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An exploration of eating
behaviours and caregiver
mealtime actions of children
with Tourette syndrome
Bobbie L. Smith* and Amanda K. Ludlow
Department of Psychology, Sports Science and Geography, School of Life and Medical Sciences,
University of Hertfordshire, Hatﬁeld, United Kingdom

Food avoidant behaviours are common concerns amongst individuals with
Tourette syndrome, with high levels of food selectivity reported in children
and food neophobia and avoidant restrictive eating behaviours in adults.
However, less is known about food approach behaviours. The current study
aimed to explore differences in food approach and food avoidant eating
behaviours in children with Tourette syndrome (TS) and their relationship to
caregiver mealtime actions. Thirty-seven caregivers of children with Tourette
syndrome were compared with children with Autism Spectrum Disorders,
children with Attention-Deﬁcit/Hyperactivity Disorder and a control group.
Caregivers completed the Child Eating Behaviour Questionnaire and Parent
Mealtime Action Scale-Revised. Caregiver-reported ﬁndings revealed that
children with Tourette syndrome exhibited more food approach behaviours,
speciﬁcally greater food responsiveness, emotional overeating and desire to
drink, compared to controls. Children from the three neurodiverse groups
had similar levels of emotional overeating and food selectivity, which were
all signiﬁcantly higher than the control group. Positive persuasion was
uniquely identiﬁed as a mealtime strategy adopted by caregivers of children
with Tourette syndrome. The results suggest that children with Tourette
syndrome are at more risk of showing a broader array of food difficulties
than previously reported, including food avoidant and approach behaviours.
It is encouraged that clinicians monitor eating behaviour in appointments with
children with Tourette syndrome.
KEYWORDS

food avoidant, food approach, Autism Spectrum Disorder (ASD), Attention Deﬁcit
Hyperactivity Disorder (ADHD), food selectivity, Tourette syndrome (TS), emotional
eating, neurodiversity

Introduction
Eating behaviour research has developed two concepts which broadly describe
movements towards or away from food consumption, named food approach and food
avoidant behaviours, respectively. Food avoidant behaviours include food selectivity
(also known as food fussiness), the rejection of familiar and novel food, slowness in
eating, emotional undereating and regulating eating through internal cues, namely
satiety responsiveness (as characterised by the Child Eating Behaviour Questionnaire)
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eating profiles. For example, children with ASD show greater
food avoidant behaviours compared to controls, including
heightened food selectivity and emotional undereating (9).
Children with ASD have also been shown to have obsessive
eating routines (10) whereas, binge, hedonic and emotional
overeating have been found to influence the positive association
between symptoms of ADHD and BMI (11).
Some similarities in levels of food selectivity may be
partially accounted for by the heightened sensory sensitivity, a
commonly reported symptom in neurodevelopmental disorders
(5). For example, sensory-focused eating is frequently reported
in neurodiverse children leading to a limited diet (10). In
contrast, some differences indicated within the literature may
be better explained by impulsivity, a core symptom of ADHD,
which has been related to uncontrolled eating behaviour, weight
gain and bulimia nervosa symptoms (12). Symptoms specific
to TS include tics, which have not been previously evidenced
to influence eating behaviours, instead have been thought to
be influenced by nutritional intake. Many individuals with
TS also describe an aversive and unpleasant internal urge
that precipitates the release of a tic, known as a premonitory
urge (13). Whilst up to 93% of patients report experiencing a
premonitory urge, this characteristic is not currently included
in the DSM-5 diagnostic criteria. Given that premonitory urges
are sensory phenomena and previous research has correlated
sensory processing with eating behaviours, such urges may
be associated with eating behaviours in individuals with TS.
Overall, considering the adverse consequences in terms of
weight and diet quality for some eating behaviours and their
prevalence in children within neurodiversity research, exploring
the wider eating profiles of children with TS and how they
compare to comorbid disorders, is needed.
In addition to the health consequences of maladaptive
eating behaviours, the literature consistently reports that these
behaviours can be disruptive to mealtimes leading to increased
parental stress, issues maintaining routines and inappropriate
mealtime interactions (14). For example, caregivers’ mealtime
behaviours have been widely associated with eating behaviours,
particularly of young children showing typical patterns of
development. During the early years, caregivers have greater
control over mealtimes in terms of when food is presented, what
foods are offered, and their quantities. Furthermore, research
has suggested strategies that the caregiver can use to provide an
effective environment and deal with challenging eating patterns
to encourage the development of healthy eating behaviours.
Modelling, for example, can be a positive strategy to improve
acceptance of fruit and vegetables (15). In contrast, parental
strategies, including pressure to eat and high levels of control are
counterproductive by encouraging maladaptive eating patterns.
For example, an authoritarian and restrictive parenting style has
been associated with increased emotional eating in children (16).
These strategies have also been associated with a reduced ability
of the child to regulate their energy intake, and a paradoxical

