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Abstract

Reward delay impulsivity is a feature of attention deficit/hyperactivity disorder (ADHD) and a

likely feature of loss of control eating (LOC-E), which might explain the higher risk of children

with ADHD or LOC-E to become obese. The goal of this study was to investigate reward

delay impulsivity in children with LOC-E, ADHD, or a double diagnosis, in contrast to healthy

children. Children (8 to 13 years) with LOC-E (n = 24), ADHD (n = 33), a double diagnosis

(n = 9), and healthy children (n = 34) performed a computer game (door opening task

[DOT]) and the delay of gratification task (DoGT) to assess food related facets of reward

delay impulsivity. In addition, children reported whether they worried to lose control over eat-

ing during the DoGT. There were no group differences in the DOT. However, children with

ADHD or a double diagnosis had a significantly higher risk to eat prematurely during the

DoGT than children with LOC-E, who were not significantly different from healthy children.

Children with a double diagnosis were most likely to worry about losing control over eating

during the DoGT, followed by children with LOC-E, and both had a significantly higher prob-

ability to worry than healthy children. For children with a double diagnosis the probability to

worry was significantly higher than for children with ADHD. If replicated, these findings point

to a special relevance of reward delay impulsivity in children with ADHD or a double diagno-

sis, compared to children with LOC-E. ADHD should be regularly assessed in children with

LOC-E.
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Introduction

Loss of control eating (LOC-E) is defined as eating a large amount of food accompanied by a

sense of loss of control over eating. LOC-E in children is associated with increased weight,

shape, and eating concerns [1], more pronounced disinhibited or emotional eating, and an

overall impaired mental health [2, 3]. LOC-E is associated with later onset of partial or full syn-

drome binge-eating disorder (BED) [3–5], overweight, and obesity [1]. According to a current

meta-analysis almost every third child or adolescent with overweight or obesity suffers from

LOC-E [6].

The core feature of LOC-E, the feeling of loss of control, is related to impulsivity [7, 8]. The

impulsivity construct incorporates biological and psychological components. On a psychologi-

cal level, impulsivity is characterized by insufficient planning or control of behavior [9, 10].

Two major subcomponents of impulsivity can be discriminated that are only weakly correlated

[11]. The first, rapid response impulsivity, refers to inhibitory deficits that sacrifice accuracy of

a behavior for speed. The second, reward delay impulsivity, refers to the preference of a smaller

but immediate reward over a larger but delayed reward.

A facet of reward delay impulsivity is reward sensitivity [12, 13]. Gray [9] relates sensitivity

to reward to an antagonistic model of motivation that consists of a behavior inhibition system

(BIS) and a behavior activation system (BAS). While the BAS fosters the detection of reward-

ing stimuli [10], approach behavior and increases motor output, the BIS supports avoidance of

punishment and decreases motor output. Previous literature shows that children with a higher

reward sensitivity or delay impulsivity have an elevated risk to gain weight and to experience

behavior, social, or school problems [14–17].

Reward delay impulsivity can be assessed with behavioral tests. The classic paradigm is the

delay of gratification task (DoGT), in which children have to resist a small, immediately avail-

able reward (e.g. one marshmallow) in order to obtain a larger reward later (e.g. two marsh-

mallows) [18]. Prior DoGT studies showed that children with obesity have more difficulties in

delaying eatable rewards when compared to normal weight children [19–21]. However, when

children were exposed to nonfood rewards, differences in DoGT were less clearly related to

weight status [22, 23].

Meanwhile, computerized modifications of the DoGT paradigm based on token economics

exist [11]. A computerized game, that assesses indicators of reward sensitivity, is the door

opening task (DOT) [24, 25]. In the DOT paradigm, participants open virtual doors in order

to gain points and finally earn a reward. However, with every additional door opened, the

probability of earning points decreases. Therefore, those participants who continue opening

doors despite decreasing chances to win are considered to be less sensitive for punishment and

more sensitive for reward [10].

Two studies showed that overweight children (10−14 years) and obese, treatment seeking

adolescents (12−15 years), who played the DOT, opened more doors than normal weight con-

trols [26, 27]. Moreover, in the study of Nederkoorn et al. [26] adolescents with obesity, who

had eating binges, opened more doors than those without binges. These results suggest, that

children and adolescents with overweight or obesity and especially those with eating binges

have an elevated reward sensitivity. However, Guerrieri and colleagues [10], who studied

younger children (8−10 years) with the DOT, did not observe a difference between normal

weight and overweight children. Whether this was due to the younger age of the children or to

different reward conditions (apparently children did not receive an additional reward when

they gained more points) remains open. Nevertheless, in this study, children with higher

reward sensitivity ate more marshmallows in a bogus taste test that followed the DOT, espe-

cially when marshmallows varied in form, color, texture, and taste. Guerreri et al. [10]
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conclude that reward sensitivity might be a causal factor for overeating in an obesogenic envi-

ronment. This reasoning might also apply to LOC-E, as suggested by the findings of Neder-

koorn et al. [26]. Reward delay impulsivity is also crucial in attention deficit/ hyperactivity

disorder (ADHD) that is characterized by age-inappropriate and excessive levels of inatten-

tion, overactivity, and impulsivity [28]. Studies that applied the classical DoGT paradigm con-

firmed the expectation that preschool children with ADHD symptoms have more difficulties

to delay gratification than control children [29]. A current meta-analysis across 26 choice

delay studies (mostly computerized DoGTs) clearly showed that children with ADHD stronger

preferred immediate, smaller than delayed, larger rewards compared to healthy controls. This

effect was larger for younger children (3−7 years; Hedges’ g = 0.83) than for older children (8

−13 years; g = 0.46) and adolescents (g = 0.45) (14).

In sum, these findings show that reward delay impulsivity and reward sensitivity are

psychopathological features of ADHD, and likely features of LOC-E. This might in part

explain the higher risk of children with ADHD and LOC-E for overweight and obesity [30–

34]. Despite its importance for the understanding of the pathological behavior in an obeso-

genic enviornment, reward delay impulsivity and reward sensitivity has not yet been investi-

gated in children with LOC-E and compared to other clinical or healthy groups.

Consequently, we investigated reward delay impulsivity in children with LOC-E, ADHD,

or both, and compared them to healthy children at the age of eight and 13 years, a develop-

mental period when self-regulation consolidates [35]. On a behavioral level we assessed reward

delay impulsivity using the DoGT [18] and reward sensitivity with the DOT [26] offering eat-

able and uneatable reward. Moreover, we captured the subjective experience of the children by

assessing their worries to lose control while waiting during the DoGT.

The hypotheses (H) were as follows: Children with a mental disorder associated to

increased impulsivity (LOC-E, ADHD, or a double diagnosis) have an elevated reward sensi-

tivity and a reduced capability to delay gratification (H-1). They therefore open more doors in

the DOT game (H-1a), have a higher probability to eat during the DoGT (H-1b), and more

likely report worries to lose control over eating than healthy children (H-1c).

Although children with ADHD and LOC-E share the vulnerability of an impaired impulse

control [36], food related loss of control is the core symptom of LOC-E. Children with LOC-E

therefore have a higher sensitivity for food rewards and more difficulties to delay food rewards

than children with ADHD (H-2). Consequently, compared to children with ADHD, children

with LOC-E, open more doors in the DOT game, when a food reward is offered (H-2a) and

have a higher probability to eat during the DoGT (H-2b). In addition, children with LOC-E

report worries about losing control over eating more likely than children with ADHD (H-2c).

We further explored how children with ADHD and LOC-E differ from children with a sin-

gle diagnosis. We expected that children with a double diagnosis have the most pronounced

impulse-control deficits [37, 38] and the highest sensitivity towards reward and therefore,

open more doors in the DOT than children with LOC-E, exploratory hypothesis (eH-3a), or

ADHD (eH-4a). In addition, we expected that children with a double diagnosis have a higher

probability to eat during the DoGT and report more worries about losing control over eating

than children with LOC-E (eH-3b, eH-3c) or ADHD (eH-4b, eH-4c).

Materials and methods

Recruitment and sample

The current study was part of the Swiss University Study of Nutrition (SUN), investigating

psychological and food intake related characteristics of children with LOC-E compared to

ADHD and healthy controls [39–41]. Recruitment took place in 125 classes of 35 regular
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primary schools (3rd to 6th grade) in French and German speaking parts of Switzerland

(Berne, Lausanne, Fribourg). Children and their parents were informed about the study aims

to investigate eating behavior and development in families. Approval and written informed

consent were obtained from the ethical committees of the cantons, the cantonal boards of edu-

cation, the school boards, parents, and the children.

