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a b s t r a c t
Purpose: Living in an obesogenic environment may not affect all adolescents to the same extent, depending on
their psychological sensitivity to the food environment and their self-regulatory competence. The purpose of
the current study was to examine associations of these two factors with unhealthy snacking among adolescents.
We also investigated whether self-regulatory competence could attenuate the negative effects of being sensitive
to the food environment.
Methods: A survey was completed by 11,392 European adolescents (10–17 years old). The survey measured
psychological sensitivity to the food environment, self-regulatory competence and self-reported unhealthy
snack intake.
Results: Higher food environment sensitivity and lower self-regulatory competence were associated with more
unhealthy snacking. The two factors also interacted, with self-regulatory competence attenuating the inﬂuence
of high food environment sensitivity.
Discussion: Adolescents who are sensitive to the food environment reported higher unhealthy snack intake. More
frequent use of self-regulation strategies on the other hand was associated with lower unhealthy snack intake.
Moreover, self-regulatory competence was found to moderate the inﬂuence of psychological sensitivity to
the food environment on unhealthy snacking, although the effect size was small. Fostering adolescents'
self-regulatory competence can help enable them to better navigate the obesogenic environment.
© 2014 Elsevier Ltd. All rights reserved.

1. Introduction
About one-third of European school-aged children are now overweight (Wang & Lobstein, 2006). A large body of evidence shows that
the omnipresence and easy accessibility of palatable energy-dense
foods, often referred to as the obesogenic environment (Swinburn,
Egger, & Raza, 1999), contributes substantially to this trend (Booth,
Pinkston, & Carlos Poston, 2005). Living in the obesogenic environment
is especially challenging for adolescents, who are just beginning to learn
to handle increased autonomy regarding eating choices (Basset,
Chapman, & Beagan, 2008; Stok, De Ridder, Adriaanse, et al., 2010).
Additionally, their reward sensitivity is heightened whereas inhibitory
control is not yet fully developed (Steinberg, 2007). However,
the effects of the obesogenic environment on individuals are not
universal, with a proportion of the population remaining slim despite
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environmental pressures (Lowe & Butryn, 2009; Wardle & Boniface,
2008). The current study investigates if differences in the extent to
which adolescents are sensitive to the obesogenic environment can
explain differences in unhealthy snacking, and if self-regulatory
competence can attenuate the negative effects of being sensitive to
the obesogenic environment on unhealthy snacking.
1.1. The psychological power of food and self-regulatory competence
Studies with adults have shown that individuals differ in their
psychological sensitivity to the food environment (Cappelleri,
Bushmakin, Gerber, et al., 2009; Lowe, Butryn, Didie, et al., 2009), and
that these individual differences are associated with eating-related
outcomes. Obese participants reported higher sensitivity than
non-obese participants (Lowe et al., 2009), and sensitivity was shown
to predict frequency and intensity of chocolate craving and to negatively
predict success in abstaining from eating chocolate (Levitsky & Shen,
2008). The obesogenic environment thus affects some individuals
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more than others, raising the question of whether adolescents who experience high psychological sensitivity to the food environment would
inevitably overeat as long as they are in an obesogenic environment.
We believe that this may not necessarily be the case and that there
may be factors, such as self-regulatory competence, that can buffer the
negative effects of the food environment on eating behavior.
Self-regulatory competence is the ability to resist an immediate
temptation in the service of attaining a long-term desired goal
(Baumeister & Vohs, 2004; Metcalfe & Mischel, 1999). Adolescents
have been shown to know various self-regulation strategies in the
food domain (Stok, De Vet, De Ridder, et al., 2012), and higher use of
these strategies has been shown to be associated with healthier eating
behaviors (De Vet, De Ridder, Stok, et al., 2014). Self-regulatory
competence thus has a direct correlation with healthier intake. We
propose that self-regulatory competence may have another beneﬁt,
namely, that it may also serve as a moderator of the negative impact
of being sensitive to the food environment on eating behavior.
1.2. Current study
In the current study, data were used from an international survey
conducted within the scope of the TEMPEST project, in which
self-regulation of eating in adolescents in nine European countries
was investigated. Unhealthy snacking was chosen as outcome variable
because adolescents have more autonomy and choice over the snacks
they eat than over main meals (Stok et al., 2010) and because snacking
is an important contributor to overweight (Duffey & Popkin, 2011;
Zizza, Siega-Riz, & Popkin, 2001). Our hypotheses were that higher
psychological sensitivity to the food environment would be associated
with more unhealthy snacking, that higher self-regulatory competence
would be associated with less unhealthy snacking, and that selfregulatory competence would attenuate the impact of food environment sensitivity on unhealthy snacking
2. Methods
2.1. Participants and procedures
A total of 11,392 adolescents aged 10–17 years took part in the
survey. Participants' mean age was 13.2 years (SD = 2.0) and 50.5%
were girls. Data were collected in 121 schools in nine European
countries (The Netherlands, Belgium, UK, Germany, Denmark, Finland,
Poland, Romania, and Portugal), selected to represent various
geographic locations, socio-economic backgrounds, and overweight
prevalences. Moreover, within each country, care was taken to select
schools from both urban (58.5%) and rural (41.5%) regions and from
both lower (47.8%) and higher (52.2%) socio-economic status areas.
Data collection complied with the ethical guidelines applicable in each
country; in countries where this was required, ethical approval from
the relevant institution was obtained. Active or passive consent from
adolescents and their parents was also obtained.

