modalities (Tomchek et al., 2007; Crasta et al., 2020). This
latter conceptualisation of sensory processing is in line
with emerging evidence for differences in integrating
sensory information across modalities in autism (Tarocci &
Donald, 2006; Stevenson et al., 2015). It is now generally
accepted that sensory differences are integral in our un-
derstanding of autism, notjust as core symptoms but also in
their influence on different behavioural and clinical fea-
tures (Glod et al., 2015; Robertson & Baron-Cohen, 2017).

While atypical eating behaviours are reported to be
common in neurotypical childhood (Dovey et al., 2008;
Dubois et al., 2008; Micali et al., 2011), such behaviours
appear to be a more frequent and persistent issue in autism
(Bandini et al., 2017; Baraskewich et al., 2021; Sharp
et al., 2013; Twachtman-Reilly et al., 2008). Clinicians and
caregivers frequently report a broad range of such behav-
iours in autistic individuals, such as food selectivity,
disruptive mealtime behaviours and food neophobia, here
defined as a fear of trying new foods (Edmond et al., 2010;
Margari et al., 2020; Wallace et al., 2018), aversions have
also been cited based on sensory characteristics or features
of foods, such as texture, colour or specific brands (Ahearn
et al., 2001; Schrek et al., 2004; Schrek & Williams, 2006).
Subsequent empirical studies have implicated these food-
specific sensory characteristics in autistic individuals who
demonstrate atypical eating behaviours (Hubbard
et al., 2014; Kuschner et al., 2015; Postorino et al., 2015),
leading to the proposal that differences in sensory pro-
cessing may account for these aversions, and may in turn

be an underlying mechanism of atypical eating behaviours
in autism (Mari-Bauset et al., 2014; Cermak et al., 2010).

The clinical implications of this relationship are sig-
nificant. Not only are there associated health risks, such as
weight concerns and gastrointesintal (GI) issues (Brown
etal.,2016), but there is also increasing evidence suggesting
a heightened risk of developing eating and feeding disor-
ders in autism (Bourne et al., 2021; Gesi et al., 2021;
Tchanturia et al., 2019; Westwood & Tchanturia, 2017).
The trajectory and underlying mechanisms of this rela-
tionship remain largely unknown. Recent longitudinal
studies report that greater autistic traits in childhood pre-
dict disordered eating in adolescence (Solmi et al., 2021),
with fussy eating habits in childhood identified as a possible
mediator (Leno et al., 2022). This would suggest that autism
could be a risk factor in the development of disordered
eating, and that atypical eating behaviours in childhood
particularly act as a precursor to the development of eating
or feeding issues. Alternatively, there could be common
underlying vulnerability mechanisms, such as sensory
processing (Brede et al., 2020; Kinnaird et al., 2018).

Two previous reviews have addressed the relationship
between sensory processing and eating behaviours in
autism. In a systematic review looking at a range of psy-
chological correlates of sensory processing, Glod
et al. (2015) identified one study exploring eating behav-
iours that did not find evidence to support a relationship.
More recently, Page et al. (2021) reviewed correlates of
childhood eating and feeding difficulties in autism and
found that atypical eating behaviours, particularly food
selectivity, are consistently correlated with differences in
sensory processing. The current review seeks to extend
these reviews by adopting a lifespan approach to the rela-
tionship between sensory processing and eating behav-
iours. The current review also seeks to account for a wide
range of clearly defined and conceptualised eating behav-
iours following calls to address significant heterogeneity in
definitions of eating behaviours and criticism of previous
measures in their neglect of important autism-specific be-
haviours associated with the mealtime environment
(Bandini etal., 2017; DeMand et al., 2015; Page et al., 2021).
Therefore, this review will aim to identify, evaluate and
synthesise up-to-date literature to provide an evidence-
based answer to the following research question: is there
a relationship between sensory processing and eating be-
haviours in autism across the lifespan?
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2 | METHODS

This review was conducted in line with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (PRISMA; Page
et al., 2020).

