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When inhibitory control is lacking, people are more prone to indulge in high calorie food. This research
examined whether training to inhibit food-related responses renders one less susceptible to temptations
of high calorie food. Trait chocolate lovers were divided into three conditions: participants either
consistently inhibited responding to chocolate stimuli (chocolate/no-go condition), consistently
responded to chocolate stimuli (chocolate/go condition), or responded to chocolate stimuli only during

I;ey;vords: half the trials (control condition). Chocolate consumption was measured following the manipulation
ood . with a taste test. Chocolate consumption did not differ between the control condition and the chocolate/
Restrained eating L. . . . o L

Dieting go condition, and increased as a function of dietary restraint in both conditions. In the chocolate/no-go

condition, however, chocolate consumption was significantly reduced, and higher levels of dietary
restraint were associated with decreased chocolate intake. These findings demonstrate that repeatedly
practicing inhibitory control over food-related responses can help people regain control over the
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consumption of high calorie food.

© 2010 Elsevier Ltd. All rights reserved.

Introduction

In Western societies, where palatable, high calorie food is
abundantly available, the prevalence of overweight and obesity is
constantly increasing (Flegal, 2005; Wang & Beydoun, 2007). As a
result, more and more people attempt to control their weight
through dieting. However, maintaining a successful diet is
notoriously difficult, and only few dieters are able to reduce their
body weight in the long term (Jeffery et al., 2000; Mann et al.,
2007). This is especially true for the so-called restrained eaters,
who chronically try to restrict their food intake, but who are mostly
unsuccessful in their dieting attempts (Heatherton, Herman,
Polivy, King, & McGree, 1988; Herman & Polivy, 1980) and who
are more prone to overeating than unrestrained eaters (Fedoroff,
Polivy, & Herman, 1997; Jansen & Van den Hout, 1991; Rogers &
Hill, 1989). Thus, people in general, and restrained eaters in
particular, are often tempted by their impulses to indulge in tasty,
high calorie food, even though this behaviour is inconsistent with
their weight control goals. What makes it so difficult to resist the
temptations of high calorie food?

According to contemporary dual-process models, like the
Reflective-Impulsive model (Strack & Deutsch, 2004), the outcome
of such conflicts between the impulse to indulge in high calorie
food and dieting standards critically depends on inhibitory control.
Specifically, impulses can be overruled by higher order control
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processes, but only when one is able to expend enough inhibitory
control resources. Indeed, research has shown that people with
weaker inhibitory control eat more high calorie, palatable food
(Guerrieri, Nederkoorn, Schrooten, Martijn, & Jansen, 2009;
Guerrieri et al., 2007), are more often unsuccessful dieters (Jansen
et al., 2009), and are more often overweight or obese (Guerrieri,
Nederkoorn, & Jansen, 2008; Nederkoorn, Braet, Van Eijs, Tanghe, &
Jansen, 2006; Nederkoorn, Guerrieri, Havermans, Roefs, & Jansen,
2009; Nederkoorn, Jansen, Mulkens, & Jansen, 2007) than people
with more effective inhibitory control. Further, inhibitory control
also interacts with dietary restraint, in such a way that especially
restrained eaters are likely to overeat when they are low in
inhibitory control (Jansen et al., 2009), and that food intake is more
strongly related to automatic impulses and less strongly guided by
dietary restraint standards when inhibitory control abilities are
weak (Friese, Hofmann, & Wanke, 2008; Hofmann & Friese, 2008;
Hofmann, Friese, & Roefs, 2009; Hofmann, Rauch, & Gawronski,
2007; Nederkoorn, Houben, Hofmann, Roefs, & Jansen, 2010).
Hence, people need to recruit inhibitory capacity to override
impulsive reactions to consume high calorie food. When this
inhibitory capacity is insufficient, people are more susceptible to
the temptations of tasty high caloric food, and they are more prone
to indulge in these types of food. The present research examines
whether the converse is also true: increasing inhibitory control
should strengthen control over food intake, making people less
vulnerable to the temptations of high calorie food and better able
to restrict food intake in line with dietary standards. There is
already some evidence suggesting that strengthening inhibitory
control indeed decreases food consumption. Specifically, Guerrieri
et al. (2009) demonstrated decreased food intake following a
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manipulation that primed inhibitory control compared to a
manipulation that primed impulsive behaviour. However, in this
study, there was no control condition, which makes it impossible
to determine whether both the impulsivity and the inhibition
manipulation effectively influenced food intake relative to
baseline. Moreover, Guerrieri et al. primed general inhibition
ability in their study and it is questionable whether such an
endeavour will ultimately help people regain control over their
food intake as they probably do not have a general problem
inhibiting behaviour but a specific problem with resisting the
temptation of palatable food.

