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Abstract Food craving is an intense desire or urge to eat a
certain food. It is under control of food-related cues, such as
the sight, smell, and taste of one’s favorite food items. It is
argued that when the ingestion of food is associated with a
rewarding consequence then the incentive value of that
particular food increases and its sensory attributes become
signals for satisfaction. This attribution of incentive value is
the result of Pavlovian conditioning and is what makes
certain food cues so desirable. Further, food craving reac-
tivity reflects a central motivational state. It is suggested that
cue exposure with response prevention may be a useful
addition to weight loss treatment programs as it can teach
one to handle strong urges to eat. Reducing exposure to food
cues by regulating food marketing could further lower the
number of occasions that food cravings are triggered.
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Introduction

In 1904, Ivan Petrovich Pavlov was awarded the Nobel
Prize for Physiology and Medicine. He was given the Nobel
Prize in recognition of his contribution to understanding the
workings of the digestive system. In his Nobel lecture [1],
some weeks before the award ceremony, Pavlov stressed
how much the digestive system seems to be affected by
appetite, or food cravings. If he and his research asso-
ciates placed bread directly into the stomach of a subject

(usually a dog), the bread took much longer to digest
than when the subject had had the opportunity to eat the
bread. The sight, smell, and taste of food stimulate
appetite, inducing salivation and the flow of gastric jui-
ces, a “psychical” phenomenon aiding digestion. These
findings are what inspired Pavlov’s seminal work on
classical conditioning, the learning of an association be-
tween a neutral conditioned stimulus (CS) and a biolog-
ically relevant unconditioned stimulus (UCS).

Examining classical conditioning, Pavlov [2] would typ-
ically feed a subject powdered meat, a UCS that (at least in
Pavlov’s stray dog subjects) elicits an unconditioned reflex
(UR), namely salivation. When presentation of the UCS was
always preceded by a CS (e.g., the ticking sound of a
metronome), this particular CS gradually came to elicit a
salivary reflex as well. The latter reflex is said to be a
conditioned response (CR). The CR is conditional on the
CS being associated with the UCS.

In his Nobel lecture, Pavlov remarked that “It has long
been known for sure that the sight of tasty food makes a
hungry man's mouth water”. That mouth-watering experi-
ence is what links appetite to digestion, but also to meal
initiation and food choice. The body prepares for food
intake and not just any food, but the specific food one is
exposed to. This preparatory cephalic phase response is
thought to have been acquired through experience; it is a
classically conditioned response [3–5].

Food cues (e.g., the sight, smell and taste of a favorite
food) not only elicit preparatory bodily responses, but also
behavioral responses (e.g., food seeking; [6]), and sub-
jective responses such as a strong urge or craving to
consume the food [7]. Together these cue elicited
responses are referred to as cue reactivity [8, 9•]. Cue
elicited food craving is important for understanding
overeating as it correlates with food intake (see, e.g.,
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[5, 10]). Further, these food cravings primarily concern
palatable energy dense foods [11] and cue induced
increases in the desire to eat or food craving have been
observed to occur even when sated [12, 13].

Cue reactivity can be viewed as the result of a learning
history, specifically a classical (or Pavlovian) conditioning
history. In the present article, it is argued that flavor prefer-
ence learning explains what types of foods are likely to be
craved. Foods that have a rewarding consequence are
endowed with an incentive value. This conditioned trans-
fer of incentive value is what makes these foods desir-
able. Note that this means that craving is not the
subjective interpretation of preparatory cephalic phase
responses, as some scholars have suggested (see, e.g.,
[4]), but a central motivational state.

Acquired Tastes

A newborn baby has few flavor preferences; that is, it likes
sweet taste and dislikes bitterness. Although as a foetus it
may already have had some experience with different fla-
vors from its mother’s diet through tasting the amniotic fluid
[14], the neonate can still be considered a blank slate in
terms of flavor and food preferences. There is no such
thing as a natural born gourmand. One needs to discov-
er and learn the many distinct food flavors, and it is
this experiential learning that shapes the palate. Pavlov-
ian conditioning plays an important role in the develop-
ment of these flavor preferences [15].

