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Abstract
Background: Some individuals with modest elevations in
dietary restraint exhibit the ability to diminish consummatory
and anticipatory food reward. In this paper we aim to identify
the underlying mechanisms of food-specific cortical inhibition
responses in restrained vs unrestrained eaters.
Methods: Restrained (n = 43) and unrestrained eaters (n
= 38) completed self-report surveys and a food- vs non-food
Stroop task protocol with record of electroencephalography
(EEG). Cortical rhythms and EEG ERPs were assessed.
Results: Compared to their unrestrained peers, restrained
eaters showed several differences in food task-related eventrelated potential (ERP) waveform presentation: ERP P300
component latency was significantly longer during food image
viewing over the left parietal cortex (P3), and the amplitudes of
the ERP P300 and LPP components were significantly greater
over the right central electrode (C4) whilst responding to Stroop

Introduction
Commercialized societies are characterized by environments
and marketing styles which promote food consumption in evergreater quantities [1]. Opposing these environmental threats,
modest elevations in eating restraint – or the deliberate cognitive
exercise of limiting food consumption – is commonly observed
in successful dieters [2-4]. The underlying neurophysiological
mechanisms supporting this internal self-regulation of eating
style, however, remain unclear.
Research consistently shows us that weight loss maintenance
associates with greater dietary vigilance [5,6], whereas individuals

color-word cues. Food task-related conflict cue elicited ERP
P300 amplitude correlated positively with eating restraint, and
negatively with bioelectrical impedance assessed % body fat.
Conclusions: Restrained eaters free of eating pathology
attenuate conscious visual food cue processing and show
enhanced executive brain functioning during late attentional
processing despite the presence of distractor food cues. Our
data propose robust executive governance as the primary
underlying neurophysiological mechanism by which healthy
restrained eaters diminish consummatory food reward and
inhibit prepotent feeding responses.
MeSH Headings/Keywords: Eating restraint; Food cuereactivity; Attentional processing; Modified Stroop Protocol
Executive function; Electroencephalography (EEG); Eventrelated potentials (ERPs)
who experience weight recidivism typically show marked
reductions in eating restraint over time [7]. Adding to this idea,
prior reports illustrate that successful dieters exhibit elevated
Three Factor Eating Questionnaire (TFEQ) dietary restraint
scores comparable to patients exiting a weight loss intervention
programme (mean = 7.1) [8], although not nearly as pronounced
as records seen in patients with clinical eating disorders (mean
= 13.3) [9]. Neuroimaging studies furthermore show that
regions of the brain involved in visual attention and behavioral
inhibition - such as the visual and dorsal prefrontal cortices - are
particularly activated in successful dieters compared to normal
weight non-dieters following meal consumption [10]. These
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findings are supported by empirical accounts of blunted skin
conductance orienting responses to food odours [11], decreased
heart rate, gastric activity and salivation upon orosensory food
cue exposure [12], and diminished electroencephalography
(EEG) measured brain activity upon food cue exposure in
restrained versus unrestrained dieters [13,14]. Together, these
reports propose that restrained eaters, much like those who
maintain substantial weight losses [15], willfully diminish their
sensitivity to food cues as to forestall externally-modulated
food consumption.
EEG event-related potential (ERP) waveform components
reflect neurotransmitter activity modulating various sensory,
affective and motivational processes and, thus, are particularly
useful for evaluating time-locked changes in cortical processing
related to poignant stimuli. For instance, the amplitude of the
P200 component associates with preconscious attentional
processing [16], whereas the amplitude of the P300 component
relates to maintained conscious attention and cortical updating
[17]. While visual food cues have been shown to generate
pronounced ERP P200 and P300 component amplitudes in
individuals presenting with obesity [18], how these components
are implicated in eating styles which may protect against weight
gain remains unclear. Moreover, the late positive potential
(LPP) ERP waveform – representative of explicit memory recall
and motivated behavior – remains unstudied in the context of
dietary vigilance [19]. There is, in addition, a notable absence of
work exploring whether EEG ERP component latency presents
differently among persons with varying degrees of intrinsic
dietary control.
Finally, while there is a paucity of work on restrained eating
and cognition, a substantial body of evidence suggests that
eating styles associated with overweight and obesity relate to
poor cognitive governance [20]. Executive function ˗˗ the most
frequently observed cognitive deficit in individuals who present
for weight loss ˗˗ includes various high-level cortical processes
which facilitate decision making, inhibition and complex
motivation-related behaviors [20,21]. Insofar as restrained
eaters demonstrate the ability to reduce their external drive to eat
without any negative effects on mental or physical well-being
[7], the current literature supports further inquiry into whether
neurobehavioral control, specific to food cues, associates with
healthy dietary vigilance.
In the present study we test the thesis that healthy individuals
with modest elevations in eating restraint are able to downregulate external food cue processing, as indicated by smaller
and/or more delayed EEG ERP component peak amplitudes
sourced during passive food image viewing. We furthermore
hypothesize that – despite the presence of distractor food stimuli
– restrained eaters will be more attentive to cues which prompt
behavioral responses contingent on executive brain processes.

