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Abstract

Purpose As the prevalence of overweight and obesity are

still increasing, it is important to help individuals who

encounter difficulty with losing weight. The current study

was set out to further investigate characteristics of indi-

viduals who are highly motivated to restrict their food

intake to lose weight, but fail to do so (i.e., restrained

eaters). The motivation to lose weight might stem from

high punishment sensitivity, whereas the failure to succeed

in restricting food intake might be the result of high reward

sensitivity. Thus, it was examined whether restrained eaters

are characterized by both high reward sensitivity and high

punishment sensitivity. Additionally, this is the first study

to examine executive control as a potential moderator of

this relationship.

Methods Female undergraduates (N = 60) performed a

behavioral measure of executive control, and completed

the Restraint Scale to index level of restrained eating as

well as two questionnaires on reinforcement sensitivity; the

Behavioral Inhibition Scale/Behavioral Activation Scale,

and the Sensitivity to Punishment and Sensitivity to

Reward Questionnaire.

Results There was a positive relationship between

restrained eating and punishment sensitivity as indexed by

both questionnaires. Reward sensitivity as measured by

both indices was not directly related to restrained eating.

Executive control moderated the relation between reward

responsivity (but not reward-drive) and restrained eating;

specifically in women with relatively weak executive

control there was a positive relationship between reward

responsivity and restrained eating behavior.

Conclusion In women with low executive control,

restrained eating is associated with both heightened sensi-

tivity to punishment and heightened responsivity to reward.

Keywords Restrained eating � Reinforcement sensitivity �
Reward sensitivity � Reward responsivity � Punishment

sensitivity � Executive control

Introduction

Dieting has become a normal part of society, especially for

women. Underlining its common nature, a large scale

cross-cultural study found that 51% of young adolescent

female participants indicated to be currently trying to lose

weight (N = 18.512, from 22 countries) [1]. However,

since the prevalence of overweight and obesity in women

are increasing (from 29.8% in 1980 to 38.0% in 2013) [2],

it is important to help individuals who encounter difficulty

with losing weight. An important step is to identify char-

acteristics of individuals who are highly motivated to

restrict their food intake to lose weight, but fail to do so

(i.e., restrained eaters) [3–5]. Characteristics that may be

related to restrained eating are reward and punishment

sensitivity.

Individuals with an enhanced sensitivity to rewards are

more inclined to respond with approach behavior in situa-

tions that are related to reward [6, 7]. Individuals who are

sensitive to punishment are more prone to respond with

avoidance behavior in situations that are related to pun-

ishment [6, 7]. On top of the relation with normal behavior,

reward and punishment sensitivity have also been found to
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relate to symptoms of psychopathology such as substance

misuse, anxiety, and eating disorders [8].

As opposed to restricted eaters, such as Anorexia Ner-

vosa patients, who have been mainly found to be charac-

terized by high punishment sensitivity [9], restrained eaters

might be characterized by both high reward sensitivity and

high punishment sensitivity. Individuals with high reward

sensitivity are thought to be relatively sensitive to the

rewarding features of eating high caloric food items, which

may lower the threshold for overeating [10]. Further, indi-

viduals with high punishment sensitivity are thought to be

more likely to restrict their food intake, since they are more

inclined to avoid the punishing consequences of overeating

such as becoming overweight and obese [11]. Hence,

restrained eaters might be characterized by both high

reward sensitivity and high punishment sensitivity. The

motivation to lose weight might stem from their punishment

sensitivity, whereas the failure to succeed in restricting food

intake might be the result of high reward sensitivity.

However, previous studies have shown inconsistent

results with regard to the relationship between reward and

punishment sensitivity and restrained eating. Female ado-

lescent restrained eaters have indeed reported a higher

sensitivity to reward and a higher sensitivity to punishment

on the Sensitivity to Punishment and Sensitivity to Reward

Questionnaire (SPSRQ) [12], than unrestrained eaters [13].

Though, another study among young adolescents found

that only reward sensitivity was positively related to

restrained eating in girls, whereas punishment sensitivity

was only positively related to restrained eating in boys

[14]. In this study, reward and punishment sensitivity were

measured with the Behavioral Inhibition Scale/Behavioral

Activation Scale (BIS/BAS) [15]. In a study among adults

(combined male/female sample) in which the BIS/BAS

was used, reward sensitivity, but not punishment sensitiv-

ity, was found to be positively related to restrained eating

[16]. At last, in a study using both the BIS/BAS and the

SPSRQ among young adolescents (combined male/female

sample), punishment sensitivity measured with both indi-

ces was found to be positively related to restrained eating,

whereas reward sensitivity measured with both question-

naires was not [17].

