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Abstract The motivation to seek out and consume rewards has evolutionarily been
driven by the urge to fulfill physiological needs. However in a modern society
dominated more by plenty than scarcity, we tend to think of motivation as fueled by
the search for pleasure. Here, we argue that two separate but interconnected sub-
cortical and unconscious processes direct motivation: “wanting” and “liking.”
These two psychological and neuronal processes and their related brain structures
typically work together, but can become dissociated, particularly in cases of
addiction. In drug addiction, for example, repeated consumption of addictive drugs
sensitizes the mesolimbic dopamine system, the primary component of the
“wanting” system, resulting in excessive “wanting” for drugs and their cues. This
sensitizing process is long-lasting and occurs independently of the “liking” system,
which typically remains unchanged or may develop a blunted pleasure response to
the drug. The result is excessive drug-taking despite minimal pleasure and intense
cue-triggered craving that may promote relapse long after detoxification. Here, we
describe the roles of “liking” and “wanting” in general motivation and review
recent evidence for a dissociation of “liking” and “wanting” in drug addiction,
known as the incentive sensitization theory (Robinson and Berridge 1993). We also
make the case that sensitization of the “wanting” system and the resulting disso-
ciation of “liking” and “wanting” occurs in both gambling disorder and food
addiction.
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1 Introduction

Most people enjoy eating fatty, salty, and sugary foods. Many of us happily indulge
in the occasional opportunity to gamble or get a thrill from visiting a casino. Others
manage to recreationally use psychoactive drugs (such as alcohol), even in large
quantities, without allowing them to consume their lives. Yet for each of these
activities you can find countless examples of people who overindulge, even to the
point of serious adverse consequences detrimental to their work, family, or health.
In some instances, the enjoyment provided by these activities steadily declines, and
all that is left is the unrelenting desire to carry on. Motivational structures of the
brain provide the initial spark to seek out and consume the resources needed to
survive, yet these systems can be hijacked by stimuli that surpass what is typically
encountered in nature and may lead people astray, often with devastating conse-
quences. It is in these moments, when the dichotomy between our survival needs
and our wants is greatest, that the complexity of the system is exposed, and we can
gain insights into its function.

2 “Liking” and “Wanting”

While we typically want the things that we like and like the things that we want,
these concepts are not synonymous. The intuitive nature of these words helps
nurture understanding of relatively complex motivational concepts. The fact that
our language developed to have these two separate words shows how important the
distinction between these ideas is to motivation. In 1993, Terry Robinson and Kent
Berridge at the University of Michigan refined the use of the words in the context of
motivational research (Robinson and Berridge 1993). They posited that the brain
contains two distinct systems; one system responsible for hedonic pleasure, or
“liking,” and another separate yet interconnected system responsible for “wanting,”
or what Robinson and Berridge termed incentive salience. To ease discussion of
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these concepts, we will refer to “wanting” (with quotation marks) as a specific
subcomponent of the colloquial understanding of the word wanting. Wanting
(without quotation marks) typically refers to conscious, cognitive desire, while we
will use “wanting” to refer to the visceral feeling of desire. Similarly, “liking” refers
to the core process of hedonic pleasure and is deemed separate from the subjective
experience of conscious pleasure.

When you take a bite into your favorite food, the look, taste, texture, and smell
of the food come together to comprise the pleasure experienced from the affective
hedonic impact or “liking” aspects of the food. This “liking” component associated
with attaining a reward goes beyond mere sensory properties. Rewards such as food
possess clear sensory components of taste and smell. However, separate brain
circuits account for how much a food is “wanted” or “liked.” For example, the
once-liked sweet taste of chocolate ice cream can become strongly disliked if paired
with violent sickness, despite retaining its sweet sensory properties (Garcia et al.
1985; Rozin 2000; Reilly and Schachtman 2009; Berridge et al. 2010). The con-
verse seems anecdotally true of the bitter taste of beer or coffee, as these tastes often
become desired and pleasant with repeated exposure and cultural norms. Further,
both “wanting” and “liking” can be strongly modulated by internal physiological
states. Hunger will make foods more desired and pleasurable (Cabanac 1971),
whereas satiation can dampen the pleasure elicited by chocolate in a
self-proclaimed chocoholic (Small et al. 2001; Lemmens et al. 2009), a dynamic
shift in hedonic tone referred to as “alliesthesia” (Cabanac 1971).

“Wanting,” or incentive salience, is the acquisition of a visceral and unconscious
desire for a reward. The motivational value given to that reward can be conferred to
cues and objects related to the reward or its retrieval (Bindra 1978) transforming
them into “wanted” incentives. Noticing cues that predict food (or monetary gains)
can help one accrue more rewards and, therefore, evolutionary fitness (Hollis 1984).
In turn, these cues are imbued with incentive salience and become capable of
triggering motivation and bursts of reward-seeking (Holmes et al. 2010; Peciña and
Berridge 2013). For example, the smell of freshly brewed coffee or the distinct
lights and layout of a casino may prompt the need for a pick-me-up or create the
urge to play. Three fundamental characteristics apply to cues or conditioned stimuli
(CSs) that have been imbued with incentive salience. First, these cues become
“motivational magnets.” Attention and behavior is “drawn” to them, like a magnet,
making such cues difficult to ignore. Experimentally, we can see this demonstrated
during Pavlovian conditioned approach (PCA) or autoshaping, where an animal
will sniff, lick, and even bite inedible objects such as a protruding metal lever
because it has repeatedly predicted delivery of a tasty edible reward (Brown and
Jenkins 1968; Hearst and Jenkins 1974; Boakes et al. 1978; Robinson et al. 2014c).
This irrational behavior, referred to as sign-tracking, is often evolutionarily adaptive
behavior similar to that prompted by the nature of the reward, but appears irrational
due to the arbitrary nature of the stimulus (such as an inedible metal lever).

Secondly, beyond simply attracting attention, reward-related cues can become
the focus of motivation and themselves act as reinforcers. They may even foster
new behaviors that increase interaction and contact with these cues. In a laboratory
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setting, animals will display this type of behavior, known as conditioned rein-
forcement (Robbins et al. 1983), when they are first trained to associate a cue with a
reward and then given the opportunity in a novel task to work for a presentation of
that cue alone. The animal is no longer receiving a reward that has any innate value
like food (unconditioned stimulus, or UCS); all that generates and sustains their
behavior is the cue that was once associated with the UCS reward. In our daily
lives, this phenomenon can be seen in routine behaviors like walking by our
favorite bakery simply to experience the aroma of freshly baked goods or when a
recent ex-smoker might linger around other smokers for the opportunity to expe-
rience the smell of second-hand smoke.

Finally, a reward-associated cue attributed with incentive salience can trigger
sudden surges in effort to obtain a reward. Experimentally, we see this in a task
called Pavlovian-to-instrumental transfer (PIT) that measures cue-induced peaks in
“wanting,” seen as surges in effort to obtain a previously available reward. For
example, many people report needing a cup of coffee to start their day. But on days
when they do not have time to go and buy coffee, the simple sight or smell of
someone else’s coffee nearby can trigger a powerful enough urge, on top of what
might be already strong motivation, to go and get coffee. Here, cues become
powerful enough to direct and sometimes dictate behavior.

