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A B S T R A C T

This study examined whether poor health habits – those associated with a higher risk of developing eating
disorders or obesity – modified adolescents’ emotions toward sweet food cues. We aimed to answer the following
questions: Is adolescent obesity accompanied by excessive enjoyment of sweets? Or is any risk habit, regardless
its stronger association with obesity or disordered eating, associated with less food enjoyment? 552 Spanish
adolescents (279 females) viewed pictures of sweets interspersed with emotional images as controls. Participants
recorded their feelings of pleasure, activation, control, and food craving while looking at each picture; then
answered questions on their general health, food intake, and physical activity; finally, their body mass index was
estimated. We performed MANCOVAs on feelings during sweets, including individual risk habits as factors, and
sex, age, and hunger as covariates. We performed the same analysis on emotional and neutral images. Results
revealed that among risk habits, obesity and unhealthy dieting practices were accompanied by less enjoyment of
sweets (mostly less pleasure and less food craving). On the contrary, risk habits had no effect on adolescents’
feelings during emotional stimuli, unrelated to food. Thus, the presence of habits linked to obesity and dis-
ordered eating was associated with reduced reward value of sweet food cues, supporting the need to approach
both disorders from an integrative perspective. Consistent with recent prevention strategies, the results suggest
the potential role of food enjoyment as a protective factor.

1. Introduction

Food-related pathologies such as obesity and disordered eating are
accompanied by severe health consequences that raise serious social,
health, and economic concern (Brownell & Fairburn, 1995; Heymsfield
& Wadden, 2017). Prevention programs worldwide aim at youth to
separately address obesity and eating disorders (e.g., Ballesteros
Arribas, Dal-Re Saavedra, Pérez-Farinós, & Villar Villalba, 2007; Shaw
& Stice, 2016). However, some researchers (e.g., Brownell & Fairburn,
1995; Neumark-Sztainer, 2003) advocate the need for an integrated
prevention of eating disorders and obesity. Several investigations that
have reported an overlap between eating and weight-related disorders,
overall put forward that unified prevention strategies can be more ef-
fective in the long term (e.g., Lebow, Sim, & Kransdorf, 2015; Neumark-
Sztainer, 2003; Rancourt & Mccullough, 2015; Stice, Presnell, Shaw, &
Rohde, 2005).

In healthy human adults, food is a natural reward that prompts a

cascade of reactions that are subjectively experienced as pleasurable
and physiologically coherent with the activation of a neural reward
system (Kelley & Berridge, 2002). Subjective reactions to appetitive
food cues are less straightforward in adults affected by disordered
eating and obesity. For instance, patients diagnosed with bulimia ner-
vosa tend to experience a decrease in food enjoyment (Rodríguez, Mata,
Lameiras, Fernández-Santaella, & Vila, 2007), whereas adults with
obesity tend to report excessive liking (Bartoshuk, Duffy, Hayes,
Moskowitz, & Snyder, 2006). Only two studies have focused on ado-
lescence and have observed that adolescents with obesity report less
pleasure and less activation than healthy adolescents in response to
appetizing food cues (Barthomeuf, Droit-Volet, & Rousset, 2009;
Hofmann et al., 2016). Therefore, it remains to be investigated whether
during adolescence self-imposed food restrictions are accompanied by
reduced enjoyment of food. Moreover, for youth obesity, it is still not
clear whether it is accompanied by increased food enjoyment, as re-
ported in adulthood, or by decreased food enjoyment, as observed in
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the studies by Barthomeuf et al. (2009) and Hofmann et al. (2016). To
our knowledge, no study have examined whether diverse risk habits
modify the emotional value of food cues within an integrated per-
spective on eating disorders and obesity. The present work aims to in-
vestigate whether the presence of poor health habits – namely, habits
associated with a higher risk of developing eating or weight-related
disorders – leads to changes in adolescents’ enjoyment of sweet food
cues, even before the full development of food-related disorders.

For this purpose, we investigated various health habits that have
been the target of Spanish obesity and eating disorder prevention
strategies (López-Guimerà & Sánchez-Carracedo, 2010; Serra et al.,
2007). Our interest laid in diverse habits – related to overall well-being,
food intake, and physical activity – that have been shown to expose
adolescents to a higher risk of suffering from eating or weight-related
disorders. Due to the lack of validated instruments in Spanish by the
time the data were collected, we developed a set of questions so that the
adolescents could quickly complete to provide self-reported health
habits. We examined shared risk factors that increased the risk of both
eating disorders and obesity: smoking, constantly being on a diet, being
a picky-eater, having a higher body mass index, and reporting lower
self-esteem (e.g., Chiolero, Faeh, Paccaud, & Cornuz, 2008; Croll,
Neumark-Szteiner, Story, & Ireland, 2002; French, Story, & Perry, 1995;
Lebow et al., 2015; Neumark-Sztainer, Wall, Haines, Story, & Eisenberg,
2007). However, we were particularly interested in risk habits that
were more distinctly characteristic of obesity or eating disorders. For
obesity we examined skipping breakfast, sleeping less, engaging in
scarce physical activity and already being obese (Ballesteros Arribas
et al., 2007; Heymsfield & Wadden, 2017; Spiegel, Tasali, Penev, &
Cauter, 2004). For eating disorders we examined reducing the number
of meals per day and reporting unhealthy ways to lose weight– i.e.,
fasting the whole day, self-induced vomiting/purging, skipping meals,
eating very little, not seeking professional help, and smoking to lose
weight (Neumark-Sztainer, Story, Hannan, Perry, & Irving, 2002). To
serve as controls for unhealthy dieters, similarly to Neumark-Sztainer
et al. (2002), we examined both adolescents who never dieted (and
therefore never felt the urge to diet) and adolescents who reported
healthy dieting practices (and therefore felt the urge but practiced safe
dieting, such as engaging in moderate physical exercise and eating
more fruits and vegetable).