A possible explanation for these inconsistent findings is

the difference inmeasures thatwere used to index reward and

punishment sensitivity. Although the SPSRQ and the BIS/

BAS questionnaires have been used interchangeably as

indices for reinforcement sensitivity, they are not identical.

The SPSRQ seems to be a more context and stimulus

dependent measure than the BIS/BAS [11]. The choice of a

particular scale appears to especially impact the results with

respect to the relationship between eating problems and

reward sensitivity. For example, studies using the BIS/BAS

have consistently found that patients with anorexia nervosa

report lower reward sensitivity than healthy controls

[18, 19], whereas patients with anorexia were found to report

higher reward sensitivity than healthy controls when using

the SPSRQ [11, 19]. Importantly, the difference between

patients and healthy controls completely disappeared after

excluding the items of the SPSRQ that refer to appearance

and interpersonal reward elicitors (e.g., ‘‘Do you often meet

people that you find physically attractive?’’) [11].

Additionally, the inconsistent findings might be the

result of a third factor influencing the relation between

reinforcement sensitivity and restrained eating. Theoretical

models on addiction and related behavior (e.g., dysregu-

lated eating behaviors) emphasize the importance of both

bottom-up motivational processes (e.g., automatically

triggered approach responses towards food cues), and top-

down control processes, fueled by long-term considerations

that contradict the pursuit of unhealthy incentives [20].

Accordingly, the failure of restrained eaters to comply with

their diet goal may not only be driven by relatively high

sensitivity for the rewarding properties of food items (i.e.,

bottom-up processes), but also by a deficient top-down

regulation of their automatic approach behavior. Self-reg-

ulation in terms of resisting the temptation of food requires

adequate executive control (EC) [21]. Therefore, people

with low EC may lack the ability to successfully redirect

their thoughts and actions towards obtaining their diet goal.

Thus, especially individuals with both high reward sensi-

tivity and weak EC may be unable to resist (food) rewards,

and will therefore experience problems with restricting

their food intake. In other words, EC might moderate the

relationship between reward sensitivity and restrained

eating. Since high punishment sensitivity is thought to be

in line with restrained eaters’ goal of losing weight and

restricting their food intake, there is no reason to assume

that the relationship between punishment sensitivity and

restrained eating will be moderated by EC.

All in all, the first aim of the current study is to further

examine the relationship between restrained eating and

reinforcement sensitivity. To investigate whether incon-

sistencies in previous research might have been due to the

indexes that were used to measure reinforcement sensitiv-

ity, we will include both the BIS/BAS and the SPSRQ. To

get more fine-grained insight in the components of reward

sensitivity that are related to restrained eating, the focus is

not only on the complete reward scale of the BIS/BAS, but

follow-up analyses will be done with regard to the reward

responsivity and reward drive subscales [6, 7]. With regard

to the SPSRQ, we will not only examine the relationship

between the original reward sensitivity subscale and

restrained eating, but also between the reward scale after

excluding the items referring to appearance and interper-

sonal rewards as proposed by Glashouwer and colleagues

[11]. The second aim of the current study is to examine
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whether EC moderates the relationship between rein-

forcement sensitivity and restrained eating.

Method

Participants

The final samples of 60 female undergraduate students of

the University of Groningen were selected during the first

two months of the academic year from a group of 152

students, who were on-line screened with the Restraint

Scale (RS) [21], for being either relatively low (score\9)

or relatively high restrained eaters (score [16). Only

women were selected, since they are more likely to show

restrained eating and dieting behavior than men [1]. During

the subsequent laboratory assessments, the selected par-

ticipants again completed the RS. Although originally

selected on the basis of extreme scores, results showed that

there was considerable regression to the mean, resulting in

an approximately normal distribution of RS scores. Fol-

lowing the recommendation of Preacher and colleagues

[22], a correlational approach was preferred over an

extreme groups approach (see Table 1 for sample

characteristics).

