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Abstract
Impulsivity and dietary restraint have been found to interact to affect
dietary intake in adults. Few studies have explored this effect in children. The
current study therefore aimed to investigate the interactive effects of
behavioural impulsivity and dietary restraint on intake. Fifty 7-11-year-olds
participated in this laboratory-based study. Impulsivity was assessed through
behavioural tasks measuring a number of impulsivity facets. Children selfreported dietary restraint. Children visited the lab and had access to a range
of snack foods; intake was recorded. Hunger at arrival was assessed. A
series of 2 x 2 between-subjects ANCOVAs indicated that motor impulsivity
and dietary restraint interacted to affect intake. Reward sensitivity, delay of
gratification and inhibitory control did not interact with dietary restraint. Posthoc analyses indicated that children high in motor impulsivity and restraint ate
significantly more snacks than restrained children low in motor impulsivity.
Furthermore, children low in motor impulsivity but high in dietary restraint
were better at inhibiting their intake than children low in impulsivity and dietary
restraint. The results indicate that high levels of impulsivity or dietary restraint
in isolation do not affect children’s dietary intake but that their combination
may lead to overeating in food rich environments.
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Interactive effects of motor impulsivity and dietary restraint over snack
intake in children
Research has shown that impulsivity plays an important role in eating
behaviour and weight regulation. Impulsivity is a multifaceted construct
considered to be a stable personality trait, that develops over the life-span
and can be affected by situational demands [1, 2]. Impulsivity has been
defined as a tendency to react fast, without planning or foresight, to a range of
internal and external stimuli [3]. Behavioural impulsivity can be expressed in a
variety of ways such as reward sensitivity, the ability to delay gratification,
response speed, inhibitory control, motor impulsivity and reflectivity, with
previous research linking all of these impulsivity facets with eating behaviour
and weight. Higher impulsivity levels are thought to make it more difficult to
resist palatable, immediately available foods, which tend to be higher in sugar,
salt and fat compared to healthier foods. Furthermore, healthier foods often
require more effortful preparation, and sometimes it is necessary to delay
access to less healthy foods to achieve long-term healthy eating or weight
loss goals [4, 5]. Thus, the different facets of impulsivity may be implicated in
eating behaviours in different ways.
Each of the facets of impulsivity can be measured through behavioural
tasks [5, 6]. Impulsivity can also be assessed through questionnaires but it
may be difficult for children, especially those high in impulsivity, to accurately
report their impulsivity levels. Furthermore, to accurately measure the different
facets of impulsivity, it may be particularly useful to utilise behavioural
measures of impulsivity with younger populations [4]. A number of impulsivity
facets such as reward sensitivity and the ability to delay gratification have
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been found to be elevated in overweight compared to healthy weight
individuals [e.g. 5, 7] and inhibitory control and reward sensitivity in early
childhood have been found to be predictive of later weight and obesity risk [8].
Motor impulsivity and an ability to slow down responses have received limited
attention but may also impact on children’s eating behaviour [9]. Research
has also indicated that impulsivity, especially the facet of inhibitory control, is
linked with dietary restraint and that high levels of impulsivity in combination
with high levels of dietary restraint may be particularly detrimental to eating
behaviour in adults [e.g. 4, 10]. Hence, impulsivity may be particularly relevant
to dieting success and failure. High levels of dietary restraint combined with
poor inhibitory control may be linked with disinhibited eating tendencies and
dieting failure [5, 9]. Jansen et al. [4] e.g. examined the interactive effect of
impulsivity and dietary restraint in a sample of female, healthy weight, college
students. Females were grouped as high or low in dietary restraint on the
basis of validated cut-off scores, and they were classed as high or low in
impulsivity on the basis of a median-split of their performance on the StopSignal Task. The authors found that restrained females only over-ate if they
were also impulsive. Furthermore, Van Koningsbruggen et al. [5] found that
restrained eaters with lower levels of self-reported trait impulsivity were more
likely to be successful dieters. In unrestrained eaters, impulsivity had no
impact on dieting success. The authors suggest that lower levels of impulsivity
may aid restrained eaters to form associative links between tempting foods
and thoughts of dieting, leading them to engage in more successful dietary
restraint in the long-term [12, 13]. Meule et al. [10] explored the impact of
dietary restraint and food/non-food cues on behavioural disinhibition
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measured by a Go-No/Go task. Participants were classed as high or low in
dietary restraint using a median split of their score on the restraint scale.
Interestingly, these authors noted that restrained eaters made fewer
commission errors irrespective of cue type, while having greater response
latencies when confronted with food cues only. These results suggest that
restrained eaters may be less impulsive but may be biased towards attending
to food cues.
Overall, research has indicated that impulsivity and dietary restraint
impact on eating behaviour and weight in children and adults. Additionally,
both factors have been found to interact with each other, affecting eating
behaviour in adults. To date research has not addressed whether similar
interactive effects of impulsivity and dietary restraint on eating behaviour can
be observed in a non-clinical sample of children, nor has it examined which
aspects of impulsivity might be most important in predicting children’s eating
behaviour. Unpicking which impulsivity facets play a significant role in the
context of disinhibited eating and dieting failure will allow the development of
targeted interventions to improve intake regulation in food environments that
could lead to excess intake in children and adults.