Although cortical influences are now responsible for cognitive processes we use
to consciously determine our behavior, these cortical inputs are an evolutionarily
more recent addition to motivated behavior (Swanson 2000; Cardinal et al. 2002;
Bernard et al. 2005; Swanson 2005). It is likely that incentive salience developed in
living organisms that lacked higher level cortical functioning to guide them toward
activities like feeding, drinking, and procreating. For example, animals lacking any
clear cortical structures, such as the Atlantic cod and the cuttlefish, show evidence
of incentive salience attribution in the form of sign-tracking (Purdy et al. 1999;
Nilsson et al. 2008). Nevertheless, not all behavior is determined by subcortical
systems. There are likely earlier-evolved reflexes that are now suppressed in order
to let cortical mechanisms guide behavior. Despite this, it appears that we some-
times still rely on these primitive brain systems to provide a motivational spark
toward fulfilling our biological needs (Robinson and Berridge 1993). Thus, many of
our conscious wants arise from the subcortical “wanting” system, often despite any
cognitive awareness of their subcortical origin.

Beyond cognitive intentions to seek out reward, most people believe that
rewards are “wanted” and desired because they produce a conscious experience of
pleasure. Although pleasure is a fundamental component of human existence, our
ability to accurately discern its inner workings is limited (James 1884). Pleasure is
generally described as a purely subjective experience, but evidence suggests that
subjective pleasure is only one of the components of reward that is experienced
(Berridge et al. 2009; Dai et al. 2010; Litt et al. 2010). Instead rewards can influence
behavior even in the absence of conscious awareness (Fischman and Foltin 1992;
Winkielman et al. 2005). For example, Fischman and Foltin showed that recovering
addicts would consistently choose a very low dose of cocaine over an injection of
saline, despite reporting no more subjective feelings of pleasure than with saline, no
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cardiovascular responses, and indicating that they thought they were sampling both
options equally (Fischman and Foltin 1992). Similarly, a study by Winkielman and
colleagues showed that subliminal presentations of happy faces made thirsty par-
ticipants rate, pour and drink more of a sweet beverage despite reports of their
conscious feelings remaining unaffected (Winkielman and Berridge 2003;
Winkielman et al. 2005). Instead, these rewards may provoke unconscious pleasure
or “liking” reactions that may be more objective as they do not rely on self-report
and are typically contiguous with the experience of the hedonic stimulus. In con-
trast to conscious subjective pleasure, “liking” is an implicit response to hedonic
stimuli that can be measured in behavior and physiology even in the absence of
conscious liking. It is measured using a technique called taste reactivity that
exploits objective “liking” reactions to sweet tastes (Grill and Norgren 1978). This
method examines orofacial affective expressions, which are homologous across
species, including humans, rats, and apes (Steiner et al. 2001; Berridge and
Kringelbach 2008). Specifically, sweet tastes elicit positive “liking” responses such
as lip licking and rhythmic tongue protrusions, whereas bitter tastes such as quinine
produce negative “disliking” expressions such as gapes and headshakes.

Beyond a psychological dissociation, pleasure “liking” also appears to possess a
more restrictive limbic brain circuit, both anatomically and neurochemically, which
may predispose us more to states of desire than to states of pleasure (see Fig. 1).
The “liking” and “wanting” systems in the brain have some structural and neuro-
chemical overlap, but also separate substrates (Berridge et al. 2009, 2010; Castro
et al. 2015). While both systems are contained within certain common mesolimbic
structures, the “liking” components, or hedonic “hot spots,” are only small subre-
gions of these greater mesolimbic structures, including the nucleus accumbens and
ventral pallidum (Berridge and Robinson 2003; Berridge et al. 2010). These
hedonic “hot spots” were so named (Berridge 2003; Smith et al. 2007) for their
ability to elicit positive facial hedonic reactions (“liking”) to a sweet solution when
neurochemically stimulated (such as by opioid and endocannabinoid neurotrans-
mitters, but not dopamine stimulation). These increases in hedonic pleasure are
restricted to stimulation of the small hedonic “hot spots” and cannot be readily
elicited by stimulation of neighboring areas in the remaining mesolimbic system
(Smith and Berridge 2007; Smith et al. 2007). These hot spots seem to function as a
cooperative network that requires a unanimous vote to engender a “liking”
response. While stimulation of just one hot spot will typically recruit others,
pharmacologically inhibiting activity in one hot spot will prevent an enhancement
of “liking” from opioid stimulation in one of the other hot spots (Smith and
Berridge 2007; Castro and Berridge 2014). In contrast, “wanting” can be increased
by raising dopamine levels in any part of the mesolimbic system (including those
hot spots) and does not seem to require simultaneous activity from other motivation
centers. “Wanting” can also be evoked by opioid stimulation (and certain other
neurotransmitters) within the hot spots (in addition to the aforementioned effects of
opioids on “liking”). For example, the opioid agonist DAMGO will enhance
“liking” in the cubic millimeter hot spot of the accumbens medial shell, which
makes up only 10 % of the entire nucleus accumbens (Peciña 2005; Smith and
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Berridge 2007; Berridge et al. 2010). In contrast, the same DAMGO microinjection
will potently enhance “wanting” in the entire nucleus accumbens (Peciña 2005).
Some of the neural structures and pathways involved in “liking” and “wanting” are
illustrated in Fig. 1.

Evidence for the existence of distinct neural pathways governing “liking” and
“wanting” suggests that in some instances it might be possible to experience
“wanting” without “liking” or vice versa. The earliest example of “wanting”
without “liking” came from laboratory studies examining the impact of electrical
stimulation of the lateral hypothalamus, a part of the brain that activates mesolimbic
pathways and dopamine release (Berridge and Valenstein 1991). When electrically
stimulated in such a fashion, animals eat voraciously but show no increase in their
“liking” responses. Instead, they display a moderate increase in “disliking” to a
sucrose solution, as if it became slightly unpleasant. Similar results have been found
in mutant mice that have their dopamine transporter knocked down, which leads to
excessive synaptic dopamine (Peciña et al. 2003), or in rats following amphetamine
or drug sensitization-induced elevation of dopamine release (Wyvell and Berridge
2000; Tindell et al. 2005). More recently, studies have shown that stimulation of
areas such as the central nucleus of the amygdala either pharmacologically using
DAMGO or optogenetically will increase “wanting” for specific rewards and their
cues independently of any changes in “liking” (Mahler and Berridge 2009;

Fig. 1 Mesocorticolimbic circuitry of “liking” and “wanting.” This sagittal view of a rodent brain
depicts structures and circuitry underlying “liking” (red) and “wanting” (green and red). The
nucleus accumbens medial shell contains a hedonic hot spot in the rostral half, where opioid and
related stimulation increases “liking” reactions to sucrose taste. The caudal half of the ventral
pallidum contains a similar opioid hedonic hot spot. The ventral tegmental area projects
dopaminergic afferents to the above labeled areas, which when stimulated increase “wanting” and
the attribution of incentive salience, including the areas that contain hedonic hot spots. Sagittal
section adapted from Paxinos and Watson (2007)
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DiFeliceantonio and Berridge 2012; Robinson et al. 2014b). In humans, studies
show that dopamine levels are more highly correlated with subjective ratings of
“wanting” a reward than with pleasure ratings of that same reward (Volkow et al.
2002; Leyton et al. 2002). In fact, certain highly addictive drugs such as nicotine are
exceedingly “wanted” despite producing little to no feelings of pleasure or euphoria
(Benowitz 1996; West 2009; Isomura et al. 2014).