Methods
Study sample
The sample comprised eighty-one healthy female adults
(mean BMI = 26.3 kg/m2; mean age = 31.7 years), recruited from
the community for a study on electrophysiological responses
during food cue processing in persons of normal weight,
overweight and obese BMI indices [22]. Participants were free

of clinically diagnosed conditions (both mental and physical)
at the time of data collection and for the three-month period
prior to study commencement. Additional exclusion criteria
included pregnancy, a history of uncontrollable or disinhibited
overeating, or current anorexia nervosa, bulimia nervosa, or
binge eating disorder (per DSM-IV diagnostic criteria). As is
most widely implemented in the literature [23], participants
were classified as either “restrained eaters” or “unrestrained
eaters” via a median split on TFEQ assessed eating restraint.
Experimental procedure
Participants were asked to desist from food/beverage
consumption for a minimum of two hours prior to EEG record.
Pre-trial instructions discouraged participants from arriving at
their appointments having refrained from food intake for longer
than four hours as elevations in hunger might have jeopardized
the validity of our outcomes. Participants were, however,
permitted to consume unflavored/uncarbonated water freely at
all times. As a final precautionary measure of controlling for
differential levels of hunger at baseline, participants were asked
to subjectively rate their momentary appetitive drive using a
standard visual analogue scale (VAS). The VAS consists of five
subscales (VAS 1: hunger; VAS 2: fullness; VAS 3: desire to eat;
VAS 4: prospective consumption; VAS 5: satiety) which have
been shown to be both valid and reliable for the assessment of
subjective accounts of appetite and food craving [24].
Trials began with the assessment of basic anthropometric
characteristics which included height, weight, waist and
hip circumferences, and % body fat. Participants were then
instructed to sit calmly while completing three standard
computerized attention tasks with EEG record. A familiarization
task was completed initially, followed by completion of a foodrelated task and an office-related task at random. All trials were
conducted in a light and sound-attenuated room, and took place
between 12h00-16h00.
Anthropometry
Weight (BW-150, NAGATA, Tainan, Taiwan) and height
(3PHTROD-WM, Detecto, Missouri, USA) were recorded for
all participants, both measures obtained while unshod and in
lightweight garments. Waist circumference (the narrowest girth
amid the xiphoid and the umbilicus) and hip circumference
(the widest girth measured at the mid-gluteal region with the
medial maleoli of the ankles placed together) were determined
with a standard tape measure. Body fat (%) was assessed via
Bioelectrical Impedance Analysis (BIA) (Quantum II, RJL
Systems, Michigan, USA) using the Sun et al. algorithm [25].
Self-report questionnaires
Screening and sample attribute questionnaires: A battery
of self-developed surveys enquired about participants’ sociodemographic profile, and was used to confirm that study groups
were homogenous in this regard. Medical health and reproductive
history questionnaires were administered to exclude women
with any chronic physical or mental health concerns, those on
chronic prescription medications, and those indicating that they
are pregnant, lactating, or have reached natural menopause.
Three-Factor Eating Questionnaire (TFEQ): The TFEQ
consists of fifty-one items, and is designed to gauge three
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independent domains of human eating behavior: 1) eating
restraint, 2) disinhibition and uncontrollable eating, and 3) traitrelated hunger [26]. Each domain is scored independently, with
each item yielding between 0 and 3 points. Higher scores for
each TFEQ sub-component are indicative of a greater extent of
each respective eating behavior.
Modified Stroop tasks
Modified versions of the Stroop task (one task containing
food images, the other containing neutral/office images) were
run with record of EEG, details of which have been described
at length elsewhere [22]. Briefly, tasks comprised twenty
images embedded at random amid standard Stroop color-word
prompts [27]. Stroop prompts yielded data on the accuracy and
reaction times of participants’ responses to cognitive cues, and