(1). In contrast, food approach behaviours encompass
movements and desires towards food, which can be
characterised by emotional overeating, desire to drink and
responses to external stimuli, including enjoyment of food and
food responsiveness. Within the literature, emotional over- and
undereating have been defined as the consumption of more or
less food than is considered to be within typical eating patterns
and is largely considered as a stress response an individual
experiencing unwanted feelings. Moreover, food responsiveness
is related to overeating as individuals are heavily influenced to
eat in response to external cues, such as sight and smell. This
eating behaviour is in contrast to satiety responsiveness, whereby
the individual responds to internal cues of fullness to cease
consumption. Collectively, increased food responsiveness and
emotional overeating mean that children eat when they are not
necessarily hungry. A reduced ability to regulate mechanisms
related to hunger decreases with age (2) and has been found
to have adverse consequences in terms of weight, nutritional
intake and subsequent health complications. Since children
with Tourette syndrome (TS) have been shown to differ in their
response to food [e.g., (3)], the present study investigates food
approach and food avoidant behaviours in children with and
without TS, in comparison to children with Autism Spectrum
Disorders (ASD) and Attention-Deficit/Hyperactive Disorder
(ADHD), to understand the eating profiles, but also to address
children’s eating in relation to caregiver mealtime actions.
Recently, research has explored food avoidant behaviours
in individuals with TS, a neurodevelopmental disorder
characterised by involuntary, repetitive and non-rhythmic
motor and phonic tics (4). Food avoidant behaviours were
found to be common concerns amongst individuals with
TS (3), with higher levels of food selectivity reported in
children outside of the normative period of 6 years of age
(5). Moreover, there was evidence to suggest that anomalous
eating behaviours are present in adulthood, with higher levels
of food selectivity, food neophobia and avoidant/restrictive
eating behaviours reported in adults with TS compared to
individuals without (3, 6). Research has also shown similar
levels of heightened food selectivity in children with TS and
two other neurodevelopmental disorders, namely ASD and
ADHD, even when accounting for comorbidity in comparison
to children showing typical development (7). This finding
weakens the argument that additional comorbid diagnoses may
underlie increased food selectivity found in TS.
To date, the literature has focused solely on food avoidant
behaviours in TS. However, to provide context to the breadth
of eating challenges and wider eating profile of children with
TS, food approach behaviours must also be considered. Food
selectivity appears to be a transdiagnostic characteristic of
neurodivergent children with disordered eating found to be
widespread in children with a diagnosis of ASD or ADHD
(8). Despite these similarities, research has also suggested that
children with ASD and ADHD seem to differ in their overall
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relationship between caregivers’ actions and children with TS
eating behaviours.

interest in forbidden foods which are more commonly used in
children who are considered overweight (17).
While a large volume of literature emphasises the role of
the caregiver in influencing their child’s eating behaviour, it is
increasingly being evidenced in both qualitative and quantitative
research that there is a bidirectional relationship between
caregiver mealtime behaviours and child eating behaviours (18,
19). A complex interplay of variables influences a child’s eating
behaviour with both the child and caregiver having agency to
contribute to the mealtime experience. In the ASD literature,
research has shown caregivers are more likely to encourage and
prompt eating compared to controls which aligns with typical
caregiver responses to their children exhibiting food avoidant
behaviours (9). Furthermore, caregivers have been found to
prepare more special meals for children with ASD compared to
children without (20).
In comparison to other neurodiverse populations, there
is currently an absence of research focusing on the role of
the caregiver at mealtimes for children with TS. However,
this is particularly important to address for children with TS
given food avoidance previously demonstrated differences in
caregiver responses to food refusal. More specifically to TS,
anecdotal evidence has suggested that children with TS show a
predisposition to higher weight status, with a national survey
in Iran indicating the greatest prevalence of tic disorders was
in males who were either overweight or obese (21). Additional
research has suggested that a diagnosis of TS increases the
risk of having obesity and is associated with a significant
risk of cardiometabolic disorders (22, 23). Furthermore, the
medication used to treat TS, such as neuroleptic drugs,
make individuals particularly vulnerable to weight gain (24).
Moreover, longitudinal work has shown that a child with a
heavier weight status predicts later use of controlling feeding
practises, suggesting a possible cyclic relationship with weight
status as a mediating factor.
The current study was exploratory in nature and its
purpose was 3-fold: (1) to explore any differences in food
approach, and food avoidant behaviours in TS compared
to a control group, (2) to explore further any of these
differences in eating behaviours compared to other commonly
occurring neurodiverse children, namely those with ASD
or ADHD and (3) to explore relationships between child
eating behaviours and caregiver mealtime behaviours. It was
hypothesised that similar to previous findings differences in
avoidant eating behaviours, namely food selectivity, would
be found between children with TS and controls, but no
significant differences between the ADHD and ASD groups.
Similar to the findings that ASD and ADHD show more
differences from each other in their food approach behaviours,
the TS group was expected to show more differences across
this domain when comparing the neurodiverse conditions (3).
Given the relationship established between food selectivity
and caregiver mealtime behaviours, it was expected to be a
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Materials and methods
Participants
One hundred and twenty-four caregivers [22–67 y; M (SD)
= 41(8) y], 118 mothers and four fathers and two legal guardians
(grandmother), completed the online survey. One hundred and
five caregivers described their nationality as British, one as
French, six as Canadian, one as Maltese, one as Italian and
eight as American. Caregivers were asked to confirm whether
their child had a clinical diagnosis of a neurodevelopmental
disorder. Authors are aware of the comorbidity between
neurodevelopmental disorders and therefore, only children with
a sole clinical diagnosis of one of the three disorders focused
on in this study were included. Of the responses, 37 children
had a diagnosis of TS (6 females, 31 males) and were between
the ages of 6 years 7 months and 15 years 0 months. The
Premonitory Urge for Tics Scale (PUTS) (25) was completed
by caregivers alongside their children, only in the TS group. A
score above 31 indicates extremely high intensity with probable
severe impairments. In the current sample scores ranged from 9
to 36 (M = 22.54, SD = 5.97). Of the children with TS diagnosis
taking medication (n = 15), the most commonly reported was
melatonin (n = 8). Other prescription drugs recorded were
sertraline (n = 4) and clonidine (n = 3).
The comparison groups included a control group, children
with ASD and children with ADHD. The control group
comprised 36 children without a clinical diagnosis of a
neurodevelopmental disorder between the ages of 6 and 16
years (13 females, 23 males). Caregivers of children with ASD
completed the Autism Spectrum Screening Questionnaire (26);
all children reached the cut-off scores (M = 25.87, SD = 10.12).
Thirty-six children between the ages of 6 and 17 years with a
clinical diagnosis of ASD were included in the current study.
Finally, twenty children with a clinical diagnosis of ADHD (8
females, 12 males) between the ages of 6 and 16 years were
included in the current study. All children in this group met the
required T-score of 65 or above on the Connors’ Parent Rating
Scale-Revised (27). The groups did not differ in age, F (3,114) =
1.88, p = 0.138.