In an initial screening 1741 children and at least one of their parents completed question-

naires to assess symptoms of ADHD (Conners 3 AI) [42] and eating disorder psychopathology

(ChEDE-Q) [43]. If children reported a LOC-E episode according to the ChEDE-Q or if parents

reported that ADHD symptoms of their child were equal or above a Conners’ 3 AI T-score of

60, a telephone screening was conducted with children and parents in order to determine eligi-

bility (N = 599). Altogether, 132 children and their parents were invited to attend a diagnostic

session, where the Schedule for Affective Disorders and Schizophrenia for School-Age Chil-

dren-Present and Lifetime Version (K-SADS-PL) [44] and the ChEDE [45] were applied.

Exclusion criteria for study participation were other eating disorders, compensatory behav-

iors (more than one episode during the past three months), ongoing treatment for overweight,

medication with effects on eating behavior (except ADHD medication), serious medical condi-

tions, as well as insufficient language skills. According to these criteria, 31 children were

excluded from the study. One child stopped its participation during the experimental session.

Inclusion into the LOC-E group required at least three episodes of LOC-E during the last

three months, accompanied by at least some degree of distress and two of five behavioral

symptoms according to the ChEDE. Twenty-four children were included into the LOC-E

group, of whom nine children fulfilled all criteria necessary for a BED diagnosis. Thirty-three

children, who fulfilled the DSM-IV-TR [46] criteria for ADHD according to the K-SADS-PL

were included into the ADHD group. Nine children simultaneously fulfilled all criteria for

LOC-E and ADHD (with no child fulfilling criteria for a BED diagnosis). They were classified

separately with a double diagnosis. Four children with ADHD and one child with a double

diagnosis were prescribed with a stable ADHD medication which lasted at least three months,

and was not changed for the study. The control group included 34 healthy children from the

initial screening who were stratified to children in the LOC-E group for age, gender, and ini-

tially also for body mass index (BMI). Matching for BMI was later given up, because it became

too difficult to find healthy children with overweight. Additional criteria for control children

were the absence of lifetime or present LOC-E, of compensatory behaviors, of any symptoms

of hyperactivity/ impulsivity and inattention, and of any mental disorder. Details about the

characteristics of the final sample of 100 children are reported in Table 1.

Procedure and measures

Parents (89 mothers, 10 fathers, and 1 time both parents) and their children arrived in the lab-

oratory at 3 pm, after having eaten lunch at home. After the diagnostic interview, children

chose their preferred snack food, performed the DOT and then the DoGT. Finally, body

weight and height were measured.

Assessment of psychological problems and mental disorders. LOC-E was assessed by the

Eating Disorder Examination adapted for Children (ChEDE [45]; German version [43]; French

version translated by the authors). The ChEDE has a satisfying internal consistency and inter-

rater reliability [47].

The Conners 3 ADHD Index (Conners 3AI [42]; German version [48]; French version trans-

lated by the authors) for parents was used to identify children with ADHD in the initial screen-

ing. It is a reliabile and frequently used screening instrument that has demonstrated high

discriminant validity in different populations.

Reward delay impulsivity and loss of control eating
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The Schedule of Affective Disorders and Schizophrenia for School age children–Present and
Lifetime Version (K-SADS-PL; German version [44]; French version [49]) was applied to assess

mental disorders of children and to evaluate whether children with symptoms of ADHD ful-

filled diagnostic criteria. The K-SADS-PL is a reliable structured interview for diagnoses

according to DSM-IV-TR that has demonstrated its validity in different populations, and was

repeatedly used to identify ADHD in children and adolescents [50]. In the revision of the

DSM, diagnostic criteria for ADHD were only slightly modified. The most relevant change

was that onset of symptoms can be later in DSM-5 (before age 12) than in DSM-IV-TR (before

age 7). Therefore, our ADHD classification is stricter regarding age of onset, but still compati-

ble with DSM-5 criteria [28].

Interviewers were master and PhD students in Psychology who were trained at the Depart-

ment of Psychiatry, University of Lausanne for the K-SADS-PL and by the first and last author

for the ChEDE. All interviews were coded twice. Disagreements were resolved in supervision

meetings with the first and last authors.

Computerized door opening task (DOT). The DOT version used in the current study

was from Nederkoorn et al. [26]. The DOT is a game of chance in which the initially high

probability to win points decreases continuously. Participating children decide whether they

open a virtual door which is presented on the computer screen, by clicking a “yes” or “no” but-

ton. If a child opened the door and a smiling face appeared she or he would gain one point.

However, if a sad face appeared she or he would lose a point. The game was over when the

child refused to open another door, or when the maximum of 90 doors had been opened. The

game started with a credit of 10 points. The probability to win an additional point by opening

a door was 90 percent for the initial 10 doors, it decreased to 80 percent for the next 10 doors,

then to 70 percent and so forth until 10 percent was reached for the last 10 doors. The proba-

bility to lose a point was reciprocal; it increased from 10 to 90 percent. After 30 doors were

opened, winning doors appeared before losing doors for every block of 10 doors. After 45

doors were opened, the maximum number of 35 points was attained.

Children played the DOT twice: once with food rewards (chocolate, sweets, apples, or man-

darins) and once with nonfood rewards (colored pencils, felt-, or light pens). The order of the

reward conditions was counterbalanced. After children had seen the reward items, the DOT

Table 1. Sample characteristics and potential covariates.

LOC-E

(n = 24)

ADHD

(n = 33)

LOC-E&ADHD

(n = 9)

Healthy

(n = 34)

Total

(N = 100)

M SD M SD M SD M SD M SD
Age 11.97 1.02 10.87 1.42 11.43 1.36 11.88 1.08 11.53 1.29

BMI 21.51 4.57 18.64 3.55 21.46 2.96 19.76 3.04 19.96 3.76

zBMI 0.78 1.26 0.21 1.15 1.09 0.62 0.44 0.92 0.51 1.09

Liking of food

(1 not at all to 7 very much)

6.64 0.58 6.25 1.59 6.44 1.33 5.94 1.48 6.26 1.36

Sadness 1.61 1.31 1.28 0.73 1.44 1.01 1.30 0.73 1.38 0.92

Anxiousness 1.52 1.20 1.47 1.11 1.67 1.00 1.12 0.33 1.38 0.94

BMI > 90th percentile 10 41.7 7 21.2 3 33.3 5 14.7 25 25

Gender (Girls) 16 66.7 14 42.4 4 44.4 23 67.6 57 57

Language (German) 10 41.7 24 72.7 4 44.4 22 64.7 60 60

Order of reward condition in DOT-game (eatable first) 9 37.5 16 48.5 8 88.9 18 52.9 51 51

LOC-E = loss of control eating; ADHD = attention deficit / hyperactivity disorder; LOC-E&ADHD = double diagnosis; BMI = body mass index, zBMI = standardized

body mass index.

https://doi.org/10.1371/journal.pone.0221814.t001
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was explained and children could familiarize with the procedure by opening several test doors.

They were instructed to gain as many points as possible and that they would earn more

rewards with more points. At the end of each run, children received three reward items when

they gained 25 or more points and two items when they gained less. The measure for reward

sensitivity was the number of doors opened. In addition, we examined the points achieved in

each condition.

Delay of gratification task (DoGT). Prior to the DoGT, the experimenter invited the

child to self-report current affective state on a visual analogue Scale (VAS) including the two

items “do you feel sad?” and “do you feel anxious?” (1 = “not at all” to 7 = “very much/

extremely”).

First, the experimenter presented three plates with small samples (about 7g) of chocolate

cookies, chips, and gummy candies. Children could smell and taste each snack and see the

original packages (175−200g). Then they were asked how much they like each snack (1 = “not

at all” to 7 = “very much”) and how many packages (1, 2 or 3) of the most preferred snack they

would like to get.

Later (after the DOT) children were exposed to a slightly modified version of the DoGT [18].

A plate with the child’s preferred snack, in addition to the original package with a rest (1/8) of

the snack was put in front of the child. The experimenter said that she would leave for an urgent

telephone call and would later return with packages of the preferred snack. She said, that the

child could eat from the snack immediately. However, the child would only receive the desired

quantity of the preferred snack, if he or she could resist eating until the experimenter’s return,

which was after 15 minutes. Children who began to eat were allowed to eat the rest of the snack.

Children who could resist eating received the desired quantity of the preferred food. The entire

sequence was video-taped. The measure of delay of gratification was the video based coding

whether a child ate or not before the experimenter returned. Two children, who picked cookie

crumbs from the plate, but did not eat from the cookie itself were rated as having eaten.

