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ORIGINAL ARTICLE
Obese adults have visual attention bias for food cue
images: evidence for altered reward system function
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Background: The major aim of this study was to investigate whether the motivational salience of food cues (as reflected by their
attention-grabbing properties) differs between obese and normal-weight subjects in a manner consistent with altered reward
system function in obesity.
Methodology/Principal Findings: A total of 18 obese and 18 normal-weight, otherwise healthy, adult women between the
ages of 18 and 35 participated in an eye-tracking paradigm in combination with a visual probe task. Eye movements and
reaction time to food and non-food images were recorded during both fasted and fed conditions in a counterbalanced design.
Eating behavior and hunger level were assessed by self-report measures. Obese individuals had higher scores than normalweight individuals on self-report measures of responsiveness to external food cues and vulnerability to disruptions in control of
eating behavior. Both obese and normal-weight individuals demonstrated increased gaze duration for food compared to nonfood images in the fasted condition. In the fed condition, however, despite reduced hunger in both groups, obese individuals
maintained the increased attention to food images, whereas normal-weight individuals had similar gaze duration for food and
non-food images. Additionally, obese individuals had preferential orienting toward food images at the onset of each image.
Obese and normal-weight individuals did not differ in reaction time measures in the fasted or fed condition.
Conclusions/Significance: Food cue incentive salience is elevated equally in normal-weight and obese individuals during
fasting. Obese individuals retain incentive salience for food cues despite feeding and decreased self-report of hunger.
Sensitization to food cues in the environment and their dysregulation in obese individuals may play a role in the development
and/or maintenance of obesity.
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Introduction
Detecting and approaching food in the external environment is perhaps the most essential evolutionary adaptation
for survival.1 However, in the modern Western environment,
this survival mechanism may contribute greatly to the
obesity epidemic. Currently, over 30% of the US adult
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population is obese2 with obesity-associated comorbidities
reducing the life expectancy of severely obese persons by an
estimated 5–20 years.3
Visual food cues arrive via many forms of media including
television, the internet, and print. The ability of these
ubiquitous visual stimuli to interact with the brain’s reward
system and trigger motivated behavior may play a significant
role in excessive food intake and resultant obesity. Understanding how visual food cues interact with the brain’s
reward system to direct attention is of practical, ecological
importance in determining the role of food cues in the
development and maintenance of obesity. As visual food cue
exposure is a potentially modifiable environmental variable,
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better comprehension of food cue effects on attention is
essential in advising the development of interventions to
shape behavioral change.
The mesocorticolimbic dopamine systemFmost notably
the ventral tegmental area (VTA), ventral striatum and the
nucleus accumbens (NAc)Fmediates the processing of
reward and pleasure.4 Endogenous opioids and dopamine
play a key role in influencing communication between these
structures. Both the VTA and NAc are primary targets for all
drugs of addiction, and the ability of a drug to activate this
system is the key component in determining its reward value
and ability to motivate behavior.5 Drugs of addiction are not
the only substances which can activate this reward pathway.
Palatable foods, especially those high in sugar and/or fat,
have been shown to release brain opioids and dopamine in
the VTA and NAc in a similar manner to addictive drugs.6–13
Alterations in brain function become relevant to human
conditions when translated into altered patterns of behavior.
The incentive-sensitization model of addiction postulates
that addictive substances modify the dopaminergic mesolimbic system so that it becomes hyperresponsive to drugrelated stimuli, allowing them to affect behavior by inducing
a motivational state of craving.14,15 This motivational state,
mediated by increasing dopamine in the brain, serves to
draw attention to events predictive of reward, including
drug-related stimuli,16,17 and can be measured as attentional
bias. Exposure to drug cues has been shown to induce drug
craving in addicts and can increase drug use.18–20 Attentional
bias for drug-related cues has been shown in tobacco,21,22
alcohol,23,24 caffeine,25 opiates26 and cannabis27 users.
Attention bias for drug or food-related cues can be assayed
using eye-tracking technology combined with a visual probe
reaction time task. Eye-tracking technology, a noninvasive
method for measuring gaze, provides a useful tool for
gathering objective, quantitative information about visual
attention to motivationally salient cues. Several factors
contribute to the utility of eye tracking as a measure of
visual attentional bias: (1) eye movements are important in
targeting salient environmental cues; (2) cognition and
perception depend on the process of obtaining information
from the visual environment and (3) eye tracking provides a
noninvasive, quantitative measurement of visual information processing.28 Eye tracking has been used to demonstrate
attentional bias for drug stimuli in tobacco29–32 and cannabis
users.33 The visual probe response task measures the effects
of stimulus attentional preference on reaction time.
Evidence from animal models and human neuroimaging
studies supports the ability of palatable food to activate and
alter the brain’s reward circuitry similar to addictive drugs.
However, it is not clear whether food has similar motivational properties as indexed by the ability to capture and
hold attention, and whether attentional responses to food
cues differ between obese and nonobese individuals. Most
previous studies of attentional bias have examined biases for
food-related words (rather than pictures) and have not
examined obesity34–36 but results have been inconsistent.34
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Studies of attentional processing of food cues in obesity have
been limited, and have produced mixed findings. For
example, in a study using a modified Stroop test, Braet and
Crombez37 found greater interference of food words in obese
children than normal-weight children, whereas, using a
different attentional task, Soetens and Braet38 found no
evidence of attentional bias to food cues in overweight
adolescents. The latter studies also used words, rather than
pictorial images of food, as stimuli. An advantage of using
pictures is that they have greater ecological validity than
word stimuli and thus may be more likely to reveal
attentional biases. An event-related potential study compared obese and normal-weight individuals on their neural
response to food images, and found no difference between
the groups; however, this study did not specifically measure
visuospatial attentional bias.39 Thus, this study extended
previous research by investigating attentional biases for food
cues in obese and nonobese individuals, while using
naturalistic visual stimuli (that is, images of food) and
continuous monitoring of the focus of visual attention (eye
tracking).
We used an eye-tracking paradigm in combination with a
visual probe task, which had been modified from studies of
addiction,29–32 to assess attentional biases to food stimuli in
healthy obese and normal-weight women. The primary
objective of the study was to examine visual attention for
food cues in obese versus normal-weight adults in hungry
and sated conditions. We predicted that the fasting manipulation would increase both subjective hunger and attentional bias for food cues. Furthermore, we hypothesized that
obese adults would show increased attentional bias for food
cues compared with normal-weight individuals, and that
satiety would have a reduced effect on their attentional bias
for food cues as measured by gaze orientation, duration of
gaze fixation, and manual reaction time to a visual probe.
Confirmation of these hypotheses would be consistent with
altered incentive salience for food cues, providing additional
support for altered reward system function in obesity.
A secondary objective of the study was to examine
relationships between attentional biases for food cues and
personality and eating-style traits, which have been previously associated with dysfunction of the reward system
and/or obesity. These measures included the Tridimensional
Personality Questionnaire (TPQ),40 Behavioral Inhibition/
Activation System Scales (BIS/BAS),41 Three Factor Eating
Questionnaire (TFEQ)42 and Dutch Eating Behavior Questionnaire (DEBQ).43 The BIS/BAS scales were included
following recent evidence indicating that BAS reward scores
predict neural responses to palatable food cues in brain
structures implicated in reward (for example, ventral striatum, VTA, amygdala).44 The TFEQ has previously shown
increased disinhibition and susceptibility to hunger in obese,
relative to normal-weight, individuals,45,46 whereas the TPQ
includes a measure of reward dependence and has been
previously used in studies of drug addiction.47 The DEBQ
assesses eating-style traits associated with overeating,
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including eating triggered by external food cues. We
predicted that attentional bias for food cues would be
associated with increased self-reported reward sensitivity
and with eating-style traits associated with overeating,
including external eating and disinhibition.

