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Nutrient intake and food selectivity in children with Tourette syndrome
Bobbie L. Smith a, Katerina Vafeiadoub and Amanda K. Ludlowa

aDepartment of Psychology, Sport and Geography, University of Hertfordshire, Hatfield, UK; bDepartment of Clinical, Pharmaceutical and 
Biological Sciences, University of Hertfordshire, College Lane, Hatfield, UK

ABSTRACT  
Objectives: Children with Tourette syndrome (TS) have been shown to exhibit high levels of 
food selectivity; however, its association with nutritional status has yet to be explored. The 
current study explored macro and micronutrient intake and food selectivity among children 
with and without TS, using 24-hour dietary recall and the Child Eating Behaviour Questionnaire.
Method: Parents of 43 children diagnosed with TS and 38 age-matched children without a 
clinical diagnosis completed an online 24-hour food diary.
Results: Fifty-eight per cent of children with TS were identified as falling outside of the healthy 
BMI range (underweight = 24.2%; overweight = 27.3%; obese = 6.1%). Children with TS also 
consumed fewer portions of fruit and vegetables along with meeting the daily reference 
nutrient intake guidelines significantly less often for vitamins B3, B6 and C, selenium and 
phosphorus compared to children without TS.
Conclusions: Understanding the nutritional risk of children with TS relative to other children is 
important to clinicians and health care professionals who oversee nutritional inspection in 
primary care, and caregivers who are worried about the impact of limited or restricted diets.
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Introduction

Evidence suggests that dietary factors are associated 
with several childhood neurodevelopmental disorders 
[1]. For example, low levels of copper, iron, zinc, mag-
nesium, and omega-3 fatty acids have all been reported 
in children with attention-deficit/hyperactivity disorder 
(ADHD). In children with autism spectrum disorders 
(ASD), research reports a lower intake of protein, min-
erals, and vitamins, such as B and D, compared to neu-
rotypical children [2]. Moreover, a relationship between 
diet and symptoms of these disorders has also been 
noted. While sugar, artificial food colourings and pre-
servatives are associated with heightened ADHD symp-
toms, flax oil and vitamin C supplements have been 
shown to improve symptoms [3]. For those with ASD, 
behavioural symptoms have also been reported with 
the use of various nutritional supplements, including 
vitamin C and omega-3 fatty acids [4]. Despite a high 
co-occurrence with both ASD and ADHD, there has 
been a distinct lack of research addressing nutrition 
and diet in Tourette syndrome.

Tourette syndrome (TS) is a neurodevelopmental 
disorder which is characterised by repetitive, 

involuntary, and non-rhythmic motor and phonic 
tics [5]. It is currently estimated that in the United 
Kingdom approximately one per cent of all school chil-
dren between the ages of 5 and 17 are diagnosed with 
this condition [6]. However, this may be considered a 
conservative estimate given the increase in tic-like 
behaviours in adolescents reported since the COVID- 
19 pandemic [7].

A range of factors that increase anxiety, stress, exci-
tement and fatigue have all been found to exacerbate 
tics and associated symptoms (e.g. [8]). Importantly 
in the context of the current study, dietary behaviour 
has also been implicated in the fluctuation of tics. 
For example, an increase in the frequency of tics has 
been related to the consumption of caffeine, alcohol, 
and refined sugars [9]. Caregiver reports have also 
demonstrated that children with TS compared to chil-
dren without, are more likely to use special diets and/ 
or take nutritional supplements [10].

Children with TS may be particularly vulnerable to 
nutritional deficiencies due to showing more atypical 
eating patterns compared to those without a tic dis-
order. For example, greater food selectivity, rejection 
and/or avoidance of novel and familiar food have 
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been reported in children with TS [11,12]. Persistent 
medium and high levels of food selectivity have also 
only been associated with both lower and higher 
body mass index (BMI). Prolonged food selectivity 
has also been associated with micronutrient 
deficiencies and with unhealthy dietary patterns, 
including reduced consumption of vegetables [13].

In the United Kingdom, it has been estimated that 
less than 18% of children (5–15 years) consume the 
recommended five portions of fruit and vegetables a 
day, with an even lower intake reported in children 
with neurodevelopmental disorders [14]. For example, 
children with ASD have been shown to consume fewer 
vegetables and favour more unhealthy snacks and 
sweetened beverages compared to neurotypical peers 
[15]. This research is particularly relevant to children 
with TS, as research has suggested a reduced prefer-
ence for fruit and vegetables compared to typically 
developing (TD) children [11]; however, research 
has yet to explore their consumption of these food 
groups. Given food preferences have been shown to 
provide reasonable estimates of food consumption 
[16,17], and health benefits attributed to fruit and veg-
etable consumption, it is clinically important to 
explore this in children with TS alongside macro- 
and micronutrient intake.

The few studies addressing food consumption in TS, 
have reported low levels of ferritin and serum iron 
levels in both children and adults with TS [18], while 
a magnesium and vitamin B6 deficiency have been 
suggested in children with TS [19]. Akin to the findings 
showing diet to affect the symptoms of children with 
both ASD and ADHD, there is also a suggestion that 
the use of nutritional supplements could decrease the 
severity and/or frequency of tics [20]. More specifically, 
in a survey of Complementary Alternative Medicine 
use, 87.7% of 115 respondents used dietary sup-
plements to control tics. The most used supplements 
were calcium, magnesium and vitamins B, C and E [21].

