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ABSTRACT
Background: In the current obesogenic environment we often eat
while electronic devices, such as smart phones, computers, or the
television, distract us. Such “distracted eating” is associated with
increased food intake and overweight. However, the underlying
neurocognitive mechanisms of this phenomenon are unknown.
Objective: Our aim was to elucidate these mechanisms by investi-
gating whether distraction attenuates processing in the primary and
secondary taste cortices, located in the insula and orbitofrontal cortex
(OFC), respectively.
Methods: Forty-one healthy, normal-weight participants received
xed amounts of higher- and lower-sweetness isocaloric chocolate
milk while performing a high- or low-distracting detection task
during fMRI in 2 test sessions. Subsequently, we measured ad libitum
food intake.
Results: As expected, a primary taste cortex region in the right
insula responded more to the sweeter drink (P < 0.001, uncorrected).
Distraction did not affect this insular sweetness response across
the group, but did weaken sweetness-related connectivity of this
region to a secondary taste region in the right OFC (P—family-wise
error, cluster, small-volume corrected = 0.020). Moreover, individual
differences in distraction-related attenuation of taste activation in the
insula predicted increased subsequent ad libitum food intake after
distraction (r = 0.36).
Conclusions: These results reveal a mechanism explaining how
distraction during consumption attenuates neural taste processing.
Moreover, our study shows that such distraction-induced decreases
in neural taste processing contribute to individual differences in the
susceptibility for overeating. Thus, being mindful about the taste
of food during consumption could perhaps be part of successful
prevention and treatment of overweight and obesity, which should
be further tested in these target groups. This study was preregistered
at the Open Science Framework as https://bit.ly/31RtDHZ.  AmJ
Clin Nutr 2020;111:950-961.
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Introduction

Worldwide, the prevalence of obesity has nearly tripled since
1975. In 2016, >1.9 billion adults were overweight, with 650

million being clinically obese (1). The problem of obesity has
been partly attributed to the obesogenic food environment, which
offers an enormous variety of palatable, energy-dense, easily
consumed foods (2, 3). Furthermore, people’s lifestyles have
changed over the last decades, with increasing demands of
multitasking due to their interaction with electronic devices [e.g.,
televisions, computers, and smart phones (4)]. As a consequence,
people often eat while engaged in activities that prevent them
from focusing on satiation signals such as sensory stimulation
from the food products they are consuming or gastric signals
[e.g., (2, 5)]. Such “mindless” or distracted eating has been
causally related to increased immediate and later food intake and
is associated with increases in BMI (2, 6-10).

However, the underlying neurocognitive mechanism of how
distracted eating could increase food intake remains elusive. In
rodents, others have found that distraction decreases and slows
down processing of taste information in the taste cortex (11). In
humans, it has been suggested that distraction attenuates taste
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FIGURE 1 Timeline of the experimental sessions. After a screening session, participants came to the laboratory twice, for 2 experimental sessions. Except
for the difference in attentional load (high or low) during the distraction task, the 2 sessions were identical. Session order was counterbalanced across participants.
Between tp and tzg, participants performed the high- or low-distraction task during fMRI scanning. In each session, participants performed 80 trials (4 blocks of
20 trials). To manipulate distraction, 90% of trials were of low load (high-frequency trials) and 10% of high load (low-frequency trials) in the low-load session,
and vice versa for the high-load session. Each block had 8 trials of low sweetness, 8 of high sweetness, and 4 of neutral taste. After the task, participants were
removed from the MR scanner and watched a documentary in the behavioral laboratory until t;5. Subsequently, participants consumed a chocolate snack ad
libitum. Glucose (glu) measurements and VAS hunger, fullness, thirst, ideal sweetness, liking, sweet and savory desire, nausea, and anxiety were rated at several
time points. See the Methods section for further details. MR, magnetic resonance; VVAS, visual analog scale.

perception due to limited attentional capacity, which then leads
to overconsumption (12). However, this putative mechanism of
how distraction during taste processing relates to overeating has
never been tested. One study investigated effects of cognitive
load on food reward-related processing (13); however, this
study did not assess brain responses to actual consumption
of food. An increased understanding of the neurocognitive
mechanism in humans could not only reveal the different factors
in uencing distraction-related overeating but may also shed light
on individual differences in the susceptibility for overeating.

We hypothesized that distraction attenuates processing in the
primary and secondary taste cortices, located in the insula and
orbitofrontal cortex (OFC), respectively [see, e.g., (8)]. The
primary taste cortex has been associated with identi cation,
pleasantness, and intensity of tastes (8, 14—16). The OFC receives
direct input from the primary taste regions in the insula and has
been related to reward-related taste processing, such as hedonic
evaluation (15, 17, 18). Satiety modulates processing in both the
primary and secondary taste cortices; both regions show greater
taste activation in a state of hunger (19-21). Thus, distraction
during food consumption—e.g., due to multitasking—might
affect processing of primary and higher order taste regions
(primary outcome measure) and their connectivity (secondary
outcome measure), resulting in attenuated processing of satiety
signals (secondary outcome measure: fullness) and increased
food intake (secondary outcome measure).