2006), from which a dichotomous variable was created (native
versus immigrant). Family socio-economic status was assessed using
the Family Afﬂuence Scale (FAS; Currie, Molcho, Boyce, et al.,
2008). Using the protocol described by the developers of the scale,
three categories reﬂecting low, medium and high afﬂuence were
computed.
Psychological sensitivity to the food environment was assessed using
an abbreviated 11-item version1 of the Children's Power of Food
Scale (C-PFS; unpublished child version of the PFS (Lowe et al.,
2009 and Cappelleri et al., 2009), available from lowe@drexel.edu).
This scale measures the psychological impact of the food environment. Example items are “I think about food even when I'm not
truly hungry” and “I often think about what foods I might eat later
in the day.” Response options ranged from 1 (strongly disagree) to
5 (strongly agree). The scale had good internal reliability
(Cronbach's α = .86).
Eating-related self-regulatory competence was measured using the
24-item Tempest Self-Regulation Questionnaire for Eating (TESQE; De Vet et al., 2014). Response options ranged from 1 (never) to
5 (always) and example items are “If I want to have a treat, I take a
little bit and put the rest out of sight” and “If I have the urge to eat
candy, I ﬁnd something else to do.” One average measure was
computed (Cronbach's α = .93).2
Unhealthy snack intake was assessed using a single item asking for
average daily intake (number of snacks); country-speciﬁc examples
of unhealthy snacks were provided in the questionnaire (e.g. candy
bars, crisps and fried snacks). The answering scale ranged from 0
(none or less than 1 per day) to 5 (more than 4 per day).
2.3. Data analyses
A linear regression analysis was conducted. In Step 1, sociodemographic and anthropometric variables (age, gender, overweight
status, immigrant status, and family socio-economic status) were
entered. In Step 2, the main effect of food environment sensitivity was
assessed, and in Step 3, the main effect of self-regulatory competence
was added. Step 4 investigated if there was an interaction between
these two variables, which was then further decomposed using simple
slopes analysis (Aiken & West, 1991). The effect of food environment
sensitivity on unhealthy snacking was examined at two levels of
self-regulatory competence, low strategy use (M − 1SD) and high strategy use (M + 1SD).
To correct for a potential clustering effect at country level, the analysis was re-run using complex sample analysis with the nine countries
as strata. The square root of the design effects maximally deviated
.007 from 1.00, indicating that the design effect was extremely small.
Country effects were thus negligible and because results did not differ
between the complex samples analysis and the regular analysis, the latter is reported here.

2.2. Measures
3. Results
The questionnaire was originally prepared in English and was
translated and back-translated to each country-speciﬁc language. The
following measures were included in the current analyses:
Socio-demographic and anthropometric measures: Participants reported their age and gender. BMI was calculated from self-reported
height and weight. Using age- and gender-speciﬁc cutoff points
(Cole, Bellizzi, Flegal, et al., 2000), a dichotomous weight status variable (not overweight versus overweight) was computed. Immigrant
status was assessed by asking participants to indicate the language
they usually speak with their parents (Berry, Phinney, Sam, et al.,

3.1. Sample description
Most participants (74.8%) had a normal weight, while 10.5% was underweight, 12.5% was overweight and 2.1% was obese. Most participants
spoke the country's national language with their parents (90.7%). Of the
1
The eight items that were excluded from the original Children’s Power of Food Scale
were items 2, 5, 8, 9, 11, 12, 14 and 16.
2
The TESQ-E in fact consists of three subscales measuring three different categories of
self-regulatory competence. All analyses were also run for each of these three categories
separately. Results did not differ between the categories and are therefore reported for
the overall measure.
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Table 1
regression analyses of unhealthy snacking on socio-demographic and anthropometric variables, psychological sensitivity to the food environment and self-regulatory competence.
β

B
Step 1: R2 = .016, F(6,9141) = 25.06, p b .001
Gender (0 = boy, 1 = girl)
Age
Family afﬂuence dummy 1
(0 = medium/low, 1 = high)
Family afﬂuence dummy 1
(0 = high/low, 1 = medium)
Overweight (0 = not overweight, 1 = overweight)
Immigrant status (0 = native, 1 = immigrant)
Step 2: R2 = .044, F(7,9140) = 60.68, p b .001
Power of food
Step 3: R2 = .152, F(8,9139) = 205.59, p b .001
Self-regulatory competence
Step 4: R2 = .153, F(9,9138) = 184.08, p b .001
Interaction: power of food × self-regulatory
competence

p

−.176 −.060 b.001
−.198 −.049 b.001
.231
.046 b.001
.169 b.001

−.617 −.346 b.001
−.039 −.031

sensitivity ate somewhat fewer unhealthy snacks if they made more
frequent use of self-regulation strategies.
4.1. The protective function of self-regulatory competence

