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ABSTRACT

Aims Data suggest that hyperpalatable foods may be capable of triggering an addictive process. Although the addic-
tive potential of foods continues to be debated, important lessons learned in reducing the health and economic

consequences of drug addiction may be especially useful in combating food-related problems. Methods

In the current

paper, we review the potential application of policy and public health approaches that have been effective in reducing

the impact of addictive substances to food-related problems. Results

Corporate responsibility, public health

approaches, environmental change and global efforts all warrant strong consideration in reducing obesity and diet-

related disease. Conclusions

Although there exist important differences between foods and addictive drugs, ignoring

analogous neural and behavioral effects of foods and drugs of abuse may result in increased food-related disease and
associated social and economic burdens. Public health interventions that have been effective in reducing the impact of

addictive drugs may have a role in targeting obesity and related diseases.
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INTRODUCTION

The food environment has changed dramatically with the
influx of hyperpalatable foods that are engineered in
ways that appear to surpass the rewarding properties of
traditional foods (e.g. vegetables, fruits, nuts) by increas-
ing fat, sugar, salt, flavors and food additives to high levels
(Table 1). Foods share multiple features with addictive
drugs. Food cues and consumption can activate neurocir-
cuitry (e.g. meso-cortico-limbic pathways) implicated in
drug addiction [1,2]. Animals given intermittent access
to sugar exhibit behavioral and neurobiological indica-
tors of withdrawal and tolerance, cross-sensitization to
psychostimulants and increased motivation to consume
alcohol [3]. Rats consuming diets high in sugar and fat
demonstrate reward dysfunction associated with drug
addiction, downregulation of striatal dopamine receptors
and compulsive eating, including continued consump-
tion despite receipt of shocks [4].

In humans, diminished striatal dopamine receptor
availability and striatal dysfunction have been associated
with obesity [5] and prospective weight gain [6]. Foods
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and abused drugs may induce similar behavioral
sequelae, including craving, continued use despite nega-
tive consequences and diminished control over consump-
tion [7]. If foods are capable of triggering addictive
processes, applying lessons learned from drug addiction
to obesity, associated metabolic problems and diet-related
diseases would suggest policy directions and prevention
and treatment interventions [2,8].

SUBSTANCE-RELATED FOCUS

Genetic and environmental (e.g. psychosocial) factors
contribute to drug addiction. These factors can interact
with drugs that may directly alter brain function, rein-
force drug-seeking behaviors and shift attention to
substance-related cues; i.e. substances may promote
repeated over-consumption [9]. Although an acknowl-
edgement of personal responsibility for one’s behaviors
remains an important component of many addiction
interventions, progress was made in addressing drug
addiction when focus changed from blaming individuals
with addictions to understanding that drugs may ‘hijack’
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Table 1 Composition of traditional and hyperpalatable foods.*
# of

Food Portion size Type of food Sugar  Fat Sodium ingredients
Apple 1 medium Traditional 19¢g Og 2 mg 1
Chicken breast, roasted 3 ounces Traditional Og 3¢ 63 mg 1
Lettuce 1 cup shredded Traditional Og Og 10 mg 1
Tomato 1 medium Traditional 3g Og 6 mg 1
Orange 1 cup, sections Traditional 17 ¢ Og 0 mg 1
Coca-cola 1 can Hyperpalatable 39 g 0g 45 mg 6
Dairy queen chocolate ice cream cone 1 medium cone Hyperpalatable 34 g 10g 160mg 22
McDonald’s French fries 1 medium Hyperpalatable Og 19g 270mg 9
Cinnamon toast crunch cereal 3/4 cup (milk not included) ~ Hyperpalatable 10 g 3g 217mg 27
DiGiorno pepperoni pizza 1/6 of pizza Hyperpalatable 78 13g 910mg 8

“Foods were chosen based on their inclusion in the United States Department of Agriculture (USDA) report on foods commonly eaten in the United States.
All nutrition information is based on the USDA Nutrition Facts, nutrition information from the company website or nutrition information provided on the

product’s packaging.

brain circuitry. A similar conceptual shift may help in the
food and obesity arena.

Consider tobacco. It can be argued that for years
tobacco companies emphasized personal responsibility
over corporate responsibility for developing addictive
products. This perspective probably delayed drug-related
interventions and policy changes by focusing attention
[10].  Although
individual-focused treatments for drug addictions are

on individual-based treatments
helpful and cost-effective [11], a more constructive view
of tobacco-related behaviors ultimately also incorporated
a focus on the addictive drug and implemented bold legal
and policy alterations to the tobacco environment (e.g.
taxation, limits on marketing and access and actions of
the state attorneys general).

