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Abstract

Objective

To assess the effects of exposure to a food-choice task (appetizing versus healthy food) on

risky decision-making by excess versus normal weight adolescents. We also analyzed the

influence of food visualization on hunger levels, as well as group differences in food choices

and impulsivity.

Methods

Fifty-six adolescents (aged 13–18 years) classified as excess (n = 27) or normal (n = 29)

weight participated in the study. Risky-decision-making was assessed through the Balloon

Analogue Risk Task, which was administered before and after a food-choice task. We also

evaluated impulsivity traits through the UPPS-P Scale, and subjective hunger levels with a

visual analogue scale.

Results

Adolescents with excess weight showed enhanced risky decision-making after the food-

choice task compared to normal weight adolescents, as well as increased hunger levels.

Furthermore, excess weight adolescents made more appetizing choices, and showed

greater scores for Positive Urgency and Sensation Seeking. Reward-related impulsivity

measures were positively associated with the number of appetizing choices in the food-

choice task. Several associations were found between impulsivity measures, hunger levels

and risk-taking variables.

Conclusions

Excess weight adolescents increased their risky-decision-making after food exposure and

this augmentation was associated with the increase in hunger levels. Increased hunger lev-

els and risk-taking after food exposure could lead to overeating. Alterations in decision-mak-

ing caused by food signals may be a long-term risk factor for the development of obesity in
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adulthood. In modern societies, with the high availability and continuous exposure to food

cues, decision-making may be a crucial factor in maintain healthy eating habits in

adolescents.

Introduction

The prevalence of overweight and obesity in adolescence has increased considerably in recent

decades [1,2] and excess weight in adolescents is a strong predictor of adult obesity [3]. Over-

weight and obesity are currently the fifth-leading mortality risk factor and it is associated with

increased incidence rates of diabetes, cardiovascular diseases and some types of cancer (World

Health Organization [WHO]) [4].

In the last few decades, drastic changes in the environment and lifestyles have modified the

way we perceive foods and regulate their intake [5]. The availability of a wide range of foods,

and overexposure to marketing-related images of foods in Western societies, has led to what,

and how much, to eat becoming a decision-making matter. Obesity has been proposed as a

problem of food addiction, with overeating being explained as an imbalance between motiva-

tional and control-inhibition systems [6,7]. From this theory, it is proposed that in vulnerable

individuals, the consumption of large amounts of appetizing food (high in fat and/or sugar)

could cause an imbalance in the interaction of these systems, resulting in an increase in the

motivational-reinforcing value of appetizing food and a weakening of the control-inhibitory

system [7]. This deficit in control and inhibitory influences would lead to impulsive and com-

pulsive intake of appetizing foods, and as a consequence, to the development and maintenance

of obesity [7].

The impact of inhibitory control on eating behaviour seems to be particularly relevant dur-

ing adolescence [8], a developmental period in which both motivational tendencies and

impulse control skills strongly modulate goal-directed behaviour [9]. Furthermore, decision-

making skills are particularly relevant in adolescents, in whom executive control areas (pre-

frontal areas) are not completely developed and seem to maximize reward at the expense of

risk [9].

A relevant perspective in impulsive decision-making is the concept of risk-taking. Risk-tak-

ing propensity refers to the appetitive processes underlying a behavioral predisposition to take

risks in response to signals for potential reward, which also confers a probability of aversive

results [10]. In recent years, the concept of risk-taking has been used to describe impulsive

behavior in drug addiction and obesity [11,12]. Previous studies have repeatedly shown that

drug abusers are risk prone, as evidenced by self-reports of sensation seeking [13] and

responses to laboratory risk-taking tasks [14]. Obesity is also associated with greater risk-tak-

ing, showing an association with risky patterns of responses to tasks like the Iowa Gambling

Task (IGT) [15].

Adolescents are known to have a tendency to take more and greater risks than individuals

of other age ranges in many life domains, such as unprotected sex, criminal behavior, danger-

ous driving, and experimenting with alcohol and other drugs [16]. Furthermore, adolescents

who are reward sensitive and have difficulties in controlling their behavior appear to be most

susceptible to involvement in risky behavior [17].