Conversely, “liking” without “wanting” can also occur, specifically when
dopaminergic transmission is disrupted. For example, in mutant mice that lack the
ability to produce any dopamine in their brains, sweet solutions or food rewards
will still be liked and preferred over water due to their hedonic impact (Cannon and
Palmiter 2003; Robinson et al. 2005). Similarly, drugs that block dopamine
transmission, such as the dopamine antagonist pimozide, or treatments (6-OHDA)
that destroy over 99 % of mesolimbic and neostriatal dopamine afferents do not
disrupt positive “liking” facial reactions to the taste of sucrose (Peciña et al. 1997;
Berridge and Robinson 1998). However, these drugs do disrupt “wanting,” in that
the animals lack the motivation to feed themselves and display life-threatening
aphagia and adipsia. In humans, drugs that block dopamine function completely fail
to reduce the subjective ratings of pleasure people give to an addictive drug, such as
amphetamine or methamphetamine (Brauer and De Wit 1997; Wachtel et al. 2002;
Leyton 2010), yet diminish craving and cue-induced craving (Berger et al. 1996).
Similarly, studies in which dopamine transmission was decreased by interfering
with dopamine synthesis (acute phenylalanine/tyrosine depletion; APTD) show that
the pleasurable and mood altering effects of a wide range of abused substances,
such as alcohol (Leyton et al. 2000; Barrett et al. 2008), tobacco (Casey et al. 2006;
Munafò et al. 2007), amphetamine (Leyton 2007), and cocaine (Leyton et al. 2005),
remain intact, while traits related to “wanting” such as cocaine-induced confidence
and drug craving are dramatically reduced (Leyton et al. 2005). These results
demonstrate that both “wanting” and “liking” can occur independently, and since
“liking” is controlled by a smaller portion of the brain and requires collective
activation of different hot spots (making it easier to disrupt), it may be a more
fragile and less critical component of motivated behavior than “wanting” (Fig. 1).
That survival may be almost impossible in the total absence of “wanting,” but not in
the absence of “liking” may be evidence for this claim.

Natural rewards such as food, water, and sex all generate pleasure, while also
triggering the release of mesolimbic dopamine and activating our “wanting” system
(Hernandez and Hoebel 1988; Pfaus et al. 1990). In drug, food, and gambling
addictions, we see evidence of hypersensitive “wanting” systems taking salience
attribution to maladaptive levels, often with very little change in pleasure
responding (Robinson and Berridge 2008; Rømer Thomsen et al. 2014; Robinson
et al. 2015b). As such we often talk about how drugs of abuse hijack our natural
“wanting” system and send it into overdrive. In the three following sections, we will
examine the evidence and the insight that the incentive salience theory can provide
in three types of addictive behavior: drug abuse, gambling disorder, and overeating
and obesity. We will pay close attention to explaining what roles both “liking” and
“wanting” may play in the development and maintenance of each addiction. We
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begin with drug addiction, as it has been the most extensively studied and provides
the groundwork for explaining some of the changes seen in gambling and food
addiction.

3 Drug Addiction

The symptoms and behaviors that characterize drug addiction can vary greatly from
person to person, depending on the drug of choice, the circumstances of use and
individual differences between users (Robinson and Berridge 1993; Cadet et al.
2014). Nevertheless, all cases of drug addiction possess three common, significant
characteristics that a complete theory of drug addiction must explain (Hollis 1984;
Robinson and Berridge 1993). These characteristics highlight the fractioning of the
natural bond between “liking” and “wanting,” which we believe occurs in multiple
forms of addiction. They are as follows:

1. An increased intake and desire for the drug over time, often to the point of
intense cravings.

2. Persistent and recurring bouts of craving, frequently triggered by drug-paired
cues, that posses the ability to promote relapse, even long after drug-taking has
ceased.

3. The dissociation of the pleasure generated by the drug, which tends to decrease
or remain unchanged over time, from the desire for the drug, which increases
over time and becomes hyper-responsive to drugs and drug stimuli.

The incentive sensitization theory of addiction aims to incorporate and explain
these three tenets (Robinson and Berridge 1993; Holmes et al. 2010; Peciña and
Berridge 2013). In this theory, Terry Robinson and Kent Berridge posit that
repeated drug use causes the mesolimbic dopamine system of the brain responsible
for the generation of “wanting” to experience incentive sensitization, which in turn
leads to the symptoms of drug addiction. Incentive sensitization is defined as an
increase in the sensitivity of the neural circuits responsible for the attribution of
incentive salience (“wanting”) to a drug—a process that occurs as a consequence
of gradual and progressive neurological changes induced by repeated drug use. The
attribution of incentive salience is mediated by dopamine projections to the nucleus
accumbens and striatum from the ventral tegmental area and substantia nigra
(Robinson and Berridge 2003). Sensitization of this neural circuitry over time, as a
consequence of repeated drug consumption, elicits a greater dopaminergic response,
and as a result, the incentive salience for the drug and its cues steadily increases.
This means that the desire for a particular drug and the ability of its associated cues
to trigger craving escalate with repeated drug consumption.

According to the incentive sensitization theory, an individual would first have to
consume a potentially addictive drug. This initial behavior would likely be
prompted by a desire to experience the expected pleasure (“liking”) associated with
being under the influence of the drug or by societal pressure to use the substance.
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This sensation of euphoria or drug “liking” will likely initially prompt sporadic use
that may evolve into repeated use over time. Each drug experience will incur surges
in dopaminergic activity in the mesolimbic reward system. Over time, these
recurring surges in dopamine release from repeated consumption will cause sen-
sitization of mesolimbic dopamine pathways. The result is an enhanced dopamin-
ergic response to the same initial dose of the drug (Robinson et al. 1988; Kalivas
and Duffy 1990; Vezina 1993, 2004), in the form of enhanced dopamine overflow
(Kalivas and Duffy 1993; Vanderschuren and Kalivas 2000; Vanderschuren et al.
2001), dopamine D1 receptor supersensitivity (Henry and White 1991; Hu et al.
2002), and enhanced intracellular mechanisms such as induction of immediate early
genes (Hiroi et al. 1997). Greater dopamine signaling will result in an increase in
the incentive salience assigned to the drug and its cues, which in turn will cause the
drug to be “wanted” more. This process occurs independently of the pleasure
produced by the drug and is not necessarily tied to “liking” (which may sometimes
decrease with increased consumption) (Wyvell and Berridge 2000; Tindell et al.
2005). Due to the increasing incentive salience of the drug and its cues, the user is
motivated to approach and consume the drug even more, which will only sensitize
the brain further. Thus, a progressive increase in drug “wanting” and consumption
occurs, without any paralleled increase in drug “liking,” sometimes even despite
“liking” the drug less. As a result, the drug becomes compulsively “wanted,” in that
the urge to consume may contradict cognitive wants to abstain (see Berridge and
Robinson 2011), and drug-associated cues are able to trigger intense cravings, that
may result in bouts of drug-seeking. In many instances, these urges to seek out and
take drugs are appeased by top-down cognitive control, meaning that more often
than not, cue-triggered impulses to take drugs are quashed by the knowledge of the
undesired consequences. Yet in this war between subcortical impulses and cogni-
tive intentions, it only takes the loss of a single battle in favor of subcortical
“wanting” for relapse to occur, and the war to be lost (Berridge and Robinson
2011).