2.1 | Eligibility criteria
Studies were eligible for inclusion if they looked at the
relationship between sensory processing and eating be-
haviours in individuals with a diagnosis of autism, in
both clinical and community populations. Full text was
required to be available in English. Both published and
unpublished studies were included, with no exclusion
based on publication date. Studies were also required to
report a measure of effect of the relationship between
sensory processing (considered here as the exposure) and
eating behaviours (considered here as the outcome).
For the purposes of this review, sensory processing was
defined as sensory sensitivities, such as modality-specific
as well as interoceptive, proprioceptive and vestibular
hyper- and hypo-sensitivities, as well as sensory seeking
and multi-sensory integration (Ben-Sassoon et al., 2009;
Mari-Bauset et al., 2014). Studies were included if they
used a measure of sensory processing in line with this
definition. These measures could be observational,
behavioural or physiological, and could involve self-,
parent- and/or clinician-report. Studies that looked at
sensory characteristics of food (e.g., consistencies, brand,
foods touching other foods, etc.) or cognitive or affective
processing of food or food-related stimuli (e.g.,
emotional/hedonic ratings or responses to food) only,
without linking these processes to general sensory mo-
dalities or patterns were not included. Eating behaviours
was here defined as any eating or feeding behaviours,
including mealtime behaviours, food selectivity, food
neophobia or disordered eating (Margari et al., 2020;
Martins et al., 2008). Studies were included if they used a
measure of eating behaviours in line with this definition.
These measures could be observational or behavioural,
and could involve self-, parent- and/or clinician-report.
Studies were excluded if they reported on dietary-related
conditions only. No exclusions were made with regard to
age, gender or comorbidity.

2.2 | Information sources and search
strategy

Following a scoping search, five databases were searched
in March 2021: psychINFO (OVID), Scopus, PubMed and

Web of Science were used to search for published studies,
while ProQuest Dissertation and Theses for unpublished
studies. Search terms were identified from early scoping
searches and in collaboration with information specialists
at the University of Edinburgh and included autism AND
sensory processing OR hypersensitivities OR hypo-
sensitivities AND eating OR feeding OR food OR
mealtime.

2.3 | Selection and data collection
process

Two reviewers (Emy Nimbley and Lisa Golds) indepen-
dently screened title and abstracts, with the LG screening
two-thirds (66%). Full texts of potentially eligible studies
were retrieved where possible and screened against in-
clusion criteria. Any full texts that did not meet inclusion
criteria were excluded. The following data were extracted
from each paper by Emy Nimbley: study characteristics
(e.g., population, setting, power and/or sample calcula-
tions, missing data computations, adjustment for con-
founders), participant characteristics (e.g., means and
standard deviations of age, percentage of gender, per-
centage ethnicity) and measures of interest (e.g., mea-
sures of relationship between sensory processing and
eating behaviours). Where more than one paper was
published from the same study, data was extracted in
chronological order, starting with primary publication
and updating relevant data where appropriate.

2.4 | Study risk of bias assessment

Quality assessment based on the NIH Quality Assessment
Tool for Observational, Cross-Sectional and Cohort
Studies was conducted by Emy Nimbley and Lisa Golds
on included studies. Inter-rater agreement was 87%, and
agreement was reached on the remainder through
mutual agreement.

3 | RESULTS

Online database searches generated 1663 studies that
were screened for eligibility. Following screening of titles
and abstracts, 71 studies were screened at full text. The
selection and screening process resulted in 26 papers
reporting 25 independent studies to be included in the
current study. Four studies were identified by the process
of backward citation chaining. See the PRISMA flow di-
agram depicting the screening and selection process for
included studies (Figure 1).
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Identification of new studies via databases and registers

Identification of new studies via other methods

’ Records identified from:
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Records removed for other reasons (n = 15)
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Citation searching (n = 4)
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(n=942)

Records screened
(n=1,020)

!

Reports not retrieved
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(n=4) (n=0)
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!
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—
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Thesis of included study (n = 1)
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Unsuitable/lack of exposure measure (n = 13)
Unsuitable/lack of outcome measure (n = 5)

!

Reports assessed for eligibility Reports excluded:
(n=4) Unsuitable/lack of exposure measure (n= 1)

New studies included in review

(n=25)

Included

—

FIGURE 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram depicting the screening and selection

process of the current review

3.1 | Study characteristics

Of the 25 studies included in this review, 24 had a cross-
sectional design and one study had a longitudinal design
(see Table 1). Two of the studies conducted a secondary
data analysis, and the remaining 24 studies utilised pri-
mary data. All studies were published between 2008 and
2021, with most studies conducted in the US (n = 11).
Across studies, there was a total of 4338 participants
included, with sample sizes ranging from 25 to 1112
(median n = 98). Participants ages ranged from 1 to
28 years, with the majority looking at the relationship
between sensory processing and eating behaviours during
childhood (n = 18). Stage of childhood varied consider-
ably across studies, and there was a notable lack of
definition or justification of chosen age range. Twenty-
four studies look at mixed-gender samples, and one
study looked at a female only sample.