In the present study, therefore, we examined whether
practicing inhibition of food-related responses would reduce food
intake relative to a control condition. In order to strengthen
inhibitory control, we used a paradigm that involved repeatedly
inhibiting (i.e., stopping) an approach response to stimuli.
Importantly, stopping responses to stimuli in this paradigm has
been demonstrated to involve motor inhibition (Veling & Aarts, in
press) and effectively increases response inhibition for those
stimuli that were associated with a stopping response (Verbruggen
& Logan, 2008). Moreover, the same paradigm has been shown to
decrease positive attitudes toward stimuli that were consistently
associated with a stopping response (Houben, Nederkoorn, Wiers,
& Jansen, in press; Veling, Holland, & van Knippenberg, 2008), and
has even been demonstrated to facilitate behavioural changes
(Houben et al., in press). Specifically, Houben et al. demonstrated
that repeatedly inhibiting responses toward alcohol-related
stimuli significantly reduced subsequent alcohol consumption.
Based on these findings, the goal of this study was to test whether
repeatedly inhibiting responses to high calorie food would
decrease food intake.

Importantly, training to inhibit food-related responses should
only affect eating behaviour for those experiencing strong
impulses to indulge in certain types of food. Therefore, we selected
a sample of trait chocolate cravers who experience intense and
frequent cravings for chocolate (Benton, Greenfield, & Morgan,
1998). Participants were randomly assigned to one of three
conditions: in the control condition, participants were allowed to
respond to chocolate on half the trials, while they had to inhibit
their responses on the other half of the trials. In contrast, in the
experimental chocolate/no-go condition, participants had to
consistently inhibit their responses to chocolate. It was expected
that strengthening inhibitory control toward chocolate in this way
would decrease the consumption of chocolate during a subsequent
taste test relative to the control condition. Further, it was expected
that chocolate consumption would be more strongly guided by
dietary restraint standards in the chocolate/no-go condition than
in the control condition. Finally, we also included a chocolate/go
condition, in which participants consistently had to respond to
chocolate to examine whether such a manipulation would in fact
increase impulsive chocolate consumption and would decrease
dietary control over chocolate consumption.

Method
Participants

Sixty-nine female undergraduate students (age: M =20.08,
SD =2.25) participated in this study. Participants were screened
with the Attitudes to Chocolate Questionnaire (ACQ; Benton et al.,
1998) 1-2 weeks before the study. The chocolate craving subscale
of the ACQ consists of 10 items that measure the amount of
chocolate craving with higher scores indicating stronger chocolate
craving. Every item of the craving subscale presented a statement
regarding the experience of craving for chocolate. Participants
indicated on a 7-point Likert scale whether or not the statement

matched their own feelings (—3 = not at all like me; 3 = very much
like me). Only high trait chocolate cravers, as indexed by a high
score on the ACQ (i.e., a score above 10), were included in the study.

Materials and measures

Go/no-go task

The go/no-go task consisted of 2 blocks of 160 trials. During
each block, participants were presented with pictures and were
instructed to press the space bar when a go cue was displayed on
the picture, and to refrain from responding when a no-go cue was
displayed on the picture. The go/no-go cues were the letters ‘p’
and ‘f’, which were displayed randomly in one of four corners of
the pictures. Go/no-go instructions were counterbalanced.
Picture stimuli were four pictures of chocolate snacks, four
neutral pictures of empty plates, and 8 filler pictures (snack foods;
e.g., crisps, nuts). Filler stimuli were used to mask the goal of the
study and to avoid demand characteristics. Each trial simulta-
neously presented a picture and a go/no-go cue (1500 ms).
Participants had to respond by pressing the space bar when the
picture was accompanied by the go cue, but had to refrain from
responding when the picture was accompanied by the no-go cue.
A green circle was displayed after a correct (non)response
(500 ms), and a red cross an after incorrect (non)response
(500 ms).