Initial approaches to obesity and associated metabolic
disorders focused primarily on individual risk factors (e.g.
genetics, personal responsibility and individual behavior
change) [12], mirroring early ‘individualistic’ approaches
to tobacco use that had important but arguably limited
public health impact. Little attention has been given to
how the engineering and marketing of food may interact
with possible risk factors to generate brain responses
similar to those of traditional drugs of abuse. If hyperpal-
atable foods have a fraction of the effects of addictive
drugs, the public health significance could be substantial
because of widespread access and exposure to highly mar-
keted, low-cost, nutrient-poor and calorie-dense products.
If the biological effects approach those of addictive drugs,
far-reaching policies may be indicated. Given the public
health impact, attention should be given to the properties
of foods and industry’s responsibility in creating them.

PUBLIC HEALTH PERSPECTIVE

Considering addictions within a public health model is
important. A sizable proportion of the population
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develops addictions, and an additional proportion experi-
ences ‘subclinical’ problems with addictive substances,
resulting in significant social cost. For example, although
12.5% of Americans develop alcohol dependence [13],
alcohol misuse contributes to 4.0% of the global burden
of disease [14]. With food, the public health significance
may not occur solely from a relatively small group who
might become clinically dependent on foods, but from the
probably larger group of adults and children who overeat
enough to compromise their health. Reports of emotional
eating, strong food cravings, difficulty controlling high-
calorie food consumption despite known consequences
and subclinical binge eating are widespread, with health-
care costs associated with being overweight or obese pro-
jected to exceed 850 billion dollars annually by 2030 in
the United States alone [15]. To reduce these costs, it will
be necessary to focus beyond personal responsibility or
clinical disorders, a lesson learned from addressing nico-
tine and drug use. Policy focused on changing the avail-
ability, attributes and costs of tobacco products has
resulted in significant public health gains. Similar envi-
ronmental interventions may be needed to reduce prob-
lematic over-consumption of potentially addictive foods.

DIVERGENT APPROACHES

Contrasts between historical tobacco-related versus
current food-related interventions are both striking and
illustrative. First, the cost of tobacco products in the
Western world has increased, due primarily to taxation
and discontinued government subsidies [16]. In contrast,
ingredients for potentially addictive foods (e.g. corn,
sugar) are inexpensive because they are heavily subsi-
dized by many governments. Suggestions to tax hyperpal-
atable foods, such as soda, are currently being debated
[17]. Evidence from tobacco suggests that increasing
the price of hyperpalatable foods through taxation and
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shifting subsidies could have beneficial effects on con-
sumption. Secondly, restrictions placed on marketing
tobacco directly to children have contributed to reduced
tobacco use. In contrast, hyperpalatable foods are the
most frequently marketed products specifically targeting
children and adolescents [18]. Food advertising has
become increasingly difficult for parents to monitor, given
the increase in product placements, ‘advergaming’ (i.e.
the use of videogames to promote products or ideas) and
school-related marketing enterprises [19]. Following the
tobacco precedent, restricting childhood exposure to
advertising of potentially addictive foods may be an
important public health strategy.

In addition to cost and marketing issues, accessibility
is another critical factor in limiting tobacco use. Ciga-
rettes were once widely sold in vending machines in
public locations. In addition to providing greater general
access, tobacco vending machines provided a major point
of access for minors to purchase cigarettes illegally [20].
Asof 2003, most American states have restricted the use
of tobacco vending machines [20] and similar regula-
tions limit accessibility to alcohol, with greater restric-
tions for more potent alcoholic beverages. Beer is typically
more widely available for purchase (e.g. in gas stations,
grocery stores) and subject to less taxation than liquor.
Alcohol potency is associated with abuse potential;
hence, liquor sales are sometimes restricted to state-run
stores and subject to higher taxes [21]. In contrast, foods
with lower nutritional value and arguably greater abuse
potential (i.e. high sugar, high fat) are typically more
widely available and cost less than foods with higher
nutritional value and arguably lower abuse potential (i.e.
fruits, vegetables) [22]. Based on approaches to alcohol,
food-related problems may be diminished by reducing the
availability of less nutritious, hyperpalatable foods while
increasing access to healthier ones.

GLOBAL IMPACT

Another important issue is the global marketing and sale
of addictive products. Facing declining sales in the
western world, tobacco companies appeared to become
more aggressive elsewhere. As tobacco use decreased by
approximately 50% over the past three decades in the
United States, it increased simultaneously by 3.4% per a
year in developing countries [23]. As the diet of hyper-
palatable, heavily marketed foods becomes a global phe-
nomenon, protective policies across nations warrant
consideration.