There is increasing evidence that individual differences in the tendency to overeat are

related to impulsivity, possibly due to increasing reactivity to environmental food-related cues

[18]. Neurocognitive studies have shown that obesity and addiction are both associated with

Risky decision-making after exposure to a food-choice task in excess weight adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0202994 August 24, 2018 2 / 15

https://doi.org/10.1371/journal.pone.0202994


increased impulsive decision-making and attentional bias in response to drug or food cues,

respectively [19]. Several studies have analyzed attentional bias in individuals with obesity, but

the results have been inconsistent [20,21]. When participants were tested in a hungry state, no

differences were found, but when they were satiated at the time of testing, greater attentional

bias was found in excess compared to normal weight adults [22]. However, specific literature

on adolescents is scarce. To the best of our knowledge, only one study has found increased

attentional bias and impulsivity to food cues in adolescent girls, as well as reduced activation

of frontal inhibitory regions [23].

Regarding appetitive motivation, substance use disorders (addiction) and obesity, as well as

subjective states of craving and hunger, are associated with attentional bias for drug- and food-

related stimuli, respectively [24,25]. Furthermore, previous studies showed that drug-cue reac-

tivity is positively associated with increases in impulsivity and risk-taking in substance abusers

[26].

Decision making in eating behaviour can be studied by food choices tasks. Food decisions

concern what, when, and how much to eat. Food choices can lead to overconsumption, when

there is an increased preference for appetizing food (high in fat and/or sugar). Therefore, the

study of decision making is extremely important in this population, since decision making

based in unhealthy choices can lead to weight more gain and develop or maintain obesity.

This study examined the effect of exposure to food pictures, in a food-choice task, on subse-

quent measures of risky decision-making and hunger levels in adolescents with excess versus
normal weight. Risk taking was assessed through the Balloon Analogue Risk Task (BART).

Riskiness on the BART was related to self-reported engagement in real-world risk-taking

behaviours [27]. To study the influence of exposure to food pictures, performance on the

BART and feelings of hunger were evaluated both before and after the food choice task. Impul-

sivity traits were also evaluated with the UPPS-P Scale. This questionnaire measures five com-

ponents of impulsive behavior: Sensation Seeking, Positive Urgency, Negative Urgency, Lack

of Premeditation and Lack of Perseverance. We hypothesized that adolescents with excess

weight would show greater risky decision-making after exposure to food pictures, while no

change was expected in normal weight adolescents. We expected to find greater increases in

hunger levels after the food-choice task in excess versus normal weight participants and more

food-appetizing choices among excess weight adolescents. Finally, concerning relationships

among variables, we expected to find positive associations between impulsivity traits related to

reward seeking (as Positive Urgency and Sensation Seeking), risk-taking outcomes, hunger

levels and number of appetizing choices.

Methods

Participants

In total, 56 adolescents (24 males and 32 females) aged between 13 and 18 years participated in

the study. They were selected based on their age adjusted body mass index (BMI) percentile in

accordance with the guidelines of the International Obesity Task Force [28] criteria: normal

weight participants (n = 29), with age-adjusted BMI values in the range between the 5th and

the 84th percentile, and excess weight participants (n = 27), with age adjusted BMI values

above the 85th percentile. Although our inclusion criteria for the normal weight group allowed

for people with BMIs up to the 84th percentile, the maximum BMI of any participant in the

normal weight group was in the 70th percentile. Socio-demographic, BMI, waist-hip ratio and

fat percentage data are displayed in Table 1. Participants were recruited from high schools

located in Jaén (Spain). The inclusion criteria were: (i) aged between 13 and 18 years; and (ii)
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no history of neurological or psychiatric disorders. All participants had normal or corrected-

to-normal vision.

Instruments

Self-reported measures. Spanish version of the short UPPS-P impulsive behavior scale

[29]: the UPPS-P is a 20-item inventory designed to measure five components of impulsive

behavior: sensation seeking, lack of perseverance, lack of premeditation and urgency (positive

and negative). Each item on the UPPS-P is rated on a four-point scale ranging from 1 (strongly

agree) to 4 (strongly disagree). Positive Urgency is defined as the tendency to act rashly to

obtain reinforcement when experiencing positive emotions, while Negative Urgency refers to

the tendency to engage in impulsive behaviours under conditions of negative affect. Sensation

seeking describes individuals’ tendency to seek out novel, complex, and intense sensations and

experiences, and a predisposition to take risks to realise these experiences. Lack of Premedita-

tion refers to the tendency to think and reflect on the consequences of an act before engaging

in that act or taking a decision. Lack of Perseverance refers to an individual’s inability to

remain focused on a task that may be boring or difficult.