Measures
Participants provided background information about their
age, ethnicity, height, and weight, as well as their child’s
sex, date of birth, height and weight and any clinical
diagnosis including comorbid disorders. Participants were able
to enter their child’s weight anthropometric measurements
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Procedure

in the format most convenient and the researchers later
converted the measurements according to the metric system.
All caregivers were then asked to complete the following two
standardised questionnaires:

The research was granted ethical approval from the
University of Hertfordshire Ethical Advisory Committee,
Protocol Number: aLMS/PGT/UH/02784(4), and the research
was performed in accordance with the Declaration of Helsinki.
Participants were recruited through Tourettes Action charity,
online forums and local organisations that agreed to advertise
the study. A survey link was provided for participants to learn
about the study via an online participant information sheet
which provided further details. If after reading the information
sheet, participants wished to take part in this research,
participants were first required to give informed consent by
signing an online consent form before progressing to the survey.
The questionnaires were presented in the same order to each
participant and took ∼25 min to complete. The questionnaire
remained active for 2 months. Families were provided with
no financial incentive to take part. At the end of the study,
participants were provided information with sources of support
for any concerns around their child’s eating behaviours.

The children’s eating behaviour questionnaire
(CEBQ: 5)
The CEBQ is a 35-item measure designed to identify the
frequency of a child’s eating behaviour on eight independent
scales, which can be grouped into two subsets of eating
behaviour. Firstly, the food approach eating profile which is the
average of four subscales encompasses a desire to carry drinks
on their person (desire to drink), eating as a response to external
stimuli (food responsiveness & enjoyment of food) and overeating as an emotional response to negative feelings (emotional
overeating). Secondly, the food avoidant eating profile which is
the average of four subscales measuring the ability to regulate
eating through internal cues (satiety responsiveness), slowness
in eating, reducing food consumption as an emotional reaction
to negative feelings (emotional undereating) and rejecting a
large amount of novel and familiar foods (food fussiness). ’Food
selectivity’ was the chosen term for the current study to highlight
the behaviours exist outside of the normative developmental
period as well as reflecting severity of consequences of such
behaviours. As the eight subscales are independent and can
be additionally grouped to categorise eating behaviours, they
were treated as separate when running the statistical analysis,
meaning no adjustments were used. Caregivers rated the
frequency with which their child exhibits the behaviour on
a 5-point Likert scale ranging from 1 (never) to 5 (always).
Development of the questionnaire revealed good internal
reliability coefficients (Cronbach’s alpha) for all the subscales,
ranging from 0.74 to 0.91 (4). The Cronbach alpha for the
present study ranges between 0.63 and 0.96.

Data analysis
Firstly, BMI z-scores (BMIz) for children were calculated
using the Child Growth Foundation’s (28) growth references
which adjust for age and sex. Standard definitions for thinness,
overweight and obesity corrected for age and sex were used
to categorise children’s BMI (kg/m2 ; 22). Standard definitions
for thinness, overweight and obesity corrected for age and
gender were used to categorise children’s BMI (29, 30).
Data analysis was conducted in IBM SPSS Statistics (RRID:
SCR_016479). A One-way ANOVA was conducted to compare
differences in BMIz between the four groups. Secondly, twotailed Pearson’s correlations were used to establish whether
child age and sex were related to food approach and food
avoidant eating behaviours. Thirdly, to examine whether
there were differences in food approach, food avoidant and
caregiver feeding behaviours between children with TS and the
control group a series of independent t-tests were conducted
on all subscales of the CEBQ. Fourthly, One-way ANOVAs
were conducted to explore differences in all subscales of the
CEBQ and PMAS-R between the four groups. Finally, twotailed Pearson’s correlations were conducted to analyse the
relationship between food avoidant and approach behaviours,
BMIz, and caregiver mealtime behaviours.