Methodologically, as control stimuli for sweet food cues we in-
cluded emotional non-food pictures. Research on the psychophysics of
taste (Bartoshuk et al., 2006) and on the neuroscience of obesity
(Versace, Kypriotakis, Basen-engquist, & Schembre, 2016) advocate the
inclusion of motivationally salient stimuli, unrelated to food, as control
cues. Several sets of food images provide subjective emotions prompted
by food cues (Blechert, Meule, Busch, & Ohla, 2014; Foroni, Pergola,
Argiris, & Rumiati, 2013). Recently, our laboratory created a database
of original food pictures (the Open Library of Affective Foods, OLAF)
that included emotional images as controls and assessed how a large
group of adolescents (Miccoli et al., 2014) and adults (Miccoli et al.,
2016) felt while looking at diverse food pictures. In the original ado-
lescent normative study, our goal was to collect and report affective
ratings for the OLAF, describing in detail how food pictures were cre-
ated, selected, and evaluated using the affective dimensions of plea-
sure/valence, activation/arousal, control/dominance, and food craving.
In the current study, instead, we examined whether the affective di-
mensions were modulated by adolescents’ risky health habits. Here, the
inclusion of emotional and neutral control stimuli allowed us to infer
whether adolescents’ reactions were specific to food or extended to
other motivationally relevant stimuli.

In summary, our goal was to investigate these alternative hy-
potheses: Do adolescent emotions toward sweet food cues support a
unified prevention of eating disorders and obesity, so that any risk habit
leads to reduced enjoyment of food cues, regardless its stronger asso-
ciation with obesity or disordered eating? Or do emotions toward sweet
food cues diverge, so that unhealthy dieting practices are associated

with reduced food enjoyment whereas habits related to obesity are
accompanied by excessive enjoyment of appetizing food cues? The re-
sults, pointing out that diverse risk habits were accompanied by re-
duced enjoyment of sweets, are discussed in the light of the importance
of approaching eating and weight-related disorders from an integrated
perspective, and in the light of the possible role of food enjoyment as a
protective factor.

2. Materials and methods

Data presented here were part of a study that provided adolescents’
normative affective ratings of pleasure, activation, control, and food
craving for a set of original food pictures (Miccoli et al., 2014). Ac-
cordingly, the procedure reported here reproduces partially the in-
formation of the normative study. The interested reader is referred to
the original study for full details on food pictures creation, selection,
and evaluation.

2.1. Participants

A total of 612 adolescents (11–18 years) participated in the study
between October 2012 and January 2013. Data were collected by
members of the research team at three public high schools, located in
different neighborhoods of downtown Granada (Spain). Self-reported
data were not included for 60 adolescents (9.8%) who 1) did not rate
any picture in one of the affective scales; 2) rated all pictures with the
same value in any of the scales; 3) withdrew from the study; 4) ex-
ceeded the age limits; or 5) were statistical outliers (see Statistical
Analyses). The final sample consisted of 552 adolescents (279 females)
aged 11.1 to 17.3 years (mean age 14.3 years, SD 1.4). Using G∗Power 3
(Faul, Erdfelder, Lang, & Buchner, 2007), a sample size of N 552 was
deemed sufficient to detect small effects (Cohen’s d=0.20, η2= 0.01)
at an alpha level of 0.05. The University of Granada Institutional Re-
view Board approved the study (IRB# 699). All participants and their
parents provided written informed consent and were informed that
their responses were confidential.

2.2. Materials

2.2.1. Food and affective pictures
Each participant saw one of 4 randomized picture orders. Each

order consisted of 60 pictures: 36 emotional IAPS images that were
always the same and 24 OLAF food pictures that changed across orders.
In each order, six out of 24 food images were sweet food cues. The 36
affective images displayed age-appropriate pleasant, neutral, and un-
pleasant contents and were selected from the International Affective
Picture System/IAPS (Lang, Bradley, & Cuthbert, 2008). Food cues in
the original normative study (Miccoli et al., 2014) consisted of low-
calorie fruits and vegetables and high-calorie sweet and savory foods.
The different food categories were identified after consulting with
members of the Department of Nutrition and Bromatology from the
University of Granada. On one extreme we identified food whose re-
commended frequency of consumption is high (low-calorie foods), with
the further distinction between fruits and vegetables; on the other ex-
treme, food whose recommended frequency of consumption is low
(high-calorie foods), with the further distinction between sweet high-fat
and salty high-fat foods. In the current investigation we focused on
adolescents’ emotional reactions to the images of sweet high-calorie
foods (see some examples in Fig. 1), based on the greater motivational
relevance of sugary food cues especially during development (Avena,
Rada, & Hoebel, 2009; Birch, 1992).

2.2.2. Self-reported picture evaluations
We used the Self-Assessment Manikin/SAM (Bradley & Lang, 1994)

to assess the basic affective dimensions of pleasure/valence, activation/
arousal, and control/dominance. The SAM is a nonverbal pictorial scale
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used for emotional experiences toward diverse stimuli and has been
successfully employed in different age groups (Ferrari, Bruno, Chattat,
& Codispoti, 2016; McManis, Bradley, Berg, Cuthbert, & Lang, 2001).
The SAM scale of food craving, initially developed in the context of
drug addiction (Muñoz et al., 2010), was also included (see Miccoli
et al., 2014).

2.2.3. Self-reported health habits
The survey, collected right after the picture-rating task, first gath-

ered general health information, followed by food intake practices and
physical activity habits.

2.2.3.1. General health information. We examined sex, age, tobacco
consumption, and sleep amount. For tobacco use, adolescents
reported whether they smoked (yes/no). Sleep amount (weekday time
in bed) was estimated as the time (in minutes) between bedtime and
rising time; afterward, we examined whether each participant’s amount
of sleep was age-appropriate (yes/no) based on normative data
collected by the US National Sleep Foundation (Carskadon, 2011).