Rats readily come to prefer a novel flavor (a CS)
when it is paired with the already liked sweet taste of
saccharin (the UCS) [16]. Similarly, pairing a flavor CS
with energy repletion (UCS) by means of ingesting a
high caloric density food induces a positive preference
shift in rats (e.g., 17–19). Man too is susceptible to
both such flavor-flavor and flavor-nutrient learning.
Zellner and colleagues [20] found that students preferred
specific flavors of tea when previously these flavors had
been paired with the sweet taste of sugar. Similarly, in a
study with toddlers, Havermans and Jansen [21] paired
a vegetable drink (CS) with the sweet taste of glucose
(the UCS) and another vegetable CS was left unpaired.
The toddlers received a total of six sips of each CS. At
test, they were exposed to a range of six different
vegetable drinks, including the two CSs of the condi-
tioning phase. All drinks were now offered unsweetened
and the children had to taste, evaluate, and rank order
the drinks from most liked to least liked. The children
clearly displayed a positive shift in preference for the
CS that had previously been paired with the sweet UCS.
This conditioning effect was replicated in a recent ran-
domized trial. It was found that vegetable liking and

intake increased as the likely result of a conditioning
history in which a vegetable had been paired with
another preferred taste [22].

Children have also been found to come to like specific
flavors when pairing these flavors with a relatively high
energy density as the result of added carbohydrates or die-
tary fats [23–26]. Martin Yeomans and colleagues [27]
showed that flavor-flavor and flavor-nutrient learning may
have additive effects on the shaping of food preferences. In
their study, participants were given a sorbet with a specific
flavor to taste and evaluate. This was followed by a period
in which a group of participants received the sorbet paired
with sucrose (sweet and energy dense), or with aspartame (a
non-caloric sweetener), or with maltodextrin (non-sweet
carbohydrate). At test, these participants showed increased
liking and intake of the sorbet relative to two control groups,
but this proved only significant in the participants in which
the sorbet had previously been paired with the sucrose. In
other words, sucrose appears to be a more potent reinforcer
of a food preference than isocaloric maltodextrin, or equally
sweet aspartame and this is likely due to sugar being both
sweet and energy dense.

In sum, flavor preferences are shaped by experience.
The associated consequences of certain food experiences
may reinforce a preference for that food. Particularly
sweet taste and energy repletion seem to serve that
purpose well and may significantly strengthen one’s
food preference with just a few tastings (see [28]).
The increased preference for a food is due to its inges-
tion being paired with a rewarding consequence. This
consequence then serves as a UCS and incentive value
is attributed to the food. The sight, smell, taste, and
mouth feel of that food becomes desirable in and of
itself and subsequent exposure to these sensory cues
motivates its ingestion. That motivation is experienced
and expressed as food craving. This explains why typ-
ically palatable high calorie foods such as chocolate are
the foods that elicit craving [11, 29].

Sensory Signals for Reward and Cue Elicited Craving

As argued above, Pavlovian conditioning adds to the
incentive value of specific food cues; that is, a food
becomes better liked and hence more desired when its
flavor (the CS) becomes associated with a potent UCS
(e.g., sweet taste and/or energy repletion). For example,
to a chocophile the sight and smell of chocolate signals
pleasure and enjoyment and hence elicits chocolate
craving. According to this conditioned incentive view,
craving is a central motivational state. As such, this
conditioned incentive model is different from earlier
conditioning models of food craving (see also [30]).
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Anita Jansen [4], in line with Woods [3], has argued that
eating (and particularly overeating) disrupts internal homeo-
stasis. Different homeostatic reflexes then act to regulate the
homeostatic perturbation. With regular eating occasions,
especially eating binges during which one eats large
amounts of often high calorie palatable foods, the sight,
smell, and taste of these foods signal intake and hence these
food cues come to elicit conditioned compensatory
responses; that is, bodily responses preparing for the
impending disruption of internal homeostasis. As these
responses are opposite to the actual effect of food ingestion,
these compensatory conditioned responses are often ex-
perienced as aversive (see also [31]). According to this
model then, cue elicited craving (for food or indeed for
psychotropic substances – see Nolan 2013 this issue
[32]) is the indirect subjective interpretation of psycho-
physiological conditioned compensatory responses. The
chocophile, when confronted with a piece of chocolate,
desires to end his conditioned aversive state by giving in
to his chocolate craving.

The compensatory response model is interesting and
explains how we ‘tolerate’ our food [3], but the empirical
evidence for this particular view on both drug and food
craving reactivity is weak. As craving is deemed to be the
subjective interpretation of bodily cue reactivity one would
expect variations in such reactivity to be strongly associated
with variation in experienced food cravings. This does not
seem to be the case (see, e.g., [10, 33]). Typical bodily
responses when exposed to drug or food cues include auto-
nomic vasoconstriction (or the absence of vasodilation),
increased skin conductance level, and an increased heart
rate [4]. These responses rather reflect a general arousal
pattern in response to a personally relevant stimulus than a
conditioned response preparing for either food or drug in-
take [33, 34].

