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Abstract

Background It is unclear whether a hypothetical intervention targeting either psychosocial well-being or emotion-
driven impulsiveness is more effective in reducing unhealthy food choices. Therefore, we aimed to compare the
(separate) causal effects of psychosocial well-being and emotion-driven impulsiveness on European adolescents’
sweet and fat propensity.

Methods We included 2,065 participants of the IDEFICS/I.Family cohort (mean age: 13.4) providing self-reported data
on sweet propensity (score range: 0 to 68.4), fat propensity (range: 0 to 72.6), emotion-driven impulsiveness using

the UPPS-P negative urgency subscale, and psychosocial well-being using the KINDL® Questionnaire. We estimated,
separately, the average causal effects of psychosocial well-being and emotion-driven impulsiveness on sweet and fat
propensity applying a semi-parametric doubly robust method (targeted maximum likelihood estimation). Further, we
investigated a potential indirect effect of psychosocial well-being on sweet and fat propensity mediated via emotion-
driven impulsiveness using a causal mediation analysis.

Results If all adolescents, hypothetically, had high levels of psychosocial well-being, compared to low levels, we
estimated a decrease in average sweet propensity by 1.43 [95%-confidence interval: 0.25 to 2.61]. A smaller effect was
estimated for fat propensity. Similarly, if all adolescents had high levels of emotion-driven impulsiveness, compared
to low levels, average sweet propensity would be decreased by 2.07 [0.87 to 3.26] and average fat propensity by 1.85
[0.81 to 2.88]. The indirect effect of psychosocial well-being via emotion-driven impulsiveness was 0.61 [0.24 to 1.09]
for average sweet propensity and 0.55 [0.13 to 0.86] for average fat propensity.

Conclusions An intervention targeting emotion-driven impulsiveness, compared to psychosocial well-being, would
be marginally more effective in reducing sweet and fat propensity in adolescents.
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Introduction
Food choices and eating behaviors are shaped by environ-
mental factors during childhood and adolescence [1, 2].
Eating unhealthy foods, such as sweet and/or fatty foods,
in response to negative emotions is a maladaptive emo-
tion regulation strategy [3, 4]. Recent research suggests
that sweet and fat taste preference is the direct effect of
high-sugar and high-fat foods on neurobehavioral adap-
tations independent of obesity or metabolic parameters
[5]. The consumption of these foods lead to greater acti-
vation of the brain reward system stimulating hedonic,
reinforcing, and motivational processes [3].
Psychological factors like emotional well-being and
psychological traits may play an important role in food
choices. Emotional well-being presents a multidimen-
sional composite that encompasses how positive an
individual feels generally and about life overall [6] and is
associated with different health behaviors [3, 7]. While
an increasing amount of studies suggests a positive
association between emotional well-being and healthy
food choices [8]; only one study in adults reported that
higher levels of emotional well-being were associated
with fewer unhealthy food choices [9]. Research on emo-
tional well-being in youth has been scarce and focused
particularly on the dimension of psychosocial well-being
which emphasizes intra- and interpersonal levels of posi-
tive functioning in youth [10]. Personality traits linked
to impulsive behaviors may act as potential mediators
between psychosocial well-being and unhealthy food
choices. Lower psychosocial well-being is associated with
higher levels of negative emotions [11], and may hence
increase the risk of acting impulsively, which, in turn may
be a pathway to unhealthy food choices. For instance,
emotion-driven impulsiveness, which is the tendency to
act impulsively in response to negative emotions [12],
was previously reported to be associated with lower lev-
els of psychosocial well-being [9, 13] as well as with con-
suming more energy-dense snacks in adolescents [14].
However, the precise roles of psychosocial well-being
and emotion-driven impulsiveness in shaping food
choices in adolescents are not clear: Most of the stud-
ies were mainly conducted in adults and investigated the
associations of either psychosocial well-being or emo-
tion-driven impulsiveness on food choices [9, 14, 15];
while only one study applied a causal mediation analysis
[9]. Recent methodological advances of potential out-
comes approaches enable estimating causal effects that
may provide practically relevant information on inter-
ventions needed to reduce unhealthy food choices. These
methods provide further benefits by minimizing the
assumptions such as linearity on the distribution of the
data [16] or allowing interactions between the exposure
and mediator [17]. For informing the development of
effective interventions, we aimed to answer the following
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key question: (Q1) Is increasing psychosocial well-being
or decreasing emotion-driven impulsiveness more prom-
ising to improve food choices among European adoles-
cents? Formally, (Q1) is asking for the separate causal
effects of psychosocial well-being and emotion-driven
impulsiveness on sweet and fat propensity.

