Provided for non-commercial research and education use.
Not for reproduction, distribution or commercial use.

Neuroscience
& Biobehavioral
Reviews

(This is a sample cover image for this issue. The actual cover is not yet available at this time.)

This article appeared in a journal published by Elsevier. The attached

copy is furnished to the author for internal non-commercial research

and education use, including for instruction at the authors institution
and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright


http://www.elsevier.com/copyright

Neuroscience and Biobehavioral Reviews 37 (2013) 279-299

Contents lists available at SciVerse ScienceDirect " Neuroscience

& Biobehavioral

Neuroscience and Biobehavioral Reviews

journal homepage: www.elsevier.com/locate/neubiorev

Review

Neurobehavioural correlates of body mass index and eating behaviours in adults:
A systematic review

Uku Vainik®?*, Alain Dagher?, Laurette Dubé®¢, Lesley K. Fellows?

@ Montreal Neurological Institute, Department of Neurology & Neurosurgery, McGill University, 3801 University Street, Montreal, QC H3A 2B4, Canada
b Institute of Psychology, University of Tartu, Tiigi 78, 50410, Tartu, Estonia
¢ Desautels Faculty of Management, McGill University, 1001 Sherbrooke Street West, Montreal, QC H3A 1G5, Canada

ARTICLE INFO ABSTRACT
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havioural measures. Here, we systematically review these efforts, evaluating neurocognitive tests and
personality questionnaires based on: (a) consistent relationship with obesity and eating behaviour, and
(b) reliability. We also considered the measures’ potential to shed light on the brain mechanisms under-
lying these individual differences. Sixty-six neurocognitive tasks were examined. Less than 11%, mainly

giye ‘;"i‘;;dS: measures of executive functions and food motivation, yielded both replicated and reliable effects. Several
Impulsivity different personality questionnaires were consistently related to BMI. However, further analysis found
BMI that many of these questionnaires relate closely to Conscientiousness, Extraversion and Neuroticism
Neuropsychology within the Five-Factor Model of personality. Both neurocognitive tests and personality questionnaires
Executive functions suggest that the critical neural systems related to individual differences in obesity are lateral prefrontal
Food motivation structures underpinning self-control and striatal regions implicated in food motivation. This review can
F{VE-_FACtOY Model guide selection of the highest yield neurobehavioural measures for future studies.
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1. Introduction
1.1. A brain-based approach to obesity research

Health worsens as body-mass index (BMI, weight in kg/height
in m2) increases (James, 2008), and throughout the world BMI
continues to rise (Finucane et al., 2011). This alarming increase is
likely due to many interacting factors, ranging from neurobiologi-
cal mechanisms regulating our behaviour (Speliotes et al., 2010) to
public policy, agricultural innovation, and business practices that
have significantly lowered the cost and increased the availability
of calorie dense food (Chandon and Wansink, 2010; Drewnowski,
2009; Lakdawalla and Philipson, 2002).

While the interaction between individual tendencies and a
rapidly changing food environment seems to be critical in the
increasing prevalence of obesity (Levitsky, 2005), not every individ-
ual is equally susceptible to these environmental pressures. How
do individual differences in the ability to regulate food choices pro-
tectagainst weight gain in the modern environment of cheaper food
and increased food consumption? While a variety of biological indi-
vidual differences can conceivably be at play, those that relate to
behaviour are likely to be of high interest and high impact: indeed,
many of the current interventions to address the obesity epidemic
are aimed at changing individual behaviour, notably through edu-
cation and public health messages that exhort healthy choices and
self-control.

We propose that a better understanding of the regulation of
food choice and eating behaviour is crucial to explaining existing
variability in BMI and increases in BMI, and may also be helpful
in developing rational, tailored interventions to prevent or reverse
weight gain, or at least in predicting who might benefit from a given
intervention, whether that intervention relies on pharmacological,
educational or social mechanisms. We argue that a brain-based
view of these behaviours will allow mechanistic links between
the growing body of knowledge about genetic and other biolog-
ical determinants of BMI and the individual behaviours that lead
to weight gain. There are several methods available to study the
brain mechanisms underlying eating behaviours in humans. The
tools of cognitive neuroscience are now being brought to bear on
this question, with provocative results emerging from functional
neuroimaging (Batterink et al., 2010; Killgore and Yurgelun-Todd,
2005; Martin et al., 2010; Stice et al., 2008, 2010, 2011a; Wang
etal., 2001), electrophysiology (Nijs et al., 2010b; Silva et al., 2002),
non-invasive brain stimulation (Camus et al., 2009; Fregni et al.,
2008; Uher et al., 2005) hormonal manipulations (Batterham et al.,
2007; Farooqi et al., 2007; Malik et al., 2008), and genetics (Stice
etal., 2011b). While these approaches are useful for understanding

the neural basis of food choice and other eating related behaviours
in tightly focused experiments, they are unwieldy for use on
the scale of the population level studies that are increasingly
seen as necessary to fully understand the multivariate, multi-
level determinants of the complex problem of obesity (Dubé et al.,
2008).

1.2. Advantages of neurobehavioural measures

Neurobehavioural measures offer a potentially valuable inter-
mediate tool: Such measures quantify a particular behaviour (i.e.
psychological construct) in a way that can be linked to the brain,
and are feasible for large-scale studies. There are two main types
of neurobehavioural measures: neurocognitive measures, which
are tasks, many with their origins in neuropsychology, that aim
to measure specific cognitive-behavioural abilities, and person-
ality questionnaires or scales that capture participants’ typical
behaviour through (mainly self-reported) responses to behaviour-
related questions. Commonly applied behavioural constructs in
research on eating include self-control, impulsivity, executive
control and sensitivity to reward, among others. Cognitive neu-
roscience research has begun to identify the neurobiological
substrates of these constructs in general, and, more helpfully for our
purposes, of specific measures of these constructs. As an example,
self-control can be indexed by both a neurocognitive stop-signal
task and a questionnaire measure of Conscientiousness. Both of
these measures have been linked to maladaptive eating behaviours
(Bogg and Roberts, 2004; Nederkoorn et al., 2010), and have been
related to prefrontal structures (Aron and Poldrack, 2006; DeYoung
etal., 2010). Thus, one or both of these measures, suitable for use in
large-scale studies, might shed light on the role of prefrontal cortex
in eating behaviours.

This paper aims to systematically review current knowledge
regarding neurobehavioural measures in relation to obesity and
eating behaviours. We set out to answer a practical question: Is
there sufficient evidence to allow the confident selection of neu-
robehavioural measures, whether personality questionnaires or
neurocognitive tasks, to characterize individual differences in BMI
or ecologically-relevant eating behaviours in humans? Appropriate
neurobehavioural measures must be both ecologically and con-
ceptually valid: that is, (1) there must be a valid link between
the measure and BMI or eating behaviours, and (2) the measure
must be reliable i.e., reproducible and accurate. The existing lit-
erature will be reviewed in regards to these points, as well as
considering whether the measures can be related to specific brain
systems.
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1.3. Eating behaviours related to neurobehavioural measures

Assuming suitable neurobehavioural measures are available,
what eating behaviours should they be expected to predict? The
most common correlative research designs involve measuring BMI
concurrent with the administration of neurobehavioural measures
and then comparing performance either between different weight
groups or along a continuous BMI scale (e.g., Davis and Fox, 2008;
Gunstad et al., 2007). Other related indexes of healthy weight have
been used, such as waist-to-hip ratio or high waist circumference.
Prospective studies involve measuring BMI at two time points and
determining if a neurobehavioural measure is able to predict the
change (e.g., Gunstad et al., 2010; Sutin et al.,, 2011). However, what
BMI and other similar measures gain in public health relevance,
convenience and reliability, they lose in behavioural specificity:
Changes in BMI are the result of various factors accumulating over
a period of time (Blundell and Cooling, 2000). Relevant neurobi-
ological factors may not be discernible amongst the many other
contributing variables. On the other hand, if a neurobiological fac-
torisidentified asrelevant to a ‘big picture’ real world outcome such
as BMI, particularly in a prospective longitudinal study, this would
seem good evidence that it may be a high yield point of leverage in
predicting risk or personalizing interventions.

Beyond BM], a variety of more specific eating-related behaviours
have also been examined. These offer more behavioural focus, mak-
ing it more likely that a mechanistic link will be identified between
neurobehavioural tasks and eating behaviours. On the other hand,
their relevance to real world outcomes is uncertain. Examples
include asking participants how much they plan to eat/avoid cer-
tain food products over a given time period and then measuring any
discrepancy with actual recorded behaviour (planned-conducted
behaviour; e.g., Hall et al., 2008; based on Thompson et al., 2004)
or measuring how much participants eat in a particular context,
such as in a bogus food tasting test (laboratory intake of food; e.g.,
Herman and Mack, 1975; Schachter et al., 1968). While more spe-
cific than BMI, these measures have not been positioned within a
brain-based conceptual framework. In addition, studies using these
approaches tend to use idiosyncratic tasks, making cross-study
comparison more difficult.

1.4. Fragmentation of neurobehavioural evidence

Similarly to eating behaviours, there is great variety in the neu-
robehavioural measures that have been studied as correlates or
predictors of eating behaviours. While constructs such as impuls-
ivity or executive functions are considered important in obesity
(e.g., Guerrieri et al., 2008; Smith et al., 2011), these are such broad
categories that they provide little insight into the underlying mech-
anisms. More specific constructs would seem more informative,
but the lack of an accepted, common set of measures and lack of
communication between different research traditions has hindered
progress. The nature of fragmentation is somewhat different in the
two main types of neurobehavioural measures, and thus they will
be addressed in different sections of this review.

1.4.1. Neurocognitive tasks

Neurocognitive tasks rarely correlate with each other which
makes drawing conclusions about more specific constructs diffi-
cult. For instance, Hofmann et al. (2009a) found that stop-signal,
affective inhibition and working memory tasks all relate to candy
consumption but do not relate to each other. In a similar vein,
neurocognitive self-control measures in general have an average
correlation of 0.15 (Duckworth and Kern, 2011). A possible way to
overcome this issue is to apply a domain-based approach, where
tasks meant to capture a given construct, such as memory, lan-
guage, or executive function, are clustered together to evaluate

the domain’s feasibility in obesity research. Smith et al. (2011)
applied a similar approach to highlight the general role of execu-
tive functions in obesity. Here, we attempt to evaluate all cognitive
domains that have been tested in the context of maladaptive eating
behaviours.