Methods
Participants
Study participants were recruited through the Vanderbilt
Research Volunteer database, email advertisements, and
flyers. Eligible participants were otherwise healthy women,
aged 18–35 years and free of psychoactive or autonomically
active medication. Potential participants were screened by
telephone to verify inclusion criteria and to provisionally
determine body mass index (BMI) for study group classification (BMI was verified at study enrollment). Subject BMI was
calculated as the ratio of weight in kilograms to height in
meters squared.48 Subjects with BMI between 18.5 and 25
were classified as normal weight, and subjects with BMI
equal to or greater than 30 were classified as obese. Exclusion
criteria included a history of tobacco use, drug abuse or
psychiatric or chronic medical illness as reported by study
participants (subjects were not screened using laboratory
measures). Forty subjects participated in the study, and data
from 36 subjects are included in the analysis. Data from four
subjects were excluded because two subjects did not return
for the second study session, and two subjects failed eyetracker calibration. Initial recruitment efforts did not target
women exclusively; however, because study volunteers were
predominantly women, the study was limited to women to
improve homogeneity.
Ethics
Research participants provided written informed consent.
The study was approved by the Vanderbilt University
Institutional Review Board and conformed to the World
Medical Association Declaration of Helsinki (http://
www.wma.net/e/policy/b3.htm).
Design
See Figure 1 for a summary of the study design. To avoid
order effect bias, subjects were randomly assigned to undergo
the experimental task in the fasted or fed condition on the
first study day and scheduled to return for the second study
session at least 1 week later to minimize task habituation. For
both fasted and fed conditions, subjects were instructed to
fast at least 8 h before the study and refrain from alcohol use
for at least 48 h before the study (subjects remained blind to
randomization schema until arriving at the laboratory, at
which point they were informed of the sequence of
scheduled activities). Study sessions were scheduled in either
the morning or afternoon according to the subjects’ needs
and effort was made to schedule the two sessions at the same

Figure 1 Study overview. After initial screening, obese and normal-weight
groups were randomly assigned to complete either the fasted or fed condition
first; these were a minimum of 1 week apart. Before each study day, subjects
fasted for 8 h. In the fed condition, subjects consumed a standardized meal
(Ensure-Plus) before the experimental task. The Hunger Scales were
completed before the experimental task on both study days.

time of day. Subject compliance was verified by interview
before the experiment. On the day of the fasted condition,
subjects completed the Hunger Scales49 (described below),
and then immediately took part in the experimental task
(detailed below). On the day of the fed condition, subjects
were asked to ingest to satiety a standardized liquid meal of
vanilla-flavored Ensure-Plus (53% carbohydrate, 32% fat,
15% protein; 1.5 kcal ml1), which has been used in previous
studies of adults.50 The study meal was presented in an
opaque glass, and participants were offered additional liquid
meal until they declined further refills. Subjects then
completed additional questionnaires (see below). Elapsed
time between meal consumption and task initiation was
B30 min, and elapsed time between completing the Hunger
Scales and task initiation was B10 min. Pretask activities are
further described below.