Materials

Restrained eating behavior

Restrained eating behavior was indexed by the Restraint

Scale [23], aimed to identify unsuccessful dieters with a

tendency to overeat [5]. The scale consists of 10 items that

are answered on a 4-point or 5-point scale, and total scores

can range from 0 to 35 (e.g., ‘‘Do you eat sensibly in front

of others and splurge alone’’). Internal reliability of the

restraint score in the current study was good (Cronbach’s

alpha = 0.87).

Reward and punishment sensitivity

Self-reported reward and punishment sensitivity were

measured with two different questionnaires, the BIS/BAS

and the SPSRQ.

BIS/BAS The BIS/BAS [15] contains 24 items including

4 distracter items. Items are answered on a 4-point scale

ranging from; (1) very false for me, to (4) very true for me.

The questionnaire consists of two main subscales; punish-

ment sensitivity (BIS; e.g., ‘‘Criticism or scolding hurts me

quite a bit’’), and reward sensitivity (BAS-total). The

reward sensitivity scale can be split into three subscales;

reward responsiveness (BAS-RR; e.g., ‘‘When I am doing

well at something, I love to keep at it’’), reward drive (BAS-

Drive; e.g., ‘‘I go out of my way to get things I want’’), and

fun seeking. Scores on the subscales were computed by

averaging the item scores. Reliability values of the BIS,

BAS-total, BAS-RR, and BAS-Drive scales were good to

acceptable (Cronbach’s alpha of 0.70, 0.78, 0.79, and 0.60,

respectively). The fun seeking subscale was not of interest

in the current study, yet also had poor reliability in terms of

internal consistency (Cronbach’s alpha of 0.35).

SPSRQ The SPSRQ [12] contains 24 questions about

sensitivity to reward (SR; e.g., ‘‘Do you often do things to

be praised?’’), and 24 questions about sensitivity to pun-

ishment (SP; e.g., ‘‘Are you easily discouraged in difficult

situations?’’). These questions are answered with yes or no.

Scores on both subscales represent the sum of the items

that were answered with yes. Reliability of the SR and SP

subscales in the current study was good (Cronbach’s alpha

of 0.77, and 0.83, respectively). A second reward sensi-

tivity subscale score was calculated based on Glashouwer

et al. [11], excluding the items regarding appearance and

interpersonal rewards (e.g., ‘‘Do you often meet people that

you find physically attractive?’’). This subscale showed

good reliability (Cronbach’s alpha of 0.74).

Executive control (EC)

The Attentional Network Task (ANT) was used as a

behavioral measure of EC [24]. The ANT is a computer

task during which participants have to determine whether

an arrow on the screen points to the left or right. This arrow

is accompanied by flankers that are either congruent or

incongruent. In between trials, participants have to fixate

their attention on a point that is shown in the middle of the

screen. The arrows appear either above or below this

central fixation point. There are trials in which a cue is

given just before the arrows appear (center cue), trials in

which the cue signals where the target is coming (up or

down; spatial cue), and trials without a cue. The task starts

with 24 practice trials, followed by 144 experimental trials.

During the experimental trials, all combinations of flanker

type (congruent, incongruent), cue type (center cue, spatial

cue, no cue), and position (up or down) were presented six

times. EC scores were calculated by subtracting the mean

reaction time (RT) on congruent trials from the mean RT

on incongruent trials. A lower score reflects better EC.

Table 1 Sample characteristics (N = 60)

Mean SD

Age 19.73 1.45

Restrained eating 13.38 6.97

BMI 21.65 3.84
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Procedure

The current study was part of a two-session study approved

by the ethical committee of the psychology department of

the University of Groningen. Participants were invited to

the lab via email, and received study credits for their par-

ticipation. After receiving information about the study they

signed the informed consent. The first session took

approximately 45 min, and started with two computer

tasks, among which the Attentional Network Task. The

ANT was programmed in E-prime 2.0 (Psychology Soft-

ware Tools, Pittsburgh, PA, USA), and was run on a

Windows 7 computer with a 27 inch LED screen

(1920 9 1080, 60 Hz). After the ANT, participants filled

out the BIS/BAS first, followed by the SPSRQ. To disguise

that the study was about eating behavior, the restraint scale

was administered at the end of the second session, which

was administered between 6 and 28 days after the first

session. This second session was administered for an

unrelated study, only the restraint scale was used from this

second session.