To date, limited controlled studies have been carried 
out investigating nutritional supplements in TS. A pla-
cebo-controlled study addressing the effect of omega-3 
fatty acids supplementation in children and adoles-
cents with TS, found to be beneficial for some tic- 
related symptoms [22]. Wu et al [23] probiotic sup-
plementation was not found to significantly improve 
TS symptoms but was shown to improve ADHD par-
ameters in children with this co-occurring condition. 
More recently, Rizzo and colleagues [24] carried out 
an open label study evaluating the effectiveness of sup-
plementation of both L-Theanine and Vitamin B6 in 
reducing tics disorders in a sample of youth with 
chronic tic disorder (CTD) and TS with anxiety.

Liang and colleagues [25] carried out one of the 
only studies investigating nutrient intake in adults 
with TS. Forty-eight adults were asked to complete a 
24-hour dietary recall. Results revealed over half of 
those surveyed reported consuming low levels of 
protein, calcium, zinc, retinal, thiamine, riboflavin 
and vitamin C. It was also noted that adults with TS 
reported an unhealthy level of consumption of both 
carbohydrates and fats, and therefore may be more 
prone to an unbalanced, and often energy-dense 
diet, which can predispose children to weight gain 
and its associated health complications [4]. Excessive 
consumption and cravings for sugars and carbo-
hydrates are indicative of gut dysbiosis, with a recent 
study confirming gut microbiota in children with TS 
to be distinguishable from those without [26].

As there is a suggestion that individuals with TS have 
nutrient deficiencies, which may influence tic behaviour, 
it is crucial to understand their dietary intake. The cur-
rent study aimed to compare nutrient intake from 
food consumed by children with and without TS, 
along with examining nutrient deficiency and excess as 
identified by national recommended dietary guidelines.

Method

Participants

Eighty-one caregivers (aged 26–66 y; M = 40.77, SD =  
6.85), including 78 mothers, 2 fathers and 1 grandpar-
ent with parental responsibilities, reported infor-
mation on their child. Caregivers reported their 
nationality as British (n = 75), American (n = 3), 
French (n = 1), Canadian (n = 1) and Slovak (n = 1). 
Forty-three children diagnosed with TS between the 
ages of 6 and 17 years and 38 TD children (defined 
as no suspected or official clinical diagnosis) between 
the ages of 6 and 16 years were included in the 
study. Permission was granted from the University 
of Hertfordshire University Ethical Advisory Commit-
tee, protocol number: aLMS/PGT/UH/02784(4) to 
conduct this study and research was performed in 
accordance with the Declaration of Helsinki. Care-
givers were recruited through Tourettes Action charity 
online website in addition to online forums and local 
organisations who agreed to advertise the study. Care-
givers volunteered to take part and gave explicit 
informed consent online prior to participating.

Data collection

Participants completed an online survey hosted by 
Qualtrics. Demographic information, including 
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child’s sex, age and medication use, was collected first. 
BMI was calculated from caregiver-reported height 
and weight (kg/m2). Children were categorised as 
underweight (grade 1, 2 or 3), healthy weight, over-
weight or obese according to age and sex-specific 
international cut-offs for BMI [27]. The Premonitory 
Urge for Tics Scale (PUTS; [28]) and caregiver reports 
were used to confirm diagnosis of TS. The PUTS 
measures tic severity through the presence and fre-
quency of premonitory urges, with a score above 31 
indicating extremely high intensity with probable 
severe impairments. This scale was only administered 
in the TS group.

A single 24-hour caregiver-administered food recall 
with no interviewer obtained information of all food 
and beverage intake during the previous day. Care-
givers were asked to provide as much detail as possible 
about the food and beverages their child consumed 
including the types, brand names and quantities. Par-
ticipants had the option to close and revisit the survey 
as many times within a week before the survey auto-
matically closed to allow for a complete dietary recall 
to be recorded. Caregivers also completed the Child 
Eating Behaviour Questionnaire (CEBQ; [29]). The 
food selectivity subscale from this measure was used 
to assess caregiver perceptions of their child’s fre-
quency of rejecting familiar and novel foods. The 
food selectivity subscale consists of six items and 
includes how difficult the child is to please with 
meals, how often the child refuses to taste new foods 
and the variety of foods the child will eat. Caregivers 
rated the frequency at which the child exhibits the 
behaviour on a 5-point Likert scale ranging from 1 
(never) to 5 (always). The researchers approximate 
that the survey would take 30 min to complete. Par-
ticipants were thanked for their time and fully 
debriefed on completion of the survey with the option 
of withdrawing their data up to three months after and 
detailed information where participants could reach 
out for on neurodiversity and eating support should 
they wish.

Dietary analysis

Nutrient intake was calculated using National Diet 
and Nutrient Survey databank via Nutritics dietary 
analysis software (Nutritics v4.312 Academic Edition, 
Ireland). Standardised portion sizes were assigned 
according to caregiver reports and the Foods Stan-
dards Agency (FSA) Food Portion Sizes [30]. Daily 
intakes of macronutrients and their components 
were detailed as total grams (g) per day or percentage 
of daily energy intake (%E). The percentage of energy 

contribution from macronutrients was calculated 
using the Atwater factors. Daily intakes of micronu-
trients were detailed as milligrams (mg) or micro-
grams (μg) per day. Comparisons between dietary 
intake across the two groups were explored. In 
addition, the adequacy of dietary intake was assessed 
by comparing energy and nutrient intake to age and 
sex-specific United Kingdom Estimated Average 
Requirements (EAR), Dietary Reference Values 
(DRV) and Reference Nutrient Intake (RNI; [31]).

