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Abstract With the rise in worldwide rates of obesity in the
past few decades, scientists and clinicians have focused con-
siderable attention on trying to understand the causes of
excessive and compulsive food intake — patterns of overeating
that are highly correlated with body mass index (BMI). Given
that prominent psycho-behavioral similarities exist between
chronic binge eating and drug abuse, many have adopted the
perspective that an apparent dependence on highly palatable
food - accompanied by marked emotional and social
distress and deficiency — is, in essence, an addiction
disorder. This narrative review considers the overlapping
symptoms and characteristics of binge eating disorder
(BED), and models of food addiction, both in preclini-
cal animal studies and in human research. It is conclud-
ed that overeating may best be viewed along a dimension
reflecting degrees of severity and compulsiveness and that the
high end of the continuum marks the clinically significant
impairment seen in BED. We further suggest that what we have
come to call ‘food addiction” may simply be a more acute and
pathologically-dense form of BED.

Keywords Binge eating disorder - Food addiction -
Dopamine - Obesity - Responsiveness to reward

Introduction

Obesity now ranks as one of the greatest and most preventable
global threats to public health. It is also a highly transmissible
condition (~.6 to .8) suggesting a mainly genetic influence on
population variation in Body Mass Index (BMI) [1, 2].
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Heritability estimates are also greater in women than in men
[3, 4]. While the prevalence of obesity has doubled in the past
few decades, its morbid form (BMI>40) has seen an alarming
4-fold increase [5]. In order to inform more personalized treat-
ment approaches for those who struggle with overeating and
weight gain, it behooves researchers to identify clinically rele-
vant subtypes of obesity with specific psychobiological profiles
that may convey different vulnerabilities to environmental risk
factors, and therefore indicate different targets for intervention.

The parallels between an apparent ‘loss-of-control” over food
intake and compulsive drug taking have been recognized by
clinicians for decades, albeit mostly in circumstantial reports,
and with particular reference to the pronounced cravings they
have in common and the similarities in their mood-enhancing
effects [6-13]. Among the general public, the notion that over-
eating can be an addictive behavior has also been widely
accepted for many years - as seen, for instance, by the numerous
12-Step treatment programs (e.g. Overeaters Anonymous
founded in 1960; Food Addicts Anonymous founded in 1987)
established for those who suffer with this problem.

In recent years - and notwithstanding the absence of a
formal, or agreed-upon, set of diagnostic criteria - the notion
of'an addiction to hyper-palatable food is currently receiving
widespread attention from the popular media. By contrast, it
is only very recently that the term ‘food addiction’ has
gained any scientific credibility. For instance, since 2008,
according to the Web of Science data base, there has been a
steeply exponential increase in the number of scientific pub-
lications devoted to this topic, with only two publications
between 2000 and 2007, and 34 publications in 2012 alone.
An important catalyst for the renewed interest in food addic-
tion is the compelling and accumulating bio-behavioral evi-
dence that highly palatable foods rich in sugar, fat, and salt
have an abuse potential similar to addictive drugs like cocaine
and alcohol [14-16]. In addition, evidence of the biological
parallels between drug and food abuse, as demonstrated by
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preclinical experiments, human brain neuroimaging studies,
and behavior genetic research, has further strengthened the
credibility of the food-addiction construct.

Animal Models of Food Addiction

Rodent models of food addiction have typically used behavioral
paradigms based on experimentally-inspired analogues of the
Diagnostic and Statistical Manual (DSM-IV-TR) [17] criteria
for substance dependence. For example, “tolerance” has been
operationalized as an increase in brain-stimulation reward
(BSR) thresholds following extended exposure to addictive
drugs [18¢]. Extrapolating this principle to eating behaviors, rats
with 18-23 hours/day access to palatable energy-dense food
displayed a worsening deficit in brain reward function, as seen
by their progressively elevated BSR thresholds across days,
compared to rats on a standard chow diet [18e].