We conducted a systematic search combining terms referring
to related neuropsychological domains and to BMI or laboratory
measures of food intake. We then categorized the tasks by the
primary cognitive domain that each is purported to measure.
Whenever necessary, the tasks within a cognitive domain were fur-
ther classified based on existing, empirically supported conceptual
frameworks (Miyake et al., 2000; Oberauer et al., 2000) and neu-
ropsychological expertise. This classification allowed identification
of the domains most related to eating behaviours, enabling prelim-
inary conclusions about domains where no single task has been
frequently studied.

1.4.2. Personality questionnaires

In contrast to the heterogeneous variety of neurocognitive
tests, questionnaire measures are more homogenous. The focus
has been on a smaller number of constructs that are perceived
to be relevant in obesity: Five-Factor Model personality dimen-
sions, self-control, sensitivity to reward, impulsivity, and a handful
of food-related personality constructs. Most of these constructs
have established relationships with obesity and maladaptive eating
behaviours (Bogg and Roberts, 2004; Bryant et al., 2008; Chalmers
et al,, 1990; de Ridder et al., 2011; Guerrieri et al., 2008; Herman
and Polivy, 2008; Johnson et al., 2011; Lowe and Thomas, 2009;
Macht, 2008; see later in this paper). While often each of these
constructs has several measures, different measures of a single con-
struct tend to correlate well (self-control questionnaires’ average
r=0.50, Duckworth and Kern, 2011), which has enabled fruitful
attempts to clarify which measures within a construct provide the
best reliability and validity. This paper does not seek to double this
work-rather we highlight the best measures identified so far in
relation to BMI or eating behaviours.

Around a dozen personality constructs related to obesity and
eating behaviours are actively applied in contemporary research.
At this point one might ask: How different are these measures from
each other? It seems highly unlikely that obesity would be so mul-
tifaceted that each of the highlighted constructs would represent
an independent mechanism. Rather, it is quite probable that dif-
ferent measures ultimately rely on a common set of underlying
processes that are named differently in different research tradi-
tions. For example, a recent review of self-control questionnaires
showed that various self-control measures correlate with Neu-
roticism and Conscientiousness of the Five-Factor Model (McCrae
and Lockenhoff, 2010). A similar analysis was conducted here to
explore the possible overlap between measures deemed impor-
tant for obesity. The Five-Factor Model (McCrae and Costa, 1987)
was used as the baseline measure given its characterisation of per-
sonality as a whole, its established relationship with obesity (e.g.,
Sutin et al., 2011) and other eating-related behaviours (e.g., Mottus
et al,, 2011, 2012), and the fact that most of the measures men-
tioned above have been correlated at least once with the Five-Factor
Model.

1.5. Reliability

Reliability is an integral part of a measure’s validity, as it sets the
upper limit to the potential correlation between a measure and an
outcome. Despite its obvious importance, reliability has been of lit-
tle concern for neurocognitive research; personality questionnaires
have done much better in this regard. In this review, reliability will
be reported for key measures.



282 U. Vainik et al. / Neuroscience and Biobehavioral Reviews 37 (2013) 279-299

1.6. Diverse measures tap common brain mechanisms

Finally, neurocognitive measures and personality question-
naires capturing the same construct are still often considered as
separate entities. For instance, in the domain of impulsivity recent
reviews tend to focus on evidence from one of the approaches
and are critical of the other, with neurocognitive research claiming
that personality questionnaires are vulnerable to subjective bias
(de Wit, 2009) and personality research claiming that neurocogni-
tiveresearch has problems with reliability (DeYoung, 2010a). While
both of these criticisms are valid, both research traditions are taking
steps to refine their measures (e.g., Parrott, 1991; Soto et al., 2008).
Thus, evidence from sound measures from both measurement tra-
ditionsis likely to offer relevant perspectives on the neurobiological
underpinnings of a particular behaviour. Note that, while neu-
rocognitive tests are often favoured in neurobehavioural research,
the links between personality constructs and the brain are also
becoming clearer (for overviews see Carnell et al., 2011; Davis and
Panksepp, 2011; DeYoung and Gray, 2009; DeYoung, 2010b). Thus,
obesity research is likely to benefit from evidence from both neu-
rocognitive measures and personality questionnaires, perhaps by
developing a more elaborated neurobiological framework through
which to link neurobehavioural measures and outcomes of interest
(e.g., Berthoud and Morrison, 2008; Carnell et al., 2011).

In sum, the current review seeks to unite the scattered knowl-
edge from studies using both broad and narrow approaches to study
the relationship between neurobehavioural measures and BMI or
eating behaviours. The review will serve two goals: First, it will
serve as a guide for researchers choosing measures for a compre-
hensive, reliable and informative test battery with the potential
to predict obesity risk, suitable for use in adults. Second, we will
review what these measures may reveal about the putative brain
mechanisms contributing to obesity.

2. Neurocognitive tasks
2.1. Search strategy

On 18.11.11 a topic search in all databases was conducted at ISI
Web of Knowledge pairing neurocognitive or psychological con-
structs with obesity and food words. The search included articles
dating from 1985 to 2011 (see supplementary material for a list
of keywords). The search was refined to exclude studies involv-
ing animals, children (<18 years) and the elderly (>60 years), and
also to exclude work not related to psychology or obesity, resulting
in total of 7069 papers. Based on titles and abstracts we included
papers that examined the relationship between a neurocognitive
measure and one or more eating-related measurements: BMI, BMI
change or laboratory food intake measures. Reference sections of
the papers so-identified were also scanned to identify additional
studies. We excluded results obtained from a particular clinical
population, such as smokers or people with a psychiatric diagno-
sis (including eating disorders). For simplicity, we also excluded
studies involving manipulations, such as fasting before testing or
administration of alcohol, unless these papers also included meas-
ures under conditions of satiety or reported on non-clinical control
groups. Only papers in English providing statistical data confirming
the presence or absence of an effect were included. The final analy-
sis was based on 65 papers including one review paper on implicit
associations (Roefs et al., 2011). This review provided a thorough
overview of implicit association tasks related to eating behaviours
in a format suitable for our analysis. We extracted the neurocog-
nitive measures from those 65 papers, excluding IQ measures
and composite indexes encompassing several executive functions,
as these are not intended to provide cognitive domain-specific
information.

In these studies, obesity was usually defined as a BMI of 30 kg/m?
or above, overweight as a BMI between 25-30kg/m? and normal
weight as a BMI between 18.5-25 kg/m2. Morbid obesity was usu-
ally defined by BMI of 35 or more. A few studies also employed
high waist-to-hip ratio or high waist circumference as measures of
adiposity, but the grouping criteria tended to vary from study to
study.

2.2. Search results

Our search identified 66 different neurocognitive tasks, 47% of
which had been studied only once. The tasks that had been used
more than once had been studied on the average 4.17 times. Signif-
icant relationships with BMI or food intake measures were reported
for 61% of all measurements. Most often, better performance corre-
lated with lower BMI or more adaptive performance on laboratory
food intake tests. In three cases obese participants outperformed
those of normal weight on a particular task. Most of the tasks used
generic (i.e. non-food) stimuli. A smaller set of tasks used food-
related stimuli to specifically probe food-related cognitive abilities.

Many neurocognitive measures were developed in a clinical
context, and they are usually related to each other within a frame-
work of cognitive domains thought to rely on at least partly distinct
brain systems (Lezak, 2004). It is worth noting that, to our knowl-
edge there is only patchy empirical evidence for the validity of
such conceptual frameworks in non-neurological populations. We
relied on this evidence where it was available (Miyake et al., 2000;
Oberauer et al., 2000), and otherwise categorized the tasks into dif-
ferent domains based on clinical neuropsychological convention.
While the boundaries of some of these domains can be debated,
they nonetheless offer a heuristic for roughly categorizing cogni-
tive functions in a way that can be related to the brain. The final
neuropsychological framework encompassed 66 tasks in 8 major
domains—21 in executive function, 2 in time judgement, 10 in (sus-
tained/basic) attention, 4 in visuospatial, 3 in motor, 4 in language,
12 in memory and 9 in food motivation. The framework and the
results are summarised in Fig. 1, and all tasks and studies are listed
inTable 1. Table 1 also summarises the BMI or food intake measures
that have been tested with each particular task and if the significant
findings have any constraints, such as being limited to particular
populations. Several studies also reported significant interactions
between measures of food motivation and executive function. Such
findings are of high theoretical interest, and are also reported in
Table 1.

In general, the most consistent effects were seen with executive
function and food motivation tasks. Several papers also highlighted
an interaction between the two. Other task domains were less con-
sistently related to the outcomes of interest, or were infrequently
studied. Hence, the following overview focuses on measures of
executive function and food motivation.