Procedures
Self-report measures. On the first study day, the subjects’ BMI
and visual acuity were measured. Personality and eating
behavior data were collected using the TPQ,40 BIS/BAS,41
International Journal of Obesity
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TFEQ42 and DEBQ43 to assess potential associations of
personality and/or eating behavior traits with outcome
variables.
BIS/BAS The BIS/BAS is a 24-item questionnaire that
measures behavioral inhibition and three subscales of
behavioral activation: Reward Responsiveness (5 items; score
range 5–20), Drive (4 items; score range 4–16) and FunSeeking (4 items; score range 4–16). The BIS (Inhibition)
scale is comprised of 7 items (score range 7–28). High
measures of Drive using the BIS/BAS have been correlated
with increased brain activation to food images in a frontostriatal-amygdala-midbrain network.44 Internal consistency
values of the BIS/BAS scores in this study as measured by the
Cronbach’s Alpha statistic were 0.53 for the Drive scores,
0.69 for Fun-Seeking, 0.67 for Reward Responsiveness and
0.77 for the Inhibition scores.
DEBQ The DEBQ is a 33-item self-report which measures
Emotional Eating (13 items; score range 0–5), which assesses
eating in response to emotional arousal states (for example,
anxiety), External Eating (10 items; score range 0–5), which
assesses eating in response to external food cues, and
Restraint (10 items; score range 0–5), which assesses the
extent to which the individuals restrain food intake.
Reliability of the scale scores in this study as measured using
the Cronbach’s Alpha statistic were 0.81 for the Emotional
Eating subscale, 0.79 for the External Eating subscale and
0.77 for the Restraint subscale.
TFEQ The TFEQ is a 51-item questionnaire which
measures Cognitive Restraint, Disinhibition and Susceptibility to Hunger.42 Cognitive Restraint refers to the degree to
which a person monitors and controls food intake (21 items;
score range 0–21). Disinhibition assesses vulnerability to
disruptions in eating control (16 items; score range 0–16).
Susceptibility to Hunger measures awareness of and sensitivity to hunger (14 items; score range 0–14). Obese subjects
have been reported to score higher on Disinhibition and
Susceptibility to Hunger than normal-weight individuals.45,46 Reliability of the scale scores in this study as
measured using the Cronbach’s Alpha statistic were 0.84 for
the Cognitive Restraint subscale, 0.85 for the Disinhibition
subscale and 0.79 for the Susceptibility to Hunger subscale.

TPQ The TPQ is a 100-item questionnaire that assesses
three independent personality dimensions proposed in
Cloninger’s40 biosocial theory of personality: Novelty Seeking (33 items; score range 0–33), Harm Avoidance (34 items;
score range 0–34) and Reward Dependence (29 items; scores
range 0–29). High scores on the Novelty Seeking subscale
have been reported in substance use.47 Reliability of the scale
scores in this study as measured using the Cronbach’s Alpha
statistic were 0.78 for Novelty Seeking, 0.87 for Harm
Avoidance and 0.41 for Reward Dependence.
Hunger Scales The Hunger Scales have been used in
studies of selective attention to food in fasted and fed states
in normal-weight individuals36 and consist of four indices:
(1) time since last meal, estimated to the nearest 15 min;
(2) hunger rating, on a scale of 1–7, with 1 ¼ not hungry at
all and 7 ¼ extremely hungry; (3) amount of favorite food
subject could imagine eating at this time on a scale of 1–6,
with 1 ¼ none and 6 ¼ as much as I could get; (4) time until
next meal, estimated to the nearest 15 min. Because we
controlled the duration of fasting and meal, questions 1 and
4 were not used for analysis.
For consistency of timing, subjects were administered
specific questionnaires in specific sessions. Subjects completed the TPQ (administration time B30 min) before the
experimental task the day of the fasted condition. The day of
the fed condition, subjects completed the BIS/BAS, TFEQ and
DEBQ (total administration time B30 min) after the standardized meal, an interval chosen to allow the postprandial
hormonal response to peak by the time the experimental
task took place (B40 min after eating).51 As was previously
mentioned, subjects completed the Hunger Scales49 approximately 10 min before the experimental task in both sessions.
Experimental task. Eye-movement data were collected using a
head-mounted ISCAN ETL-600 Eye Tracker (www.iscaninc.com,
Burlington, MA, USA). Subjects’ eye movements were
calibrated with a five-point calibration procedure during
which numbers were displayed to the top, right, left and
bottom of a central cross. Participants then began the
experimental task, modified from Mogg et al.32 (see Figure 2
for an example). Each trial began with a central fixation cross
for 1000 ms, followed by a pair of images, side by side, for

