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Abstract
Strong bottom-up impulses and weak top-down control may interactively lead to overeating and, consequently, weight
gain. In the present study, female university freshmen were tested at the start of the first semester and again at the
start of the second semester. Attentional bias toward high- or low-calorie food-cues was assessed using a dot-probe
paradigm and participants completed the Barratt Impulsiveness Scale. Attentional bias and motor impulsivity interactively
predicted change in body mass index: motor impulsivity positively predicted weight gain only when participants showed
an attentional bias toward high-calorie food-cues. Attentional and non-planning impulsivity were unrelated to weight
change. Results support findings showing that weight gain is prospectively predicted by a combination of weak top-down
control (i.e. high impulsivity) and strong bottom-up impulses (i.e. high automatic motivational drive toward high-calorie
food stimuli). They also highlight the fact that only specific aspects of impulsivity are relevant in eating and weight
regulation.
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Introduction
Emerging evidence suggests that eating behavior and,
consequently, body weight are determined by an interplay
of top-down control processes and bottom-up impulses
(Appelhans, 2009; Heatherton and Wagner, 2011).
Specifically, studies have shown that individuals with
both high impulsivity (as measured by poor motor
response inhibition or high preference for immediate
reward) and high susceptibility to food-related bottom-up
impulses (as measured by implicit preference for food,
self-reported food reward sensitivity, or approach bias
toward food) exhibit higher intake of palatable foods in
the laboratory (Appelhans et al., 2011; Hofmann et al.,
2009; Kakoschke et al., 2015a). In other studies, similar
interactive effects on outcome measures other than laboratory food intake were observed. For example, poor
motor response inhibition in response to high-calorie
(HC) food-cues was found in individuals reporting a combination of both high impulsivity and trait food craving
(Meule and Kübler, 2014). In a study using neuroimaging,

food-cue elicited activity in reward-related brain areas
was predictive of higher body mass index (BMI), but only
in individuals reporting low self-control (Lawrence et al.,
2012).
Despite these converging findings of studies using
related, but a variety of methodologies, prospective studies
reporting such interactive effects are rare. In one study,
Nederkoorn et al. (2010) investigated body weight change
over 1 year in female undergraduate students. Implicit preference for snack foods was measured with a single-category
implicit association test, and response inhibition was
measured with a stop-signal task. It was found that a combination of task performance in both measures prospectively
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predicted weight change: participants with both strong
implicit preference for snack foods and low inhibitory control gained the most weight.
The current study sought to replicate and extend these
findings. As a measure of food-related bottom-up processes, a dot-probe task was used for assessing an attentional bias toward HC or low-calorie (LC) foods. Attentional
bias refers to selective attentional processing of certain
stimuli (Kemps and Tiggemann, 2009; Werthmann et al.,
2015). In the current study, an attentional bias toward HC
foods was represented by faster reaction times to dots
appearing behind HC versus LC food-cues, indicating preferred attention allocation to such cues.
As a measure of (low) top-down control, the Barratt
Impulsiveness Scale (BIS) was used for assessing trait
impulsivity. Trait impulsivity can be defined as a predisposition toward rapid, unplanned reactions without regard to
the negative consequences of these reactions (Moeller
et al., 2001). Yet, impulsivity is a multifaceted construct
and with the BIS, for example, three facets can be differentiated representing attentional impulsivity (inability to
focus attention or concentrate), motor impulsivity (acting
without thinking), and non-planning impulsivity (lack of
future orientation or forethought; Stanford et al., 2009).
Although both attentional bias toward HC food-cues and
impulsivity have been implicated to play a role in the development of overweight and obesity (Guerrieri et al., 2008;
Werthmann et al., 2015), prospective studies, which are
necessary to determine causal influences, are rare (Calitri
et al., 2010; Reinert et al., 2013; Yokum et al., 2011).
Based on previous findings outlined above, it was
expected that attentional bias toward HC food-cues and
high impulsivity in combination would prospectively predict weight gain in female students. Note, however, that the
nature of interactions found across previous studies was
inconsistent and, thus, this interactive effect may be additive (Lawrence et al., 2012; Meule and Kübler, 2014) or
non-additive (Appelhans et al., 2011; Hofmann et al., 2009;
Kakoschke et al., 2015a; Nederkoorn et al., 2010).