• A visual analogue scale (VAS) designed to rate hunger levels. Participants had to indicate

how hungry they were feeling on a scale ranging from 1 to 10 (not hungry to very hungry).

Risk-taking task. The BART [30] is a 20-trial computerized task that models real-world

risk behavior according to the concept of balancing the potential for reward and harm. The

participant is presented with a balloon and asked to pump it up by clicking a button on the

screen. With each pump, the participant obtains 25 cents and the balloon increases slightly in

size. However, each balloon also has a concealed probability of exploding after an unspecified

number of pumps. Participants were told that at some point each balloon would burst. Before

the balloon explodes, the participant can press “Collect money,” which saves his or her earn-

ings to a permanent bank. If the balloon explodes before the participant collects the money, all

earnings for that balloon are lost, and the next balloon is presented. Each successful click

increases the participants’ temporary payoff but increases the risk of the balloon exploding.

Thus, each pump confers not only greater risk but also greater potential reward.

In this version of the task, the maximum number of pumps possible for a given balloon was

128, thus the probability of the balloon exploding on Pump 1 was 1/128. If there was no explo-

sion after this first pump, the probability of explosion on Pump 2 was 1/127, and so on up

until the 128th pump. Accordingly, the average break point or “optimal stopping point” for

each balloon was 64 pumps.

Table 1. Participants’ socio-demographic characteristics, BMI and percentage of body fat.

Excess weight Normal weight ta/chi squareb p

Mean SD Mean SD

Age 15.28 1.82 15.43 1.39 -0.36a 0.723

Sex (%Men/women) 46.7/53.3 36.7/63.3 1.72b 0.189

BMI 28.33 2.74 20.12 2.05 12.76a <0.001

% Body fat 27.34 7.71 17.90 7.16 4.75a <0.001

avalue of Student’s t
bvalue of Chi-square χ2

https://doi.org/10.1371/journal.pone.0202994.t001
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Dependent variables are the average number of pumps of unexploded balloons,the number

of exploded balloons (higher scores indicate greater risk-taking propensity) and the amount of

money obtained.

Food-choice task. A food preference decision-making task was used in this study. Two

types of food pictures were utilized: appetizing (high levels of fats and/or sugars) and healthy.

Appetizing cues included, for instance, sausages and chocolate and healthy cues included, for

instance, fruits and salads. In each trial, pairs of pictures of these different types of foods were

presented in three conditions (appetizing vs. healthy, appetizing vs. appetizing and healthy vs.

healthy). Participants had to choose between the two options by pressing a computer key-

board. The total duration of the task was about 5 minutes. Each trial begins with a fixation

cross which lasts from 3 to 6 seconds, varying between trials. Then, the images of the two

options appear for 5 seconds (one on the left side of the screen and the other one on the right

side of screen, with the positions of the appetizing and healthy foods varying among trials).

The order of presentation of the images was counterbalanced across the participants. Then,

the fixation cross was represented. There were a total of 30 choice trials, with 10 choices for

each decision category, preceded by four practice trials. The outcome measure was the number

of selections of each type of food.

Procedure

Height, weight and body composition measures (Bodystat11500 monitoring unit) were col-

lected on arrival of the participant. Subsequently, the UPPS-P impulsivity questionnaire was

administered followed by the BART (pre-task). Then, participants performed the food-choice

task, and immediately after, the BART was administrated again (post-task). Subjective hunger

evaluation (VAS) was carried out before (and after UPPS-P) (pre-task) and after completion of

the food-choice task (post-task). The Ethics Committee for Human Research of the Universi-

dad de Jaén approved the study. Both participants and parents signed informed consent forms.