Aims and hypotheses
This study aimed to explore the interactive effects of impulsivity and
dietary restraint on eating behaviour in 7-11-year-olds. To unpick which
impulsivity facets are particularly relevant to eating behaviour in children the
effects of four different impulsivity facets (reward sensitivity, ability to delay
gratification, ability to inhibit prepotent responses to non-food stimuli, and
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motor impulsivity) were explored in this context. Based on previous research it
was hypothesized that impulsivity and dietary restraint would interact; children
with high compared to low levels of impulsivity and dietary restraint would
consume more calories from a snack than children low in impulsivity or dietary
restraint, or both factors.

Method
Participants
Fifty 7-11-year-olds and their parents participated and were recruited
through the Infant and Child Laboratory (ICL) database, from schools in and
around Birmingham (UK) and through an advert in a parent magazine
(Families) delivered in and around Birmingham. Exclusion criteria included the
presence of known food allergies, of disorders affecting eating, current or
recent major illness or diagnosed intellectual disabilities and diagnosed
impulsivity-related or anxiety disorders. Overall, 77 parents were contacted of
whom 50 agreed to participate (65% response rate). The sample’s
demographic characteristics can be seen in Table 1.

Measures
Demographic information. Mothers provided information on their child’s
age and gender, their own age, ethnicity, their annual household income and
level of education. Mothers and children were measured and weighed by a
trained researcher at the laboratory, wearing light indoor clothing, without
shoes. Where fathers attended (n=2) mothers were contacted and their self-
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reported height and weight were recorded. Maternal BMIs and child BMI zscores, adjusting for age and gender, were calculated.
Restrained eating. The Dutch Eating Behaviour Questionnaire-Child
version (DEBQ-C) [14] was used to assess self-reported restrained eating
behaviour in children. The seven items are written in question form, using a 3point Likert scale ranging from 1 (No) to 3 (Yes). The scale is validated for use
with children from 7 years. Cronbach’s alpha for the Restrained Eating
subscale was .77, indicating good internal consistency.
Hunger. Child hunger was measured using the Teddy Picture Rating
Scale [15]. The scale consists of five black and white cartoon bear silhouettes
with labels describing varying levels of hunger ranging from 1 (very hungry) to
5 (not hungry at all/very full).
Impulsivity. Behavioural impulsivity facets were measured through four
behavioural tasks. Reward sensitivity was measured using the Door Opening
task [16, 17]. Children could open up to 100 sequentially presented doors,
through a key-press. Behind each door either a happy face, associated with
winning a point or a sad face, associated with losing a point, was displayed.
After each block of ten doors the probability of finding a happy face reduced
by 10%. The number of doors opened dependent variable (DV) was recorded
as an indicator of reward sensitivity, with more impulsive children opening
more doors.
The ability to delay gratification was measured using the Delay
Discounting task [18]. Over four practice and 32 experimental trials children
selected either an immediate small reward (one plastic counter) or a larger
delayed reward (two plastic counters) through a key press. Counters could be
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exchanged for stickers (more counters equalled more stickers) at the end of
the session. The number of trials in which a larger delayed reward was
selected was recorded (DV) and a greater number of delays were indicative of
a greater ability to delay gratification and lower levels of impulsivity.
The ability to inhibit prepotent responses to non-food stimuli was
measured using the Go/No-Go task (GNG task) [19]. Children were asked to
respond to one of two stimuli with a key press (sun) while inhibiting the
response to the other stimulus (flower). The task consisted of 12 practice trials
and 100 experimental trials. The ratio between targets and non-targets was
3:1. Errors of commission and Go trial reaction time (RT) were recorded, with
more errors (poorer inhibitory control) and faster RT (i.e. numerically lower,
faster response speed) reflecting higher levels of impulsivity.
Motor impulsivity was measured by the Circle Drawing task (CDT) [17,
20]. Children traced the outline of a large circle (ø=50.8cm), drawn onto a
wooden square, with their index finger, once without instruction and while
being told to trace as slowly as possible. The tracing time during the inhibition
condition was recorded. Slower tracing (i.e. larger values) indicated lower
motor impulsivity.
The order in which behavioural tasks were administered was
counterbalanced.
Snack composition and preparation. Children had access to six different
sweet and savoury snack foods that varied in fat and sugar content during a
10-minute snack session. The foods consisted of 130g chocolate chip cookies
(496kcal/100g), 300g Haribo Gold Bears (348kcal/100g), 70g salted crisps
(536kcal/100g), 90g salted pretzels (378kcal/100g), 280g green grapes
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(69kcal/100g) and 200g carrot sticks (35kcal/100g). Overall calorie intake was
calculated. Water was available throughout the snack session.

