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Background: The current study set out to improve our understanding of the
characteristics of individuals who are motivated to restrict their food intake yet who
nevertheless fail to do so. We examined whether punishment sensitivity (PS) was
related to restrained eating, and reward sensitivity (RS) to perceived dieting success.
Additionally, it was examined whether executive control (EC) moderates the association
between RS and perceived dieting success.

Methods: Female student participants (N = 290, aged 17-29, BMI between 18.5 and
38.0) completed questionnaires on restrained eating, perceived dieting success, RS and
PS, and carried out a behavioral task to index EC.

Results: PS was indeed positively related to restrained eating. RS was positively related
to perceived dieting success, yet, EC did not moderate this association.

Conclusion: The current study adds to the evidence that PS is related to individuals’
motivation to restrict their food intake. Furthermore, it shows support for the suggestion
that RS may facilitate food restriction.

Keywords: executive control, dieting success, punishment sensitivity, reward sensitivity, restrained eating

INTRODUCTION

Many people attempt to decrease their weight by restricting their food intake (Wardle et al., 2006;
De Ridder et al., 2014). However, they often fail to adhere to their diet (Knduper et al., 2005), or they
regain their weight after initially having lost it (Field et al., 2007). With the worldwide prevalence of
obesity increasing to nearly triple of the prevalence in 1975 (World Health Organisation, 2018), it
seems to be paramount to improve our understanding of the characteristics of individuals who are
motivated to restrict their food intake to lose weight (i.e., restrained eaters), and more specifically
of those individuals who nevertheless fail to do so. The current study focuses on two candidate
traits, reward and punishment sensitivity (Gray, 1970; Gray and McNaughton, 2000), that have
been proposed to play a role in eating behavior (e.g., Verbeken et al., 2012; De Decker et al., 2016).
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Individuals who are sensitive to punishment are thought
to show more avoidance behavior in response to cues of
punishment, respond more negatively to punishment, and have
more attention to cues of punishment (Gray, 1970; Gray and
McNaughton, 2000). High punishment sensitive (PS) individuals
might be more sensitive to the punishing consequences of
overeating such as becoming fat, and might therefore be more
likely to engage in attempts to restrict their food intake to
prevent undesirable outcomes (Jappe et al., 2011). Indeed higher
PS has been found to relate to a stronger fear of becoming
fat and more concern for dieting (Dalley, 2016), and PS was
found to be higher in individuals with anorexia nervosa who
are characterized by extreme food restriction (Harrison et al.,
2010; Jonker et al., 2020). Furthermore, positive associations have
been found between PS and restrained eating as measured with
the Dutch Eating Behavior Questionnaire (DEBQ; van Strien
et al., 1986) and as measured with the Restraint Scale (Herman
and Polivy, 1975) in both adolescents and young adults (Ahern
et al.,, 2010; Matton et al., 2013; Jonker et al., 2016a; Matton
et al., 2017b). The restrained scale and the DEBQ both seem
to identify individuals with an intention to restrict their food
intake and seem to have good internal consistency (Herman
and Polivy, 1975; van Strien et al., 1986; Johnson et al., 2012).
Thus, PS seems to be related to individuals’ motivation to restrict
their food intake.

The relationship between reward sensitivity (RS) and food
restriction seems less straightforward, and seemingly opposing
theories have been proposed about the role in food restriction
(e.g., Sala et al,, 2018). Individuals who are sensitive to reward
are thought to show more approach behavior in response to cues
of reward, respond more positively to reward, and have more
attention to cues of reward (Gray, 1970; Gray and McNaughton,
2000). On the one hand, RS has been implicated in unsuccessful
food restriction (Davis and Woodside, 2002). It is suggested
that heightened RS increases the rewarding properties of food
thereby impeding food restriction. Another possibility is that, as
a consequence of overeating the rewarding feeling obtained from
food decreases and the amount of food needed to obtain the same
rewarding effect increases, thereby impeding food restriction (cf,,
Davis and Fox, 2008; Oginsky and Ferrario, 2019). On the other
hand, RS has been implicated in successful food restriction (Bergh
and Sodersten, 1996). It is suggested that heightened RS increases
the rewarding value of the effects of food restriction such as
weight loss and improved body shape thereby facilitating food
restriction. Thus, a positive as well as a negative relationship
between RS and food restriction have been suggested. In line
with this, studies have failed to find consistent evidence for
differential RS in adolescents and young adults with anorexia
nervosa (Harrison et al., 2010; Matton et al., 2017a; Jonker et al.,
2020), and in adolescents and adults with obesity (Davis and
Fox, 2008; Jonker et al., 2016b). Furthermore studies on the
relationship between RS and restrained eating show a mixed
pattern (Ahern et al,, 2010; Stapleton and Whitehead, 2014;
Jonker et al., 2016a; Walther and Hilbert, 2016; Matton et al.,
2017b). For example, a previous study using the restraint scale to
measure restrained eating failed to find an association with RS in
young adults (Jonker et al., 2016b). Yet, another study using the