EEG frequency and ERP data supplied electrophysiological
data specific to cognitive (color-word) processing as well as to
passive food-related and food-unrelated image viewing. Last,
the paradigm included the assessment of working memory as
participants were instructed to count the number of images (i.e.
blank squares in the practice task, food images in the food task
and office images in the neutral task) which were presented
during each five-minute task as this would be recalled upon
completion of each trial. For Stroop cues, mean reaction time
was calculated for correct responses only, and outliers (i.e. mean
accuracy and reaction times exceeding the population mean by
± 2 standard deviations) were discarded from analyses.
Electroencephalography (EEG)
A bioamplifier system (MP150 system, Biopac Systems Inc.)
with 10 EEG100C amplifiers and 1 electrooculogram (EOG)
module was used for record of EEG data via a standard PC
running Acqknowledge 4.1 software. Linked ear referencing
was used to obtain data from the following scalp sites: Fp1,
Fp2, F3, F4, F7, F8, C3, C4, P3 and P4 (positioning via universal
10/20 montage system, sampling rate = 500 Hz). Participants
were grounded peripherally and eye movements were detected
by 2 EOG electrodes so that raw EEG data could be corrected
for EOG artefact using automated Independent Component
Analyses (ICA).
Cortical rhythms and ERPs were extracted using an in-house
designed graphical user interface (GUI) (Matlab, Mathworks,
MA, USA). Data were band pass filtered (FIR) with a Hamming
window of 0.1 - 30 Hz. The filtered EEG data of the food and
office tasks were Fourier transformed extracting delta (δ, 0.1-4
Hz), theta (θ, 4-7 Hz), alpha (α, 7-14 Hz), and beta (β, 15-30
Hz) frequency bands. Absolute power was converted to relative
power (%). Epochs for ERPs were set at 200ms prior to and
600ms post cue presentation (i.e. yielding an 800ms window).
Averaged waveforms were reproduced to classify ERP
components. For each ERP component, amplitude (µV)
and latency (ms) values were obtained. ERPs were baseline
corrected by the 200ms window prior to cue presentation,
and were rejected when exceeding ± 100μV. Components
extracted around image exposure included an early positive
P150 (100-200ms window, central electrodes (C3, C4)) and an
early negative N150 component (100-200 ms window, parietal
electrodes (P3, P4)). During image exposure, P200-like (200300ms window, central and parietal electrodes (C3, C4, P3, P4)),

P300-like (300-400ms window in central electrodes (C3, C4),
200-550ms window in parietal electrodes (P3, P4)), and LPP
(450-550ms, central and parietal electrodes (C3, C4, P3, P4))
wave components were extracted. Importantly, each participant
must have provided ≥ 75% valid ERPs (i.e. no less than 15/20
within rejection thresholds) for each task to be included in the
analyses.
The STATA 12 software package (Stata, StataCorp, TX, USA)
was used for the statistical analyses. Shapiro-Wilk W tests
were conducted to examine data normality. Student’s t-tests
were performed to assess for differences in parametric data and
Mann-Whitney U tests (indicated by z-scores) were performed
to examine non-parametric data. The assumptions of statistical
tests regarding the homogeneity of variances were tested with
Bartlett’s test for parametric data and Levene’s test for nonparametric data. Data in text, tables and figures are described
as means ± standard deviation or medians and quartiles,
as appropriate. Since EEG data were parametric, Pearson
correlation coefficients were used to determine relationships
between measures of eating behavior and body composition
against significantly different relative band power and ERP
measures recorded during the modified Stroop tasks by group.
Analysis of covariance (ANCOVA) trends tests were used to
test for the effect of interrelated and potentially confounding
variables. Specifically, we controlled for body size (BMI), as
well as for reported state- and trait-related hunger (as measured
with the VAS questionnaire and TFEQ respectively). In the
event of significant EEG findings, Bonferroni-corrected post
hoc t-tests were conducted to control for possible inflations of
the Type I error rate due to multiple comparison. The alpha level
was set at < 0.05. Results are presented as a secondary analysis
of data which appear elsewhere in the literature.22