2.2.3.2. Food intake practices. We examined current hunger, breakfast
consumption, meal frequency, picky eating, and dieting practices. For
hunger (Wardle, 1987), participants rated their current level of hunger
on a 1–9 Likert scale. For breakfast consumption, adolescents reported
whether they had eaten breakfast on the day of the experiment (yes/
no). For meal frequency, we distinguished between a healthy number (5
or 6meals/day) and a limited number of meals (2 meals/day)
(Neumark-Sztainer et al., 2002). We additionally asked adolescents
whether they ate only foods that they liked (“picky eating”, yes/no)
(Dovey, Staples, Gibson, & Halford, 2008). Next, we investigated
several healthy and unhealthy dieting practices. Throughout the
survey we never used the term ‘diet’ but employed its definition
instead –‘change the way you eat so that you can lose weight’–
(Neumark-Sztainer et al., 2002). Adolescents first indicated whether
and how many times they dieted during the last year (i.e., “how many
times during the last year have you changed the way you eat so you
could lose weight?”), so that we compared adolescents who were
constantly on a diet (“always trying to lose weight” or 10 or more
diets/year) with adolescents who did not diet during the last year; next,
we asked adolescents whether they had ever dieted in their lifetimes
(yes/no), so that we identified adolescents who had never dieted; later,
adolescents who dieted specified what they had done to lose weight.
Based on this information, similarly to Neumark-Sztainer et al. (2002),
we distinguished healthy dieting (engaging in moderate physical
exercise, eating more fruits and vegetables, eating five meals a day,
consulting a professional, eating less sweets) and unhealthy dieting
practices (fasting the whole day, self-induced vomiting, skipping meals,
eating very little, not seeking professional help, smoking to lose
weight). Because adolescent dieters tended to report both healthy and
unhealthy practices, we identified as “healthy dieters” only participants
who reported no unhealthy dieting practice.

2.2.3.3. Physical activity habits. We examined avoiding sports and
having a sedentary lifestyle. Adolescents reported whether they were
involved in any sports during their out-of-school hours (yes/no) and
how many hours a day they spent watching TV or playing videogames
(excluding videogames involving physical activity, such as Nintendo
Wii fit) (Pearson & Biddle, 2011). For sedentary behavior, we
contrasted adolescents who spent an excessive amount of time (equal
to or more than 3 h/day) watching TV/playing videogames with
adolescents who reported minimal inactivity (less than 1 h/day).

The overall internal consistency of the survey was low (Cronbach’s
alpha=0.58), indicating that the information it gathered probably
referred to diverse concepts.

2.2.4. Body mass index/BMI
All participants were individually weighed on an electronic body

composition analyzer (Tanita Model 300MA, Chicago, IL) and measured
(to 0.1 cm on a Leicester Height Measure stadiometer) to estimate their
body mass index. Next, using standardized international criteria (Cole,
Bellizzi, Flegal, & Dietz, 2000; Cole, Flegal, Nicholls, Jackson, & a.,
2007) we created participant BMI groups (thin, healthy, overweight,
obese).

2.2.5. Level of self-esteem
Because low levels of self-esteem have been observed in both eating

and weight-related disorders (Barthomeuf et al., 2009; Croll et al.,
2002), adolescents’ well-being was further investigated using the
Spanish adaptation of the Rosenberg’s Self-Esteem scale (Martín-Albo,
Núñiez, Navarro, & Grijalvo, 2007). We compared picture evaluations
of participants below the 1st (low self-esteem) and above the 3rd

quartile (high self-esteem).

2.3. Procedure

The data were gathered during school hours at assembly halls,
where adolescents sat slightly apart from each other in small groups (no
more than 28 adolescents). After obtaining informed consent, the ex-
perimenters distributed booklets containing the SAM scales and the
questionnaires. First, standardized instructions on the use of the SAM
scales were read verbatim by one of the experimenters, using a Spanish
translation of the IAPS standardized instructions for children and ado-
lescents (Lang et al., 2008). At the beginning of the experiment, we
added four practice trials, in which we displayed 4 examples of plea-
sant, unpleasant, sweet high-fat food, and neutral images to ensure that
adolescents reached a thorough understanding of the SAM scales (IAPS
No. 2340, 7950, 9908, and an original picture of a birthday cake). The
SAM instructions and picture delivery were controlled using a Pre-
sentation program (v.16.3, Neurobehavioral Systems, San Francisco,
CA) operated on a Toshiba Satellite ProA120 laptop. An Epson EMP-54
projector displayed the pictures on a white screen. On average, the
screen subtended a visual angle of 19.32° (horizontal)× 14.72° (ver-
tical), which was designed to maximize participants’ affective reactions

Fig. 1. Sweet food pictures from the OLAF catalogue. Description: Exemplars of sweet food cues from the Open Library of Affective Foods (Miccoli et al., 2014) among those that in
adolescents prompted the greatest feelings of pleasure, activation, and food craving. From left to right, OLAF picture codes: sug_0152, sug_0141, and sug_4421.
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to pictures (De Cesarei & Codispoti, 2006). Each trial consisted of 4 s of
preparation for the appearance of the next picture, 6 s of picture
viewing, and 20 s of picture evaluation, during which adolescents had
to rate how they felt while watching the picture using all SAM scales.
Adolescents were invited to look at the picture the entire time that it
was on the screen. The entire rating task lasted 30min. After a small
break (no longer than 10min), during which the adolescents were al-
lowed to stand up and/or go to the restroom, the survey on health
habits and the Rosenberg’s Self-Esteem scale were completed. Before
leaving the conference hall, each participant’s height and weight were
measured to estimate his/her BMI.