Analyses

After checking the relevant assumptions, hierarchical

regression analyses were performed with restrained eating

as dependent variable. In the first step, reward and pun-

ishment sensitivity were entered, EC was entered in the

second step, and in the third step the interaction between

reward sensitivity and EC, and punishment sensitivity and

EC were entered. Analyses were performed separately for

reward and punishment sensitivity scores of the BIS/BAS

(A) and the SPSRQ (B). The main BIS/BAS analysis was

followed by two regression models in which the BAS-

Drive (A2), and the BAS-RR (A3) subscales were entered

instead of the BAS-total scale (A1). The main SPSRQ

analysis was followed by a regression model in which SR

excluding items regarding appearance and interpersonal

rewards was entered (B2) instead of the total SR scale

(B1). Since we tested our hypotheses with two different

questionnaires we used a corrected alpha of 0.025 (a of

0.05/2).

Results

Data reduction and descriptive statistics

Before EC scores were calculated from the attentional

network task, RTs of trials with incorrect responses (2.8%)

and outliers ([2.5 SD from the mean; 2.3%) were removed.

Subsequently, the mean RTs on congruent trials were

subtracted from the mean RTs on incongruent trials

resulting in an EC score. Descriptive statistics are shown in

Table 2.

Bivariate correlational analysis (see Table 3) showed

that restrained eating was positively related to BMI and

punishment sensitivity as measured with the BIS/BAS. Yet,

there were no significant correlations between restrained

eating and punishment sensitivity as measured with the

SPSRQ, reward sensitivity as measured with both ques-

tionnaires, or EC.

Hierarchical regression analyses

Reward sensitivity (BAS), punishment sensitivity (BIS)

as measured with the BIS/BAS, executive control (EC),

and restrained eating

The hierarchical regression model with BIS and BAS-total

(model A1) showed no significant main effects of BAS-

total and EC on restrained eating. BIS was a significant

predictor of restrained eating. Additionally, the interaction

effect between BAS-total and EC was not significant. The

interaction between BIS and EC did not significantly pre-

dict restrained eating. The analysis was also performed for

the BAS-Drive (model A2) and BAS-Reward Responsivity

(BAS-RR) (model A3) subscales specifically. The results

with regard to BIS remained the same. Additionally, no

main effects were found for BAS-RR, and BAS-Drive, or

an interaction effect between BAS-drive and EC. Yet, the

interaction between BAS-RR and EC was significant (see

Table 4).

To further investigate the significant interaction between

BAS-RR and EC on restrained eating, simple slopes were

plotted for strong (-1 SD below the mean) and weak (?1

SD above the mean) levels of EC (See Fig. 1a). A positive

relation was found between reward responsivity and

restrained eating for individuals with weak EC, and a

Table 2 Descriptive statistics (N = 60)

Mean SD

BAS-Total 2.00 0.36

BAS-Rr 1.64 0.38

BAS-Dr 2.41 0.59

BIS 2.11 0.32

SR 11.30 4.15

SR-2 7.87 3.10

SP 11.18 4.91

Executive control 77.31 24.79

BAS-Total BIS/BAS Reward total, BAS-Rr BIS/BAS Reward

responsiveness, BAS-Dr BIS/BAS Reward drive, BIS BIS/BAS pun-

ishment sensitivity, SR SPSRQ reward sensitivity, SR-2 SPSRQ

reward sensitivity adapted following Glashouwer et al. [11], SP

SPSRQ punishment sensitivity
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negative relation between reward responsivity and

restrained eating for individuals with strong EC. Since

there was a relation between both EC and BMI

(r = -0.19), and reward responsivity and BMI

(r = -0.12), a post hoc analysis was performed to examine

whether the interaction between EC and BMI influences

the interaction between reward responsivity and EC on

restrained eating (model A4; Table 4). After controlling for

BMI and ECxBMI, it was found that individuals with a

high reward responsivity and low EC were most inclined to

Table 3 Bivariate correlations between restrained eating, BMI, reward sensitivity, punishment sensitivity, and executive control measures