With regards to a potential mediating role of emotion-
driven impulsiveness in the relationship between ado-
lescents’ psychosocial well-being and food choices, we
considered the following additional question: (Q2) How
much, if at all, is the effect of psychosocial well-being on
adolescents’ food choices mediated by emotion-driven
impulsiveness? Formally, (Q2) is asking for the direct and
indirect effects of psychosocial well-being on sweet and
fat propensity mediated by emotion-driven impulsive-
ness. The causal nature of questions (Q1) and (Q2) means
that we aim to assess how sweet and fat propensity would
change under hypothetical interventions on psychoso-
cial well-being and emotion-driven impulsiveness. While
(Q2) may not actually have any additional practical impli-
cations over and above (Ql), it may provide a deeper
understanding of psychological mechanisms and help
(re)interpret previous study findings.

Methods

Data source

This study is based on the IDEFICS/I.Family cohort, a
prospective multi-center study that investigated the role
of health-related behaviors and their determinants in the
development of obesity and metabolic disorders in youth
in eight European countries: Belgium, Cyprus, Estonia,
Germany, Hungary, Italy, Spain, and Sweden [18]. At
total of 16,230 children aged 2 to 9 years participated at
baseline (W1: 2007-2008). Of those, 13,587 children par-
ticipated in the second wave (W2: 2009-2010). The third
wave (W3: 2013-2014) re-examined 7,123 index chil-
dren aged 7 to 17 years [18]. Index children were those
already participating in W1 and/or W2. The fourth and
most recent wave (W4) was conducted in 2020-2021 as
an online survey. Even though the survey was conducted
during the Covid-19 pandemic, participants were asked
to report behavior from the time before the pandemic;
by the time of this publication 5,073 participants were
enrolled. At all study waves, informed consent was either
obtained from adolescents (=12 years) or from parents
who gave their consent for themselves and their younger
children (<12 years). The cohort study was performed
according to the standards of the Declaration of Helsinki.
Ethical approval was obtained from the respective ethics
committees by all eight study centers according to local
standards.
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Sweet and fat propensity

The score for sweet propensity was calculated as the sum
of the weekly frequency of intake of food and drink items
with high sugar content divided by the total frequency of
all food and drink items included in the Food Frequency
Questionnaire (FFQ), and multiplied by 100. The FFQ
has been previously validated and tested for reproduc-
ibility [19-21]. Likewise, the score for fat propensity was
calculated as the proportion of the consumption of high-
fat foods. The observed scores ranged from 0 to 68.4 for
sweet propensity and 0 to 72.6 for fat propensity. A value
of 50 for the sweet or fat propensity indicates that half
of the reported food consumption frequencies included
foods rich in sugar or high in fatty content, respectively.
A complete list of the food and drink items included in
the sweet and fat propensity is available in the supple-
mentary materials (Additional file 1).

Emotion-driven impulsiveness

The negative urgency subscale from the Urgency, Pre-
meditation, Perseverance, Sensation seeking, and Posi-
tive urgency (UPPS-P) questionnaire [22] was used to
operationalize emotion-driven impulsiveness. The nega-
tive urgency subscale included twelve items on a four-
point Likert scale ranging from ‘1’ (strongly agree) to ‘4’
(strongly disagree). All items of the original scale, except
for one item, were inversely coded to allow all items to
run in the same direction. The scale score was then cal-
culated as the sum of item responses, with higher scores
indicating more impulsive tendencies when experiencing
negative emotions (range: 0 to 48). The validity and reli-
ability of the UPPS-P have been shown elsewhere [23].
The internal consistency in this study was good with a
Cronbach’s alpha of 0.85. To ease the interpretation, we
categorized the negative urgency score into tertiles: The
low’ exposure category ranges from 12 to 20 points
(N'=709), the ‘moderate’ exposure category from 21 to 28
points (N=741), and the ‘high’ exposure category from
29 to 48 points (N=615).