2.2.1. Generic stimuli

2.2.1.1. Executive function. Executive function is an umbrella term
for processes underlying flexible, goal-directed behaviour. This cat-
egory has obvious face validity in relation to the control of food
intake, and has been extensively studied in relation to BMI. One
empirically supported framework proposes that executive func-
tions can be subdivided into response inhibition, attention shifting,
and manipulation in working memory (Miyake et al., 2000). Tasks
tapping each of these subdimensions have been administered;
those requiring the inhibition of prepotent responses, most com-
monly the stop signal or Stroop tasks, seem to have the most
consistent relationship with BMI and eating behaviour, with at
least 80% of measurements yielding a significant relationship (Fig. 1
and Table 1: 59, 60). Performance on these tasks distinguish obese
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Fig. 1. Visual overview of neurocognitive measures and their possible links with obesity and weight-related appetitive behaviours. The results of the systematic search are
depicted in this Figure. The major domains are positioned in the centre of the circle. Some of the domains are further broken into subdomains, when necessary. Each rectangle
corresponds to a single neurobehavioural task. The numbers correspond to task numbers in Table 1. The length of the rectangle reflects the number of studies conducted
with this task, and the colour reflects the overall outcome. Studies with replications have a separate colour scheme from studies with no replications (see legend). Asterisks
indicate tasks that use food stimuli, as opposed to generic stimuli, and rectangles in bold indicate tasks that are discussed in more detail in this paper. Arrows indicate if
task has been tested in a longitudional design. * = task uses food stimuli; 1| = Outward arrow-task performance has been tested as a predictor of BMI change or discrepancy
between planned and conducted behaviour. Inward arrow-BMI change has been tested as a predictor of task performance; GNG= go/no go; IAT = Implicit Association Test;
IGT=Iowa Gambling Task; maze = Austin Maze; ns = not significant; RRVf=Relative reinforcing value of food; s=significant; span=Computational span; SST =stop-signal

test; WCST =Wisconsin Card Sorting Test.

and non-obese subjects (Gunstad et al., 2007; Nederkoorn et al.,
2006; but see Phelan et al., 2010), are associated with increased
food intake (Guerrieri et al., 2007b; Hall, 2012; Hofmann et al.,
2009a; Houben, 2011; Jansen et al., 2009; but see Guerrieri et al.,
2007a), weight gain (Nederkoorn et al., 2010) and the gap between
intended and actual food intake (Allan et al., 2010, 2011). In the
case of the stop signal task, a few papers report a significant effect
only through an interaction with a measure of food motivation
(Hofmann et al., 2009a; Nederkoorn et al., 2010) or with question-
naire measures of restraint-an eating style under cognitive control
that is often undermined when self-control is undermined (Jansen
et al,, 2009). Go-no go tasks are thought to tap a similar construct,
but their relationship with maladaptive eating behaviours has been
mixed, with significant effects linked to go reaction time (Hall,
2012; Hall et al., 2008), rather than measures that would seem
to capture response inhibition more directly (Fig. 1 and Table 1:
58; Allan et al., 2011; Loeber et al., 2012; Ratcliff, 2010; Wong and
Mullan, 2009). The possibly related construct of affective inhibi-
tion has also been reported to correlate with candy consumption
in a laboratory eating test, albeit only through an interaction with a
measure of food motivation (Fig. 1 and Table 1: 61; Hofmann et al.,
2009a).

Although not a classical executive function, decision-making is
also linked to the frontal lobes, and the tasks used to test it share
some conceptual links with response inhibition. Paradigms tapping
the ability to forego immediate rewards in favour of longer-term
advantages show promise: The lowa Gambling Task has shown a

consistent relationship with BMI, although studies have compared
subjects of normal weight only to those who are morbidly obese
(Fig. 1 and Table 1: 43; Davis et al., 2004a; Pignatti et al., 2006;
Broganetal.,2010a,b; but see Davis et al.,2010). Amore direct mea-
sure of the ability to wait for larger reward, the steepness of delay
discounting, has yielded consistent results mainly in population-
based survey approaches (Borghans and Golsteyn, 2006; Ikeda
et al., 2010; Reimers et al., 2009). Some behavioural studies have
established a direct link between delay discounting and eating
behaviours, but the effects were limited to women and particular
adiposity indexes (Fig. 1 and Table 1: 42; Rasmussen et al., 2010;
Weller et al., 2008; but see Davis et al., 2010; Manwaring et al.,
2011; Rasmussen et al., 2010; Yeomans et al., 2008). Recent papers
suggest that delay discounting might explain more variance in BMI
through interactions with food motivation measures (Appelhans
etal., 2011; Rollins et al., 2010). The few reports on probability dis-
counting have also yielded conflicting findings (Fig. 1 and Table 1:
44; Rasmussen et al., 2010; but see Manwaring et al., 2011). The
amounts of money and delays or probabilities used in these tasks
vary across studies, which might further contribute to the incon-
sistent results.

The results from measures of other executive function sub-
dimensions are more complicated to interpret. Some working
memory measures show an effect only in conjunction with food
motivation tasks (Fig. 1 and Table 1: 44; Hofmann et al., 2008,
2009a). Other working memory tasks, such as the Austin Maze,
seem more promising (Fig. 1 and Table 1: 53; Gunstad et al., 2007;



Table 1
Overview of neurocognitive tests and their possible links with obesity and weight-related eating behaviours. The particular weight-related eating behaviours are introduced in the introduction. The first three designs are correlative
(marked with small x) and last three are prospective (marked with large X).

No. Measure Studies Weight-related eating behaviours Comments
effect/no effect Group Continuous Laboratory Planned- Score — Score « BMI Limits of papers showing
comparison BMI food intake conducted BMI change change effects; confounding

¥8C

results; interactions with
other measures

Temporal judgment

1 time judgment
estimation
2 time judgment

reproduction

Motor
3 tap test
4 transfer
coordination test
5 traverse speed test
Sustained/basic attention
6 choice reaction
time
7 D2 attention
endurance test
8 digit span forward

9 group embedded

figure task
10 selective attention
test
11 Trail-Making-Test
A(TMT A)
Visuospatial

12 block design tests
13 card rotations test

14 Clock drawing test
15 Hooper Visual
Organization Test

Language
16 Boston naming test
17 Hayling Sentence
Completion task A

Memory
Semantic

18 composite measure
Episodic

19 auditive verbal

learning task
20 California Verbal
Learning Tests

Etou et al. (1989)

[Etou et al. (1989)

Etou et al. (1989), Stanek (2011)*
Etou et al. (1989)

Etou et al. (1989)

Gunstad et al. (2007)*

Cserjési et al. (2009)/Loeber et al.
(2012)

Stanek (2011)*/Cserjési et al. (2009),
Gunstad et al. (2007, 2010)"

Roberts et al. (2007)

Cournot et al. (2006)*

Chelune et al. (1986), Cserjési et al.
(2009), Gunstad et al. (2007,
2010)*/Boeka and Lokken (2008),

Loeber et al. (2012), Ward et al.
(2005)*

Nilsson and Nilsson (2009)*
Gunstad et al. (2010)*

|Fergenbaum et al. (2009)
Wolf et al. (2007)*

/Gunstad et al. (2010)*
Cserjési et al. (2009)

Nilsson and Nilsson (2009)*
/Loeber et al. (2012)

/Boeka and Lokken (2008), Gunstad
etal. (2010)*

NW vs. morbidly obese, F
only, small sample

NW vs. morbidly obese, F
only, small sample

only F awaiting
gastroplasty

small sample, F only, edu
not controlled

In Gunstad et al. (2010)
faster performance is
related to higher BMI and
WC.

results ns when excluding
future health conditions
higher WC linked to better
performance

edu not controlled

only F awaiting
gastroplasty

effect only for F
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21

22

23

24

25

26

27

28

29

explicit memory
task

logical memory
from Wechsler
memory scale-III
paired associates
(immediate &
delayed)

Rey Auditory
Verbal Learning
Test & adaptions
short-term verbal
memory

recall- recognition
composite

Benton retention
test
Rey-Osterrieth
Complex Figure
visual
reproductions

Food motivation
Attention bias

30

31

32

33

free view of food
picture

pairs +eyetracker
visual odd-

ball + eyetracker

visual probe

visual probe +eye
tracker (vp +eye)

Implicit measures

34

35

36

37

affective priming
paradigm (APP)

Extrinsic Affective
Simon Task (EAST)
Implicit
Association Test
(IAT)

semantic priming
paradigm

King et al. (1991)

/Boeka and Lokken (2008), Wolf et al.
(2007)*

/Wolf et al. (2007)*

Cournot et al. (2006)*/Loeber et al.
(2012), Ward et al. (2005)*

/Conforto and Gershman (1985), Sabia
etal. (2009)*

Gunstad et al. (2006), Nilsson and
Nilsson (2009)*/Gardner et al. (1986),
Pothos et al. (2009), Stanek (2011)*
Gunstad et al. (2010)*

Boeka and Lokken (2008), Lokken
et al. (2010)*, Roberts et al. (2007)
Wolf et al. (2007)*/

Graham et al. (2011)*/Nijs et al.
(2010b)

Nummenmaa et al. (2011)

Nijs et al. (2010b)/Calitri et al. (2010)*,
Castellanos et al. (2009), Loeber et al.
(2012), Pothos et al. (2009)
Castellanos et al. (2009), Werthmann
etal. (2011)

Czyzewska and Graham (2008), 1
study in Roefs et al. (2011)*/3 studies
in Roefs et al. (2011)*

1 study in Roefs et al. (2011)*/Pothos
et al. (2009)

Ayres et al. (2011), Churchill and
Jessop (2011), Hofmann et al. (2008,
2009a)*, Nederkoorn et al. (2010)*, 5
studies in Roefs et al. (2011)*/4
studies in Roefs et al. (2011)

/1 study from Roefs et al. (2011)*

food stimuli; only F;
restraint, edu, age not
balanced

delayed better predictor
than immediate (Cournot)

mostly NW vs. morbidly OB

only students

small sample, only NW
students, no control
variables

eye-tracking data show
opposing effects

only students, few OW/OB
participants

highly dependent on
stimuli used; interactions
with 55, 59, 61 and
Emotional Eating Scale
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Table 1 (Continued)

No. Measure

Studies

effect/no effect

Weight-related eating behaviours

Score — Score < BMI
BMI change change

Planned-
conducted

Group Continuous
comparison BMI

Laboratory
food intake

Comments

Limits of papers showing
effects; confounding
results; interactions with
other measures

Relative reinforcing value
38 Relative
Reinforcing Value
of food (RRVF)

Executive control
39 food delay
discounting
40 food probability
discounting
41 food Stroop

Executive
Decision-making
42 delay-discounting

43 lowa Gambling
Task (IGT)

44 probability
discounting

Complex
45 category test

46 Tower tests

Switching
47 Brixton task

48 CatBat task

49 haptic illusion task

50 Wisconsin Card
Sorting Test
(WCST)

Epstein et al. (2007, 2010, 2011%),
Giesen et al. (2010), Rollins et al.
(2010), Saelens and Epstein (1996)

Rasmussen et al. (2010) /Manwaring
etal. (2011)*

etal. (2010) / ing
etal. (2011)
Calitri et al. (2010)*, Phelan et al.
(2010)*/Pothos et al. (2009), Nijs et al.
(2010a)

Appelhans et al. (2011)*, Borghans
and Golsteyn (2006)*, Ikeda et al.
(2010), Rasmussen et al. (2010),
Reimers et al. (2009), Rollins et al.
(2010)*, Weller et al. (2008)/Borghans
and Golsteyn (2006), Davis et al.
(2010)*, Manwaring et al. (2011)*,
Nederkoorn et al. (2006), Rasmussen
etal. (2010), Yeomans et al. (2008)
Brogan et al. (2010a,b), Davis et al.
(2004a), Pignatti et al. (2006)/Davis
etal. (2010)