Restrained eating BMIa BAS-Total BAS-Rr BAS-Dr BIS SR SR_2 SP

BMIa 0.52*** – – – – – – – –

BAS-T -0.06 -0.15 – – – – – – –

BAS-Rr 0.00 -0.12 0.78*** – – – – – –

BAS-Dr -0.08 -0.13 0.86*** 0.49*** – – – – –

BIS 0.37** 0.16 -0.02 0.20 -0.10 – – – –

SR 0.14 -0.01 0.56*** 0.41** 0.46*** 0.09 – – –

SR_2 0.17 -0.02 0.61*** 0.38** 0.52*** 0.03 0.92*** – –

SP 0.23 0.25 -0.34** -0.17 -0.33* 0.56*** -0.17 -0.28* –

EC 0.02 -0.19 -0.09 0.05 -0.23 0.02 0.06 0.06 0.08

BAS-T BIS/BAS reward total, BAS-Rr BIS/BAS reward responsiveness, BAS-Dr BIS/BAS reward drive, BIS BIS/BAS punishment sensitivity, SR

SPSRQ reward sensitivity, SR_2 SPSRQ reward sensitivity adapted following Glashouwer et al. [11], SP SPSRQ punishment sensitivity, EC

Executive control

* p\ 0.05

** p\ 0.01

*** p\ 0.001
a Spearmans rho correlations, because of violations of normality

Table 4 Hierarchical

regression analysis of BIS/BAS

subscales on restrained eating

Model Variable B SEB T p Adj-R2 (%)

A1 BAS 0.50 2.45 0.20 0.839 11

BIS 5.77 2.00 2.89 0.006

EC 0.03 0.04 0.80 0.429

BAS 9 EC 0.21 0.11 1.87 0.067

BIS 9 EC 0.02 0.09 0.17 0.870

A2 BAS-Dr 1.26 1.61 0.78 0.438 7

BIS 6.10 2.01 2.97 0.004

EC 0.02 0.04 0.45 0.658

BAS-Dr 9 EC 0.02 0.05 0.36 0.722

BIS 9 EC 0.00 0.10 0.03 0.973

A3 BAS-RR -0.24 2.34 0.10 0.920 15

BIS 4.73 2.01 2.27 0.027

EC 0.02 0.04 0.54 0.594

BAS-RR 9 EC 0.33 0.13 2.44 0.018

BIS 9 EC -0.06 0.10 -0.58 0.566

A4 BAS-RR -0.24 2.34 0.10 0.836 15

BIS 4.73 2.01 2.27 0.049

EC 0.02 0.04 0.54 0.120

BMI 1.12 0.28 4.02 \0.001

BAS-RR 9 EC 0.33 0.13 2.44 0.030

BIS 9 EC -0.06 0.10 -0.58 0.259

BMIxEC 0.03 0.01 2.73 0.009

BAS-Total BIS/BAS reward total, BAS-Rr BIS/BAS reward responsiveness, BAS-Dr BIS/BAS reward

drive, BIS BIS/BAS punishment sensitivity, EC executive control
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show restrained eating, whereas individuals with high

reward responsivity and high EC were least inclined to

(Fig. 1b).

Reward sensitivity (SR) and punishment sensitivity (PS)

as measured with the SPSRQ, executive control (EC),

and restrained eating

The hierarchical regression model with SP and SR (model

B1 and B2) showed that SR (with and without excluding

items regarding appearance and interpersonal rewards), and

the interaction between SR and EC did not significantly

predict restrained eating. In the model including the orig-

inal reward sensitivity, SP, and the interaction between SP

and EC were not significant predictors of restrained eating.

After excluding the items regarding appearance and inter-

personal rewards of the reward sensitivity subscale (model

B2), only SP was a marginally significant predictor of

restrained eating behavior. The interaction between SP and

EC was not a significant predictor of restrained eating (See

Table 5).

Discussion

The current study was set out to further investigate char-

acteristics of individuals who are highly motivated to

restrict their food intake but fail to do so, as an important

step in the search for better help for individuals who

encounter difficulty with losing weight. The major findings

of the current study can be summarized as follows: (1)

restrained eating was positively related to punishment

sensitivity as indexed by both the BIS/BAS and the

SPSRQ; (2) reward sensitivity as indexed by both indices

was not directly related to restrained eating; and (3) EC

moderated the relationship between restrained eating and

reward responsivity as indexed by the BAS; only for those

with relatively low EC there was a positive relationship

between reward responsivity and restrained eating.