Parent mealtime action scale-revised (PMAS-R;
35)
The PMAS-R is a 31-item questionnaire with the following
nine subscales: setting snack limits, using positive persuasion,
insistence on eating, fat reduction techniques and use of
rewards during mealtimes, providing daily fruit and vegetable
availability, showing snack modelling, making children special
meals different from the family meal, and allowing too many
food choices. Caregivers rated how often they exhibited these
mealtime behaviours on a 5-point Likert scale ranging from 1
(never) to 5 (always). The mean internal reliability of Cronbach
alpha is 0.66 and the mean test-retest reliability score of 0.71
(22). The scale was developed with a non-clinical sample,
however, has been consistently used within and validated in
a clinical sample (22) and there is a mean internal reliability
Cronbach alpha of 0.68 in the current study.

Frontiers in Pediatrics

Results
Participant characteristics
Outside of the main questionnaires, there was a small subset
from each of the four groups who chose to complete the current
weight and height of their child. Nineteen caregivers of children
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with TS, 18 caregivers of children without a clinical disorder
(control group) and 16 caregivers in ADHD and ASD groups
provided this information. There was no significant difference
in BMIz scores between the four groups, F (3,66) = 1.667, p =
0.183. Of the TS sample who provided child BMI data (n = 27),
29.6% were categorised as underweight. More specifically, 7.4%
were categorised as grade 2 (a BMI below 17) and 22.2% were
categorised as grade 3 (a BMI below 16). Moreover, 22.2% of
children in the TS group were categorised as overweight, and
14.8% were classified as obese. Of the controls who provided
child BMI data (n = 27), 25.9% were categorised as underweight
[grade 1 (a BMI below 18.5) = 3.7%, grade 2 = 11.1%, grade
3 = 11.1%], 11.1% (n = 3) were overweight and 3.7% were
classified as obese. Although a Pearson chi-square test revealed
no significant difference in the number of children categorised
as a healthy compared to unhealthy weight status between each
of the groups, X2 (1, N = 54) = 3.650, p = 0.056, significantly
more children with TS were categorised as being overweight and
obese compared to the control group, X 2 (1, N = 73) = 4.51,
p = 0.034.
The data was then analysed to establish whether the
children’s age or sex were related to their food approach and food
avoidant behaviours. An independent samples t-test revealed
no significant difference in food approach, t (122) = 0.435, p =
0.664, and food avoidant behaviours, t (122) = −0.1.009, p =
0.315, between males and females when comparing the total
sample of children. Therefore, sex was not controlled for in
further analyses.
Two-tailed Pearson’s correlations revealed a positive
relationship between food approach behaviours and age, r(37)
= 0.67, p < 0.001, and a negative relationship between food
avoidant behaviours and age, r(37) = −0.74, p = 0.001, in
children with TS. These findings suggest younger children
showed a different pattern than older children. No significant
correlations between age, food approach and food avoidant
behaviours were identified for the control group, children with
ASD or children with ADHD (p > 0.05). Child demographic
information and descriptive statistics for all standardised
measures are shown in Table 1.

subscales children with TS scored significantly higher on food
selectivity and emotional undereating than the controls.

How did the eating behaviours of
children with TS compare to children
with ASD or ADHD?
One-way ANOVAs were conducted to identify differences
between food approach and food avoidant eating behaviours
between the four groups. As shown in Table 1, significant
differences were found in food selectivity, food responsiveness
and emotional over- and under-eating. Post hoc Tukey’s HSD
tests revealed that children with TS had similar levels of food
selectivity and emotional overeating compared to children with
ASD and children with ADHD. All three clinical groups had a
significantly higher tendency of emotional overeating and food
selectivity compared to children showing typical development.
Higher levels of food responsiveness were found in children with
TS compared to the controls, whereas children with ASD had
higher levels of emotional undereating compared to the controls.
No other significant differences in eating behaviours were found
between the groups.

What were the relationships between
eating behaviours, caregiver mealtime
actions and BMIz?
One-way ANOVAs were run to examine differences in
caregiver mealtime behaviours, as measured across eight
subscales of the PMAS-R between children with TS, children
with ASD, children with ADHD and the control group
(see Table 3). Caregivers of children with TS reported using
insistence and positive persuasion less compared to the
caregivers of the control group. Some differences were also
observed in caregiver mealtime actions for children with ASD,
including reduced availability of fruit and vegetables compared
to controls and more special meals compared to caregivers of
children with ADHD.
A series of Two-tailed Pearson’s correlations were conducted
to examine associations between the eating behaviours found
to be significantly different among the four groups and
caregiver mealtime actions (results are shown in Table 4).
When subsequent partial correlations were conducted to
control for age, no significant correlations between any of the
subscales were found. Caregiver and child behaviours were
subsequently explored in relation to child BMIz scores. Twotailed Pearson’s correlations revealed that emotional overeating
was positively associated with BMIz in the TS group, r(20) =
0.55, p = 0.012. There were no other significant correlations
between BMIz and eating behaviours in any of the four