Results
Physical characteristics
Eighty-one healthy women (mean BMI = 26.3kg/m2; mean
age = 31.7 years) with no known illness or disorders and of
similar socioeconomic and demographic status participated in
the study. Forty-three participants were classified as restrained
eaters (mean BMI = 26.3kg/m2; mean age = 31.7years) and
thirty-eight as unrestrained eaters (mean BMI = 26.3kg/m2;
mean age = 31.7years). Participants were comparable for all
anthropometric measures (Table 1).
Three Factor Eating Questionnaire (TFEQ)
Per study design, TFEQ measured eating restraint was
significantly greater in restrained as compared to unrestrained
eaters (t(79) = -13.28, p < 0.001) (Table 1). While this survey
revealed that groups were alike for measures of disinhibited
eating, restrained eaters reported lower levels of habitual hunger
than their unrestrained peers (z = 2.66, p = 0.01).
Pre-experimental satiety
Subjective ratings of momentary satiety (as measured with
the VAS) were different between groups prior to the performance
of the modified Stroop tasks with record of EEG (VAS 1: z =
2.41, p = 0.02; VAS 2: t(79) = -2.52, p = 0.01; VAS 3: z = 2.25, p
= 0.02; VAS 4: z = 3.01, p < 0.01; VAS 5: t(79) = -2.55, p = 0.01).
Even so, the time interlude between testing and most recent
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Table 1: Measures of clinical anthropometry and eating behavior for restrained and unrestrained eaters.
Restrained
eaters
(n = 43)

Anthropometry
Age (yrs)
31.7
Height (cm)
166.9
Weight (kg)
73.3
BMI (kg/m²)
26.3
Lean body mass (kg)
48.5
Lean body mass (%)
67.8
Body fat mass (kg)
24.9
Body fat mass (%)
32.2
Waist circumference (cm)
75.5
Hip circumference (cm)
106.1
Waist/hip ratio
0.71
Three Factor Eating Questionnaire
***
TFEQ-I (restraint factor)
12
TFEQ-II (disinhibition factor)
8
**
TFEQ-III (trait-related hunger factor)
5
Abbreviations: BMI, Body Mass Index; TFEQ, Three Factor Eating Questionnaire.
Notes: **p < 0.03, ***p < 0.01.
caloric or caffeinated food/beverage intake was alike (Table 2).
Stroop task performance scores
Behavioral measures were comparable between groups.
Error rates were diminutive (average mistakes < 3 per group
during food and office tasks) thereby precluding erroneous EEG
measures due to error-related negativity (ERN) (Table 2).
EEG measures
Relative EEG band power: Indices of cortical arousal were
similar between groups during both tasks (Figure 1).
ERP amplitudes and latencies: Left parietal (P3) P300
latency, as measured during food image viewing, presented
differently between groups. More explicitly, the amplitude of
this component peaked later upon cue exposure in restrained
(441.8 ± 82.1 ms) as compared to unrestrained eaters (404.9
± 83.3 ms) (t(76) = -1.968, p = 0.042, Figure 2A). Restrained
eaters furthermore showed significantly greater Stroop conflict
(or color-word) cue induced ERP P300 (t(77) = -2.363, p = 0.012)
and ERP LPP (t(77) = -2.209, p = 0.013) component amplitudes
over the right central cortex (C4) during execution of the food
task (ERP P300: restrained eaters = 4.51 ± 2.97µV, unrestrained
eaters = 3.15 ± 2.01µV; ERP LPP: restrained eaters = 3.07 ±
3.65µV, unrestrained eaters = 1.48 ± 2.75µV; Figure 2B). Imageand conflict-related ERP component amplitude or latency scores
recorded during neutral/office task performance were, however,
comparable between groups.
Analysis of covariance (ANCOVA) trends tests: Inclusion
criteria for adjustment covariates were based on a prior review
of EEG ERP studies showing evidence for strong association
between BMI and elevated food cue-reactivity [28], and upon
the detection of significantly different indices of eating behavior
in the preliminary between-group results of the present report
(Tables 1 & 2). As shown in Table 3, all differential ERP
responses identified between restrained and unrestrained eaters