2.4. Statistical analyses

All statistical analyses were performed using SPSS/Mac 20.0
(Chicago, IL, USA). Fig. 2 illustrates the statistical design of the study.
We performed multivariate analyses of covariance (MANCOVA) to ex-
amine the relationship between risk habits and picture evaluations
while controlling for possible confounders. In Table 1, we include the
number of participants who reported or did not report the risk habit.
Only risk habits that included at least 30 cases per level were entered
into the analyses. Due to their heterogeneous incidence, we could not
combine different risk habits into a risk profile of adolescents who
implemented several unhealthy practices. Accordingly, risky health
habits were introduced individually as independent factors. For each
picture category (high-calorie sugar foods, pleasant, neutral, and un-
pleasant), the affective dimensions of pleasure, activation, control, and
food craving were introduced as repeated-measure dependent vari-
ables. We included sex, age, and hunger as covariates because of their
impact on eating pathologies (e.g., Neumark-Sztainer et al., 2007), af-
fective judgments of food cues (Cooke & Wardle, 2005), and affective
judgments of emotional cues (Bradley, Codispoti, Cuthbert, & Lang,
2001; Drobes et al., 2001; Ferrari et al., 2016; McManis et al., 2001).
Preliminary assumption testing was conducted to check for normality,
linearity, univariate/multivariate outliers, homogeneity of variance–-
covariance matrices, and multicollinearity (details on preliminary
testing can be found in Supplementary Material 1). No serious viola-
tions were noted except for when testing for multivariate outliers. Six
cases had high Mahalanobis distances and were thus excluded from the
analysis. We investigated the impact of each risk factor within the
multivariate analyses of covariance using Pillai’s Trace. When

significance in M Box’s test indicated violations of the assumption of
sphericity, we reported only univariate statistics. Univariate analyses of
covariance provided the impact of individual risk factors on each af-
fective dimension, thus specifying whether each risk factor modulated
the feelings of pleasure, activation, control, or food craving. For all
analyses, we set the level of significance to 0.05, reported Greenhouse-
Geisser corrections for factors with more than two levels, and used Eta
Squared/η2 to report effect sizes – the proportion of the variance ex-
plained by the factor under study –. Although each risk factor was
tested individually, we applied the Benjamini-Hochberg/B-H adjust-
ment to protect against Familywise Error Rate inflation. Moreover, in
univariate analyses, we provided 95% Šidak-adjusted confidence in-
tervals/CIs for the mean difference between the impact of unhealthy
versus healthy habits. When applicable, we corrected p levels using
Šidak post hoc tests to control for multiple testing.

3. Results

Table 1 reports the average feelings of pleasure, activation, control,
and craving toward sweet food cues for adolescents reporting healthy or
unhealthy habits. Afterward, Table 2 outlines the statistics for risk ha-
bits associated with a significant reduction in food enjoyment (multi-
variate p, statistically significant dimensions based on univariate tests,
estimates of mean difference between conditions [and 95% CIs], uni-
variate F, univariate p, post hoc tests).

3.1. Risk habits and emotions during sweet food pictures

3.1.1. Among general health habits, adolescents who smoked re-
ported less feelings of pleasure and food craving during sweet food cues
than adolescent non-smokers, (multivariate test, p level close to sig-
nificance after B-H adjustment: F(4, 542)= 2.8, p≈ 0.05, Pillai’s
Trace=0.020, η2= 0.020; univariate tests: for pleasure, F(1,
545)= 5.5, p < 0.05, η2= 0.010, 95% CIs [−0.8, −0.07], for
craving, F(1, 545)= 4.1, p < 0.05, η2= 0.07, 95% CIs [−1.2,
−0.02]). Moreover, adolescents who did not sleep enough felt less
pleasure and activation during sweets than adolescents who had suffi-
cient sleep (multivariate test: F(4, 531)= 3.7, p < 0.01, Pillai’s
Trace=0.028, η2= 0.028; univariate tests: for pleasure, F(1,
534)= 7.6, p < 0.01, η2= 0.007, 95% CIs [−0.7, −0.1], for activa-
tion, F(1, 534)= 5.1, p < 0.05, η2= 0.009, 95% CIs [−1.0, −0.1]).

INDEPENDENT 
VARIABLE: 
Risk Habit  
e.g., BMI 

repeated-measure 
DEPENDENT 
VARIABLES: 

Affective evaluations 

Pleasure 

Arousal 

Control

Food craving 

Multivariate statistics Univariate statistics 

COVARIATES

Sex Hunger Age 

MANCOVA  
for 

SWEET FOOD cues 

INDEPENDENT 
VARIABLE: 
Risk Habit  

e.g., risky dieting 

repeated-measure 
DEPENDENT 
VARIABLES: 

Affective evaluations 

Pleasure 

Arousal 

Control

Food craving 

Multivariate statistics Univariate statistics 

COVARIATES

Sex Hunger Age 

MANCOVA  
for  

SWEET FOOD cues 

Etc. 

Fig. 2. Statistical design of the study. Description: For each risk factor, we examined whether its presence was associated with changes in adolescents’ affective evaluations, while we
controlled for possible confounders (sex, hunger, and age). Each analysis was run separately for sweet food and non-food emotional and neutral cues.
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3.1.2. As for food intake practices, compared to adolescents who
had breakfast on the day of the experiment, adolescents who skipped
breakfast showed an overall decrease in food enjoyment (multivariate
test: F(4, 539)= 6.2, p < 0.001, Pillai’s Trace= 0.044, η2= 0.044),
that was statistically significant in the dimensions of pleasure, F(1,
542)= 23.9, p < 0.001, η2= 0.40, 95% CIs [−1.2, −0.5], activation,
F(1, 542)= 8.1, p < 0.01, η2= 0.014, 95% CIs [−1.6, −0.3], and
food craving, F(1, 542)= 7.7, p < 0.01, η2= 0.013, 95% CIs [−1.4,
−0.2]. Similarly, adolescents who reported risky dieting practices felt
less pleasure and less food craving during sweets (multivariate test, p
level close to significance after B-H adjustment: F(8, 1074)= 2.6,
p≈ 0.05, Pillai’s Trace=0.033, η2= 0.017; univariate tests: for plea-
sure, F(2, 539)= 6.6, p < 0.01, η2= 0.023, for food craving, F(2,
539)= 5.1, p < 0.01, η2= 0.017). Post hoc Šidak tests revealed that
risky dieters felt less pleasure than healthy dieters (p < 0.05, 95% CIs
[−0.8, −0.01]) and less pleasure and less craving than adolescents
who had never dieted (p < 0.01, 95% CIs [−7.4, −0.1]; p < 0.01,
95% CIs [−1.1, −0.1], respectively). Notably, feelings toward sweet
food cues of adolescents who reported healthy dieting practices did not
differ from the feelings of adolescents who had never dieted.