Methods
Participants and procedure
This study adhered to the guidelines outlined in the
Declaration of Helsinki as revised in 2008. Participants
were recruited via postings in the Department of Psychology
at the University of Würzburg, Germany, which advertised
the study as an investigation on the cognitive processing
of food pictures. In accordance with similar studies (e.g.
Nederkoorn et al., 2010), only women were recruited in
order to avoid a possible confounding effect of sex as men
and women differ in body mass, eating-related variables,
and predictors of weight gain (Holm-Denoma et al., 2008).
Fifty-seven female university freshmen provided informed
consent and participated in the study. Three participants

reported to have a chronic disease (1x thyroid disease, 2x
asthma). None of the participants reported a current mental
disorder. At the beginning of the first semester, they performed a computerized dot-probe task, completed the short
form of the BIS (BIS-15), and height and weight were
measured for calculation of BMI (kg/m2) in the laboratory.
In accordance with similar studies (e.g. Hodge et al., 1993),
participants (N = 51, Mage = 20.4 years, SD = 4.03) returned
at the start of the second semester (after approximately
6 months) for a follow-up measurement of body weight
(mean period between the two measurements was
M = 164 days, SD = 9.82).

Dot-probe task
Twenty pictures were selected from the food.pics database
(www.food-pics.sbg.ac.at), which contains information on
calorie content, subjectively rated palatability, and physical
features of the food pictures (Blechert et al., 2014). Ten pictures of HC (five pictures of savory foods, five pictures
of sweet foods) and ten pictures of LC (five pictures of
fruits, five pictures of vegetables/salad) foods were selected
(Figure 1(a)).1 Food items of the two categories differed both
in calories per 100 g (M = 321.15 kcal/100g (SD = 126.43, range:
123–539) vs M = 47.25 kcal/100g (SD = 40.05, range: 9–154),
t(18) = 6.53, p < .001) and in calories displayed per image
(M = 1769.62 kcal/image (SD = 1363.04, range: 183–4268) vs
M = 102.23 kcal/image (SD = 128.89, range 1–415), t(18) = 3.85,
p < .01). Picture categories did not differ in palatability, visual
complexity, brightness, and contrast (all ts(18) < 1.84, ns).
Participants were informed that two pictures would
appear on the screen, followed by a dot on one side of the
screen. They were instructed to press a left button on the
keyboard with their left index finger as fast as possible
when the dot appeared on the left side of the screen and a
right button on the keyboard with their right index finger as
fast as possible when the dot appeared on the right side of
the screen. Participants first performed a practice block of
15 trials containing non-food-related pictures (animals and
flowers). In the test block, one HC and one LC image were
displayed together in each trial (i.e. trials never consisted of
two HC or two LC images at once). Picture pairs were presented for 500 ms (cf. Kemps et al., 2013, 2014). Trial procedure is displayed in Figure 1(b). Each image was
presented four times (once on the left or right side with or
without being followed by a dot). All possible picture pairs
were presented resulting in 400 trials. Those were separated
into two blocks to allow participants to rest after half of trials. The order of trials was randomized.

Impulsivity
The BIS-15 (Meule et al., 2011; Spinella, 2007) is a 15-item
self-report measure of trait impulsivity and was chosen
over the long version (Patton et al., 1995) because of its
briefness and good psychometric properties (Meule et al.,
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Figure 1. (a) Pictures of high- and low-calorie foods used in the dot-probe task. (b) Representative screen displays of the dotprobe task. Participants were required to respond with a left or right button press depending on the position of the dot.
Table 1. Descriptive statistics of and correlations between study variables.
N = 51

M (SD)

1.

2.

3.

4.

5.

6.

1. Body mass index (kg/m2)
2. Body mass index change (kg/m2)
3. Attentional bias score (ms)
4. Attentional impulsivity
5. Motor impulsivity
6. Non-planning impulsivity

21.8 (2.95)
0.08 (0.89)
−5.40 (10.6)
9.28 (2.08)
10.8 (2.31)
10.7 (3.09)

–
−.259 (p = .066)
−.045 (p = .752)
−.049 (p = .732)
−.024 (p = .866)
−.092 (p = .520)

–
−.117 (p = .415)
−.116 (p = .417)
.125 (p = .381)
−.021 (p = .884)

–
−.023 (p = .873)
.084 (p = .557)
.357 (p = .010)