Immediately after the DoGT, children answered the following question: “Did you worry to
lose control over eating while waiting?” (1 = “not at all” to 7 = “very much”). We dichotomized

the variable because it was heavily skewed. Due to an administrative error, six children did not

complete these questions after the DoGT, and sample size for this variable and for liking-rat-

ings of snacks chosen was reduced to 94.

Standardized body mass index (zBMI) and classification of normal weight vs. over-

weight. Children’s weight and height were measured using a standardized balance and a sta-

diometer. Using German norm data [51] each child’s BMI (weight in kg /height in meter2) was

transferred into the corresponding age (in months) and gender related z-value (zBMI). Based

on these z-values percentiles were computed. Children with a zBMI> 1.28, which corresponds

to a BMI higher than 90 percent of their peers (pBMI > 90%), were classified as being

overweight.

Statistical analysis

We used one way ANOVAs to identify potential control variables and to determine differences

between diagnostic groups in children’s age, zBMI, and their liking of food chosen for the

DoGT. We explored whether groups differed by gender, weight status, and the order in which

reward conditions were administrated in the DOT game, using Fisher’s exact tests. To obtain a

stricter test for the assumption that there were no differences between groups of at least

medium size (f = 0.25; w = .30) we relaxed α to .2 (two tailed). The resulting power (computed

with GPower 3.1.9.2) was .87 for the χ2 test (approximation for Fisher’s exact test for 4 groups)

and .68 for the ANOVA.
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To test the hypotheses related to the DOT, we computed a two-factorial analysis of covari-

ance for repeated measures (2 × 4). Dependent variables were the number of doors opened in

each reward condition. Type of reward condition (food vs. nonfood) was the within subject

factor, and the diagnostic groups were the between subject factor. We controlled all variables

that could vary between groups: age (centered around the mean of 11.5 years), gender (male =

0, female = 1), weight status (dummy coded; overweight or obesity [pBMI > 90%] = 1), and

the order of reward conditions (nonfood first, food second = 0; food first, nonfood second = 1).

We estimated interaction effects between all covariates and the within subject factor. We calcu-

lated the same analysis to explore whether the points achieved during the DOT were different

between groups or conditions. Power was sufficient (.80, α = .05, Rho = .50) to detect moderate

to large between-subject effects (f = .30), and small to moderate within-subject (f = .14) and

interaction effects (f = .21).

We calculated logistic regression models (LR) to predict whether children ate during the

DoGT and whether children reported worries to lose control while waiting. Both criterion var-

iables were regressed on the same set of predictors. First, we entered control variables that dif-

fered between groups: age, gender, and weight status (model 1). In a second step, we tested

whether children with a mental disorder differed from healthy children (H-1b; H-1c) by enter-

ing a dummy variable that was coded 0 for patients and 1 for healthy controls (model 2). In a

third step, we added a dummy variable for children with ADHD and another for children with

a double diagnosis (model 3.0). In this model, children with LOC-E were the reference group.

Therefore, the coefficients indicate how healthy children, children with ADHD, and children

with a double diagnosis differ from children with LOC-E, and thus provide a specific test for

the corresponding hypotheses (H-2b, H-2c, eH-3b; eH-3c). To test whether a particular diag-

nostic group differs from healthy children, we recalculated model 3.0, using the dummy vari-

ables of the three diagnostic groups (LOC-E, ADHD, double diagnosis) as predictors and

healthy children as the reference group (model 3.1). In addition, we explored whether children

with a double diagnosis have a higher probability to eat or to worry than children with ADHD

(eH-4b, eH-4c), using children with ADHD as the reference group in model 3.2. Models 3.0,

3.1, and 3.2 are essentially equal, except that the coefficients of the groups contain different

information, due to the particular reference group.

We report Nagelkerke’s R2 (R2
N) for each model. Because R2

N provides only an approxima-

tion of the variance explained it cannot be used to calculate R2
change. Tabachnik and Fidell [52]

suggest calculating R2 directly from the data by regressing the criterion variable on the pre-

dicted values of a given model (p. 460). We followed this advice and report R2
change based on

Tabatchnick and Fidell’s R2 as an estimate of the variance that is explained in the criterion vari-

able by the set of predictors added to the model at a particular step of the analysis. The corre-

sponding χ2 test indicates whether the additional variance explained is beyond chance. As an

approximation of the sensitivity of our analyses to discover a certain increase in variance we

used the R2-increase module for multiple regression analysis of Gpower. Power was sufficient

(.80, α = .05) to detect a moderate increase in unexplained variance (f 2 = .08, when one predic-

tor was added, and f 2 = .10, when a set of two predictors was added). To test whether a single

coefficient was different from zero we used the corresponding Wald χ2 test with one df (α =

.05).

Results

Differences between diagnostic groups and associations between variables

All children liked the food they chose for the DoGT equally well, F(3, 90) = 1.22, p = .309,

η2 = .039. However, there were significant differences between groups in age, F(3, 96) = 5.27,
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p = .002, η2 = .141; and potential differences (p< .2) in the gender distribution, Fisher’s Exact

Test = 5.85, p = .117, w = 0.24; zBMI, F(3, 96) = 2.27, p = .086, η2 = .066; percentage of overweight

children, Fisher’s Exact Test = 5.96, p = .104, w = .24; and order of reward condition in the DOT

game, Fisher’s Exact Test = 7.04, p = .069, w = .27 (see Table 1). Consequently, weight status, age

and gender were controlled in all analyses. The last result indicates that randomization of the

order of reward conditions in the DOT game did not lead to equal proportions across diagnostic

groups. It was therefore used as the fourth covariate in the analysis of DOT measures.

The number of doors opened in the two DOT-game conditions were positively correlated

with each other (r = .38, p< .001) and negatively correlated with the points achieved in the

same reward condition (nonfood rewards: r = -.45, p< .001; food rewards: r = -.39, p< .001).

Thus children who opened less doors earned more points. In addition, points achieved in the

food reward condition negatively correlated with the probability to eat during the DoGT (r =

-.32, p = .001). Thus, children who gained fewer points during the eatable reward condition of

the DOT game had a higher probability to eat during the DoGT. However, there were no other

significant associations between dependent variables of our study (probability to eat during

the DoGT, probability to report worries to lose control over eating, doors opened or points

achieved in the two DOT conditions: rs� -.05, ps� .605 and rs� .16, ps� .110).

Number of doors opened and points achieved during the DOT

Regarding covariates, there was a moderate and significant main effect of the order of reward

conditions on the number of doors opened in the DOT game, F (1, 92) = 4.97, p = .028, ηp
2 =

.051. Parameter estimates show that those children who got food rewards first and nonfood

rewards second, opened approximately 10 doors less in both conditions compared to children

who got nonfood rewards first and food rewards second. There were no significant main or

interaction effects of age, gender, or weight status, Fs (1, 92)� 3.16, ps� .079, ηsp
2� .033. Fur-

thermore, there was no significant difference between reward conditions, F (1, 92) = 1.27, p =

.263, ηp
2 = .014, nor a significant effect of diagnostic groups, F (3, 92) = 0.09, p = .964, ηp

2 =

.003, or a significant interaction between diagnostic groups and reward conditions F (3, 92) =

2.15, p = .099, ηp
2 = .066. The latter results and the pattern of means, shown in Table 2, suggest

the rejection of all hypotheses (H-1a, H-2a, eH-3a, and eH-4a).

We examined the points gained by children. Again, there was no significant difference

between reward conditions, F (1, 92) = 2.65, p = .107, ηp
2 = .028, but the interaction between

Table 2. Descriptive results of the door opening task (DOT).