3.2 | Risk of bias

Out of the 25 studies included, six were deemed good
quality, four were deemed poor quality and the remain-
ing 15 were deemed fair quality (see Table 2). Eight of the
included studies reported that participation rates of
eligible persons were at least 50% and nine studies failed
to report full inclusion and exclusion criteria, suggesting
risk of selection and response bias. Due to only one study
being a longitudinal design, there was a consistent lack of
sufficient timeframe to reasonably expect to see an as-
sociation between variables. Furthermore, three studies

did not use a validated measures of sensory processing
and six studies did not use a validated measure of eating
behaviours, suggestive of a measurement bias, particu-
larly regarding eating outcome measures. Additionally,
all unpublished studies reported significant results, sug-
gesting there was no evidence of publication bias.

3.3 | Study results

Key results of included studies are presented in Table 3.
The following section will synthesise the results sum-
marised by eating outcome. There was notable hetero-
geneity within studies as to standardized definitions of
eating outcomes. In some cases, food selectivity is used to
describe a singular behaviour indicative of picky eating,
while in others it was used interchangeably with terms
such as food refusal or limited repertoire. Attempts to-
wards a standardized definition acknowledge these latter
terms of selective behaviours as two separate and
empirically measurable domains (Bandini et al., 2010,
2017) leading to recent calls for defining and measuring
each domain individually (Page et al., 2021). Thus, for the
purposes of this review, they will be treated as distinct
categories in instances whereby these separate behav-
iours can be isolated; food refusal behaviours will fall
under the umbrella category of Mealtime Behaviours,
while Food Repertoire will form a category of its own. In
instances whereby these two domains cannot be isolated,
food selectivity will be used to describe the singular
behaviour of fussy eating and will similarly be included
under the umbrella category of Mealtime Behaviours.
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TABLE 1 (Continued)

Developmental
stage (range)

% Female

M (SD) in years

Control group

Country Design

Author

17.3% AUT

5.18 (0.92) AUT

Age-matched NT 81 AUT Childhood (3-7 years)

China Cross-sectional

Wang et al. (2019)

16.8% NT

5.34 (1.14) NT

153 NT

10.6%

6.4 (3.3)

Childhood and adolescence

1112

None

Us Cross-sectional

Zickgraf and

(1-17 years)

Mayes (2018)

28%

8.65 (3.03)

Childhood, adolescence

185

None

Cross-sectional®

UsS

Zickgraf et al. (2020)

and young adulthood (4-17 years)

3% AUT

8.61 (2.32) AUT

Childhood (5-12 years)

34 AUT

NT

US Cross-sectional

Zobel-Lachuisa

20.6% NT

8.76 (2.23) NT

34 NT

et al. (2015)

Abbreviations: ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; AUT, autism; AUT-W, autism with feeding problems; AUT-WO, autism without feeding problems; DD, developmental
delay; ID, intellectual disability; NT, neurotypical; OCD, obsessive compulsive disorder; REP, representative sample; SIB, neurotypical siblings of an autistic child; TS, Tourette's syndrome; UG, undergraduate sample.

#Total sample.

bSecondary data analysis.

WILEY__ |’

Thus, the following section will qualitatively synthesise
results by the following eating outcomes:

e Mealtime Behaviours, which here refers to outcomes
associated with behaviours typically displayed around
mealtimes, such as general mealtime and eating be-
haviours, food refusal, food selectivity or fussiness,
ritualistic eating behaviours and over- or under-eating

e Food Repertoire, which here refers to food or dietary
intake; and

e Food Neophobia, which here refers to fear of trying
new foods. No study that met inclusion criteria
explored disordered eating as an outcome.

With regards to sensory processing, it is also impor-
tant at this stage to clarify possible heterogeneity. 'Oral
sensory processing’ refers to the processing of food or
other objects put in the mouth, and oral sensory sensi-
tivities refer to atypical sensory processing associated
with this process (Chaware et al., 2021). Oral sensory
sensitivities can encompass atypical processing across
multiple sensory domains, including taste, smell and
tactile processing, and thus have been synthesised as a
distinct sensory domain than taste/smell sensitivities
alone.

4 | MEALTIME BEHAVIOURS

4.1 | General mealtime and eating
behaviours

Eleven studies looked at general mealtime behaviours.
Three studies looked at the relationship between gen-
eral sensory processing and mealtime behaviours.
Johnson et al. (2014) and Zobel-Lachuisa et al. (2015)
reported significant correlations between sensory pro-
cessing and mealtime behaviours in autistic children,
with the latter study also providing evidence to suggest
that this association is stronger in autism compared to
neurotypical peers (r = 0.378-0.747 vs. r = 0.153-
0.622). Sensory processing difficulties were found to
significantly predict mealtime behaviours in Johnston
et al. (2014) and Trinh (2014) studies, however, there
was no comparison or control group included.
Furthermore, Trinh (2014) used a mixed autism-
neurotypical sample, and therefore no autism-specific
conclusions can be drawn. Collectively, these studies
offer preliminary support of a relationship between
general sensory processing issues and mealtime be-
haviours in autistic children. These studies offer pre-
liminary support of a relationship between general
sensory processing issues and mealtime behaviours in
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autistic children that warrants future investigation to
determine whether how this relationship may differ in
autism from neurotypical peers.