Several benchmarks for macro- and micro-nutri-
ents are proposed for different groups of healthy 
individuals in the United Kingdom [31]. In the cur-
rent study, RNI were considered as they state the 
amount of a nutrient which is enough to ensure 
that nearly all of the group needs are met (97.5%, 
and RNI is used for recommendations of vitamins 
and minerals; [32]). The EAR, an average require-
ment, was used to compare energy intake and 
DRV was used to compare percentage consumption 
per energy intake for free sugars, carbohydrates and 
fat. Based on specific sex and age group dietary rec-
ommendations, participants were categorised into 
subgroups of children with the ages between 4 and 
6 years and 7 and 10 years, males between 11 and 
14 years, females between 11 and 14 years, males 
between 15 and 18 years and females between 15 
and 18 years when comparing nutrients against diet-
ary recommendations. For some nutrients dietary 
recommendations were unavailable meaning com-
parisons could not be made. One author, blinded 
to the case and control status, categorised the fruit 
and vegetable food groups using the standard por-
tion being 80 grams for fresh fruit and vegetables 
and 30 grams for dried fruit and collaboration 
with a registered nutritionist.

Statistical analysis

Analysis was conducted using SPSS IBM version 25 
(SPSS Inc., Chicago, IL, USA) with statistical signifi-
cance set at p < .05. Firstly, independent t-tests were 
conducted to examine differences in baseline charac-
teristics of participants. Secondly, a series of indepen-
dent t-tests were conducted to examine differences in 
nutrient intake, the number of children meeting the 
dietary recommendations, fruit and vegetable portion 
sizes and food selectivity between children with TS 
and TD children. Levene’s test examined homogeneity 
of variance and significance was reported appropri-
ately. Two-tailed Pearson’s correlations were con-
ducted to explore food selectivity and BMI in 
relation to each nutrient.
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Results

Baseline characteristics

Forty-three children diagnosed with TS (M = 10.83, 
SD = 2.78 y; 35 males, 8 females) and 38 children 
with TD (M = 9.80, SD = 2.30 y; 25 males, 13 
females) were included in the study. There was no 
significant difference in age between the two groups, 
t (76) = 1.77, p = .081. Data from children with a 
confirmed eating disorder diagnosis were excluded 
from the current study. No exclusionary criteria 
were given for special diets. In children with TS, 
PUTS scores ranged between 9 and 36 (M = 22.86, 
SD = 6.74), with 19 children who had medium 
intensity, four had high intensity and four had 
extremely high intensity with probable serve impair-
ment of premonitory urges for tics. In addition to 
confirming their child’s TS diagnosis, caregivers 
reported the following co-occurring conditions 
experienced by their children: Obsessive compulsive 
disorder (OCD; n = 3), dysgraphia and dyspraxia 
and OCD (n = 1), mild anxiety disorder (n = 1), 
ADHD (n = 1) ASD (n = 1), ASD & ADHD (n = 2) 
and anxiety disorder, OCD & ASD (n = 2). Of the 
children with TS taking medication (n = 15), melato-
nin (n = 7), clonidine hydrochloride (n = 1), methyl-
phenidate (n = 2), aripiprazole (n = 2), sertraline (n  
= 3) and fluoxetine (n = 1). Medical conditions 
reported in the control group included coeliac dis-
ease (n = 1) and asthma with corresponding inhaler 
use (n = 1). In the TD group, one caregiver noted 
that their child is ‘predominantly vegetarian’ and 
another gluten-free. In the TS group, caregivers 
reported one child did not consume pork due to reli-
gious reasons, another has a ‘bland beige diet of <10 
foods’ and another child is highly concerned with 
‘food presentation e.g. peeled pear or apple, des-
kinned sausages’.

Independent t-test revealed a significant difference 
in BMI between children with TS (M = 18.67, SD =  
4.79) and TD children (M = 16.55, SD = 3.63), t(63)  
= 2.001, p = .049. Of the TS sample who provided 
child BMI data (n = 33), 24.2% were categorised as 
underweight (grade 1 = 3.0%, grade 2 = 12.1%, grade 
3 = 9.09%), 42.4% classified as healthy weight, 27.3% 
were overweight and 6.1% were classified as obese. 
Of the TD sample who provided child BMI data (n  
= 32), 28.1% were categorised as underweight (grade 
1 = 6.3%, grade 2 = 12.5%, grade 3 = 9.4%), 59.4% 
classified as healthy weight and 12.5% were classified 
as overweight but none were obese. Although there 
was no significant difference in the number of children 

in the TS and TD group categorised as being in the 
healthy range X2 (1, N = 65) = 1.24, p = .26, signifi-
cantly more children with TS were categorised as 
being overweight and obese compared to TD, X2 (1, 
N = 65) = 3.97, p = .046.

Differences in nutrient intake and comparison 
of intake against dietary recommendations

Mean consumption for macro- and micronutrients for 
children with TS and TD children are presented in 
Table 1, along with the proportion of participants 
meeting the dietary recommendations for these nutri-
ents. In children with TS, the contribution of protein, 
fat and carbohydrate ranged from 8% to 24.9%, 15.8% 
to 58.2% and 21.4% to 69.1% of the energy intake, 
respectively. In children with TD, the contribution 
of protein, fat and carbohydrate ranged from 10.5% 
to 31.3%, 12.1% to 58.8% and 30.7% to 64.3% of the 
energy intake, respectively. The percentage energy of 
protein intake was significantly lower in children 
with TS compared to TD children, t(66) = −3.40, p  
= .001. Independent t-tests also revealed that on aver-
age children with TS consumed significantly more 
starch, t(79) = 2.21, p = .030, compared to TD chil-
dren. There were no other significant differences on 
nutrient consumption between children with TS and 
TD children.

Independent t-tests were conducted to examine 
differences in the number of children who met the 
DRV and RNI for the given nutrients between the 
two groups. Children with TS were significantly less 
likely to consume the daily reference nutrient intake 
of vitamin B6, t(78.91) = 2.84, p = .01, vitamin C, t 
(77.89) = 2.55, p = .012, Vitamin B3, t(55) = 2.93, p  
= .01, selenium, t(76) = 2.07, p = .042, and phos-
phorus, t(54) = 3.413, p = .001, in comparison to TD 
children. There were no other significant differences 
in the proportion of children who met dietary rec-
ommendations in other nutrients between the two 
groups (p > .05).