Figure 2 Example of trial events. Each trial displayed the fixation cross (1000 ms), followed by the paired images (2000 ms), and then the visual probe (until
response).
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2000 ms. In critical pairs, one image depicted food and the
other a non-food item. After the image pair, a visual probe,
consisting of a pair of dots (either ‘:’ or ‘..’) appeared in the
position of one of the preceding images, remaining there
until the subject gave a manual response. Although subjects
were aware that their eye movements were being tracked,
they were told that their primary goal was to correctly
identify the visual probe. Subjects pressed one of two
keyboard buttons to indicate the probe’s identity. Subjects
were instructed to look at the fixation cross at the start of
each trial and respond to the visual probe as quickly and
accurately as possible. The reaction time to the probe
provides an index of attention at image offset; for example,
if a subject is attending to the food image, she should be
faster to respond to a probe which replaces it (that is,
‘congruent’ location), compared with a probe which replaces
the non-food image (that is, ‘incongruent’ location).
The visual probe task was presented using Eprime software
(Eprime 1.0; Psychology Software Tools Inc., Pittsburgh, PA,
USA). Eye-movement data were recorded during food/nonfood pairs trials. Gaze fixation measurements were sampled
every 16 ms. Participants began with practice trials using
colored shapes as the pictorial stimuli and were allowed to
repeat practice trials until obtaining X85% accuracy. The
pictorial stimuli used in the visual probe task consisted of 20
color images of high calorie food (for example, ice cream,
pizza) and 20 color images of low calorie food (for example,
apple, broccoli); each of these food images was individually
matched as closely as possible for color, complexity and
brightness to non-food images (for example, office supplies,
tools). Additional 20 images of nature scenes, unrelated to
food, were used as filler pairs. Filler pairs were randomly
interspersed with food/non-food pairs to vary the task and
reduce monotony. Each of the food/non-food image pairs
was presented twice, with each food image appearing on the
left and right equally. Visual probes appeared in the spatial
location of the food and non-food images with equal
frequency, and there was an equal number of probes of each
type. All stimuli were constructed as 24-bit images with
maximum dimensions of 300 pixels  400 pixels and the
distance between their inner edges corresponded to a
minimum visual angle of 2.01 (at least one visual degree
between the central fixation cross and inner edge of the
picture). Images were presented on a 20-inch color computer
monitor.
Data preparation
Eye-movement measures Data from practice and filler trials
were discarded. Fixations were defined as occurring when
(1) saccades remained stable within 11 for X100 ms, (2) the
initial saccade occurred at least 100 ms after picture onset
(fixations made before this time may reflect anticipatory eye
movements) and (3) fixations were directed at either the left
or right image (more than 11 wide of the central fixation
position on the horizontal plane). Gaze fixations that were
not on either image (that is, blank screen or off the screen)

were not included in analysis of direction or duration bias.
No fixation was recorded to either picture on 2% of trials;
groups did not differ significantly in missing data (P ¼ 0.45).
Two dependent measures were derived from eye-movement data, as used in previous studies:29 (1) Direction bias
and (2) Duration bias. Direction bias scores (signifying initial
orienting of attention) were calculated by computing the
number of trials when the first fixation was directed onto the
food image as a proportion of all trials in which the first
fixation was made to either image (proportion scores 40.5
reflect an orienting bias toward food images; 0.5 ¼ no bias;
o0.5 reflect an orienting bias toward non-food images).
Duration bias scores (signifying maintenance of attention)
were calculated by computing the average time spent gazing
at food (summed across each trial) as a percentage of the
total amount of time looking at either image, that is, the sum
of all gaze fixations to both images (proportion scores 40.5
reflect a bias to look longer at food than non-food images;
0.5 ¼ no bias; o0.5 reflect a bias toward non-food images).
Probe reaction time measure Data from practice and filler
trials were discarded. Consistent with previous studies,36
reaction time outliers were excluded from analyses if less
than 200 ms, greater than 1500 ms or greater than 2 standard
deviations above each participant’s mean. Three participants
had excessive missing data (X25% reaction times missing)
and were excluded; the remainder had p5% of data missing,
without significant group difference. Reaction time bias
scores were calculated by subtracting the mean reaction time
on trials when the probe replaced the food image (‘congruent’ trials) from the mean reaction time on trials
when the probe appeared opposite to the food image
(‘incongruent’ trials). Positive values of reaction time bias
scores signified attentional bias toward food, negative values
a bias away from food.

Statistical methods
Eye-movement data were obtained during the experimental
task using the ISCAN Raw Eye Movement Data Acquisition
and Analysis Software program (DPQ Software; www.iscaninc.com, Burlington, MA, USA) and analyzed using the PRZ
analysis software (ISCAN, 2007). Raw and processed data
from the ISCAN system were transferred to a REDCap
(Research Electronic Data Capture) system (GCRC Informatics Department, Vanderbilt University, Nashville, TN,
USA) for statistical processing using the Statistical Package
for the Social Sciences (SPSS, version 15.0; www.spss.com,
Chicago, IL, USA). All data were blinded to group and
fasting/fed condition before data entry and analysis. Descriptive and graphical methods were used to examine
whether data were normally distributed; if not, nonparametric statistical methods were used and noted. Independent
t-tests were used to compare continuous demographic
variables (for example, age) between normal-weight and
obese groups. The w2-test of independence was used to
International Journal of Obesity
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compare group racial composition using self-report of
United States National Institute of Health (NIH)-defined
categories of White, Black or Asian (the latter two categories
were collapsed due to low expected frequencies).
To control study-wise Type I error rate, comparisons of
eating measure subscales scores between study groups were
initially conducted using multivariate analysis of variance
(MANOVA) and were reported using Hotelling’s trace
statistic. If a multivariate statistically significant difference
was found, post hoc comparisons of the individual subscale
scores were conducted.
Hypothesis-driven analyses of subjective hunger and
attentional bias scores were conducted using mixed-design
analyses of variance (ANOVA) with group (normal weight
versus obese) as the between-subjects variable, and satiety
state (fasted versus fed) and food-calorific value (high calorie
versus low calorie) as within-subjects variables. Post hoc
examination of significant interaction effects was conducted
using t-tests. Where significant ANOVA results were found
for obesity or fasting, Spearman correlations were used to
assess associations between eating measures and attentional
bias scores. An a-level of 0.05 was used for determining
statistical significance.