ADHD

(n = 33)

LOC-E

(n = 24)

LOC-E&ADHD

(n = 9)

Healthy

(n = 34)

Total

(N = 100)

M SD M SD M SD M SD M SD
Number of doors opened

- nonfood rewards 55.12 28.51 55.17 26.53 39.78 15.57 41.76 30.08 49.21 28.19

- food rewards 47.06 23.85 42.75 22.93 50.56 29.31 46.41 27.60 46.12 25.18

- average across both reward conditions 51.09 21.17 48.96 21.31 45.17 18.61 44.09 24.77 47.67 22.18

Points achieved

- nonfood rewards 22.15 8.35 23.58 9.44 29.33 4.36 21.76 8.09 23.01 8.43

- food rewards 25.79 7.96 26.92 8.19 23.22 8.48 24.32 9.17 25.33 8.45

- average across both reward conditions 23.97 5.94 25.25 6.90 26.28 4.93 23.04 6.60 24.17 6.33

LOC-E = loss of control eating; ADHD = attention deficit / hyperactivity disorder; LOC-E&ADHD = double diagnosis; BMI = body mass index, zBMI = standardized

body mass index.

https://doi.org/10.1371/journal.pone.0221814.t002
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reward conditions and the order of their presentation was significant, F (1, 92) = 4.15, p = .044,

ηp
2 = .043. Parameter estimates showed that when nonfood rewards were offered first, children

gained almost six points more in the second run when food rewards were offered, but when

food rewards were offered first, there was no difference between the two conditions. However,

there were no significant differences between diagnostic groups, F (3, 92) = 1.25, p = .296,

ηp
2 = .039, nor was there a significant interaction of diagnostic groups and reward conditions,

F (3, 92) = 1.20, p = .314, ηp
2 = .038.

Children’s probability to eat during the DoGT

Children’s gender, age, and weight status, entered as control variables in the first step, did not

significantly explain variance in the probability to eat during the DoGT, model 1: R2
N = .080,

R2
change = .048, χ2 (3, N = 100) = 5.59, p = .133. Contrary to the prediction of H-1b, the distinc-

tion between healthy children and children with LOC-E, ADHD or both did not help to

explain additional variation in the probability to eat, model 2: R2
N = .082, R2

change = .003, χ2 (1,

N = 100) = 0.19, p = .661. However, adding the dummy coded variables for ADHD, and double

diagnosis in a next step led to a significant increase in the variance explained, model 3.0: R2
N =

.195, R2
change = .088, χ2 (2, N = 100) = 8.47, p = .014.

Although covariates did not explain a significant amount of variance when they were

entered together, the coefficients of the final model (see Table 3) show that weight status had a

significant influence. Children who had overweight or were obese had a higher probability to

eat than children with normal weight. However, for none of the diagnostic groups the proba-

bility to eat was significantly different from that of healthy children, which is again incompati-

ble with H-1b. In addition, contrary to H-2b, the likelihood to eat was higher for children with

ADHD than for children with LOC-E (model 3.0, LOC-E was reference: B = 1.63, SE = 0.81,

Wald-χ2 = 4.10, p = .043). Raising e to the power of the coefficient (Exp(B)) reveals the odds

ratio (OR). The OR was 5.10. It indicates that the probability to eat relative to the probability to

resist eating was about five times higher for children with ADHD than for children with

LOC-E. However, the 95% confidence interval (CI) of the OR was between 1.05 and 24.70,

informing us that the uncertainty of the OR estimate was large. Although children with a dou-

ble diagnosis were not significantly different from children with ADHD (model 3.2, ADHD

was reference: B = 0.93, SE = 0.81, Wald-χ2 = 1.31, p = .252, OR = 2.53, 95% CI: 0.52, 12.43),

they had a significantly higher probability to eat than children with LOC-E (model 3.0, LOC-E

was reference: B = 2.56, SE = 0.98, Wald-χ2 = 6.81, p = .009, OR = 12.93, 95% CI: 1.89, 88.36).

Table 3. Predicted probability to eat during the DoGT. Coefficients of the logistic regression analysis with healthy children as the reference group (Model 3.1).

B SE Wald-χ2 p-Value Exp(B) 95% CI
-2.13 0.64 11.01 .001 0.12 (-3.40, -0.86)

Covariates

- Age (centered at 11.5 years) -0.18 0.21 0.75 .387 0.83 (0.55, 1.26)

- Gender (Female) 0.81 0.57 2.03 .154 2.25 (0.74, 6.89)

- BMI > 90th percentile 1.39 0.59 5.58 .018 4.02 (1.27, 12.78)

Diagnostic groups

- LOC-E -1.01 0.80 1.60 .206 0.36 (0.08, 1.75)

- ADHD 0.62 0.63 0.96 .328 1.85 (0.54, 6.35)

- Double diagnosis 1.55 0.84 3.37 .066 4.69 (0.90, 24.40)

LOC-E = loss of control eating; ADHD = attention deficit / hyperactivity disorder; BMI = body mass index; Exp(B) = e raised to the power of B, equals odds ratio; CI =
Confidence Interval.

https://doi.org/10.1371/journal.pone.0221814.t003
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While the latter result is in line with the corresponding exploratory hypothesis (eH-3b), the

former is not (rejection of eH-4b). For a graphical display of the unadjusted and adjusted prob-

abilities to eat see Fig 1A.

Children’s worry to lose control over eating

Children’s gender, age, and weight status, entered in the first step, did not explain a significant

proportion of variance in children’s likelihood to worry to lose control, model 1: R2
N = .032,

R2
change = .022, χ2 (3, N = 94) = 1.97, p = .579. As predicted by H-1c, there was a significant dif-

ference between healthy children and children with LOC-E, ADHD, or both, model 2: R2
N =

.224, R2
change = .120, χ2 (1, N = 94) = 12.95, p< .001. In addition, adding the dummy coded

variables for ADHD, and double diagnosis significantly increased the variance explained,

model 3.0: R2
N = .331, R2

change = .113, χ2 (2, N = 94) = 8.02, p = .018. This indicates that there

were substantial differences among the diagnostic groups.

Coefficients and ORs of model 3.1, in Table 4, show that compared to healthy children, the

probability to worry relative to the probability not to worry was not significantly higher for

children with ADHD, but twenty times higher for children with LOC-E, and even 70 times

higher for children with a double diagnosis. The latter results were in line with the prediction

of H-1c. Direct comparisons among diagnostic groups revealed that children with LOC-E

were not significantly different from children with ADHD (model 3.2, ADHD was reference:

B = 1.08, SE = 0.71, Wald-χ2 = 2.28, p = .131, OR = 2.94, 95% CI: 0.73, 11.90), which does not

correspond to H-2c. Children with a double diagnosis had a significantly higher probability to

worry to lose control over eating than children with ADHD, (model 3.2, ADHD was reference:

B = 2.33, SE = 0.88, Wald-χ2 = 7.07, p = .008, OR = 10.32, 95% CI: 1.85, 57.61), but they were

not significantly different from children with LOC-E (model 3.0, LOC-E was reference:

B = 1.26, SE = 0.87, Wald-χ2 = 2.08, p = .149, OR = 3.51, 95% CI: 0.64, 19.35). While the former

result was predicted by eH-4c, the latter result did not correspond to eH-3c. None of the

Fig 1. Unadjusted and adjusted probabilities (A) to eat during the delay of gratification task (DoGT), (B) to worry to lose control over eating. (A) Unadjusted

probabilities to eat are based on the percentage of children with premature eating in each group during the DoGT (divided by 100). The adjusted probabilities were

estimated from the coefficients presented in Table 3. (B) Unadjusted probabilities to worry are based on the percentage of children who did not deny the question “did you

worry to lose control over eating while waiting?” (divided by 100). The adjusted probabilities were estimated from the coefficients presented in Table 4. Estimates for the

adjusted probabilities were computed separately for male and female children with and without overweight, and averaged across gender. Finally, the weighted average for

children with and without overweight was computed according to the proportion in the sample. 11.5 years was the average age of the children and the value on which the

control variable age was centered. Therefore, the adjusted probabilities refer to 11.5 years old children. ADHD = attention deficit / hyperactivity disorder; LOC-E = loss of

control eating; LOC-E & ADHD = double diagnosis.

https://doi.org/10.1371/journal.pone.0221814.g001
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control variables had a significant effect. For a graphical display of the probabilities to worry

see Fig 1B.

Discussion

ADHD and BED in childhood and adolescence, but also LOC-E as a frequent precursor of BED

are characterized by an elevated impulsivity [11]. An elevated impulsivity in an environment

where palatable food is always available, facilitates weight gain, and contributes to the higher

risk for children with ADHD, BED, or LOC-E to become overweight or obese [10, 30, 31, 34].

Although impulsivity seems to be a crucial feature of ADHD and LOC-E, studies that have

directly compared facets of impulsivity between these groups are rare, and in none of these

studies reward sensitivity or reward delay impulsivity have been investigated with food specific

incentives. Therefore, the goal of the current study was to investigate whether children with

LOC-E differ from children with ADHD in their level of reward sensitivity, reward delay

impulsivity, and their probability to worry to lose control over eating (H-2a, b, c), and whether

these two groups differ from healthy children, especially when palatable food specific incen-

tives are offered (H-1 a, b, c). In order to ensure an unambiguous interpretation of results, we

did not allow symptoms of LOC-E or ADHD to overlap. Instead we treated those children

who fulfilled criteria for LOC-E and ADHD at the same time as a separate group. This gave us

the opportunity to explore, whether children with a double diagnosis, who are supposed to

have more severe problems, differ from children with a single diagnosis. Moreover, in addition

to age and gender, we controlled for weight status (normal vs. overweight or obese) in our

analyses. This allows us to attribute results to the children’s psychopathological features of

their group, and not to their weight status, which is associated with reward sensitivity [26, 27]

and reward delay impulsivity [17, 19, 21].