Differences in fruit and vegetable consumption
Independent t-tests revealed children with TS con-
sumed significantly less portions of fruit (M = .84, 
SD = .90), t(79) = −2.62, p = .011, and total fruit and 
vegetables combined (M = 1.93; SD = 1.45), t(79) =  
−2.23, p = .028, than TD children (M = 1.42, SD =  
1.11; M = 2.66, SD = 1.47). There was no difference 
in the number of servings of vegetables between the 
children with TS (M = 1.09, SD = 1.06) and TD chil-
dren (M = 1.26, SD = .98).
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Relationships between food selectivity, nutrient 
intake, fruit and vegetable consumption and 
BMI

In terms of food selectivity, children with TS (M =  
3.53, SD = 1.07) scored significantly higher than TD 
children (M = 2.64, SD = .91), t(50) = 3.17, p = .003. 
As shown in Table 2, two-tailed Pearson’s correlations 
revealed greater food selectivity was associated with 
reduced consumption of several nutrients in children 
with TS, including total energy, vitamins D, E and 
B12, sodium and fibre. Greater food selectivity was 
associated with higher mean consumption of caffeine 
intake in children with TS. There were no significant 
relationships between nutrients and food selectivity 
in TD children. There were no significant 

Table 2. Two-tailed Pearson’s correlations between food 
fussiness and nutrient intake per day in children with TS and 
TD children.

(1) TS TD

Food fussiness
Food 

fussiness

R P R P

Energy (kcal) −.46 .013 −.13 .561
Energy (kJ) −.46* .013 −.12 .568
Total fat (%E) −.23 .235 −.15 .492
Saturated fat (%E) −.01 .949 −.13 .546
Trans fat (%E) −.10 .626 .08 .723
Cholesterol (mg) −.59* .001 .06 .779
Protein (g) −.71* <.001 −.05 .814
Protein (%E) −.61* .001 .01 .953
Polyunsaturated fatty acids (%E) −.20 .307 −.10 .642
Omega−3 (%E) −.55* .002 −.15 .478
Omega−6 (%E) −.21 .289 .06 .785
Total carbohydrates (%E) .47* .011 .15 .487
Fibre (g) −.43* .024 −.11 .625
Free sugars (%E) .21 .278 .39 .057
Starch (g) −.26 .190 −.16 .455
Sodium (g) −.50* .007 −.21 .329
Potassium (mg) −.45* .017 −.15 .498
Calcium (mg) −.22 .255 .14 .526
Phosphorus (mg) −.54* .003 −.04 .846
Magnesium (mg) −.47* .012 −.14 .515
Iron (mg) −.59* .001 −.24 .258
Zinc (mg) −.64* <.001 −.18 .410
Folate (µg) −.33 .086 −.16 .469
Iodine (µg) −.47* .012 −.01 .966
Selenium (µg) −.61* .001 −.19 .365
Vitamin A (RAE; µg) −.34 .081 −.05 .814
Vitamin D (ug) −.50* .006 −.27 .210
Vitamin E (mg) −.55* .002 −.18 .408
Vitamin K1 (µg) −.21 .288 .09 .675
Vitamin B6 (mg) −.19 .324 −.21 .333
Vitamin B12 (µg) −.50* .007 −.09 .680
Thiamin B1 (mg) −.33 .084 −.34 .105
Riboflavin B2 (mg) −.39* .042 −.20 .350
Vitamin B3 (mg) −.48* .009 −.18 .407
Vitamin C (mg) −.01 .951 −.07 .742
Caffeine (mg) .38* .048 −.32 .131

Table 1. Mean (standard deviation) consumption of macro- 
and micro-nutrients per day and the proportion meeting the 
dietary recommendations (according to sex and age) in 
children with TS and TD children.

TS (n = 43) TD (n = 38)
Mean (SD) Mean (SD)