Statistical analyses

Group comparisons were carried out with Student t-test for independent samples. BART and

hunger measures were analyzed by repeated measures ANOVA with Time (pre- and post-

task) as the repeated-measures factor and Group (Excess vs. Normal weight) as the between-

subject factor. Additionally, we have carried out ANCOVA analyses including the covariables

of Sensation Seeking and Positive Urgency in order to assess the influence of these variables on

the pre- to post- change. The computation of planned á priori correlations between variables

were performed by Pearson correlations. Finally, mediation analyses were performed with the

PROCESS macro for SPSS. To assess the significance of partial mediation effects, confidence

intervals from the bootstrapping estimation techniques were used. For a significant medita-

tional effect, the limits of confidence interval should not include the 0 value [31,32]. In order

to simplify these analyses, change scores were calculated as the post-task value minus the pre-

task value.

Results

Self-reported measures

The groups differed in two dimensions of the impulsivity questionnaire (UPPS-P), sensation

seeking (t = 2.17, p = 0.034, δ = 0.58) and positive urgency (t = 2.14, p = 0.037, δ = 0.56), with

greater scores in the excess versus normal weight adolescents (Table 2). A Time x Group inter-

action was found for hunger VAS scores (F1,54 = 8.56, p = 0.005, Z2
p = 0.14). Although both
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groups showed significant increased hunger levels, the increase from the pre- to post-task eval-

uation was greater in excess weight (F1,26 = 33.72, p<0.001, Z2
p = 0.57) versus normal weight

adolescents (F1,28 = 17.37, p< 0.001, Z2
p = 0.38) (Table 2).

Additionally, results of ANCOVA showed that Sensation Seeking had a significant effect on

the change in hunger levels in the whole sample (F1,53 = 4.13, p = 0.047, Z2
p = 0.072). Further-

more, a Sensation Seeking x group x time (F1,53 = 8.40, p = 0.001, Z2
p = 0.241) interaction was

found. In order to analyze this interaction we explored the effect of the covariable in each

group separately. Sensation Seeking influenced the change in hunger levels in the excess weight

group (F1,25 = 7.97, p = 0.009, Z2
p = 0.242), but not in the normal weight group (F1,27 = 0.03,

p = 0.869, Z2
p = 0.001). Regarding food choices, excess weight adolescents chose significantly

more appetizing foods than normal weight adolescents (Table 2).

Risk-taking task (BART)

Significant Time x Group interactions were found for the average number of pumps

of unexploded balloons (F1,54 = 5.68, p = 0.021, Z2
p = 0.10) (Fig 1) and exploded balloons

(F1,54 = 7.38, p = 0.009, Z2
p = 0.12) (Fig 2). The average number of pumps of unexploded

balloons (F1,26 = 14.57, p = 0.001, Z2
p = 0.36) and exploded balloons (F1,26 = 6.33, p = 0.018,

Z2
p = 0.20) increased in excess weight adolescents after the food-choice task, while no signifi-

cant changes were observed in normal weight adolescents (p>0.23). No Time x Group

interaction was found for the amount of money obtained (F1,54 = 2.34, p = 0.132, Z2
p = 0.04).

While no group differences in the BART were observed in the pre-task evaluation (exploded

balloons: p = 0.855; average number of pumps on unexploded balloons: p = 0.702), the

above-described differential responses to the food choice task led to increased risk-taking

(exploded balloons) in the excess versus normal weight adolescents during the post-task

evaluation (t = 2.43;p = 0.019; δ = 0.67). No differences were found between groups in the

money obtained before (t = 0.10, p = 0.917, δ = 0.03) and after (t = 1.39, p = 0.172, δ = 0.37)

food visualization.

The inclusion of Sensation Seeking and Positive Urgency as covariables in these analyses

did not change the above results.

Table 2. Means and standard deviations (SD) of impulsivity (UPPS-P), hunger (VAS) measures, appetizing and healthy choices. Results of the group comparisons (t

and p) are also displayed.