What were the eating behaviours of
children with TS compared to controls?
Independent t-tests were conducted to examine whether
there were group differences in food avoidant and approach
behaviours between children with TS and the controls. As
shown in Table 2, children with TS show greater food approach
behaviours than the control group, more specifically greater food
responsiveness, emotional overeating and desire to drink. There
was no significant difference in the overall food avoidant eating
profile between the two groups. However, of the food avoidant
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TABLE 1 Results of One-way ANOVAs, and Tukey’s HSD post hoc tests, for eating behaviours between the children with Tourette syndrome, Autism
Spectrum Disorder, Attention Deﬁcit Hyperactive Disorder or controls.

Mean (SD)
TS (n = 37)

CG (n = 36)

ASD (n = 31)

ADHD (n = 20)

F (3,120)

p

Tukey’s HSD

Demographics
Age (y)

10.15 (2.64)

9.09 (2.44)

10.43 (3.32)

10.41 (3.59)

Height (cm)

146.22 (18.01)

140.44 (14.57)

145.43 (26.92)

142.24 (22.05)

Weight (kg)

38.23 (17.22)

36.27 (17.02)

42.72 (19.66)

52.60 (15.64)

0.57 (4.12)

−0.89 (1.78)

0.87 (1.36)

0.82 (2.14)

BMIz

CEBQ
3.12 (0.97)

2.59 (0.48)

3.10 (0.74)

3.01 (0.99)

2.54

0.060

–

Desire to drink

2.81 (1.28)

2.17 (0.72)

2.69 (1.14)

2.43 (1.12)

2.41

0.071

–

Enjoyment

3.52 (1.29)

3.74 (0.66)

2.47 (1.15)

3.60 (0.94)

0.45

0.719

–

Food responsiveness

3.32 (1.32)

2.48 (0.76)

2.84 (1.20)

3.18 (1.42)

3.54

0.017

TS > CG

Emotional overeating

2.71 (1.07)

1.92 (0.68)

2.61 (1.00)

2.83 (1.11)

5.83

0.001

Food approach

TS > CG, ASD >
CG, ADHD > CG

2.87 (0.79)

2.66 (0.59)

2.90 (0.89)

2.86 (0.74)

2.07

0.108

–

Emotional undereating

2.91 (0.78)

2.48 (0.76)

3.26 (0.86)

3.00 (0.83)

5.11

0.002

ASD > CG

Food selectivity

3.42 (1.27)

2.76 (0.87)

3.74 (1.03)

3.37 (1.01)

4.95

0.003

Food avoidant

TS > CG, ASD >
CG, ADHD > CG

Satiety responsiveness

2.68 (1.08)

2.75 (0.75)

2.80 (0.90)

2.59 (0.76)

0.27

0.849

–

Slowness in eating

2.39 (1.26)

2.63 (0.82)

2.59 (0.97)

2.50 (1.07)

0.39

0.763

–

TS, Tourette syndrome; CG, Control Group; ASD, Autism Spectrum Disorders; ADHD, Attention-Deficit/Hyperactive Disorder; BMIz, Body Mass Index z-score; CEBQ, Child Eating
Behaviour Questionnaire.

Are there relationships between
premintory urges and eating behaviours?

TABLE 2 Independent t-tests exploring differences in eating
behaviours between children with TS and the control group.

df

t

53

−2.92

Desire to drink

57

−2.62

0.01

Enjoyment

54

0.92

0.36

Food approach

p

Emotional overeating

61

−3.72

< 0.001

Food responsiveness

58

−3.34

< 0.001

Food avoidant
Emotional undereating

Two-tailed Pearson’s correlations revealed that the PUTS
was not correlated with any subscale of the CEBQ or the PMASR (p < 0.05). There was a significant correlation between BMIz
and premonitory urges, r(19) = 0.57, p = 0.01 suggesting those
with more premonitory urges had higher BMIz, this relationship
remained significant even when controlling for age, r(18) = 0.37,
p = 0.012. The child’s age was not significantly associated with
tic severity, r(31) = 0.22, p = 0.230. In children with TS, both
emotional overeating and tic severity was positively related to
BMIz. Therefore, a multiple linear regression was carried out
with both as predictors of BMIz. This revealed a significant
model, R2 = 0.49, F (2,18) = 7.59, MSE = 78.63, p = 0.005,
with both being found to be independent predictors (emotion
overeating, β = 0.42, t = 2.28, p = 0.036; PUTS, β = 0.46, t =
2.50, p = 0.024). Children with TS who were reported as having
more premonitory urges and/or were more emotional eaters had
higher levels of BMIz.