In line with our hypothesis, restrained eating was asso-

ciated with relatively high punishment sensitivity. Under-

lining the robustness of the association between restrained

eating and punishment sensitivity, this positive relationship

was evident for both indices. Thus, women who indicated

to be more sensitive to cues of punishment were more

inclined to engage in restrained eating behavior. This is

consistent with the idea that punishment sensitivity is

related to the motivation to diet. In line with this, previous

findings show that anorexia nervosa patients are also

characterized by relatively high punishment sensitivity

[11]. The relationship between punishment sensitivity and

restrained eating that was evident in the current study is

consistent with some previous findings [13, 17], yet, not

with all [14, 16]. These inconsistencies could not be

explained by the use of a particular punishment sensitivity

measure, since the relation was found for both the BIS/

BAS and the SPSRQ. Yet, differences in sample charac-

teristics might explain the inconsistent findings. Average

levels of punishment sensitivity have been found to differ

between age groups and sex [25], and there seem to be sex

differences in the relationship between punishment sensi-

tivity and restrained eating [14]. The sample of Ahern et al.
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Fig. 1 Interaction effect of

reward responsivity and

executive control on restrained

eating, a original model, b after

controlling for BMI and

BMIxEC

Table 5 Hierarchical regression analysis of SPSRQ subscales on

restrained eating

Model Variable B SEB T p Adj-R2

B1 SR 0.32 0.02 1.49 0.142 7%

SP 0.35 0.18 1.94 0.057

EC 0.01 0.04 0.32 0.750

SR 9 EC 0.01 0.01 0.62 0.535

SP 9 EC -0.02 0.01 -1.93 0.059

B2 SR-2 0.50 0.29 1.72 0.091 10%

SP 0.42 0.18 2.28 0.026

EC 0.01 0.04 0.39 0.696

SR-2 9 EC 0.02 0.01 1.22 0.227

SP 9 EC -0.02 0.01 -1.67 0.102

SR SPSRQ reward sensitivity, SR-2 SPSRQ reward sensitivity adap-

ted following Glashouwer et al. [11], SP SPSRQ punishment sensi-

tivity, EC executive control
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[13] closely resembles our sample. Participants in the study

by Stapleton and Whitehead [16] were much older, and

consisted of both males and females, whereas participants

in the study by Walther and Hilbert [14] were much

younger. Thus, it seems that punishment sensitivity might

be mainly related to restrained eating during adolescence

and young adulthood.

The current findings did not support the view that

heightened reward sensitivity has a direct relationship with

restrained eating. Thus, the results do not support the

hypothesis that the failure to succeed in restricting food

intake is directly related to high reward sensitivity. This

could not be attributed to the use of a particular measure of

reward sensitivity as none of the indices of reward sensi-

tivity showed a meaningful bivariate association with

restrained eating behavior. This is consistent with a study

among young adolescents that also failed to find a rela-

tionship between restrained eating and reward sensitivity as

indexed by either the BIS/BAS or the SPSRQ [17]. The

current findings challenge the robustness of earlier results

suggesting a direct positive relationship between reward

sensitivity and restrained eating [13, 14, 16]. One expla-

nation for the divergence of results concerns differences in

measures that were used to index-restrained eating behav-

ior. The studies that did find a direct relationship between

reward sensitivity and restrained eating used the Dutch

Eating Behavior Questionnaire (DEBQ) [26] to index-re-

strained eating. It has been suggested that the DEBQ more

closely reflects successful dieting, whereas the restraint

scale seems to identify unsuccessful dieters with a ten-

dency to overeat [5]. Perhaps, then, the relationship

between reward sensitivity and successful dieting (DEBQ-

restraint) is more closely linked to the long-term reward of

favorable effects on weight than by the immediate reward

of eating food items.

The current study shows that it is important to examine

individual differences in EC when examining the relation

between reinforcement sensitivity and restrained eating.

Individuals with a strong EC are expected to show an

enhanced ability to inhibit automatic responses that are

inconsistent with their current goals. Therefore, it was

anticipated that the relationship between reward sensitivity

and restrained eating behavior would be especially evident

in women with relatively weak EC. In line with this, results

showed that the relationship between reward sensitivity as

indexed by the BAS reward responsivity and restrained

eating behavior was moderated by EC. Especially for

women with a relatively low ability to inhibit automatic

responses, there was a positive relationship between reward

responsiveness and restrained eating. It would be important

for future research to examine whether the relationship

between reward sensitivity and other types of eating

behavior or eating disorders are similarly moderated by

individual differences in EC. For example, reward sensi-

tivity might be especially relevant in the context of Bulimia

Nervosa for those with relatively low EC. At the same

time, it could be that high reward and punishment sensi-

tivity might be especially linked to restrictive eating dis-

orders such as Anorexia Nervosa in those with relatively

high levels of EC, which might help explain their ability to

persist in restricting their food intake even when being

severely underweight.