Participants were randomly assigned to one of three conditions.
In the control condition (n =22), all pictures were presented with
the go cue during half the trials and with the no-go cue during the
other half of the trials. In the chocolate/no-go condition (n =24),
chocolate-related pictures were consistently paired with the no-go
cue, while pictures of empty plates were consistently paired with
the go cue. The eight filler pictures were presented with the go cue
on half the trials and with the no-go cue on the other half of the
trails. In the chocolate/go condition (n=23), chocolate-related
pictures were always paired with the go cue, and pictures of empty
plates were always paired with the no-go cue. The eight filler
pictures were presented with the go cue on half the trials and with
the no-go cue on the other half of the trails. In each condition, all
stimuli were presented ten times in both blocks. Go and no-go
trials were always presented in random order.

Restraint Scale

The Restraint Scale (RS; Herman & Polivy, 1980) was used to
measure the extent to which participants try to restrain their food
intake. The RS is a self-report questionnaire consisting of 10 items
assessing concern for dieting and weight fluctuations. The
maximum score on this scale is 35, while the minimum score is
0. Higher scores indicate an increased intention to restrict food
intake.

Body Mass Index
Participants’ weight and height were assessed in order to
calculate participants’ Body Mass Index (kg/m?; BMI).

Taste test

Chocolate was measured using a bogus taste test. During the
taste test, participants were presented three bowls, each contain-
ing 200 g of one of three types of chocolate pellets: milk chocolate
(Callebout Select 823NV; 33.6% cocoa), dark chocolate (Callebout
Select 811NV; 53.8% cocoa), and extra dark chocolate (Callebout
Satongo CHD-L7243STGNV; 72.4% cocoa). Participants were
instructed to consume as much or as little as they wished to
judge the taste and texture of the different types of chocolates.
After 10 min, the experimenter removed the bowls of chocolate
and the amount of chocolate consumed was measured outside the
test room.
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Table 1
Mean age, BMI (Body Mass Index = kg/m?), restraint, and chocolate consumption per condition (standard deviations within parentheses).
Control condition Chocolate/go condition Chocolate/no-go condition F p
Age 20.16 (2.17) 19.94 (2.79) 19.72 (1.64) F(2,52)<1 .84
BMI 22.56 (4.05) 21.14 (2.32) 23.46 (3.79) F(2, 60)=2.27 11
RS 17.14 (10.71) 12.69 (8.00) 18.76 (10.77) F(2,58)=1.88 .16
Consumption 28.72 (15.66) 22.62 (9.51) 17.07 (10.96) F(2,60)=4.73 .01

Note: Eight participants had missing data for age, and two participants had missing data on the Restraint Scale.

Procedure

Participants were deprived of food for 2 h before the start of the
study. This was done to control for different states of hunger
between the conditions at the start of the experiment. After giving
consent, participants filled out the Restraint Scale, and we
measured weight and length to calculate BMI. Next, participants
were randomly assigned to the control condition, the chocolate/
no-go condition, or the chocolate/go condition, and performed the
go/no-go task. After the go/no-go task, participants performed the
taste test. Finally, we probed participants for awareness of the
purpose of the critical go/no-go manipulation with open questions
asking participants to report what they thought was the goal of the
study and what they considered to be the goal of the go/no-go task.
At the end of the study, all participants were thanked for their
cooperation and received course credits or a gift certificate as
remuneration for their participation.

Results

Four participants correctly guessed the goal of the go/no-go
manipulation and were therefore removed from the sample. In
addition, two outliers with a chocolate consumption that was 2.5
SD above the mean chocolate consumption were also removed
from the sample. The final sample consisted of 63 participants,
divided over the go/no-go control condition (n = 22), the chocolate/
no-go condition (n=21) and the chocolate/go condition (n =20).
There were no significant differences in age, BMI, or restraint
between the three conditions (see Table 1).

The effect of the go/no-go manipulation on chocolate con-
sumption was tested using ANOVA. Results demonstrated a
significant effect of condition on chocolate consumption, F(2,
60)=4.73, p=.01. Follow-up comparisons showed that partici-
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Fig. 1. Mean chocolate consumption, separately for the control condition, the
chocolate/go condition, and the chocolate/no-go condition.

pants in the chocolate/no-go condition consumed significantly less
chocolate compared to the control condition, {(60) = —3.07,p < .01,
while chocolate consumption in the chocolate/go condition did not
differ significantly from consumption in either the control
condition, t(60) = —1.59, p = .12, or the chocolate/no-go condition,
t(60) = 1.43, p=.16. Mean chocolate consumption in each condi-
tion is presented in Fig. 1. While restraint did not differ
significantly between the three conditions, Table 1 shows that
participants in the chocolate/no-go condition and the control
condition met the cut-off for restrained eating (i.e., a score of 15 or
higher), participants in the chocolate/go condition did not meet
this criterion. Hence, the effect of condition on chocolate
consumption may have been influenced by these differences in
restraint.