It has been suggested that compulsive drug-seeking might originate from a
physical need for the drug or a powerful motivation to avoid the unpleasant
symptoms of drug withdrawal (Wikler 1973; Khantzian 1985; Koob et al. 1989;
Koob 1996). According to this view, drug-taking and the resulting dopamine
release would satisfy a need, thereby satiating the user and reducing motivation to
take more drug. This is counter-intuitive, as it implies that an addict would only
take drugs to satisfy a need (and not beyond), when some of the hallmarks of
addiction are a tendency to escalate the amount of drug taken and to regularly take
more drug than intended (American Psychiatric Association 2013). Instead, the
incentive sensitization theory suggests that dopaminergic activity produces incen-
tive motivation for a reward and that a heightened/sensitized dopaminergic response
to drug-taking events explains why a small hit of the drug triggers a greater urge for
more drug, rather than producing any form of satiation or reduction in motivation
(Robinson and Berridge 1993). The process of incentive sensitization is illustrated
in Fig. 2.
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The neural changes involved in the process of incentive sensitization are
long-lasting (Shuster et al. 1975; Paulson et al. 1991; Castner and Goldman-Rakic
1999). More importantly, these changes persist beyond the cessation of drug-taking
and beyond withdrawal, which often only lasts 1–2 weeks (Khavari et al. 1975;
Stinus et al. 1998; Gekht et al. 2003). Withdrawal is typically described as an
intense negative emotional state accompanied by dysphoria, anxiety, and irritabil-
ity. Withdrawal avoidance-based theories of addiction suggest that these unpleasant
symptoms are the primary motivator for unrelenting drug-taking and relapse (Koob

Fig. 2 The incentive sensitization model of addiction. Addiction is characterized by a progressive
dissociation of drug “wanting” and “liking” with increasing incentive salience being attributed to
drugs and their cues. This schematic model suggests a “direct path” to addiction that develops with
repeated and escalating drug consumption leading to incentive sensitization of “wanting” and
compulsive drug-taking [Steps: 1-3-6-7]. A separate contributing factor to this phenomenon is
highlighted by the “indirect path” loop, which suggests that with repeated drug-taking the
experienced pleasure and euphoria caused by the drug fails to increase and may sometimes even
diminish, which prompts intake of larger and larger doses of drug, thus contributing to the
sensitization of mesolimbic dopamine circuits [Steps: 3-4-5]. Finally, compulsive drug-taking is
often punctuated by periods of abstinence and withdrawal, which all too frequently result in
relapse, often triggered by cue-induced craving. This “cycle of relapse” characterizes drug
addiction as a chronic relapsing disorder [Steps: 7-8-9-10]. Adapted with permission from
Robinson and Berridge (1993), Berridge et al. (2009)
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et al. 1989). Although withdrawal may be a potent reason why many addicts
relapse, it fails to explain why relapse frequently occurs even after withdrawal
symptoms have subsided (Hunt et al. 1971). The persistence of incentive sensiti-
zation accounts for why drugs and their cues retain the ability to trigger craving and
relapse for many years, even in “detoxified” addicts long after “recovery.”

Finally, this entire process takes place independently of the pleasure induced by
the drug, since the aforementioned sensitization affects only the motivational effects
of the drug, but not to the euphoria it generates. Thus, the three facets of addiction
outlined at the beginning of this section are addressed by the incentive sensitization
theory.

The incentive sensitization theory also addresses the role of drug-related cues in
addiction. Cues related to drug abuse (paraphernalia, contexts, etc.) can themselves
take on added incentive salience through the process of sensitization. As a result,
they are transformed into powerful “motivational magnets,” able to induce cravings
upon exposure and bring individuals into the proximity of drugs. Specifically,
drug-related cues become increasingly capable of triggering increases in dopamin-
ergic activity in the mesolimbic reward pathway resulting in excessive “wanting,”
even when presented in the absence of the drug (Leyton 2007; Vezina and Leyton
2009). A striking example of this can be seen with crack cocaine addicts, who when
experiencing intense cravings will inspect the floor for any small, white specks and
often try and smoke them, even when the specks are most likely dust or ordinary
pebbles—a phenomenon known as “chasing ghosts” (Rosse et al. 1993).

In order to account for drug addiction, the incentive sensitization theory makes
several verifiable assumptions. Firstly, the consumption of drugs must be able to
affect areas of the brain involved in regulating “wanting,” independent of influence
from the brain’s pleasure or “liking” systems. Secondly, excessive consumption of
drugs should gradually render this neural circuitry hypersensitive to the motiva-
tional effects of said drugs. Thirdly, for this theory to apply to drug addiction more
broadly, the neurological mechanism responsible for the attribution of incentive
salience must be common to all addictive drugs. Finally, the neurobiological
changes produced by excessive drug consumption must be long-lasting in order to
account for instances of relapse occurring long after withdrawal symptoms have
subsided. The next section will address all of these criteria and provide supporting
experimental evidence.

3.1 Evidence for the Incentive Sensitization Theory

Let us begin by addressing the assumption that the neural system sensitized by drug
consumption is one that only regulates “wanting,” and acts independently of
“liking.” Since dopamine is the primary neural substrate that controls “wanting,” an
increase in the release of dopamine in response to a particular stimuli can be
interpreted directly as an increase in “wanting” for those stimuli. Supporting evi-
dence for the diverging role of these two systems comes from manipulations of the
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dopamine system in humans and animals that influences “wanting” while leaving
“liking” intact. Drugs such as amphetamine, cocaine, methamphetamine, morphine,
nicotine, alcohol, and even THC have been shown to increase transmission of
dopamine in the nucleus accumbens and dorsal striatum (Robinson and Berridge
1993). A study by Di Chiara et al. further illustrated that while in humans, drugs of
abuse such as cocaine, amphetamine, nicotine increase the concentration of dopa-
mine in both the nucleus accumbens and the dorsal caudate nucleus, drugs that are
typically not abused, such as antihistamines or antimuscarinic drugs, fail to show
similar results (Di Chiara and Imperato 1988). Furthermore, drugs such as nicotine
produce increases in dopamine transmission but fail to produce any reported
“liking” or euphoria, suggesting the absence of any clear relationship between
“liking” and the excessive “wanting” that leads to addiction (Rose et al. 2000;
Caggiula et al. 2009; Balfour and Munafò 2015). The lack of any significant
correlation between “liking” and “wanting” has also been shown for alcohol in
humans (Hobbs et al. 2005; Ostafin et al. 2010). We can therefore suggest that a
critical aspect of drug addiction is the sensitization of the mesolimbic dopaminergic
system which results in an increase in dopaminergic response to drugs and their
cues, and that these increases in incentive salience/“wanting” are independent of
changes in “liking” (Ferrario et al. 2005; Ferrario and Robinson 2007; Robinson
and Berridge 2008).

Our second assumption states that repeatedly consuming drugs that trigger
activity in the “wanting” system gradually increases their incentive properties,
which helps explain excessive drug use and the development of addiction. A study
by Woolverton et al. reported that when rhesus monkeys were pretreated with
methamphetamine injections, they became more likely to self-administer amphe-
tamine if given the opportunity at a later time (Woolverton et al. 1984; Leyton
2010). This finding demonstrates that the initial exposure resulted in an “increased
sensitivity to the reinforcing properties of the drug,” because of which subjects were
more motivated to consume the drug during subsequent trials as compared to
controls. More recently, a study by Boileau et al. reported that when treated with
three doses of amphetamine within the span of five days, healthy adult men
demonstrated an increased release of dopamine in response to the third dose relative
to the first (Berger et al. 1996; Boileau et al. 2006). When participants were
re-tested a year later, they continued to demonstrate dopaminergic sensitization in
brain areas such as the ventral striatum, which is involved in the regulation of
“wanting.” A similar sensitization of dopamine release has also been reported in
Parkinson’s patients who compulsively use dopaminergic drugs and exhibit
dopamine dysfunction syndrome (DDS) (Leyton et al. 2000; Evans et al. 2006;
Barrett et al. 2008). Studies like these establish that addictive drugs such as cocaine
and amphetamine have the ability to produce sensitizing effects in the brain,
especially in regard to how much they are “wanted” by the user.