Based on multivariate tests, meal frequency, picky eating, and being
constantly on a diet had no impact on feelings during sweets. However,
univariate tests indicated that adolescents who had 2 meals/day felt
less in control (F(1, 400)= 4.8, p < 0.05, η2= 0.012, 95% CIs [−1.2,
−0.07]) and reported less craving (F(1, 400)= 3.9, p < 0.05,
η2= 0.010, 95% CIs [−1.5, −0.002]) than adolescents who had 5–6
meals/day. Moreover, adolescents who were constantly on a diet re-
ported reduced food craving (F(1, 450)= 7.2, p < 0.01, η2= 0.014,

95% CIs [−1.2, −0.2]) compared to adolescents who did not diet
during the past year.

3.1.3. Overall, multivariate tests showed that physical activity
practices (avoiding sport or reporting excessive screen time/day) had
no impact on food enjoyment. However, univariate statistics revealed
that adolescents who avoided sport tended to report less pleasure
during sweets than adolescents involved in sport, F(1, 545)= 4.9,
p < 0.05, η2= 0.008, 95% CIs [−0.5, −0.02].

3.1.4. Belonging to a given BMI group, namely being obese, was
associated with a significant decrease in food enjoyment (multivariate
test: F(12, 1626)= 2.3, p < 0.01, Pillai’s Trace= 0.051, η2= 0.017),
that was visible in all affective dimensions: pleasure F(3, 543)= 5.3,
p < 0.001, η2= 0.027, activation F(3, 543)= 4.0, p < 0.01,
η2= 0.020, control F(3, 543)= 3.0, p < 0.05, η2= 0.016, and
craving F(3, 543)= 4.2, p < 0.01, η2= 0.020. Post hoc Šidak tests
indicated that, when looking at sweet food cues, adolescents with
obesity felt less pleasure (p < 0.01, 95% CIs [−1.3, −0.2]), less ac-
tivation (p < 0.05, 95% CIs [−2.0, −0.1]), and less food craving
(p < 0.05, 95% CIs [−1.8, −0.05]) than adolescents with a healthy
weight. Moreover, adolescents with obesity felt less pleasure than
adolescents with low weight (p < 0.05, 95% CIs [−1.6, −0.09]) and
less control than adolescents with overweight (p < 0.05, 95% CIs
[−1.5, −0.01]).

3.1.5. Finally, univariate statistics indicated that adolescents with
low self-esteem reported, compared to adolescents with high self-es-
teem, less pleasure during sweets, F(1, 305)= 5.5, p < 0.05,
η2= 0.016, 95% CIs [−0.7, −0.06]. Additional Pearson Chi Square
tests showed no correlation between having low self-esteem and

Table 1
Average feelings of pleasure, activation, control, and craving toward sweet food cues for adolescents reporting healthy or unhealthy habits.

n Pleasure Activation Control Craving

Smoking No 491 7.42 (1.28) 4.36 (2.38) 6.38 (1.61) 6.21 (2.17)
Yes 61 6.97 (1.42) 4.56 (2.20) 6.40 (1.62) 5.87 (2.25)

Insufficient sleep No 406 7.41 (1.26) 4.44 (2.39) 6.33 (1.58) 6.19 (2.14)
Yes 135 7.19 (1.38) 4.11 (2.26) 6.55 (1.65) 6.07 (2.35)

Skipped breakfast No 494 7.45 (1.27) 4.46 (2.36) 6.43 (1.61) 6.25 (2.17)
Yes 55 6.69 (1.36) 3.67 (2.28) 6.01 (1.65) 5.52 (2.15)

Meal frequency 5–6 meals 376 7.45 (1.29) 4.50 (2.38) 6.47 (1.58) 6.44 (2.10)
2 meals 31 7.16 (1.34) 4.19 (2.29) 5.77 (1.71) 5.54 (2.23)

Picky eating No 449 7.39 (1.28) 4.33 (2.34) 6.37 (1.59) 6.17 (2.18)
Yes 100 7.30 (1.36) 4.64 (2.47) 6.44 (1.71) 6.16 (2.19)

Constant dietinga No 377 7.45 (1.31) 4.48 (2.35) 6.43 (1.64) 6.36 (2.11)
Yes 79 7.22 (1.33) 4.21 (2.36) 6.44 (1.67) 5.63 (2.22)

Dieting practicesb,c Never 286 7.50 (1.29) 4.61 (2.33) 6.46 (1.67) 6.50 (2.11)
Healthy 86 7.49 (1.20) 4.18 (2.47) 6.42 (1.55) 6.08 (2.18)
Risky 175 7.10 (1.33) 4.13 (2.37) 6.27 (1.54) 5.73 (2.21)

Avoiding sports No 399 7.41 (1.30) 4.42 (2.34) 6.44 (1.60) 6.22 (2.10)
Yes 153 7.26 (1.29) 4.27 (2.42) 6.26 (1.63) 6.03 (2.39)

Screen time/day < 1 h 176 7.36 (1.32) 4.36 (2.48) 6.40 (1.50) 6.21 (2.26)
≥3 h 142 7.34 (1.30) 4.21 (2.26) 6.29 (1.74) 5.95 (2.13)

BMI group Thin 32 7.64 (1.47) 4.58 (2.39) 6.76 (1.85) 6.34 (2.35)
Healthy 360 7.49 (1.23) 4.64 (2.35) 6.39 (1.60) 6.43 (2.07)
Overweight 115 7.15 (1.32) 3.93 (2.28) 6.51 (1.58) 5.66 (2.27)
Obese 45 6.73 (1.42) 3.29 (2.27) 5.79 (1.52) 5.23 (2.31)

