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ARTICLE INFO ABSTRACT

Article history: The rapid increase in the prevalence of obesity is a priority for investigators from across numerous disciplines,
Received 12 October 2011 including biology, nutritional science, and public health and policy. In this paper, we systematically examine
Received in revised form 2 April 2012 the premise that common dietary obesity is an addictive disorder, based on the criteria for addiction described

Accepted 6 May 2012 in the Diagnostic and Statistical Manual (DSM) of Mental Disorders of the American Psychiatric Association,

version IV, and consider the consequences of such a reclassification of obesity for public policy. Specifically,

iii}:iﬁzlr\‘ib chavior we discuss evidence from both human and animal studies investigating the effects of various types and amounts
DSM IV of food and the food environment in obese individuals. Neurobiological studies have shown that the hedonic brain
Food reward pathways activated by palatable food overlap considerably with those activated by drugs of abuse and suffer sig-
Hyperphagia nificant deficits after chronic exposure to high-energy diets. Furthermore, food as a stimulus can induce the sen-
Energy balance sitization, compulsion and relapse patterns observed in individuals who are addicted to illicit drugs. The current
Metabolic disorders food environment encourages these addictive-like behaviors where increased exposure through advertisements,

proximity and increased portion sizes are routine. Taking lessons from the tobacco experience, it is clear that
reclassifying common dietary obesity as an addictive disorder would necessitate policy changes (e.g., regulatory
efforts, economic strategies, and educational approaches). These policies could be instrumental in addressing the
obesity epidemic, by encouraging the food industry and the political leadership to collaborate with the scientific
and medical community in establishing new and more effective therapeutic approaches.
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1. Introduction

Obesity is a complex condition that constitutes a risk factor for a myr-
iad of health problems such as cardiovascular disease, diabetes mellitus,
osteoarthritis, and some cancers. The etiology of accelerated weight gain
is multi-factorial and possible contributors include metabolic processes,
the thrifty genotype, increased availability of high-energy palatable food
as part of the current food environment and sedentary lifestyles. How-
ever, there is general consensus that a key root cause of the obesity ep-
idemic is hyperphagia, which we could define as overeating or eating
beyond one's energy needs on a chronic basis. Attempts to address this
complex problem at the level of basic science, clinical practice and social
policy have had limited success. Further understanding of why increas-
ing numbers of people consume more food than needed for energy bal-
ance, as well as why it is so difficult for people to adhere to low-calorie
prescriptions despite obesity's known adverse effects, is clearly needed.

An important area of research that has gained attention over the
last decade is the investigation of the relationship between hyperphagia
and addiction. With technological advancements in measuring brain
activity in animals and humans, researchers have instigated the
hypothesis that overeating may be an addictive behavior [1]. Food, as
an addictive substance, has been held responsible in craving, binge eat-
ing, and weight gain [2,3]. In addition, addiction to food may be
influenced by many environmental factors including: increased
availability to high-energy dense foods, exposure to food advertise-
ments, the decreased cost of high fat, high carbohydrate foods, a lifestyle
that encourages food to be consumed quickly and often (snacking), and
the role of food in today's Western societies and other cultures world-
wide. This review explores evidence that substantiates or challenges
the plausibility of obesity as an outcome of food addiction. The current
understanding and criteria for addiction are presented as well as evidence
from epidemiological data and animal and human models. This evalua-
tion may help assess if obesity merits classification as a brain disorder
and may have an important impact on current societal views of the dis-
ease, therapeutic approaches and the food industry [4].

1.1. Neurobiology of hyperphagia versus substance abuse

Deciphering the precise definition of hyperphagia and hedonic eat-
ing as a behavior is of utmost importance in identifying the underlying
neurobiology. s it essential, for example, to demonstrate that in hedon-
ic eating there is no amount of physical energy expenditure that could
balance the energy intake due to food intake in excess of homeostatic
need? As weight increases, the energy requirements also increase, so
hedonic eating may need to be defined with respect to intake above ho-
meostatic need, and this has not been consistently and precisely mea-
sured or shown. When comparing obese individuals with and without
binge eating disorder (BED) matched for BMI and using an operant
task, those with and without BED “worked” for the same amount of
food when hungry [5]. When fed, the obese without BED reduced
their “working for food” by 30% while those with BED appeared sensi-
tized and increased responding for food by 40%. Therefore, there are in-
dividuals whose obesity is not “driven” by hyperphagia under all
circumstances. Nevertheless, “working for food” is just one parameter
of potentially measuring food addiction. Another study demonstrated
a relationship between psychoactive “drug” effects of a high energy

dense food and reported desire to consume more of that food in a sub-
ject pool of mostly lean individuals suggesting that potential addiction
to food can be dissociated from weight gain and not necessarily lead
to obesity [6]. A few methodological challenges to address here include
the fact that several studies on human subjects rely on self-report to as-
sess a subject as satiated. Furthermore, it is not a given that eating in re-
sponse to energy needs does not carry any hedonic component;
hedonic vs. homeostatic may be a distinction rooted in academic tradi-
tion but could be a more complex and integrated process in reality. In
any case, the question of homeostasis should be brought to bear in rela-
tion to hyperphagia. There is clearly a need for more precise work in this
area. One example of a study trying to distinguish between homeostatic
and hedonic eating reported that levels of ghrelin and endo-
cannabinoids are activated by hedonic eating in satiated subjects,
suggesting that endogenous signals of reward are linked to hedonic
but not homeostatic eating [7].

When discussing whether hyperphagia that leads to obesity is an
addictive behavior, it is helpful to compare the neurobiological mecha-
nisms that respond to both palatable food intake and drugs of abuse.
The primary pathway that responds to both food and drugs of abuse is
the midbrain dopamine system, particularly in the nucleus accumbens
(also referred to as the ventral striatum). These neurons have been re-
peatedly shown to release dopamine in response to almost all drugs
of abuse [8,9]. Food intake has shown a similar effect on dopamine but
the impact is 3 to 5 times lower compared to drugs of abuse [10-12].
At the same time, withdrawal from drugs like morphine, alcohol, and
psychostimulants leads to specific withdrawal symptoms that are asso-
ciated with an aversive state and attenuated dopamine release while
chronic food deprivation has the same effect [13-15]. However, the ef-
fects of the dopamine system on eating also involve multiple other neuro-
chemical pathways including the opioid system [16-18], the cannabinoid
receptors [19-22], and effects on nicotinic receptors [23,24], all of which
also respond to drugs of abuse. This large overlap between the action of
abusable drugs and food necessitates the exploration of possible mecha-
nisms that may lead to food becoming an abusable substance.