Results
Demographic characteristics
Subject characteristics are summarized in Table 1. No
statistically significant differences in age or race existed
between groups (age: P ¼ 0.165; race: P ¼ 0.480). The average
age of participants was 28.56 years (s.d. ¼ 4.05 years) and
approximately 67% were Caucasian. The mean BMI was
38.69 for the obese group (min ¼ 30.02, max ¼ 52.32) and
21.73 for the normal-weight subjects (min ¼ 19.05,
max ¼ 25.09). On average, obese subjects consumed
394.72±25.12 calories and normal-weight subjects consumed 362.64±96.75 calories (P ¼ 0.272).

Table 1

Baseline characteristics of groups
Obese

Normal weight

18

18

Age (years)

29.50 (4.48)

27.61 (3.45)

Race, % (N)
White
Black
Asian

61.1 (11)
38.9 (7)
0.0 (0)

72.2 (13)
22.2 (4)
5.6 (1)

Number of subjects

Height (cm)
Weight (lbs)*
BMI (kg/m2)*
Duration of fast (min)
Study meal (calories)

164.32
229.66
38.69
645.00
394.72

(5.75)
(37.97)
(6.87)
(132.28)
(25.12)

163.05
127.46
21.73
653.67
362.64

(6.21)
(14.36)
(1.85)
(220.47)
(96.75)

Abbreviation: BMI, body mass index. Data are means (s.d.) unless otherwise
noted. *Po0.001.

International Journal of Obesity

Personality and eating behavior
Personality and eating behavior measures are summarized in
Table 2. Multivariate statistically significant differences were
found on the DEBQ (Hotelling’s trace ¼ 0.821, P ¼ 0.001)
between obese and normal-weight participants and TFEQ
(Hotelling’s trace ¼ 0.640, P ¼ 0.001), but not on the TPQ
(Hotelling’s trace ¼ 0.027, P ¼ 0.885) and the BIS/BAS
(Hotelling’s trace ¼ 0.236, P ¼ 0.258). Post hoc univariate tests
revealed that the multivariate difference for the DEBQ
measure resulted from higher scores by the obese subjects
than normal-weight subjects on the External Eating
(Po0.001), Emotional Eating (Po0.001) and Restrained
Eating (P ¼ 0.004) subscale scores. The multivariate difference for the TFEQ measure resulted from higher scores by the
obese subjects than normal-weight subjects on the Disinhibition subscale (P ¼ 0.001). No statistically significant
univariate differences were found for other subscale scores.

Pretask data
As predicted, analysis of subjective hunger ratings (using the
Hunger Scales;49 Table 3) showed a statistically significant
main effect of condition, F(1,34) ¼ 71.63, Po0.001, with
lower scores in the fed than the fasted condition (overall
means were 2.33 (s.d. ¼ 1.31) and 4.50 (s.d. ¼ 1.42), respectively), demonstrating that feeding was effective in reducing
hunger levels. In addition, the obese group tended to rate
themselves as being more hungry than the normal-weight
group regardless of condition (overall mean 3.78 vs 3.06),

Table 2 Summaries of eating and personality measures by weight group
Obese
Mean (s.d.)
Behavioral inhibition/activation scale (BIS/BAS)a
Drive
10.82 (1.32)
Fun Seeking
11.09 (2.12)
Reward Responsiveness
17.27 (1.62)
Inhibition
23.36 (3.14)

Normal weight
Mean (s.d.)

10.67
11.78
18.44
23.06

(1.65)
(1.73)
(1.62)
(2.71)

Dutch eating behavior questionnaire (DEBQ)b
Emotional
3.18 (0.31)
External
3.37 (0.39)
Restrained
3.23 (0.56)

2.57 (0.46)
2.60 (0.50)
2.64 (0.46)

Three factor eating questionnaire (TFEQ)c
Cognitive Restraint
9.22 (4.34)
Disinhibition
9.06 (3.99)
Susceptibility to Hunger
6.22 (3.57)

11.56 (4.78)
4.39 (3.26)
5.11 (3.20)

Tridimensional personality questionnaire (TPQ)d
Novelty Seeking
14.83 (6.28)
Harm Avoidance
13.83 (7.26)
Reward Dependence
14.58 (3.34)

14.25 (5.20)
12.19 (5.79)
14.44 (2.87)

a
BMI X30: N ¼ 11, BMI p25: N ¼ 18; Multivariate P ¼ 0.258. bBMI X30:
N ¼ 15, BMI p25: N ¼ 15; Multivariate P ¼ 0.001; Post hoc: Emotional
Po0.001, External Po0.001, Restrained P ¼ 0.004. cBMI X30: N ¼ 18, BMI
p25: N ¼ 18; Multivariate Po0.001; Post hoc: Cognitive Restraint P ¼ 0.135,
Disinhibition P ¼ 0.001, Hunger P ¼ 0.333. dBMI X30: N ¼ 12 BMI p25:
N ¼ 16; Multivariate P ¼ 0.885.
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Table 3 Mean subjective hunger and attentional bias measures as a function
of group (obese versus normal weight) and satiety condition (fed versus
fasted)
Group
Obese

Normal weight

Mean

s.d.