Energy (kcal) 1449(448) 1363(376)
Energy (kJ) 6088(1880) 5728(1576)
% meeting EAR 9.3 15.8
Total fat (%E) 33.5(8.4) 32.4(9.8)
% meeting DRV 24(55.8) 26(68.4)
SFA (%E) 12.4(3.4) 12.2(3.9)
% meeting DRV 37.2 47.4
PUFA (%E) 4.6(2.7) 4.6(2.8)
n-3 PUFA (%E) .5(.5) .5(.5)
n-6 PUFA(%E) 3.2(2.6) 2.3(1.7)
Trans fat (%E) .5(.9) .4(.2)
Cholesterol (mg) 135.1(101.5) 177.6(129.2)
Protein (g) 53.65(22.9) 59.66(17.8)
Protein (%E) 14.7(3.5)* 17.9(5.0)
% meeting RNI 81.4 97.4
Total carbohydrates (%E) 51.8(8.7) 49.7(9.0)
% meeting DRV 58.1 57.8
Dietary fibre (g) 14.79(6.2) 14.51(6.5)
% meeting DRV 7 13.2
Free sugars (%E) 7.5(6.5) 7.2(4.2)
% meeting DRV 25.6 34.2
Starch (g) 108.76(32.4)* 93.03(31.4)
Sodium (g) 1.5(.8) 1.3(.5)
% meeting RNI 53.5 47.4
Potassium (mg) 1744.82(695.1) 1976.96(642.7)
% meeting RNI 25.6 34.3
Calcium (mg) 603.50(293.3) 578.30(251.1)
% meeting RNI 27.9 42.1
Phosphorus (mg) 815.7(325.9) 880.4(226.7)
% meeting RNI 72.1* 97.4
Magnesium (mg) 162.73(57.8) 171.19(55.8)
% meeting RNI 7 15.8
Iron (mg) 8.73(8.23) 7.18(2.39)
% meeting RNI 20.9 21.1
Zinc (mg) 5.15(2.6) 6.20(2.45)
% meeting RNI 16.3 28.9
Folate (µg) 161.6(70.4) 183.1(75.4)
% meeting RNI 37.2 57.9
Iodine (µg) 96.4(60.7) 87.0(40.3)
% meeting RNI 23.3 21.1
Selenium (µg) 35.2(29.3) 34.9(18.4)
% meeting RNI 30.2* 52.6
Vitamin A (RAE; µg) 439.27(403.5) 560.46(456.1)
% meeting RNI 23.3 39.5
Vitamin D (µg) 1.77(2.03) 2.03(2.3)
% meeting RNI 0 0
Vitamin E (mg) 6.69(4.0) 6.16(3.2)
Vitamin K1 (µg) 26.31(39.9) 36.76(43.8)
Vitamin B6 (mg) 1.28(1.0) 1.43(.7)
% meeting RNI 46.5* 76.3
Vitamin B12 (µg) 4.96(11.7) 3.40(1.9)
% meeting RNI 86.0 92.1
Thiamin B1 (mg) 1.0(.5) 1.1(.5)
% meeting RNI 65.1 78.9
Riboflavin B2 (mg) 1.2(.6) 1.1(.4)
% meeting RNI 48.8 55.3
Vitamin B3 (mg) 25.2(15.4) 28.8(11.2)
% meeting RNI 76.7* 97.4
Vitamin C (mg) 64.76(68.7) 92.39(62.9)
% meeting RNI 55.8* 81.6
Caffeine (mg) 6.46(27.8) 12.72(59.1)
Note: SFA, saturated fats; PUFA, polyunsaturated fats; n-3, omega-3; n-6, 

omega-6; RAE, retinol activity equivalent. *Significant differences.
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relationships between the number of fruit and veg-
etable servings consumed and food selectivity in either 
children with TS, r(28) = .017, p = .93, or TD children, 
r(24) = −.18, p = .405. Importantly, food selectivity 
was not significantly associated with BMI in either 
the children with TS, r(24) = −.11, p = .621, or TD 
children, r(22) = −.04, p = .861.

Discussion

Summary of main findings

The current study aimed to explore the nutrient intake 
of children with TS. While children with TS had a 
lower protein intake and a higher starch intake than 
TD children, the intake of other macro- and micro- 
nutrients appeared similar between the two groups. 
Compared to controls, children with TS consumed 
fewer portions of fruit and vegetables, along with 
meeting the national recommended guidelines signifi-
cantly less often for vitamins B3, B6 and C, selenium 
and phosphorus. In children with TS, food selectivity 
was found to be inversely associated with a range of 
macro- and micro-nutrients including total energy, 
protein, fibre, cholesterol, omega-3 fatty acids, a 
range of vitamins including B2, B3, B12, D and E, 
and minerals, such as sodium, potassium, magnesium, 
zinc, iron, iodine, selenium and phosphorus. Food 
selectivity was positively associated with both the 
total carbohydrates and caffeine intake in the TS 
group only.

Comparison with existing literature

Aligned with the research in adults with TS [33], chil-
dren with this diagnosis were found to have greater 
consumption of starch compared to TD children. 
These findings echo research in other neurodevelop-
mental disorders, that has shown a preference for 
energy-dense, high carbohydrate-rich food intake 
and associated with increased weight gain in children 
with ASD [34]. The increased starch intake identified 
could also potentially be linked with an adverse meta-
bolic profile and may account differences found in gut 
microbiota [26]. Although it is difficult to ascertain the 
food source and type of starch in this study, children 
with TS are more likely to prefer foods that contain 
higher levels of rapidly digestible starch that could 
adversely impact their metabolic health via higher 
postprandial blood glucose and insulin responses. 
Children with TS were also found to have a lower 
protein percentage of energy intake compared to TD 
children, which may be accounted for by their reduced 

preference for meat that has been previously reported 
[11].

In addition to consuming fewer portions of fruit 
and vegetables, fewer children with TS also met 
these dietary recommendations amounts compared 
to the TD children, except for fat and sugars, in 
which a greater number exceeded the RNI. Children 
with TS met the RNI less often for some minerals 
including selenium and phosphorus and specific vita-
mins including vitamin B3, vitamin B6 and vitamin C, 
were nutrients which children with TS than TD chil-
dren, a trend mirrored in children with ASD (e.g. 
[35]). Therefore, children with TS appear to be at 
greater risk of micronutrient-related malnutrition 
which could have important growth and health conse-
quences. For example, vitamin B6, vitamin C and sel-
enium all contribute to the typical functioning of the 
immune system, whereas low vitamin C levels can be 
linked with deficiency has been associated with weak-
ness, fatigue and aching joints and muscles. The 
reduced vitamin C intake in children with TS may 
be accounted for by the low consumption of fruit 
and vegetables observed in the current study. Niacin 
B3 and phosphorus also provide important functions 
with both contributing to how the body uses and 
breaks down carbohydrates, proteins and fats into 
energy [19]. It is also important to note that none of 
the children in either group met the RNI for vitamin 
D; however, vitamin D in children and adolescents is 
generally significantly below the recommendations 
in the United Kingdom [36].