Rasmussen et al. (2010)/Manwaring
etal. (2011)*

Chelune et al. (1986)

Wong and Mullan (2009)/Allan et al.
(2010)

Roberts et al. (2007)

Roberts et al. (2007)

Roberts et al. (2007)

Boeka and Lokken (2008), Lokken
etal. (2010)*, Roberts et al.
(2007)/Loeber et al. (2012)

x

interaction with 42

only %BF, only F students
only %BF, only F students

Scoring methods differ;
different group types used

effects for men manifest in

population studies only; an

interaction with 38 and
Power of Food Scale.

differences in later IGT
blocks only

only %BF, only F students

no control variables; OB
awaiting gastroplasty
task versions differ

small sample, F only, edu
not controlled

mostly NW vs. morbidly
obese

98¢
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51 Trail-Making-Test
B (TMT B) versions

Working memory/updating

52 prospective
memory test

53 Austin Maze

54 span of visual
memory

55 computation span
task (span)

56 digit span
backwards
57 digit symbol
substitution tests
Inhibition
58 go/nogo (GNG)

59 stop signal task

(SST) versions

60 Stroop test

61 affect regulation

62 Hayling Sentence
Completion task B

Fluency
63 letter fluency tests
64 animal naming
tests
65 category fluency
66 composite of
category and

phonetic fluency

Chelune et al. (1986), Cserjési et al.
(2009)*, Fergenbaum et al. (2009),
Gunstad et al. (2010)*, Roberts et al.
(2007), Wolf et al. (2007)/Boeka and
Lokken (2008), Gunstad et al. (2007)%,
Loeber et al. (2012), Ward et al. (2005)

Gunstad et al. (2010)*

Gunstad et al. (2007)*, Stanek (2011)*
Gunstad et al. (2007)*

Hofmann et al. (2008, 2009a)*

/Gunstad et al. (2010)*, Stanek (2011)*

Cournot et al. (2006)*

Hall (2012*), Hall et al. (2008)/Allan
etal.(2011), Loeber et al. (2012),
Ratcliff (2010), Wong and Mullan
(2009)*

Guerrieri et al. (2007b), Hofmann

et al. (2009a)*, Houben (2011), Jansen
et al. (2009)*, Nederkoorn et al.
(2006, 2010*)/Guerrieri et al. (2007a)

Allan et al. (2010, 2011), Gunstad
et al. (2007)*, Hall (2012)*/Phelan
etal. (2010)*

Hofmann et al. (2009a)*

Cserjési et al., 2009

Boeka and Lokken (2008), Gunstad
et al. (2010), Sabia et al. (2009)*

Sabia et al. (2009)*/Boeka and Lokken
(2008)

Gunstad et al. (2010)*

Allan et al., 2010/Cserjési et al. (2009),
Stanek (2011)*

scoring methods differ

scoring methods differ

only F students, no OW/OB;
results only significant in
an interaction with 36

scoring methods differ

only F, mostly students,
edu not controlled for
non-students, some results
only significant in an
interaction with 36 or
Restraint Scale

only F students, no OW/OB;
results only significant in
an interaction with 36
only F awaiting
gastroplasty

in Boeka and Lokken
(2008) obese perform
better than NW

only students, few M
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Note. %BF = per cent body fat; edu=education; F=female; M = male; ns = not significant; NW = normal-weight; OB = obese; OW = overweight; WC = waist circumference. *Papers marked with an asterisk are notable for reporting
on particularly large samples, or studies with particularly tight control of possible confounds.
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Stanek, 2011). Attention shifting tasks might have potential: the
Wisconsin Card Sorting Task has mostly produced significant dif-
ferences (Fig. 1 and Table 1: 50; Boeka and Lokken, 2008; Lokken
et al., 2010; Roberts et al., 2007), with the only null result arising
from a study with a small sample size (Loeber et al., 2012). A more
widely used, simpler shifting task (Trail-Making-Test B) has yielded
more varied results (Fig. 1 and Table 1: 51). More complex executive
function and verbal fluency tasks have also yielded mixed results
(Fig. 1 and Table 1: 45-46, 63-66). One study found that phono-
logic verbal fluency was better in obese individuals than in those
of normal weight (Boeka and Lokken, 2008).

In sum, the most promising subdomain in executive functions
seems to be response inhibition. Complex shifting tasks and the
Iowa Gambling Task might also provide useful information but
more research is warranted. In most cases, delay discounting and
working memory only seem to reliably relate to eating behaviours
in conjunction with measures quantifying food motivation.

2.2.1.2. Neurocognitive tasks measuring other cognitive domains.
Some non-executive neuropsychological measures have also been
linked to BMI, notably simple motor tasks and non-verbal episodic
memory tasks. Poorer performance on simple motor tasks may be
due to physical factors, although cognitive explanations have also
been offered (Fig. 1 and Table 1: 3-5; Etou et al., 1989; Stanek,
2011). The Rey Complex Figure Task, intended as a measure of non-
verbal memory, has been consistently related to BMI (Fig. 1 and
Table 1: 28). This is a complex task that may also rely on executive
abilities (Shin et al., 2006). Other domains have fewer studies with
mixed or mostly non-significant results (Fig. 1 and Table 1: 1-2,
6-26).

2.2.2. Tasks using food stimuli

2.2.2.1. Food motivation tasks. Food motivation tasks are meant to
measure how participants value a particular food in comparison
to other food items or to non-food alternatives. It is hypothesised
that a tendency to evaluate food as more rewarding correlates with
obesity and maladaptive food intake. The current review identi-
fied three types of food motivation tasks that have been related to
eating behaviours. The most uniform results have come from the
relative reinforcing value of food task, which explicitly measures
participants’ motivation to barpress for food in a gambling setting
as compared to motivation to barpress for other reinforcers (Fig. 1
and Table 1: 38; Epstein et al., 2007,2010, 2011; Giesen et al., 2010;
Rollins et al., 2010; Saelens and Epstein, 1996). Implicit food moti-
vation seems best captured by the Implicit Associations Test (Fig. 1
and Table 1: 36; see Roefs et al., 2011 for an overview). Here, par-
ticipants are asked to indicate their liking or non-liking of different
type of visual stimuli (e.g. food and non-food pictures) and their
reaction time latencies are hypothesised to characterise differen-
tial automatic stimuli processing. The Implicit Association Test is
highly dependent on the stimuli used. For instance, pictures are
often more effective than words (Czyzewska et al., 2011). Finally,
attention bias tasks have produced mixed results. In these tasks,
participants view pairs of different types of food and non-food pic-
tures or conduct a visual search for a target. Eating behaviours tend
not to correlate with behavioural indexes on these tasks, but do
correlate with eye-tracking measures which are perhaps revealing
more ‘automatic’ influences (Fig. 1 and Table 1: 30-33). How-
ever, eye-tracking results are conflicting, even in similar paradigms
(compare Castellanos et al., 2009; Werthmann et al., 2011; see Nijs
and Franken, 2012 for a more detailed review).

2.2.2.2. Food-related tasks measuring other cognitive domains. One
explicit memory task has also used food-related stimuli (Fig. 1 and
Table 1: 21; King et al., 1991), finding that obese people remem-
bered more weight- and food-related items than other items.

However, these results should be treated with caution, since groups
were sub-optimally matched.

2.2.3. Interactions between executive and food motivation tasks

Both relative reinforcing value of food and Implicit Associa-
tions Test performance have been reported to interact with several
measures of executive function (Hofmann et al., 2008, 2009a;
Nederkoorn et al., 2010; Rollins et al., 2010) and also with the Emo-
tional Eating Scale from the Dutch Eating Behaviours Questionnaire
(Ayres et al., 2011). Studies finding an interaction have all reported
a very similar pattern. Lower executive function combined with
higher food motivation is more strongly related to maladaptive eat-
ing behaviours or BMI than any of these measures alone (Appelhans
et al, 2011; Hofmann et al., 2008, 2009a; Nederkoorn et al., 2010;
Rollins et al., 2010). Such an interaction is often demonstrated with
a£1SD split technique recommended by Aiken and West (1991)-in
participants with an executive function score less than 1 SD below
the mean, a food motivation score is successfully related to an eat-
ing behaviour or BMI, whereas the mean food motivation scores
have no effects in participants with an executive function score
greater than 1 SD above the mean. In simpler terms, if executive
scores are low, food motivation becomes the key in explaining
maladaptive eating behaviours. Or vice versa-executive functions
only become important for eating behaviours if a person is highly
interested in food. This interaction has been highlighted in several
review papers (Appelhans, 2009; Hofmann et al., 2009b; van den
Bos and de Ridder, 2006).

It is interesting to note that the nature of interactions remains
similar across different type of executive tasks and food motivation
measures. The food motivation tasks include relative reinforcing
value of food (Rollins et al., 2010), Implicit Associations Test (Fig. 1
and Table 1: 36, 38; Hofmann et al., 2008, 2009a; Nederkoorn et al.,
2010) and the Power of Food Scale (Appelhans et al., 2011); the
executive measures include stop signal task, affect regulation, com-
putational span and delay discounting (Fig. 1 and Table 1: 42, 55, 59,
61). However, in other work the executive tasks themselves corre-
late poorly with each other (Duckworth and Kern, 2011; Hofmann
etal.,2009a). These poor correlations suggest that each of the exec-
utive functions has a separate effect on eating behaviours (Hofmann
et al.,, 2009a).

Some studies have also tried to combine food motivation and
executive measures into a single task, resulting in tasks such as
food Stroop, food delay discounting and food probability discount-
ing. Food discounting, like money discounting, yields conflicting
findings, with one study reporting differences between obese and
normal weight participants (Fig. 1 and Table 1: 39-40; Rasmussen
et al,, 2010) and another reporting no differences (Manwaring
et al,, 2011). Still, in Rasmussen et al. (2010), food discounting
correlates better with obesity indexes than money discounting,
suggesting that food-related executive control might be more
relevant than general executive control in obesity. Food Stroop
performance can also predict weight change (Fig. 1 and Table 1:
41; Calitri et al,, 2010) and differentiate weight loss maintain-
ers from other groups (Phelan et al., 2010) but does not correlate
with current BMI (Nijs et al., 2010a; Phelan et al., 2010; Pothos
et al.,, 2009). Again, these inconsistent results might relate, in part,
to the different indexes and task parameters used in different
studies.