A neurobiology similar to drugs of abuse indicates that sensitization
to food reward is also a possibility. Sensitization refers to the amplifica-
tion of an effect from the same amount of the drug with intermittent
repeated exposure to the drug. Food-induced behavioral sensitization
has been shown in food-restriction rodent models [25]. In a study of
overweight and obese children, a certain sub-population of the children
had a sensitized response to palatable food prior to habituation to the
food. This may indicate that at least a portion of the population is sus-
ceptible to food sensitization similarly to that seen with drug abuse
[26]. In a second human study, Davis et al. found that obese humans
had a higher sensitivity to reward than normal weight controls. Howev-
er, in this study they also found that this sensitivity was linked to a de-
pressive (or anhedonic) state indicating that other alterations in
dopamine signaling may be occurring [27]. Cross-sensitization occurs
when repeated exposure to one drug causes increases in a specific be-
havior following exposure to a second drug. In a model of intermittent
access to sucrose, cross-sensitization to amphetamine occurs following
three weeks of intermittent access to a 10% sucrose solution [28,29].
Taken together these studies indicate that food can have similar sensiti-
zation effects as drugs of abuse. Therefore, based on the similarities be-
tween the neurobiological and basic sensitization responses to food and
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abusable drugs, a closer look at how food as an addictive substance fits
into the current clinical definition of substance dependence is warranted.

In elucidating the similarities in the neurobiology of drugs of abuse
and palatable food, it is perhaps useful to point out that dietary obesity
may be linked to defects in systems other than reward circuits that may
work synergistically or independently to induce hyperphagia. Some
obese persons may apparently eat more because of specific defects
in satiation or hunger, such as the high prevalence of melanocortin-4
receptor mutations leading to lack of satiation [30] or polymorphisms
in the leptin, leptin receptor gene or CCK gene resulting in changes in
snacking frequency or meal size [31]. Furthermore, obese people may
have altered sweet taste hedonics [32] or feature reduced sensory
thresholds for sweetness [33], suggesting that they may regulate reward
by increasing intake in order to arrive at the same total reward. Interest-
ingly, such a taste defect could work synergistically with reward deficits.
Such examples indicate that alterations in reward per se are not neces-
sary to cause obesity, although they may be sufficient in the majority of
the population. This in turn suggests that analysis of individual cases rath-
er than populations is required to establish whether food addiction con-
tributes to obesity and introduce an appropriate therapeutic intervention.

1.2. Definition of addictive disorders

The DSM-IV categorizes disorders related to the use of a drug of abuse,
the side effects of a medication, and toxin exposure as substance-related
disorders. Substance dependence or, simply, addiction is the maladap-
tive pattern of substance use, leading to clinically significant impair-
ment or distress, as manifested by three (or more) of the seven-point
criteria, occurring at any time in the same 12-month period. Repetition
in many behaviors can cause physiological alterations in the brain that
parallel changes in drug dependent individuals [1,34]. Hyperphagia
could be profiled as one such behavior. Ifland proposed that consump-
tion of refined foods such as sugar, flour, salt and certain fats parallels
the criteria defined for addiction in DSM-IV [35]. According to Holden,
overeating does appear to be an addiction potentially governing a per-
son's life [36]. Below we explore how each individual criterion for
substance-dependent disorders applies to the case of food addiction.

2. Criterion 1: Tolerance, as demonstrated by a need for markedly
increased amounts of the substance to achieve the desired effect
or a markedly diminished effect with continued use of the same
amount of the substance.

From a neurobiological perspective, the development of tolerance
is at least partially due to the downregulation of central dopamine
signaling as the result of repeated exposure to substances that acti-
vate this pathway. Attenuated dopamine signaling has been shown
in individuals who are addicted to opiates, alcohol, cocaine and meth-
amphetamine [15,37-39,9] and others. In addition, by increasing D2
receptor density in the nucleus accumbens, researchers have been
able to decrease the self-administration of alcohol and cocaine in ro-
dents [40]. In obesity, several studies have shown that depletions in
dopamine signaling are present in animals and humans that are hy-
perphagic. In animal models, we have shown that dopamine signaling
is diminished in the nucleus accumbens of a number of genetic and
dietary models of obesity [41-44]. In humans, lower levels of D2 re-
ceptor density in the striatum are correlated with increased BMI [45].

The transgenerational effects of obesity indicate that mechanisms
that might result in hyperphagia are passed from parents to their chil-
dren. Genetic studies have shown that the Taq1 A1 allele of the DRD2
gene which codes for the D2 receptor has been shown to be linked to
diminished reward in alcoholics and has recently been shown to be
associated with obesity [46,47]. Furthermore, maternal diet studies
have shown that mothers that have been fed a high-fat diet produce
offspring that are also hyperphagic [48-50]. While the mechanisms
that drive this hyperphagia are still unknown, it is possible that the

obesogenic maternal environment inhibits the development of the
central dopamine system of the offspring causing them to consume
more to receive the normal rewarding levels of food.

Indirect evidence points to the development of tolerance in humans.
Epidemiological studies indicate that the rise in obesity rates is linked to
the rise in the per capita consumption of proposed addictive foods such
as refined carbohydrates [51]. This association may mean that dietary
obesity results in increased intake because the effect of the rewarding
properties of these foods has decreased. More direct evidence of the de-
velopment of tolerance in humans has also been shown. In a double-
blind, randomized study of overweight women, the authors reported a
reduction in the intensity of mitigating negative emotions over repeated
consumption of the same quantity of the carbohydrate-rich meal [52].
However, this was a self-report study. More quantitative studies are
needed to determine the extent to which tolerance to the rewarding ef-
fects of food develops in such patients.

Ingesting larger quantities of particular foods than was intended is
considered a form of compulsive behavior known as binging and has
been shown to be a consistent self-reported trait among a group of
overweight/obese subjects [35]. One could argue that a mismatch be-
tween the intention to consume a particular portion size and the actual
ingestion of a bigger portion size could be partly explained by defects in
satiation and/or desensitization to the reward value of certain foods.
Both mechanisms would be the closest to the tolerance effect observed
with drugs of abuse. Common binge foods reported in the literature are
typically energy dense, highly palatable foods rich in sugar and/or fat
[35,42,53,54]. The underlying neuronal as well as behavioral patterns
with binging of such foods have shown parallel patterns to drugs of
abuse in animals [53,55]. An extension of this association is the observa-
tion that binge eaters have a recurrent release of DA in the brain indic-
ative of tolerance as in drug dependence [56]. Behavioral signs triggered
by binging also coincide with signs of drug tolerance as demonstrated in
rat models where increases in sugar intake are seen as early as during
the first hour of feeding [57] and followed by subsequent larger meals
[54,57,58]. Similar observations on binge properties of fat have also
been reported [53]. In obese non-binging patients, the mismatch be-
tween intention and ingestion could be less pronounced, yet still suffi-
cient to lead to chronic tolerance of increased palatable food intake and
weight gain [5].

Behavioral sensitization to a substance and the development of
tolerance seem to be contradictory characteristics of addiction since sen-
sitization refers to the enhancement of the behavior associated with in-
termittent exposure to a substance and tolerance refers to the need to
take more of a substance to get the same effect. However, in a system
where dopamine is depleted due to repeated exposure to food and the
development of tolerance, behavioral sensitization might also be seen
because it may require less dopamine release to bind super-sensitive
postsynaptic receptors and initiate the behavioral response to dopamine
activation. Alternately, there may be a time-dependent adaptation in the
central dopamine system of a hyperphagic individual where there is ini-
tially increased sensitivity to the reward, but over time and continued
exposure, the system is blunted resulting in the development of toler-
ance. While recent evidence indicates that in rodents predisposed to
dietary obesity, the dopamine signal is diminished very early in life [42],
normal weight animals exposed to high-energy food as adults also de-
veloped hyperphagia and the same central dopamine deficit [41].