Strength and limitations

While food selectivity has previously been reported in 
children with TS [11,12], this is the first study to 
associate this eating behaviour with poorer nutrient 
intake. More specifically, greater food selectivity was 
associated with greater caffeine intake, which has pre-
viously been found to worsen the severity and fre-
quency of tics [8]. Therefore, the current results are 
seemingly supportive of anecdotal reports that food 
selectivity may indirectly influence some tic-related 
behaviours; however, further research is needed to 
confirm this suggestion. In addition to this, greater 
food selectivity was also associated with lower energy, 
protein and omega-3 fatty acids intake as well as many 
vitamins and minerals in children with TS. Therefore, 
managing underlying predictors of heightened food 
selectivity in children with TS may help to support 
an adaptive nutritional intake.

A significant difference in BMI levels between chil-
dren with TS and TD children was also identified in 

6 B. L. SMITH ET AL.



the current study, with significantly more children 
with TS likely to fall outside the healthy range and 
fall within the overweight and obese categories. In 
the current study, food selectivity was not associated 
with BMI in either group, suggesting that there are 
other factors which may influence BMI and dietary 
intake; for example, the effect of medication on 
body growth and weight in TS has also been noted. 
Neuroleptic drugs have been found to increase both 
BMI and waist circumference percentiles in individ-
uals with TS [37]. This is important as there appears 
little guidance for professionals to follow changes in 
weight in this population and any resultant effects 
on their dietary behaviour. There also exists a clear 
need for more longitudinal studies, not only addres-
sing changes in weight following medication but 
also studies that examine its impact on diet and 
those choosing to follow restricted diets and/or sup-
plement use in TS.

This study has several limitations. Whilst using a 
24-hour dietary recall offers insight into food con-
sumption and often more accurate information 
than food frequency questionnaires or retrospective 
recall (e.g. [38]), to fully understand food intake 
four-day repeated food diaries or methods involving 
direct observation may offer more accurate nutri-
tional values. Repetition of methods accounts for 
variability in daily intake, which is particularly 
important for assessing some vitamins. Moreover, 
portion sizes were measured using a standardised 
measure; there is greater variability in the hetero-
geneity of eating patterns which should be evaluated 
for individual differences due to unique dietary 
patterns.

Implications for future research and clinical 
practice

Given some differences were found in children with 
TS macro- and micronutrient intake, along with pre-
vious research showing children with TS to be more 
selective eaters, further research is warranted to 
explore the nutrient intake in children with TS and 
subsequently, explore potential intervention strategies 
which may help to improve nutritional status. Whilst 
authors acknowledge nutritional status does not solely 
depend on nutrient consumption but also absorption 
and metabolic processing and demand [39], determin-
ing nutrient intake is a start for taking action to 
improve nutrition and subsequently, health and well-
being in children with TS.

It is encouraged that clinicians are willing to 
openly integrate discussions with individuals and 

families regarding dietary intake, weight, and wider 
nutritional concerns in the initial stages of diagnosis 
and treatment. An accurate understanding of the 
unique nutritional risk of children with TS relative 
to neurotypical children is important to clinicians 
overseeing nutritional inspection in primary care 
and caregivers concerned about the impact of limited 
or restricted diets.

Conclusion

This is the first study, to our knowledge, to explore 
differences in macro- and micronutrient intake in 
children with TS. These results suggest that children 
with TS could have a tendency for a more nutrition-
ally unbalanced diet and could represent an impor-
tant public health concern as poor food choices in 
childhood have been linked to adverse physical and 
mental implications later in life (e.g. [13]). Further 
research to confirm initial findings and integration 
of nutritional intake conversations within clinics 
will aid in the management of nutritional deficiencies 
in children with TS.

Data availability
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not available.

Acknowledgements

Authors would like to express our gratitude to all of the 
families who took part in our research and to Tourettes 
Action for their support with recruitment.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Notes on contributors

Bobbie Smith is a Lecturer in Psychology at the University of 
Hertfordshire. She specialises in research exploring disor-
dered eating patterns and dietary behaviours in individuals 
with neurodevelopmental conditions.
Katerina Vafeiadou is a Senior Lecturer in Nutrition at the 
University of Hertfordshire and a registered nutritionist. Her 
main research interest is the association between diet, over-
weigh and obesity and cardiovascular disease risks.
Amanda Ludlow is a Reader in Psychology and Head of the 
Psychology and NeuroDiversity Applied Research Unit at 
the University of Hertfordshire. She specialises in research 

NUTRITIONAL NEUROSCIENCE 7



addressing the impact on living with a neurodevelopmental 
disorder both from the child and family perspective; and has 
published in areas addressing parental stress and daily chal-
lenges, ability to access adult and mental health services, 
child-led sensory and eating difficulties.

ORCID

Bobbie L. Smith http://orcid.org/0000-0002-8824-3407

References

[1] Woo HD, Kim DW, Hong YS, Kim YM, Seo JH, Choe 
BM, et al. Dietary patterns in children with attention 
deficit/hyperactivity disorder (ADHD). Nutrients. 
2014;6(4):1539–53. doi:10.3390/nu6041539.

[2] Esteban-Figuerola P, Canals J, Fernández-Cao JC, 
Arija Val V. Differences in food consumption and 
nutritional intake between children with autism spec-
trum disorders and typically developing children: a 
meta-analysis. Autism. 2019;23(5):1079–95. doi:10. 
1177/1362361318794179.

[3] Joshi K, Lad S, Kale M, Patwardhan B, Mahadik SP, 
Patni B, et al. Supplementation with flax oil and vita-
min C improves the outcome of Attention Deficit 
Hyperactivity Disorder (ADHD). Prostaglandins, 
Leukotrienes Essent Fatty Acids. 2006;74(1):17–21. 
doi:10.1016/j.plefa.2005.10.001.

[4] Amminger GP, Berger GE, Schäfer MR, Klier C, 
Friedrich MH, Feucht M. Omega-3 fatty acids sup-
plementation in children with autism: a double-blind 
randomized, placebo-controlled pilot study. Biol 
Psychiatry. 2007;61(4):551–3. doi:10.1016/j.biopsych. 
2006.05.007.