Six other studies included different sensory domains
in their analyses. Crasta et al. (2014) and Shamaya
et al. (2017) reported multi-modal associations between
+ + o+ o+ o+t sensory processing and mealtime behaviours in autistic
children, both similarly highlighting the significant role
of oral sensory sensitivities. Furthermore, these two
studies also found significant associations between
emotional responses to sensory processing and mealtime
behaviours, tentatively implicating the role of emotion in
relationship between sensory processing and eating be-
haviours. Nadon et al. (2011) supported a multi-sensory
association with eating behaviours, however, an initially
significant association with tactile sensitivities dis-
appeared after adjusting for confounders of age, diag-
nostic category and comorbidities. This could mean that
tactile sensitivities may be of less significance while other
sensory sensitivities, such as taste/smell sensitivities, may
be of greater significance in driving observed oral sensory
sensitivities.

The remaining studies looking at mealtime behav-
iours highlighted the importance of taste/smell sensi-
tivities. Padmanabhan and Schroff (2020) and Wang
et al. (2014) reported multi-modal correlations between
. , N , , , sensory processing and mealtime behaviours, with the

strongest associations observed for taste/smell sensitiv-

ities and stronger evidence reported in Wang et al.

(2014)'s autism sample compared to neurotypical peers.

Finally, Panerai et al. (2020) found that autistic children

with feeding problems exhibited higher multi-modal

+ o+ L+ ; sensory differences compared to those without, with

the largest effect size (0.52) being for taste/smell sensi-

tivities. Furthermore, this was the only study that

differentiated between hyper- and hypo-sensitivity pat-

terns and found significant differences between autistic

children with feeding problems demonstrated greater

impairments in hypersensitivities (Panerai et al., 2020).

Both Padmanabhan and Schroff (2020) and Panerai

et al. (2020) were deemed to be of high quality during

the risk of bias assessment, suggesting that these studies

provide strong evidence for the role of taste/smell
sensitivities.

Two studies did not find significant evidence to
support a relationship between sensory processing and
mealtime behaviours. Zickgraf and Mayes (2018) impli-
cated more physiological factors, such as appetite and
constipation, while Bitsika and Sharpley (2018) found
that restrictive and repetitive behaviours were the sole
significant predictor of eating behaviours. However,
both studies were assessed to have moderate to high risk
of bias of measurement bias. Zickgraf and Mayes (2018)

quality
of study
Fair
Good
Fair

Fair
Poor
Poor
Fair

variables measured Overall

and controlled

confounding
20% or less? for?

Key

follow-up
NA
NA
NA
NA
NA
NA

Outcome
assessors blind Loss to
consistently? status?

defined,
reliable
and

valid,

Outcome
clearly

Exposure
assessed
implemented more than implemented to exposure
i once?

ly?

Exposure
clearly
defined,
valid,
reliable

bly and

iation?

Sufficient
timeframe
tor

expect

q
ed

prior to

Exposure
outcome?

and effect

Sample size,
variance
estimates?

prespecified power or

and

Inclusion
exclusion
criteria
uniformly

and

from same/
similar

recruited
at least 50%? populations? applied?

Participation All subjects

population rate of
objectives clearly and eligible

clearly
stated?

specifically participants

Study
defined?

Research

question
or aims/

+
-
+
o
+
P
+

(2012, 2014)
et al. (2015)
et al. (2019)
Mayes (2018)
et al. (2020)
et al. (2015)

Suarez

et al.
Tanner
Trinh (2014)
Zickgraf &
Zickgraf
Zobel-Lachuisa

Wang
Note: +, Yes; -, No; CD, cannot determine; NR, not reported; NA, not applicable

TABLE 2 (Continued)
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the study used a single measure for both sensory pro-
cessing and eating behaviours, while Bitsika and
Sharpley (2018) used an eating measure that had not
been validated in their sample. Despite this, it should be
noted the latter study conducted a robust analysis to
remove overlap items between sensory and eating
measures, allowing them to clearly investigate the link
between the two.