DEBQ to measure restrained eating did find a positive association
between RS and restrained eating in young adults (Ahern et al.,
2010), although a later study failed to replicate this finding in
adolescents (Matton et al., 2017b).

Two considerations might help in clarifying the role of RS in
food restriction. A first potentially important consideration that
has been overlooked is that RS might not so much be involved
in individuals’ motivation to restrict their food intake in general,
but may specifically contribute to individuals success in their
attempts to restrict their food intake. This consideration follows
from the theories on the role of RS in food restriction suggesting
either a facilitating or impeding role and not a general motivating
role (Bergh and Sodersten, 1996; Davis and Woodside, 2002).
The restrained scale and the DEBQ seem to identify individuals
with an intention to restrict their food intake, however, both
scales might not adequately differentiate between successful and
unsuccessful dieters (Johnson et al., 2012). As a consequence,
the relationship between RS and individuals’ dieting success
cannot be examined by looking at the association between RS
and restrained eating as measured with these scales. Therefore,
the aim of the current study was to examine the relation between
RS and experienced dieting success of individuals who have an
intention to diet. Based on the proposed theories both a positive
as well as a negative association might be expected between RS
and dieting success.

A second potentially important consideration is that executive
control (EC) might play a role in the relationship between RS
and successful food restriction (cf. Jonker et al., 2014). According
to dual-process models, behavior results from the interplay of
bottom-up processes such as RS related automatic approach
responses and top-down control processes (i.e., EC) that guide
behavior towards intentions and goals (Strack and Deutsch,
2004). Individuals with strong top-down control, thus individuals
who are high in EC, are expected to be able to resist short-term
rewards to support the pursuit of long-term goals (Baumeister
et al,, 2007; Hofmann et al., 2012). Consequently, the proposed
impeding role of RS in dieting success, implicated in increasing
the short-term rewarding value of food, might only be found in
individuals with low EC. Individuals with high EC might be able
to resist the short-term reward value of food in an effort to pursuit
their long-term dieting goal. This moderating role of EC would
not be expected in the proposed facilitating role of RS in dieting
success since in this case the RS related behavior is in line with the
long-term goals. Previous studies, albeit with conflicting findings,
have examined the extent to which EC moderates the relationship
between RS and restrained eating (Jonker et al., 2016a; Matton
et al., 2017b), yet this relationship has not been examined with
regard to dieting success specifically. Therefore, the current study
will examine the extent to which the association between RS and
dieting success is moderated by EC.

In short, the main aim of the current study is to examine the
relationship between PS and restrained eating, and between RS
and restrained eaters’ dieting success. Since there are seemingly
opposing theories about the relation between RS and dieting
success (Bergh and Sodersten, 1996; Davis and Woodside, 2002;
Sala et al.,, 2018), and empirical findings thus far do not seem
to show evidence in favor of either, we will explore both as
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equally likely possibilities. We will examine whether (1) PS is
related to individuals’ motivation to restrict their food intake, and
expect a positive association between PS and restrained eating
behavior, and (2) RS is related to dieting success of individuals
with an intention to diet. We explore whether (2a) RS facilitates
food restriction, implying a positive association between RS
and restrained eaters’ dieting success, and/or (2b) RS impedes
food restriction, implying a negative association between RS
and restrained eaters’ dieting success. The negative association
between RS and dieting success (2b) is only expected to be found
in individuals low in EC.