Procedure
Parents and children visited the ICL. At arrival children completed a
hunger rating, which was followed by the completion of a range of
questionnaires and impulsivity tasks. Parents completed demographic
questionnaires in an adjacent room and were able to see their child through a
one-way mirror at all times. After completing the questionnaires and
impulsivity tasks children had access to a range of snack foods over a 10minute period, during which the researcher left the room. Children also had
access to reading and colouring materials during the snack session. After ten
minutes the researcher re-entered the room, removed the foods and recorded
intake. Following the snack session children chose a toy and stickers as a
thank you for participation. Parents were reimbursed (£5) for their travel
expenses and debriefed at the end of the visit. The Ethical Review Committee
of the University of Birmingham approved this study (ERN 12-0465P).

Statistical analysis
SPSS version 20 statistical software was used to analyse the data. The
criterion alpha for significance was .05. Histograms were inspected and
indicated that the majority of data, except for hunger ratings, were normally
distributed. Data from four children was excluded on all analyses involving the
CDT, as their performance was anomalous (slow tracing time more than three
SD above the mean).

Initially, descriptive statistics for impulsivity were
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calculated and potential gender differences explored using independent
samples t-tests. The impact of potential covariates on intake, dietary restraint
and impulsivity was assessed. Additionally, the impact of hunger on intake
was assessed through Spearman’s rank correlations. Next, a series of 2
(Impulsivity: high vs. low) X 2 (Dietary restraint: high vs. low) betweensubjects ANOVAs, controlling for significant covariates, were carried out to
examine whether impulsivity and dietary restraint interacted to affect calorie
intake. Children were grouped as high or low in restraint and impulsivity using
median splits of DEBQ-C and impulsivity task performance scores; this
approach has been successfully used by other researchers exploring
interactive effects in these measures [4, 7, 10]. Post-hoc analyses were
carried out to follow-up significant interactive effects. In response to a
reviewer’s query we also conducted regression analyses of these data, using
dietary restraint and impulsivity measures as continuous variables, and their
interaction terms, to predict calorie intake. These analyses can be seen in
Supplementary Table I.