4.2 | Food selectivity or fussiness

Seven studies looked at food selectivity or fussiness as an
eating outcome. Leader et al. (2020) reported that food
selectivity, and not food refusal, was predicted by higher
global sensory differences. Focussing on oral sensory
sensitivities, Kral et al. (2015) found that autistic children
with atypical oral sensitivities were significantly more
likely to exhibit food selectivity than those with typical
oral sensory processing. Zickgraf et al. (2020) and
Schnizler (2014) similarly found oral sensitivities to
emerge as independent, significant predictors of food
selectivity, even when controlling for other modality
sensitivities. Caution is warranted however, as these
studies were deemed of poor quality due to inconsistent
implementation of exposure and outcome measures
(Zickgraf et al., 2020) and possible sampling bias
(Schnizler, 2014).

Looking across different sensory domains,
Pomoni (2016) reported multi-modal associations with
food selectivity, however this association was strongest
with taste/smell sensitivities, being marginally stronger
in the autism group (r = —0.834) compared to the neu-
rotypical group (r = —8.24). This was supported by Smith
et al. (2020), who included a neurotypical control group
in their relationship analyses and reported that taste/
smell sensitivities were not only an independent predic-
tor of food fussiness but also an independent mediator of
this relationship in autistic children and adolescents
compared to their neurotypical peers. Conversely, one
study did not report a significant relationship between
sensory processing and food selectivity, reporting that
children deemed to be selective eaters did not demon-
strate significant differences in global sensory nor taste/
smell processing (Tanner et al., 2015). This was found to
be a high-quality study, and therefore convincingly
challenges the role of taste/smell sensitivities in food
selectivity; however, it should be noted however that
Tanner et al. (2015) did not include other sensory do-
mains in their analyses and thus the significance of taste/
smell sensitivities over other sensory modalities cannot
be inferred.

4.3 | Food refusal

Nine studies looked at the relationship between sensory
processing and food refusal. Three studies looked
at global sensory processing and food refusal, with two
studies (Leader et al, 2021; Padmanabhan &
Schroff, 2020) reporting significant associations. Leader
et al. (2021) also included other eating behaviours in their
regression and found that food refusal was the only
eating outcome predicted by sensory processing scores.
Conversely, Leader et al. (2021) did not find sensory
scores to significantly predict food refusal, instead
implicating food selectivity. Different samples and ana-
lyses were employed, with Leader et al. (2021) including a
broader range of possible predictors and thus a possibly
more robust regression analysis.

Looking at the relationship between food refusal
and multi-modal sensory processing, two studies re-
ported significant associations with oral sensory pro-
cessing (Chistol et al, 2018; Crasta et al., 2014).
Chistol et al. (2018) also looked at hypersensitivities,
reporting that the association between food refusal
and oral sensory processing was strongest for autistic
children with oral sensory hypersensitivities. Thus,
oral sensory processing, and possibly oral hypersensi-
tivities, may be significantly related to food refusal
behaviours, although replication and future research is
needed. Furthermore, Crasta et al. (2014) found sig-
nificant associations between food refusal and other
important sensory subscales, including the modulation
of sensory input affecting emotion levels, a finding
supported by Shamaya et al. (2017) who found sig-
nificant associations between food refusal and modu-
lation of visual input affecting emotion levels. Both
studies highlight the importance of approaching food
refusal as a multi-dimensional sensory experience,
related to differences across sensory, motor and
emotional domains.

Three studies focussed on taste or smell sensitivities
in relation to food refusal, reporting significant associ-
ations between food refusal and taste/smell sensitivities
(Lane et al., 2014; Tanner et al., 2015). The latter study
conducted further analysis using sensory subtypes
developed in a previous study and reported that autistic
children who exhibited the highest levels of food
refusal displayed a complex sensory subtype charac-
terised by taste/smell sensitivities, as well as proprio-
ceptive dysfunction (see Lane et al., 2014). In the only
study to use a physiological measure of sensory pro-
cessing, Riccio et al. (2018) reported an association
between the TARS238 gene proposed to be responsible
for bitter taste perception and food refusal in autistic
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children at the limits of statistical significance
(p = 0.07). Caution should be warranted here when
interpreting these results as no power calculations were
reported to justify their significance level, raising con-
cerns of a reporting bias.

4.4 | Ritualistic eating behaviours

Two studies looked at the relationship between sensory
processing and ritualistic eating behaviours, reporting
significant associations with behaviours such as ritual-
istic feeding patterns and rigid/perseverant eating (Mar-
tins et al., 2008; Pomoni, 2016). Pomoni (2016) also found
that the strongest correlations were with taste/smell do-
mains (r = —7.16). However, Martins et al. (2008) was
assessed to reflect a high risk of measurement bias. Their
measure of sensory processing was a single item response
on the CARS, while their ritualistic feeding behaviour
measure was developed for the study and was thus
unvalidated. Therefore, due to the spare evidence base
and possible bias concerns, findings are, at this stage,
inconclusive.