In sum, executive and food motivation tasks seem to provide the
most consistent and promising effects, especially in their interac-
tion. From these two domains the tasks most consistently related
to various maladaptive eating behaviours are the stop signal task,
Stroop task, go/no go, operation span, Austin maze, Wisconsin
Card Sorting Test, lowa Gambling Task, delay discounting, relative
reinforcing value of food and Implicit Association Test (Fig. 1 and
Table 1: 36, 38, 42, 43, 50, 53, 55, 58, 59, 60).
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Table 2

Test-retest reliabilities and internal consistencies of neurocognitive tests related to obesity and weight-related eating behaviours.

Measure (no. in Table 1) Test-retest reliability

Internal consistency

Studies

IAT (36) .56¢ .70-.90%° Roefs et al. (2011)
RRVf (38) .80¢ n/a Epstein et al. (2007)
Delay discounting (42) .60-.90¢ depending on .892 Hurst et al. (2010), Weatherly et al. (2011)
index and study setup
Iowa Gambling Task (43) .08-.47¢ 21-.54P Cardoso et al. (2010), Gansler et al. (2011)
Wisconsin Card Sorting Test (50) A46¢; 748 .60P Lineweaver et al. (1999), Paolo et al. (1996), Tate et al.
non-perseverative errors .64¢; .72¢ .53b (1998), Waldorf (2010)
perseverative errors
Austin Maze (53) .79¢ n/a Morrison and Gates (1988)
TTC trad 81¢
TTC comp 73¢
errors trad .83¢
errors comp .75¢
time trad 77¢
time comp
Computational span (55) 77¢ .76-.85% Beckmann et al. (2007), Hofmann et al. (2008)
.79°
CPT-II (similar to go/no go) (58) .09%d .73-.952 Schweiger et al. (2007), Soreni et al. (2009)
% OMM 724
% FP .76*d
HR RT .63*d
HR SE
Stop signal task (59) .72%d .75*> Friedman et al. (2011), Soreni et al. (2009)
SSRT
Stroop (single stimulus) (60) 46¢ .87-.88%; .91*P Friedman et al. (2011), Siegrist (1995), Strauss (2005),
incongruent-congruent 73¢
incongruent-XXXX .79-87¢

RT to incongruent

Note. ®Cronbach alpha; PSplit-half reliability; ¢correlation; 9Intraclass Correlation Coefficient — mixed random effects model of absolute agreement; ¢Intraclass Correlation
Coefficient - single-case approach; * = participants younger than 18; % FP = commission errors; % OMM = omission errors; comp = computerised; CPT Il = Conners’ Continuous
Performance Test II; HR SE =standard error of hit rate reaction time; HR RT=hit rate reaction time; IAT =Implicit Associations Test; RRVf=Relative reinforcing value of
food; RT=reaction time; SSRT = stop signal reaction time; trad = traditional; TTC = trials to completion. A value of .70 is the generally accepted minimum for both internal
consistency and reliability and .90 the accepted maximum for internal consistency. Test-retest intervals ranged from 2 days to 2 years.

2.3. Reliability

The neurobehavioural tasks identified as most promising were
next scrutinised in terms of their measurement characteristics.
While establishing a measure’s validity and reliability has been the
gold standard in questionnaire development, reliability has been
relatively neglected for many neuropsychological tasks, particu-
larly those arising from the very recent cognitive neuroscience
literature. Most studies applying questionnaires cite studies estab-
lishing the validity and reliability of a measure and also provide
their own reliability scores. In contrast, most neuropsychologi-
cal research seems to be concerned mainly with the validity of a
measurement. Yet, a test cannot have high validity without high
reliability—the reliability of a measure determines the maximum
possible correlation between the measure and a given outcome.

Table 2 summarises the available reliability scores for the most
promising neuropsychological tasks in two categories—test-retest
reliability and internal consistency. Test-retest reliability measures
the stability of a measure from one testing occasion to another.
Poor test-retest reliability (<.70) significantly limits the useful-
ness of a task, notably this means that the results might only
apply in that particular session, or might be prone to significant
measurement error. Other potential sources of lower test-retest
reliability include carry-over or learning effects, where improve-
ment in a participant’s score is related to learning how to better
perform the task, or different motivational states influencing level
of engagement (Windle, 2012), rather than a true change in the
underlying cognitive construct. While these issues can be some-
what alleviated with experiment designs, in general low test-retest
reliability scores make a task poorly suited to studying longitu-
dinal or intervention-related effects. Internal consistency reflects
how consistently different parts of a test measure the same

construct. Poor internal consistency (<.70) means that some parts
of a test are not contributing to the intended outcome measure and
might measure something else. However, very high internal consis-
tency scores (>.90) are also not desired, as this may indicate undue
narrowness or item redundancy (Streiner, 2003). Most tasks had
just one reliability score available. For tasks with reliability tested
more than once, a summary score or scores obtained from task
designs most similar to designs used in eating behaviours research
are presented.

The available reliability scores for selected tasks are displayed
in Table 2. Most common measures pass the criterion of .70 in
both columns. However not all paradigms and indexes deliver
equally reliable results, which may be important in choosing the
particular measure in Stroop, go/no go and delay discounting
tasks, for example. In addition, the go/no go index used by Hall
(2012) and Hall et al. (2008) has not been tested for reliability.
Two tasks, the lowa Gambling Task and Wisconsin Card Sorting
Test, perform relatively poorly according to both criteria. How-
ever, modifications of both tasks have been proposed that might
improve their reliability (e.g., Gansler et al.,, 2011; Nyhus and
Barceld, 2009; Rossell and David, 1997). Both tasks have a learn-
ing element that may explain the poor reliability; whether this is
a problem depends on the research question. The Implicit Asso-
ciations Test has not been tested for reliability with food stimuli.
In general, the paradigm reports quite good internal consistency,
but the average test-retest reliability does not meet the .70 crite-
rion. This could mean that the implicit associations measured in
this task are changing across time. Future obesity studies inter-
ested in this test should establish the reliability of their particular
stimuli, especially as stimulus type is known to influence study
outcomes (see Czyzewska et al., 2011; Roefs et al., 2011). Some of
the reliability scores (especially for the stop-signal task) have been
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obtained from studies in children, and might be different in adult
populations.

2.4. Neurocognitive tasks: summary

Based on the available literature, it seems that the best tasks
in terms of both consistent relationships with eating behaviours
and reliable measurement characteristics are the stop-signal task,
Austin Maze and certain measures from the Stroop task. These
tasks are reliable and have each been related to various eat-
ing behaviours. Computational span and certain types of delay
discounting are also reliable, but have shown the most robust rela-
tionships with BMI or eating behaviours through an interaction
with a food motivation measure. Reaction time in the go/no go
task also seems to provide consistent results, but the reliability
of this index is unknown. The relative reinforcing value of food
task seems to be the best measure of food motivation in terms of
replicated relationships with BMI or eating behaviour, and reliabil-
ity. The Implicit Associations Test has also performed quite well,
but care must be taken in the choice of stimuli. In addition this
measure is likely to have lower test-retest reliability, suggesting
either that the measure could still be improved or that implicit
attitudes are subject to quick change. The latter possibility would
be a challenge for conceptual models of implicit food motivation as
arelevant individual difference.

At a domain level, the most useful measures of executive func-
tions capture response inhibition, working memory and, to a lesser
extent, decision-making. While attention shifting has shown some
promising results, the Wisconsin Card Sorting Test unfortunately
suffers from low reliability and the Trail-Making-Test B has not
shown consistent relationships with BMI. Future studies interested
in shifting might want to test this subdomain more thoroughly with
more reliable tasks. Verbal fluency and complex executive function
subdomains have also not shown any consistent effects.

In the food motivation domain, the current analysis has
highlighted quite reliable and consistent measures within the sub-
domains of reward value and implicit associations. The executive
control subdomain that combines executive tasks and food stimuli
still needs more attention-food Stroop might eventually be consid-
ered, once the field agrees upon common indexes and establishes
reliability scores. The attention bias subdomain is inconsistent, at
least on the level of commonly measured behavioural indexes.
While the subdomain’s consistency might eventually be improved
by eye-tracking measures, this requires devices that add complex-
ity.

In sum, the current analysis substantially narrows the “menu”
for selecting neurocognitive measures that may relate to eating
behaviours. Out of the 66 tasks reported in the literature, fewer
than 11% provide consistent and reliable effects. The most con-
sistent results arise from tasks capturing executive functions and
food motivation, and within these two domains a few tasks stand
out both for replication of effects, and for adequate measurement
properties. We take up the question of how these tasks relate to
the brain in a later section. Other cognitive domains seem to be
less related to BMI or eating behaviours, although they have also
been less studied. Future work would benefit from clear hypotheses
as to how these domains might influence eating behaviours.

3. Personality questionnaires

Personality research in relation to eating behaviours can be
divided into three major approaches: relating various eating
behaviours with personality scales that capture (a) general, (b) spe-
cific, or (c) eating-related aspects of human personality. The use of
general personality scales provides a framework for understanding

eating behaviour in a wider context, as this enables comparing per-
sonality profiles related to eating behaviours to personality profiles
related to other behaviours of interest. Specific measures of person-
ality are preferred when researchers have a particular interest in a
single construct, such as impulsivity, self-control or sensitivity to
reward. Eating-related measures are explicitly designed to capture
different personality types within the eating domain.

3.1. General measures of personality—Five-Factor Model

The most widely used taxonomy of personality traits viewed
as a whole is the Five-Factor Model. Several other personality
models exist, but they share the same underlying structure as
the Five-Factor Model (e.g., Markon et al., 2005). In this model,
a variety of specific personality traits are understood as aspects
of five broad domains/factors (or blends of two or more of those
domains): Neuroticism, Extraversion, Openness/Intellect, Agree-
ableness and Conscientiousness. Neuroticism reflects sensitivity
to punishment and negative affect, Extraversion captures sen-
sitivity to reward and positive affect towards the social and
material world, Openness/Intellect reflects cognitive and per-
ceptual flexibility and exploration, Agreeableness characterizes
altruism as opposed to exploitation of others, and finally Conscien-
tiousness reflects top-down control over impulses that facilitates
goal-directed behaviour. Each of these domains can be further
divided into several intercorrelated subdomains/subfacets. For
instance, Neuroticism comprises subdomains labelled N1: Anxi-
ety, N2: Angry Hostility, N3: Depression, N4: Self-Consciousness,
N5: Impulsiveness, and N6: Vulnerability. While the tools measur-
ing at this level of detail are often considerably longer, this added
detail may be important in relation to eating behaviours. The most
widespread complete measure of personality is the Revised NEO
Personality Inventory (NEO-PI-R; Costa and McCrae, 1992); there
is also a public domain alternative-International Personality Item
Pool version of NEO (IPIP-NEO; Goldberg et al., 2006).