Psychosocial well-being

Study participants completed 16 items of the four sub-
scales of the KINDL® Questionnaire that was specifically
developed to measure Health-Related Quality of Life in
children and adolescents [24]. The four subscales, emo-
tional health, self-esteem, family life, and relations to
friends have four items each. Survey centers were asked
to use the translated English or local language version as
the original version was developed in German. The 16
items were scored on a five-point Likert scale ranging
from ‘0" (Never) to ‘4’ (All the time). Since response cat-
egories differed between W1/W2 and W3/W4, we devi-
ated from the original scoring and assigned three points
to ‘Often/All the time’ (W1/W2) and ‘Often’ and ‘All the
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time’ (W3/W4), respectively. Six items of the original
scale were inversely coded, allowing the items to run in
the same direction. All items were summed by subscale
to create a total sum score, with higher values indicat-
ing higher psychosocial well-being (range: 0 to 48). The
validity and reliability of the KINDL® have been shown
elsewhere [25]. The set of items in this study showed a
Cronbach’s alpha of 0.46, indicating moderate internal
consistency. We divided the well-being score into ter-
tiles with varying group size: The ‘low’ exposure category
ranges from 9 to 35 points (N=594), the ‘moderate’ expo-
sure category from 36 to 40 points (N=733), and the
‘high’ exposure category from 41 to 48 points (N=738).

Covariates

We selected suitable covariates to adjust for confounding
in the different causal analyses (i.e. for each exposure-
outcome pair and for the causal mediation analysis).
This was guided by directed acyclic graphs (DAGs) con-
structed according to subject-matter expertise and previ-
ous empirical research, where we employed a framework
for dietary behavior to identify relevant variables [26]
(Additional file 2). Based on this framework we included
sex (0=male / 1=female) and age (in years). Countries of
recruitment were grouped as Central Europe (Belgium,
Germany, Hungary), Northern Europe (Estonia, Swe-
den), and Southern Europe (Italy, Spain). The highest
educational level of the parents was determined accord-
ing to the International Standard Classification of Educa-
tion (ISCED) and categorized as follows: 0 to 2=low, 3
to 5=moderate, 6 to 8=high [27]; the ‘low’ category was
then combined with the ‘moderate’ category due to the
low prevalence of low education. The BMI z-score, cal-
culated from measured height and weight, was derived
according to the extended International Obesity Task
Force criteria [28] and children were classified as thin/
normal weight versus overweight/obesity. Self-reported
physical activity was assessed as sports club membership
(0=no / 1=yes), which was shown to be a useful proxy
in previous studies [29]. A proxy variable for sleep qual-
ity was assessed via the self-reported sleep characteristics
bedtime routine, trouble getting up in the morning, and
difficulties falling asleep. These sleep characteristics were
added up and ranged from ‘0’ to 2’ after combining cat-
egories 2 and 3 due to low frequencies in this study; indi-
viduals scoring 3 were considered as having poor sleep
quality. Media use was measured as exposure to audiovi-
sual media (PC and TV) in hours per week. Additionally,
we adjusted for the previous well-being score as well as
the previous scores for sweet and fat propensity.

Analysis group
All relevant variables are available in all waves of
the IDEFICS/LFamily cohort with the exception of
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emotion-driven impulsiveness that was only measured in
W3 and W4. The present study used variables measured
at W2, W3, and W4 with sweet and fat propensity as the
dependent variable and the remaining variables as the
independent variables. However, time intervals between
W3 and W4 were up to 7 years. So, we conducted our
main analyses allowing for contemporaneous effects at
W3, ie. assuming each questionnaire to reflect expo-
sure during the preceding period. In one of our sensitiv-
ity analyses we allowed for time-delayed effects with the
exposure variable measured at W3 and the mediator and
outcome variables at W4. Hence, the present study uses
mainly data from W3 and excluded adolescents from
Cyprus, whose data for W4 were unavailable at the time
of analysis (N=498). The analysis group included ado-
lescents aged>10 years providing complete information
on the main variables in W3 (or W4 in our sensitivity
analyses): (i) psychosocial well-being, (ii) emotion-driven
impulsiveness (when at least eight items from the UPPS-
P were completed), (iii) sweet propensity, and (iv) fat pro-
pensity. Furthermore, we excluded adolescents diagnosed
with mental disorders (i.e. attention-deficit hyperactiv-
ity disorder or an eating disorder; N=36), as reported by
parents using the Health and Medical History Question-
naire. To account for misreporting bias, we also excluded
adolescents with implausible scores for sweet propensity
(N=2). The final analysis group included 2,065 partici-
pants (Additional file 3).

Statistical analyses

In the present study, we apply a causal analysis based on
the potential outcomes framework which provides an
approach to quantify causal effects based on hypothetical
interventions. In this framework the causal effect for an
individual is defined as the difference between the out-
comes that would be observed for that individual with
versus without the exposure or intervention under con-
sideration. For the analyses to be valid, this framework
requires meeting all causal identification assumptions,
such as that there is a greater than zero probability of
observing all values for the exposure in each covariate
stratum (positivity assumption) [30].