METHOD

Participants

Initially, 341 female undergraduate students completed this
study. Since dieting behavior is more common in women (Wardle
et al, 2006; De Ridder et al, 2014), and the relationship
between dieting behavior and reward and punishment sensitivity
seems to differ between men and women (e.g., Walther and
Hilbert, 2016), data of male participants was not analyzed
(n = 120, see section “Procedure”). Since we are interested in
unsuccessful dieting related to the development and maintenance
of overweight and obesity, females with underweight [Body Mass
Index (BMI) < 18.5] were also excluded (n = 26).

Materials

Reward and Punishment Sensitivity

Reward and punishment sensitivity were indexed by the
Behavioral Inhibition Scale/Behavioral —Activation Scale
(BIS/BAS; Carver and White, 1994). The BIS/BAS contains
24 items answered on a 4-point scale ranging from “Very
false for me” (1) to “Very true for me” (4). In line with our
previous study (Jonker et al., 2016a), the punishment sensitivity
subscale (PS, e.g., “I worry about making mistakes”), the
reward responsivity subscale (RR, e.g., “When good things
happen to me, it affects me strongly”), and the reward drive
subscale (RDr, e.g., “I go out of my way to get things I want”)
were reported. Subscale scores are the average scores of
the relevant items. Internal consistency of the punishment
sensitivity and reward drive subscales were acceptable to
good (Cronbachs alpha of 0.78 and 0.81, respectively).
Internal consistency of the reward responsivity subscale
was questionable (Cronbach’s alpha of 0.61). These internal
consistency scores are very similar to those reported in previous
studies (Matton et al., 2013; Jonker et al., 2016a). Since leaving
an item out did not improve internal consistency of the RR,
as well as for reasons of consistency within the field the
average score was used.

Restrained Eating

The Restraint Scale (Herman and Polivy, 1975) was used to
measure restrained eating. The questionnaire contains ten items
answered on a 4-point or 5-point scale (e.g., “How often are
you dieting?”). Total scores can range from 0 to 35 and internal
consistency in the current study was acceptable (Cronbach’s alpha

of 0.77), and comparable to previous studies (Neimeijer et al.,
2013; Jonker et al., 2016a).

Dieting Success

Given the cross-sectional nature of the current study and the
interest in general dieting tendencies (vs. a specific dieting
attempt) we assessed subjective dieting success with the Perceived
Self-Regulatory Success in Dieting Scale (PSRS; Fishbach et al.,
2003). This scale asks individuals (1) how successful they are
in watching their weight, (2) how successful they are in losing
weight, and (3) how difficult it is for them to stay in shape.
These three items are answered on a 7-point scale ranging
from “Not successful at all” (1) to “Very successful” (7), or
“Not difficult at all” (1) to “Very difficult” (7). An average
score of the three items, with the third item reverse coded,
provides a general perceived dieting success score. Participants
also have the option of answering with “Not applicable” (8)
since the items do not seem applicable to individuals who
do not have an intention to lose weight (Meule et al., 2012).
Internal consistency of the questionnaire in the current study was
questionable when excluding individuals who used answer option
8 for one or more questions (n = 227; Cronbach’s alpha = 0.65).
Internal consistency in previous studies was comparable ranging
from 0.65 to 0.72 (Meule et al., 2012). Furthermore, since
leaving an item out did not improve internal consistency, the
average score was used. Higher scores reflect more perceived
dieting success.

Executive Control

Executive control was measured with the Attentional Network
Task (ANT; Fan et al, 2002). A behavioral measure was
used since this provides an index of actual ability instead
of individuals’ own interpretation of their ability, which have
been shown to be two largely unrelated constructs (e.g.,
Toplak et al., 2013). The ANT is a reaction time (RT) task
during which participants have to determine the direction
(left or right) of an arrow that is presented on the screen.
This arrow is flanked by two arrows on each side, that are
either pointing in the same direction (congruent) of pointing
in the opposite direction (incongruent). The task consisted
of 144 trials, of which 72 were congruent and 72 were
incongruent. The experimental trials were preceded by 24
practice trials.