Lacking groups differences in the DOT

Contrary to our hypotheses that the level of reward sensitivity increases from healthy children

to children with ADHD, and children with LOC-E to children with a double diagnosis (H-1a,

H-2a, eH-3a, eH-4a), we did not find a significant difference between the four groups neither

in the number of doors opened nor in the number of points achieved. Moreover, we did not

find a main effect of reward conditions (nonfood vs. food rewards), nor a significant interac-

tion of reward conditions with groups. The only significant effect of modest size was between

Table 4. Predicted probability of worries to eat during the DoGT. Coefficients of the logistic regression analysis with healthy children as the reference group (Model

3.1).

B SE Wald-χ2 p-Value Exp(B) 95% CI
Constant -3.84 1.16 10.96 .001 0.02 (-6.14, -1.54)

Covariates

- Age (centered at 11.5 years) 0.48 0.65 0.54 .462 1.62 (0.45, 5.81)

- Gender (Female) 0.08 0.25 0.11 .738 1.09 (0.67, 1.76)

- BMI > 90th percentile 0.26 0.67 0.15 .695 1.30 (0.35, 4.82)

Diagnostic groups

- LOC-E 3.00 1.12 7.19 .007 20.03 (2.24, 179.28)

- ADHD 1.92 1.16 2.74 .098 6.82 (0.70, 66.17)

- Double diagnosis 4.25 1.27 11.17 .001 70.32 (5.81, 851.58)

LOC-E = loss of control eating; ADHD = attention deficit / hyperactivity disorder; BMI = body mass index; Exp(B) = e raised to the power of B, equals odds ratio; CI =
Confidence Interval.

https://doi.org/10.1371/journal.pone.0221814.t004
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children who got food rewards first and those who got them second. This shows that our

attempt to produce equal groups for the order of reward conditions failed for children with

LOC-E and a double diagnosis because these two groups were not separately considered for

randomization of the order of reward conditions (see Table 1). Although this impairs conclu-

sions about the effects of food vs. nonfood rewards, it does not affect the interpretation of the

main effect groups.

Our results are in contrast to those of other researchers who found that compared to

healthy controls, children or adolescents with eating binges and obesity, or ADHD opened

more doors when playing the DOT [24–27, 53]. We see two reasons that might explain why we

did not observe differences between groups.

The first reason is related to the rewards offered. In each condition children were promised

to receive more rewards if they gained more points. At the end of each trial, children then got

three items if they gained 25 or more points and two items if they gained less. This plan of

rewards might not have motivated children to gain as many points as possible. Motivation

would be better fostered if the relationship between rewards offered and points achieved was

strengthened (e.g. one reward for every point) and this clearly communicated before the task.

A closer relationship between points achieved and rewards offered might then better reveal

potential differences in reward sensitivity between groups.

The second reason is related to the construct validity of the DOT. In order to have a high

score it is necessary to infer the rules underlying the DOT. This is not simple, because the rules

are not obvious. In every block of 10 presented doors children first win and then lose points,

while the number of losing doors increases from block to block. Children need to recognize

that the relationship between winning and losing doors changes every 10 doors. Despite that,

children could assume that there might be a turning point when more points could again be

gained. Therefore, continuing to open doors until the end of the game is a reasonable strategy,

at least once. In fact, our data show that 15 children, who opened every door in the first trial,

did not open every door in the second trail. However, eight children who did not open every

door in the first trial did so in the second. Only six children opened all doors in both trials.

These findings support our reasoning that children try to explore the game to figure out the

underlying rules.

On average, children opened two doors less in the second trial. Although this change was

not statistically significant, it led to a significantly higher number of points won in the second

trial. Therefore, we conclude that the number of doors opened in the DOT might reflect

reward sensitivity, but also depends on logical problem solving skills, and familiarity with the

game. Future studies should include the assessment of global cognitive functioning of children

in order to approximate the effects of e.g. inductive reasoning on findings in the DOT and to

determine whether the number of doors opened in the DOT or the score achieved, are indeed

valid measures of response perseveration and reward sensitivity.

Group differences in the DoGT

Children’s behavior during the DoGT was in part in line with our expectations and previous

research. We controlled for weight status and found that the probability to eat relative to the

probability to resist eating was four times higher for children with overweight or obesity, com-

pared to children with normal weight (see Table 3). Other researchers reported similar find-

ings [19–23].

As expected (eH-3b, H-1b), children with a double diagnosis had a significantly higher

probability to eat prematurely than children with LOC-E and healthy children (the p-value for

the comparison with healthy children was .066 and could be interpreted as a trend; see Fig
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1A). ORs of 12.9 and 4.6 indicate that these effects were rather large. Children with a double

diagnosis also had a somewhat higher probability to eat than children with ADHD (OR = 2.5),

which was however not significant (no support for eH-4b). Together these results suggest, in

line with Meule [37] and Nazar et al. [38], that children with a double diagnosis have the most

difficulties to delay rewards, and seem to have a substantially higher reward delay impulsivity

than children with LOC-E.

Although children with ADHD did not have a significantly higher probability to eat than

healthy children, the observed difference was in the expected direction (H-1b). The size of the

effect (OR = 1.9) was small to moderate but comparable to the effect reported in preschool

children with symptoms of ADHD by von Stauffenberg and Campbell [29]. They obtained a

significant result because their sample was several times larger than ours, and consequently

powerful enough to detect even rather small effects.

In their meta-analysis, Patros et al. [11] found a big effect when small children with ADHD

were compared to healthy children and a medium effect when older children–like in our

study–were compared. The bigger effect sizes, compared to our results and those of von Stauf-

fenberg and Campbell, might be due to the fact that Patros et al. included only computerized

DoGT studies. These might produce larger effects than studies based on the classic DoGT

paradigm.

Interestingly and contrary to our expectations, children with LOC-E had the lowest proba-

bility to eat, and were not significantly different from healthy children (rejection of H-1b).

Moreover, they had a significantly lower probability to eat than children with ADHD (the OR

indicated a moderate to large effect and suggests a clear rejection of H-2b) and children with a

double diagnosis (as discussed before the latter effect was large and in line with expectation

eH-3b). This pattern of results suggests that the driving force to eat prematurely in the DoGT

situation is the presence of ADHD symptoms. LOC-E only seems to matter when it occurs

together with ADHD, but then it increases reward delay impulsivity.

We think that there are two plausible reasons, why children with LOC-E did not eat prema-

turely during the DoGT. Firstly, children with LOC-E might have been more affected by the

experimental situation than children in the other groups. Because LOC-E or binge eating

attacks trigger feelings of shame and guilt, persons try to conceal their symptomatic behavior.

Therefore, LOC-E or binge eating episodes usually occur when persons are alone and feel

unobserved [28, 54]. In our experiment, children were informed about the study content to

investigate eating behavior and development and saw the video camera in the room and knew

that they were observed. In addition, they knew that the experimenter would come back and

check whether they had eaten. Under these circumstances they could exhibit a higher control

over eating than children with ADHD or a double diagnosis, who suffer from an impaired

inhibitory behavior control. Consequently, children with LOC-E’s capability to resist eating

during the DoGT is probably not a valid indicator for their capability to control eating when

they are being unobserved at home. Future studies should include ambulatory assessment

techniques in daily life to investigate children’s natural behavior [55]. Secondly, our study

design favored the induction of reward delay impulsivity but did probably not induce eating to

reduce aversive affective states, named emotional eating. Such emotional eating is known to be

an important trigger of LOC [41]. Futures studies could specify the interaction of reward delay

impulsivity and emotional eating in LOC-E and ADHD compared to healthy controls.

Group differences in the worries to lose control while waiting

In contrast to our computer based and behavioral measures of reward sensitivity and reward

delay impulsivity, the pattern of results regarding children’s self-reported worries to lose control
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over eating while waiting was as expected (see Fig 1B). Differences between groups were at

least of moderate size (ORs> 2.9) and all in the expected direction. However, due to the lim-

ited sample size only rather large differences (ORs > 10) became significant. Children with

any diagnosis worried significantly more than healthy children (when we interpret p = .098 of

children with ADHD as a trend), and children with a double diagnosis worried significantly

more than children with ADHD (in line with H-1c and eH-4c).