Descriptive characteristics of the analysis group were
stratified by sex with continuous variables displayed with
mean and standard deviation (SD), and categorical vari-
ables with percentages. In the main analyses, psychoso-
cial well-being, emotion-driven impulsiveness, sweet and
fat propensity, country, sex, and BMI were obtained from
W3; the remaining covariates were from W2 to account
for the temporal order. W4 data on emotion-driven
impulsiveness and sweet and fat propensity were used for
sensitivity analyses. Missing values for any variable were
imputed using single imputation via chained equations
using the R-package ‘mice’ [31].
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Addressing (Q1), we aimed to estimate the total (aver-
age) causal effects, as defined in terms of potential out-
comes under hypothetical interventions [30], separately
for psychosocial well-being and for emotion-driven
impulsiveness on sweet and fat propensity. The average
causal effect of interest is defined as the mean difference
(MD) of sweet or fat propensity that would be observed
in the same individuals under interventions increasing
psychosocial well-being or decreasing emotion-driven
impulsiveness. Thus, the MDs quantify the average causal
effects if all adolescents had high (or moderate) levels of
psychosocial well-being, or low (or moderate) levels of
emotion-driven impulsiveness versus if all had low levels
or high levels, respectively. The estimation was carried
out by applying a semi-parametric doubly robust estima-
tor: This estimator combines two models, an outcome
regression model with a model for the exposure, such
that only one of the two models needs to be correctly
specified to obtain a consistent effect estimator [32].
In this study, the doubly robust estimator was obtained
by Targeted Maximum Likelihood Estimation (TMLE)
which uses the Super Learner to fit the two models in a
data-driven way. The Super Learner is an algorithm that
uses a statistical method (cross-validation) to estimate
the performance of machine learning models. Its aim
is to build the optimal weighted combination of pre-
dictions from a library of candidate machine learning
algorithms. The machine learning algorithms impose
minimal assumptions on the distribution of the data
while yielding valid standard errors for statistical infer-
ence [16]. With this approach, we estimated four separate
causal effects for the following four exposure and out-
come pairs: Two effects with psychosocial well-being as
categorical exposure and (i) sweet and (ii) fat propensity,
each as continuous outcome variable. The ‘low’ exposure
category was set as the reference category for psychoso-
cial well-being. Analogously, two effects were estimated
for emotion-driven impulsiveness as categorical exposure
with (iii) sweet and (iv) fat propensity, each as continuous
outcome. The ‘high’ exposure category was set as the ref-
erence category for emotion-driven impulsiveness. The
estimation was carried out with the R-package ‘tmle3’
[33].

Addressing (Q2), we started by estimating (v) the
causal effect of psychosocial well-being on emotion-
driven impulsiveness (as continuous outcome) using
the same TMLE approach as above. This forms part of a
possibly mediated effect of psychosocial well-being via
emotion-driven impulsiveness on sweet and fat propen-
sity. Further, we estimated the direct and indirect causal
effects of psychosocial well-being on (vi) sweet and (vii)
fat propensity in a causal mediation analysis, a potential
outcomes approach that extends linear structural equa-
tions to more general, e.g. non-linear, settings [17]. In
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terms of potential outcomes, the (average) direct effect
is the effect of exposure (psychosocial well-being) while
the mediator (emotion-driven impulsiveness) remains
at the same natural value it would have under the refer-
ence category of exposure. The average causal mediated
(i.e. indirect) effect, is the average difference in potential
outcome under the natural values the mediator would
take for the different exposure values, while keeping the
actual exposure at its reference level along the direct
path. The analysis relies on a set of flexible models for
exposure, mediator, and outcome, which are then com-
bined to obtain the direct and mediated effects using the
mediational ‘g-formula’ [17, 34]. We performed the causal
mediation analysis using the R-package ‘mediation’ [35].
An overview of variables that were obtained from respec-
tive waves for the analyses as well as detailed information
on the statistical analyses can be found in the supplemen-
tary materials (Additional file 4).

We stratified the results by sex (male versus female)
and BMI (thin or normal weight adolescents versus ado-
lescents with overweight or obesity) since unhealthy food
choices were shown to differ by sex [41] and BMI [42].
Sensitivity analyses were conducted to assess the robust-
ness of our findings from our main analyses in which our
exposure, mediator, and outcome variables were assessed
within W3. Hence, one of our main sensitivity analyses
accounted for the temporal order of our exposure mea-
sured at W3 and mediator and outcome variables at
W4, respectively; moreover, assumptions underlying the
causal analysis were checked where possible. A summary
of different structural and modelling assumptions regard-
ing temporality, alternative adjustment sets, potential
positivity violations, and a triangulation approach using
a parametric regression standardization can be found in
the supplementary materials (Additional file 5). All analy-
ses were carried out using the statistical software R (Ver-
sion 4.1.3).