Obesity rates have been rising rapidly throughout the
world, first in developed nations and more recently in
poorer countries. Although many contributing factors
may exist, the changing food environment warrants par-
ticular attention. For example, obesity rates in countries
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Figure 1 (a) Temporal plots of obesity rates and McDonald's fast
food venues in France. All obesity data were acquired from the
World Health Organization and the United Kingdom Health Behav-
iour Survey. All McDonald's data were acquired from press releases,
McDonald's fact sheets, Fantasia 1995 [24] and DeBres 2005 [25].
#*Correlation is significant at 0.0l level (one-sided). (b) Temporal
plots of obesity rates and McDonald's fast food venues in the United
Kingdom **Correlation is significant at 0.0 level (one-sided)

such as France and the United Kingdom have been rising
in parallel with increases in availability of highly pro-
cessed foods and fast-food chains [24,25] (Fig. 1a,b).
Similar trends have been found between sugar-sweetened
beverage consumption and obesity rates [17], with
increased sugar-sweetened beverage consumption pro-
spectively predicting obesity in children [26]. Countries
that have historically been successful in reducing diet-
related disease, such as Finland, have seen rising obesity
rates in the current food environment [27]. As food
markets become more global, trade boundaries between
countries become more porous, allowing for a greater
influx of hyperpalatable foods. Traditionally, addiction
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prevention across borders (e.g. supply-focused efforts to
restrict drug trafficking) has been challenging and costly,
and applying lessons learned from such international
endeavors could be valuable. As food advertising focuses
increasingly on global forms of media, such as the inter-
net and product placements in film, it becomes increas-
ingly difficult for any single government to regulate food
marketing effectively. As with tobacco, global interven-
tions may reduce the world-wide impact of potentially
addictive foods most effectively.

RELEVANT DIFFERENCES

Although foods share characteristics with addictive
drugs, important differences exist. Unlike drugs, foods are
necessary for survival. The essential nature of eating con-
trasts with the use of traditionally addictive substances
and complicates food-related interventions. Multiple
addictive drugs include few ingredients, and the addictive
component has been identified (e.g. ethanol, heroin). In
contrast, hyperpalatable foods typically include multiple
ingredients, and research into which components may be
addictive is at a relatively early stage. Policy and regula-
tory efforts will be aided by research into which food ele-
ments may trigger addictive processes. Such information
may help to generate improved interventions early in
development. As foods are consumed more frequently
and earlier in life than are abused drugs, early and
repeated exposure during childhood may have long-
lasting effects and prevention strategies targeting youth
could have important implications as people mature.

SUMMARY

Foods, particularly hyperpalatable ones, demonstrate
similarities with addictive drugs. Although the potential
addictive nature of foods may not fully explain obesity or
excessive food consumption, important lessons learned
from drug addictions can inform methods to reduce esca-
lating food-related problems and the associated personal,
public health and economic costs. Corporate responsibil-
ity, public health approaches, environmental change and
global efforts all seem essential in reducing food- and
substance-related problems. Such approaches could be
enacted in conjunction with individual-focused behav-
ioral and pharmacological efforts that could also benefit
from considering similarities between food-related condi-
tions such as obesity and drug addiction [2,8]. Ignoring
the analogous neural and behavioral effects of foods and
drugs of abuse may result in a substantial loss of time,
resources and lives, as we rediscover lessons learned in
reducing the impact of addictive substances.
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Commentaries on Gearhardt et al. (2011)

OBESITY - IS FOOD ADDICTION
TO BLAME?

Gearhardt and colleagues [1] propose that certain foods
are addictive and that this has important implications
for efforts to combat obesity. Their argument is that
shifting blame for overeating from the individual to the
availability of ‘hyperpalatable’ addictive foods leads to
the result that ‘corporate responsibility, public heath
approaches, environmental change and global efforts all
warrant strong consideration in reducing obesity and
diet-related disease’ (p. 1208). Undoubtedly, the rising
tide of obesity world-wide is a major challenge of our
time, and Gearhardt et al.’s [1] analysis adds to the
many calls for action to be commensurate with the
size of the problem. Their contribution is to draw paral-
lels with interventions including taxation and curbs
on marketing, which have been successful in reducing
tobacco use, in particular.

Claiming that foods such as popular products of fast-
food restaurants can be addictive is provocative, and
might help to provoke policy changes, but can obesity
really be understood and treated as food addiction? Of
course, this depends partly on how addiction is defined.
That seeing and eating liked foods activates brain cir-
cuitry also activated by addictive drugs is unsurprising if
these drugs are ‘highjacking’ pathways that evolved to
regulate dietary behaviour. This issue is, perhaps, one
concerning the relative potency of foods and drugs con-
sumed by people (and differences in food-related brain
activity associated with or predictive of obesity may be
consequences rather than causes of the obese state or
eating behaviours that precede it). It would seem reason-
able to label binge eating, as occurs in bulimia nervosa
and binge eating disorder, as food addiction (e.g. there
is compulsion, marked change in affect and long-term
harm, and physiologically based satiety tolerance enables
escalation of food ‘dose’); however, the route to obesity is
generally a rather modest average daily excess of energy
intake over energy expenditure.