The experience of loss of control when eating is the crucial symptom of LOC-E. Our results

show that a tempting situation like the one we realized in our study more likely triggers wor-

ries about such a loss of control in children with LOC-E and a double diagnosis. It has to be

further investigated, whether such worries might trigger emotional eating to cope with aversive

affective states and how this interaction might lead to binge eating [56, 57].

In our study, self-reported worries to lose control and behavioral measures were indepen-

dent of each other. Despite one exception, there were also no significant correlations between

DoGT and DOT measures. Weak associations between measures of similar or closely related

constructs − like reward sensitivity and reward delay impulsivity − are puzzling but quite com-

mon [26, 27, 58].

Limitations

The major limitation of our study was the small sample size of groups, especially the small

number of children with a double diagnosis. As a consequence, estimates had large confidence

intervals. Even though we partly found large, significant effects between groups, it has to be

considered that we did not adjust alpha levels for multiple testing.

Second, it has to be kept in mind that we included a French and German bilingual study

group, which is why we had to translate questionnaires within our bilingual team, but did not

validate them before first usage out of feasibility reasons. Thus, we were not able to assess

validity and reliability of the French questionnaires and the interview. The diagnostic proce-

dure in this study was based on questionnaire screening, followed by standardized interviews

with parents and children. However, we did not get information from teachers, which would

have strengthened the validity of the ADHD diagnosis. Third, children on medication con-

cerning symptoms of ADHD were not excluded in our study. Future studies might consider

including them only after a wash-out period prior to the laboratory tasks. Forth, we recruited

children with LOC-E, where symptomatology might not in all children be fully developed.

However, LOC-E is of importance, because subthreshold eating disorder symptoms are associ-

ated with levels of impairment and distress that are comparable to those of a fully developed

BED [59]. Moreover, the likelihood is high that children with LOC-E develop a BED or

become overweight or obese [1, 3–5, 59]. Finally, like in every quasi-experimental study our

findings are correlative and do not allow causal conclusions. Therefore, longitudinal studies

should investigate causal pathways: For example, whether increased worries to lose control,

when faced with the delay of food intake, predict future frequencies of binge eating episodes

[60].

Conclusion

Our study is the first that compared behavioral measures of reward delay impulsivity, reward

sensitivity and subjectively experienced worries to lose control between children with LOC-E,

ADHD, or a double diagnosis, and healthy children. From our findings, we assume that the

DOT does not seem to provide valid measures of reward sensitivity and this requires further

investigation. We further suggest from results based on the DoGT that the lack of behavioral

inhibition associated with ADHD symptoms is the driving force to eat prematurely. In
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contrast, symptoms of LOC-E do not seem to facilitate premature eating. The fact that children

knew that they were observed was probably the cue that allowed especially children with

LOC-E to exhibit a high level of control. However, those children who had LOC-E and ADHD

symptoms at the same time had the highest probability to eat prematurely, probably because

the strong desire to eat associated with LOC-E could not be adequately controlled due to the

decreased capability to inhibit behavior. Children with LOC-E experienced more worries than

healthy children even though they could control their behavior best. Corresponding to their

lack of control, children with a double diagnosis reported the highest probability to worry

about losing control.

Our findings underline the importance of assessing ADHD in children suffering from

LOC-E or BED in order to identify those children with a double diagnosis, as a double diagno-

sis is frequent (above 25% in our sample) and related to multiple self-regulation problems.

Future studies including larger sample sizes should specify, whether the effects we found are

predominantly related to subtypes of ADHD and should focus more on the role of negative

affect prior to the task. If these findings are replicated, it should be tested, whether children

with a double diagnosis of LOC-E and ADHD benefit from specific trainings to increase self-

regulation of eating behavior.

Acknowledgments

This research was supported by the Swiss National Science Foundation (SNSF; grant number

100014132045 /1). In addition, Anja Hilbert was supported by the German Federal Ministry of

Education and Research (BMBF; grant number 01EO1001). We thank all master students in

Psychology involved in the project, especially Philipp Pompetzki. Further wethank Ian Law for

checking and improving the English of the manuscript.

Parts of this study were reported in the doctoral dissertation of Daniela Dremmel. Several

articles have been published based on the same sample that were however related to other

research questions [39–41]. The authors declare that they have no conflict of interest.

Author Contributions

Conceptualization: Simone Munsch, Sophia Fischer, Anja Hilbert.

Data curation: Anja Hilbert.

Formal analysis: Peter Wilhelm.

Funding acquisition: Simone Munsch, Anja Hilbert.

Investigation: Daniela Dremmel, Susanne Baierlé.
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Fischer, Anja Hilbert.

Reward delay impulsivity and loss of control eating

PLOS ONE | https://doi.org/10.1371/journal.pone.0221814 September 16, 2019 15 / 18

https://doi.org/10.1371/journal.pone.0221814


References
1. Tanofsky-Kraff M, Yanovski SZ, Schvey NA, Olsen CH, Gustafson J,Yanovski JA. A prospective study

of loss of control eating for body weight gain in children at high risk for adult obesity. Int J Eat Disord.

2009; 42(1):26–30. https://doi.org/10.1002/eat.20580 PMID: 18720473

2. Smink FR, Hoeken D, Oldehinkel AJ, Hoek HW. Prevalence and severity of DSM-5 eating disorders in

a community cohort of adolescents. Int J Eat Disord. 2014; 47(6):610–9. https://doi.org/10.1002/eat.

22316 PMID: 24903034

3. Tanofsky-Kraff M, Shomaker LB, Olsen C, Roza CA, Wolkoff LE, Columbo KM, et al. A prospective

study of pediatric loss of control eating and psychological outcomes. J Abnorm Psychol. 2011; 120

(1):108. https://doi.org/10.1037/a0021406 PMID: 21114355

4. Hilbert A, Brauhardt A. Childhood loss of control eating over five-year follow-up. Int J Eat Disord. 2014;

47(7):758–61. https://doi.org/10.1002/eat.22312 PMID: 24899359

5. Hilbert A, Hartmann AS, Czaja J, Schoebi D. Natural course of preadolescent loss of control eating. J

Abnorm Psychol. 2013; 122(3):684–93. https://doi.org/10.1037/a0033330 PMID: 24016009

6. He J, Cai Z, Fan X. Prevalence of binge and loss of control eating among children and adolescents with

overweight and obesity: An exploratory meta-analysis. Int J Eat Disord. 2016. https://doi.org/10.1002/

eat.22661 PMID: 28039879

7. Hartmann AS, Rief W, Hilbert A. Impulsivity and negative mood in adolescents with loss of control eat-

ing and ADHD symptoms: an experimental study. Eat Weight Disord. 2013; 18(1):53–60. https://doi.

org/10.1007/s40519-013-0004-4 PMID: 23757251

8. Kelly NR, Cotter EW, Mazzeo SE. Examining the role of distress tolerance and negative urgency in

binge eating behavior among women. Eat Behav. 2014; 15(3):483–9. https://doi.org/10.1016/j.eatbeh.

2014.06.012 PMID: 25064303

9. Gray JA. Precis of the neuropsychology of anxiety: An enquiry into the functions of the septo-hippocam-

pal system. J Behav Brain Sci. 1982; 5(3):469–534. https://doi.org/10.1017/S0140525X00013066

10. Guerrieri R, Nederkoorn C, Jansen A. The interaction between impulsivity and a varied food environ-

ment: its influence on food intake and overweight. Int J Obes (Lond). 2008; 32(4):708–14. https://doi.

org/10.1038/sj.ijo.0803770 PMID: 18059403

11. Patros CH, Alderson RM, Kasper LJ, Tarle SJ, Lea SE, Hudec KL. Choice-impulsivity in children and

adolescents with attention-deficit/hyperactivity disorder (ADHD): A meta-analytic review. Clin Psychol

Rev. 2016; 43:162–74. https://doi.org/10.1016/j.cpr.2015.11.001 PMID: 26602954

12. Dougherty DM, Bjork JM, Andrew Harper R, Marsh DM, Gerard Moeller F, Mathias CW, et al. Behav-

ioral impulsivity paradigms: a comparison in hospitalized adolescents with disruptive behavior disor-

ders. J Child Psychol Psychiatry. 2003; 44(8):1145–57. https://doi.org/10.1111/1469-7610.00197