Results

A total of 2,065 participants aged 10.1 to 16.2 years
(mean=13.4, SD=0.8) with 53% female participants were
included in this study (Table 1). At W3 male participants
had an average score of 25.5 for sweet propensity and an
average score of 25.9 for fat propensity; for female par-
ticipants these were 24.5 and 24.2, respectively. The aver-
age score for emotion-driven impulsiveness for male and
female participants was 24.1 and 25 points, respectively,
while the well-being score was on average 37.8 points in
the total analysis group. Corresponding characteristics of
participants from the sensitivity analysis using W4 data
(N=855; mean age=20.2, SD=0.9) indicate that after
seven years (in W4) participants had on average similar
values than in the main analyses with the exception of a
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lower average score for sweet propensity (mean=17.2,
SD=10.5) (Additional file 6).

High psychosocial well-being, compared to low psy-
chosocial well-being, decreased average sweet propensity
[high: MD = -1.43, 95%-confidence interval (CI): -2.61 to
-0.25]. A much less pronounced effect was estimated for
average fat propensity (Table 2). Low levels of emotion-
driven impulsiveness, compared to high levels, decreased
average sweet propensity [low: MD = -2.07, CI: -3.26 to
-0.87]. The positive effect also occurred for average fat
propensity [low: MD = -1.85, CI: -2.88 to -0.81] (Table 2).
When comparing estimates stratified by sex and BMI, the
results did not differ (Sex: Additional file 7; BMI: Addi-
tional file 8).

Moderate or high versus low psychosocial well-being
decreased average emotion-driven impulsiveness [mod-
erate: MD = -2.53, CI: -3.36 to -1.71; high: MD = -4.95,
CI: -5.79 to -4.12] (Table 2), Further, Table 3 shows the
results from the mediation analysis, i.e. the direct and
indirect (via emotion-driven impulsiveness) effects of
psychosocial well-being on sweet and fat propensity.
This suggests that the effect of high versus low psycho-
social well-being on sweet [indirect effect: MD = -0.61,
CI: -1.09 to -0.24] and fat [indirect effect: MD = -0.55, CI:
-0.86 to -0.13] propensity is partly mediated by emotion-
driven impulsiveness (Table 3). Note that, reassuringly,
the total effects of psychosocial well-being on sweet and
fat propensity, here, correspond to and confirm those in
Table 2, despite being estimated under different model-
ling assumptions.

In a sensitivity analysis using mediator and outcome
measurements at W4 instead of W3, i.e. 7 years after W3,
we ensured that the exposure precedes the mediator and
outcomes. For sweet propensity, we observed slightly
increased estimates but signs remained the same; while
for fat propensity, the signs were reversed (Additional file
9). We conducted further sensitivity analyses with alter-
native adjustment sets (physical activity, sleep quality,
and media use measured at W3 instead of W2) since we
cannot rule out that health-related variables may also be
affected by psychosocial well-being and emotion-driven
impulsiveness. Our results indicate that the estimated
effects of both psychosocial well-being and emotion-
driven impulsiveness on average sweet and fat propen-
sity were attenuated (Additional file 10); however, they
remained almost unchanged when adjusting for sociode-
mographic variables measured at W3 instead of W2
(Additional file 11). When identifying positivity viola-
tions, i.e. individuals with certain combinations of covari-
ate values who were less likely to be in the exposed group,
we conducted another sensitivity analysis without these
positivity violations which confirmed the robustness of
our results (Additional file 12). Using parametric regres-
sion standardization, which is a more standard statistical
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Table 1 Descriptive characteristics of the analysis group
Overall Male Female
(N=2,065) (N=970) (N=1,095)
Continuous variables: mean (SD)
Sweet propensity, score (range: 0-68.4) 249 (11.2) 255(11.0 245(11.3)
Fat propensity, score (range: 0-72.6) 25.09.0) 259(9.1) 24.2(8.8)
Emotion-driven impulsiveness?, score (range: 12-48) 24.5(7.5) 24.1(7.5) 25.0(7.5)
Psychosocial well-being?, score (range: 9-48) 378(5.7) 386(5.2) 37.1(6.0)
Age, years (range: 10.1-16.2) 4(0.8) 134 (0.8) 13.4(0.7)
Media use, hours per week (range: 0-56; missing=94) 5(12.2) 23.1(129 16.3 (10.6)
Categorical variables: %
Highest educational level of parents®
high 482 47.5 48.8
low / medium 50.8 516 50.1
missing 1.0 0.8 1.1
Country
Central Europe 37.8 394 36.3
Northern Europe 320 298 340
Southern Europe 30.2 30.8 29.7
BMIC
Thin / normal weight 74.1 722 758
Overweight / obesity 25.7 278 242
Physical activity
(sports club membership)
no 62.1 66.5 583
yes 37.8 334 41.6
missing 0.1 0.1 0.1
Sleep quality
0 229 26.7 19.5
1 399 40.8 39.0
2-3 331 28.5 37.2
missing 4.1 39 43