3. Criterion 2: Withdrawal, as manifested by either a characteristic
withdrawal syndrome for the substance or consumption of the
same (or a closely related) substance to relieve or avoid withdrawal

symptoms.

Withdrawal syndromes vary between different drugs of abuse, but it
is often characterized by psychological changes including increases in
anxiety and aggression along with physiological changes such as a drop
in body temperature following the removal of the addictive substance.
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Reports on neurochemical changes in animals associated with with-
drawal from a high-sugar [53] and high-fat diet [59] being analogous
to those induced by withdrawal from drugs are convincing. In addition,
in obesity-prone rats given free choice of high-fat/high-sugar food versus
normal lab chow anxiety was increased compared to obesity-resistant
controls following the removal of the palatable food [60]. Psychological
expressions of withdrawal such as depression, anxiety, and agitation
were reported by human subjects who attempted to restrict/limit intake
of refined foods [35]. Some suggest psychological withdrawal is more
prominent than physical withdrawal in the case of food addiction [35],
while others believe that eating itself does not produce withdrawal
effects in humans [61]. Withdrawal symptoms have not been systemat-
ically studied in obese humans who have reduced their intake of highly
palatable foods.

4. Criterion 3: The substance is often taken in larger amounts or
over a longer period than was intended.

As described in Criterion 1, binge eating is when a person consumes
more food than they normally would in a short period of time. After pe-
riods of abstinence from sugar, rats seem more likely to increase con-
sumption after sugar becomes available again, as compared to before
the sugar was abstained [29].

Associations from human population data between fast food and
soft drink consumption and rising rates of obesity are strong [35]. Es-
calations in the per capita consumption of currently proposed addic-
tive foods like refined carbohydrates in the last few decades have
been significant [51]. Further, most studies on portion size and energy
intake document that when larger portion sizes are presented to indi-
viduals, they consume more energy [62]. In the current food environ-
ment, the ease of access to food also appears to be a contributor of
energy intake, with greater availability resulting in greater energy con-
sumption [63]. Large portions and easy access to food are a particular
problem when eating out because restaurant meals typically combine
the problems of large portion, high-energy density, and variety [64].
When restaurant entrées feature a reduced energy density, overall en-
ergy intake is smaller [65].

Both non-obese and obese humans report that variety [66], palatabil-
ity [67,68] and taste preferences are major impediments to adoption of
healthier eating habits. It should also be noted that overweight and
obese individuals typically show preferences for high-fat and high-ener-
gy density foods [69,70] and that the psychological construct disinhibi-
tion [71] (which is an indicator of the extent to which individuals are
willing to overeat highly palatable foods opportunistically) is one of
the strongest predictors of BMI and weight gain [72]. Additionally,
there is a positive association of dietary variety with body fatness
when the variety comes from high-energy density items, but a negative
association when the variety came from low-energy dense items (espe-
cially vegetables) [64].

Children and adults appear to react differently to variety as sensory-
specific satiety is primarily product-specific in children, whereas in adults
it is transferred to uneaten foods with sensory characteristics similar to
those of the consumed food (such as “sweet”, “sour” and “fatty”), which
are all less liked post-meal [73]. Similar differences between children
and adult are reported for sensory-specific desire and this might have
implications for planning meal compositions for children versus adults.

5. Criterion 4: There is a persistent desire or unsuccessful efforts to
cut down or control substance use.

An important question when considering the potentially addictive
properties of food is whether the concepts of self-control and relapse
are relevant to obesity. Is the cycle of abstinence, withdrawal, and re-
instatement that characterizes drug relapse analogous to the occurrence
of yo-yo dieting? Dieting is a pervasive phenomenon in the United States
for at least a few decades now, however a significant proportion of the

population struggles with weight loss and long-term weight mainte-
nance [74,75]. Over 70% of adults in the U.S. are estimated to use dieting
strategies such as exercise, decreased fat intake, reduced meal size and
reduced caloric intake at least once in four years [76,77]. Weight cy-
cling, or repeated episodes of dieting and weight loss followed by
weight regain, increase the risk of overeating and obesity and are as-
sociated with significant psychological distress, morbidity and mortality
[78-80]. Important predictors of weight relapse, usually defined as a
weight regain of >5%, include an inability to successfully maintain
weight loss over extended periods of time (>1-2 years), high levels of
dietary disinhibition leading to loss of control over eating, and high
levels of depression [81]. Of clinical concern, rarely do individuals recov-
er from weight relapse, even when considering those individuals who
regain minor amounts of weight [75]. These unsuccessful attempts to
control overeating, despite an individual's persistent desire to diet and
lose weight, parallel chronic relapse observed in addicts. With reason,
investigators are continuing to advance the hypothesis that highly palat-
able foods, particularly processed foods “fortified” with refined carbohy-
drates, refined sweeteners, fat, salt, and caffeine, have addictive qualities
[35].

With regards to the issue of diet control and weight relapse, a signif-
icant amount of research has focused on restrained eaters, or chronic di-
eters who are exaggeratedly preoccupied with body image, voluntary
restrict food intake, and exhibit paradoxical counter-regulatory (dis-
inhibitory) eating behavior in response to aversive contexts
[71,82-84]. Interestingly, there are a number of shared behavioral
characteristics between individuals who suffer addiction and individuals
who exhibit dietary restraint and a high tendency toward disinhibition,
two factors that significantly elevate risk of obesity [85]. For instance,
negative affect (e.g. anger, anxiety, depression), stress, and drug-related
cues are only a few of many factors documented to trigger addiction re-
lapse in humans [86-88] and in animals [89]. Correspondingly, copious
studies have documented situational risk factors that reduce the ability
of restrained eaters to control eating behavior, leading to overeating, in-
cluding high calorie food pre-loads, alcohol, cognitive load, stress, emo-
tional suppression or distress, and negative affect [82,83,90-101].

Among the most notable features of addiction is the sense of intense
craving, which has been linked with anticipation of reward and preoccu-
pation with a substance in models of relapse [102]. This approach may
contribute in understanding why some individuals have difficulty self-
regulating eating behavior. Anticipatory, or “appetitive” reward refers
to one's expectation of the rewarding effects of a substance, as opposed
to the reward experienced after the actual receipt of a substance. Re-
peated use of a substance increases the individual's anticipation, craving,
or “wanting” of the substance as well as the motivation to seek out and
take drugs of abuse. Supportive preclinical and human studies of addic-
tion have demonstrated alterations in dopamine response patterns from
the prospect of receiving a reward, such that dopamine release increases
in the anticipatory phase before a substance is consumed [103,104].
Likewise, animal studies have demonstrated increased dopamine re-
sponse in anticipation of natural rewards, including novel food items
[105,106] and sucrose [107], providing support for shared neural sub-
strates for food and drug craving.