Large-scale studies with samples of several thousand people
have found that obese people tend to score high in aspects of
Neuroticism and low on aspects of Conscientiousness, as well as
showing aspects of high Extraversion and low Agreeableness (e.g.,
Brummett et al., 2006; Sutin et al., 2011; Terracciano et al., 2009). A
closer look at the subdomains found to be important by both Sutin
et al. (2011) and Terracciano et al. (2009) reveals a more precise
characterisation—-compared to healthy weight participants, obese
persons tend to be more volatile, unable to resist temptation (N5:
Impulsiveness), are assertive/wanting (high E3: Assertiveness, low
E4: Activity) and score lower on self-control (low C2: Order, low
C5: Self-Discipline). The most crucial subdomain seems to be N5:
Impulsiveness, with persons scoring in the top 10% of N5: Impul-
siveness being on average 11 kg heavier than persons scoring in the
bottom 10%. C2: Order is the next in line, with high scorers weighing
4.5 kg less than low scorers (Sutin et al., 2011). The combination of
high Neuroticism and low Conscientiousness is known to be asso-
ciated with self-control problems in general, especially in the midst
of difficulties or frustration (Costa and Piedmont, 2003). Higher
scores in E3: Assertiveness seem to be related to an additional
seeking/wanting approach to rewards, including food. Longitudinal
weight gain is also predicted by high Neuroticism (N5: Impulsi-
vity), with other relevant subdomains including risk-taking (high
E5: Excitement-Seeking) and low Agreeableness characterised by
cynicism and competitiveness (low Al: Trust, low A4: Compli-
ance) (Sutin et al., 2011). The combination of high Neuroticism and
Extraversion is also associated with risky behaviour, as such per-
sons seem to combine poor emotional regulation with high reward
responsiveness. The emergence of Agreeableness as a correlate
of obesity is in accordance with previous results demonstrat-
ing that higher hostility is associated with greater likelihood to
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continue eating when satiated (van den Bree et al., 2006), and with
research suggesting that social support is important for maintain-
ing a healthy weight (e.g., Wing and Jeffery, 1999). Thus, people
scoring low on Agreeableness, who are less able to develop or
maintain social relationships, may have an additional risk factor for
becoming obese. Earlier work on eating behaviours with other per-
sonality scales has also shown the importance of impulsivity and
conscientiousness more generally as obesity correlates (Bogg and
Roberts, 2004; Chalmersetal., 1990; Rydén et al.,2003,2004). How-
ever, the Five-Factor Model with its subdimensions has provided
more fine-grained insight into potential behavioural mechanisms
for the observed relationships.

Openness/Intellect is the only personality dimension not
directly related to obesity or weight gain. However, Open-
ness/Intellect has recently been highlighted as being most strongly
related to consuming healthy Mediterranean dietary items and
avoiding traditional dietary items in North Americans and Euro-
peans (Brummett et al., 2008; Goldberg and Strycker, 2002; Mattus
etal., 2011, 2012). Thus, adherence to novel, healthier diets may be
more likely in those who are more intellectually open and curi-
ous. Interventions may benefit from being tailored to this aspect of
personality (Mottus et al., 2011, 2012).

3.2. Specific personality questionnaires

More specific personality constructs relevant in food research
are impulsivity, self-control and sensitivity to reward. Each of these
constructs has emerged from different backgrounds, and several
measures exist for each. Impulsivity, a tendency to act without suf-
ficient forethought, has been mostly related to eating behaviours
via the broad personality assessments highlighted above, but some
evidence also exists for impulsivity-specific questionnaires as cor-
relates of obesity (Guerrieri et al., 2007a; Churchill and Jessop,
2011; Larsen et al., 2012; Strimas et al., 2008; but see Loeber et al.,
2012; Weller et al., 2008). The most comprehensive measure is the
UPPS Impulsive Behaviour Scale, developed from a factor analy-
sis of the eight most commonly used impulsivity questionnaires.
This scale is able to distinguish four dimensions of impulsivity
- Urgency, (lack of) Premeditation, (lack of) Perseverance, and
Sensation-Seeking (Whiteside and Lynam, 2001). Higher scores in
Urgency and lack of Perseverance have been related to the inability
to stick to the intention of avoiding snacks (Churchill and Jessop,
2011). UPPS is designed to match particular sub-dimensions of the
Five-Factor Model (N5, C6, C5 and E5, respectively), which sug-
gests that scores on these personality subdimensions can be used
as proxies for impulsivity assessment (Miller et al., 2003).

Other research has focused on an opposing construct called
self-control, a capacity to change dominant response tendencies
and regulate oneself. A recent meta-analysis demonstrated that
self-control has repeatedly been related to weight and eating
behaviours (de Ridder et al., 2011). The same review also identi-
fied the Self-Control Scale (Tangney et al., 2004) as delivering the
most coherent results.

Another construct repeatedly related to eating behaviours is
sensitivity to reward, which measures responsiveness to reward
cues and reinforcing behaviours (Davis and Fox, 2008; Davis et al.,
2007, 2004b; Franken and Muris, 2005; Pagoto et al., 2006). Recent
results suggest that reward sensitivity’s relationship to BMI might
in fact be curvilinear, with lean and overtly obese individuals mani-
festing less sensitivity to reward than overweight persons (Davis
and Fox, 2008). The most popular measure of sensitivity to reward
is the Sensitivity to Punishment and Sensitivity to Reward Ques-
tionnaire (Torrubia et al., 2001) which has demonstrated superior
validity over other commonly used sensitivity to reward scales
(Caseras et al.,2003; Smillie and Jackson, 2005). However, note that

the scale’s psychrometric properties have risen some concerns (e.g.,
Cogswell et al., 2006).

3.3. Specific eating-related questionnaires

At least five different food-related personality constructs have
emerged from several decades of research: restraint, disinhibit-
ion, susceptibility to hunger, emotional eating and external eating.
Recent reviews highlight that all of these constructs have repeat-
edly been related to overweight and eating behaviours (Bryant
et al., 2008; Herman and Polivy, 2008; Johnson et al., 2011;
Lowe and Thomas, 2009; Macht and Simons, 2011; Macht, 2008;
Williamson et al.,, 2007). A higher restraint score is related to
overeating tendencies in normal weight individuals, whereas in
overweight persons, a higher restraint score might in fact be a
protective factor (Johnson et al., 2011). Two instruments are most
often used to capture these constructs: the Three-Factor Eating
Questionnaire (Eating Inventory) (Cappelleri et al., 2009; Karlsson
et al,, 2000; Stunkard and Messick, 1985) and the Dutch Eating
Behaviours Questionnaire (van Strien et al., 1986). Some have pro-
posed to reduce the number of constructs. For instance, Karlsson
et al. (2000) have proposed that hunger and disinhibition be
merged in their revised version of the Three-Factor Eating Ques-
tionnaire. Similarly, other researchers suggest that external and
emotional eating reflect the same construct (Heaven et al., 2001;
Jansen et al., 2011; but see van Strien et al., 2012; Volkow et al.,
2003).

Recent shorter food motivation measures may even further
reduce the number of constructs. Most notably, the Power of Food
Scale reports .54-.66 correlations with all the above-mentioned
food constructs, apart from restraint (.30) (Lowe et al., 2009), which
instead characterises food avoidance. Questionnaire measures of
the relative reinforcing value of food have alson been developed
(Epstein et al., 2010; Goldfield et al., 2005) but they have not
been compared to other eating-related questionnaires. Another
interesting approach is the food dimension of the Domain-specific
Impulsivity Scale (Tsukayama et al.,, 2012). This scale seeks to
combine into one measure both general impulsivity and food moti-
vation. In sum, all these new measures provide quicker assessments
of eating behaviour tendencies, and at least the Power of Food
Scale seems to account for a considerable amount of the variance
measured with more detailed scales. As there have not been any
comparative studies among food motivation measures, the best
scale cannot be established.

3.4. Convergence across constructs

To explore the possible overlap between previously high-
lighted constructs we mapped them to the Five-Factor Model, as
in McCrae and Lockenhoff (2010). Most of the above-mentioned
questionnaires have been correlated with a measure of the Five-
Factor Model, apart from the newer food motivation measures
such as Power of Food Scale, questionnaire measures of relative
reinforcing value of food, and the food dimension of the Domain-
specific Impulsivity Scale. As illustrated in Table 3, all specific
personality questionnaires and eating-related questionnaires that
could be evaluated have quite similar Five-Factor Model profiles.
Such convergence explains why, through different routes, all of
these constructs have eventually been found relevant in food
research-based on Five-Factor Model profiles all these measures
seem to reflect a very similar concept jointly constructed from Neu-
roticism and Conscientiousness, accompanied by subdimensions of
Extraversion and Agreeableness. Not surprisingly, this same com-
bination has emerged in Five-Factor Model studies of obesity (Sutin
et al.,, 2011; Terracciano et al., 2009).
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Table 3

Classification of specific personality eating-related questionnaires in terms of the Five-Factor Model of personality traits.
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Measure

Study

Domain/Factor

Neuroticism

Extraversion

Agreeableness

Conscientiousness

UPPS Impulsivity
factors

Self-control Scale
SR from SPSRQ

TFEQ

DEBQ

Whiteside and Lynam
(2001)

Tangney et al. (2004)
Mitchell et al. (2007)

Provencher et al.
(2008)

Elfhag and Morey
(2008)

Urgency (.58)

Low self-control
(-.50)

Sensitivity to reward
(.13)

Disinhibition (.37)
Hunger (.29)

Low restraint
(-18)

Emotional E (.48)
External E (.36)

Sensation Seeking
(.48)

Sensitivity to reward
(.38)

Low disinhibition
(-.29)

Low hunger

(=29)

Restraint (.15)

Low emotional E (—.14)

Self-control (.29)

Low sensitivity to
reward(—.34)
Low hunger (-.27)

Perseverance (.80)
Premeditation (.63)
Low Urgency

(—.54)

Self-control (.54)

Low sensitivity to
reward (-.17)
Restraint (.16)

Low disinhibition
(=21)

Low hunger

(-.25)

Restraint (.22)

Low emotional E (—.26)
Low external E (—.17)

Note: Scales with correlations or factor loadings greater than .30 are given in bold. DEBQ = Dutch Eating Behaviour Questionnaire; E = eating; SPSRQ = Sensitivity to Punishment

and Sensitivity to Reward Questionnaire; SR = Sensitivity to Reward; TFEQ = Three-Factor Eating Questionnaire; UPPS = UPPS Impulsivity scale.