[5] American Psychiatric Association. Diagnostic and 
statistical manual of mental disorders. 5th ed.; DSM- 
5. Arlington (VA): American Psychiatric Publishing; 
2013.

[6] Stern JS, Burza S, Robertson MM. Gilles de la 
Tourette’s syndrome and its impact in the UK. 
Postgrad Med J. 2005;81(951):12–9.

[7] Cavanna AE, Spini L, Ferrari S, Purpura G, Riva A, 
Nacinovich R, Seri S. Functional tic-like behaviors: 
from the COVID-19 pandemic to the post-pandemic 
era. Healthcare. 2024;12(11):1106.

[8] Davis RE, Osorio I. Childhood caffeine tic syndrome. 
Pediatrics. 1998;101(6):e4–e4. doi:10.1542/peds.101.6.e4.

[9] Müller-Vahl KR, Buddensiek N, Geomelas M, Emrich 
HM. The influence of different food and drink on tics 
in Tourette syndrome. Acta Paediatr. 2008;97(4):442– 
6. doi:10.1111/j.1651-2227.2008.00675.x.

[10] Ludlow AK, Rogers SL. Understanding the impact of 
diet and nutrition on symptoms of Tourette syn-
drome: a scoping review. J Child Health Care. 
2018;22(1):68–83. doi:10.1177/1367493517748373.

[11] Smith B, Rogers SL, Blissett J, Ludlow AK. The role of 
sensory sensitivity in predicting food selectivity and 
food preferences in children with Tourette syndrome. 
Appetite. 2019;135:131–6. Doi:10.1016/j.appet.2019. 
01.003.

[12] Smith B, Ludlow A. An exploration of eating beha-
viours and caregiver mealtime actions of children 
with Tourette syndrome. Front Pediatr. 
2022;10:933154. doi:10.3389/fped.2022.933154.

[13] Taylor CM, Northstone K, Wernimont SM, Emmett 
PM. Macro-and micronutrient intakes in picky eaters: 
a cause for concern? Am J Clin Nutr. 2016;104 
(6):1647–56.

[14] Evans EW, Must A, Anderson SE, Curtin C, Scampini 
R, Maslin M, Bandini L. Dietary patterns and body 
mass index in children with autism and typically 
developing children. Res Autism Spectr Disord. 
2012;6(1):399–405.

[15] Schreck KA, Williams K. Food preferences and factors 
influencing food selectivity for children with autism 
spectrum disorders. Res Dev Disabil. 2006;2(4):353–63.

[16] Pérez-Rodrigo C, Ribas L, Serra-Majem LL, Aranceta 
J. Food preferences of Spanish children and young 
people: the enKid study. Eur J Clin Nutr. 2003;57(1): 
S45–8.

[17] Ricketts CD. Fat preferences, dietary fat intake and 
body composition in children. Eur J Clin Nutr. 
1997;51(11):778–81.

[18] Gorman DA, Zhu H, Anderson GM, Davies M, 
Peterson BS. Ferritin levels and their association 
with regional brain volumes in Tourette’s syndrome. 
Am J Psychiatry. 2006;163(7):1264–72. doi:10.1176/ 
ajp.2006.163.7.1264.

[19] Grimaldi BL. The central role of magnesium 
deficiency in Tourette’s syndrome: causal relation-
ships between magnesium deficiency, altered bio-
chemical pathways and symptoms relating to 
Tourette’s syndrome and several reported comorbid 
conditions. Med Hypotheses. 2002;58(1):47–60. 
doi:10.1054/mehy.2001.1447.

[20] Kompoliti K, Fan W, Leurgans S. Complementary and 
alternative medicine use in Gilles de la Tourette syn-
drome. Mov Disord. 2009;24(13):2015–9. doi:10. 
1002/mds.22724.

[21] Mantel BJ, Meyers A, Tran QY, Rogers S, Jacobson JS. 
Nutritional supplements and complementary/alterna-
tive medicine in Tourette syndrome. J Child Adolesc 
Psychopharmacol. 2004;14(4):582–9. doi:10.1089/cap. 
2004.14.582.

[22] Gabbay V, Babb JS, Klein RG, et al. A Double-Blind, 
Placebo-Controlled Trial of Omega-3 Fatty Acids in 
Tourette’s Disorder. Pediatrics. 2012;129(6):e1493– 
e1500. doi:10.1542/peds.2011-3384.

[23] Wu CC, Wong LC, Hsu CJ, Yang CW, Tsai YC, Cheng 
FS, … Lee WT. Randomized controlled trial of probio-
tic PS128 in children with Tourette syndrome. 
Nutrients. 2021;13(11):3698.

[24] Rizzo R, Prato A, Scerbo M, Saia F, Barone R, Curatolo 
P. Use of nutritional supplements based on L- 
Theanine and Vitamin B6 in children with Tourette 
syndrome, with anxiety disorders: a pilot study. 
Nutrients. 2022;14(4):852, doi:10.3390/nu14040852.

[25] Liang H, Sun X, Ma A, Liu Y. Evaluation of dietary 
behavior and nutrient intake in patients with 
Tourette Syndrome. FASEB J. 2015;29:911–6.