4.5 | Over- or under-eating

Two studies looked at the relationship between sensory
processing and over- or under-eating. Koshy (2015) re-
ported significant but weak (r = —0.228-0.122) correlations
with both over- and under-eating in autistic children and
adolescents, while Kral et al. (2015) found that young
autistic children with atypical oral sensitivities displayed
greater emotional under-eating, specifically due to nega-
tive emotions. This would imply that emotion may play a
role in regulating the relationship between sensory pro-
cessing and under-eating. Under-eating was implicated
across both studies suggesting that this may be a common
eating issue in autism, with tentative evidence to suggest
this persist into adolescence.

5 | FOOD REPERTOIRE

Seven studies included looked at food repertoire. Chistol
et al. (2018) found oral sensitivities to be significantly
associated with vegetable variety but not total repertoire
or fruit variety. Interestingly, when the analysis focussed
on oral hyper-sensitivities, a significant relationship was
observed across all three variables, thus highlighting the
importance of distinguishing between hyper- and hypo-
sensitivities. Shamaya et al. (2017) reported a significant
relationship between motor and visual domains, as well

as taste/smell sensitivities and limited food repertoire.
Tanner et al. (2015) and Lane et al. (2014) reported sig-
nificant associations between taste/smell sensitivities and
food repertoire, including a reduced number of total
number of foods eaten and a limited variety of foods
eaten. Tanner et al. (2015) only looked at taste/smell
sensitivities, while Lane et al. (2014) included a broad
range of sensory domains, thus suggesting that taste/
smell sensitivities may play a particularly important role.
Conversely, one study (Suarez et al., 2012, 2014) re-
ported that tactile hypersensitivity was significantly asso-
ciated with limited food repertoire (Suarez et al., 2012),
consistent across a follow up of 20 months (Suarez
et al., 2014). Both papers were found to reflect a moderate
risk of measurement bias, using eating behaviour mea-
sures that were developed for the purpose of the study and
thus unvalidated. The study also adopted a dichotomous
approach to sensory processing, looking at tactile hyper-
sensitivities as one domain and putting all other senses in
an ‘other’ categories. Collectively, these studies suggest a
limited food repertoire is associated with multi-sensory
differences, with more research required before any con-
clusions can be drawn regarding specific modalities.

6 | FOOD NEOPHOBIA

Two studies investigated food neophobia, with both
studies finding evidence to support a significant associa-
tion. Kral et al. (2015) found that food neophobia was
significantly elevated in autistic children with atypical
oral sensitivities versus those with typical oral sensory
processing, while Pomoni (2016) reported significant
correlations between food neophobia and both taste/
smell and tactile sensitivities, reporting strongest corre-
lations with taste/smell (r = —0.589 vs. r = —0.312). Both
studies also investigated this relationship in children
between 4 and 14 years old, suggesting that this associ-
ation may persist across childhood and into early
adolescence. Collectively, these studies tentatively sup-
port a relationship between oral sensory processing and
food neophobia, particularly taste/smell sensitivities,
although they form a spare evidence base demanding
future research, both with regards to the relationship it-
self and with regards to how this relationship persists
across development.

7 | DISCUSSION

The aim of this study was to provide a comprehensive
synthesis of studies looking at the relationship between
sensory processing and eating behaviours in autism.
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Included studies generally supported a significant
relationship between sensory processing and a broad
range of eating behaviours, with preliminary evidence
to implicate taste/smell sensitivities and the possible
role of hypersensitivities. Key findings are discussed
below.

The relationship between sensory processing and
eating behaviours was supported across all eating out-
comes, suggesting that sensory processing underpins a
broad range of eating behaviours in autism. An inter-
esting finding from the current review was that only two
studies investigated food neophobia (Kral et al., 2015;
Pomoni, 2016), despite food neophobia being one of the
most frequent eating behaviours in autism. This could be
due to conceptual constraints of previous studies,
reflecting heterogeneity of definitions and the conflation
of food neophobia with food selectivity (Wallace
et al., 2018). Future research should heed calls for inde-
pendent measurement of food neophobia in order to
generate a more focussed line of research and add to the
limited evidence-base regarding the relationship between
food neophobia and sensory processing.