−.137 −.048 b.001
.061
.086 b.001
−.230 −.081 b.001

.324
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.001

Note: values shown are the values as obtained in each respective step.

participants, 13.0% came from low afﬂuent families, while 39.3% and
47.8% came from middle and high afﬂuent families, respectively. On
average, participants used the self-regulatory strategies sometimes to
regularly (M = 2.39, SD = 0.80), and they reported moderate psychological sensitivity to the food environment (M = 2.76, SD = 0.74). Participants consumed a daily average of 1.9 unhealthy snacks (SD = 1.4).
3.2. Power of food, self-regulation, and unhealthy snacking
In Step 1, all anthropometric and socio-demographic variables were
weakly or moderately correlated with unhealthy snacking (see Table 1):
boys, older adolescents, those from low-afﬂuent families, normalweight adolescents,3 and immigrant adolescents consumed more
unhealthy snacks than girls, younger adolescents, those from high- or
medium-afﬂuent families, overweight adolescents, and native adolescents. In Step 2, there was a positive association between psychological
sensitivity to the food environment and snack consumption that was of
moderate strength, while Step 3 demonstrated a strong negative correlation between self-regulatory competence and snack consumption.
Step 4 demonstrated that there was also a signiﬁcant interaction
between food environment sensitivity and self-regulatory competence,
although the effect was small. A simple slopes analysis indicated that
while the association between food environment sensitivity and unhealthy snacking was signiﬁcant for adolescents both high and low in
self-regulatory strategy use, it was stronger for those with lower selfregulatory competence (B = .234, t = 13.28, p b .001) than for those
with higher self-regulatory competence (B = .156, t = 8.18, p b .001).
4. Discussion
In today's society, unhealthy food is everywhere. It has recently been
suggested that some individuals may be more psychologically sensitive
to this obesogenic environment than others (Lowe & Butryn, 2009;
Wardle & Boniface, 2008). The current study investigated the
association of food environment sensitivity with unhealthy snack intake
in adolescents and provided a ﬁrst indication that adolescents who are
more sensitive to the food environment may consume more unhealthy
snacks. Self-regulatory competence was negatively related to unhealthy
snack consumption. The results further suggested that self-regulatory
competence can function as a buffer for adolescents with high food
environment sensitivity: adolescents who reported high food environment
3
The fact that normal-weight adolescents consumed more unhealthy snacks than overweight adolescents was somewhat surprising. One possible explanation may be that overweight adolescents restrict their intake in order to prevent further weight gain or to lose
excess weight.

It is unlikely that the obesogenic environment will change substantially in the near future, raising the question whether people who are
psychologically sensitive to the food-replete environment will unavoidably overeat. The current ﬁndings suggest that the answer to this
question may be no. Adolescents may have self-regulation strategies at
their disposal, which may help them navigate the temptations of the
obesogenic environment: self-regulatory competence had a direct
negative association with unhealthy snack consumption and attenuated
the impact of food environment sensitivity on unhealthy snacking,
although this was a small effect.
Interestingly, a previous study in a comparable sample of participants, which was also part of the TEMPEST project, showed that the
association of the actual availability and accessibility of unhealthy
foods with adolescents' unhealthy eating was similarly moderated by
self-regulatory competence (De Vet, De Wit, Luszczynska, et al., 2013).
It is important to note that adolescents' self-regulatory competence
can be trained (Duckworth, Grant, Loew, et al., 2011; Gawrilow,
Gollwitzer, & Oettingen, 2011; Muraven, Baumeister, & Tice, 1999).
Current ﬁndings suggest that fostering self-regulatory competence can
be doubly beneﬁcial: frequent use of self-regulation strategies may
both lead to lower unhealthy snack intake directly as well as attenuate
the negative effects of food environment sensitivity on unhealthy
snacking.
4.2. Limitations, implications, and conclusions
The current study had a cross-sectional design, and all variables
were assessed with self-report measures. The ﬁndings should thus be
replicated in studies with longitudinal or experimental designs and
using objective measures. Furthermore, whereas the direct associations
of both food environment sensitivity and self-regulatory competence
with unhealthy snacking were of medium effect size, the interaction
effect had a very small effect size and implications should be viewed
in light of this limitation.
This study indicates that psychological sensitivity to the food
environment varies across adolescents and is associated with eating
more unhealthy snacks. Self-regulatory competence, on the other
hand, is associated with eating fewer unhealthy snacks. Furthermore,
the association of food environment sensitivity with unhealthy snacking
is moderated by self-regulatory competence, with more use of
self-regulatory strategies attenuating the effect of food environment
sensitivity, although these results should be interpreted in light of the
small effect. The development of healthy eating habits during adolescence is important (Dietz, 1998; Reilly, Methven, McDowell, et al.,
2003; Wang & Lobstein, 2006), and these results point to a role for
self-regulatory competence both as a direct inﬂuence on food choices
and, to a lesser extent, as a protective buffer against a high psychological
sensitivity to the food environment. One implication of these results is
that development of self-regulatory competence could be an important
strategy to support healthy dietary choices in adolescents.
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