[26] Xi W, Gao X, Zhao H, Luo X, Li J, Tan X, et al. 
Depicting the composition of gut microbiota in 

8 B. L. SMITH ET AL.

http://orcid.org/0000-0002-8824-3407
https://doi.org/10.3390/nu6041539
https://doi.org/10.1177/1362361318794179
https://doi.org/10.1177/1362361318794179
https://doi.org/10.1016/j.plefa.2005.10.001
https://doi.org/10.1016/j.biopsych.2006.05.007
https://doi.org/10.1016/j.biopsych.2006.05.007
https://doi.org/10.1542/peds.101.6.e4
https://doi.org/10.1111/j.1651-2227.2008.00675.x
https://doi.org/10.1177/1367493517748373
https://doi.org/10.1016/j.appet.2019.01.003
https://doi.org/10.1016/j.appet.2019.01.003
https://doi.org/10.3389/fped.2022.933154
https://doi.org/10.1176/ajp.2006.163.7.1264
https://doi.org/10.1176/ajp.2006.163.7.1264
https://doi.org/10.1054/mehy.2001.1447
https://doi.org/10.1002/mds.22724
https://doi.org/10.1002/mds.22724
https://doi.org/10.1089/cap.2004.14.582
https://doi.org/10.1089/cap.2004.14.582
https://doi.org/10.1542/peds.2011-3384
https://doi.org/10.3390/nu14040852


children with tic disorders: an exploratory study. J 
Child Psychol Psychiatry. 2021;62(10):1246–54. 
doi:10.1111/jcpp.13409.

[27] Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass 
index cut offs to define thinness in children and adoles-
cents: international survey. Br Med J. 2007;335 
(7612):194, doi:10.1136/bmj.39238.399444.55.

[28] Woods DW, Piacentini J, Himle MB, Chang S. 
Premonitory Urge for Tics Scale (PUTS): initial psy-
chometric results and examination of the premonitory 
urge phenomenon in youths with Tic disorders. J Dev 
Behav Pediatr. 2005;26(6):397–403.

[29] Wardle J, Guthrie CA, Sanderson S, Rapoport L. 
Development of the children’s eating behaviour ques-
tionnaire. The Journal of Child Psychology and 
Psychiatry and Allied Disciplines. 2001;42(7):963–70. 
doi:10.1017/S0021963001007727.

[30] Food Standards Agency (FSA). Consumer engage-
ment strategy. FSA 05/07/04. London: FSA; 2005.

[31] Department of Health committee on the medical 
aspects of food policy. Dietary reference values for 
food energy and nutrients for the United Kingdom: 
Report of the Panel on Dietary Reference of the 
Committee on Medical Aspects of Food Policy. HM 
Stationery Office; 1991.

[32] British Nutrition Foundation. Nutrition requirements; 
2021. https://www.nutrition.org.uk/media/1z2ekndj/ 
nutrition-requirements-update.pdf.

[33] Liang H, Sun X, Ma A, Liu Y. Evaluation of dietary 
behavior and nutrient intake in patients with 

Tourette Syndrome. FASEB J. 2015;29:911–6. doi:10. 
1096/fasebj.29.1_supplement.911.16.

[34] Williams KE, Gibbons BG, Schreck KA. Comparing 
selective eaters with and without developmental dis-
abilities. J Dev Phys Disabil. 2005;17(3):299–309. 
doi:10.1007/s10882-005-4387-7.

[35] Herndon AC, DiGuiseppi C, Johnson SL, Leiferman 
J, Reynolds A. Does nutritional intake differ between 
children with autism spectrum disorders and chil-
dren with typical development? J Autism Dev 
Disord. 2009;39(2):212–2. doi:10.1007/s10803-008- 
0606-2.

[36] Smith TJ, Tripkovic L, Damsgaard CT, Mølgaard C, 
Ritz C, Wilson-Barnes SL, et al. Estimation of the diet-
ary requirement for vitamin D in adolescents aged 14– 
18 y: a dose-response, double-blind, randomized pla-
cebo-controlled trial. Am J Clin Nutr. 2016;104 
(5):1301–9.

[37] Pringsheim T, Ho J, Sarna JR, Hammer T, Patten S. 
Feasibility and relevance of antipsychotic safety moni-
toring in children with Tourette syndrome: a prospective 
longitudinal study. J Clin Psychopharmacol. 2017;37 
(5):498–504. doi:10.1097/JCP.0000000000000760.

[38] Barrett-Connor E. Nutrition epidemiology: how do we 
know what they ate? Am J Clin Nutr. 1991;54(1):182S–7S.

[39] Adams JB, Audhya T, McDonough-Means S, Rubin 
RA, Quig D, Geis E, et al. Nutritional and metabolic 
status of children with autism vs. neurotypical chil-
dren, and the association with autism severity. Nutr 
Metab (Lond). 2011;8(1):1–32.

NUTRITIONAL NEUROSCIENCE 9

https://doi.org/10.1111/jcpp.13409
https://doi.org/10.1136/bmj.39238.399444.55
https://doi.org/10.1017/S0021963001007727
https://www.nutrition.org.uk/media/1z2ekndj/nutrition-requirements-update.pdf
https://www.nutrition.org.uk/media/1z2ekndj/nutrition-requirements-update.pdf
https://doi.org/10.1096/fasebj.29.1_supplement.911.16
https://doi.org/10.1096/fasebj.29.1_supplement.911.16
https://doi.org/10.1007/s10882-005-4387-7
https://doi.org/10.1007/s10803-008-0606-2
https://doi.org/10.1007/s10803-008-0606-2
https://doi.org/10.1097/JCP.0000000000000760

	Abstract
	Introduction
	Method
	Participants
	Data collection
	Dietary analysis
	Statistical analysis

	Results
	Baseline characteristics
	Differences in nutrient intake and comparison of intake against dietary recommendations
	Differences in fruit and vegetable consumption

	Relationships between food selectivity, nutrient intake, fruit and vegetable consumption and BMI

	Discussion
	Summary of main findings
	Comparison with existing literature
	Strength and limitations
	Implications for future research and clinical practice

	Conclusion
	Data availability
	Acknowledgements
	Disclosure statement
	Notes on contributors
	ORCID
	References