The current finding that the relationship between reward

sensitivity and restrained eating behavior was only evident

in women with relatively weak EC suggests that especially

for these women enhancing executive control would be a

relevant starting point to help counterforce (automatic)

approach tendencies that are inconsistent with their diet

goal. It would be interesting for future research to test

whether training EC would indeed be effective in neutral-

izing the relationship between heightened reward respon-

sivity and restrained eating [27].

Although the findings of the current study with regard to

punishment sensitivity were relatively consistent across

measures, the relation between the BIS and restrained

eating was stronger than the relation between the SP and

restrained eating.1 This corroborates the suggestion that the

BIS/BAS questionnaire is a more robust and less stimulus-

dependent measure than the SPSRQ. Additionally, the

current study provided some tentative evidence for the

relevance of differentiating between the various dimen-

sions of reward sensitivity as indexed by the BAS.

Although none of the indices of reward sensitivity was

directly related to restrained eating, specifically reward

responsivity was found to interact with EC in relation to

restrained eating. In other words, it seems that the rela-

tively positive impact of receiving a reward is related to

restrained eating in individuals with weak executive con-

trol, and not so much a heightened drive toward getting a

reward. Future studies should also consider examining

different facets of punishment sensitivity. It might, for

example, be that restrained eaters are mainly characterized

by an increased need to avoid punishment, and that

responsivity to punishment is not relevant. Additionally, it

would be important to examine in future research whether

also in the context of eating disorders differentiation

between the need (to avoid) and responsivity to both

reward and punishment is relevant. For example, it might

be that mainly reward responsivity is associated with

Bulimia Nervosa, whereas in binge eating disorder also the

need for reward is relevant.

1 Post-hoc performed partial correlational analysis showed that the

relation between BIS and restrained eating remained significant after

controlling for SP (r = 0.29; p\ 0.03), whereas the relation between

SP and restrained eating was not significant after controlling for BIS

(r = 0.03; p = 0.81).
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Some limitations of the study should be taken into

account when interpreting the results. First of all, the

sample size of the current study was relatively small in

relation to the amount of models that were calculated.

Future studies should replicate the current study to test the

reliability of the findings. Second, participants in the cur-

rent study were students who are relatively highly educated

and therefore expected to have stronger executive control

than the average population. The impact of EC might

therefore be underestimated by the current study. Hence, it

would be important for future research to also examine the

relationship between restrained eating, reinforcement sen-

sitivity, and executive control in a less highly educated

sample. Additionally, the correlational nature of the study

prohibits drawing conclusions about the causality, and the

direction of the found relationships. It would therefore be

important to complement the current cross-sectional

approach with longitudinal studies to test whether height-

ened reinforcement sensitivity and low EC indeed precede

the development of restrained eating. In addition, no

information is available regarding other characteristics of

the current sample that might have influenced the results

such as symptoms of depression and psychosis. It would

therefore be important to replicate the current findings in

different type of samples, and to more comprehensively

assess relevant characteristics that might moderate the

relationships between restrained eating, reinforcement

sensitivity, and executive control. Furthermore, it has been

argued that the restraint scale might be unable to differ-

entiate between successful and unsuccessful dieters [28].

Yet, in the current study and other studies [29], a strong

positive correlation was found between restrained eating

and BMI thereby supporting the view that the restraint

scale is capturing unsuccessful dieters. It might neverthe-

less be relevant for future studies to include additional

measures that may be helpful to differentiate between

successful and unsuccessful dieters such as the food-crav-

ing questionnaire [30]. At last, a self-report measure of

reinforcement sensitivity was used in the current study.

Given the automatic nature of reinforcement sensitivity, it

is important to replicate the current study with a behavioral

measure of reward and punishment sensitivity.