Similarly, escalation of intake over time has been used as a
marker of the criterion “taking the substance in larger amounts
than was intended” [19]. In this regard, there is reliable evi-
dence that rats fed an intermittent diet of sugar, develop a
pattern of copious consumption resembling human cases of
binge eating [20, 21e¢]. These studies show that a sugar-
enhanced diet increases daily food intake over time, and that
following its removal, the animals show aggression, anxiety,
teeth-chattering, and head-shaking - all symptoms associated
with “withdrawal” from drugs like heroin. Similar increased
intake has been found when animals were given high-fat [22] or
other highly palatable diets [18]. Evidence of withdrawal has
also been observed in animals showing depressive-like symp-
toms after access to highly palatable food for 7 weeks, as
indicated by increased immobility in the forced-swim test and
decreased intake in the sucrose consumption test [23]. Interest-
ingly, some of the depressive symptoms were abolished in these
animals when they were given renewed access to the palatable
diet, suggesting that compulsive eating can relieve withdrawal-
induced negative affect, as well as fostering its onset.

It also appears that compulsive patterns of palatable food
intake only need a short time to develop, and that rats rapidly
display a lack of flexibility in their food choices by rejecting
standard chow even when the greatly preferred rich ‘cafeteria
diet’ is transiently unavailable [24]. Even very limited
(10 min) daily access to sugar-fat diets leads to binge-like
intake and excessive weight gain in rats, but interestingly,
without the stress and anxiety withdrawal responses seen in
rats with access to sugar-rich diets [25] — a finding which adds
to the growing evidence that only minimal withdrawal symp-
toms are associated with diets rich in fat, or a combination of
sugar and fat, compared to the overt withdrawal symptoms
following abstinence from a high-sugar diet [26, 27]. Various
explanations have been proffered for these differences includ-
ing the greater hedonic intensity of sugar relative to fat
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[25], and the more pronounced opioid-activating poten-
tial of sugar [26]. In general, it appears that high fat
consumption is largely responsible for weight gain while
sugar may be liable for producing addictive-like behaviors
including pronounced withdrawal symptoms [28].

Binge-prone female rats were also found to tolerate sig-
nificantly higher levels of foot shock for access to Oreo
cookies than their binge-resistant counterparts, confirming
the “continued use despite negative consequences” criteria
for substance dependence [29]. Other evidence of abnormal
motivation for sweet and fatty foods was demonstrated
when rats with extended exposure to a highly palatable
cafeteria diet continued to consume this food even when it
was laced with quinine to produce an unpleasant bitter taste
[24]. Finally, while numerous studies have found behavioral
and consummatory cross-sensitization from one addictive
drug to another [21e] - and between drugs and stress [30]
- there is now good evidence that sugar intake also cross-
sensitizes to drugs of abuse, and vice versa [21e¢].

In conclusion, an important consideration in any model of
addiction is the existence of great variability in the proneness
to its development [31]. Only a subgroup of animals and
people who are exposed to drugs of abuse, or highly-
palatable food, seem to develop full-blown symptoms of
dependence and loss-of-control over their intake [32, 33] —
an observation that has focused considerable research atten-
tion on identifying the ingredients of risk, and the biological
mechanisms underlying vulnerability [34]. For instance, there
is some evidence that early-life stressors, and various dietary
differences that arise from these stressors, are influential in the
susceptibility to compulsive intake of palatable foods [31].

When evaluating animal paradigms that support the food-
addiction construct, another important consideration is that a
pattern of compulsive intake - closely analogous to what we
term binge eating in the human condition — is a universal
feature of all models [31, 35¢¢]. In other words, animals do
not display symptoms of withdrawal, tolerance, or any of
the other analogue criteria for substance abuse, without also
showing binge-like consumption of the experimental
(high sweet/fat) food.