To control for restraint differences between the three condi-
tions, we performed a regression analysis controlling for restraint
scores. In addition, we also tested whether the effect of the
manipulation on chocolate consumption was moderated by
restraint. In the regression analysis, we entered two dummies to
test for the effect of condition on chocolate consumption, restraint
(standardized), and the interaction terms between the condition
dummies and restraint. Inspection of Cook’s distances and
standardized residuals showed no influential outliers (all Cook’s
distances < 1; absolute value of all standardized residuals < 3).
The regression model, R? = .28, F(5, 55)=4.27, p =.002, showed a
significant difference between the chocolate/no-go condition and
the control condition in the prediction of chocolate consumption,
B=-.77,t55)=-2.80, p < .01, but not between the chocolate/go
condition and the control condition, 8=-.28, t(55)<1. In
addition, restraint significantly predicted chocolate consumption,

-1SD +1SD

Chocolate consumption.
[=]

-12 4
Restraint
—&— control condition —— chocolate/go condition —8— chocolate/no-go condition
Fig. 2. A two-way interaction plot illustrating the simple slopes for the prediction of

chocolate consumption (standardized estimate) by restraint, separately for the
three go/no-go conditions.
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B =.40, t(55)=2.17, p=.03. These main effects of restraint and
control versus chocolate/no-go were qualified by a significant
interaction effect, 8= -.76, t(55) = —2.89, p < .01, indicating that
the prediction of chocolate consumption by restraint differed
significantly between the control condition and the chocolate/no-
go condition. In contrast, the prediction of chocolate consumption
by restraint did not differ between the control condition and the
chocolate/go condition, as evidenced by a non-significant interac-
tion effect, §=.02, t(55) < 1.

Simple slopes for the prediction of chocolate consumption by
restraint in each condition are shown in Fig. 2. Tests of the simple
slopes demonstrated that chocolate consumption increased
significantly as a function of restraint in the control condition,
B =.40, t(55)=2.17, p=.03. In the chocolate/go condition, the
simple slope failed to reach significance, B=.42, t(55)=1.52,
p=.13, although it was in the same direction as in the control
condition. In the chocolate/no-go condition, in contrast, there was
a trend indicating that chocolate consumption decreased as a
function of restraint, 8= —.36, t(55)= —1.92, p =.06.

Discussion

The present study examined whether training inhibition of
food-related responses effectively increases control over food
intake so that consumption of high calorie food is more in line with
dietary restraint standards. Specifically, as a first attempt to test
this hypothesis, the inhibition training aimed to increase control
over chocolate consumption in a sample of trait chocolate cravers.
As expected, participants who consistently had to inhibit their
responses to chocolate stimuli in the chocolate/no-go condition
consumed significantly less chocolate relative to the control
condition where participants were allowed to respond to chocolate
on half the trials. In contrast, chocolate consumption did not differ
significantly between participants who consistently responded to
chocolate in the chocolate/go condition and participants in the
control condition. Finally, consumption also did not differ
significantly between the chocolate/no-go condition and the
chocolate/go condition.

Thus, while it was expected that the chocolate/go condition
would show even higher levels of consumption than the control
condition, the present findings showed no difference in chocolate
consumption between the control condition and the chocolate/go
condition. When controlling for baseline differences in restraint
between the chocolate/go condition and the control condition in
the regression analysis, we also found no difference in consump-
tion between these two conditions. Further, the difference in
consumption between the control condition and the chocolate/go
condition was also not influenced by restraint, indicating that
higher levels of dietary restraint were related to increased
chocolate consumption in both conditions. This finding is
consistent with other research demonstrating that restrained
eaters are more prone to overeating than unrestrained eaters
(Fedoroff et al., 1997; Jansen & Van den Hout, 1991; Rogers & Hill,
1989), especially when they are low in inhibitory control (Jansen
etal., 2009). Hence, participants who had to impulsively respond to
chocolate did not show higher levels of consumption compared to
control. A possible explanation for this finding is that trait
chocolate cravers already experience high cravings for chocolate
(Benton et al., 1998), resulting in impulsive chocolate consump-
tion, so that training them to become even more impulsive with
respect to chocolate is almost impossible due to a ceiling effect.
Alternatively, the impulsivity manipulation may have been too
weak to further increase impulsivity toward chocolate in the
present sample of chocolate cravers.