Intense cravings for palatable foods and the tendency toward overeat-
ing are hypothesized to be cue controlled [108-110]. The cue reactivity
paradigm, which has frequently been used to study neural and behavioral
responses of addicts, has consistently shown that drug, drug-paired, and
withdrawal-paired cues elicit cravings and often reinstate addictive
behavior [111,112]. For instance, withdrawal from cocaine is associated
with subjective reports of craving that can be exacerbated by drug-
related environmental cues [ 113]. Likewise, it has been shown that dep-
rivation of a palatable food (e.g. chocolate) increases craving and over-
consumption of food in restrained, but not in unrestrained, eaters
[114,115]. Moreover, human neuroimaging studies have demonstrated
that cravings for food and drugs share neural substrates, including the
hippocampus, insula, and caudate [110]. Additionally, obese subjects
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show selective activation within the dorsal striatum in response to pic-
tures of high-caloric foods [116], the same region involved in cue-
induced drug craving [117]. Obese individuals, when presented with
highly palatable foods, demonstrated increased activation of the limbic
system, including the orbital-frontal and prefrontal cortices, anterior
cingulate cortex, insula, striatum, hippocampus, and amygdala [118].
Similarly, obese participants showed greater activation in the gustatory
cortex and somatosensory regions in response to both anticipation and
receipt of a milkshake. Participants showing the greatest activation in an-
ticipatory and consummatory reward gained significantly more weight
at a 1-year follow up [119]. Accordingly, it has been proposed that vari-
ations in reward processing differentially influences self-control, where-
by heightened reactivity in response to tempting foods may be a risk
factor for overeating and obesity [59,119-121,110,122].

One might wonder how, in addition to food preferences, associations
between highly palatable food cues and reward processes persist and
increase the risk for overeating and obesity. Why do cues for pizza and
milkshakes trigger cravings? Why are these cravings irresistibly intense
for some individuals and not others? In drug addiction, it is hypothesized
that the intensity and persistence of drug cravings associated with re-
lapse involve substance-induced neuroadaptations in reward-related
learning and memory processes, particularly in the mesocorticolimbic
dopamine system [123]. Drug-seeking and drug taking are theorized to
be motivated by expectancy-based associative learning, a process that
sensitizes the brain reward pathways to trigger cravings in response to
cues [124]. Briefly, the conditioning process entails the repeated pairing
of a rewarding substance (unconditioned stimulus, UCS) with a neutral
set of environmental stimuli (conditioned stimulus, CS), which will re-
sult in the latter acquiring the motivational properties of UCS, thus serv-
ing as a cue. In the brain, this association induces a cascade of biological
events that initiate plasticity, via modified gene expression, in brain re-
ward systems so that connections between these pertinent networks of
neurons are sensitized to substance-associated stimuli [125,126]. For
instance, as a result of learning-induced plasticity, ventral tegmental do-
paminergic neurons will show a greater response to a conditioned stim-
ulus than to the reward itself once a predictable association is formed,
indicating a stable shift in reward pathway activity as a result of learning
[127]. This evidence strongly suggests that, after repeated exposure to
palatable foods, the hedonic value ascribed by anticipation, or subjective
“wanting” of a palatable food, may result in cravings.

Furthermore, mounting evidence indicates that chronic drug use
results in aberrant reward processing due to long-term changes in
dopamine-regulated signaling. Neuroplasticity factors located in striatal
regions that are implicated in these drug-induced neuroadaptations in-
clude cyclic AMP response binding protein (CREB), brain derived neuro-
trophic factor (BDNF), delta FosB, and extracellular signal-regulated
kinase (ERK), among others [123,128]. For instance, repeated exposure
to cocaine, morphine, alcohol, and tetrahydrocannabinol (THC), robustly
induced the accumulation of the transcription factor delta FosB in the nu-
cleus accumbens core and caudate putamen of rats, which is associated
with down regulation of dopamine signaling [129,130]. Correspondingly,
if compulsive overeating is an addictive disorder or if particular foods
have addictive qualities, it is likely that alterations of neuroplasticity fac-
tors associated with dopamine in striatal reward regions would be ob-
served in response to overeating or particular qualities of food.

Importantly, several lines of evidence are supportive of the notion
that palatable food exposure and food-motivated experiences can in-
duce enduring addiction-like brain-based changes that increase the
risk for overeating. For instance, acute early-life exposure of mice to a
palatable high-fat diet induced neuroadaptations in dopamine signaling
that persist to adulthood, including significant alterations in phospho-
dopamine, CREB, delta FosB, cyclic adenosine monophosphate regulat-
ed phosphoprotein with a molecular mass of 32 kDA (DARPP-32), and
cyclin-dependent kinase 5 [131]. Additionally, overexpression of delta
FosB in bitransgenic mice has been shown to augment food-reinforced
instrumental performance and progressive ratio responding [132],

as well as to downregulate levels of dopamine, phosphorylated CREB,
BDNF, and DARPP-32 in the nucleus accumbens [129]. Importantly, the
biochemical effects of delta FosB overexpression are normalized after
chronic exposure to a high-fat diet [129]. In addition, inhibition of protein
kinase A or protein synthesis has been shown to interfere with food-
motivated instrumental responding [133,134], and the presence of a con-
ditioned cue signaling food reward has been shown to increase ERK2
activation in the nucleus accumbens, while inhibition of ERK2 disrupts
food reward responding [135].

In sum, these data indicate that food and food-cue induced alter-
ations in gene expression within reward neurocircuitry have a similar
impact on incentive-motivational effects as drugs of abuse. However,
despite the distinction between “liking” and “wanting” at the behavioral
and physiological level [136-141], one should note that to-date there has
not been decisive evidence that food and drug “liking” are processed by
brain mechanisms distinct from those processing food and drug “want-
ing”. Reduced “liking” and “wanting” of low-calorie foods in normal rats
after chronic high-fat feeding suggest a role for ontogenetic effects of
the obese state on reward functions, while similar differences between
inbred obesity-prone and resistant rats prior to obesity suggest a genetic
component [142].

6. Criterion 5: A great amount of time is spent in activities necessary
to obtain the substance (e.g., visiting multiple doctors or driving
long distances), use the substance (e.g., chain-smoking), or recover
from its effects.

The first part of this criterion may not apply well to food related ad-
diction since availability is not a limiting factor in our current food envi-
ronment [35]. However, the association between overeating and drug
addiction can be employed in our effort to understand food-seeking be-
havior. As compared to non-dieters, dieters have demonstrated a signif-
icant increase in the number of food and dieting-related thoughts [143].
Thoughts of food and fantasizing about favorite foods, especially while
dieting (refraining from specific foods) increase in individuals with in-
creasing BMIs. This is seen most often in those who have tried multiple
times to lose weight, or go through weight cycles [144,145].