Methods

Participants

Forty-six right-handed healthy adults, who were recruited
from Nijmegen and the surroundings through advertisement,

participated in the study. They gave written informed consent
and were reimbursed for participation according to institutional
guidelines of the local ethics committee (Commissie Mensgebon-
den Onderzoek region Arnhem-Nijmegen, Netherlands, 2015-
1928). A owchart of the study is shown in Supplemental
Figure 1. As a result of dropout [i.e., not completing the
second test session (n = 1), technical problems (n = 4)], the

nal sample size of the study was 41 [age range: 18-35 v;
mean + SD age: 22.5 £+ 3.5 y; 31 women; mean = SD BMI
(kg/m?): 21.9 % 1.89; mean = SD waist-to-hip ratio (WHR):
0.80 = 0.05]. Before the study, a sample-size calculation (see
preregistration) was performed and approved by the local ethics
committee.

Procedure

During a screening session (Figure 1), anthropometric mea-
surements [BMI (weight in kilograms/height in centimeters
squared) and WHR (waist in centimeters/hip in centimeters)]
were obtained. Participants practiced the task (see below) to
avoid between-session effects, and Iled out questionnaires
to screen for inclusion and exclusion criteria (for a detailed
description see Supplemental Methods, Inclusion and exclusion
criteria).

Upon inclusion, participants were invited to the laboratory
at the Donders Centre for Cognitive Neuroimaging (Nijmegen)
for 2 experimental test sessions: a low- and a high-distraction
session (for an overview of the sessions, see Figure 1). Session
order was randomly assigned: half of the participants had the
low-distraction session rst and the high-distraction session
second, the other half of participants had the inverse order.
Prior to each test session, participants were instructed to
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FIGURE 2 Trial structure of the categorical visual detection task. Each trial started with an instruction screen, indicating the target category (furniture,
tool, or toys) and attentional load (low “>" or high “>>>") of the trial. Then, pictures were presented followed by a visual mask, and subjects were instructed
to push a button as fast as possible upon detection of pictures belonging to the instructed category. During each trial, participants were administered a xed
amount of lower- or higher-sweetened chocolate milk, or a tasteless neutral solution through a gustometer. Markers were placed on the participant’s neck to
enable detection of participants” swallow movements. Onsets and offsets of the swallow movements were used to determine trial durations in the rst level

(single-subject) fMRI models. ITI, inter-trial interval.

abstain from eating solid foods and from drinking sugared or
sweetened drinks (but not water) 6 h prior to the experiment
and to refrain from alcohol use (24 h) and neuroleptic or
psychotropic drug use (7 d). To standardize participants’ hunger,
they were instructed to ingest a standardized load 3 h before
each session (yogurt drink, strawberry avor: 200 g; 850
kJ, 6.0 g protein, 30.0 g carbohydrates, 6.0 g fat; Breaker;
Melkunie).

At the start of the rst test session, anthropometric measure-
ments were taken. Subsequently, participants underwent an fMRI
scan for 30 min in which they performed a categorical visual
detection task (Figure 1 and Figure 2). During the task, par-
ticipants received higher-sweetness (120 g) or lower-sweetness
(120 g) chocolate milk, or a tasteless solution (60 g),
through small tubes. After scanning, participants watched a
documentary (BBC Life, “Primates or Plants”; order was
randomized). Subsequently, participants were seated in front
of a bowl with colored button-shaped chocolates (M&Ms;
Mars Wrigley) for 10 min, and were asked to eat until
comfortably full. In session 1, the participants completed the
Behavioural Inhibition System/Behaviour Approach System
(22), the Baratt Impulsiveness Scale-11 (23), and Kirby (delayed
reward discounting) (24) questionnaires. In session 2, they
completed the following questionnaires: the Binge Eating Scale
(25), Food Frequency Questionnaire—Dutch Healthy Diet (26),
Dutch Eating Behaviour Questionnaire (27), and the Power
of Food Scale (28), which are used to describe the study
population (see Supplemental Table 1 for mean scores and
SDs).

During the test session, glucose measurements were taken
through nger pricks and analyzed with use of a glucose meter
(Stat Strip Xpress®; Nova Biomedical). This was done at 4 time
points (t): tomin (baseline, before rst chocolate milk exposure),
tsomin (directly following last exposure to chocolate milk), tsomin,
and t7smin (before consumption of the chocolate snack).

At several time points during the experiment, participants rated
how hungry, full, and thirsty they were on a paper (t.1omin and
tzsmin) OF digital (tomin, tsmin, tiomin, @Nd tsomin) Version of a visual
analog scale (VAS; 100-mm line), with anchors ranging from
0 (“not at all”) to 10 (“very”). Before and after the task (tomin
and tsomin), participants also digitally rated how nauseous and
anxious they felt, and their desire for something savory and
something sweet.

At least 1 wk after their rst test session (mean difference £
SD: 11.93 +7.92 d), participants revisited the laboratory for their
second test session. The time of day at which participants had
their experimental sessions varied between subjects (minimum:
10:45 h; maximum: 19:10 h). Within-subject, we aimed to plan
a participant’s second session at a similar time of day as his/her

rst session (mean = SD time difference: 1.00 & 1.52 h).

Gustatory stimulation

Gustatory stimuli were determined in a pilot study (see
Supplemental Methods: Gustatory pilot study). The higher-
and lower-sweetness chocolate milk were solutions of cocoa
powder (Blooker; Bickery Food Group; 2 g), dextrine-maltose
(Fantomalt; Nutricia; 9 g) in whole milk (3.5% fat/100 g), and
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