Results
Demographic characteristics
Table 1 shows the demographic characteristics of the overall sample.
Analyses indicated that there were no gender differences in child age (t(48)=.14, p=.89), weight (t(41.78)=-1.53, p=.13) or performance on the impulsivity
tasks (See Supplementary Table II). Table 2 shows an overview of task
performance on the behavioural impulsivity tasks and Median scores used to
provide median-splits for the subsequent analyses. Performance on the
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individual impulsivity tasks was comparable to other studies exploring links
between impulsivity and eating behaviour in non-clinical samples of children.
DEBQ-C Restraint scores ranged from 1 to 3 (M=1.89; SD=.48; MDN=1.86),
which is comparable to restraint scores in 7-12-year-olds previously reported
(M=1.59, SD=.5) [13]. Information on the breakdown of the number of children
scoring high/low on impulsivity tasks overall and broken down by dietary
restraint (high/low) can be seen in Supplementary Table III.
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Table 1
Demographic characteristics of the sample (N=50)
Variables
Parent Characteristics
Child Characteristics
Gender

48 female, 2 male

28 female, 22 male

Age, mean (SD)

38.44 (5.41)

8.22 (1.05)

Age range

27 – 50

7 – 11

BMI, mean (SD)+

25.86 (4.7)

.35 (1.07)*

Range

18.86 – 45.79

-2.19 – 2.71

Educational level

30% Undergraduate degree (n=15)
26% A-Levels (n=13)
24% Qualified professional (n=12)
18% Postgraduate degree (n=9)
2% GCSEs (n=1)

Ethnicity

82% White Caucasian (British/Irish) (n=41)
6% Asian (n=3)
6% Black (African/Caribbean) (n=3)
2% Chinese (n=1)
2% Mixed (n=1)
2% Other (n=1)

+ BMIs (mean and SD) of mothers measured and weighed by a trained
researcher in the laboratory.
* For children BMIs (mean and SD) are adjusted for their age and gender
(BMI z-scores).

Table 2
Overview of impulsivity task performance scores and Medians for mediansplits

Door Opening task:

Mean (SD)

Min

Max

MDN

43.74 (32.06)

1

100

40

Doors Opened
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Delay of Gratification task:

9.66 (8.64)

0

32

7.5

370.69 (29.01)

295.69

423.38

375.5

8.26 (3.12)

2

15

8

69.19 (42.69)

4.62

187.97

59.81

Number of Delays
GNG task:
Go trial RT (msec)
GNG task:
Errors of Commission
CDT: Slow Tracing Time (s)

Covariates
Analyses exploring the influence of confounding variables (child BMI zscores, age, hunger) on calorie intake indicated that BMI-z scores were
positively associated with intake (r(49)=.3, p=04). Analyses exploring
differences in intake between children with high vs. low impulsivity and dietary
restraint levels therefore controlled for child BMI-z score. Spearman’s Rank
correlations indicated that hunger and intake were not related (rs(49)=-.23,
p=.12). Additionally, associations between confounding variables and dietary
restraint and each of the impulsivity measures were explored. These analyses
indicated that child age was positively correlated with errors of commission
(r(47)=.31, p=.03); no other associations were observed.

Interactive effects between impulsivity and dietary restraint
A series of 2 (Impulsivity: high vs. low) X 2 (Dietary Restraint: high vs.
low)

between-subjects

ANCOVAs

were

carried

out

to

explore

the

hypothesised interaction of impulsivity and dietary restraint affecting calorie
intake; analyses controlled for child BMI z-score (Table 3). Overall, there were
no significant main effects of impulsivity, measured by any of the behavioural
tasks, or dietary restraint on intake. There were also no interactions between
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dietary restraint and three of the four measured facets of impulsivity (reward
sensitivity, ability to delay gratification, ability to inhibit prepotent responses to
non-food stimuli) on calorie intake. Motor impulsivity as measured by the
CDT, and dietary restraint interacted to affect calorie intake (F(1, 40)=6.14,
p=.02, partial η2=.13; Figure 1).
Post-hoc analyses indicated that there was a significant difference in
calorie intake for children who were high in dietary restraint and either high or
low in motor impulsivity (F(1,37)=5.04, p=.03). Children high in dietary
restraint and in impulsivity consumed significantly more calories from snacks
(M=385.08, SD=191.81) than children high in dietary restraint and low in
impulsivity (M=245.81, SD=174.88). In addition, post-hoc analyses indicated
that there was a significant difference in calorie intake in children who were
low in motor impulsivity but either high or low in dietary restraint (F(1,
37)=5.23, p=.03). Children who were low in motor impulsivity but high in
dietary restraint ate significantly fewer calories from snacks (M=245.81,
SD=174.88) than children low in impulsivity and low in dietary restraint
(M=375.76, SD=194.12). Children high in impulsivity but low in dietary
restraint did not differ in intake from the other children (M=301.18,
SD=150.99).