What, then, are the characteristics of food that
increase consumption (of calories)? Gearhardt et al. [1]
identify palatability as a key factor. They label certain
foods as ‘hyperpalatable’ and contrast these with some
‘traditional’” foods. All else being equal, we eat more of
what we like, but it is far from clear that the foods listed by
Gearhardt et al. [1] vary as much in palatability as they
imply—for this author, an orange (‘traditional’) is as pal-
atable as sweetened breakfast cereal (‘hyperpalatable’). In
Italy, at least, pizza is very much a traditional food. It may
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also be highly liked, although the prevalence of obesity in
Italy is among the lowest in Europe. The difficulty is that
there is a lack of objective evidence for increases in food
palatability paralleling increases in obesity rates [2], and
there also seems to be rather little variation between
people and foods in the palatability of what is typically
eaten [2]. Note that palatability (the hedonic or liking
response to oro-sensory stimulation during eating) is
modified by individual eating experiences and is not a
fixed property of individual foods.

Rather than palatability, a key characteristic of the
foods identified by Gearhardt et al. [1] that poses a risk of
over-consumption is their relatively high energy density.
Two inter-related features of energy-dense foods would
appear to be important here. They are more attractive;
that is, they have greater incentive salience, because for
the same portion (per unit volume or weight) their capac-
ity to satiate (satisfy hunger) is greater than foods lower
in energy density. However, on a calorie-for-calorie basis
they are less satiating, and therefore they are selected in
larger (calorie) portions than energy-dilute foods, irre-
spective of palatability [3] (palatability was found to be
unrelated to energy density [3]). Reducing consumption
of energy-dense foods could involve the approaches advo-
cated by Gearhardt et al. [1], as changes in cost, accessi-
bility, serving size and even prevalence of eating while
engaged in other activities may all contribute signifi-
cantly to the risk of obesity. Additionally, it might be
possible to formulate foods to increase their satiating
capacity (calorie-for-calorie), and to enhance the attrac-
tiveness of lower-calorie, less energy-dense foods.
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FOOD AND ADDICTION - SUGARS, FATS
AND HEDONIC OVEREATING

‘Food addiction’ has been postulated as one possible
cause of the obesity epidemic [1-4]. This has been a con-
troversial topic, with many wondering whether it is
appropriate or even reasonable to categorize food, which
is something we all need to consume in order to survive,
with drugs of abuse, which are generally considered
along with other ‘natural reinforcers’ such as sex, to be
very different from gambling, alcohol and illicit drugs.
However, there has been mounting evidence that sup-
ports the idea of ‘food addiction’. Preclinical studies,
beginning in Bart Hoebel's laboratory at Princeton Uni-
versity, have shown that rats overeating a sugar solution
develop many behaviors and changes in the brain that
are similar to the effects of some drugs of abuse [5,6],
including naloxone-precipitated withdrawal [7], and
others have shown complementary findings that suggest
reward dysfunction associated with addiction in rats that
overeat highly palatable foods [8]. These studies are sup-
ported by clinical research showing similarities in the
effects of increased body weight or obesity and abused
drugs on brain dopamine systems, as well as the manifes-
tation of behaviors indicative of addiction [9-12].

Gearhardt and colleagues [13] ask the next important
question in furthering our understanding of ‘food addic-
tion’: if food addiction is real, what should we do about it?
Drawing on examples from what we have learned from
efforts to reduce tobacco use, the authors discuss poten-
tial approaches to reduce excessive intake of ‘hyper-
palatable’ foods that contribute to obesity. Advertising,
availability, public health and cost-related measures are
discussed, each of which has proved successful with
tobacco and alcohol. If these policy measures could simi-
larly reduce the incidence of obesity and its concomitant
threats to health and wellbeing, it would be of great
importance, as the damaging effects of obesity are even
more widespread than those of tobacco.

Gearhardt et al. address the need for additional
research to understand the effects that specific compo-
nents of ‘hyperpalatable’ foods have on the development
of addiction. Indeed, it is important for researchers to
refine the terminology associated with the study of ‘food
addiction’. Clearly, not all foods would be candidates for
addiction: Gearhardt et al. argue that ‘hyperpalatable’
foods rich in fats, sugars and/or salts, which are often
comprised of synthetic combinations of many ingredi-
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ents, may have greater addictive potential than tradi-
tional foods such as fruits, vegetables and lean protein.
We know from studies of feeding behavior that different
nutrients can affect specific brain neuropeptide and
neurotransmitter systems [14,15]. Further, preclinical
studies suggest that overeating sugar produces different
addiction-like behaviors compared with overeating fat
[5]. There is also a nutrient specificity in the effect that
some pharmacological treatments have on reducing
overeating [16,17]. Thus, additional knowledge of how
different food elements activate brain systems that affect
addiction-like behavior will be crucial to developing tar-
geted interventions for people who exhibit signs of ‘food
addiction’. Further, pharmacotherapies may be aimed at
reducing resultant reinforcing effects of ‘hyperpalatable’
foods, rather than hunger or eating behavior per se. This
may give rise to a treatment paradigm in which the
reduction of body mass may depend on reducing rein-
forcement and attachment for certain foods.