Human Studies of Food Addiction

Despite the robust evidence of sugar/fat dependence in
rodents, there are few parallel findings in human research
except for anecdotal reports and various qualitative clinical
accounts [36—38, 39+¢] Recently, researchers at Yale Uni-
versity moved the field forward with their development of a
measure which operationalizes ‘food addiction’ using the
DSM-IV-TR diagnostic criteria for substance dependence
[40ee]. Their preliminary evidence suggests that the Yale
Food Addiction Scale (YFAS) has high convergent validity
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with other measures of eating pathology, especially binge
eating, and may therefore be a useful tool for identifying
individuals with addictive tendencies toward food.

In 2011, our group published the first case—control
study using the YFAS diagnostic criteria in adult men and
women [40¢]. The results provided very good evidence that
food addiction is an identifiable clinical syndrome with
psychiatric co-morbidities and a psycho-behavioral profile
remarkably similar to conventional drug-abuse disorders. For
example, those who met the diagnostic criteria for YFAS food
addiction had a significantly greater co-morbidity with BED,
severe depression, and attention-deficit/hyperactivity disorder
(ADHD) compared to their age- and weight-equivalent
counterparts. They were also more impulsive and displayed
greater emotional reactivity than the obese controls. In addition,
they reported more intense food cravings and were more likely
to ‘self-soothe’ with food.

Based on experimental evidence that tryptophan deple-
tion tends to foster high consumption of sweet/fatty foods,
and that it can also trigger depressive episodes, some have
argued that overeating of highly palatable foods is funda-
mentally a form of self-medication to ameliorate dysphoric
mood [41¢]. In light of the significantly more severe levels
of depression in those with food addiction, and their
reported proneness to emotionally-driven eating, these
inter-relationships may well explain a downwardly spiraling
cycle whereby a biological predisposition to negative mood
(e.g., low 5-HT availability) could foster a voracious appe-
tite for sugary and fatty foods. In our highly obesigenic
environment with its proliferation of processed foods, this
hungriness can easily be satisfied, in turn, down regulating
brain reward pathways and further contributing to dysphoria
and its consequences on eating behaviors.

To date, only one neuroimaging study has examined
correlates of food addiction, and found that reward-
circuitry activation in the caudate and amygdala, in response
to the anticipated receipt of food, was positively associated
with YFAS-symptom scores [42]. Unfortunately, this study
was somewhat limited by a small all-female sample, and
because only two participants met the diagnostic criteria for
food addiction. However, in a recent study — and the first to
provide genetic support for the food-addiction construct —
our findings meshed well with these neuroimaging data
[43]. A multilocus genetic index score, which reflected the
cumulative effect of several functional markers on striatal
dopamine signaling strength, was significantly higher in a
group of overweight adults with YFAS food addiction com-
pared to their age- and BMI-matched counterparts. This rela-
tionship was also mediated by greater food cravings, bingeing,
and emotional eating. Together, these findings support the
view that food addiction is a reward-responsive phenotype
of obesity. They also suggest a reward-based process model
whereby an inherent biological susceptibility contributes to

increased risk for overeating, which in turn may promote
addictive tendencies toward certain highly palatable foods.

Binge Eating Disorder

Binge eating disorder (BED) is an overeating syndrome seen
much more frequently in those who are substantially over-
weight [44-46]. It also appears to be a behaviorally-distinct
subtype of obesity with an unique risk profile reflecting a
heightened response to rewarding stimuli. In particular, indi-
viduals with this disorder display a hyper-reactivity to the
hedonic properties of food as seen by greater food cravings,
preoccupation with thoughts of food, emotionally-induced
overeating, and a greater preference for sweet and fatty foods
[47, 48]. While estimates suggest that the genetic contribution
to BED is about 50 %, its prevalence is significantly greater in
women than in men [49-51]. Moreover, it is no longer seen as
a syndrome exclusive to adulthood. In recent years, bingeing
or ‘loss-of-control’ eating has also become prevalent in
middle childhood and early adolescence [52].