Incentive sensitization theory also hinges on the idea that drug-induced sensi-
tization occurs in a common neural network that is responsible for the attribution of
incentive salience to all addictive drugs. One significant piece of evidence for this is
a phenomenon known as cross-sensitization. Cross-sensitization, in the context of
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drug use, refers to when sensitization to one drug will produce a sensitized response
to other drugs (such as between heroin and cocaine). In cases of cross-sensitization
of “wanting,” an individual, as a result of excessively consuming one drug, is
rendered hyper-responsive to the motivational effects of other drugs, including ones
that may have never been previously consumed. A study by Horger et al. found that
when rats were given nine daily injections of amphetamine or nicotine, they
acquired a cocaine self-administration habit much quicker than control animals,
thus demonstrating that the pretreated rats were more susceptible to the reinforcing
effects of the cocaine (Horger et al. 1992; Casey et al. 2006; Munafò et al. 2007).
Similarly, a study by Cunningham et al. found that rats who were given
intra-accumbens treatment of certain opiates (such as morphine) later proved to be
sensitized to the behavioral effects of amphetamine (Cunningham and Kelley 1992;
Leyton 2007). Cross-sensitization and resulting hyper-responsivity of dopaminergic
systems also occurs between drugs of abuse and natural rewards (Avena and Hoebel
2003a) and drugs of abuse and stress (at both behavioral and physiological levels)
(Piazza et al. 1990; Cruz et al. 2011; Garcia-Keller et al. 2013). This latter finding
highlights the important role that stress may play in relapse, whereby stressful life
events can act as powerful triggers of drug cravings and a history of stressful life
events may even predispose a person to drug addiction. These examples of
cross-sensitization support the idea of an underlying neural circuitry common to all
addictive drugs.

Finally, the neural changes that underlie sensitization appear to be long-lasting.
A study by Paulson and colleagues showed that when rats were pretreated with
amphetamine, they exhibited sensitization an entire year after the pretreatment was
discontinued (Paulson et al. 1991). Likewise, other studies have reported that mice
demonstrate behavioral or psychomotor sensitization, in the form of increased
locomotor activity, up to 3 months after cocaine exposure (Shuster et al. 1977) and
up to 8 months after morphine exposure (Shuster et al. 1975), while monkeys still
display a sensitized response to amphetamine even 2 years post-treatment (Castner
and Goldman-Rakic 1999). Studies like these confirm that the sensitizing effects
seen in the brain as a result of repeated drug consumption are long-lasting, which in
turn explains the constant temptation as well as the tendency to relapse seen in
many recovering addicts.

3.2 The Role of “Liking,” and Alternate Hypotheses
of Addiction

Initial drug consumption is often fueled by feelings of euphoria generated by taking
the drug. In contrast to the sensitized response of the “wanting” system that
develops in addicts toward drugs and their cues, the euphoria produced by drugs
does not undergo the same transformation. There is no sensitization of “liking”
systems in the brain. In fact, unlike “wanting,” “liking” often undergoes a
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phenomenon known as tolerance, which is the opposite of sensitization. In other
words, repeated drug consumption causes “liking” to decrease, and with time, the
same dose of drug is no longer able to generate as much pleasure as it once could.
As a consequence, an addict may be driven to chase that initial high by progres-
sively escalating the amount of drug consumed, which further causes greater and
more rapid incentive sensitization (represented by the indirect path [3-4-5] in
Fig. 2). This progression may especially be the case for drugs such as opiates (e.g.,
heroin and some prescription painkillers) that trigger a strong “liking” response and
produce rapid tolerance (Cochin and Kornetsky 1964; Lamb et al. 1991). The
implication of this pattern is particularly striking, as it means that an addict can
reach a point where a drug causes very little pleasure, and yet he/she may go to
great lengths to fulfill an inexplicable craving for it. Supporting evidence comes
from a study showing tolerance to the euphoric effects of psychostimulant drugs in
cocaine-dependent abusers despite enhanced drug-seeking (Volkow et al. 1997;
Mendelson et al. 1998). Several studies have also demonstrated that drug
self-administration can be maintained in the absence of any subjective pleasure
(Lamb et al. 1991; Fischman and Foltin 1992; Hart et al. 2001) and that drugs such
as morphine concomitantly generate both positive reinforcing and negative aversive
effects (Stolerman 1985; Bechara et al. 1993). These results highlight the limited
role of “liking” in drug addiction and shift the explanation toward “wanting.”
“Wanting” is thought to be to blame rather than cognitive wanting, as awareness of
desire does not seem to play a large role in drug-taking (Lamb et al. 1991; Fischman
and Foltin 1992). Such lack of cognitive awareness would explain why addicts
often have little insight into their hunger for drugs and drug-associated cues
(Childress et al. 2008; Goldstein et al. 2009) and why drug-taking persists despite
adverse consequences and a cognitive intent to remain abstinent.

The incentive sensitization theory is not the only explanation that has been put
forward to account for drug addiction. There are three other main reasons frequently
suggested to explain addiction and relapse. The first has to do with drug euphoria or
pleasure and suggests that addicts resume drug-taking to experience intense plea-
sure (Wise 1982). While drug pleasure or “liking” certainly accounts for initial
patterns of drug use, as previously mentioned, tolerance frequently develops with
repeated drug use (although not equally for all drugs) and addicts often report
knowing that relapse will fail to lead to intense pleasure but rather to more misery.
The second explanation has to do with drug habits and the belief that drug-taking
distorts learning and creates such robust habits that relapse is inevitable (Hyman
et al. 2006; Everitt et al. 2008; Koob and Volkow 2010). This approach fails to
incorporate the dimension of excessive “wanting” and compulsion that accompa-
nies drug-taking, which otherwise distinguishes it from regular habits like brushing
one’s teeth and tying one’s shoelaces. Certainly habits facilitate the repeated drug
use that is characteristic of drug addiction and contributes to incentive sensitization,
but they are unable to explain the flexibility and resourcefulness that addicts display
when procuring drugs, and thus account better for drug-taking than for the
craving-driven drug-seeking that typifies drug addiction primarily as a relapsing
disorder. Finally, the intense negative emotional state of withdrawal produced as a
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result of drug abstinence is often suggested as the primary cause for relapse
(Robinson and Berridge 1993; Koob and Volkow 2010). While withdrawal may be
a potent reason many addicts do resume drug-taking, withdrawal is relatively
short-lived and decays within days to weeks, depending on the drug (Wikler 1973;
Khantzian 1985; Koob et al. 1989; Koob 1996). By contrast, relapse frequently
occurs long after withdrawal has subsided, even many years later in fully detoxified
individuals (Hunt et al. 1971). In fact, addicts often voluntarily undergo withdrawal
in detoxification clinics to reduce tolerance and the monetary cost of their addiction
(Kleber 2007; Robinson et al. 2013). In addition, certain drugs such as cocaine may
produce relatively mild signs of physical withdrawal despite still being highly
addictive, whereas certain pharmaceutical drugs such as sleeping pills induce high
levels of tolerance and consequently withdrawal, and although they induce physical
dependence, fail to produce some of the compulsive behavior seen in drug addiction
(Graham and Vidal-Zeballos 1998; Wilkinson 1998). While all three of the
aforementioned elements (pleasure, habit, withdrawal) are certainly present in most
instances of drug abuse, they alone fall short of a full explanation that encompasses
all aspects of addiction. Instead, incentive sensitization of “wanting” circuitry
explains the escalation and compulsive pattern of drug-taking that occurs as
addiction develops. It also accounts for the frequent incidence of relapse common to
all addicts, which can often occur beyond withdrawal and in some cases for a
lifetime. As an explanation for addiction, incentive sensitization theory is not
limited to drugs of abuse. This divergence of “liking” and “wanting” can also be
explored in the realm of gambling addiction.