0.005

71

−1.26

0.21

71

−2.29

0.03
0.01

Food selectivity

64

−2.56

Satiety responsiveness

64

0.31

0.77

Slowness in eating

62

0.99

0.32

groups. Regarding BMIz and caregiver mealtime actions, a
negative correlation was identified with positive persuasion in
the control group; a positive correlation with many special
meals in the ASD group and a positive correlation with fat
reduction techniques in the ADHD group. It is important to
note that all significant correlations with caregiver mealtime
actions were no longer significant when controlling for age
(p > 0.05).

Frontiers in Pediatrics

Discussion
The current study explored the eating behaviours of children
with TS in comparison to a control group and how their
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TABLE 3 Results of one-way ANOVAs, and Tukey’s HSD post hoc tests, for caregiver mealtime actions between the children with Tourette
syndrome, Autism Spectrum Disorder, Attention Deﬁcit Hyperactive Disorder or controls.

Mean (SD)
TS (n = 37)

CG (n = 36)

ASD (n = 31)

ADHD (n = 20)

Snack limits

4.00 (1.28)

4.01 (0.95)

3.69 (1.06)

Daily fruit & –vegetables

4.25 (0.76)

4.57 (0.69)

3.84 (1.21)

Positive persuasion

3.74 (0.71)

3.79 (0.69)

Use of rewards

2.56 (0.80)

Insistence

1.88 (0.97)

F (3,120)

p

4.02 (1.00)

0.66

0.581

4.05 (1.36)

3.22

0.025

2.88 (1.34)

3.03 (1.10)

7.45

<0.001

2.75 (0.76)

2.54 (0.86)

2.50 (0.91)

0.61

0.607

2.61 (0.92)

1.71 (0.61)

2.35 (1.04)

7.17

<0.001

Tukey’s HSD

PMAS-R
–
ASD < CG
TS <ASD, TS < ADHD,
ASD < CG, ADHD < CG
–
TS < CG, ASD < CG,
ASD > ADHD
Snack modelling

2.34 (0.81)

2.09 (0.65)

2.04 (0.82)

2.33 (0.89)

1.25

0.297

–

Special meals

2.29 (0.67)

2.66 (0.70)

2.71 (0.70)

2.08 (0.85)

4.80

0.003

ADHD < CG, ADHD <
ASD

Fat reduction techniques

3.16 (0.95)

2.66 (0.87)

2.68 (0.99)

2.95 (0.99)

2.27

0.084

–

Many food choices

3.02 (0.66)

2.63 (0.51)

2.73 (1.00)

2.75 (0.91)

1.77

0.157

–

TS, Tourette syndrome; CG, Control Group; ASD, Autism Spectrum Disorders; ADHD, Attention-Deficit/Hyperactive Disorder; PMAS-R, Parent Mealtime Action Scale-Revised.

Similar to previous research [e.g., (34)], it was found that
increased BMIz was associated with greater food approach
behaviours, specifically increased emotional overeating was
associated with higher BMIz in children with TS only.
Emotional overeating refers to the consumption of food
as a response to feeling negative emotions; therefore, the
individual may eat when they are not hungry which can
lead to greater consumption of food and therefore weight
gain. Eating in response to emotions may reflect a reduced
ability to self-regulate their appetite (35) and deficits in the
emotional regulation (36). Therefore, research has suggested
that interventions for emotional eating should focus on stress
reduction techniques and the promotion of positive mood
(37). These findings are particularly pertinent as research has
indicated that there is a greater prevalence of anxiety disorders
in children with tic disorders (38).
While there was no significant difference between the BMIz
scores between the groups, the weight classification of children
with TS was noteworthy. Regarding weight classification,
children with TS fell at the two polar ends of the weight
categories with 66% of children classified as having an unhealthy
weight status, and more children were categorised as overweight
or obese compared to the control group. This finding is
aligned with the prevalence of psychiatric disorders being
higher among children and adolescents who are overweight,
specifically research found the most prevalence of tic disorders
in males with overweight or obesity (21). While exploring
the role of medication on BMI was outside the scope of the
current study, it is important that future research explores
this factor as some medications can be appetite-suppressing
(e.g., ADHD treatment) whereas others can lead to weight gain

profile compares to children with a diagnosis of ASD or
ADHD. Caregiver-reported findings revealed that children
with TS exhibited more food approach behaviours, specifically
greater food responsiveness, emotional overeating and desire to
drink, compared to controls. While the overall profile of food
avoidance was not found to be significantly different between
groups, children with TS did display significantly higher levels
of food selectivity and emotional undereating compared to
the controls. When comparing eating behaviours with other
neurodiverse populations, similarities in food selectivity and
emotional overeating were identified in all three neurodiverse
groups. Importantly, children with TS who exhibited higher
emotional overeating appeared more at risk of having a
BMIz. The current study also identified differences in caregiver
mealtime actions and some associations between child and
caregiver behaviours in all four groups; however, this was no
longer significant when controlling for age.
Differences in eating behaviours between children with TS
and the control group were identified. Firstly, consistent with
previous research, children with TS showed heightened food
fussiness (3). Secondly, similar to research on children with
ADHD (31, 32), greater desire to drink, emotional overeating
and food responsiveness were identified in children with
TS. Increased food responsiveness and emotional under- and
overeating are related to eating based on external cues, meaning
children could eat when they are not necessarily hungry. Infants’
innate ability to regulate food intake (2) decreases with age
(33), resulting in greater influence from external stimuli in the
development of eating behaviours. A reduced ability to regulate
mechanisms related to hunger has been found to have adverse
consequences in terms of weight.
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TABLE 4 Two-tailed Pearson’s correlations between parent mealtime action subscales and child eating behaviours.