In conclusion, Gearhardt et al. have taken a controver-
sial, yet important and emerging line of research and
brought it to the forefront for us to consider on a more
global level. While ‘food addiction’ certainly does not
explain all obesity, it seems that the overwhelming inter-
est that many individuals have in eating, for reasons
other than energy intake, suggest that it is no longer only
for survival. With the soaring number of individuals
affected by obesity, many whom are children, we need to
begin to consider alternatives to traditional efforts for
combating this often deadly and costly condition. Perhaps
‘food addiction’” will soon join other non-drug addictions,
such as sexual compulsivity and gambling.

Declaration of interest

None.

Keywords Dopamine, food addiction, obesity, over-
eating, palatable food, preclinical models.

NICOLE M. AVENA!? & MARK S. GOLD!
'Department of Psychiatry, University of Florida,
College of Medicine, McKnight Brain Institute,
Gainesville, FL. 32611, USA

2Department of Psychology and Princeton Neuroscience
Institute, Princeton University, Princeton,

NJ 32610-0183, USA. E-mail: msgold@ufl.edu

References

1. Gold M. S., Frost-Pineda K., Jacobs W. S. Overeating, binge
eating, and eating disorders as addictions. Psychiatr Ann
2003; 33: 112-6.

2. Liu Y., von Deneen K. M., Kobeissy F. H., Gold M. S. Food
addiction and obesity: evidence from bench to bedside.
] Psychoact Drugs 2010; 42: 133—45.

Addiction, 106, 1213-1220



3. Corsica]. A., Pelchat M. L. Food addiction: true or false? Curr
Opin Gastroenterol 2010; 26: 165-9.

4. Davis C., Carter J. C. Compulsive overeating as an addiction
disorder. A review of theory and evidence. Appetite 2009;
53:1-8.

5. Avena N. M., Rada P, Hoebel B. G. Sugar and fat bingeing
have notable differences in addictive-like behavior. ] Nutr
2009; 139: 623-8.

6. Avena N. M., Rada P,, Hoebel B. G. Evidence for sugar addic-
tion: behavioral and neurochemical effects of intermittent,
excessive sugar intake. Neurosci Biobehav Rev 2008; 32:
20-39.

7. Colantuoni C., Rada P, McCarthy J., Patten C., Avena N. M.,
Chadeayne A. et al. Evidence that intermittent, excessive
sugar intake causes endogenous opioid dependence. Obes
Res 2002; 10: 478-88.

8. Johnson P. M., Kenny P. J. Dopamine D2 receptors in
addiction-like reward dysfunction and compulsive eating in
obese rats. Nat Neurosci 2010; 13: 635-41.

9. Stice E., Yokum S., Blum K., Bohon C. Weight gain is asso-

ciated with reduced striatal response to palatable food.

J Neurosci 2010; 30: 13105-9.

Gearhardt A. N., Corbin W. R., Brownell K. D. Preliminary

validation of the Yale Food Addiction Scale. Appetite 2009;

52:430-6.

Volkow N. D., Wang G. J., Fowler J. S., Telang F. Overlapping

neuronal circuits in addiction and obesity: evidence of

systems pathology. Phil Trans R Soc Lond B Biol Sci 2008;

363:3191-200.

Volkow N. D., Wang G. J., Baler R. D. Reward, dopamine and

the control of food intake: implications for obesity. Trends

Cogn Sci 2011; 15: 37-46.

Gearhardt A. N., Grilo C. M., DiLeone R. L., Brownell K. D.,

Potenza M. N. Can food be addictive? Public health and

policy implications. Addiction 2011; 106: 1208-12.

Blumenthal D. M., Gold M. S. Neurobiology of food addic-

tion. Curr Opin Clin Nutr Metab Care 2010; 13: 359—

65.

Leibowitz S. E, Hoebel B. G. Behavioral neuroscience and

obesity. In: Bray G., Bouchard C., James P, editors. The

Handbook of Obesity. New York: Marcel Dekker; 2004,

p. 301-71.

Berner L. A., Bocarsly M. E., Hoebel B. G., Avena N. M.

Baclofen suppresses binge eating of pure fat but not a

sugar-rich or sweet-fat diet. Behav Pharmacol 2009; 20:

631-4.

Corwin R. L., Wojnicki F. H. Baclofen, raclopride, and

naltrexone differentially affect intake of fat and sucrose

under limited access conditions. Behav Pharmacol 2009; 20:

537-48.

10.

11.

12.

13.

14.

15.

16.

17.

MATERNAL DIET AND
OFFSPRING DEVELOPMENT

The paper by Gearhardt and colleagues [1] makes a valu-
able contribution to the debate about hyperpalatable
foods, their abuse potential and how they impact the
increasing prevalence of obesity. Importantly, they
discuss how strategies that have successfully lessened the
public health consequences of drug addiction may be
applied to the toxic food environment. They also address
relevant differences — for example, that drug exposure
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generally occurs in our teen years, while consumption of
foods unnaturally high in fat, sugar and salt begins
earlier in life, and typically has a chronic course. Conse-
quently, they argue for intervention policies aimed largely
at children and adolescents. In this author’s view,
however, that may be too late.