Excess weight Normal weight t p

Mean SD Mean SD

UPPS-P Urg- 11.89 8.65 10.90 3.44 0.57 0.570

UPPS-P Urg+ 9.96 2.12 8.86 1.73 2.14 0.037

UPPS-P SS 11.19 2.63 9.62 2.74 2.17 0.034

UPPS-P LPrem 8.37 1.94 8.24 2.59 0.21 0.835

UPPS-P LPers 7.63 2.10 8.31 2.56 -1.08 0.284

UPPS-P Total 46.04 9.63 47.03 8.09 -0.42 0.676

Hunger Pre

Hunger Post

1.35

4.94

1.48

2.62

2.35

3.88

2.26

2.77

-1.94

1.48

0.057

0.144

A_Choices

H_Choices

7.11

2.89

2.06

2.06

4.38

5.62

2.53

2.53

4.41

-4.41

<0.001

<0.001

Note: Urg-: Negative Urgency; Urg+: Positive Urgency; SS: Sensation Seeking; LPrem: Lack of Premeditation; LPers: Lack of Perseverance; A_Choices: appetizing

choices; H_Choices: healthy choices

https://doi.org/10.1371/journal.pone.0202994.t002
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Associations between measures

In the whole sample (Table 3), the change in hunger levels was positively associated with the

change in the number of exploded balloons, the number of exploded balloons after the food-

choice task and the average number of pumps on unexploded balloons before and after the

food-choice task. Sensation Seeking was positively associated with the change in hunger levels,

the number of appetizing choices made in the food choice task, the number of exploded bal-

loons and the average number of pumps on unexploded balloons after the food-choice task.

Positive Urgency and UPPS-P total scores were positively correlated with the number of appe-

tizing choices. Finally, BMI was positively associated with the change in the number of

exploded balloons, the number of exploded balloons after the food-choice task, Positive

Urgency, Sensation Seeking and the number of appetizing choices.

Fig 1. Average number of pumps on unexploded balloons in the pre-task and post-task evaluations as a function

of group.

https://doi.org/10.1371/journal.pone.0202994.g001

Fig 2. Number of exploded balloons in the pre-task and post-task evaluations as a function of group.

https://doi.org/10.1371/journal.pone.0202994.g002

Risky decision-making after exposure to a food-choice task in excess weight adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0202994 August 24, 2018 7 / 15

https://doi.org/10.1371/journal.pone.0202994.g001
https://doi.org/10.1371/journal.pone.0202994.g002
https://doi.org/10.1371/journal.pone.0202994


In the excess weight group (Table 4), the change in hunger levels was positively associated

with the change in the number of exploded balloons, the number of exploded balloons after

the food-choice task, the average number of pumps on unexploded balloons before and after

the food-choice task and sensation seeking scores. Finally, Sensation Seeking was positively

associated with the number of exploded balloons after the food choice task and UPPS-P total

scores were positively correlated with the number of appetizing choices. In the normal weight

group (Table 5), UPPS-P Total scores correlated positively with the number of appetizing

choices.

We have considered performing an alpha adjustment for multiple comparisons. However,

this would substantially reduce the power of the tests, i.e. increase the chance of Type II errors

and reduce the probability of detecting any effects present. Certainly, some of our correlations

would not survive correction for multiple testing.

Table 3. Pearson correlations between variables in the whole sample.

n = 56 Hunger_

Change

UPPSP_

T

UPPSP_

U+

UPPSP_

SS

BMI

Hunger_change 1 0.05 0.03 0.34� 0.25

EB_Change 0.33� -0.13 -0.08 0.23 0.30�

ANPUB_Change 0.08 -0.20 0.09 0.17 0.18

EB_PRE 0.20 0.16 0.06 0.22 0.09

EB_POST 0.43�� 0.01 -0.02 0.37�� 0.33�

ANPUB_PRE 0.28� 0.14 -0.06 0.18 0.11

ANPUB_POST 0.34� -0.06 0.02 0.28� 0.22

A_Choices 0.24 0.42�� 0.36�� 0.27� 0.45��

BMI 0.25 0.04 0.33� 0.27� 1

EB: Exploited Balloons; ANPUB: Average Number of Pumps on Unexploded Balloons

T: total; U+: Positive Urgency; SS: Sensation Seeking; A_Choices: appetizing choices; BMI: Body Mass Index

�� Correlation is significant at the 0.01 level (2-tailed)

� Correlation is significant at the 0.05 level (2-tailed)

https://doi.org/10.1371/journal.pone.0202994.t003

Table 4. Pearson correlations between variables in excess weight group.