PMID: 14626456

13. Solanto MV, Abikoff H, Sonuga-Barke E, Schachar R, Logan GD, Wigal T, et al. The ecological validity

of delay aversion and response inhibition as measures of impulsivity in AD/HD: a supplement to the

NIMH multimodal treatment study of AD/HD. J Abnorm Child Psychol. 2001; 29(3):215–28. PMID:

11411784

14. Campbell SB, von Stauffenberg C. Delay and inhibition as early predictors of ADHD symptoms in third

grade. J Abnorm Child Psychol. 2009; 37(1):1–15. https://doi.org/10.1007/s10802-008-9270-4 PMID:

18787941

15. Francis LA, Susman EJ. Self-regulation and rapid weight gain in children from age 3 to 12 years. Arch

Pediatr Adolesc Med. 2009; 163(4):297–302. https://doi.org/10.1001/archpediatrics.2008.579 PMID:

19349557

16. Mischel W, Ayduk O, Berman MG, Casey BJ, Gotlib IH, Jonides J, et al. ’Willpower’ over the life span:

decomposing self-regulation. Soc Cogn Affect Neurosci 2011; 6(2):252–6. https://doi.org/10.1093/

scan/nsq081 PMID: 20855294

17. Seeyave DM, Coleman S, Appugliese D, Corwyn RF, Bradley RH, Davidson NS, et al. Ability to delay

gratification at age 4 years and risk of overweight at age 11 years. Arch Pediatr Adolesc Med. 2009; 163

(4):303–8. 10.1001/archpediatrics.2009.12 https://doi.org/10.1001/archpediatrics.2009.12 PMID:

19349558

18. Mischel W, Shoda Y, Rodriguez MI. Delay of gratification in children. Science. 1989; 244(4907):933–8.

https://doi.org/10.1126/science.2658056 PMID: 2658056

19. Bonato DP, Boland FJ. Delay of gratification in obese children. Addict Behav. 1983; 8(1):71–4. http://dx.

doi.org/10.1016/0306-4603(83)90059-X PMID: 6880927

20. Bruce AS, Black WR, Bruce JM, Daldalian M, Martin LE, Davis AM. Ability to Delay Gratification and

BMI in Preadolescence. Obesity; 2011; 19(5):1101–2. https://doi.org/10.1038/oby.2010.297 PMID:

21151018

Reward delay impulsivity and loss of control eating

PLOS ONE | https://doi.org/10.1371/journal.pone.0221814 September 16, 2019 16 / 18

https://doi.org/10.1002/eat.20580
http://www.ncbi.nlm.nih.gov/pubmed/18720473
https://doi.org/10.1002/eat.22316
https://doi.org/10.1002/eat.22316
http://www.ncbi.nlm.nih.gov/pubmed/24903034
https://doi.org/10.1037/a0021406
http://www.ncbi.nlm.nih.gov/pubmed/21114355
https://doi.org/10.1002/eat.22312
http://www.ncbi.nlm.nih.gov/pubmed/24899359
https://doi.org/10.1037/a0033330
http://www.ncbi.nlm.nih.gov/pubmed/24016009
https://doi.org/10.1002/eat.22661
https://doi.org/10.1002/eat.22661
http://www.ncbi.nlm.nih.gov/pubmed/28039879
https://doi.org/10.1007/s40519-013-0004-4
https://doi.org/10.1007/s40519-013-0004-4
http://www.ncbi.nlm.nih.gov/pubmed/23757251
https://doi.org/10.1016/j.eatbeh.2014.06.012
https://doi.org/10.1016/j.eatbeh.2014.06.012
http://www.ncbi.nlm.nih.gov/pubmed/25064303
https://doi.org/10.1017/S0140525X00013066
https://doi.org/10.1038/sj.ijo.0803770
https://doi.org/10.1038/sj.ijo.0803770
http://www.ncbi.nlm.nih.gov/pubmed/18059403
https://doi.org/10.1016/j.cpr.2015.11.001
http://www.ncbi.nlm.nih.gov/pubmed/26602954
https://doi.org/10.1111/1469-7610.00197
http://www.ncbi.nlm.nih.gov/pubmed/14626456
http://www.ncbi.nlm.nih.gov/pubmed/11411784
https://doi.org/10.1007/s10802-008-9270-4
http://www.ncbi.nlm.nih.gov/pubmed/18787941
https://doi.org/10.1001/archpediatrics.2008.579
http://www.ncbi.nlm.nih.gov/pubmed/19349557
https://doi.org/10.1093/scan/nsq081
https://doi.org/10.1093/scan/nsq081
http://www.ncbi.nlm.nih.gov/pubmed/20855294
https://doi.org/10.1001/archpediatrics.2009.12
http://www.ncbi.nlm.nih.gov/pubmed/19349558
https://doi.org/10.1126/science.2658056
http://www.ncbi.nlm.nih.gov/pubmed/2658056
http://dx.doi.org/10.1016/0306-4603(83)90059-X
http://dx.doi.org/10.1016/0306-4603(83)90059-X
http://www.ncbi.nlm.nih.gov/pubmed/6880927
https://doi.org/10.1038/oby.2010.297
http://www.ncbi.nlm.nih.gov/pubmed/21151018
https://doi.org/10.1371/journal.pone.0221814


21. Sobhany MS, Rogers CS. External responsiveness to food and non-food cues among obese and non-

obese children. Int J Obes. 1985; 9(2):99–106. PMID: 4030200

22. Johnson WG, Parry W, Drabman RS. The performance of obese and normal size children on a delay of

gratification task. Addict Behav. 1978; 3(3–4):205–8. https://doi.org/10.1016/0306-4603(78)90020-5

PMID: 735906

23. Thamotharan S, Lange K, Zale EL, Huffhines L, Fields S. The role of impulsivity in pediatric obesity and

weight status: a meta-analytic review. Clin Psychol Rev. 2013; 33(2):253–62. https://doi.org/10.1016/j.

cpr.2012.12.001 PMID: 23313762

24. Daugherty TK, Quay HC. Response perseveration and delayed responding in childhood behavior disor-

ders. J Child Psychol Psychiatry. 1991; 32(3):453–61. https://doi.org/10.1111/j.1469-7610.1991.

tb00323.x PMID: 2061365

25. Matthys W, van Goozen SH, de Vries H, Cohen-Kettenis PT, van Engeland H. The dominance of beha-

vioural activation over behavioural inhibition in conduct disordered boys with or without attention deficit

hyperactivity disorder. J Child Psychol Psychiatry. 1998; 39(5):643–51. PMID: 9690928

26. Nederkoorn C, Braet C, Van Eijs Y, Tanghe A, Jansen A. Why obese children cannot resist food: the

role of impulsivity. Eat Behav. 2006; 7(4):315–22. https://doi.org/10.1016/j.eatbeh.2005.11.005 PMID:

17056407

27. Verbeken S, Braet C, Claus L, Nederkoorn C, Oosterlaan J. Childhood obesity and impulsivity: an

investigation with performance-based measures. Behav Change. 2009; 26(3):153. https://doi.org/10.

1375/bech.26.3.153

28. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. ( 5th ed.).

Washington, DC: Author; 2013. https://doi.org/10.1176/appi.books.9780890425596

29. von Stauffenberg C, Campbell SB. Predicting the early developmental course of symptoms of attention

deficit hyperactivity disorder. J Appl Dev Psychol. 2007; 28(5–6):536–52. https://doi.org/10.1016/j.

appdev.2007.06.011 PMID: 21836767

30. Fuemmeler BF,Østbye T, Yang C, McClernon FJ, Kollins SH. Association between attention-deficit/

hyperactivity disorder symptoms and obesity and hypertension in early adulthood: a population-based

study. Int J Obes. 2011; 35(6):852–62. https://doi.org/10.1038/ijo.2010.214 PMID: 20975727

31. Reinblatt SP, Mahone EM, Tanofsky-Kraff M, Lee-Winn AE, Yenokyan G, Leoutsakos J-MS, et al. Pedi-

atric loss of control eating syndrome: Association with attention-deficit/hyperactivity disorder and impul-

sivity. Int J Eat Disord. 2015; 48(6):580–8. https://doi.org/10.1002/eat.22404 PMID: 25855370

32. Steadman KM, Knouse LE. Is the Relationship Between ADHD Symptoms and Binge Eating Mediated

by Impulsivity? J Atten Disord. 2016; 20(11):907–12. https://doi.org/10.1177/1087054714530779

PMID: 24804686

33. Stice E, Spoor S, Ng J, Zald DH. Relation of obesity to consummatory and anticipatory food reward.

Physiol Behav. 2009; 97(5):551–60. https://doi.org/10.1016/j.physbeh.2009.03.020 PMID: 19328819

34. Yu X, Sonuga-Barke E, Liu X. Preference for Smaller Sooner Over Larger Later Rewards in ADHD Con-

tribution of Delay Duration and Paradigm Type. J Atten Disord. 2015:1087054715570390. https://doi.

org/10.1177/1087054715570390

35. Holodynski M. The internalization theory of emotions: A cultural historical approach to the development

of emotions. Mind Cult Act. 2013; 20(1):4–38. http://dx.doi.org/10.1080/10749039.2012.745571

36. Reinblatt SP, Leoutsakos JM, Mahone EM, Forrester S, Wilcox HC, Riddle MA. Association between

binge eating and attention-deficit/hyperactivity disorder in two pediatric community mental health clinics.