There is now compelling evidence that in utero events
can have long-lasting, and sometimes dire, consequences
for the offspring [2—4]. We have learned recently how
maternal diet can modify the fetal genome substantially
and contribute to deleterious health outcomes for the
developing child. For instance, high-fat consumption
during pregnancy has been shown to induce long-term
alterations in dopamine and opioid gene expression in
animal offspring, and to enhance their preference for pal-
atable foods [5]. In addition, there is evidence that chil-
dren of obese mothers are at increased risk for insulin
resistance and subsequent obesity and metabolic dys-
function [6].

Using data collected from three affluent Scandinavian
societies, a prospective study also showed, for the first
time, that maternal obesity increased the risk of having a
child with symptoms of attention deficit hyperactivity
disorder (ADHD) compared to children of normal-weight
mothers [7]. Moreover, these findings persisted after con-
trolling for baby’s birth weight, maternal age and moth-
er's smoking status. To test whether this relationship
occurred because a genetic predisposition accounted for
both the mother’'s weight status and the subsequent
ADHD symptoms in the child, a large replication study
extended this research. Again, it was found that children
of obese mothers had a twofold increase on teacher-rated
inattention scores compared to those of normal-weight
mothers [8]. These associations also remained statisti-
cally significant after controlling for ADHD symptoms in
both parents.

Of relevance to these findings are the strongly estab-
lished links between prenatal alcohol exposure and
symptoms of ADHD [9] and the high co-occurrence of
ADHD symptoms and obesity, both in children and in
adults [10]. It is noteworthy in this context that alcohol
and sugar are biochemically congruent substances,
because ethanol is simply the fermented by-product of
fructose [11]. In our current food environment, with its
superfluity of highly palatable foods, mothers who are
overweight and obese are likely to consume larger and
more frequent quantities of sweet foods than their
normal-weight counterparts. Currently, high fructose
sweeteners are used liberally in most of the processed
foods we eat, and in much greater amounts than are
found naturally in fruits and vegetables [12]. When
taken in large quantities, both alcohol and fructose have
considerable abuse potential due to their potent activa-
tion of brain reward pathways [13,14]. They can also
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foster neuroadaptations that lead to compulsive use and
dependence similar to other drugs of abuse [15,16]. It is
therefore plausible that highly processed foods taken in
abundance during pregnancy could contribute to delete-
rious outcomes for the unborn child such as those seen in
the studies described above. In other words, excessive
maternal ingestion of sweet foods could produce what I
will loosely call a ‘fetal sugar spectrum disorder’, with
symptoms that are not dissimilar to those seen in the
offspring of women who drank alcohol during their preg-
nancy. Because postnatal life appears to be linked inex-
tricably with environmental influences during fetal
development, and because approximately 20% of women
of reproductive age are obese, it seems of utmost impor-
tance to target pregnant women for prevention measures
in a manner similar to the aggressive warnings about
gestational alcohol use. It will behove health-care provid-
ers to issue strong nutritional guidance to women during
pregnancy to avoid events that may have irreversible
consequences for their children later in life.
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cravers.

FOOD ADDICTION NOT HELPFUL: THE
HEDONIC COMPONENT - IMPLICIT
WANTING - IS IMPORTANT

The concept of food addiction threatens to add a further
level of confusion to our apparent inability to account
for conspicuous overweight and obesity at the societal
level, and to explain why some people eat well beyond
any biological requirement for nutrients. The question
posed by Gearhardt et al. [1] has both political and sci-
entific connotations, and we comment on each of these
aspects in turn. At the outset it should be considered
that over-consumption of food is one example of a more
widespread acquisition of material objects well beyond
any limits defined by personal need. People in industrial
societies are encouraged to purchase more clothes,
shoes, TVs, motor cars, refrigerators, furniture and pal-
atable foods; only the last of these is strongly blamed for
obesity. However, the acquisition of possessions beyond
need extends well beyond the food repertoire. The pre-
vailing socio-economic system encourages a philosophy
of materialistic self-interest and unnecessary consump-
tion (and purchasing) which is required in order to drive
economic growth. Therefore, over-consumption takes
place in a climate of abundance, aggressive advertising
and easy accessibility in which food consumption is
promoted strongly by the socio-economic market. In
addition, it is undeniable that the food industry strives to
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produce foods of ever increasing palatability in order to
make them more attractive to the consumer (this is not
an industrial secret). Over-consumption is legitimized,
and not prohibited, by the prevailing cultural values.
Given this situation (abundance, palatability and promo-
tion), together with the operation of a powerful and well-
functioning reward system in the brain, it is a surprise
to us that the level of obesity is not even higher than
its current level. The human biological system permits
over-consumption but strongly opposes under-eating [2],
and the gain of adipose tissue creates a positive feedback
(in which satiety is impaired) rather than a negative
feedback [3]—via insulin [4] and leptin resistance
[5]—in which appetite would be suppressed [6]. Over-
consumption, which can be witnessed by the behaviour
of people in any airport, food mall and high street in
much of the United States and Europe, fits very comfort-
ably into the environment in which it takes place. People
are not expending energy or making any effort to seek
out palatable foods or to eat them furtively far from the
public gaze (except for people with binge eating disor-
der), features which lessen the proposed resemblance to
drug consumption. Therefore, at the level of phenom-
enological description, a term such as food addiction is
not required to explain the massive intake of eatables in
many of our societies.