n = 27

Excess weight

Hunger_

Change

UPPSP_

T

UPPSP_

U+

UPPSP_

SS

BMI

Hunger_change 1 0.14 -0.11 0.49�� -0.30

EB_Change 0.46� 0.03 -0.16 0.16 0.06

ANPUB_Change 0.14 -0.19 0.14 -0.17 -0.14

EB_PRE 0.32 0.07 0.08 0.38 -0.01

EB_POST 0.60�� 0.07 -0.07 0.41� 0.04

ANPUB_PRE 0.43� 0.26 -0.01 0.38 -0.01

ANPUB_POST 0.48�� 0.02 0.08 0.27 -0.15

A_Choices 0.24 0.57�� 0.20 0.23 0.22

BMI -0.30 0.12 0.22 0.01 1

EB: Exploited Balloons; ANPUB: Average Number of Pumps on Unexploded Balloons

T: total; U+: Positive Urgency; SS: Sensation Seeking; A_Choices: appetizing choices; BMI: Body Mass Index

�� Correlation is significant at the 0.01 level (2-tailed)

� Correlation is significant at the 0.05 level (2-tailed)

https://doi.org/10.1371/journal.pone.0202994.t004
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Influential authors like Rothman (1990, 2014) [33,34] claimed that correction for multiple

testing may be an essentially wrong option and a research misconception in our field. If one is

analyzing psycho-physiological data that are replete with actual associations, the premise for

traditional adjustments is difficult to defend. As stated above, adjustments for multiple com-

parisons may reduce Type I errors, but they do so at the expense of increasing Type II errors.

Results of mediation analysis showed that the change in hunger levels mediated the differ-

ence in the number of exploded balloons between the pre- and post- administrations of the

BART in excess weight participants (Bootstrapping Lower Limit Confidence Interval = 0.04,

Bootstrapping Upper Limit Confidence Interval = 0.54), and not in normal weight participants

(Bootstrapping Lower Limit Confidence Interval = -0.14, Bootstrapping Upper Limit Confi-

dence Interval = 0.06).

Discussion

Results showed that after the food-choice task adolescents with excess weight displayed

increased values in the two risk-taking measures of the BART than adolescents with normal

weight. Adolescents with excess weight also showed a greater increase in hunger levels

(VAS scores) after exposure to the food-choice task. Furthermore, excess weight adolescents

showed greater scores in Positive Urgency and Sensation Seeking (UPPS-P), as well as an

increased number of appetizing selections in the food-choice task, compared to normal

weight adolescents. Finally, significant associations were found between the change in hun-

ger feelings, the number of appetizing choices, risk-taking and reward-related impulsivity

measures.

Food-visualization effects on risk-taking

Our findings suggest that adolescents with excess weight have enhanced reactivity to food

cues, since the food-choice task led to an increase in risk-taking in these individuals. Yeomans

and Brace (2015) [35] showed similar results in a study comparing restrained versus over-

eating-susceptible healthy women selected according to their scores in on the disinhibition

and restraint scales of the Three Factor Eating Questionnaire (TFEQ) [36]. They found that

exposure to food cues led to a greater risk propensity (measured with the BART) in women

susceptible to overeating in comparison with restrained women. However, they found group

Table 5. Pearson correlations between variables in normal weight group.

n = 29

Normal weight

Hunger_

Change

UPPSP_

T

UPPSP_

U+

UPPSP_

SS

BMI

Hunger_change 1 -0.04 -0.03 -0.03 0.14

EB_Change -0.14 -0.30 -0.25 0.13 -0.07

ANPUB_Change -0.27 -0.19 -0.14 0.29 -0.24

EB_PRE 0.03 0.27 0.04 0.07 0.32

EB_POST -0.10 -0.02 -0.19 0.19 0.24

ANPUB_PRE 0.10 0.04 -0.14 0.01 0.27

ANPUB_POST -0.04 -0.11 -0.21 0.18 0.06

A_Choices -0.15 0.51�� 0.32 0.10 -0.18

BMI 0.14 0.26 0.12 0.12 1

EB: Exploited Balloons; ANPUB: Average Number of Pumps on Unexploded Balloons

T: total; U+: Positive Urgency; SS: Sensation Seeking; A_Choices: appetizing choices; BMI: Body Mass Index

�� Correlation is significant at the 0.01 level (2-tailed)

https://doi.org/10.1371/journal.pone.0202994.t005
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differences in BART measures both before and after food cue-exposure, while we only

observed differences after the food-choice task. The pre-task discrepancy may be due to differ-

ences in the studies samples, as they selected their sample based on uncontrolled eating

(TFEQ), while we selected ours based on BMI.