Consistent with our predictions, consumption in the chocolate/
no-go condition was significantly decreased relative to consump-

tion in the control condition, also when controlling for differences
in restraint. Moreover, strengthening inhibitory control over
chocolate-related responses reversed the relationship between
restraint and consumption, so that higher levels of dietary restraint
predicted decreased chocolate intake in the chocolate/no-go
condition. These findings are in line with dual-process models
stating that stronger inhibitory control is related to better control
over food intake (Strack & Deutsch, 2004). Further, while previous
research already demonstrated that decreasing inhibitory capacity
results in weaker dietary control over food intake (Friese et al.,
2008; Hofmann & Friese, 2008; Hofmann et al., 2007), the present
findings demonstrate that increasing inhibitory control strength-
ens dietary control over consumption. Finally, we also performed a
regression analysis with different dummy coding to further
examine the contrast between the chocolate/go condition and
the chocolate/no-go condition, when controlling for restraint. This
analysis also yielded a significant interaction with restraint,
B =.78, t(55) = 2.34, p =.02, indicating that higher levels of dietary
restraint were associated with increased levels of consumption in
the chocolate/go condition but with decreased consumption in the
chocolate/no-go condition. Thus, differences in consumption
between the chocolate/go condition and the chocolate/no-go
condition became more pronounced with increased dietary
restraint. Since restraint scores were higher in the chocolate/no-
go condition compared to the chocolate/go condition, this finding
explains why we were unable to find a significant difference in
chocolate consumption between these two conditions when
restraint was not taken into account.

Finally, it should be noted that the present study did not include
a dependent measure of response inhibition, and therefore there is
only indirect evidence suggesting that the go/no-go manipulation
strengthened response inhibition for chocolate-related stimuli:
first, previous research has already demonstrated that a similar
manipulation effectively increased response inhibition for those
stimuli associated with a stopping response (e.g., Veling & Aarts, in
press; Verbruggen & Logan, 2008). Second, the effect of the
manipulation in this study was moderated by dietary restraint
suggesting that the manipulation successfully increased dietary
control over eating behaviour. Nevertheless, it remains unclear
whether increased inhibition of chocolate-related responses
indeed mediated the effects of the manipulation on consumption.
The reason for not including such a dependent measure of
chocolate-related response inhibition is that performing such a
task after the manipulation might decrease or even erase the
effects of the manipulation on chocolate consumption. Therefore,
the present study focused on the effects of the manipulation on
consumption to test whether this procedure has any merit for
strengthening control over eating behaviour. The present findings
indeed show that this is the case. The next step for future research
is to unequivocally establish that increased inhibition is the main
mechanism underlying effects of the go/no-go manipulation on
behaviour. In addition, previous research has also demonstrated
that repeatedly inhibiting responses toward stimuli decreases
evaluations of those stimuli (e.g., Houben et al., in press; Veling
et al., 2008). Attitudes toward chocolate were not measured in the
present study because this was not the primary focus. However, it
would be interesting for future research to also include attitude
measures to examine whether these also change as a result of the
manipulation and how they contribute to observed changes in
consumption.

In sum, the present findings indicate that training to inhibit
food-related responses can be an effective strategy to help people
regain control over eating behaviour, and decrease food intake.
Importantly, the inhibition training proved especially effective for
people who are already chronically trying to restrict food intake to
maintain or achieve a healthy weight, but are generally unsuc-
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cessful at their dieting attempts. Although the inhibition training
in this study specifically targeted inhibition for chocolate in a
sample of chocolate cravers, the training is of course not limited to
only this type of food. Future research should therefore further
examine the effectiveness of the training with other types of
energy dense food in order to develop a more comprehensive
training program aimed at strengthening inhibition for high calorie
food in general. Nevertheless, the present findings are a first step
forward in this endeavour, demonstrating that inhibition training
can be an efficient strategy to increase one’s resilience to the
temptations of tasty, high calorie food.
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