There was evidence across all three domains that
eating was reflective of a multi-sensory experience, with a
broad range of sensory modalities implicated in the
relationship with atypical eating behaviours. This is in
line with previous research suggesting that over 90% of
autistic individuals present with differences in sensory
modulation, organisation and integration across multiple
sensory domains (Ben-Sasoon et al., 2009; Marco
et al., 2011; Tomchek et al., 2007). These findings have
clear implications regarding the design and imple-
mentation of mealtime interventions in autism, as they
would suggest that detailed sensory evaluation and
tailored sensory-based interventions may be an effective
way of managing atypical eating behaviours in autistic
individuals. Such sensory-based approaches to eating
patterns and behaviours are starting to be incorporated
into behavioural interventions, reporting promising re-
sults (Galpin et al., 2018; Luisier et al., 2015, 2019; Sei-
verling et al., 2018).

While oral sensory processing was associated with
mealtime behaviours, food repertoire and food neo-
phobia, it should be noted that oral processing encom-
passes multiple sensory domains, including taste/smell
and tactile sensitivities (Chaware et al., 2021). The cur-
rent review found evidence to suggest that tactile sensi-
tivities may not play as significant a role, with studies
either reporting non-significant associations (Nadon
et al., 2011; Zickgraf & Mayes, 2018) or having mea-
surement limitations that prevent generalisable or com-
parable conclusions (e.g., Suarez et al., 2012, 2014). On
the other hand, taste/smell sensitivities were consistently

implicated in the relationship between general mealtime
and eating behaviours (Padmanabhan & Schroff, 2020;
Panerai et al., 2020; Wang et al., 2014), food selectivity
(Pomoni, 2016; Smith et al., 2020), food refusal (Lane
et al., 2014; Tanner et al., 2015), ritualistic eating behav-
iours (Pomoni, 2016), food repertoire (Lane et al., 2014;
Tanner et al., 2015) and food neophobia (Pomoni, 2016),
suggesting that taste/smell sensitivities may be an
important underlying mechanism in the manifestation of
a broad range of atypical eating behaviours.

A small number of studies implicated the role of hy-
persensitivities to sensory stimuli (Chistol et al., 2018;
Suarez et al., 2012, 2014) however, at this stage, firm
conclusions cannot be drawn. Only three studies inves-
tigated hypersensitivities in only two out of seven eating
behaviours, reflecting a very small evidence base, and
only one study (Panerai et al.,, 2020) included hypo-
sensitivities in their analysis. Intuitively, different
sensory profiles may be associated with different eating
difficulties; for example, hypersensitivities may be asso-
ciated with food avoidance or restrictive behaviours while
hyposensitivity's may lead to seeking sensations from
food, which in turn may manifest as over-eating. This
latter hypothesis could help explain recent longitudinal
evidence to suggest that fussy eating behaviours partially
mediated the relationship between childhood autistic
traits and disordered eating behaviours in adolescence,
particularly binge eating behaviours (Leno et al., 2022).
Further studies exploring different sensory profiles across
a range of eating behaviours, including restrictive and
binge eating, will allow researchers to address such
hypotheses.

At the time of the literature search, no study looked at
the relationship between sensory processing and disor-
dered eating, despite research evidence to support an
over-representation of EDs, such as anorexia nervosa
(AN; Westwood & Tchanturia, 2017) and Avoidant and
Restrictive Food Intake Disorder (ARFID; Bourne
et al., 2021). Elucidating underlying mechanisms of this
relationship has clear clinical implications. For example,
despite food-specific sensory aversions being a diagnostic
criterion of ARFID (APA, 2013), the majority of in-
terventions have focussed on cognitive and behavioural
techniques, and no study to date has looked at sensory-
based interventions in autism (Bourne et al.,, 2021).
Similarly, there is a limited evidence base for treatment
adaptions for autistic individuals with AN (Li
et al., 2022), with only one clinical pathway identified
(Tchanturia et al.,, 2020) that delivers promising but
limited evidence of efficacy. A recent comprehensive
framework of differences in common features of autism
and AN include experiencing sensory processing diffi-
culties as a prominent shared feature (Kinnaird &
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Tchanturia, 2021) and studies have begun to attempt to
untangle these differences by exploring the role of sen-
sory processing in AN samples with elevated autistic
traits (e.g., Kinnaird et al., 2020), however his has yet to
be explored in clinically diagnosed autistic samples.
Encouragingly, a brief, pragmatic sensory screener
implemented in the PEACE Pathway has been reported
to be beneficial to eating disorder services in adjusting
treatment to personal, sensory needs (Kinnaird
et al., 2020), suggesting that sensory processing may play
an important role and should be considered and adjusted
for in clinical approaches to AN in autism.
Interestingly, the possible role of emotion was impli-
cated across several eating behaviours, including meal-
time behaviours and food refusal (Crasta et al., 2014;
Shamaya et al., 2017). Specific emotions were investi-
gated in one study only (Kral et al., 2015) which reported
participants with oral sensitivities displayed greater
emotional under-eating, particularly due to negative
emotions. These would tentatively suggest that experi-
encing emotion, particularly negative emotions, may lead
some autistic individuals to reduce or restrict the amount