Neurophysiology of Food Craving

Cue elicited food craving results from a Pavlovian condi-
tioned incentive value attributed to food cues. The sensory
characteristics of a favored food signal enjoyment, reward.
Findings from various neuroimaging studies provide impor-
tant empirical support for this conditioned incentive per-
spective on food cravings.

In a PET imaging study, Wang and colleagues [35] pre-
sented their participants pictures of palatable food (includ-
ing the smell and taste of their preferred food) versus non-
food related pictures. These participants showed increased
brain metabolism when exposed to food, especially within
the insula and the orbitofrontal cortex (OFC). This proved to
be important as the relatively increased metabolism within
the OFC correlated significantly with self-reported desire for

food. Wang and colleagues ([35] p. 1795) point out that:
“This association is consistent with the known role of the
OFC in processing expectation of food reward”.

Pelchat et al. [36] found food craving to increase specif-
ically BOLD responding in the insula (though not the OFC)
when their participants had to imagine the sensory proper-
ties of their favorite foods. The insula is sometimes referred
to as the primary gustatory cortex [37] and hence Pelchat
and colleagues argued that its craving related activation
reflects activation of the memory of the reinforcer.

In a more recent fMRI study, Siep et al. [38•] found
increased activity in both the insula and the medial OFC
when their participants were instructed to think explicitly
about the delicious taste and smell of various high-calorie
highly palatable food items (e.g., chocolate biscuits). Partic-
ipants who were instructed to either suppress food desires or
to think about the potentially adverse consequences for
weight, shape and overall health when consuming a lot of
snack foods, did not show as strong activity within these
areas. Food craving was highest when instructed to imagine
the sensory characteristics of different palatable snack foods
and this again was associated with increased BOLD
responding in key brain regions involving the representation
of food reward.

To recapitulate, the exposure to favored palatable foods
directly activates the representation of food reward that is
associated with craving reactivity. The question arises
whether this observed neurophysiological cue reactivity is
the end result of a conditioning history. There is evidence
that it is. Gottfried, O’Doherty and Dolan [39] exposed
hungry participants to pairings of different picture CSs with
two different desirable food odor UCSs. The participants
readily learned which specific CSs predicted which odor
reward. Next, the participants were fed on a meal
(corresponding to one of the food odor UCSs) until they
were full. Typically, the consumption of a food leads to a
food specific decrease in pleasure derived from consuming
that food (see, e.g., [40, 41]). It momentarily decreases the
incentive value of the food. In a subsequent fMRI test,
presentations of the CS previously paired with this target
UCS evoked less activity in the OFC and amygdala relative
to the CS associated with the other non-target food UCS.
Gottfried et al. conclude that a CS predicting a certain UCS
is able to evoke responses in brain areas overlapping with
areas activated by the UCS. Moreover, the OFC and the
amygdala especially were involved in learning that the CS
signals food reward. Note that the odor of a favored food is
itself likely a CS associated with food reward. The picture
CSs associated with food odor can thus be viewed as second
order conditioned stimuli [2].

In sum, cue elicited activity, particularly within the
OFC (the secondary gustatory cortex [37]), is associated
with food craving and is the likely result of a Pavlovian
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learning history. Highly palatable calorie dense foods are
desirable foods and exposure to its sight, smell, and taste
directly reminds one of the rewarding experiences of
eating these foods.

Cue Elicited Craving and Sensitization

Craving is a central concept in understanding substance
dependence, or drug addiction. In their incentive sensitiza-
tion model of addiction, Robinson and Berridge [42] stated
that craving (or rather drug ‘wanting’) is the result of neural
sensitization of the dopaminergic pathways in reward relat-
ed structures such as the nucleus accumbens and the ventral
tegmental area. This sensitization as the result of repeated
drug use increases sensitivity to the rewarding effects of the
given drug. Through Pavlovian conditioning, this neural
sensitization allows for the attribution of excessive incentive
salience to drug related cues. These cues then become
highly desirable and are capable of eliciting strong craving.
Note that this considerably overlaps with the conditioned
incentive model for food craving as outlined above.