To our knowledge, this is the first study to analyse the influence of food cues visualization

on risk-taking in adolescents with excess weight. The fact that excess weight adolescents

increase risky decision-making after food exposure may be relevant to our understanding of

the role of food cues in the development of unhealthy eating behaviours in modern societies.

Motivational mechanisms could be involved in food cue-enhanced risky decision-making. In

general, it is known that positive mood states induce increased risk-taking [37], which in turn

promotes further gratification-seeking behaviour to maintain a positive mood. For example,

undergraduate college students are more likely to drink on days of celebration than during the

week [38], and individuals may also engage in risky drinking to enhance a pre-existing positive

mood [39]. This hypothesis is in line with our results of greater positive urgency (reward seek-

ing under a positive mood) in excess weight adolescents. In line with this result, Fernández-

Serrano et al. (2011) [40], using the Iowa gambling task (IGT) in polysubstance users, found

that drug-users (who showed a risky pattern of decision-making under normal conditions)

decreased their risk-taking in a negative affective context (visualization of negative images

while performing the IGT) to a level similar to that observed in controls, while they increased

their risky decisions on the IGT during a positive affective context evoked by drug cue

visualization.

Food-visualization effects on hunger levels and its associations with risk-

taking

The food-choice task led to a greater increase in hunger feelings in excess weight group. Food

cues could be associated with greater reward value in adolescents with excess weight than in

normal weight adolescents. Evidence points to greater neural reactivity in the reward system

in obese versus normal weight individuals during high-calorie food visualization [41]. There-

fore, appetizing food cues may evoke an approach response to reward, leading to greater hun-

ger feelings and enhanced impulsive risk-taking behaviours [42]. In fact, in our study, a

greater number of appetizing choices in the food-choice task were found in excess versus nor-

mal weight adolescents. Therefore, this purported greater underlying reactivity to appetizing

food cues in obese individuals may mediate the observed impulsive behaviour after food

visualization.

Furthermore, we found a positive association between risk-taking (greater number of

exploded balloons and average number of pumps on unexploded balloons) and the change in

hunger levels in the whole sample and in the excess weight group particularly, but not in the

normal weight group. Besides, the change in hunger levels was also positively associated with

the average number of pumps of unexploded balloons after the food-choice task in adolescents

with excess weight. Therefore, food visualization and the consequent increase in hunger lead

to enhanced risk-taking in excess weight adolescents, what may cause alterations in impulses

control and hinder the intake control. Furthermore, subjective hunger may predispose an indi-

vidual to believe that his/her body is in a state of homeostatic imbalance that must be restored

through the intake of food. This may increase the predisposition to overeat in current society,

given the ubiquitousness of full of fatty/sweet food cues. Therefore, these results suggest that

greater hunger feelings may predispose to enhanced risk-taking in excess weight adolescents,

which can lead to greater seeking of the reward consumption, in this case appetizing foods

high in fats and / or sugars.
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Reward-related impulsivity measures and its associations with hunger

levels and appetizing choices

Excess weight adolescents showed greater scores in Positive Urgency and Sensation Seeking

than normal weight adolescents. Available evidence concerning impulsivity traits in obese ado-

lescents is scarce. In the two studies available on adolescents with excess weight, no group dif-

ferences in impulsivity were found [8, 43]. As a possible explanation for these differences

versus the current study, the mean age of the excess weight participants in these previous stud-

ies was 14.19±1.38 and 14.22±1.4 years, lower than that in our study (15.28±1.82 years). The

mean age of our study is characterized by greater freedom and less control by parents, so it is

more likely that adolescents around this age develop behaviours such as searching for new

experiences or immediate rewards. For example, significant relationships between sensation

seeking and adolescent alcohol use, cigarette smoking and marijuana use have been reported,

with older adolescents being more likely to engage in these types of risky behaviours [44]. Con-

versely, Nazarboland and Fath (2015) [45] found greater Sensation Seeking in highly obese

adolescents (BMI>35) than in normal weight adolescents.