Table 3
Interactive effects of impulsivity and dietary restraint affecting calorie intake
Calorie Intake+
Door Opening task X DEBQ-C Restraint

F(1, 28)=.01, p=.94, partial η2=0

Delay of Gratification task X DEBQ-C

F(1, 40)=.07, p=.8, partial η2=.002
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Calorie Intake+
Restraint
F(1, 39)=.11, p=.74, partial η2=.003

GNG task: Go trial RT X DEBQ-C
Restraint

F(1, 41)=1.3, p=.26, partial η2=.03

GNG task: Errors of commission X
DEBQ-C Restraint*

F(1, 40)=6.14, p=.02, partial η2=.13

CDT Slow X DEBQ-C Restraint
+ Controlling for child BMI z-score
*Controlling for child age

Interactive effects of impulsivity and dietary restraint
affecting calorie intake
700

*
*

600

Calories

500
400
300
200
100
0
Low Restraint

High Restraint

High Impulsivity

Low Restraint

High Restraint

Low Impulsivity

Figure 1. Interactive effects of impulsivity measured by the CDT and dietary
restraint affecting calorie intake. Error bars indicate ±1SD.
* p<.05
Supplementary analyses
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Regression analyses (See Supplementary Table I) demonstrated that there
were no effects of restraint or impulsivity or their interaction terms, when
treated as continuous variables, on intake.
Discussion
The current study aimed to assess the interactive effects of impulsivity,
measured by a number of behavioural tasks capturing different impulsivity
facets and dietary restraint, on eating behaviour in healthy weight 7-11-yearolds. Research in children has identified links between impulsivity and weight,
poorer food choices and dieting success [21, 22]. Additionally, impulsivity
(inhibitory control) has been found to interact with dietary restraint in adults
[e.g. 4]. Up to now, research has not investigated the interactive effects of
impulsivity and dietary restraint on eating behaviour in children. The results of
the current study showed that in ANCOVA analyses using median splits,
motor impulsivity and dietary restraint interacted to affect calorie intake. No
other aspects of impulsivity affected intake, directly or in interaction with
restraint in these analyses.
It was hypothesized that dietary restraint and impulsivity would interact,
indicating that children with high scores on both factors would consume more
calories than children scoring low on either or both factors. Findings from the
adult literature have highlighted that combinations of impulsivity and restraint
can lead to disinhibited eating in food-rich environments [4, 5, 11]. In line with
this hypothesis, children high in motor impulsivity and dietary restraint
consumed more calories than children low in motor impulsivity and high in
restraint. Furthermore, children low in impulsivity but high in dietary restraint
consumed fewer calories than children low in impulsivity and dietary restraint.
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Overall, this pattern suggests that in 7-11-year-olds the combination of motor
impulsivity and dietary restraint is linked with a tendency toward poorer intake
control also seen in adults.
In line with research in adults, children with high levels of impulsivity
and high levels of dietary restraint consumed the greatest number of calories.
Research has indicated that restrained eaters are more sensitive to food cues
in their environment [10, 23]. Children high in dietary restraint and motor
impulsivity may thus be primed to focus on food cues, and also have a
tendency to respond to food cues in their environment rapidly, without being
able to successfully engage with their long-term goals around intake
restriction or weight regulation [12, 13]. This combination of factors could
explain why intake in these children was exacerbated. In line with our
hypotheses, but in contrast to research by Jansen et al. [4], we found that
children who self-reported being high in dietary restraint and low in impulsivity,
consumed the smallest amount of calories, suggesting that they successfully
restricted their intake of palatable snack foods. Although these children were
high in dietary restraint and thus more sensitive to food cues in their
environment these children successfully controlled their intake. Their
comparatively low impulsivity levels may have meant that they were able to
delay intake until engaging with their long-term goals around intake restriction
or weight regulation [12, 23, 24]. In addition these findings suggest that selfreported dietary restraint measured by the DEBQ-C Dietary Restraint
subscale may accurately reflect child behaviour. Interestingly, children high in
motor impulsivity and dietary restraint were not uniquely high in intake and did
not differ in intake from children with high levels of impulsivity but low in
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dietary restraint. Children low in dietary restraint are likely to respond to foods
in their environment without a tendency to restrict their intake for weight/health