Information derived from W3 (2013-2014)
Percentages may not add up to 100% due to rounding

2 Displayed as continuous variable but included as categorical variables in the main analysis

b Based on International Standard Classification of Education Maximum (ISCED; maximum of both parents)

¢ Displayed as categorical variables but included as continuous variables in the main analysis

approach than TMLE, confirmed the findings in Tables 2
and 3 (Additional file 13). Results for all sensitivity analy-
ses are available in the supplementary materials (Addi-
tional files 9-13).

Discussion

To our knowledge, this is the first population-based study
using a causal analysis to investigate and compare the
effects of hypothetical interventions aiming at increas-
ing psychosocial well-being or decreasing emotion-
driven impulsiveness to reduce sweet and fat propensity
in European adolescents. Our results highlight that an
intervention on emotion-driven impulsiveness appears
marginally more effective than on psychosocial well-
being in reducing the consumption of sweet and fatty
foods. In the following, it should be kept in mind that
our results are somewhat difficult to compare with other

studies due to differences in chosen populations, mea-
surements, and statistical analyses. However, in order to
interpret our results we identified studies conducted in
adult populations investigating a similar relationship as
in our study.

Addressing (Q1), our results suggest that if an interven-
tion (on an adolescent) were to shift psychosocial well-
being from a low to a high level, this would reduce the
sweet propensity score by an average of 1.43 (CI: 0.25
to 2.61) points in adolescents. In view of the range and
SD (Table 1) of the sweet propensity score, a change by
about 1.43 points might be considered rather small.
Additionally, our results provide some evidence that
this effect is partly mediated by emotion-driven impul-
siveness (addressing (Q2)). There is no clear evidence
for an effect of the same intervention on fat propensity,
though. In agreement with our findings, a previous study
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Table 2 Estimated effects of psychosocial well-being and emotion-driven impulsiveness on average fat and sweet propensity scores

(N=2,065 at W3; mean age=134)

Outcome [MD (95%-ClI)]

Exposure Category  Emotion- Sweet Fat
levels driven propensity propensity
impulsiveness
Psychosocial well-being Ref. level:
low
moderate  -2.53 (-3.36, -0.30(-1.44,0.84) -0.58(-1.60,
-1.71) 045)
high -4.95 (-5.79, -143 (-261, -0.73 (-1.76,
-4.12) -0.25) 0.30)
Emotion-driven impulsiveness Ref. level:
high
moderate  / -1.01(-2.16,0.15)  -0.34(-1.33,
0.66)
low / -2.07 (-3.26, -1.85(-2.88,
-0.87) -2.81)

W2: Variables measured in 2009-2010; W3: Variables measured in 2013-2014

Ref. level: Reference level; MD: Mean Difference; 95%-Cl: 95% confidence interval

Exposure psychosocial well-being: adjusted for sweet or fat propensity (depending on outcome), psychosocial well-being, age, highest educational level of parents,

physical activity, sleep quality, and media use at W2; sex, country, and BMI at W3

Exposure emotion-driven impulsiveness: adjusted for sweet or fat propensity (depending on outcome), psychosocial well-being, age, sex, highest educational level
of parents, physical activity, sleep quality, and media use at W2; psychosocial well-being, sex, country, and BMI at W3

Table 3 Estimated direct, indirect, and total effects from the mediation analysis of psychosocial well-being (exposure) via emotion-
driven impulsiveness (mediator) on fat and sweet propensity (N=2,065 at W3, mean age=13.4)

Outcome [MD (95%-Cl)]

Category level of exposure
psychosocial well-being; (Ref. level: low)

Sweet propensity Fat propensity

moderate Direct effect
Indirect effect
Total effect
Prop. mediated

high Direct effect

Indirect effect
Total effect
Prop. mediated

-0.01 (-1.17,1.14)
-0.21 (-043,-0.01)
-0.21(-1.38,0.94)
0.99 (-5.57,5.17)*
-0.85 (-2.09,042)
-0.61 (-1.09,-0.24)
-145 (-2.66,-0.33)
042 (0.12,1.86)*