Snack
limits

CG

0.27

Daily fruit &
vegetables
availability
−0.15

Positive
Use of
persuasion rewards

−0.14

0.31

Insistence

Snack
Special
modelling meals

0.21

0.07

0.35*

Fat
Many
reduction
food
techniques choices
0.35*

0.27

Food approach
Emotional overeating

0.17

−0.33*

−0.17

0.29

0.01

−0.13

Food responsiveness

0.27

−0.09

−0.13

0.25

0.30

0.03

0.39*

−0.023

−0.23

−0.13

0.11

0.04

0.02

0.20

−0.16

0.50**

−0.03

−0.33*

−0.17

0.07

−0.08

0.02

0.34*

−0.14

0.53***

Food avoidant
Food selectivity
Emotional undereating

0.04

0.003

0.32

0.32

0.06

−0.06

−0.61**

−0.34

−0.19

0.24

0.03

−0.11

−0.25

−0.40*

−0.21

−0.49**

BMIz

0.08

−0.10

TS

0.18

−0.07

0.35*
−0.19

−0.06
0.43**

−0.07
−0.17

0.59***
0.28

0.48**
−0.05

0.57***

−0.31

Food approach
Emotional overeating

0.11

0.18

−0.07

−0.18

−0.24

−0.07

−0.53***

0.51***

−0.32*

Food responsiveness

0.20

−0.04

−0.06

−0.09

−0.33*

−0.13

−0.47**

0.56***

−0.28

Food avoidant
Food selectivity
Emotional undereating

−0.42**

−0.10

0.40*

0.22

0.31

−0.47**

−0.11

0.38*

0.12

0.23

0.006
−0.08

0.45**

−0.41**

0.41*

0.55***

−0.22

0.34*

−0.19

0.01

0.31

0.34*

0.26

−0.14

0.31

−0.09

0.28

BMIz

−0.14

0.07

0.35

0.32

0.13

−0.08

−0.38

0.27

−0.13

ASD

−0.03

0.13

0.08

−0.05

−0.10

0.20

−0.08

0.10

−0.03

Emotional overeating

0.17

0.23

0.00

0.05

−0.28

0.18

−0.08

0.27

0.17

Food responsiveness

0.00

0.02

0.07

−0.01

−0.11

0.12

−0.02

0.07

0.00

0.19

−0.07

0.11

0.09

0.02

−0.14

0.06

0.16

0.19

Food selectivity

0.12

0.00

0.29

0.36*

0.02

0.08

0.17

0.27

0.12

Emotional undereating

0.29

−0.04

0.15

0.01

−0.24

−0.17

−0.01

0.19

0.29

−0.08

−0.31

0.44

0.03

0.23

0.29

0.58*

0.35

−0.06

0.09

0.38

0.33

0.24

0.13

0.57**

0.04

0.43

0.09

Emotional overeating

0.09

0.38

0.39

0.16

0.06

0.51*

0.01

0.33

0.09

Food responsiveness

0.08

0.29

0.29

0.29

0.14

0.55*

0.00

0.32

0.08

0.13

−0.13

−0.08

−0.02

0.10

−0.35

0.07

−0.11

0.13

−0.14

−0.24

−0.06

−0.08

−0.03

−0.38

−0.06

−0.08

−0.14

Food approach

Food avoidant

BMIz

ADHD
Food approach

Food avoidant
Food selectivity
Emotional undereating
BMIz

0.24

0.03

−0.01

0.00

−0.11

−0.21

0.12

−0.14

−0.07

−0.18

0.25

0.40

0.09

−0.14

0.01

0.24

0.59*

0.32

BMIz in children with TS, Tourette syndrome; ASD, Autism Spectrum Disorder; ADHD, Attention-Deficit Hyperactive Disorder; or the CG, control group. ***p ≤ 0.001; **p < 0.01; *p <
0.05. All correlations were no longer significant when controlling for age.