–
−.042 (p = .772)
.131 (p = .361)

–
.488 (p < .001)

–

2015). Three subscales, each consisting of five items, can
be calculated representing attentional impulsivity (e.g.
“I am restless at lectures or talks.”; α = .579), motor impulsivity (e.g. “I act on the spur of the moment.”; α = .641), and
non-planning impulsivity (e.g. “I plan tasks carefully.”
(inverted); α = .804). Internal consistencies were a little
lower than in the validation study (α = .68−.82; Meule et al.,
2011), but were comparable in that the non-planning impulsivity subscale had the highest internal consistency followed by the motor impulsivity and then the attentional
impulsivity subscales. Descriptive statistics are displayed
in Table 1.

Data analyses
In accordance with previous studies (e.g. Kemps et al.,
2013, 2014), incorrect trials and trials with a reaction time

of less than 150 ms and above 1500 ms in the dot-probe task
were excluded from analyses and an attentional bias score
was calculated by subtracting reaction times to dots replacing HC foods from reaction times to dots replacing LC
foods. Thus, positive values indicate an attentional bias
toward HC foods and negative values indicate an attentional bias toward LC foods.
Linear regression analyses were calculated with attentional bias scores, impulsivity scores, and an interaction
attentional bias × impulsivity as predictor variables entered
at once and with BMI change as dependent variable (Table
2). This was done for all three BIS-15 subscales separately.
Variables were mean-centered before calculating the product term. Significant interactions were followed-up with
simple slopes analysis at high (+1 SD) and low (−1 SD) values of attentional bias score (cf. Aiken and West, 1991),
indicating an attentional bias toward HC or LC food-cues,
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Table 2. Results of linear regression analyses for variables at the first measurement predicting change in body mass index.
N = 51
Step 1 (R2 = .110)
Attentional bias
Motor impulsivity
Attentional bias × motor impulsivity
Step 2 (R2 = .180)
Attentional bias
Motor impulsivity
Attentional bias × motor impulsivity
Body mass index

respectively. Attentional bias scores instead of impulsivity
scores were used as moderator to parallel analyses by
Nederkoorn et al. (2010), who used implicit food preference instead of response inhibition as moderator. As
BMI was correlated with weight change in the study by
Nederkoorn et al. (2010), BMI at the first measurement was
entered as covariate in a second step. All regression analyses were computed using PROCESS for SPSS (Hayes,
2013).

Results
Excluded trials due to reaction time accounted for 0.19 percent of all trials. Incorrect trials accounted for 1.12 percent
of all trials and did not differ between LC (M = 1.90,
SD = 1.86) and HC trials (M = 2.49, SD = 3.15, t(56) = 1.45,
p = .153). Correlations between study variables are displayed in Table 1. BMI at the first measurement was
marginally significantly, negatively correlated with BMI
change and non-planning impulsivity was significantly,
positively correlated with attentional bias scores. The interaction term of attentional bias scores × motor impulsivity
scores was a significant predictor of BMI change (Table 2).
Predictors in similar models with attentional or nonplanning impulsivity were not significant (all ps > .161).
The interaction effect was still significant when including
BMI as covariate (Table 2). Probing this interaction revealed
that motor impulsivity scores were positively associated
with weight gain in individuals with high attentional bias
scores (b = 0.21, p = .027), but not in those with low attentional bias scores (b = −0.08, p = .318; Figure 2).

Discussion
The main aim of the current study was to investigate
whether an attentional bias toward food-cues and impulsivity interactively predicted weight change in female students. Results showed that weight gain was indeed predicted
by an interaction between attentional bias toward HC foods
and self-reported impulsivity, but only its motor impulsivity subscale. This result is in line with and extends findings