TABLE 4 Summary of directions for future research

Conceptual considerations Research design

Research focussing on food
neophobia, including
treatment of food neophobia as
a distinct eating outcome

Research including control
and/or
comparison groups

Research focussing on disordered Research adopting a

eating outcomes longitudinal

(restrict, binge, purge) in design, measuring the

clinically relationship

diagnosed autism samples across and/or
development

Research focussing on taste and
smell sensitivities
as distinct sensory modalities

Research including more
diverse and
representative samples

Research focussing on different Research including more

sensory patterns, autistic
particularly hypersensitivities, adolescents and, in
hyposensitivities particular,

and sensory seeking autistic adults

Research focussing on the possible
role of emotion in
the relationship between
sensory processing and
eating behaviours, particularly
with regards to
the development of disordered
eating

of food they eat. While this is evidence base is limited and
such hypotheses are exploratory at best, again the
possible implications of this finding on the development
of restrictive eating disorders, such as AN and ARFID,
make it an interesting avenue for future research. Indeed,
the underlying mechanisms of both comorbidities remain
poorly understood. Similar sensory profiles have been
reported in autism and in both ARFID and AN (Dovey
et al., 2019; Kinnaird & Tchanturia, 2021), while differ-
ences in emotion processing (Brede et al., 2020; Courty
et al., 2013; Kerr-Gaffney et al.,, 2021) or alexithymia
(Vuiller et al., 2020) have been proposed as possible
mechanisms linking autism and AN. However, no study
to date has explored the possible interplay between sen-
sory processing, emotion and eating behaviours in the
development of disordered eating in autism. Under-
standing the complex relationship between these do-
mains may help researchers and clinicians work towards
untangling mechanisms of these co-existing conditions.
There were several methodological limitations
observed across studies. There was a notable lack of
control or comparison groups, with many studies

Measurement and

assessment Interventions

Research adopting direct,
observational assessments
of eating behaviours

Research focussing on
developing sensory-based
eating and feeding
interventions for
non-clinical eating outcomes

Research adopting
physiological
or neurological

Research focussing on
developing sensory-based
eating and feeding
interventions for
disordered eating outcomes

assessments
of sensory processing
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excluding these groups in their relationship analyses, and
almost all studies adopting a cross-sectional design.
Furthermore, the majority of studies conducting their
research in Western countries and parent demographics
typically skewed towards educated mothers, raising
generalisability concerns. Almost all studies utilised
parent-report measures, reflecting an urgent need for
direct, observational assessment of eating measures and
physiological measures of sensory processing to eliminate
bias and increase objectivity. Finally, while taste/smell
sensitivities appear to be implicated, these two modalities
are collapsed into one domain on the Sensory Profile and
the Short Sensory Profile. It could be that one modality
may play a more prominent role than the other, however,
their conflation into one subscale leads to an inability to
differentiate between their possible roles. Overall, only 6
out of 25 included studies were deemed to be of good
quality, suggesting that these limitations may be raising
notable bias concerns.

There were also several conceptual limitations. There
was a notable lack of attention paid to specific sensory
patterns, with only one study looking at hyposensitivity's
(Panerai et al., 2020) and no study looking at multi-sensory
integration. Furthermore, no single study looked at adult
participants, reflective of a wider childhood-bias in autism
research (Ratto & Mesibov, 2015), which may also in part
explain why no study explored disordered eating as an
outcome. Applying a developmental approach will shed
important insights on the relationship between sensory
processing and eating behaviours across the lifespan and
may allow for the identification of early behaviours
indicative of future disordered eating. See Table 4 for a
summary of directions for future research highlighted in
the current review.

8 | CONCLUSIONS

Understanding the relationship between sensory pro-
cessing and eating behaviours in autism has important
implications for clinicians and healthcare professionals,
suggesting that individual sensory evaluation and tailored
sensory interventions may help tackle a broad range of
atypical eating behaviours. Careful consideration should
be given to the possible importance of taste/smell sensi-
tivities and hypersensitivities, however all possible sen-
sory modalities and patterns should be evaluated and
addressed. Elucidating the precise nature of this rela-
tionship is of the utmost importance in helping autistic
individuals manage their eating behaviours and could
even prevent the development of disordered eating.
Future research should address the outlined methodo-
logical and conceptual limitations, working towards

clear, standardized definitions of eating behaviours, and
utilising longitudinal designs with more objective, phys-
iological measures of sensory processing and eating
behaviours.
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