For reasons of consistency, following Macleod et al. (2010),
participants with more than 30% errors on the ANT (n = 20) were
removed from further analyses. Additionally, following Jonker
et al. (2016a), before EC scores were calculated, RT’s of trials
with incorrect responses (4.9%), and trials without a response
(0.4%) were removed. Additionally, outlying trials (>2.5 SD
from the mean: 2.6%) were removed. Subsequently, the EC
score was calculated by subtracting the mean RTs on congruent
trials from the mean RTs on incongruent trials. Consequently,
a lower score reflects better EC (Fan et al., 2002). Internal
consistency of the EC measure was acceptable (Spearman-
Brown = 0.71).
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Procedure

The current study reports data that was collected as part of a
combined data collection procedure of different projects. Data of
the others projects have not (yet) been published. One of these
projects was interested in both males and females and therefore
both participated in the data collection procedure. The study was
approved by the ethical committee of the psychology department
of the University of Groningen (16011-S). Participants performed
the study online via Qualtrics, in the language corresponding
to the language of their study program (40% Dutch and 60%
English). Participants signed an online informed consent form,
and answered the BIS/BAS, followed by the ANT, the restraint
scale, and the PSRS. Participants received study credits for
their participation. To obtain study credits students are free to
choose the studies they participate in. Participants who failed
to correctly answer two control questions “This is a control
question; click on the most left answering option,” and “This is a
control question: click on the most right answering option,” were
excluded (n =5).

Statistical Analyses

To examine whether PS is positively related to restrained
eating (hypothesis 1) hierarchical regression analyses were
performed with restrained eating as dependent variable, and PS
as independent variable (step 1). In keeping with Jonker et al.
(2016a) the association between restrained eating and RS and EC
were also explored. Therefore, RR (model 1) or RDr (model 2)
were entered in step 2, EC in step 3, and the interaction between
RR x EC (model 1) or RDr x EC (model 2) was entered in step 4.

To examine whether restrained eaters’ perceived dieting
success was positively related to RS (hypothesis 2a), and/or
negatively related to RS in individuals low in EC (hypothesis
2b) two hierarchical regression analyses were performed with
perceived dieting success as dependent variable (model 3 and
4). In keeping with model 1 and model 2, BIS was entered
as independent variable (step 1). In step 2, RR (model 3) or
RDr (model 4) were entered, in step 3 EC was entered, and
in step 4 the interaction between RR x EC (model 3) or
RDr x EC (model 4) was entered. Since we were interested in
examining the association between RS and PS and perceived
dieting success of restrained eaters, individuals who used answer
option 8 in the PSRS scale were excluded from these analyses
(model 3 and 4) since they likely do not have a dieting intention
(Meule et al., 2012).

Since we tested two models (RR and RDr) with every
dependent variable (restrained eating and dieting success), we
used a corrected alpha of 0.025 (a of 0.05/2). To obtain 95%
power to find a medium effect size within the current study at
least 147 participants should be included. However, since for one
of the projects more participants had to be included the current
study will report on the data of all participants that meet our
criteria. All independent variables were centered before they were
entered in the model. The assumptions of the multiple regression
analyses — no multicollinearity, a linear model, homoscedasticity,
and normal distribution of the residuals — were checked, and any
deviations from these assumptions were reported.

RESULTS

Descriptive Statistics

After excluding participants with outliers on the ANT (n = 20)
and who answered the control questions wrong (n = 5), the
final sample consisted of 290 female undergraduate students.
Descriptive statistics of the sample are shown in Table 1. Asa result
we have 95% power to find an effect of 0.07 (small to medium) or
larger with an alpha of 0.025 in the regression analyses.

Bivariate correlational analyses (see Table 2) showed that
restrained eating was related a higher BMI. Furthermore,
restrained eating was weakly positively related to RR, RDr,
and PS. In the group of individuals who report to be dieters
restrained eating was weakly related to less perceived dieting
success and a higher BMI. Perceived dieting success in dieters was
weakly related to higher RDr, RR, and PS. EC was not related
to restrained eating, perceived dieting success, or PS in either
sample. Higher RR was weakly related to higher EC.