Mean

s.d.

Subjective hunger rating
Fed
Fasted

2.83
4.72

1.34
1.53

1.83
4.28

1.10
1.32

Gaze direction bias
Fed hi-cal
Fed lo-cal
Fasted hi-cal
Fasted lo-cal

0.640
0.558
0.602
0.530

0.098
0.101
0.108
0.137

0.471
0.435
0.574
0.520

0.124
0.105
0.135
0.125

Gaze duration (ms)
Fed hi-cal food
Fasted hi-cal food
Fed lo-cal food
Fasted lo-cal food
Fed hi-cal control
Fed lo-cal control
Fasted hi-cal control
Fasted lo-cal control

481.1
480.5
421.2
441.1
356.9
374.3
378.0
375.1

151.9
139.4
144.4
163.2
125.8
129.3
170.7
128.2

360.3
522.1
330.1
435.4
370.0
367.9
355.3
388.6

140.1
233.3
117.0
203.0
159.2
162.8
125.6
176.1

Gaze duration bias
Fed hi-cal
Fed lo-cal
Fasted hi-cal
Fasted lo-cal

0.578
0.528
0.570
0.536

0.098
0.096
0.082
0.064

0.496
0.477
0.581
0.527

0.070
0.101
0.101
0.118

RT (ms)
Fed hi-cal incongruent
Fed hi-cal congruent
Fed lo-cal incongruent
Fed lo-cal congruent
Fasted hi-cal incongruent
Fasted hi-cal congruent
Fasted lo-cal incongruent
Fasted lo-cal congruent

772.0
803.6
785.8
772.8
775.4
790.3
763.3
772.3

95.6
108.8
120.6
101.8
141.7
149.7
127.7
142.2

738.4
749.9
745.8
750.5
741.3
730.5
745.0
733.6

123.0
144.4
121.4
135.6
120.6
105.8
111.1
117.9

RT bias
Fed hi-cal
Fed lo-cal
Fasted hi-cal
Fasted lo-cal

31.6
13.0
14.9
9.1

59.3
57.4
54.1
52.7

11.5
4.7
10.8
11.4

47.1
45.2
53.6
40.6

Abbreviations: hi-cal, high calorie; lo-cal, low calorie; RT, reaction time.

F(1,34) ¼ 3.99, P ¼ 0.054. There was no statistically significant
interaction
between
condition
and
group,
F(1,34) ¼ 1.18, P ¼ 0.286.

Gaze direction bias
See Table 3 for summaries of gaze direction bias scores in
each condition. There was a statistically significant main
effect of group, F(1,34) ¼ 8.92, P ¼ 0.005, which was qualified
by a statistically significant interaction effect of groupsatiety condition, F(1,34) ¼ 9.55, P ¼ 0.004. As illustrated in
Figure 3 (left), normal-weight individuals were more likely to

look initially at food in the fasted than fed condition,
t(17) ¼ 2.84, P ¼ 0.011; whereas the gaze direction bias in the
obese group did not differ across conditions, t(17) ¼ 1.35,
P ¼ 0.194. Thus, the direction bias scores significantly
differed between groups only in the fed condition,
t(34) ¼ 4.70, Po0.001. In the fed condition, obese individuals showed a significant bias to direct gaze at food, relative
to non-food, images, as shown by a one-sample t-test which
contrasted their mean direction bias score against a value of
zero, t(17) ¼ 4.75, Po0.001; whereas normal-weight individuals showed a nonsignificant trend to direct their gaze away
from food (one-sample t(17) ¼ 2.04, P ¼ 0.057). In contrast,
in the fasted condition, the difference in direction bias
between the groups was not statistically significant
t(17) ¼ 0.51, P ¼ 0.615; with both groups showing a statistically significant bias for food relative to non-food images,
one-sample t(35) ¼ 3.06, P ¼ 0.004 (see Figure 3).
There was also a statistically significant main effect of
calorific value on direction bias scores, F(1,34) ¼ 19.17,
Po0.001, as participants were more likely to look initially
at high than low calorie foods (mean bias scores were 0.572
(s.d. ¼ 0.097) and 0.511 (s.d. ¼ 0.105), respectively). However, the calorific value of the food cues did not significantly
influence the effects of group or satiety condition on
direction bias scores.

Gaze duration bias
Mean gaze duration and bias scores under the various study
conditions are summarized in Table 3. There was a
significant main effect of calorific value on bias scores,
F(1,34) ¼ 10.07, P ¼ 0.003, as participants looked longer at
high calorie than low calorie foods; mean proportion scores
were 0.556 (s.d. ¼ 0.071) and 0.517 (s.d. ¼ 0.077), respectively. There was also a significant main effect of satiety on
bias scores, F(1,34) ¼ 4.43, P ¼ 0.043. The main effect of
satiety was qualified by a statistically significant groupsatiety interaction, F(1,34) ¼ 4.42, P ¼ 0.043, which was not
significantly influenced by calorific value. As shown in the
right panel of Figure 3, normal-weight individuals gazed
longer at food in the fasted than fed condition, t(17) ¼ 2.425,
P ¼ 0.027; whereas the obese group showed a similar bias in
both conditions, t(17) ¼ 0.002, P ¼ 0.998. Thus, the groups
differed significantly only in the fed condition, t(34) ¼ 2.51,
P ¼ 0.017. After feeding, the obese group looked longer at
food than non-food images, t(17) ¼ 2.55, P ¼ 0.021, whereas
normal-weight individuals showed no bias, t(17) ¼ 0.82,
P ¼ 0.424. In contrast, in the fasted condition, the groups
did not differ significantly, t(34) ¼ 0.05, P ¼ 0.958, and both
looked longer at food than non-food images, t(35) ¼ 4.09,
Po0.001.