(e.g., neuroleptics) (22). Overall, it is clinically important for
clinicians to monitor weight and address any eating concerns,
particularly for children displaying emotional overeating.
Premonitory urges are uncomfortable physical sensations
preceding tics and are considered an important predictor of
tic severity, even when controlling for age (39). The current
study failed to establish a relationship between PUTS and any
of the subscales of CEBQ or PMAS-R, potentially suggesting
that severity of tics not to be a predictor of eating behaviours.
Importantly, this measure has been identified as one of
five recommended instruments for severity of tics. However,
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it is more reflective of the sensory phenomena associated
with tics and may be more suitable for those of 10 years
and older. Therefore, one of the major limitations of the
current study is the lack of inclusion of a tic severity and
frequency measure, such as the YGTSS a self-report measure
that indicates clinically relevant exacerbations of tics, or The
Proxy Report Questionnaire for Parents and Teachers, which
has also been identified as a highly promising tool [for a full
review of tic measure see (40)]. A tic frequency and severity
questionnaire is important to include in future research to
be able to establish whether those with more intense and
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when controlling for the age of the child, the relationships
were no longer significant between caregiver and child mealtime
behaviours in the current study. This suggests that children are
less influenced by their caregivers as they begin to make their
own choices, and other factors may become more influential.
Taken together, it is important to educate caregivers on effective
strategies, such as repeated exposure, especially in their child’s
younger years. Early interventions are particularly relevant as
eating behaviours established in childhood can continue into
adolescents and adulthood (46).
One limitation of the current study is its cross-sectional
design, which inhibits conclusions of causal relationships
between caregiver mealtime behaviours and child eating
behaviours. Longitudinal research is needed to draw conclusions
about the bidirectional child-caregiver association in relation
to eating behaviours taking into consideration any parental
neurodevelopmental and co-morbidities (47). In addition, there
was also missing data for the BMIz, and caregiver-reported
anthropometrics may have led to a miscalculation of BMI.
While objective measures are ideal, research has demonstrated
a high level of accuracy in caregiver-reported height and weight
measurements when compared with objective measurements
(48). The data was collected via caregiver-report meaning there
may be some social desirability on completion of the caregiver
mealtime action measure. Perhaps the use of observations may
prove useful in future research to explore the caregiver-child
interaction during mealtimes to provide an insight which may be
missed when through self-report (49). Understanding the eating
behaviours of children with TS and factors which can influence
these behaviours is clinically relevant for the development of
effective interventions (50). The current study has demonstrated
the adverse effect of increased emotional overeating on BMI,
but research has also shown that eating behaviours can have
an adverse impact on nutrient intake, which needs requires
further investigation.
While the current study focused specifically on comparing
TS with ADHD and ASD. It is important to note that TS has
many underlying comorbidities. For example, a large proportion
of TS patients meet a concurrent diagnosis for OCD (30–50%)
(51). Furthermore, elevated rates of tics symptomology (10–
30%) have also been reported in OCD patients (52, 53). To
address eating difficulties associated with tics and/or TS, future
studies will need to screen for co-morbidities such as anxiety
disorders to understanding their role on eating behaviours in
children with TS. Similarly, assessing for sensory processing
disorders and their severity would help understand their role in
eating behaviours.
Overall, this research identified that children with TS
have a different eating profile to children with typical
development, specifically heightened food approach behaviours,
with implications of heightened emotional overeating increasing
BMI status. Caregiver mealtime behaviours, specifically fat
reduction and special meal techniques were associated with food

severe motor and/or vocal tics show more disturbance in
eating behaviours.
It was important to compare the eating behaviours of
children with TS with other neurodiverse populations with no
overlapping comorbidities to explore the argument of whether
eating behaviours in TS can simply be explained by the
underlying effects of ASD or ADHD. Given that similar levels
of emotional overeating and food selectivity were identified
across the three clinical groups, this shows that comorbidity
does not explain these maladaptive patterns. Nevertheless,
the authors do acknowledge that due to the comorbidities
between the three clinical disorders and despite no comorbid
diagnoses at the time of the study, there may be some overlap
and later diagnoses to follow meaning the groups may not
have been completely distinct. However, some differences in
eating behaviours were identified. While the ASD and ADHD
groups showed no significant differences in comparison to the
controls, the TS group was unique in showing significantly
higher food responsivity. These findings demonstrate that whilst
neurodiverse populations do share symptomology, diagnoses
and some eating behaviours, there are some distinctive eating
behaviours related specifically to TS. Ultimately, clinicians need
to monitor and ask about any eating concerns even when the
child is presenting with a sole diagnosis of TS. Further to this,
it is widely acknowledged that TS is comorbid with anxiety
disorders, such as Obsessive-Compulsive Disorders (41), so it
would be important for future research to establish how these
disorders contribute to the eating profile of individuals with TS.
The role of the caregiver in children’s eating behaviours was
also investigated in the current study. There were differences
in caregiver mealtime techniques between the four groups.
Caregivers of children with TS reported the use of more
insistence and positive persuasion compared to the three clinical
groups. Caregiver mealtime behaviours were not associated with
BMI, which is agreeable with research on children with ASD
(42) and typically developing children (43). Food approach
behaviours were negatively associated with special meals and
fat reduction techniques, and the inverse was found for overall
food avoidance in children with TS. Fat reduction techniques
are used by caregivers of children with healthy diets, but also by
caregivers of children who are overweight (44). These findings
highlight the complex and multi-directional nature of caregiver
and child mealtime behaviours.
In terms of special meals, it is common that caregivers
to stop reoffering a given food after only three to five failed
attempts and begin to make special meals (45). Meals separate
from the family often include palatable high-calorie foods which
are more likely to be accepted. This technique can be useful
to increase weight if the child is underweight, however for
children with food fussiness this technique can maintain and
perpetuate the child’s restricted diet (44). As food selectivity is
especially common in children with TS, guidance to promote
effective strategies for caregivers is needed. One caveat is that
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