Sensation Seeking was positively associated with the change in hunger levels in excess

weight participants. Furthermore, this variable mediated the difference in hunger levels in this

group between the pre- and post- food-choice task evaluations. This suggests that the impul-

sivity trait may not only be associated with eating preferences, but also with changes in subjec-

tive feelings of hunger, which could stimulate overeating and the intake of high-calorie foods,

leading to obesity.

Regarding to this, Sensation Seeking has long been associated with elevated drug intake in

humans [46]. Therefore, the influence of Sensation Seeking on a greater increase in hunger

feelings in excess weight adolescents may support the hypothesis of a greater reactivity to food

signals (i.e., increased seeking for rewards and positive reinforcement) in these participants.

A preference for appetizing food in the food-choice task was associated with impulsivity

measures in our whole sample. Specifically, Sensation Seeking and Positive Urgency (both

related to greater reward sensitivity), which may indicate a mediational role of impulsivity in

determining food preferences. These results corroborate previous evidence. Davis et al. (2007)

[47] found in women ranging from normal weight to obese that reward sensitivity was posi-

tively linked to overeating and high sugar-fat food preferences. Nederkoorn et al. (2010) [48]

found that participants with greater impulsivity gained more weight during a 1-year period. It

has been proposed that impulsivity may accelerate the acquisition of Pavlovian conditioning to

appetitive cues [49]. All of this evidence suggests that exposure to appetitive food cues, via

interaction with impulsivity traits, may play an important role in the development of

unhealthy eating behaviours. In modern societies, given the high availability of, and frequent

exposure to, high calorie foods, individuals with high reward sensitivity are predisposed to

consumption beyond their caloric needs. The enhanced preference for fat-sweet foods is

explained by their greater reinforcing value, especially in individuals with excess weight [50].

As the incentive salience of appetizing food cues increases, seeking out and consuming this

type of food becomes an important goal, exceeding feeding homeostatic regulation [51]. This

represents a risky behaviour, since consuming foods high in fat and/or sugar is associated with

weight gain in children and adolescents and, therefore, increased risk of obesity [52]. Macchi,

MacKew and Davis (2017) [53] assessed eating habits and risk-taking (BART) in adolescents

and found that choices on the BART were riskier in adolescents who made unhealthier food

choices. These findings are congruent with studies observing that adolescents with higher risk-

taking on the BART consistently engaged in greater risk-taking activities outside of the labora-

tory, such as smoking, drinking, gambling or substance abuse [54–56].

Risky decision-making after exposure to a food-choice task in excess weight adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0202994 August 24, 2018 11 / 15

https://doi.org/10.1371/journal.pone.0202994


Limitations

Regarding limitations of the study, there are a number of issues that need to be addressed in

future studies, like differentiating among obese, overweight and normal weight participants,

the inclusion of objective eating behaviour measures (in the home and/or the lab), and the ful-

filment of a more exhaustive decision-making evaluation. In addition, we performed several

correlations, which may increase Type I errors. Consequently, results concerning associations

between variables should be taken with caution and considered preliminary. Furthermore,

future studies should evaluate the longitudinal influence of risk-taking on weight gain. Finally,

the lack of a control group not exposed to the food-choice task manipulation makes it difficult

to discern whether the changes in hunger feelings and decision-making are due to the visuali-

zation of food, the mere passage of time or the repeated administration of the test. Future stud-

ies will be necessary to address this limitation by including an appropriate control group.

Conclusions

In summary, the results showed that excess weight adolescents increased their risky decision-

making after food-choice task exposure, where this was associated with an increase in hunger

levels. Excess weight in adolescence is a risk factor for the development of future health prob-

lems and obesity. In current western societies, given the high availability of, and exposure to,

high-calorie foods, decision-making has become a crucial factor in maintaining healthy eating

habits. Since risk-taking is more prevalent in adolescence, it may be important to empower

adolescents to make healthy decisions to prevent future obesity. Impulse control and decision-

making should be an important target to prevent risky eating behaviour in adolescents.
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Data curation: Marı́a José Fernández-Serrano, Gustavo A. Reyes del Paso.

Formal analysis: Marı́a Moreno-Padilla, Gustavo A. Reyes del Paso.

Investigation: Marı́a Moreno-Padilla, Marı́a José Fernández-Serrano.
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