The research has consistently demonstrated that repeated
consumption of highly palatable food can produce dopa-
mine signaling changes in the brain, which promote an
escalation of intake [53]. It also appears that intermittently
restricted access to highly palatable foods results in sus-
tained stimulation of the reward system, which also contrib-
utes to chronic overeating and to binge-eating susceptibility
[54]. In this regard, it is relevant that individuals with BED
tend to under-eat during the mornings [55], but show a
propensity for high-calorie nocturnal eating [56], and do
greater snacking in the evenings [57] compared to weight-
matched adults who do not binge eat.

Neuro-scientific evidence of high reward sensitivity in
BED can be found in the research showing greater medial
orbitofrontal cortex reactivity to food cues in people with
this disorder relative to comparison groups [58] - a finding
which accords with the important role of this brain area in
drug cravings, and which confirms the significance of
dopaminergic mechanisms in the etiology of BED [59, 60].
Larger brain-activation differences in the amygdala and ventral
striatum have also been found in obese adults with BED
compared to weight-matched controls, suggesting a greater
motivational sensitivity to, and visual processing of, palatable
food cues in the former group [61]. The finding that obese
binge eaters have greater increases in extracellular dopamine
levels in the caudate nucleus (though not the ventral striatum)
during food stimulation, compared to non-binge eating con-
trols, provides further evidence of a hyper-responsiveness to
reward in BED [62]. Additionally, a recent study has shown
that exposure to personally-relevant, high-calorie food cues
elicited hyper-responsive fMRI BOLD reactions in overweight
adults with binge-eating behavior, and importantly, that the
magnitude of these responses increased with greater number
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of binge-eating symptoms [63]. Finally, and again in response to
food cues, binge eating women showed hyper-responsiveness
and increased neural communication between the ventral
striatum and a widespread network involved in reward and
action planning compared to weight-matched controls [64].

In concurrence with the behavioral and neuroimaging
evidence that BED reflects a heightened responsiveness to
reward (described above), we recently reported that genetic
markers reflecting enhanced dopaminergic responsiveness
were positively related to the food-related sub-phenotypes
of BED such as binge eating, food cravings, and emotional
eating [65¢]. In addition — and similar to findings in those
with YFAS-diagnosed food addiction — a dopamine-based,
multilocus genetic profile score was significantly higher in a
group of obese adults with BED compared to their age- and
BMI-matched counterparts [66].

Overeating as a Spectrum of Compulsion and Severity

As we have seen, the available research — albeit still very
limited as it pertains to the human condition — consistently
endorses the view that food addiction is an identifiable and
viable clinical entity with many similarities to drug-addiction
disorders. At the same time, however, these investigations, and
related work, have implicitly raised the question of whether the
YFAS-inspired definition of food addiction is in essence, and
simply, a more severe expression of BED. This issue is espe-
cially germane given the substantial symptom overlap between
the two conditions [40e, 67¢¢], the many co-morbidities they
have in common [40+], and their similar biological underpin-
nings [43, 66]. The studies by Davis et al. [40+¢] and Gearhardt
et al. [67+¢] found that about 50 % of obese adults diagnosed
with YFAS food addiction also met criteria for BED. More-
over, in an earlier study [68], using structured telephone inter-
views in women diagnosed with BED, it was found that 92 %
of their sample met the DSM-IV-TR [17] criteria for substance
dependence when the word “food” was substituted for “drug”
in the interview questions. Clarifying whether the two condi-
tions are sufficiently different in etiology and clinical course to
warrant classification as separate pathological phenotypes of
overeating is an important next-step in eating-disorder and
addiction research. Resolution will also help guide per-
sonalized treatment strategies for those who struggle with
intractable and excessive food consumption.