However, this categorical argument bypasses the sci-
entific issues raised by the question posed. One of these
concerns the strength and function of hedonic processes
that influence the motivation for specific foods. Although
we feel that the term ‘food addiction’ is inappropriate if
applied universally to account for the eating behaviours
of many millions of citizens, the hedonic processes impli-
cated may be relevant to a much smaller number of
individuals who display behaviours related to substance
dependence [7,8]. One relevant issue is the distinction
between liking and wanting [9]. Separate neural path-
ways exist to mediate these processes [10,11], and
experimental human methods have been developed to
distinguish between the operation of these processes and
to measure them separately [12—14]. It is frequently said
that maintained drug consumption involves a wanting
but not a liking for the target substance. A key compo-
nent of our experimental platform (Leeds Food Prefer-
ence Questionnaire) is the capacity to measure, through
separate experimental procedures, explicit liking and
implicit (covert) wanting [12]. In susceptible individuals
at risk of weight gain [15], and defined by scores on the
Binge Eating Scale [16], those participants with a high
tendency to binge eating showed an increased liking for
all food categories of foods but an increase in implicit
wanting only for high-fat sweet foods [17]. These foods
could be defined as highly palatable (at least for these
individuals), and the implicit wanting scores correlated

© 2011 The Authors, Addiction © 2011 Society for the Study of Addiction

Commentaries 1217

highly with the amounts of these foods freely selected
and consumed [Finlayson, Arlotti, Dalton, King & Blun-
dell; unpublished date]|. People who did not show any
tendency for binge eating did not display an implicit
wanting for any type of food. Therefore, our view is that
a hedonic process operating at an unconscious, com-
pulsive level (measurable by implicit wanting), which
appears to be regarded as one feature of drug taking, is
one component that is apparent in the motivational rep-
ertoire of a susceptible phenotype for over-consumption.
However, a point of departure is that enhanced implicit
wanting for some foods occurs in the presence of a main-
tained level of overall liking for foods. We feel that
the measure of ‘implicit wanting’ shows great promise
as an objective and quantifiable index of uncontrollable
eating (not dependent on self-report) which could be
used to investigate further the role of hedonic processes
in susceptibility to over-consumption [17]. It is a
matter of judgement whether or not the presence of
implicit wanting for a food justifies an attribution of food
addiction.
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ALL FOODS ARE HABIT-FORMING -
WHAT | WANT TO KNOW IS WHICH
WILL KILL ME!

Gearhardt et al. [1] are right to point out that ‘food addic-
tion’ is much more than a metaphor, owing to the fact that
the neuroendocrine mechanisms underlying the forma-
tion of dietary habits are often precisely those acted on by
drugs of addiction. Just as exposure of tobacco companies’
explicit efforts to increase the addictive potential of their
products helped to generate public support for stricter
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regulation in the United States, evidence of similar actions
by food producers may well serve the same purpose.

It is telling, however, that the taxes and restrictions
on marketing eventually placed on tobacco were applied
to all tobacco products, regardless of how addictive or
carcinogenic they happened to be [2]. An analogous
outcome for processed foods, I would argue, is not fea-
sible. The cost efficiencies inherent in industrial-scale
food production are enormous, making it unrealistic to
expect most consumers to return anytime soon to the
days of fresh fruits, vegetables and meats purchased
directly from the local grower. Every one of the remedies
the authors mention—taxation, subsidies, restrictions
on marketing, availability or trade, and even corporate
responsibility—will require the development of very spe-
cific rules that differentiate ‘bad’ products (which will be
subject to regulation) from ‘good’ (which presumably will
not). The food industry has a long history of reformulat-
ing products in response to conditions in the market-
place [3-5], and public health improvements will hinge
critically on the extent to which producers are induced to
deliver healthier industrial foods to the consumer.

With regard to choosing the particular product char-
acteristics that most damage public health, ‘hyperpa-
latability’ seems a poor candidate. There is very little evi-
dence that hyperpalatability, considered in isolation,
causes illness. It can be argued that today’s highly pro-
cessed mass-marketed foods have been (perhaps uninten-
tionally) designed to induce a biological addiction event.
However, the reason industry methods succeed so persis-
tently is that they take advantage of evolved predilections
that served important adaptive purposes in the pre-
industrial world, and probably still do [6,7]. There is every
reason to expect that people also become ‘addicted’—in
both the physiological and behavioral senses of the
word—to any delicious food (healthy or not), experienced
in the right context.