3.5. Reliability

Almost all of these personality instruments provide good inter-
nal consistency and test-retest reliability (Table 4). The test-retest
reliability of the UPPS Impulsive Behaviour Scale and longer ver-
sions of IPIP-NEO have not yet been established, but given these
measures’ strong relationships with the Five-Factor Model (e.g.,
Whiteside and Lynam, 2001), reliability is likely to be accept-
able. Test-retest reliability has also not yet been established for

the Domain-specific Impulsivity Scale for food. The questionnaire
measures of relative reinforcing value of food do not have estab-
lished reliability, so these scales should be used with caution. Some
caution is also required for a few subdimensions of the Revised
NEO Personality Inventory as they have slightly lower internal
consistency. In addition, several food personality dimensions have
notably high internal consistencies, indicating that these dimen-
sions might be too narrow or have redundant items (Streiner,
2003).

Table 4
Test-retest reliabilities and internal consistencies of personality measures related to obesity and weight-related eating behaviours.
Measure Test-retest Internal Studies
reliability consistency
IPIP-NEO, MINI-IPIP Donnellan et al. (2006)
MINI-IPIP,Domains .72-.89¢ .78-912 (“International Personality
IPIP-NEO, Domains n/a .81-.862 Item Pool,” 2012)
IPIP-NEO, Subdomains n/a .71-.882
NEO-PI-R McCrae et al. (2010)
Domains .87-.92f .86-.922
Subdomains .72-.88f .56-.812
Self-Control Scale .89¢ 892 Tangney et al. (2004)
SPSRQ Torrubia et al. (2001)
Sensitivity to Reward .61-.87¢ 772
UPPS n/a .83-.892 Whiteside et al. (2005)
DEBQ Calitri et al. (2010)
Restrained Eating .81¢ 952 van Strien et al. (1986)
Emotional Eating (13 items) .79¢ 942
Emotional Eating (9 items) 932
Emotional Eating (4 items) 81¢ .862
External Eating .80?
DSIS-food n/a .852 Tsukayama et al. (2012)
Qm of RRVf n/a n/a
Power of Food Scale 77¢ 912 Lowe et al. (2009)
TFEQ (Eating Inventory) Stunkard and Messick
Restraint .81-.93¢ 932 (1985)
Disinhibition .80-.86¢ 912
Hunger .75-.83¢ 852 Cappelleri et al. (2009)
TFEQ-R18v2
Cognitive restraint n/a 782
Uncontrolled Eating 892
(Disinhibition + Hunger)
Emotional Eating 942

Note. 2 Cronbach alpha; ¢ correlation; f Average correlation from several measurements. DEBQ = Dutch Eating Behavior Questionnaire; DSIS =Domain-specific Impulsivity
Scale; IPIP = International Personality Item Pool; NEO-PI-R = NEO Personality Inventory-revised; Qm of RRVf=questionnaire measures of relative reinforcing value of food;
SPSRQ =Sensitivity to Punishment and Sensitivity to Reward Questionnaire; TFEQ = Three-Factor Eating Questionnaire. A value of .70 is the generally accepted minimum for
both internal consistency and reliability; .90 should be the accepted maximum for internal consistency. Test-retest intervals ranged from three weeks to three years.
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3.6. Personality scales: summary

In sum, different approaches to personality have each high-
lighted their own constructs that are consistently related to obesity
and eating behaviours. In terms of psychometrics, the majority
of the measures with reliability data available are highly reliable
(reliability indexes above .70). Thus, the preference for a particu-
lar questionnaire should be determined by other factors, such as
the trade-off between level of detail and number of items, and
comparability with other research. General personality measures
provide more detailed insights and comparability with research
from other domains, but are considerably longer if applied at full
length. Specific personality measures are quicker and maintain
comparability but lose the detailed insight into potential mech-
anisms offered by a full personality assessment. For instance, the
Sensitivity to Reward scale from the Sensitivity to Reward and Sen-
sitivity to Punishment Questionnaire seems to tap quite well the
personality subdimensions deemed important for obesity (Mitchell
et al., 2007; Sutin et al., 2011). However, this questionnaire does
not allow analysis of the potential modifying effects of differences
in the personality domains captured in aggregate as sensitivity
to reward. At first glance, the moderately long specific eating-
related personality measures might seem to have the benefit of
an extremely detailed characterisation of various eating-related
behaviours. However, some researchers have suggested that this
level of detail is unnecessary as several of these eating-related
constructs are highly interrelated. Restraint still remains indepen-
dent of other measures, but the rest might loosely be labelled
as measuring “food motivation”. These claims are supported by
Table 3, where most eating-related measures all share a quite sim-
ilar Five-Factor Model profile, whereas restraint correlations are
in the opposite direction. Still, more evidence is needed to sup-
port these claims-to our knowledge no study has applied all the
main specific eating-related personality measures at full length to
the same population. As food personality research is still missing
the integrative approach that Whiteside and Lynam (2001) applied
to the multidimensionality of impulsivity, the set of relevant food
constructs remains to be authoritatively established.

4. Brain mechanisms

Several brain-based models of eating behaviour have been pro-
posed, which vary in their level of detail and main focus (e.g.,
Berthoud and Morrison, 2008; Carnell et al., 2011). Most suggest
at least three central mechanisms in the control of eating: (1)
a hypothalamic system sensitive to homeostatic signals, through
which the organism matches food intake with energy require-
ments, (2) a striatal and limbic emotion/memory system sensitive
to current and past reward experiences, through which the organ-
ism regulates food motivation, and (3) a cortical executive system
that allows the pursuit of more abstract goals, through which the
organism tries to match its current and future nutritional needs
with requirements and affordances from the surrounding environ-
ment, and to take into account longer term goals, such as health, in
the control of eating behaviour. While the role of hypothalamic and
emotion/memory systems in feeding have been mapped out quite
extensively through animal models (e.g., Berthoud and Morrison,
2008), the mechanisms of human executive control over eating are
less clear. As our search strategy for neurocognitive tasks excluded
studies manipulating hunger, the current analysis will focus on the
executive and emotion/memory systems, relying on the neurobe-
havioural measures found relevant in the analysis above. Evidence
from neurocognitive measures and personality questionnaires will
be used interchangeably as conceptually similar measures tend
to relate to similar brain structures. While neurocognitive tasks

in many cases arose from the clinical- neuropsychological tradi-
tion and so are more easily related to brain systems (Lezak, 2004),
recent neuroimaging evidence suggests that each of the Big Five
personality traits can also be related to the function of mostly non-
overlapping brain regions, as assessed by anatomical and functional
magnetic resonance imaging (MRI). For example, individual vari-
ations in cortical gray matter in specific brain regions has been
related to variations in each of these personality traits (DeYoung
etal.,, 2010).

4.1. Executive control

Several neurocognitive tasks and questionnaire constructs have
been related to fronto-cortical regions. Work in patients with focal
frontal lobe damage, as well as functional neuroimaging in healthy
subjects, suggests distinct, at most partly overlapping frontal-
subcortical substrates for Stroop, stop-signal, working memory,
and decision-making abilities (Aron and Poldrack, 2006; Fellows
and Farah, 2005; Nee et al., 2007; Tsuchida and Fellows, 2009;
Tsuchida and Fellows, 2012). Higher Conscientiousness has been
associated with greater volumes in the lateral prefrontal cortex
(LPFC) (DeYoung et al., 2010), an area associated with long-range
planning, goal setting, monitoring, and executive control. It is
reasonable to posit that this brain region supports aspects of
self-control. Considerable evidence suggests that activation of the
lateral PFC in functional MRI experiments represents engagement
of self-control mechanisms (reviewed in Dagher, 2012). Asking sub-
jects to focus on the health aspects of visually displayed foods
(Hare et al., 2011) or to downregulate their appetitive response
to tasty foods (Hollmann et al., 2012) activated lateral PFC. In the
latter study, the signal change in LPFC correlated with a measure of
dietary restraint taken from Strunkard’s Three-Factor Eating Ques-
tionnaire.

4.2. Emotion/memory system

In support of the behavioural evidence linking obesity to an
enhanced sensitivity to the rewarding properties of food, functional
MRI studies consistently demonstrate increased neural reactivity to
food stimuli in limbic brain regions involved in reward and moti-
vation in obese or at-risk individuals (Dagher, 2012). These regions
include the orbitofrontal cortex, insula, striatum, and medial tem-
poral lobe, and their activity likely reflects the incentive value of
food stimuli to the individual. In addition, this cue-induced neu-
ral response also correlates with an individual’s score on Carver
and White’s (Carver and White, 1994) behavioural activation scale
(Beaver et al., 2006), a measure of sensitivity to reward. Sensitivity
to reward is related to both Neuroticism and Extraversion (Mitchell
etal., 2007; Torrubia et al., 2001) and indeed, these traits have also
been linked to the same reward-related areas. Extraversion corre-
lates with greater functional connectivity of limbic reward areas at
rest (Adelstein et al., 2011) and the trait has been related to the vol-
ume of the medial orbitofrontal cortex (DeYoung et al.,2010; Rauch
et al., 2005). Activity in the medial orbitofrontal cortex reflects the
current reward value of food stimuli (Plassmann et al., 2007). Thus,
Extraversion appears to correlate with an enhanced responsivity
of brain regions involved in motivated behaviours. Neuroticism
also is associated with reward-related regions’ greater reactivity to
novel stimuli, but as well to aversive stimuli (reviewed in DeYoung,
2010b). In addition, Neuroticism has been related to poor connec-
tivity between reward structures and the anterior cingulate cortex
(ACC), as well as other prefrontal regions (Cremers et al.,2010), sug-
gesting weaker top-down control relying on prefrontal and limbic
interconnections.