-0.60 (-1.62,041)
-0.21 (-0.44,-0.03)
-0.81(-1.84,0.18)
0.26 (-1.32,2.32)*
-0.56 (-1.65,0.52)
-0.55 (-0.86,-0.13)
-1.11 (-2.10,-0.01)
0.50 (-0.04, 2.86)*

W2: Variables measured in 2009-2010; W3: Variables measured in 2013-2014

Ref. level: Reference level; MD: Mean Difference; 95%-Cl: 95% confidence interval; Prop. mediated: Proportion mediated

1The proportion mediated provides an estimate of the extent to which the total effect is accounted for by the pathway through the mediating variable and is the

ratio of the indirect effect on the total effect

*Cl for proportion mediated contains values outside (0,1) when direct and indirect effects have potentially opposite signs

Mediator model for emotion-driven impulsiveness (W3; tertiles) adjusted for sweet or fat propensity score (depending on outcome), psychosocial well-being, age,
sex, highest educational level of parents, country, physical activity, and sleep quality at W2; sex, country, and BMI at W3. Additional interaction terms between the
exposure and covariates for the exposure-mediator and mediator-outcome relationships were included

Outcome models for sweet and fat propensity (W3; scores) adjusted for sweet or fat propensity score (depending on outcome), psychosocial well-being, age, sex,
highest educational level of parents, country, sleep quality, and media use at W2; sex, country, and BMI at W3. Additional interaction terms between the exposure,

mediator, and covariates for the exposure-outcome and mediator-outcome relationships were included

observed that a higher score on the Brief Resilience Scale,
which assesses the perceived ability to bounce back or
recover from stress, was associated with lower intake of
sugar and confectionary, dairy desserts, and sugary fatty
products [9]. Similar to our study there were no relevant
effects for fats reported. Hence, our study complements
the existing evidence with similar patterns observed in
adolescents who have a greater demand for nutrients
during their physical growth and brain development [36].

Higher psychosocial well-being may benefit cognitive
control functions that facilitate healthy eating through
goal setting, problem solving, and focusing on long-term
goals [37].

In contrast, if a different intervention (on an adoles-
cent) were to shift emotion-driven impulsiveness from a
high to a low level, this would reduce the sweet propen-
sity score by an average of 2.07 (CI: 0.87 to 3.26) points
and the fat propensity score by an average of 1.85 (CL



Do et al. International Journal of Behavioral Nutrition and Physical Activity

0.81 to 2.88) points. While the effect estimates are a lit-
tle larger than for psychosocial well-being, they are still
rather small in view of the range and SD (Table 1) of the
sweet and fat propensity scores. Our results are consis-
tent with a previous study in which a higher score on the
Barratt Impulsiveness Scale, indicating higher levels of
impulsivity, increased the average consumption of sugary
and fatty foods by 2.66 g per day [15]. Another analysis
based on the I.Family study population suggested that
European adolescents with higher levels of emotion-
driven impulsiveness were eating 0.25 more energy-
dense snacks per day [14]. Different reasons may explain
the effect of emotion-driven impulsiveness on sweet and
fat propensity. First, ongoing brain maturation processes
like neuronal myelination and synaptic pruning within
the parietal cortex and prefrontal cortex cause deficits in
impulse control and emotion regulation during adoles-
cence [38]; hence, causing difficulties in resisting highly
palatable food. Second, food taste was previously shown
to be a stronger predictor of food choice than food
healthiness in adolescents [39].

As part of (Q2) we estimated that higher psychosocial
well-being decreased emotion-driven impulsiveness by
an average of 4.95 points on the negative urgency scale
(CI: 4.12 to 5.79) which complements previous findings
on an inverse association between psychosocial well-
being and emotion-driven impulsiveness [13, 40, 41].
Furthermore, our results suggest an indirect effect of psy-
chosocial well-being on average sweet propensity (0.61,
CI: 0.24 to 1.09) as well as fat propensity (0.55, CI: 0.13
to 0.86) via emotion-driven impulsiveness. Similarly, a
previous study suggested an indirect effect of the Brief
Resilience Scale on sugary fatty products via emotional
eating, i.e. a reduction of sugary fatty products by 1.19 g
per day [9]. Reward sensitivity appears to be dysregulated
during stress exposure encouraging stress-related coping
behaviors such as the consumption of highly palatable
food [42].