As an initial attempt to address this matter, we examined
group differences on several variables related to demographic
characteristics (age and BMI), patterns of overeating, person-
ality risk factors, and co-morbid clinical symptoms, using
independent t-test procedures. In the first set of analyses, we
compared two equivalent groups of overweight men and wom-
en who met DSM criteria for BED: one with co-occurring
YFAS-diagnosed food addiction (n=16) and the other without
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(n=17). Results indicated that the two BED groups were
equivalent in age and BMI. On almost all other variables,
however, the differences were highly statistically significant
(see Table 1). Those with food addiction were much more
likely to overeat for emotional and cue-driven reasons, they
had more severe binge eating and food cravings, and they were
more responsive to the rewarding properties of food. This
group also had more addictive personality traits, was more
impulsive, and had greatly elevated symptoms of depression
compared to their non-food addict BED counterparts. While
the food-addict group also reported greater ADHD symptoms,
both currently and in childhood, these differences only
approached statistical significance. Collectively, these findings
mesh well with a related study of food addiction in BED
patients. In particular, the number of YFAS symptoms (scores
ranging from 0-7) was shown to correlate positively with
Beck depression ratings, poor self-esteem, and difficulties in
emotion regulation, as well as with certain measures of eating
pathology including frequency of binge episodes [67¢¢].

In our second analysis, we compared the BED group
without food addiction to a weight- and age-matched group
of adults without BED or food addiction (n=66) on the same
set of variables. By contrast to the first series of comparisons,
these two groups were remarkably similar to each other, with
only very few significant differences. Specifically, and not
surprisingly, the BED group had higher binge-eating scores
than the non-BED controls. They also reported more hedonic
eating and elevated food cravings (see Table 1).

Despite the novel and interesting findings from this pre-
liminary investigation, it is important to acknowledge that the
results are based on a relatively small sample of participants
with BED. Nevertheless, the highly statistically significant
findings from the first set of analyses indicate that the sample
was not under-powered since the mean differences were suf-
ficiently large, relative to their standard errors, to demonstrate
strong effect sizes. Unfortunately, however, in the total sample
of mainly overweight adults, there were only six individuals
without a diagnosis either of BED or of food addiction,
precluding a full factorial two-way analysis of the data. Given
the established associations between psychological/behavioral
pathology and BMI in binge-eating related disorders, such a
skewed diagnostic distribution is, unfortunately, liable to be a
problem for all future comparative research in this area.

While normal-weight adults comprise only a small mi-
nority of those with BED, they appear to be another
behaviorally-distinct subset of the BED population, suggest-
ing that body weight is also an important feature or correlate
of the overeating spectrum. For example, some studies have
found that normal-weight BED adults are younger [69, 70],
and that their binge episodes are less frequent [70] and of
shorter duration than their overweight/obese counterparts
[69]. Especially relevant are the findings that normal-weight
BED is characterized by a greater ‘drive for thinness’ [71],
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Table 1 Means, standard deviations, and p-value differences between
those with YFAS-diagnosed food addiction [FA] (n=16) and those
without [Non-FA] (n=17) in a sample of adults with binge eating

disorder (BED), and between Non-FA BED and obese adults without
BED or YFAS-FA (n=66)

Variable BED OBESE

FA Non-FA Non-BED/FA

Mean SD Mean SD p= Mean SD p=
Age 342 5.6 31.8 6.1 0.254 32.6 0.649
BMI 37.1 5.6 39.2 5.1 0.258 375 6.2 0.291
Emotional eating [80] 4.1 0.5 32 0.9 0.002 3.0 0.9 0.343
External eating [80] 3.8 0.4 3.4 0.6 0.034 3.4 0.6 0.939
Binge eating [81] 4.5 0.7 32 1.2 0.001 1.8 1.5 <0.0001
Hedonic eating [82] 82.9 154 64.1 18.0 0.003 53.0 17.5 0.023
Food cravings [83] 177.0 25.2 139.3 37.0 0.002 120.4 31.8 0.038
Addictive personality traits [84] 17.9 53 12.5 4.2 0.003 12.3 42 0.868
Impulsivity [85] 71.3 11.5 60.0 7.9 0.002 64.6 11.2 0.109
Depression symptoms [86] 21.2 13.8 10.4 7.4 0.008 10.6 8.5 0.925
ADHD symptoms (adult) [87] 354 17.2 25.6 13.5 0.076 25.2 12.7 0.908
ADHD symptoms (child) [88] 37.6 24.0 24.2 17.0 0.073 25.5 18.3 0.798

more pronounced cognitive and dietary restraint [72], and
significantly greater and more extreme compensatory
weight-control behaviors like skipping meals, exercising as-
siduously, and restricting intake [69].