What could explain the increase in food-seeking behavior? In the
United States between 1970 and 2000, the percentage of dietary energy
coming from fat decreased, while rates of obesity rose dramatically [ 146].
This suggests that there are factors other than fat consumption, which
have contributed to the trend of spending more time seeking or thinking
about palatable food. Recent short-term studies have shown that con-
sumption of foods that are high on the glycemic index (GI) (foods that
take a shorter time to digest) may increase hunger and encourage over-
eating, as compared to lower GI foods. Increased consumption of high GI
foods leads to less satiety, and therefore an increase in overall caloric
consumption from high GI foods. Relating this to Criterion V, we can con-
clude that by consuming foods that are less filling, more time is spent
obtaining food, and eating it to achieve the same level of satiety as con-
suming low GI foods.

Fiber is one example of a low GI food that is consumed much less
today than in the mid 20th century [147]. Refined sugar consumption
increased in the later part of the century, and fiber intake remained
low. Recent studies have shown that individuals who consume diets
with high amounts of fiber have lower waist circumference and lower
BMI than those with decreased amounts of fiber in their diets [148].
This is significant, again because it leads to the conclusion that because
a diet low in fiber is less filling (low GI) the individual has to seek other
sources of food to feel satisfied.

Additionally, exposure to “high risk” foods, such as those high in
fat and carbohydrates, induces cravings and time spent seeking palat-
able foods. In an obesogenic food environment, cravings are increased
due to repeated exposure to these food options. In addition, studies
have shown a higher response to external food exposure and higher crav-
ings in women than in men [149]. Women had an increased reaction to
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environmental food cues, including the sight, smell and anticipation of
food, which led to cravings, specifically for high fat foods [149]. The
high fat in ketogenic diets and the induction of a starvation-like state
due to low glucose may also increase food seeking and food-centered be-
havior and may partly explain the lack of success of low-carbohydrate
diets for certain individuals in the long term.

Finally, the inverse relationship of alcohol dependence and BMI
may be further indicative that perhaps food-seeking could actually
compete with drug-seeking [150]. Reports of alcohol abuse or depen-
dence after bariatric surgery [151] also reinforce this notion.

7. Criterion 6: Important social, occupational, or recreational activities
are given up or reduced because of substance use

Social isolation is frequently seen in overweight/obese individuals
of all age groups [152-154]. Additionally, the proposition that binge
eaters socially marginalize themselves comes from the association be-
tween stigmatizing events, psychological distress and binge eating [35].

The social stigma associated with obesity further contributes to so-
cial isolation. Particularly young professionals who are committed to a
healthy lifestyle and exercise are likely to possess negative associations
and bias toward obese individuals [155]. These attitudes are very hard
toreverse [156]. Anti-fat bias and weight discrimination may contribute
to unhealthy lifestyle behaviors and reduced quality of life for many
obese individuals who are at high risk for chronic disease. Furthermore,
many aspects of today's environment are non-friendly for obese indi-
viduals with frequent incidents related to size of chairs in public places,
airplanes and the workplace, perception of obese individuals as lazy etc.
All these factors and stereotypes may encourage the withdrawal from
socially acceptable and rewarding activities in personal and profession-
al life.

8. Criterion 7: The substance use is continued despite knowledge
of having a persistent or recurrent physical or psychological problem
that is likely to have been caused or exacerbated by the substance
(e.g., current cocaine use despite recognition of cocaine-induced
depression, or continued drinking despite recognition that an ulcer
was made worse by alcohol consumption)

The persistence of behaviors associated with hyperphagia and
weight gain is convincingly reflected in the systematic failure of com-
mercial weight loss programs to produce sustained results. Although
millions of Americans are enrolled in such regimens on a daily basis,
these programs are typically associated with high costs, high attrition
rates, and a high probability of regaining 50% or more of lost weight in
1 to 2 years [157].

Compliance to dietary advice for weight management is overall
quite poor [35,158]. People are aware of the health- related problems
such as cardiovascular disease, diabetes mellitus that come with obe-
sity. Besides, the quality of life is also adversely affected with weight
gain and in extreme cases it also affects activities of daily living. Even
if this involves medical advice to lose weight, compliance has been
shown to be unsatisfactory. Studies have reported that the mean daily
energy exceeded the prescribed diet by 40-50% in obese diabetic sub-
jects [159]. It seems that most people are unable or do not wish to give
up preferred foods [160]. This pattern can also relate to the availability
and low cost of palatable high-energy food.

Additionally, weight loss maintenance rates are low. Once a signifi-
cant amount of weight has been lost, the 6 months after the weight loss
is the most likely time for the person to regain the weight [161]. However,
subjects who received post-diet support through internet groups or in-
person support sessions regained less weight than those who did not
receive support.

Overweight individuals who undergo bariatric surgery also face chal-
lenges after the surgery to follow a stricter diet and food intake regime.
Behavioral non-compliance rates of postoperative patients have been

reported high—with lack of exercise and snacking as the top two behav-
iors of non-compliance [162]. The patients who underwent treatment for
obesity were fully aware of the implications of staying at an unhealthy
weight, and of increased risks resulting from non-compliance after the
surgery. Furthermore, patients with a substance abuse history appear
to be those who moderate their eating the most and lower their BMI fol-
lowing bariatric surgery [163]. However, compliance with the post-
operative regimen appears to be counteracted by an increased risk of
addictive behaviors that complement hyperphagia [151,164].

The preponderance of the evidence from animal and human liter-
ature suggests that common dietary obesity satisfies all DSM criteria
for an addictive disorder (Table 1). Although there are obese individ-
uals who can gain weight through defects in satiety and genetic pre-
disposition alone (i.e. congenital leptin deficiency), they do not seem
to represent the vast majority of obese patients; and, although, there
are eating disorders where the addiction potential for food is greater
than that of common dietary obesity, the average rate of hyperphagia in
most obese patients is sufficient to induce significant weight gain; only
a moderate increase in daily caloric intake would be enough for such an
effect over time. The addictive potential in obesity is most likely medi-
ated by the blunting of the CNS response to palatable food through
the midbrain dopamine pathways, which induces an increase in food
intake to compensate. However, there is still a relative paucity of studies
on whether and how the obese brain could be sensitized to palatable
food, on whether “liking” and “wanting” is a meaningful distinction at
the neuroanatomical and neurochemical level and on the role of cue-
induced learning in obesity. Further methodological questions relate
to whether hyperphagia and hedonic eating should be defined as dis-
tinct from homeostatic eating that strictly addresses the need for energy
balance or constitute parts of the same integrating process.

9. Potential policy effects of reclassification.

As obesity-related health issues increase around the world, no nation
has yet effectively managed to bring the obesity epidemic under control.
By using what we have learned from public health triumphs of the past
century such as school vaccinations, smoking bans, and seatbelt reg-
ulations, government regulation and legislation seem to be key players
[165]. Policy actions that have been suggested include: advertising and
marketing pressure, changing the image of healthy foods, ensuring access
to and availability of healthier food, school and worksite initiatives to cre-
ate a supportive environment, economic benefits/subsidies that facilitate
healthier food choices; heavy taxation on unhealthy foods, reduction of
fat, free (particularly added) sugars and salt in manufactured products,
and strict nutrition labeling regulations. Based on the number of different
levels and organizations that would be involved in implementing policy
changes this widespread, one theme that is apparent is that the action
needs to be intersectoral requiring strong internationally coordinated
efforts.