4 Gambling

In the first four editions of the Diagnostic Statistical Manual of Mental Disorders
(DSM), gambling disorder was classified as an impulse control disorder like
kleptomania or pyromania. The 2013 release of the DSM-V, however, reclassified
gambling disorder as a behavioral addiction (American Psychiatric Association
2013). Gambling disorder shares many characteristics with substance disorders,
including the inability to cut down on gambling, continued gambling despite
adverse consequences such as loss of money or job, and cravings for gambling
(Potenza 2008). In this section, we will explore why gambling is attractive and
potentially addictive, and if the transition from casual gambling to compulsive
gambling can be explained by the same mechanisms that cause substance addiction.

Although few studies have specifically examined “wanting” and “liking” in
gambling disorder, there is support for the idea that the incentive sensitization
theory may apply to gambling disorder. The incentive sensitization theory posits
that substance addictions cause drugs and their cues to take on increased salience
and generate excessive motivation to consume more drug. In gambling addiction,
gambling-related cues also seem to take on increased incentive salience, becoming
motivational stimuli that drive behavior. One of the hallmarks of gambling, and
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indeed of most games, is the presence of uncertainty (Costikyan 2013). Studies in
rats suggest that uncertainty pertaining to the probability and magnitude of the
reward outcome can cause attribution of additional incentive salience to
reward-related cues. A recent study by Anselme, Robinson, and Berridge showed
that rats exposed to an uncertain reward schedule (where both the chances of
receiving a reward and the magnitude of this reward vary) direct significantly more
of their attention and behavior to the reward cue than rats exposed to a certain
reward schedule (Anselme et al. 2013). In other words, uncertain reward-related
cues appear to become stronger “motivational magnets.” This finding is paradoxical
since it contradicts the idea that the motivational value of a cue should be mono-
tonically related to its predictive value. It is consistent with the incentive salience
theory, however, and highlights the dissociation that can occur between the pre-
dictive value of a cue, driven by cue learning (CS-UCS association), and the
attribution of cue “wanting” (CS attraction) (Zhang et al. 2009). Furthermore, cues
that predict reward with a large degree of uncertainty are also more likely to acquire
incentive salience. For example, distal cues that are on the periphery of our
attention are typically ignored under certain and predictable reward conditions, but
when reward conditions are unpredictable, these cues attract more attention
(Robinson et al. 2014a). In fact the degree of incentive enhancement that uncer-
tainty imparts to reward-related cues is similar to that produced by psychomotor
sensitization through repeated amphetamine administration (Robinson et al. 2015a).
This may not come as a surprise considering that cues that predict an uncertain
reward (50 % probability) produce a greater dopamine signal, originating from the
ventral midbrain, during the anticipation of the uncertain outcome (Fiorillo et al.
2003), and that this dopaminergic signal appears to promote risk-seeking behavior,
as evidenced in gambling (Fiorillo 2011).

The role of uncertainty in attributing excessive incentive value can also be seen
in humans. A set of studies by Brevers indicate that problem gamblers exhibit
attentional bias toward gambling-related cues as compared to healthy controls,
suggesting that these stimuli also take on increased salience in human gamblers and
may possess “motivational magnet” properties (Brevers et al. 2014a, b). Thus, cues
related to uncertain reward seem to acquire incentive salience, just as drug-related
cues take on increased salience in substance addictions. Casinos are full of both
uncertain reward and potentially salient reward-related cues, like sounds and
flashing lights, which likely increase the potential for gambling to become addictive
and are reported by problem gamblers as a crucial part of the gambling experience
(Dow Schüll 2012).

There is also direct evidence for (cross-)sensitization of the dopaminergic system
under gambling-like conditions. Uncertainty causes cross-sensitization of the
dopaminergic system, as seen by increased reactivity to a single dose of amphe-
tamine, in the same way that repeated exposure to drugs of abuse sensitizes this
system. Zack and colleagues found that rats exposed to maximally uncertain con-
ditions showed the greatest locomotor response to an amphetamine challenge (Zack
et al. 2014). In a similar study, Singer and his collaborators found that rats trained to
press a lever for reward on a variable schedule showed a greater locomotor response
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to amphetamine than those who were rewarded on a fixed schedule (Singer et al.
2012). As mentioned previously, heightened amphetamine-induced dopamine
release in rats is associated with increased “wanting” but not increased “liking”
(Wyvell and Berridge 2001). This implies that the escalating “wanting” that drives
substance addictions may also be present in gambling disorder and is independent
from “liking.”

Cross-sensitization of dopaminergic systems from gambling has also been seen
in humans. Boileau and colleagues found that problem gamblers have increased
dopamine release in their dorsal striatum in response to amphetamine in comparison
with healthy controls (Boileau et al. 2013). These results suggest that the escalating,
sensitized “wanting” seen in rats exposed to uncertain reward is also present in
human gamblers and possibly drives the transition from casual recreational gam-
bling to compulsive gambling. Additionally, studies have found that problem
gamblers have a sensitized dopaminergic response to gambling-related cues.
Studies have correlated striatal dopamine release in problem gamblers with severity
of problem gambling (Joutsa et al. 2012) and with self-reported levels of excitement
during a gambling task (Linnet et al. 2011). However, certain studies instead report
a blunted striatal dopamine response to cues in pathological gamblers (Miedl et al.
2012; Balodis et al. 2012). It has been suggested that such contradictory reports can
be explained by the absence of familiar or relevant gambling cues during laboratory
testing (Leyton and Vezina 2012), which when present instead produce an exag-
gerated striatal dopamine response (van Holst et al. 2012). This finding implies that
while gambling-related cues take on increased incentive salience, other non-related
or unfamiliar cues may become less important or even inhibit motivation. Similar
arguments have been put forward to explain certain findings that suggest a role for
dopamine deficiency across a variety of forms of addiction (Leyton 2007, 2014;
Leyton and Vezina 2012, 2014).

Another key characteristic of addiction present in problem gamblers is their
willingness to persist in gambling despite the negative consequences such as losing
large amounts of money. A study by Linnet and colleagues found that problem
gamblers have increased dopamine release in their ventral striatum as compared to
healthy controls when they lost money in a gambling task, implying that loss still
generates motivation in problem gamblers (Linnet et al. 2010). Additionally, a
study by Clark and colleagues found that near misses (or almost winning) in a slot
machine gambling task recruited areas of the brain that respond to wins.
Participants in this study reported that near misses were significantly less pleasant
than full misses, but triggered their urge to play more (Clark et al. 2009). These
studies illustrate that although problem gamblers do not enjoy losses, they do find
losses motivating, providing further evidence for a dissociation of “liking” and
“wanting.”
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Lesion studies have implicated a number of brain regions involved in “liking”
and “wanting” in gambling behavior. As previously mentioned, the nucleus
accumbens is a component of the mesolimbic system with connections to prefrontal
cortices and the dopaminergic neurons of the ventral tegmental area. Cardinal and
Howes lesioned the nucleus accumbens core of rats and found that rats with these
lesions were less likely to choose large uncertain rewards than controls when small
certain rewards were also presented (Cardinal and Howes 2005). These results
suggest that the nucleus accumbens core, a key component of the mesolimbic
dopaminergic pathway, plays a role in mediating the desirability of uncertain
reward.