Reaction time bias data
Reaction time and reaction time bias values are summarized
in Table 3. No statistically significant main effects of group,
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Obese

0.66

Normal weight

Normal weight
0.59
Duration bias

0.62
Direction bias

Obese

0.62

0.58
0.54

0.56
0.53

0.5

0.5

0.46

0.47

0.42

0.44
Fed

Fasting
Condition

Fed

Fasting
Condition

Figure 3 Mean gaze direction and duration bias scores as a function of group (obese versus normal weight) and satiety condition (fed versus fasting).

condition or calorific value, as well as interaction effects,
were observed (P40.05). We also examined the relationship
of self-reported hunger scores to reaction time and reaction
time bias scores, irrespective of group (obese or normal
weight) and condition (fasted or fed). There was no
statistically significant main effect of self-reported hunger
score on reaction time or reaction time bias (P40.05).

Correlations
Across the whole sample, the gaze direction bias in the fed
condition correlated significantly with subjective hunger
ratings (r ¼ 0.58), each DEBQ score (External, r ¼ 0.46;
Emotional, r ¼ 0.36; Restraint, r ¼ 0.37) and TFEQ Disinhibition (r ¼ 0.39), Pso0.05. The gaze duration bias in the fed
condition correlated positively with subjective hunger
ratings (r ¼ 0.47) and negatively with TPQ harm avoidance
(r ¼ -0.38), Pso0.05.

Discussion
Results indicated that normal-weight subjects were more
likely to shift their gaze toward food images rather than nonfood images when they were in a state of hunger (fasted
state) rather than satiety (fed state). In contrast to the
normal-weight subjects, obese subjects focused greater visual
attention on food images compared with non-food images
regardless of whether they were in a state of hunger (fasted
state) or satiety (fed state).
To measure visual attention in this study, we examined
both the initial orientation and maintenance of gaze in
response to visual food cues. Both obese and normal-weight
individuals demonstrated a gaze direction bias for food cues
in the fasted state, indicating an orienting bias toward food
images. However, in the fed state, obese individuals retained
the direction bias for food cues whereas normal-weight
International Journal of Obesity

individuals lost the orienting bias toward food and even had
a trend toward orienting to non-food images.
Attentional bias for food cues was also present in the
maintenance phase of attention, as measured by gaze
duration. Both obese and normal-weight individuals demonstrated longer gaze duration for food images than non-food
images in the fasting condition. However, in the fed
condition, obese individuals maintained an attentional bias
for food images, whereas normal-weight individuals lost this
attentional bias for food images.
The results from the eye-movement data for normalweight subjects are compatible with the view, indicated by
previous research, that the motivational state of hunger is
associated with an attentional bias toward food-related
stimuli.36 Furthermore, our results for obese subjects suggest
that there is reward system dysregulation in this group that is
manifested as altered attentional salience. Growing evidence
from both animal and human neuroimaging studies suggests
that reward system dysregulation, comparable to that seen in
drug addiction, may occur with exposure to palatable foods.
Our finding that obese individuals have an attentional bias
for food cues after eating (whereas normal-weight individuals do not) suggests that this aspect of incentive salience
for food cues in obese individuals may be related to reward
system dysregulation, which is further supported by scores
on the personality and eating behavior questionnaires. On
the TFEQ, obese subjects had higher scores on Disinhibition,
which measures susceptibility to disruptions in eating
control. This is potentially consistent with a relapse model
of drug addiction in terms of loss of control in the context of
external disruptions. Obese subjects also had higher scores
on each of the DEBQ scales, which assess self-reported
behavioral styles associated with overeating, including
External Eating, which measures hyperresponsiveness to
external food cues. This latter finding is consistent with a
conditioned salience for food cues. BIS/BAS scores in our
obese group did not differ from those of controls. We
included this questionnaire because of general relevance to
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reward system function and because BAS reward scores have
previously been shown to predict neural activation in reward
regions in response to viewing highly palatable foods.44 It is
possible that BAS scores did not differ by group because the
BAS measures general aspects of sensitivity to reward, and is
not specific for food rewards. Another possibility is that the
relationship between sensitivity to reward and obesity is
complex. Others have reported that BMI correlates positively
with sensitivity to reward in normal-weight and overweight
subjects but that BMI correlates inversely with reward
sensitivity in obese subjects.52 Our obese subjects did not
show increased novelty seeking as measured by the TPQ.
Increased novelty seeking has been associated with increased
risk for substance abuse and dependence53,54 and with
reduced midbrain dopamine receptor availability.55 It is
possible that novelty seeking may not be a strong risk factor
for obesity because, unlike drugs of abuse, humans are
exposed to food on a daily basis.
According to the incentive-sensitization model of addiction, neural modification of the dopaminergic mesolimbic
system by exposure to addictive drugs leads to hypersensitization of the reward system to drug-related stimuli.14,15 The
present findings suggest that food cues may have the ability
to elicit attentional bias in obese individuals in a model
consistent with the incentive-salience model of addiction.
However, altered visual attention for food cues measures
only one component of the incentive-salience model and
additional study is necessary to examine other measures of
altered incentive salience in obesity. Recent studies in
humans56 and rodent models57 have suggested that obesity
may be associated with dysregulation in brain regions
involved in processing the rewarding properties of food. In
our study, obese individuals exhibited both gaze orientation
and duration biases toward food stimuli, which supports the
possibility that enhanced sensitivity to food reward in
obesity may be measurable as attentional bias. Recent animal
studies in rats58 have provided evidence that obesity-prone
rats have an attenuated dopamine response to feeding before
obesity develops, causing them to develop compensatory
hyperphagia and resultant obesity, and that differences in
dopamine receptor binding between obese and lean rats
increases with continued exposure to unrestricted food,
rather than a restricted diet.57 These findings are consistent
with the hypothesis that obese individuals may have a
genetic predisposition to develop attentional bias for food
cues, and that chronic exposure to palatable food further
sensitizes the brain’s reward system to food stimuli.
The attentional bias in gaze for food cues was greater for
high calorie than low calorie foods. High calorie foods are
generally higher in sugar and fat, both of which have been
shown to activate the brain’s reward system,59,60 which in
turn may account for their attention-grabbing properties.
However, the attentional biases in gaze, which were
associated with food deprivation and obesity, were not
significantly influenced by the calorific value of the food,
suggesting that such biases operate for food cues in general.