Self-esteemd,e High 153 7.45 (1.29) 4.44 (2.39) 6.60 (1.59) 6.32 (2.22)
Low 158 7.24 (1.36) 4.33 (2.37) 6.39 (1.70) 5.90 (2.37)

Note:
Values indicate uncorrected means (and standard deviations).
Boldface indicates significant differences between healthy and unhealthy habits based on univariate tests.

a Constant dieting= always on a diet or ≥10 diets in the last year.
b Healthy dieting=moderate physical exercise, eating more fruits and vegetables, eating five meals a day, consulting a professional, eating less sweets;
c Risky dieting= fasting a whole day, vomiting, skipping meals, eating very little, not seeking professional help, smoking to lose weight.
d High Self-esteem=above the 3rd quartile on Rosenberg’ self-esteem scale;
e Low Self-esteem=below the 1st quartile.
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belonging to any specific BMI group. However, the level of self-esteem
did correlate with risky dieting practices, so that among adolescents
who reported risky dieting practices (97), 74.2% (72) had low self-es-
teem, whereas among adolescents who had never dieted (167), 61%
(103) had high self-esteem.

As a whole, multivariate and univariate statistics indicated that
diverse unhealthy habits were associated with a decrease in food en-
joyment. Such reduction was observed more often in the affective di-
mensions of pleasure and food craving.

3.2. Risk habits and emotions during emotional and neutral pictures

Risk habits were associated with no changes in emotions during
control pictures, regardless their emotional or neutral content3. A few
risk habits (constant dieting, avoiding sport, having a higher BMI) were
associated with minor changes in emotions during control pictures,
however theses changes were statistically not significant after applying
the Benjamini-Hochberg correction to FWER. Moreover, significance in
M-Box and Levene tests for these factors indicated that the results were
negligible based on violations of the assumptions of sphericity and of
homogeneity of variance. Full details are included as Supplementary
Material 2.

4. Discussion

The data revealed a consistent pattern, suggesting that a wide range
of habits that exposed adolescents to a higher risk of eating disorders
and obesity were accompanied by limited enjoyment of high-calorie
sugary foods. Therefore, in line with the initial hypothesis that risk
habits lead to reduced enjoyment of food, regardless their stronger
association with obesity or disordered eating, adolescents’ emotions
toward sweet food cues supported a unified prevention of eating dis-
orders and obesity. Unhealthy practices that led to blunted food en-
joyment were diverse and included habits clearly related to food, such
as having a higher body mass index or deliberately restricting food
intake (by skipping breakfast, reducing meal frequency, constantly
dieting or using unhealthy dieting practices), as well as habits with a
less straightforward relation with food, such as failing to adhere to basic
health practices (smoking, insufficient sleep). Overall, BMI and food
restrictions had a stable impact on emotions during sweet food cues,
leading to a decrease especially in subjective pleasure and food craving.
Conversely, lack of physical activity (as measured by a lack of en-
gagement in sport and spending an important part of the day on se-
dentary activities) did not influence feelings toward sweets. Thus, BMI
and dieting had a similar impact on adolescents’ emotions, whereas

physical activity had no impact on feelings during sugary food cues.
These results bring to mind previous findings (e.g., Neumark-Sztainer
et al., 2007; Stice et al., 2005) that suggest that dieting is a stronger
predictor of later development of obesity than scarce physical activity
and negative affect. Our data further confirm the importance of ap-
proaching food-related disorders from an integrated perspective.

Although our findings were consistent with previous data
(Barthomeuf et al., 2009; Hofmann et al., 2016), above all, it was
surprising to observe that adolescents with obesity felt worse, less ac-
tivated, and less craving than healthy controls when looking at high-
calorie foods. In this study we controlled for some methodological
factors that, as noted by Hofmann et al. (2016), could have affected the
results they observed, such as age and sample provenance (in their
study, adolescents recruited from obesity clinics might have been more
aware of the health hazards related to high-calorie foods). Therefore,
we similarly considered alternative explanations for our findings. First,
we considered the possibility that the adolescents’ evaluations were not
reliable (Brener, Billy, & Grady, 2003). However, adolescents’ affective
reactions to emotional images (Miccoli et al., 2014) were consistent
with the literature (McManis et al., 2001) and confirmed adolescents’
understanding of the scales. The use of emotional stimuli unrelated to
food as control stimuli, additionally addressed individual variability in
the relevance attributed to food cues (Bartoshuk et al., 2006), thus
promoting the reliability of the food cue evaluations obtained. The
inclusion of pleasant content unrelated to food (babies, families, ad-
venture scenes) further allowed us to observe that pleasant stimuli
other than foods were unaffected by the presence of risk habits. We
could not, however, exclude the main alternative explanation that so-
cial pressure in the form of social desirability bias could have kept some
subgroups of participants from revealing the excessive importance they
assigned to sugary food cues. However, in this context, it seems sig-
nificant that some authors have hypothesized that adherence to social
norms (Leachman Slawson et al., 2015), particularly in the form of fear
of negative social evaluations (Levinson & Rodebaugh, 2015), might
represent a common substrate that facilitates the growth of both eating
disorders and excessive food intake. We can therefore hypothesize that
our data might reflect this shared vulnerability.

In the case of obesity, both individual factors – such as food re-
straint, loss of control over food intake, and the need to renounce food
pleasure for the sake of health (Barthomeuf et al., 2009; Stroebe, Van
Koningsbruggen, Papies, & Aarts, 2013) – as well as social factors – such
as peer pressure and the powerful social stigma against obesity (Schupp
& Renner, 2011; Westermann, Rief, Euteneuer, & Kohlmann, 2015) –
could lead adolescents with obesity to associate unpleasant feelings
with appetitive food cues. In adulthood, researchers who investigated
physiological brain reactions in obesity detected both hyper-reactivity
and hypo-reactivity after exposure to food cues (for a review, see Burger
& Stice, 2011). Accordingly, some authors have hypothesized 1) that
individuals with obesity are a heterogeneous group, and thus hyper-
and hypo-reactivity to food cues might depend on the simultaneous
presence of binge eating (Dalton & Finlayson, 2014) or, in the absence
of binge eating, on the rewarding value personally assigned to food cues
(Hofmann et al., 2016; Versace et al., 2016) and 2) that brain hyper-
reactivity and hypo-reactivity might both be present in individuals at
risk for obesity, changing over time as a result of overeating and fat
accumulation (Burger & Stice, 2011).