Although further research is needed to fully understand the role of “liking” in
human gambling, studies have supported the idea that “liking” is decreased in
pathological gamblers. In a recent PET neuroimaging study, Mick and colleagues
found reduced endogenous opioid release in pathological gamblers following an
amphetamine challenge as compared to healthy controls. The problem gamblers
also reported lower feelings of euphoria in response to the amphetamine challenge
as compared to healthy controls (Mick et al. 2014). These results suggest that
problem gamblers may experience a down-regulation in their “liking” system
consistent with the incentive sensitization theory of addiction. Interestingly, opioid
antagonists such as naltrexone (which is used to manage opioid and alcohol
dependence) can help relieve gambling cravings and reduce problem gambling
behaviors in some individuals. Although these results may at first seem contro-
versial, as opioid-mediated “liking” seems to play less of a role in compulsive
behavior than dopamine-mediated “wanting,” there is increasing evidence that the
opioid system is involved in regulating both “liking” and/or “wanting” in different
regions of the brain (DiFeliceantonio et al. 2012; Castro and Berridge 2014).

Problem gambling, like substance addiction, seems to be rooted in the dys-
function or hijacking of the brain’s natural reward system. This system drives
animals to seek food, water, sex, and other rewards necessary for survival and
propagating the species. It also likely evolved to make exploration and uncertainty
motivating. Anselme posits that the motivational qualities of uncertainty are
designed to compensate for the high rates of failure organisms experience when
seeking resources (Anselme 2013). Resources are rarely fully predicted by external
cues meaning that the appeal of uncertain cues may be a necessary requirement to
overcome the unpleasantness of failure. If unpredictability were not motivating, the
inevitable repeated failure experienced when seeking reward would extinguish
behavior. The motivating qualities of uncertainty may therefore not be driven by
pleasure or “liking,” as could be argued in the case of food or sex, but instead by
more primitive subcortical “wanting” systems. When purposefully programmed or
designed as the outcome of a game or slot machine, uncertainty could drive the
excessive “wanting” that arises below our conscious awareness and promote
unhealthy gambling behavior.
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5 Food Addiction

Here, we focus on the impact of highly palatable foods on the DA system (Genn
et al. 2004; Avena et al. 2008; Tang et al. 2012) and examine how the incentive
sensitization theory may explain food addiction and its associated health risks:
obesity and binge eating.

Overeating is one of the primary causes of obesity. Excessive “wanting” and
“liking” for food, especially refined hyper-palatable food, may play a role in
overeating. The recent rise in hyper-palatable foods that often combine high levels
of sugar, sodium and fat may result in exacerbated hedonic reactivity, leading to a
magnification of both “liking” and “wanting” and consequently overconsumption
(Berridge et al. 2009; Davis and Carter 2009). Alternatively, overconsumption of
highly palatable foods could be triggered by an amplification of “wanting” resulting
from the progressive sensitization of mesolimbic dopamine circuits due to repeated
exposure to sweet rewarding foods. Such a phenomenon has been demonstrated in
animals following exposure to 12-h cycles of bingeing and overconsumption of
sugar interspersed with cycles of dieting (Avena and Hoebel 2003a). After 21 days
of this regimen, animals showed a sensitized locomotor response to amphetamine,
suggesting an underlying sensitization of the mesolimbic dopaminergic system.
Conversely, sensitization of this system in rats by daily amphetamine treatment
results in hyperphagia and overconsumption of a sugar solution (Avena and Hoebel
2003b).

Overeating may not have one single explanation. Evidence from genetic studies
suggests that for obese individuals with a BMI above 30, the presence or absence of
binge eating disorder (BED) may be an important factor in determining the relative
role of “liking” and “wanting.” Specifically, obese individuals without BED were
found to be more likely to possess certain polymorphisms of the dopamine D2

receptor that suggest excessive “wanting.” Yet obese individuals who also display
BED might constitute a specific population subtype that is prone to binge eating due
to an additional hyperactivity of their “liking” response to food. This enhanced
hedonic response to food, linked to particular polymorphisms in their mu-opioid
receptor gene, combined with excessive “wanting,” may give rise to particularly
intense addiction-like tendencies toward food (Davis et al. 2009; Davis and Carter
2009). Research also shows that individuals with a genetic leptin deficiency
develop obesity at an early age and show both intense cravings for food and high
levels of nucleus accumbens activity in response to food stimuli, even following a
meal. When treated with medication to restore leptin levels, however, urges and
pleasure reports for food are greatly reduced, as is activity in the accumbens
(Farooqi et al. 2007; Farooqi and O’Rahilly 2009). Leptin may therefore regulate
the suppression of “liking” and “wanting” following satiety. The development of
leptin insensitivity with repeated exposure to a junk food diet may promote obe-
sogenic behaviors through its interactions with the dopaminergic system (Pandit
et al. 2011; Sáinz et al. 2015). In contrast, during states of hunger it appears that the
pleasurable component of food may be enhanced by changes in activity in both
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opioid and endocannabinoid systems (Kirkham 2005, 2008). However, endo-
cannabinoids also facilitate VTA dopamine which may trigger enhanced “wanting”
for palatable foods independent of “liking” (Kirkham 2005; Cota et al. 2006).

The evidence of excessive “wanting” triggered by food in obese individuals
suggests that food may act as an intensely potent reward, similar to certain drugs of
abuse. This was examined in an experiment in which rats were given access to
sugar water as well as to intravenous injections of cocaine. Results showed that
over 90 % of the 132 rats in the experiment preferred to press the lever that allowed
them access to the sugar solution instead of the lever that administered cocaine
(Lenoir et al. 2007). This finding suggests that a commonly available and frequently
ingested substance like sugar is strongly preferred over a “wanted” addictive sub-
stance like cocaine (which triggers a supranormal dopamine response), and may
therefore be attributed with excessive incentive salience.