While our review of the literature indicates that common dietary
obesity could be the result of a person's addiction to high-energy palat-
able foods, policy recommendations for obesity and non-communicable
disease prevention from both the CDC and the WHO that have been pub-
lished in the last decade do little to take this into account. The WHO
strategy was published in 2004 and is a broad overview of how member
nations can work to address the increased burden of non-communicable
diseases in cultures where unhealthy diets, poor overall nutrition and
physical inactivity have become the norm. In these guidelines, nothing
is said about the potential that an unhealthy diet may not be easily chan-
ged due to addictive aspects of hyperphagia. Furthermore, while they do
recommend using interventions like taxation on high-energy food, they
do not discuss more strict strategies like limiting the access of children to
such food [166]. In the CDC recommendations, published in 2009, they
hint at the need to protect the public from unhealthy foods including a
subset of strategies designed to support healthy food and beverage
choices. This strategy includes reducing access to unhealthy foods
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Table 1
Common dietary obesity and DSM IV criteria for addictive disorders. Three of the 7
criteria need to be met for diagnosis.

DSM 1V criteria Animal Humans Evidence

model
1 Tolerance v N Food binging, hyperphagia, delayed
satiety
2 Withdrawal N N Hypofunctioning brain dopamine
system, opiate withdrawal-like
symptoms, psychological and physical
dependence
3 Use more than v v Hyperphagia, change of eating
intended in longer patterns and meal frequency
periods of time (snacking), negative experience
triggers, cue-induced behaviors, larger
portion size, proximity to food sources,
lower cost of high-energy foods
4 Attempts to cut N Dietary restraint
back Participation in weight loss programs
5 Spend time in the N Anticipation and preoccupation,
pursuit/use/ cravings, food thoughts, increased
recovery of the brain dopamine levels in response to
substance anticipation and consumption,
negative experience triggers, cue-
induced behaviors, change of eating
patterns and meal frequency, increase
in habitual (vs. physical) hunger
6 Missed important v Social & occupational activities given
activities up, social marginalization,
psychological distress, discrimination
7 Persistent behavior N Lack of diet compliance, failure to
in spite of achieve long-term weight loss, hy-
knowledge of perphagia resistant to aversive cues
consequences

through removal from schools and public facilities, decreasing portion
sizes and limiting availability of sugar-sweetened beverages [167]. How-
ever, the assumption here is that by simply changing the ratio of healthy
and unhealthy food, people will eat the healthy food. Unfortunately, it is
clear with drugs of abuse that limiting access to an abusable substance
does not inhibit the abuser from finding ways to acquire that substance.
Therefore, if excessive intake of certain foods was the result of an addic-
tive behavior, limiting access to high-energy palatable food would not
be enough to provide protection against the development of obesity.
Alternative policies would need to be put in place to discourage con-
sumption of high-energy foods.

One area of policy-making that we may garner insight from to ad-
dress addictive behavior associated with obesity involves the curbing
of tobacco usage and, consequently, nicotine addiction. It is widely ac-
cepted that addiction to smoking results from nicotine dependence, and
not other ingredients in cigarettes, and that prolonged tobacco usage
has detrimental health consequences, including increased risk of cancers,
cardiovascular disease, respiratory disease, infectious diseases, as well as
reproductive complications. The arduous campaign to end smoking was
set in motion in 1952, when studies first began linking smoking to lung
cancer [169], leading to a steady decline in the rate of smoking in the
US, from 42% in 1965 to approximately 21% at present [169]. After de-
cades of litigation and regulatory efforts, economic strategies, educational
approaches, and clinical interventions, the Center for Disease Control
(CDC) deemed the war on tobacco to be one of the greatest public health
achievements in the United States. With this accomplishment, obesity re-
searchers are placing a strong emphasis on identifying the successful ele-
ments of tobacco policy, as well as understanding how lessons learned
from failures may inform innovative strategies to combat common die-
tary obesity [170,171].

A number of recent reviews have compared and contrasted the to-
bacco and obesity epidemics, focusing on shared features that may pro-
vide clues to how we can control food addiction and dependence (Fig. 1)
[168,170-175]. First and most certainly, obesity and tobacco usage are

both leading causes of preventable death. Based on nationally represen-
tative health surveys and disease-specific mortality statistics in 2005, to-
bacco smoking was responsible for an estimated 467,000 deaths, or 1 in
every 5 individuals, and overweight and obesity were responsible for an
estimated 216,000 deaths, or 1 in every 10 individuals [ 176]. Worse, re-
searchers estimate that obesity will soon overtake tobacco use as the
leading cause of death, likely because: (1) the public largely does not per-
ceive a significant threat [174], (2) there is low public support for policies
aimed at curbing obesity (e.g., reducing television watching, taxing
sugar-sweetened beverages [174]), (3) there is skepticism owing to the
stigmatization of obesity as a personal weakness or moral failure [177],
and (4) the rate of adults receiving primary obesity prevention is very
low (2.6%) [178].

Secondly, both “Big Tobacco” and “Big Food” are lucrative and efficient
industries that are global in scope and have significant political sway
[168,175]. These industries rely on similar tactics to redirect blame,
such as emphasizing personal responsibility, spreading misinformation
and doubt, and employing lobbyists, lawyers, and trade organizations to
resist state regulation [168,172]. For instance, support for the regulation
of food is complicated by the arguments, heavily endorsed by the food in-
dustry, that personal weakness and deficient levels of physical activity are
accountable for the obesity epidemic, and that there are no good or bad
foods, creating doubt that changes should be made to food products
[168]. In all likelihood, in consideration of the idea that certain types
and amounts of food are addictive, the food industry would respond by
emphasizing individual restraint and funding research that would create
doubt about the plausibility of food addiction, among other similar tactics
used by the tobacco industry. This underscores the necessity for funding
food dependency awareness campaigns and anti-obesity messages to ed-
ucate the public, and to establish programs to prevent or control obesity.