Although the gaze direction and duration measures showed
a similar pattern of attentional bias, the reaction time
measure showed no significant results. The latter provides
only a snapshot view of attentional bias (that is, at the offset
of the pictures), at which point an attentional bias for food
cues might be susceptible to task-related strategic influences,
for example, shifting attention away from the pictures back
to the central position in anticipation of the probe onset.
Also, the time point at which the attentional bias is assessed
has varied across studies, for example, 50035,36 versus
2000 ms here, which may possibly contribute to variation
in findings. Thus, eye-movement measures, which sample
data continuously, are likely to be a more sensitive index of
attention allocation than reaction time. Another methodological variable which may have contributed to the null
results in the reaction time data is the relatively complex
nature of the probe task (that is, probe discrimination task
with indirect stimulus-response mapping), which was similar
to that previously used in eye-tracking research into attentional biases in nicotine dependence in college students.30
However, using this complex task, reaction times were
relatively longer and more variable than seen with less
complex probe tasks (for example, probe localization task),
where participants indicate the position of a single dot
probe,36 and it may be helpful to use a simpler version of this
task in future research.
A limitation in this study concerns the use of a standardized liquid meal. This approach offers advantages in terms
of easy standardization of nutrient content and measure of
calorie content. However, it is possible that the palatability
or the method of administration (by offering multiple
glasses) of the liquid meal may limit consumption in
otherwise hungry individuals. Although both normal-weight
and overweight subjects reported reduced hunger after
eating, it is possible that subjects did not eat to satiety
because of meal palatability or because they were conscious
of the amount ingested. It is also possible that attention
salience for food remains higher following a meal that the
individual perceives as unsatisfactory either because it is too
low in calories or because of palatability. Subjects were told
whether they would receive the liquid meal or whether they
would continue fasting before completing questionnaires. It
is possible that anticipation of receiving a meal may have
differentially influenced responses in obese individuals.
Additionally, two of our questionnaires (the BIS/BAS and
the TPQ) were added to the study protocol after several
subjects had already completed both sessions, so that the
sample size from these questionnaires is relatively small.
Another methodological limitation is that the food images
formed a homogeneous category, whereas non-food images
depicted items from various categories (for example, office
supplies, tools). Thus, it is possible that more attention may
be paid to food stimuli because they were of the same
category, or, alternatively, that more attention may be paid
to control items because of their greater variety. However, an
overriding consideration in selecting the stimuli was that,
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within each picture pair, the food and non-food images were
matched as closely as possible for color, complexity and
brightness, which required the use of a variety of items. In
the future, however, it would seem desirable to select nonfood images from a single category, although also ensuring
close matching within each picture pair of other perceptual
variables. Finally, subjects were excluded from the study if
they reported a history of tobacco use, drug abuse or
psychiatric or chronic medical illness; however, we did not
independently verify these reports through urine or blood
screening.
As visual food cues are particularly prominent in society,
understanding the implications of exposure to visual food
cues in obesity is of great importance in developing potential
behavioral therapies, environmental alterations and public
health measures. The pathogenesis of obesity is an inarguably complex process involving genetic, hormonal, behavioral, environmental and even cultural factors. Further
study of the neural correlates of attentional bias to food cues
in obesity through other modalities such as neuroimaging
may lead to a better understanding of when and how
hypersensitization to food reward may occur. In addition,
eye tracking may provide a useful research tool in investigating the efficacy of treatments for obesity, for example, in
assessing the extent to which psychological or pharmacological interventions are effective in removing enhanced
attentional biases for food cues. Understanding the contribution of visual attention and food cues to obesity will
open an untapped perspective in both studying and treating
this important public health concern.
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