Consider again the case of tobacco. Instead of target-
ing the leaf itself, public health advocates could have
sought to place restrictions on particular characteristics,
such as nicotine or ‘tar’; but scientific uncertainty regard-
ing the contribution of particular product characteristics
to addiction or health outcomes would have provided
easy fodder for defensive legal action by the industry.
Moreover, singling out tobacco’s most potent addictive
properties might well have exacerbated the public health
problem, by inadvertently stimulating sales of ‘bad’ ver-
sions of the product, as sometimes occurs with alcohol
content regulation [8,9]. It is not hard to imagine restric-
tions on the ingredients that make processed foods
‘hyperpalatable’ generating a similar response.

Unfortunately, there does not appear to be a consensus
view among public health advocates as to what
‘healthier’ processed foods might look like. It has been
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variously argued, for instance, that obesity prevention
efforts should focus on calories [10], fats and sugars [11],
refined carbohydrates [12,13] or on industrial processing
in and of itself [5,14-16]. If the food industry is to be
pushed, by regulation or public pressure, into developing
healthier products, the development of clear parameters
by which their products will be judged should become a
priority of the research community.

There is one sense in which reforming the food
industry will be easier than the fight over tobacco.
Although years of mandatory health warnings proved
to be largely ineffective for tobacco, the same is not likely
to be true for food products—as long as ‘healthy’ does
not become synonymous with ‘unpalatable’. Consumers
have a long history of gravitating towards healthy
foods when quality has been easily discernable [5], and
taxes or subsidies (which would probably be ineffective
anyway [17,18]) are unlikely to be necessary.

That the food industry uses modern technology to
enhance sales is unsurprising. It is tempting to hope that
restricting some of their more egregious practices will
improve public health, and perhaps it would; but real
change will come only when the public health commu-
nity develops a clear vision of what efficiently produced
healthy foods might look like.
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IMPORTANT NEXT STEPS IN
EVALUATING FOOD’S
ADDICTIVE POTENTIAL

These commentaries highlight important issues about
the potentially addictive nature of foods. Although
further evidence for the validity of food's addictive
potential were discussed, including neurobiological and
behavioral indicators of addiction in animal models [1],
behavioral markers of addiction in eating disorders [2],
shared neuroendocrine responses in the consumption
of foods and drugs [3] and similar in utero influences
of addictive drugs and processed foods [4], concerns
were also raised. Blundell & Finlayson suggest [5] that
although factors associated with food addiction (such as
implicit wanting) may be useful, the concept of food
addiction may increase confusion surrounding obesity.
We suggest that implicit wanting is an example of a
common behavioral mechanism and represents part
of a repertoire of behavioral elements underlying
food addiction. If an addictive descriptor for foods is
supported empirically, novel legal, educational and policy
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approaches to creating a healthier food environment may
warrant stronger consideration. Such approaches could
help to better educate, inform and protect consumers.

Concerns were raised that food addiction may only be
relevant to eating disorders because the general public
does not appear to expend excessive energy in their con-
sumption of palatable foods [5], and obesity is associated
typically with only a modest increase in food consump-
tion, a pattern seemingly different from drug use in addic-
tions [2]. However, some addictions (e.g. tobacco-related)
involve low-to-moderate intake of easily accessible sub-
stances that over time have deleterious consequences.
Importantly, the addictive properties of some foods prob-
ably apply to a great many people—that is, not only to
those with ‘clinical’ levels of obesity and/or disordered
eating. As such, foods may contribute to poor diets and
poor health associated with nutritional deficiencies.
Indeed, obesity and malnutrition frequently co-occur.
Thus, from a public health viewpoint, we believe that the
combination of an addictive substance with easy accessi-
bility represents a dangerous public health combination,
as seen with tobacco and alcohol. Further, these factors
may make the likelihood of excess consumption and
subclinical problems especially widespread. For example,
a relatively small percentage of the public consumes
alcohol in an addictive manner [6], but the rewarding
nature, widespread availability and social acceptance
of alcohol may increase the subclinical impact of
alcohol-related consequences [7].

The commentaries also highlighted important future
directions. Authors emphasized the importance of iden-
tifying which ingredients in foods may be addictive [1-4].
Whether specific macronutrients (e.g. fat, sugar), food
additives (e.g. salt, high-fructose corn syrup) or food
characteristics (e.g. palatability, calorie content), or com-
binations thereof (e.g. caffeine and sugar), influence the
potentially addictive nature of certain foods is an impor-
tant empirical question. Such questions may have impor-
tant developmental implications for foods as with drugs
[e.g. flavored cigarettes (bidis) and adolescent smoking]
[8]. The food addiction concept will have limited impact
on public health on policy or industrial food reformula-
tion unless there is a scientifically informed answer to this
question. In summary, the growing evidence that certain
foods may be capable of triggering an addictive process
suggests that applying lessons learned in reducing
the impact of addictive substances may advance public
health strategies addressing obesity.
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