reasons. These children may, however, consume fewer calories during later
meals, to compensate for their intake of snacks, demonstrating greater
responsiveness to internal hunger and satiety cues. This interpretation fits
with research exploring the impact of parental restriction on eating in the
absence of hunger in younger children, which suggests that greater parental
restriction is linked with greater eating in the absence of hunger [24]. Further
research evaluating the role of impulsivity and dietary restraint in both snack
and mealtime intake, and the process of compensation across time, would
provide valuable insights into mechanisms underlying differences in
compensatory abilities in children.
The interactive effects of impulsivity and dietary restraint were only
observed in the CDT, which assesses motor impulsivity. Performance on
other behavioural impulsivity tasks measuring the ability to delay gratification,
reward sensitivity, response speed or inhibitory control, showed no effects in
combination with dietary restraint. This suggests that motor impulsivity
assessed by the CDT may be particularly sensitive to the impact of dietary
restraint on intake in children. Research in adult populations has highlighted
associations between motor impulsivity, measured through self-report, and
disinhibited eating [e.g. 26], suggesting that impulsive individuals are more
likely to overeat in palatable food environments. Additionally, motor impulsivity
in particular has been implicated in problematic eating behaviours observed in
clinical populations, such as individuals with Binge Eating Disorder,
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suggesting that motor impulsivity in particular may be associated with more
problematic forms of eating behaviour than other types of impulsivity [27].
In line with these findings, inhibitory control training may be useful to
reduce the impact of impulsivity on eating behaviour, improving the ability of
children high in dietary restraint in particular to respond to palatable snacks in
a less impulsive way [28]. Furthermore, mindfulness-based approaches may
improve the capacity of individuals high in impulsivity and dietary restraint to
notice their eating urges without needing to respond to these. Recent
research exploring the effectiveness of mindfulness on dysfunctional eating
patterns in adults has provided promising evidence for these types of
interventions [28].
This study has several limitations. Guided by our hypotheses, the
sample was split into high and low impulsivity subsamples based on the
median-split of scores on impulsivity measures. This method may not have
been sensitive enough to create meaningful groups of children high and low in
impulsivity. Although more rigorous methods of grouping children may have
provided less arbitrary cut-offs previous research has successfully applied
such statistical approaches [4, 7, 10]. The selected statistical approach
reflects the hypothesis that effects of impulsivity and restraint on intake were
most likely to be seen in children scoring high in both restraint and impulsivity,
rather than those children scoring high on either of the measures.
Furthermore, this study aimed to explore whether findings from the adult
literature can be translated to a paediatric population. A comparable statistical
approach to that used within the adult literature was hence selected.
Nonetheless, we carried out supplementary regression analysis to examine
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whether effects were robust. In these supplementary analyses, impulsivity and
dietary restraint did not reach statistical significance as individual predictors of
intake, nor or as interaction terms. Thus, some caution is required in the
interpretation of the exact facet of impulsivity that is important in predicting
children’s caloric intake. We were unable to group children in this sample
based on clinical levels of impulsivity because none of the children
participating in this study had clinically elevated impulsivity levels. Children
labelled as high in impulsivity were impulsive only in comparison to the other
children in the sample. Finally, completing the DEBQ-C before the snack
session may have primed children to engage in dietary restraint, influencing
eating behaviour subsequently [4, 29]. Nevertheless, we decided to ask
participants to complete impulsivity and questionnaire measures prior to the
snack session because engaging in a snack session may have conversely
affected DEBQ responses if they had been completed after eating.
Overall, the results of the current study indicate that when categorising
children as high or low in dietary restraint or impulsivity, these classifications
per se do not predict overeating in children but that the combination of dietary
restraint and poor control of motor impulses in particular is crucial for
overeating in children as well as adults.
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