±
±
±
±
±
±
±
±
±
±
±

6.7
6.6
17.2
5.7
5.7
8.3
12.6
8.3
13.2
13.0
0.07

± 3
± 4
± 3

Unrestrained
eaters
(n = 38)
31.7
165.1
72.0
26.3
46.8
67.6
25.3
32.4
75.6
105.4
0.71

±
±
±
±
±
±
±
±
±
±
±

7.4
5.4
22.2
7.7
7.3
10.8
16.0
10.8
14.3
14.7
0.06

5 ± 2
8 ± 5
7 ± 4

remained statistically significant after controlling for BMI (kg/
m2), TFEQ measured trait-related hunger, and VAS assessed
momentary appetitive drive. Due to clear co-linearity between
all VAS subscales (r > 0.7, p < 0.0001) adjustment for merely one
of these measures (VAS 5, or momentary satiety) was sufficient
to statistically detect and account for potential spurious effect.
Adjusted means – as obtained via ANCOVA post-estimation
analyses – indicated that restrained eating retained its
association with abated visual food cue saliency (left parietal
ERP P300 amplitude: restrained eaters = 444.42 ± 13.8 ms,
unrestrained eaters = 402.02 ± 14.6 ms, p = 0.047) and with
greater cognitive processing of food task-related Stroop conflict
cues (right central ERP P300 amplitude: restrained eaters = 4.52
± 0.42µV, unrestrained eaters = 3.13 ± 0.44 µV, p = 0.033: ERP
LPP amplitude: restrained eaters = 3.31 ± 0.53µV, unrestrained
eaters = 1.25 ± 0.56µV, p = 0.012).
EEG correlational analyses: Food task conflict-related ERP
P300 amplitude correlated positively with eating restraint for
restrained and unrestrained eaters (groups combined: r = 0.294,
p = 0.011; Figure 3A) and negatively with percent fat mass for
unrestrained eaters only (r = -0.363, p = 0.029; Figure 3B).

Discussion
In the present study, we aimed to identify the underlying
mechanisms of food-specific cortical inhibition responses in
restrained vs unrestrained eaters. Our data show that food cuereactivity is attenuated in restrained eaters during maintained,
conscious processing (delayed left parietal ERP P300 latency),
and that these individuals demonstrate greater conscious
conflict-related attentional processing and memory recognition
(increased right central ERP P300 and LPP amplitudes,
respectively) than their unrestrained controls.
Illustrating our first finding, the restrained eaters who partook
in our study showed a delay in food image-elicited ERP P300
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Table 2: Pre-experimental satiety and Stroop task results for restrained and unrestrained eaters.
Restrained
eaters
(n = 43)

Pre-experimental satiety
Last intake (h)
VAS: hunger (%)
VAS: fullness (%)
VAS: desire to eat (%)
VAS: prospective consumption (%)
VAS: satiety (%)
Stroop task performance
Food task reaction time (ms)
Office task reaction time (ms)
Food task mistakes
Office task mistakes
Food task picture count
Office task picture count
Abbreviations: VAS, Visual Analogue Scale.
Notes: **p < 0.03, ***p < 0.01.