Lastly, the tobacco and food industries share a history of investing
heavily in media campaigns that influence product preference and
choice, and lead to increased sales and consumption [170]. The Federal
Trade Commission (FTC) Cigarette Report (issued in 2009) indicates
that the five major cigarette manufacturers in the US spent in excess
of $12.49 billion on advertising and promotion in 2006. Evidence has re-
peatedly shown that tobacco promotion fosters positive attitudes and
beliefs toward tobacco use, and pro-tobacco marketing and media
strongly increases the risk of tobacco initiation in children and adoles-
cents [179-181]. Importantly, the tobacco industry now submits to con-
siderable regulatory measures, which reduce the scope and amount of
tobacco advertisements (e.g., banning television and radio ads), limit
the sale of tobacco products to adults 18 years and older, and require
warning labels on all tobacco product packaging [182]. Increasing evi-
dence indicates similar regulatory measures would benefit the obesity
epidemic. In the case of food, another FTC report (issued in 2008) indi-
cated that 44 major food and beverage companies spent $1.6 billion in
2006 to advertise their products to children under 17 ($870 million
on children under 12, and approximately $1 billion to adolescents
aged 12-17), using a variety of mediums including television, internet,
in-store advertising, and product packaging. Notably, numerous studies
have demonstrated a positive association between food advertising and
obesity [183-185]. For instance, the frequency of food advertising per
hour is positively associated with the proportion of overweight children
[184]. Further, exposure to food advertisements has been shown to in-
crease consumption of energy-dense snacks in children regardless of
weight status, though the greatest consumption was observed in
obese and overweight children [185]. At issue, food products account
for approximately 60% of television ads run during Saturday morning
cartoons [186], and one study estimated that children are exposed to
as many as 12 television food advertisements per hour; among the
food advertised, the majority of products are energy-dense, nutrient-
poor, and positively associated with obesity [175]. One may note that
cue exposure increases risk of substance initiation, use and relapse in
addiction. Anticipation for food reward, which is connected to palatable
food preferences, can trigger cravings for food and lead an individual to
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“Big Tobacco”:
Tobacco Usage
Leading to
Nicotine Addiction

Not essential for survival
Clear, identifiable threat
Deadly to self and others

Nicotine dependence is
a DSM Diagnosis

Products expensive

Public supportive of litigation
& regulatory efforts

Restrictions on sale / use
Heavily taxed

Pharmacology and genetics of
nicotine dependence
well-defined

Drug treatment success
(e.g., Chantix, Wellbutrin)

Shared
Qualities

Leading preventable
cause of death

Epidemic proportions

Increased use of ingredients with
addictive qualities

Dependency on products

Billion dollar media campaigns,
targeted at children

Promotion increases consumption

Industries powerful, organized, and
oppose regulatory efforts

Industries argue individual
responsibility over state action for
greater good

Facing legal, regulatory, legislative
threats

“Big Food":
Food properties
Leading to
Obesity (Food Addiction)

Essential for survival
No clear, identifiable threat
Not inherently dangerous

Food dependency not
a DSM Diagnosis

Products affordable

Low public support for litigation
& regulatory efforts

No restrictions on sale / use
No economic sanctions imposed

Pharmacology and genetics of
food dependence unclear

Behavioral interventions primary
treatment strategy, no
pharmacological agents available

Fig. 1. Venn Diagram comparing tobacco, food industry and regulatory policy.
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eat energy-dense food, even when not hungry. Thus, following the same
logic applied to tobacco advertising, it is highly plausible that limiting
the exposure of children and adults to food advertisements depicting
energy-dense foods, foods with sugar, fat, and salt additives, and foods
with low nutritional value, would significantly reduce the rates of hy-
perphagia leading to obesity.

One additional strategy credited with tobacco control success is the
levying of taxes upon tobacco products. According to the WHO, raising
taxes is among the most effective measures to reduce the demand for to-
bacco products and to encourage individuals to quit [187]. Furthermore,
these tax revenues can be applied to prevention and intervention pro-
grams, such as quit lines and clinical cessation services. Taxation, by in-
creasing the expense of cigarettes, is particularly effective among
groups with low purchasing power, such as adolescents and the poor,
as these groups are more sensitive to changes in cost [187]. Contrary
to cigarettes, the average cost of high-energy dense food is very low
and availability is high, whereas the cost of healthier food, like fruits
and vegetables, is high but availability is variable (e.g., supermarket
deserts). One controversial movement gaining support calls for an in-
crease of taxes on sugar-sweetened beverages, because these drinks are
linked with weight gain, poor nutrition, and replacement of healthier cal-
ories with empty calories — all major factors contributing to the obesity
epidemic [168]. Studies demonstrate that, like taxes on tobacco, high
taxes on sugar-sweetened beverages decrease consumption. In fact, the
trade publication Beverage Digest estimated in 2008 that a 6.8% tax in-
crease on soft drinks produces a 7.8% drop in consumption, and a compre-
hensive review of 160 studies on price elasticity is supportive of these
findings, estimating that an increase in soft drink price by 10% would pro-
duce a 8-10% drop in consumption, equating to about 1 penny per ounce
[188,189].

It is also vital to consider the numerous elements unique to the obe-
sity epidemic that may require novel policy strategies. Most evident is
the fact that food is essential for survival, whereas tobacco use is viewed
as a dispensable, or even recreational, activity [168,174]. It is also clear
that food is not inherently dangerous, and thus there are no restrictions
on the sale or use of food products. Another difference is vested in the
fact that the term “food” encompasses an enormous number of prod-
ucts that are produced by thousands of companies around the world:
ranging from small-time farmers to restaurants to multinational agri-
businesses [168].

In the same vein, one of the greatest challenges to the food addic-
tion/food dependence hypothesis is the ambiguity cloud surrounding
what it is about food that constitutes a threat. Is dependence due to
increasing caloric density of foods? Is it the unhealthful food additives,
such as fat, salt or sugar? In contrast to the obesity epidemic, the threats
associated with tobacco products (e.g., nicotine addiction, carcinogens)
are clear cut, and so opponents of the tobacco industry can more easily
frame the issue of threat to the public by advertising hazardous nature
of tobacco products and the immediacy of harm from tobacco usage.
In the case of obesity and food dependence, advances in scientific evi-
dence are crucial. Expressly, an avenue of research critical for gaining
public support of obesity policy is the identification of the precise die-
tary components, as well as the types and amounts of food, that can pro-
duce biochemical and behavioral changes specific to addiction.

Furthermore, research that clarifies the psychological, pharmacologi-
cal and genetic bases of food dependency would improve drug treatment
options for obesity. At present, a considerable amount of research
has refined our understanding of the mechanisms underlying nicotine
dependence, and as a result, a number of successful pharmacological
treatments have been developed to control tobacco (e.g., varenicline,
bupropion) [190]. On the contrary, anti-obesity drugs, such as orlistat,
rimonabant, and sibutramine, have produced unexceptional results
(placebo-subtracted weight losses <5%), and trials have been plagued
with high rates of attrition owing to psychiatric or gastrointestinal side-
effects that cause subjects to discontinue these medications [191]. It is
only in the case of binge eating disorder and anorexia that preliminary re-
sults indicate that drugs like baclofen and topiramate are more effective
in reducing binge eating, craving and weight gain [192,193]. A notable
historical exception to the lack of results with anti-obesity drugs is a
now controlled substance (d-amphetamine), which was used over the
counter as weight loss medicine until the early 70s. Interestingly, am-
phetamine is a dopaminergic drug that induces massive DA release in
the brain. Reframing the obesity issue from the addiction perspective
may encourage the development of novel human and animal laboratory
paradigms, which would provide mechanistic insight into how individ-
uals can become dependent on food.