Int J Eat Disord. 2015; 48(5):505–11. https://doi.org/10.1002/eat.22342 PMID: 25130278

37. Meule A. Impulsivity and overeating: a closer look at the subscales of the Barratt Impulsiveness Scale.

Frontiers in Psychology. 2013; 4:177. https://doi.org/10.3389/fpsyg.2013.00177 PMID: 23596432

38. Nazar BP, Bernardes C, Peachey G, Sergeant J, Mattos P, Treasure J. The risk of eating disorders

comorbid with attention-deficit/hyperactivity disorder: A systematic review and meta-analysis. Int J Eat

Disord. 2016. https://doi.org/10.1002/eat.22643 PMID: 27859581
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lag. 2016.

44. Delmo C, Weiffenbach O, Gabriel M, Stadler C, Poustka F. Diagnostisches Interview. Kiddie-Sads-

Present-and Lifetime Version (K-SADS-PL). German research version ( 5th ed.). Frankfurt a. M, Ger-

many: Klinik für Psychiatrie und Psychotherapie des Kindes- und Jugendalters; 2001.

45. Bryant-Waugh RJ, Cooper PJ, Taylor CL, Lask BD. The use of the eating disorder examination with chil-

dren: A pilot study. Int J Eat Disord. 1996; 19(4):391–7. https://doi.org/10.1002/(SICI)1098-108X

(199605)19:4<391::AID-EAT6>3.0.CO;2-G PMID: 8859397

46. American Psychiatric Association. Diagnostic and statistical manual of mental disorders ( 4th ed., text

rev.). Washington, DC: Author; 2000.

47. Hilbert A, Buerger A, Hartmann AS, Spenner K, Czaja J, Warschburger P. Psychometric evaluation of

the eating disorder examination adapted for children. Eur Eat Disord Rev. 2013; 21(4):330–9. https://

doi.org/10.1002/erv.2221 PMID: 23456853

48. Christiansen H, Kis B, Hirsch O, Matthies S, Hebebrand J, Uekermann J, et al. German validation of the

Conners Adult ADHD Rating Scales (CAARS) II: reliability, validity, diagnostic sensitivity and specificity.

Eur Psychiatry. 2012; 27(5):321–8. https://doi.org/10.1016/j.eurpsy.2010.12.010 PMID: 21392946

49. Rothen S, Vandeleur CL, Lustenberger Y, Jeanprêtre N, Ayer E, Gamma F, et al. Parent–child agree-

ment and prevalence estimates of diagnoses in childhood: direct interview versus family history method.

Int J Methods Psychiatr Res. 2009; 18(2):96–109. https://doi.org/10.1002/mpr.281 PMID: 19507167

50. Buitelaar JK, Barton J, Danckaerts M, Friedrichs E, Gillberg C, Hazell PL, et al. A comparison of North

American versus non-North American ADHD study populations. Eur Child Adolesc Psychiatry. 2006; 15

(3):177–81. https://doi.org/10.1007/s00787-005-0523-2 PMID: 16447026

51. Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, Geiß HC, Hesse V, et al. Perzentile für den

Body-mass-Index für das Kindes-und Jugendalter unter Heranziehung verschiedener deutscher Stich-

proben. Monatsschr Kinderheilkd 2001; 149(8):807–18. https://doi.org/10.1007/s001120170107

52. Tabachnik B, Fidell L. Using multivariate statistics. 2007. Boston: Pearson Education; 2007.

53. Van Goozen SH, Cohen-Kettenis PT, Snoek H, Matthys W, Swaab-Barneveld H, Van Engeland H.

Executive functioning in children: A comparison of hospitalised ODD and ODD/ADHD children and nor-

mal controls. J Child Psychol Psychiatry. 2004; 45(2):284–92. PMID: 14982242

54. Munsch S, Meyer AH, Quartier V, Wilhelm FH. Binge eating in binge eating disorder: a breakdown of

emotion regulatory process? Psychiatry Res. 2012; 195(3):118–24. https://doi.org/10.1016/j.psychres.

2011.07.016 PMID: 21849214

55. Mehl MRC, Tamlin S. Handbook of research methods for studying daily life: Guilford Press; 2013.

56. Culbert KM, Racine SE, Klump KL. Research Review: What we have learned about the causes of eating

disorders—a synthesis of sociocultural, psychological, and biological research. J Child Psychol Psychi-

atry. 2015; 56(11):1141–64. https://doi.org/10.1111/jcpp.12441 PMID: 26095891

57. Evers C, Marijn Stok F, de Ridder DT. Feeding your feelings: emotion regulation strategies and emo-

tional eating. Pers Soc Psychol Bull. 2010; 36(6):792–804. https://doi.org/10.1177/0146167210371383

PMID: 20460650

58. Barkley RA. The ecological validity of laboratory and analogue assessment methods of ADHD symp-

toms. J Abnorm Child Psychol. 1991; 19(2):149–78. http://dx.doi.org/10.1007/BF00909976 PMID:

2056161

59. Marzilli E, Cerniglia L, Cimino S. A narrative review of binge eating disorder in adolescence: prevalence,

impact, and psychological treatment strategies. Adolesc Health Med Ther. 2018; 9:17. https://doi.org/

10.2147/AHMT.S148050 PMID: 29379325

60. Matherne CE, Tanofsky-Kraff M, Altschul AM, Shank LM, Schvey NA, Brady SM, et al. A preliminary

examination of Loss of Control Eating Disorder (LOC-ED) in middle childhood. Eat Behav. 2015; 18:57–

61. https://doi.org/10.1016/j.eatbeh.2015.04.001 PMID: 25913008

Reward delay impulsivity and loss of control eating

PLOS ONE | https://doi.org/10.1371/journal.pone.0221814 September 16, 2019 18 / 18

https://doi.org/10.1007/978-0-387-79948-3_1534
https://doi.org/10.1002/(SICI)1098-108X(199605)19:4<391::AID-EAT6>3.0.CO;2-G
https://doi.org/10.1002/(SICI)1098-108X(199605)19:4<391::AID-EAT6>3.0.CO;2-G
http://www.ncbi.nlm.nih.gov/pubmed/8859397
https://doi.org/10.1002/erv.2221
https://doi.org/10.1002/erv.2221
http://www.ncbi.nlm.nih.gov/pubmed/23456853
https://doi.org/10.1016/j.eurpsy.2010.12.010
http://www.ncbi.nlm.nih.gov/pubmed/21392946
https://doi.org/10.1002/mpr.281
http://www.ncbi.nlm.nih.gov/pubmed/19507167
https://doi.org/10.1007/s00787-005-0523-2
http://www.ncbi.nlm.nih.gov/pubmed/16447026
https://doi.org/10.1007/s001120170107
http://www.ncbi.nlm.nih.gov/pubmed/14982242
https://doi.org/10.1016/j.psychres.2011.07.016
https://doi.org/10.1016/j.psychres.2011.07.016
http://www.ncbi.nlm.nih.gov/pubmed/21849214
https://doi.org/10.1111/jcpp.12441
http://www.ncbi.nlm.nih.gov/pubmed/26095891
https://doi.org/10.1177/0146167210371383
http://www.ncbi.nlm.nih.gov/pubmed/20460650
http://dx.doi.org/10.1007/BF00909976
http://www.ncbi.nlm.nih.gov/pubmed/2056161
https://doi.org/10.2147/AHMT.S148050
https://doi.org/10.2147/AHMT.S148050
http://www.ncbi.nlm.nih.gov/pubmed/29379325
https://doi.org/10.1016/j.eatbeh.2015.04.001
http://www.ncbi.nlm.nih.gov/pubmed/25913008
https://doi.org/10.1371/journal.pone.0221814