**
**
**
***
**

Unrestrained
eaters
(n = 38)

3.1
31.2
52.3
31.7
23.7
62.7

±
±
±
±
±
±

1.9
24.6
26.8
25.5
19.1
25.6

3.6
45.1
37.9
45.0
37.7
48.2

±
±
±
±
±
±

2.2
23.5
24.3
25.6
21.4
25.6

722.4
724.4
1.4
1.3
19.9
20.0

±
±
±
±
±
±

208.5
219.6
1.3
1.2
1.5
1.8

680.2
676.3
2.0
1.5
19.3
20.2

±
±
±
±
±
±

179.4
159.5
1.9
1.7
1.8
2.8

Table 3: Effects for food cue processing and executive function controlling for sources of confound.
Outcome variable
ERP P300 Latency (P3)
(Food images)

Parameter
Modela
BMI (kg/m2)
TFEQ-III
VAS 5
Group

SS
30143.9
1277.0
3262.1
133.5
28703.4

df
4
1
1
1
1

Mean Square
7536.0
1277.0
3262.1
133.5
28703.4

F
1.07
0.18
0.46
0.02
4.06

Sig.
0.379
0.672
0.499
0.891
0.047*

ERP P300 Amplitude (C4)
(Food task Stroop cues)

Modelb
BMI (kg/m2)
TFEQ-III
VAS 5
Group

43.9
0.0
2.3
5.6
31.3

4
1
1
1
1

11.0
0.0
2.3
5.6
31.3

1.64
0.00
0.34
0.84
4.68

0.173
0.952
0.564
0.363
0.033*

ERP LPP Amplitude (C4)
(Food task Stroop cues)

Modelc
80.2
4
20.1
1.89
0.121
BMI (kg/m2)
8.2
1
8.2
0.77
0.382
TFEQ-III
2.8
1
2.8
0.27
0.607
VAS 5
20.4
1
20.4
1.93
0.169
Group
69.0
1
69.0
6.51
0.012**
Abbreviations: SS, Sum of Squares; BMI, Body Mass Index; TFEQ-III, Three Factor Eating Questionnaire trait-related hunger;
VAS 5, Visual Analogue Subscale 5 (momentary satiety).
Notes: N = 81; aR2 = 0.06 (adjusted R2 = 0.004); bR2 = 0.08 (adjusted R2 = 0.032); cR2 = 0.09 (adjusted R2 = 0.044) *p < 0.05, **p <
0.03.
latency, indicative of deferred visual food cue-reactivity during
maintained attentional processing in the posterior network. This
finding corroborates the ideas of Nijs and colleagues (2009)
who reported lower ERP P300 amplitudes over several parietooccipital electrodes during food image viewing in females with
lower external eating scores as measured via the Dutch Eating
Behavior Questionnaire (DEBQ) [29]. DEBQ-identified lowexternal eating has furthermore been shown to correlate with
blunted indices of attentional bias and lower degrees of approach
behavior measured during a food image-adapted visual probe
task [30].

Greater ERP P300 and ERP LPP amplitudes were evident
in our restrained eaters over the right central cortex (C4)
during color-word conflict resolution. Behavioral research has
consistently shown us that modulations in the amplitude of the
LPP waveform are directly attributable to the incentive value
of affective stimuli [31,32]. As such, researchers propose the
amplitudes of the ERP P300 and ERP LPP components as robust
endophenotypic markers of the activation of neural circuitry
specific to motivation, memory recognition and cortical updating
[16,33]. In accord with our findings, these reports imply that
restrained eaters demote visual food cue processing and utilize
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Figure 1: Relative EEG band power for frontal (Fp1, Fp2, F3, F4, F7, F8), cingulate (C3, C4) and posterior electrodes (P3, P4) during office- and foodrelated Stroop task performance for restrained and unrestrained eaters. No group differences were found during (A) office task or (B) food task
execution.
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Figure 2a: Grand mean event-related potentials (ERPs) for frontal (Fp1, Fp2, F3, F4, F7, F8), central (C3, C4) and posterior electrodes (P3, P4) for image

processing for restrained and unrestrained eaters. Group differences were found for food image processing for left parietal (P3) ERP P300 latency
(†unres. < res., p = 0.042). (B) Group differences were found for food task conflict processing for right central cortex (C4) ERP P300 amplitude
(*unres. < res., p = 0.012) and ERP LPP amplitude (#unres. < res., p = 0.013).