In order for policy changes to be effective, implementation of the pol-
icies must also be possible. The Policy Options for Responding to the
Growing Challenge of Obesity Research Project (PorGrow) evaluates a
broad range of policy options by exhaustive interviews with a wide
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range of stakeholders ranging from food industry representatives, jour-
nalists, caterers, consumer organizations etc. The need for ‘downstream’
interventions such as educational measures designed to enhance skills at
the individual level to make appropriate health choices and to put them
into practice was readily accepted. However, ‘upstream’ policy measures,
designed to increase the opportunities to make healthier choices or re-
strict the counteracting influences, were not so readily accepted by
some stakeholders, particularly those in the private sector [194]. Thus
modeling the anti-tobacco framework, moving the onus from the indi-
vidual to society, faces strong opposition from stakeholders.

Insurance companies play a large role in the creation of future poli-
cies to help curb the obesity epidemic; however, before suggesting
changes to existing insurance policies, we must first look at current
plans to understand what is offered now, and under what conditions.
Our review of standard insurance plans offered in various parts of the
country found that typically, insurance companies will help cover the
treatment of those who are morbidly obese, but have limited reim-
bursement policies available for prevention of obesity, weight manage-
ment programs for overweight and obesity individuals, or maintenance
programs for those of a healthy weight. Additionally, the standards for
being considered for these types of programs to reduce weight are set
very high—only those with a BMI above 40 will receive coverage for
weight loss surgery or being enrolled in a weight loss program. In an
analysis of plans in Pennsylvania, it was found that out of the 16 in-
surers who responded to the survey, all 16 would cover bariatric surger-
y if the BMI was high enough, and if co-morbidities were present. This
same study found that 9 of the 16 insurers would cover individual die-
tary counseling, but the majority of these programs also required a co-
morbidity to be present. The study found that very few insurers offered
coverage of such services as physical activity programs, commercial
programs, and group dieting counseling [157]. Another example of a
standard insurance policy in Massachusetts offers an online service to
help track weight and diet—but also requires a diagnosis of morbid obe-
sity to be considered for further counseling and treatment.

By covering the cost of treatment of the morbidly obese instead of
working on programs to cover costs of prevention to those who fall
into the category of overweight or obese, insurance companies will
end up paying more in the long run for additional treatments, as poten-
tially more and more individuals fall into the morbidly obese category.
As current studies show, the effect of modest weight loss drastically de-
creases co-morbidities in overweight and obese individuals. Insurance
policies will need to be adjusted to accommodate patients by creating
plans that support these modest weight-loss focused programs. Due
to the personal nature of one's weight and attempts at weight loss, in-
surance companies often hesitate to cover issues that are considered
to be caused by an individual's behavior. As more research is conducted
on the causes of obesity, it is becoming clear that there are multiple levels
of issues that lead to obesity. By taking a similar approach to this issue as
tobacco or drug policies, it will become necessary to reconsider the
criteria necessary for an individual to be considered for a weight loss
program.

10. Conclusion

Through this review, we have identified and discussed the over-
laps between drug use and overeating. In addition to the alterations
in brain neurochemistry, we have also presented the external cues
i.e. our food system/environment that are drivers for overeating. Evo-
lutionarily we were not prepared to cope with the ready access to a
wide variety of drugs [195]. Paralleling this to food and the historical
outlook of the human species as hunter-gatherers, it is no surprise that
struggles to cope with the ready availability and easy access to food
have been largely unsuccessful. Just like drug abuse, obesity is a disease
of civilization. We can perhaps draw lessons from the experiences of
the tobacco industry. Smoking was subjected to culture and social pres-
sures only when it was labeled a social illness moving the model of blame

from personal to communal. The weighing in of scientific evidence was
supported by media efforts to bring awareness among people forcing
the tobacco industry to step down. These power plays between science
and industry indeed can be applied to food addiction and its role in obe-
sity. In our opinion, political parties and lawmakers in different countries
often see obesity as a personal issue, or one linked to support or influence
and feedback from the food industry. Science recognizes obesity as a
multi-factorial complex disease and yet again scientific evidence often
stands weak against the food industry [168].

Putting forth the other side of the story, there is no support from
the human literature for the hypothesis of sugar addiction [4]. Quoting
Benton, “if sugar addiction has played a major in the increase in obesity,
fasting should increase food cravings predominantly for sweet items;
cravings should occur after an overnight fast; withdrawal symptoms
should prevent a decline in the preference for sucrose; the obese should
prefer sucrose containing rather than other palatable foods or find
sweetness particularly attractive; sucrose containing rather than other
food items should predispose to obesity. These predictions have in com-
mon that on no occasion was the behavior predicted by the addiction
model supported by human studies.” Additionally, the synopsis of a re-
cent symposium on food addiction concluded that “even highly palatable
food is not addictive in and of itself. Rather, it is the manner in which the
food is presented (i.e. intermittently) and consumed (i.e. repeated, inter-
mittent “gorging”) that appears to entrain the addiction-like process” [2].
Finally, there are indeed instances where persistently elevated dopa-
minergic stimulation promotes the development and maintenance
of addictive behaviors, such as in Parkinson's disease patients who
show a significant vulnerability to gambling when under medication
that upregulates central dopamine systems [196]. However, in view of
the commonalities in the brain reward circuitries active on ingestion
by drug and food, the drug addiction model presents new vistas for un-
derstanding the neurochemistry initiated by palatable high-energy food
and how it is compromised when the drive to eat for reward overcomes
energy balance.

Overall, the thesis of our review is not that each and every obese
patient is suffering from food addiction. It is rather that common die-
tary obesity satisfies the DSM criteria and, therefore, the potential for
addictive behavior associated with food should always come into
consideration by the treating physician or dietician. The response of
the patient to such an approach would further determine whether
the therapeutic intervention should primarily address addictive be-
havior or metabolic imbalances for successful long-term weight loss.

The last word of this article would have to address the future. We
presented some, we believe, overwhelming evidence that obesity shares
crucial characteristics with addictive disorders and should be classified
as such as it appears to satisfy all relevant DSM criteria. However, wheth-
er this is going to happen in one of the future editions of the DSM is an
open question. It is primarily the role of the psychiatric community to
make the decision and their resistance to reclassification may not nec-
essarily stem from lack of scientific evidence. Concerns about the die-
tary obese being stigmatized as “addicts” and about psychiatric care
being overwhelmed by the addition of millions of new patients may fea-
ture prominently in the concerns of the clinical community and not
unjustifiably. These issues are real and serious and should be addressed
but maybe should not be left to stand in the way of the appropriate
treatment of the dietary obese. At the very least, we propose that training
of physicians, dieticians, nurses, physician assistants and other health
care professionals who treat obese patients in Addiction Medicine should
feature prominently in medical education priorities. Such training should
also expand to include representatives of hospital administration and
medical insurance. Literacy in addiction treatment is a prerequisite for
the health care community to properly address obesity-related addictive
behaviors regardless of DSM reclassification. As for the latter, only time
and the evolution of the obesity epidemic will show whether any delay
in classifying dietary obesity as an addictive disorder is a right or wrong
decision.
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