To conclude, we found that heightened punishment

sensitivity is related to restrained eating in general, and that

heightened reward responsivity (and not reward-drive) is

specifically related to restrained eating in individuals with

low EC. The current study is the first to show that the

relationship between reward responsiveness and restrained

eating behavior is moderated by executive control. Addi-

tionally, this is the first study to differentiate between

different types of reward behavior. Findings show that

differentiating between the various dimensions of reward

sensitivity when considering the relation with restrained

eating is important. A critical next step is to examine

whether also the relationship between reinforcement sen-

sitivity and clinical levels of eating behavior problems

depends on the level of EC.

Acknowledgements We thank Shamira Kuiper and Tinka Jansen

(master’s students) for their contribution to the data collection.

Compliance with ethical standards

Funding The first author is supported by NWO research talent Grant

[406-14-091].

Conflict of interest All authors declare that they have no conflict of

interests.

Informed consent Informed consent was obtained from all individ-

ual participants included in the study.

Ethical approval All procedures performed in this study were in

accordance with ethical standards of the ethical committee of the

psychology department of the University of Groningen and with the

1964 Helsinki declaration and its later amendments or comparable

ethical standards.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://crea

tivecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. Wardle J, Haase AM, Steptoe A (2006) Body image and weight

control in young adults: international comparisons in university

students from 22 countries. Int J Obes 30:644–651. doi:10.1038/

sj.ijo.0803050

2. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono

C, Gakidou E (2014) Global, regional, and national prevalence of

overweight and obesity in children and adults during 1980–2013:

a systematic analysis for the Global Burden of Disease Study

2013. Lancet 384:766–781. doi:10.1016/S0140-6736(14)60460-8

3. Polivy J, Herman CP (1987) Diagnosis and treatment of normal

eating. J Consult Clin Psychol 55:635–644. doi:10.1037/0022-

006X.55.5.635

4. Laessle RG, Tuschl RJ, Kotthaus BC, Pirke KM (1989) A com-

parison of the validity of three scales for the assessment of dietary

restraint. J Abnorm Psychol 98:504–507. doi:10.1037/0021-

843X.98.4.504

5. Johnson F, Pratt M, Wardle J (2012) Dietary restraint and self-

regulation in eating behavior. Int J Obes 36:665–674. doi:10.

1038/ijo.2011.156

6. Gray JA (1970) The psychophysiological basis of introversion-

extraversion. Behav Res Ther 8:249–266. doi:10.1016/0005-

7967(70)90069-0

7. Gray JA, McNaughton N (2000) The neuropsychology of anxi-

ety: an enquiry into the functions of the sopto-hippocampal

system, 2nd ed. doi:10.1093/acprof:oso/9780198522713.001.

0001

8. Bijttebier P, Beck I, Claes L, Vandereycken W (2009) Gray’s

reinforcement sensitivity theory as a framework for research on

Eat Weight Disord

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1038/sj.ijo.0803050
http://dx.doi.org/10.1038/sj.ijo.0803050
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1037/0022-006X.55.5.635
http://dx.doi.org/10.1037/0022-006X.55.5.635
http://dx.doi.org/10.1037/0021-843X.98.4.504
http://dx.doi.org/10.1037/0021-843X.98.4.504
http://dx.doi.org/10.1038/ijo.2011.156
http://dx.doi.org/10.1038/ijo.2011.156
http://dx.doi.org/10.1016/0005-7967(70)90069-0
http://dx.doi.org/10.1016/0005-7967(70)90069-0
http://dx.doi.org/10.1093/acprof:oso/9780198522713.001.0001
http://dx.doi.org/10.1093/acprof:oso/9780198522713.001.0001


personality-psychopathology associations. Clin Psychol Rev

29:421–430. doi:10.1016/j.cpr.2009.04.002

9. Harrison A, O’Brien N, Lopez C, Treasure J (2010) Sensitivity to

reward and punishment in eating disorders. Psychiatry Res

177:1–11. doi:10.1016/j.psychres.2009.06.010

10. Davis C, Fox J (2008) Sensitivity to reward and body mass index

(BMI): evidence for a non-linear relationship. Appetite 50:43–49.

doi:10.1016/j.appet.2007.05.007

11. Glashouwer KA, Bloot L, Veenstra EM, Franken IHA, de Jong PJ

(2014) Heightened sensitivity to punishment and reward in

anorexia nervosa. Appetite 75:97–102. doi:10.1016/j.appet.2013.

12.019
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