Are PS and RS Related to Restrained Eating?
Punishment sensitivity was positively related to restrained eating
(see Table 3). Model 2 showed that RDr was positively related
to restrained eating. No association was found between RR and
restrained eating. The interaction between RS and EC did not
explain additional variance in restrained eating.

Are PS and RS Related to Subjective Dieting Success
of Dieters?

Model 3 and 4 show that RR and RDr were positively related to
perceived dieting success. Model 3 and 4 show that the interaction
between RS and EC did not explain additional variance in
perceived dieting success of dieters. PS was negatively related to
perceived dieting success.

DISCUSSION

The current study was set out to improve our understanding of
the characteristics of individuals who are motivated to restrict
their food intake to lose weight yet who nevertheless fail to do
so. We examined whether PS was related to restrained eating,

TABLE 1 | Sample characteristics.

Total sample (N = 290) Dieters (N = 227)

Mean SD Range Mean SD Range
Age 19.48 1.75 17-29 19.49 1.75 17-29
BMI 2230 2.83 185-380 2271 291 18.6-38.1
Restrained eating  13.72  5.35 1.0-29.0 1499 5.01 1.0-29.0
PSRS 4.30 1.68 1.0-7.7 3.74 1.18 1.0-7.0
RR 3.38 0.37 2.2-4.0 3.38 0.38 2.2-4.0
RDr 267  0.56 1.0-4.0 2.67 0.56 1.0-4.0
PS 3.16 0.49 1.6-4.0 3.19 0.49 1.6-4.0
Executive Control  113.04 32.05 45.5-232.6 113.87 33.18 45.5-232.6

PSRS, perceived dieting success; RR, reward responsiveness, RDr, reward drive;
PS, punishment sensitivity.
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TABLE 2 | Bivariate correlations between all continuous variables.

Total sample (N = 290)

Dieters (N = 227)

RE PSRSP BMI RR RDr PS RE PSRS BMI RR RDr PS
PSRS - - - - - - —0.14* - - - - -
BMI 0.33* - - - - - 0.22* —0.34* - - - -
RR 0.12* - 0.05 - - - 0.14* 0.15* 0.06 - - -
RDr 0.15* - 0.10 0.50* - - 0.17* 0.25" 0.1 0.50* - -
PS 0.16* - 0.07 0.08 017 - 017 —0.19* 0.07 0.1 -0.15* -
ECA 0.038 - 0.06 -0.13* —0.11 0.01 0.00 0.01 0.03 —0.14* -0.12 —0.03
RE, restrained eating; PSRS, perceived dieting success; RR, reward responsiveness; RDr, reward drive; PS, punishment sensitivity; EC, executive control.
aA lower EC-score reflects better executive control.
bScores of the PSRS including individuals who answered an item with not applicable are not interpretable.
*» < 0.05, *p < 0.01.
TABLE 3 | Hierarchical regression analyses.
Dependent variable Model Step Variable B SEB B t p F-change Adj-R? (%)
Restrained eating (N = 290) 1 PS 1.72 0.63 0.16 2.72 0.007* 7.41 2
1 2 RR 1.60 0.84 0.1 1.90 0.058 3.62 3
3 EC 0.01 0.01 0.05 0.88 0.380 0.77 3
4 RR x EC —0.04 0.02 —0.10 —1.68 0.095 2.80 4
2 2 RDr 1.82 0.55 0.19 3.28 0.001* 10.13 5
3 EC 0.01 0.01 0.06 1.00 0.319 1.00 5
4 RDr x EC 0.01 0.02 0.03 0.55 0.587 0.30 5
1 PS —0.46 0.16 -0.19 -2.92 0.004* 8.55 3
Perceived dieting success (N = 227) 3 2 RR 0.42 0.20 0.17 2.59 0.010* 6.72 6
3 EC 0.00 0.00 0.03 0.39 0.701 0.15 5
4 RR x EC 0.01 0.01 0.10 1.46 0.147 2.12 6
4 2 RDr 0.47 0.14 0.22 3.44 0.001* 11.83 8
3 EC 0.00 0.00 0.03 0.44 0.658 0.20 7
4 RDr x EC 0.00 0.00 0.03 0.52 0.605 0.27 7

0 < 0.025.