Complex psychological constructs such as food choice
are shaped by a multitude of proximal and distal fac-
tors [43]. Hence, our rather small effect sizes may be
explained by the fact that psychosocial well-being and
emotion-driven impulsiveness constitute only two psy-
chological factors. Previous interventions targeting
emotion-driven impulsiveness were usually conducted
in clinical adult population samples and observed mainly
small decreases in emotion-driven impulsiveness [44, 45].
Only one intervention study in an adolescent sample with
overweight suggested a three-point decrease in emotion-
driven impulsiveness after receiving cognitive behavioral
therapy, structured physical activity, and dietary counsel-
ing. Decreasing emotion-driven impulsiveness resulted
in lower BMI of moderate effect size [46]. Switching from
the high to low emotion-driven impulsiveness category
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in our study, however, would require an average decrease
in emotion-driven impulsiveness of at least 9 points; sug-
gesting that the actual effect of an intervention in emo-
tion-driven impulsiveness on sweet and fat propensity
would be smaller than our estimated effects. Further, it
is unclear (and in our study not empirically verifiable)
whether an intervention on emotion-driven impulsive-
ness in adolescents with low psychosocial well-being
might be successful. Hence, an intervention on psycho-
social well-being could be more favorable, particularly
when considering its indirect effect via emotion-driven
impulsiveness and its more feasible interventions at the
population level [47, 48]. Yet, actual interventions also
yielded rather small effects on average due to hetero-
geneous settings such as different target populations or
intervention intensities [49]. For instance, one interven-
tion study on psychosocial well-being, also using the
KINDL, found a small to moderate effect after a com-
petence skill enhancement approach focusing on devel-
oping children’s positive emotions and strengths and
a positive school climate [50]. Hence, switching from
the low to high psychosocial well-being category would
require an average increase in psychosocial well-being of
at least 6 points.

Methods used to answer our research questions (Q1)
and (Q2) rely on strong causal identifiability assumptions
and have different advantages and disadvantages: Using
a doubly robust method for (Q1) offers some degree of
protection against model misspecifications, particu-
larly those arising from an incorrect functional form
such as linearity [51]. However, the data-adaptive algo-
rithms require careful tuning for optimal performance
[52]; details on our specific implementation of the Super
Learner algorithm for TMLE can be found in the supple-
mentary materials (Additional file 14). Applying a flexible
method for causal mediation analysis for (Q2) provides
additional information on the direct and indirect effect in
the possible presence of exposure-mediator interactions
[17]. These mediational effects may, however, be hard to
interpret since the required assumptions are impossible
to empirically verify and hard to justify [53].

This study was limited by the use of self-reported data
and may be subject to measurement error. However, self-
reported measures for our exposure and mediator vari-
ables are frequently used and have been validated [54].
Differential misreporting for our outcome variables is
likely and also common in nutrition surveys, e.g. female
participants and individuals with overweight or obesity
tend to underreport their energy intake [55]. To tackle
the possibility of reverse causation when measuring vari-
ables at the same time point, we conducted sensitivity
analyses ensuring that the exposure preceded the media-
tor and outcome in time. These analyses yielded slightly
increased estimates for sweet propensity and reversed
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estimates for fat propensity which are likely due to the
long time span between examination periods that do not
appropriately capture our expected cause and effect rela-
tionship over a short time period. Data on the mediator
and outcomes were collected during the Covid-19 pan-
demic that may have affected study participants’ men-
tal health and their ability to reflect on behaviors before
the pandemic. Finally, we would need to meet all causal
identification assumptions to be valid which are further
discussed in the supplementary materials (Additional file
15). All of our limitations are, however, outweighed by
important strengths of our analyses including confound-
ing control, a flexible modelling approach, and various
sensitivity analyses that confirm our results.

Conclusion

Comparing the effects of psychosocial well-being and
emotion-driven impulsiveness on sweet and fat pro-
pensity, our analyses suggest that interventions target-
ing emotion-driven impulsiveness might be marginally
more effective to reduce sweet and fat propensity. Ado-
lescents experiencing chronic stress such as low psycho-
social well-being are prone to act more impulsively and
are, hence, highly susceptible to the increased availability
and promotion of these foods. This is alarming given the
obesogenic environment in Western countries in which
adolescents are surrounded by an abundance of these
foods. Since adolescence is a time in which stress coping
abilities are developed, our results specifically highlight
that interventions targeting adaptive emotion regulation
strategies might contribute to healthier eating. However,
the feasibility and effectiveness of interventions aiming to
decrease emotion-driven impulsiveness in adolescents in
non-clinical settings needs to be further elucidated.
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