cognitive self-regulation more effectively to down-regulate the
perceived attractiveness of highly salient external cues.
Numerous cross-sectional neuroimaging studies have
unearthed sound evidence that overeating and prospective
weight gain are related to executive dysfunction [34-36]. The
results from one longitudinal study, in particular, suggest that
cognitive deficits may be a cause rather than an effect of weight
gain, concluding that lower gray matter volume in cognitive
control structures (specifically, along the middle and superior
frontal gyri) predicts weight gain at 1-year follow-up [37].
Other researchers have extended this notion by stressing that
unusually high levels of activation in brain reward regions in

response to trigger cues (such as food) go hand in hand with an
ever-declining capacity of the brain to exert self-control over
prepotent or maladaptive behavioral responses [38]. However,
additional studies are needed to determine causality between
executive dysfunction and obesogenic eating behavior.
Lastly, electrocortical indices of cognitive performance
during the food task correlated positively with self-reported
eating restraint and negatively with total body adiposity. These
findings support the notion that higher degrees of executive
function coexist with heightened dietary control and lower
overall body fatness. The finding of strong co-linearity between
executive control and eating restraint provides further support
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Figure 2b: Grand mean event-related potentials (ERPs) for frontal (Fp1, Fp2, F3, F4, F7, F8), central (C3, C4) and posterior electrodes (P3, P4)

for Stroop color-word conflict cue processing for restrained and unrestrained eaters. Group differences were found for food task conflict cue
processing over the right central cortex (C4) as shown by ERP P300 amplitude (*unres. < res., p = 0.012) and ERP LPP amplitude (#unres. < res.,
p = 0.013) data. No differences were found for conflict cue processing measured during the office task.

for our proposed mechanism of top-down regulatory control
over food valuation in restrained eaters, and is in agreement
with work showing that a lack of cortical inhibition in external
eaters associates with the severity of disinhibited, reward-driven
food intake [39].
EEG offers several clinical advantages compared to
alternative neuroimaging techniques. Perhaps the most
noteworthy of these strengths is that EEG sourced ERP
waveforms presently offer the highest temporal resolution
for record of cortical activity [40]. Unlike fMRI and PET
scanners which render individuals spatially confined, EEG

modalities allow participants to remain relatively mobile and
free to execute cognitive tasks or activities while data are being
collected [41]. Moreover, patterns in baseline cortical rhythms
(as determined via EEG power spectral analyses) have been
shown to predict future effort expenditure related specifically
to reward attainment [42]. Hence, EEG could be used as a
screening tool to identify those at risk for developing aberrant
eating behaviors and, in so doing, allows for early intervention
and preventative treatments to ensue. In consideration of these
points, there is abundant room for the implementation of EEG
in clinical settings, and for integration of this tool in routine
medical examinations for risk stratification purposes.
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Figure 3: Pearson correlations for maintained, conscious attentional processing of Stroop-specific color-word conflict cues with measures
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amplitude and: (3A.) Self-reported (TFEQ measured) eating restraint in restrained and unrestrained women (whole sample analysis); (3B.)
Bioelectrical Impedance Analysis (BIA) assessed whole-body fatness (%) in unrestrained women.

The present study has at least three limitations. First, no
standardized food/neutral picture resources were in existence when
our study was designed. Implementation of the new “Food-pics”
experimental research image catalogue would have allowed for
greater methodological validity [43]. Second, our EEG system was

limited to 10 EEG electrodes, and a greater number of sensors would
have allowed for detailed topographical mapping and analyses.
Last, although our experimental design was piloted carefully to
prevent an unfavorable signal-to-noise ratio, inclusion of additional
image trials may have ensured further quality control.
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In conclusion, this paper sought to assess electrocortical
indices of visual food cue-reactivity and executive function
in restrained versus unrestrained eaters free of clinical eating
pathology. Our findings are in accord with the literature showing
that restrained eaters attenuate food orienting responses, and add
the novel contribution that these individuals display high levels
of executive function during maintained attentional processing
of visual food cues. Thus, our results suggest enhanced executive
control as the underlying neurophysiological mechanism by
which restrained eaters self-regulate eating behavior and mute
the incentive value of external food cues.
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