Wyvell and Berridge [43] demonstrated in rats that with
repeated microinjections of amphetamines in the nucleus
accumbens (inducing neural sensitization) these rats worked
harder for a sucrose reward when being presented with
Pavlovian cues associated with sucrose. Neural sensitization
as the result of repeated drug administration may thus in-
duce incentive sensitization to specific food cues (i.e., cues
signalling food reward) as well. This suggests that food
craving might be the result of underlying sensitization of
dopamine circuitry in brain reward areas. In line with this
finding, David Mela [44] suggested that caloric overcon-
sumption contributing to obesity is perhaps the result of
such incentive sensitization creating strong ‘wanting’ for
particularly palatable high calorie foods.

When assuming that food craving reactivity is the result
of incentive sensitization contributing to overeating and
hence weight gain and obesity, one would expect to observe
neural sensitization of dopamine reward circuitry in obese
individuals. No such sensitization has been found though. In
fact, obese individuals appear to have a relatively decreased
dopamine D2-receptor availability [45, 46]. It appears that
this low dopamine D2-receptor availability is congenital
rather than reflecting downregulation caused by chronic
overconsumption of palatable high calorie foods. Indeed,
Stice, Spoor, Bohon, and Small [47] found that individuals
with reduced dopamine D2-receptor availability due to a
polymorphism in the DRD2 gene (i.e., an A1 allele of the
TaqIA SNP, the TaqIA A1 genotype) are at greater risk for
weight gain. They also showed in these individuals a
blunted striatal BOLD response when instructed to imagine
eating a palatable food. Possibly, certain people are more

sensitive to their preferences for potent rewards (be it drugs,
alcohol, or sugar) as it is the sole form of stimulation that
still provides some degree of pleasure.

Conclusion

Pavlovian conditioning undoubtedly plays an important role
in the etiology of food craving. It is argued here that learning
to recognize the foods associated with a rewarding conse-
quence increases the incentive value of these foods. This is
an important notion as it means that one cannot crave
palatable high calorie foods one is unfamiliar with. The
development of craving reactivity requires experiencing
and learning the rewarding consequences of ingesting a
specific food. These rewarding consequences can be a high-
ly palatable taste (e.g., a sweet taste) and/or energy repletion
(due to a high energy density) [48].

In as much as food cravings contribute to overeating and
weight gain, one way to aid weight management programs
would be to repeatedly expose the individual to his favorite
foods without the possibility to eat the food, a procedure
termed cue exposure with response prevention. This would
induce craving, but as the food cues are not reinforced by
the rewarding consequences of ingestion, cue reactivity
should eventually dissipate much like the extinction of a
conditioned salivary reflex in Pavlov’s subjects with repeat-
ed unreinforced presentations of the CS [9•, 49]. This should
make it much easier to obtain and maintain weight loss.
Indeed, Jansen et al. [50•] found reduced cue reactivity in
formerly obese successful dieters. It is important to note that
extinguishing cravings (food or drug craving) through cue
exposure with response prevention is by no means an easy
task. Conditioned flavor preferences are notoriously resistant
to extinction treatment [51] and extinguished craving tends to
recover outside the extinction treatment context [52].

Cue exposure with response prevention has tantalizing
potential. Craving is an aversive state if one cannot satisfy it.
What is important is that it is transient, as the craving for a
food will eventually wane if one manages not to give in to it.
Cue elicited craving or urges to eat are like a wave that
grows bigger as it reaches the shoreline. The essential con-
dition is to learn to ride that wave, to “surf the urge” as
Bowen and Marlatt [53] have put it. Cue exposure with
response prevention may be very beneficial in teaching
someone to “wait out” the craving [54]. Whether this is true
requires empirical validation.

Of course, in terms of preventing individuals from having
to face intense food craving it would be best to limit the
number of food cues one is typically exposed to. A lot of
modern day exposure to palatable food cues can be ascribed
to food marketing. Foods – especially high calorie snack
foods – are advertised on websites, on television, in radio
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ads, in magazines, on billboards, in supermarkets, on vend-
ing machines, and elsewhere. Food marketing is ubiquitous
and hence forms a potent cue almost continually triggering a
desire to eat. For example, Harris, Bargh and Brownell [55]
found that both children and adults ate markedly more food
when exposed to television food advertising. Central regu-
lation and policies are needed to allow the food industry to
collectively reduce its aggressive marketing of high calorie
foods [56], and in doing so limit the extent to which con-
sumers are driven to overeat via conditioned cravings.
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