RR, reward responsiveness; RDr, reward drive; PS, punishment sensitivity; EC, executive control.

and RS to restrained eaters’ perceived dieting success. The main
findings can be summarized as follows: (1) PS was positively
related to restrained eating, and (2) RS was positively related
to perceived dieting success of dieters. Additionally, there was
no evidence that EC moderated the association between RS
and perceived dieting success, and PS was negatively related to
perceived dieting success.

A positive association was found between restrained eating
and PS. This finding is in line with previously found positive
relationships between PS and restrained eating (Ahern et al,
2010; Matton et al., 2013; Jonker et al., 2016a; Matton et al.,
2017b). An important next step is to examine the direction of this
relationship using a longitudinal approach to examine whether
high PS is a precursor of dieting behavior. Interestingly, results
further showed that PS was negatively related to perceived dieting
success. This seems to indicate that PS might be related to more
intention to diet, yet less success at these attempts. However, since
high PS has been suggested to be related to a tendency to perceive
actions as incorrect or flawed (Wierenga et al., 2014), it might
also be that individuals with high PS only perceive their attempts
as less successful. Future studies should include a more objective

measure of dieting success to further examine this association.
A longitudinal study that examines the relationship between PS
and weight measured over a period of time would provide insight
into the association between PS and more objective dieting
success. Additionally, it could be helpful to explore whether the
found associations are moderated by the dieting strategy that
individuals use. That is, it could be that the association between
PS and dieting intention is specifically apparent in individuals
who would use a rigid dieting strategy (i.e., all or nothing dieting)
which is related to less dieting success than a flexible dieting
approach (Westenhoefer et al., 2013).

A positive association was found between RS and perceived
dieting success of dieters. EC was not found to moderate this
association between RS and dieting success. The current findings
seem in line with the theory in which RS is suggested to have a
facilitating role in food restriction (Bergh and Sodersten, 1996),
and not in line with the theory in which RS is suggested to have
an impeding role in food restriction (Davis and Woodside, 2002).
Nevertheless, it seems too early to draw firm conclusions about
the role of RS in successful food restriction. For example, causality
cannot be established from the current study, and the suggestion
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that RS is positively related to dieting success since it increases
the rewarding value of the effect of food restriction such as weight
loss and improved body shape could not be examined since only
a general measure of RS was included. Therefore, it might be
important for future studies to examine whether increasing the
reward value of the consequences of food restriction increases
individual’s success in their dieting attempts. This would enable
to test both the causality of the found association, as well as
the assumption that heightened RS is implicated in dieting
success by increasing the rewarding value of the specific effects
of food restriction.

There are some limitations that should be taken into account
when interpreting the results of this study. Firstly, the ANT
was not performed in a controlled environment but online. Yet,
participants with many errors or who provided wrong answers
on the control questions were excluded, the average EC scores
were very similar to those of our previous lab-based study
(Jonker et al., 2016a), and internal consistency of the task was
acceptable. Related, in line with the previous study in this field
we used the ANT as measure of EC. However, the ANT assesses
specifically executive attention. Before we conclude that EC is
not a moderator in the relationship between RS and dieting
success, future studies might want to examine the moderation
effect with a broader measure (e.g., the stop-signal task cf.,
Dassen et al., 2018). Secondly, the current study included mainly
healthy weight women (86%), and it might be that the role
of RS and PS is different for overweight and obese dieters.
Thirdly, a self-report measure was used to assess dieting success
in general. This scale was found to be negatively related to BMI
in both the current study and previous studies (Meule et al,
2011; Van Koningsbruggen et al., 2011), attesting to its validity.
Nevertheless, future studies should examine whether the current
findings also relate to specific dieting attempts. Fourthly, even
though women with underweight were excluded from this study,
it is possible that women with an eating disorder participated,
potentially influencing the perceived dieting success findings.
That is, since individuals with an eating disorder have been found
to report higher PS and they might be more critical about their
dieting success, this might have resulted in an overestimation of
the association.
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