b

SE

p

−0.01
0.06
0.01

0.01
0.05
0.01

.606
.233
.049

−0.01
0.06
0.01
−0.08

0.01
0.05
0.01
0.04

.541
.233
.040
.052

from previous studies, in which related, but distinct foodand impulsivity-related measures were used. In the study
by Kakoschke et al. (2015a), for example, laboratory food
intake was predicted by an interaction between approach
bias for food and low motor response inhibition. Although
a similar interaction effect using a measure of attentional
bias instead of approach bias in that study fell short of
significance, plotting the interaction revealed that it was
descriptively similar to the finding obtained for approach
bias and to the interaction effect obtained in the current
study.
In the study by Nederkoorn et al. (2010), weight gain
was prospectively predicted by an interaction between
implicit preference for food and low motor response inhibition. In accordance with this finding, the predictive power
of impulsivity for weight gain could only be observed for
self-reported motor impulsivity, but not for attentional and
non-planning impulsivity. Although results of studies using
the BIS are fairly inconsistent, it appears that attentional
and motor impulsivity in particular are related to overeating, while there is at most a minor role for non-planning
impulsivity (Meule, 2013; Meule and Platte, 2015). In line
with this, only attentional and motor impulsivity scores
were positively correlated with attentional bias for foodcues in a study by Hou et al. (2011). Unexpectedly, however, only non-planning impulsivity was correlated with
attentional bias scores in the current study. In a recent study,
scores on non-planning impulsivity positively correlated
with striatal brain activations during HC versus LC food
choices (Van Der Laan et al., 2015). Thus, although nonplanning impulsivity does not appear to be directly related
to body mass, it may indeed be associated with a higher
reactivity to HC food-cues (e.g. higher reward-related brain
activation, biased attention allocation). Therefore, future
studies are needed that address which facets of impulsivity
are related to measures of overeating and to body weight,
and examine possible moderators and mediators of these
relationships in particular. Preliminary evidence, for example, suggests that the relationship between motor impulsivity and food intake may be mediated by levels of external
eating (Kakoschke et al., 2015b).
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Figure 2. Simple slopes probing the interaction of attentional bias × motor impulsivity when predicting body mass index change.
Scores on motor impulsivity positively predicted weight gain in individuals with high attentional bias scores (i.e. those who exhibited
an attentional bias toward high-calorie food-cues), but not in individuals with low attentional bias scores (i.e. those who exhibited an
attentional bias toward low-calorie food-cues).

It is important to note that there were no additive effects
of attentional bias for HC foods and impulsivity when predicting weight change, but there was a crossover interaction. Yet again, the nature of this interaction closely parallels
the one found by Nederkoorn et al. (2010). In their study,
participants with strong implicit food preferences and
effective response inhibition tended to lose weight over
1 year. Similarly, participants with attentional bias for HC
foods and low motor impulsivity tended to lose weight in
the current study. The authors speculated that this may represent an overcorrection effect, whereby “strong implicit
preferences for tempting food cues may serve to remind
people of the very self-regulatory goals they wish to attain
[and] given sufficient self-regulatory capacity in the form
of behavioral inhibition, people may actually attain their
self-regulatory goals” (Nederkoorn et al., 2010, p. 392).
This interpretation is also in line with the goal conflict
model of eating behavior, which posits that successful
restrained eaters (who have been found to score low on
impulsivity; Van Koningsbruggen et al., 2013) have formed
a facilitative link from palatable food stimuli to eating control and “even though palatable food stimuli also prime the
eating enjoyment goal, the increased accessibility of the
dieting goal helps them to inhibit eating enjoyment and to
engage in healthy eating” (Stroebe et al., 2013, p. 125).
Interpretation of results is limited by the nonrepresentative sample of young women who primarily had
normal weight. Thus, future studies in other samples such as

men and samples with a larger range in age and BMI are
needed to confirm these relationships. Moreover, impulsivity
was assessed by self-report, which is vulnerable to bias.
However, previous studies have found that scores on the BIS
are indeed related to response inhibition as measured by
behavioral tasks, albeit correlations are rather small and
inconsistent (Aichert et al., 2012; Lange and Eggert, 2015;
Meule and Kübler, 2014; Meule et al., 2014). Finally, future
studies need to address whether weight gain is really the
result of increased intake of foods presented in laboratory
paradigms (i.e. the foods that participants showed attention
allocation to in the current study or showed an implicit preference for in other studies).
To conclude, the current study provides further evidence
for the view that higher body weight is determined by an
interaction between high automatic, motivational drive toward
palatable food stimuli (in this case, automatic allocation of
attention toward these stimuli) and low deliberative control
capacity (in this case, high self-reported motor impulsivity).
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Note
1.

Picture number in the food.pics database: 16, 26, 32, 40, 60,
82, 90, 106, 115, 143, 195, 201, 212, 217, 221, 224, 225, 234,
238, 275.
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