Similar activation patterns of reward-related areas arise from
food-specific personality research (reviewed in Carnell et al.,
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2011). In particular, higher scores in external eating are related
to heightened modulation of ventral striatum by the amygdala,
higher connectivity between striatal regions and motor areas and
a decreased modulation of amygdala and ventral striatum by the
ACC. Higher scores in disinhibited eating are again related to higher
activation in areas involved with reward/motivation (medial PFC,
midbrain and insula) paired with lesser ACC responses to visual
food vs. non food cues and lesser dorsolateral PFC activation. Higher
emotional eating scores have been related to higher dopaminergic
striatal responses to gustatory and olfactory cues (Volkow et al.,
2003) and greater activation in parahippocampal gyrus, ventral
pallidum, thalamus and ACC in anticipating and/or consuming
milkshakes (Bohon et al., 2009; reviewed in Carnell et al., 2011).

4.3. Brain mechanisms: summary

In sum, the executive and self-control related neurocognitive
tasks and personality questionnaires have all been related to pre-
frontal regions, whereas various measures of sensitivity to food
or novel stimuli have been associated with reward-related limbic
areas, including medial temporal lobe, striatum, and orbitofrontal
cortex. This accumulating evidence suggests that obesity is linked
to higher reactivity of reward circuitry, lower activity in lateral pre-
frontal regions and weaker connectivity between reward circuitry
and prefrontal regions. This model is consistent with the inter-
action patterns highlighted in the neurocognitive section, where
an executive measure score moderates the effect of food motiva-
tion. It seems that people with lower reward circuitry activity are
less vulnerable to obesity and people with higher reward circuitry
activity benefit from the moderating role of prefrontal regions. The
specific contribution of prefrontal regions is still unclear as high-
lighted by the independent effect of different executive measures
(e.g., Hofmann et al., 2009a). Future studies will need to investigate
the precise frontal mechanisms contributing to self-control.

The analysis of neuroimaging data will benefit from being
grounded in robust and validated neurobiological models of eat-
ing behaviour. It is encouraging that there is some overlap in
the putative brain mechanisms underlying relevant Five-Factor
Model dimensions and eating-related personality measures and
also neurocognitive measures. The convergence in the brain
structures related to relevant questionnaires and relevant neu-
rocognitive measures is also encouraging in the light of notoriously
low intercorrelations between self-control questionnaires and
neurocognitive measures of executive function more generally
(average r=.11, Duckworth and Kern, 2011). Current evidence
suggests that eating-related constructs rely on common brain
structures, notably lateral frontal cortex in the case of self-control
and executive function.

5. General discussion

This review has summarised the current literature relating
BMI, change in BMI or eating behaviours with neurobehavioural
measures in otherwise healthy adults. Amongst neurocognitive
measures, those sensitive to executive function and food motiva-
tion provide the most robust and reliable associations. Of the 66
tasks reviewed, only a few dependent measures from particular
tasks both provide consistent results and have reliable psycho-
metrics. The most robust and reliable executive function tasks are
the Stop Signal Task and Stroop task measuring inhibitory control,
computational span task and Austin Maze task measuring working
memory, and delay discounting measuring one aspect of decision-
making. The food motivation measures of highest yield seem to be
the Relative Reinforcing Value of food task and Implicit Association
Test. Interestingly, the most promising neurocognitive approach

related to eating behaviours seems to be the combination of an
executive and a food motivation measure.

Several other neurocognitive tasks were somewhat promising
but were excluded for various reasons. First, many tasks have
been studied only once, and so require replication. Other tasks
seemed less conceptually informative, measuring either overly
simple (tap test) or overly complex neuropsychological constructs
(Rey-Osterrieth Complex Figure test). Poor psychometric reliability
scores make some of the other, more consistently related single-
domain measures difficult to recommend.

Several personality questionnaires measuring self-control,
reward sensitivity and food motivation-related constructs seem
to both relate to eating behaviours and have reliable psychomet-
rics. The multiplicity of potential measures raises the possibility
of overlapping constructs, supported by our analysis showing
considerable overlap between the questionnaires based on their
correlation with Big Five dimensions. Thus, the variety of dif-
ferent personality constructs related to eating behaviours may
not be as great as the diversity of construct names suggests.
Using the the Five-Factor Model as a framework, the mecha-
nisms contributing to increased likelihood of obesity are increased
reward seeking behaviour (high Extraversion), more reactivity to
novel and aversive stimuli (high Neuroticism) and poor top-down
control (low Conscientiousness), combined with poorer social abil-
ities (low Agreeableness). Many other questionnaires characterise
a combination of these dimensions and thus provide a quick
and reliable estimation for the risk of obesity and maladaptive
eating behaviours. However, general personality measures such
as sensitivity to reward and impulsivity questionnaires provide
opportunities to link results with studies of self-regulation in other
domains, and Five-Factor Model measures additionally support
more detailed analysis.

Both personality questionnaires and neurocognitive tests seem
to point to common brain mechanisms underlying maladaptive
eating behaviours. Apart from Agreeableness, there is consider-
able conceptual overlap between personality and neurocognitive
research, pointing to a combination of increased food motivation
(roughly equivalent to a combination of high Extraversion and
Neuroticism) and weak executive control (low Conscientiousness).
While the neurocognitive and personality measures do not seem
to correlate well with each other, the neuroscience evidence sug-
gest that measures tapping similar constructs implicate similar
brain structures-the key structures underlying Conscientiousness
and executive control seem to be prefrontal regions, whereas the
key structures for Extraversion, Neuroticism and food motivation
seem to be the reward circuitry and its connectivity with prefrontal
structures.

While work needs to be done to confirm these mechanisms, the
results provide a preliminary set of tools for a researcher inter-
ested in taking potential brain mechanisms into account when
designing population-level studies to fully understand the mul-
tivariate, multi-level determinants of obesity. While large-scale
neuroimaging studies become quite expensive, the neurocognitive
and personality tools highlighted here provide an affordable way
to shed light on how environmental variables, such as fast food
restaurant density, interact with brain-level mechanisms of food
motivation and self-control (e.g., Paquet et al., 2010). Of course,
the level of resolution is currently very coarse-future work might
include neurobehavioural measures that tap into more specific
brain mechanisms.

Still, existing work has not addressed the overlap between neu-
ropsychological tasks and questionnaires: would one or the other
approach be sufficient to characterize individual differences in key
aspects of BMI or eating related behaviours? From a measurement
perspective, are these approaches capturing the same constructs?
The impulsivity literature has wrestled with this dilemma for
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decades (e.g., Gerbing et al.,, 1987), as the correlation between
neurocognitive and personality measures of impulsivity is low.
In eating research, only a few attempts have been made to com-
bine different types of impulsivity measures in a single study and
the results have been conflicting, with one study showing effects
for both questionnaires and neurocognitive measures, but others
showing effects for only one of them (Guerrieri et al., 2007b,a;
Nederkoorn et al., 2006). If any of these measures are to be applied
in large-scale studies or to guide interventions at the population
level, further steps will be required to minimize test burden and
optimize feasibility.

While the aforementioned neurocognitive tasks have quite
robust cross-sectional relationships with eating behaviours, the
longitudinal predictive power, important for establishing the direc-
tion of causality, is less clear. Only a handful of studies report the
tasks’ ability to predict changes in BMI or eating behaviours and
these results have yet to be replicated. Moreover, weight change
itself has been reported to have subtle effects on performance on
executive and memory tasks, possibly mediated by the effects of
obesity-associated comorbidities (diabetes, lipid disorders, men-
tal health issues) on brain function (Siervo et al., 2011; Smith
et al,, 2011). These findings raise the possibility of a bidirectional
relationship between BMI and task performance, which should be
controlled for in future studies.

The current results also highlight the widespread use of BMI in
quantifying eating behaviours. While being easily measurable and
of obvious health importance, BMI is presumably the result of a
myriad of interactions throughout a person’s life (Dubé et al., 2008).
Indeed, it is remarkable that single or interacting neurobehavioural
measures have a detectable relationship with BMI. A better under-
standing of the path by which such measures and higher BMI are
related will be vital, and will require more specific eating-related
outcome measures, longitudinal and interventional designs. A few
specific eating behaviours have been identified in this review, but
many more are possible (e.g., Mesas et al., 2012).

One limitation of this review is the exclusion of studies that
manipulated hunger. The hypothalamic homeostatic system has
been shown to interact with hedonic and cognitive factors in sev-
eral experiments (Batterham et al., 2007; Farooqi et al., 2007; Malik
et al., 2008) and hunger state should be controlled for in any food-
related study. However, the research on the moderating role of
hunger and satiety was too vast to be covered in the current paper.
The role of the homeostatic system in relation to neurobehavioural
measures and eating behaviour in general deserves a systematic
review on its own.

Another important issue not covered in this review is whether
these measures are applicable in children. It will be important to
establish this, to allow early identification of the risk of obesity at
the point where it can be effectively prevented, i.e. in early child-
hood. Parent, teacher, and self reported self-control in childhood
has been related to several health outcomes decades later, sup-
porting the plausibility of this approach (e.g., Moffitt et al., 2011).
However, it is quite likely that the tasks identified as highest yield in
the current analysis need modifications before they can be applied
to children (e.g., Baron and Banaji, 2006). Also, task performance
is likely to change across the life span (Bedard et al., 2002), pre-
sumably owing to developmental changes in the brain (Jolles et al.,
2011; Velanova et al., 2009) so norms must be established for each
age group. More importantly, the mechanisms important in self-
regulation of eating behaviours may well differ at different stages
of development based on both social/environmental and neural
mechanisms.

Despite all the work that still needs to be done, the current
results provide an important intermediate step-we have high-
lighted the few key neurocognitive and personality measures that
consistently and reliably can be related to BMI and maladaptive

eating behaviours. Accumulating neuroimaging and lesion-based
evidence suggests that these measures can also be linked to par-
ticular systems in the brain, and thus they provide a suitable and
convenient alternative to neuroimaging for larger scale studies.
Future work with measures that can be more tightly linked to
particular brain mechanisms may be useful in advancing our under-
standing of the brain mechanisms related to obesity.
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