Not surprisingly, a diagnosis of BED has been shown to
predict weight gain over time [73, 74]. Indeed it is physiolog-
ically axiomatic that chronic episodes of binge eating in the
absence of any compensation for the excessive ingestion of
energy put individuals at substantial risk for obesity as they
age. Therefore — and because one of the diagnostic criteria for
BED is the absence of “inappropriate compensatory behaviors
like purging, fasting, and excessive exercise” — the boundary
between normal-weight BED and non-purging bulimia nerv-
osa is clearly blurred at best, and their differences appear to be
largely a matter of calorie-sparing severity.

Considering the full complement of research, including
the pattern of response across our three study groups, findings
strongly suggest that overeating can be viewed as a dimension
reflecting its severity and its degree of compulsiveness (see
Fig. 1). At the low end is passive overeating with little to no
psychopathology, then mild and intermittent binge eating,
followed by sub-groups of BED with some scarcely
indistinguishable from normal-weight adults with non-
purging bulimia nervosa. Among overweight adults with
BED—a group who comprise the large majority of those with
BED—some manifest virtually no psychopathological or

Passive Overeating

Normal

Bingeing  BED

behaviorally-aberrant differences from BMI-matched adults
without BED except for their binge eating, and their elevated
responsiveness to highly palatable food. Others, however -
specifically those who meet the proposed YFAS criteria for
food addiction — express significantly more severe and com-
pulsive symptomatology, and psychopathological character-
istics akin to individuals with conventional drug-addiction
disorders. In other words, at the low end of the continuum
are those who — despite excessive calorie intake and weight
gain — display little or no behavioral pathology and psychiatric
disturbances, followed by those with a similar lack of pathol-
ogy except in relation to their compulsive binge eating. At the
high end of the continuum are those with BED who display
significant psychopathology and strong addictive tendencies
toward food. In particular, they are highly impulsive, manifest
significant mood disturbances, and display emotionally-
driven bouts of overeating.

Concluding Remarks

As we have seen in this review, many subscribe to the view
that compulsive overeating — a quintessentially-defining
feature of BED — shares pronounced similarities with con-
ventional addictions like substance abuse [31, 75¢, 76, 77].
Not surprisingly, such discussions have inspired cautious

‘Food Addiction’

Weight

Fig. 1 Patterns of overeating: a spectrum of compulsion and severity

Obese
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conclusions that some forms of excessive overeating are
most appropriately viewed as an addiction disorder. While
evidence for the validity of the food-addiction construct is
rapidly gaining ground, inevitably this perspective has also
found its detractors [78]. Unfortunately, some participating
on the negative side of the debate have, in presenting their
arguments, conflated obesity and overeating with ‘food
addiction’, which has clouded its distinctiveness and mud-
dled efforts to properly assess its diagnostic utility.

It is clearly a misinterpretation of the research for anyone
to perceive claims that a// cases of overeating — even prodi-
gious overeating—reflect an ‘addiction to food’, in the same
way as it would be nonsensical to say that all heavy drinkers
are alcoholics. In other words, there are no explicit asser-
tions from advocates of the food-addiction concept that
more than a subset of the population could, or would, be
affected by this condition. Like virtually all psychiatric
disorders, including drug abuse and behavioral addictions
such as pathological gambling, there is a relatively low base
rate in the population, even though the related symptoms
and endo-phenotypes exist in the general population along a
continuum of varying magnitude or severity. Most individuals
who use addictive substances — drugs or highly palatable
food - do not develop dependence. Many contributors explain
an individual’s propensity to these disorders. Moreover, it is
highly unlikely that a homogeneous set of risk factors pertains
to all phases of their development [79].
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