In addition, much like in drug addiction, the attractive and rewarding properties
of hyper-palatable foods like sugar do not stay confined to the reward itself.
Reward-related cues, in this case food cues, can be attributed with excessive
incentive salience and become beacons that attract attention and trigger overcon-
sumption. For example, overweight and obese individuals appear to direct greater
attention to food-related cues than individuals of a normal weight, especially when
food deprived (Nijs et al. 2010). In adolescents, it has been shown that the speed at
which food stimuli attract attention is correlated with BMI (Yokum et al. 2011).
Another study suggests that despite reduced hunger, obese individuals maintained
increased attention to food images over non-food images, as compared to controls
(Castellanos et al. 2009). In fact, many of the structures of the mesocorticolimbic
dopamine system are also activated in people who have a healthy BMI and/or
weight when confronted with food imagery (Tang et al. 2012)—much like how
they are activated in drug addicts’ brains when confronted with drug cues. A recent
study suggests that food cues are excessively attractive only to a subpopulation of
rats fed a junk food diet (Robinson et al. 2015b). In this model, rats were given free
access to a human junk food diet, made of peanut butter, chocolate chip cookies,
potato chips, and chocolate milk powder. Surprisingly only some of these animals
(approximately 33–50 %) gained excessive amounts of weight, while the remaining
animals maintained a steady weight gain, similar to that of animals provided with
regular lab chow. The rats that over consumed junk food and displayed large
amounts of weight gain initially displayed greater attraction and “wanting” for
food-related cues, as seen by greater levels of cue-driven conditioned approach
(e.g., sign-tracking), even before they were ever exposed to the junk food.
Following extended access to the junk food diet, the animals that gained large
amounts of weight perceived food cues themselves as a reward and were more
willing to work simply for their presentation (conditioned reinforcement). This
observation provides further evidence of excessive “wanting.” This tendency for
certain rats to over consume a palatable diet was not the result of a prior heightened
pleasure response to sweet tastes, nor was it driven by increases in “liking” with
repeated exposure to the junk food. If anything, chronic consumption of a palatable
junk food diet led to an overall dampening of the “liking” reaction to increasingly
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sweet tastes (Robinson et al. 2015b), a phenomenon reminiscent of the sometimes
blunted “liking” response seen in drug addicts, and that may similarly be related to
tolerance. Further, these results echo previous animal findings suggesting a
decoupling of “liking” and “wanting” in obesity (Shin et al. 2011).

Similar evidence for a neural dissociation of “liking” and “wanting” for food and
food-related cues has also been demonstrated in humans using neuroimaging evi-
dence (Jiang et al. 2014), with particular emphasis of the role of the striatum in
“wanting” for food and its cues. One study also found that fMRI reactivity in obese
participants in response to images of high-calorie food in those regions associated
with motivation (the insula, ventral tegmental area, putamen, and fusiform gyrus)
was inversely predictive of long-term efficacy of a weight loss program, although
all participants reported liking the food in the pictures (Murdaugh and Cook 2012).
Specifically, if these areas were more active when the participant was shown a
picture of high-calorie food than when he or she was shown a control picture, that
participant would likely have little success with a 9-month weight loss program.
These findings suggest that it is the cues for food, as opposed to the food itself,
which play a key role in weight maintenance and also further highlight the
importance of individual differences. Specifically, the degree of mesolimbic brain
reactivity may differ among individuals and may support a certain predisposition to
food and its cues, where excessive attraction to food cues in certain individuals may
promote weight gain and its maintenance. In a recent study, Yokum and colleagues
found that food commercials caused striatal activation, whereas commercials that
did not prominently feature food did not elicit activity in the same neural structures.
More importantly, the degree of striatal activation in response to food commercials
was predictive of adolescent weight gain one year later (Yokum et al. 2014). These
results are further supported by findings that suggest that over time, cues may
actually become the dominant driver of food overconsumption. In a recent fMRI
study, Burger and Stice demonstrated that with repeated exposure, activity in the
caudate progressively increased in response to cues that predicted delivery of a milk
shake, while activity in the putamen and ventral pallidum showed a simultaneous
decrease following receipt of the milk shake reward (Burger and Stice 2014).
Crucially, in a 2-year follow-up, those who showed the greatest ventral pallidum
increase to cues and the greatest decrease in caudate response to the milk shake also
showed the largest increase in BMI. This finding suggests that the ability of food
advertisements and food cues in general to be attributed with incentive salience and
trigger surges of “wanting” might be the driving force behind our increasing
waistlines. In spite of this support for individual differences, there is evidence to
suggest that extended access to a palatable junk food diet sensitizes the mesolimbic
dopamine system and renders it hyper-responsive to injections of amphetamine
independent of whether animals gained excessive amounts of weight or were able to
control their intake on that diet (Robinson et al. 2015b). Therefore, regular intake of
palatable junk food, even in the absence of any overt weight gain, can sensitize and
increase reactivity of the systems associated with “wanting” and the attribution to
incentive salience—potentially leading to progressive susceptibility to overcon-
sumption. An additional factor of particular importance for binge eating is the role
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of stress. Stress, and more specifically corticotropin-releasing factor (CRF) release,
may produce cue-triggered peaks in “wanting,” as it has been shown to induce
surges in motivation for sugar-paired cues in the same manner as amphetamine
microinjections into the nucleus accumbens shell (Peciña et al. 2006). This finding
may explain how stress can provoke cue-triggered bursts of binge eating, and in this
particular case, powerful sugar-seeking.

Historically, our strong drive for sugar was rooted in its scarcity and its
importance in providing energy and nutrition for the brain. However, sugar as a
reward has changed, both in its form and availability, and so has the environment in
which we live. Today’s food is designed, packaged, and presented in a manner that
is a far cry from how it was when our distant ancestors expended energy foraging
and competing with other animals for resources. Supermarkets and cafeterias have
negated the need to forage, yet the neural systems responsible for motivation and
“wanting” continue to reward consumption. Food today, especially that containing
highly rewarding ingredients such as sugar, fat, and salt, is readily available. These
ingredients are refined and modified to enhance their rewarding and sensory
properties. Sugar, for example, is now omnipresent in our food (Gearhardt et al.
2011), with a 30 % increase in intake over the past four decades (Elliott et al. 2002;
Johnson et al. 2007), and is increasingly present in the absence of fiber, which
usually slows down its absorption and dampens any possible spike in blood sugar
(Gearhardt et al. 2013; Schulte et al. 2015). In addition, advertisement campaigns
now generate a slew of food-related cues that may trigger intense motivation to seek
food, driving people to consume more food than may be dictated by physiological
needs (Kelly et al. 2008; Harris et al. 2009). Food advertisements are tailored to
attract our attention with increasingly tempting visuals of food. Neural systems that
direct our incentive motivation cannot evolve rapidly enough to temper the temp-
tation provided by the ever-increasing amount of persuasive cues for food we are
bombarded with daily, whether we are physiologically hungry or not.

While there is still an ongoing debate as to whether food addiction can be
considered a legitimate concept, there is little doubt that the overconsumption of
palatable foods is a growing problem in Western society. Part of this problem
results from the refinement and engineering of hyper-palatable foods that contain
large quantities of often both sugar and fat and trigger strong initial hedonic “lik-
ing” responses. A more prominent role in the obesity epidemic seems to be played
by the exacerbated “wanting” reactions elicited by these foods and their cues.
Hyper-palatable foods activate mesolimbic dopamine reward pathways, spurring on
motivation and attributing the food and its cues with incentive salience. The
incessant bombardment of our brain by food advertisements triggers powerful urges
to consume these foods beyond our caloric needs and often in spite of reduced
pleasure.
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6 Concluding Remarks

The incentive sensitization theory helps explain excessive drug-taking, gambling,
and eating by allowing for a psychological and neural differentiation between
“liking” and “wanting.” According to this theory, the psychological and biological
process responsible for the attribution of “wanting” to a reward may become dis-
sociated from the hedonic “liking” experience generated by that same reward. The
incentive sensitization theory states that in a non-addicted person, these “liking”
and “wanting” systems may function in tandem so that a person may “like” what he
or she “wants” and “want” what is “liked.” In an addict’s brain, however, these two
systems become decoupled, so that a person feels excessive motivation for the
reward and its cues, often despite a decrease in enjoyment. This theory of moti-
vation was created to explain the progressive and incremental development of drug
addiction and its persistence. Many of its principle tenets such as the dissociation of
“liking” and “wanting,” the sensitization of the mesolimbic dopamine system, and
the incentive sensitization of the reward and its cues may possibly help provide an
explanation for other addictive behaviors such as gambling, sex, Internet, shopping,
and food addiction.
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