In children and in adults, reduced pleasure and reduced food
craving can emerge also after weight loss, restrictive diets, and bariatric
surgery (e.g., Howe, Mandic, Parnell, & Skidmore, 2012; Pepino, Stein,
Eagon, & Klein, 2014). In our data, moderate food restrictions led to a
decrease in the enjoyment of food, thus confirming that during ado-
lescence seemingly trivial restrictions should prompt alert in health
care providers, even more so in the presence of overweight or obesity
(Lebow et al., 2015). It must be noted, however, that in the studies cited
above, the reduction in food enjoyment was considered an encouraging
correlate of weight loss interventions, as an index of a decrease in the

3 A MANOVA test, as compared to an ANOVA, always reduces the probability of
committing type I errors. To further reduce the possibility of FWER inflation, we applied
the Benjamini-Hochberg correction. In each MANCOVA, we included as repeated-mea-
sure dependent variable the different affective dimensions (pleasure, activation, control,
and craving), because they were somewhat correlated, although without reaching mul-
ticollinearity (Supplementary Material 1). The reasons for not including as dependent
variable the different picture categories (sweets, pleasant, neutral, unpleasant) were
threefold: 1) It would not have been appropriate because of low/not significant cross-
correlations between the different picture categories (idem). 2) In case of significant
multivariate test for a certain risk habit, we could not have disentangled which picture
category prompted statistical significance. 3) Our main goal was to investigate whether
risk vs. healthy habits modulated adolescents’ emotions toward sweet food cues, whereas
emotions evoked by the different picture categories were investigated and contrasted in
our 2014 publication. However, to further test the existence of different patterns of
emotions when adolescents looked at sweets rather than emotional pleasant cues, we
introduced each risk factor into a two-way repeated-measure ANCOVA on the affective
dimensions (4 levels: pleasure, activation, control, and craving) for sweet and pleasant
picture categories (2 levels), while we included sex, age, and hunger as covariates. We
specifically tested the presence of significant two-way interactions between habit (healthy
vs. risky) and picture content (sweets vs. pleasant). Risk habits that in the paper are
reported as statistically significant were equally significant in the two-way interactions,
confirming the existence of different patterns in sweets and pleasant cues as a function of
risk vs. healthy habits.
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motivational relevance of food. In contrast, in our data, food enjoyment
signaled a healthy relationship with food, whereas decreased enjoy-
ment was a consequence of risky health habits. This is probably the
most relevant finding of our study: decreased pleasure from sweet food
cues in adolescents with obesity and self-reported dieting. Obesity in-
terventions generally aim to increase health information to decrease
overeating, thus attempting to circumvent food pleasure by reinforcing
alternative self-regulation strategies for the purpose of good health
(e.g., Stroebe et al., 2013). Researchers proposing an integrated per-
spective on obesity and eating disorders (e.g., Brownell & Fairburn,
1995; Neumark-Sztainer, 2003) have emphasized that in contrast with
its purposes, this regulation is precisely where obesity prevention
strategies can pave the way for disordered eating, by promoting re-
straint while yielding only occasionally to pleasure. However, adults

and children find it difficult to renounce the pleasure associated with
unhealthy foods (Carrete & Arroyo, 2014), which is precisely the target
of food marketing strategies (Pettigrew, 2016). Considering these
findings, some researchers have recently proposed alternative ap-
proaches to promoting healthy eating (Cornil & Chandon, 2016a;
Pettigrew, 2016) that focus precisely on food pleasure “as an ally of
healthy eating” instead of attempting to avoid it. The rationale is that
the orosensory pleasure associated with food (food enjoyment) peaks in
the first bites and then decays, and thus food enjoyment does not in-
crease with portion size. The authors further proposed (Cornil &
Chandon, 2016b) that focusing on food pleasure could ultimately
render obesity interventions more successful, by promoting moderate
food intake without renouncing pleasure. In the same line, recent re-
views (Marty, Chambaron, Nicklaus, & Monnery-Patris, 2018) point out

Table 2
Adjusted statistics and estimates [95% Confidence Intervals] for unhealthy habits associated with less food enjoyment.

Multivariate p Univariate dimension Estimates [and 95% CIs] Univariate F Univariate p

Smoking ≈0.05* pleasure −0.42
[−0.8, −0.07]

5.5 <0.05

craving −0.59
[−1.1, −0.02]

4.1 <0.05

Insufficient sleep < 0.01 pleasure −0.35
[−0.7, −0.1]

7.6 <0.01

activation −0.52
[−1.0, 0.1]

5.1 <0.05

Skipped breakfast < 0.001 pleasure −0.88
[−1.2, −0.5]

23.9 <0.001

activation −0.93
[−1.6, −0.3]

8.1 <0.01

craving −0.82
[−1.4, −0.2]

7.7 <0.01

Low meal frequency n.s. control −0.65
[−1.2, −0.07]

4.8 <0.05

craving −0.75
[−1.5, −0.01]

3.9 <0.05

Constant dieting n.s. craving −0.69a

[−1.2, −0.2]
7.2 <0.01

Risky dieting ≈0.05* pleasure −0.40b

[−0.8, −0.01]
6.6 <0.01

−0.44c

[−7.4, −0.1]
craving −0.64c

[−1.1, −0.1]
5.1 <0.01

Avoiding sports n.s. pleasure −0.27
[−0.5, −0.02]

4.5 <0.05

BMI group < 0.01 pleasure −0.73d

[−1.3, −0.2]
5.3 <0.001

−0.87e

[−1.6, −0.09]
activation −1.1d

[−2.0,−0.1]
4.0 <0.01

control −0.76f

[−1.5, −0.01]
3.0 <0.05

craving −0.93d

[−1.8, −0.05]
4.2 <0.01

Low self-esteem n.s. pleasure −0.36
[−0.66, −0.06]

5.5 <0.05

Notes. Multivariate and univariate statistics for risk habits that were associated with a reduction in food enjoyment in any of the affective dimensions.
Asterisks denote p levels that were close to significance after applying the Benjamini-Hochberg/B-H correction to the Familywise Error Rate (FWER). Using the B-H correction, each p
level remains the same, but is regarded as significant or not based on the B-H cutoff p value, computed for that specific contrast. Accordingly, for ‘smoking’ p=0.027 with B-H cutoff at
p=0.023; for ‘risky dieting’ p=0.022 with B-H cutoff at p= 0.018.
Subscript letters indicate statistically significant comparisons between:

a Adolescents who were constantly on a diet and adolescents who did not diet during the last year.
b Adolescents who reported risky rather than healthy dieting practices (Šidak-adjusted).
c Adolescents who reported risky dieting practices and adolescents who never dieted (Šidak-adjusted).
d Adolescents with obesity and adolescents with a healthy weight (Šidak-adjusted).
e Adolescents with obesity and adolescents with low weight (Šidak-adjusted).
f Adolescents with obesity and adolescents with overweight (Šidak-adjusted).
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that promoting healthy eating among children by focusing on food
pleasure, could be more successful than by providing nutritional in-
formation on ‘good’ and ‘bad food’, that has shown limited outcomes.
Some local health interventions have concentrated on food pleasure in
elderly individuals (e.g., Mathey, Siebelink, de Graaf, & Van Staveren,
2001) and children (e.g., van der Horst, 2012), and the European Union
has recently funded some larger-scale pilot projects (“We love eating”;
“My healthy family”) to promote healthy eating by targeting food
pleasure. Our data repeatedly show that healthy practices are asso-
ciated with greater food pleasure, whereas diverse unhealthy practices,
regardless their stronger association with obesity or disordered eating,
are accompanied by reduced food enjoyment. The findings, as a whole,
support the relevance of food enjoyment in adolescents’ relationship
with food, further suggesting its potential as a protective factor against
the development of eating and weight-related disorders.

Emotion literature shows that control/dominance highly correlates
with pleasure, but becomes informative in clinical populations. For
instance, patients diagnosed with specific phobias and bulimia nervosa
feel less in control when exposed to cues related to their disorder
(Bradley & Lang, 2007; Rodríguez et al., 2007). In our adolescent
sample, however, control dissociated from pleasure and was essentially
unaffected by risk habits. Future studies might investigate whether
reduced feelings of control toward appetitive food cues emerge only as
a result of severe and prolonged altered food intake.

Activation/arousal refers to the intensity of the emotion evoked by
the stimuli (Bradley & Lang, 2007). The reduction in activation as a
result of risk habits was less pronounced than that observed for pleasure
and food craving. Such reduction was mostly observed for habits that
had a pervasive impact on emotions toward sweets (being obese, having
skipped breakfast), overall suggesting that the intensity of the feelings
toward sweet food cues was mostly an indistinct correlate of emotional
processing and that activation was overall scarcely affected by the
presence of risk habits.

4.1. Limitations and strengths

We acknowledge several limitations to the study. The main draw-
back was not using a validated instrument to assess adolescents’ diverse
risk and healthy habits. Nevertheless, probed habits and behaviors were
relevant because they are investigated among those that might lead to
eating disorders and obesity. Although the size of the sample was sa-
tisfactory, the limited number of adolescents simultaneously involved
in diverse unhealthy practices did not allow us to perform analyses on
the combined effect of different risk habits. We relied therefore on
statistical methods to control that the findings were not spurious.
Future studies could investigate how obesity- and eating disorder-re-
lated practices might interact with each other to identify a shared risk
profile. Another limitation relates to the assessment of some risk habits
–for example, “picky eating”, defined as the tendency to eat only a very
limited variety of foods and to resist trying new foods- since it may be
biased by the specific wording of the question asked -“do you eat only
what you like?”. This simplification may not cover all aspects of the risk
habit being assessed (Dovey et al., 2008).

Despite these limitations, and considering the key role of pleasure in
food choice (Jacquier, Bonthoux, Baciu, & Ruffieux, 2012) and, in turn,
in the development of unhealthy eating practices, it is surprising the
scarce number of studies examining adolescents’ emotional reactions to
food cues as a function of the presence of obesity or eating disorder-
related risk habits. From a theoretical point of view, the present in-
vestigation provides a relevant contribution because it encompasses
habits that expose adolescents to a higher risk of obesity and eating
disorders, thus examining the impact of risk factors from a broader,
more integrated perspective. From a methodological point of view, the
sample of adolescents being studied was wide and heterogeneous, i.e.,
not recruited from obesity or eating disorder clinics, and it could
therefore sufficiently represent the general population. Moreover, the

current research used emotional pictures as non-food controls. The in-
clusion of affective images allowed us to control for adolescents’ ade-
quate understanding of the SAM scales and to ensure that the food
evaluations were reliable. Most importantly, it provided proper control
stimuli to reliably infer the motivational relevance of food cues
(Versace & Schembre, 2015).

4.2. Conclusions

Current epidemiological research has provided accumulating evi-
dence that risk factors for eating disorders and obesity tend to overlap4.
The present work examined the consequences of these risk factors on
adolescents’ feelings toward sweet food cues. The findings indicated
that risk habits, regardless their association with obesity or disordered
eating, were consistently accompanied by an early decrease in food
enjoyment. Overall, our data support the need to approach eating and
weight-related disorders from an integrated perspective that focuses on
adolescence as a time when shared vulnerabilities expose individuals to
a higher risk of food-related disorders.
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