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Abstract

Purpose of Review With the literature on food addiction expanding rapidly, we aim to provide an overview of what is known
about this topic, including its assessment, prevalence, and associated behavioral, clinical, and neurobiological characteristics.
Recent Findings The literature presents compelling evidence for the validity of the concept of food addiction, revealing numerous
substantive parallels between compulsive overeating and substance use disorders. Research published since the introduction of a
formal measure of food addiction has examined neurobiological characteristics associated with food addiction, providing evi-
dence of similarities between neural responses in individuals with food addiction and those with substance use disorders.
Furthermore, food addiction has been associated with heightened depression, anxiety, and eating psychopathology. There is also
evidence of poorer treatment outcomes in clinical populations, highlighting the importance of continued investigation of this
condition.

Summary The extent to which food addiction is equivalent to substance use disorders remains an open question; however, it is
clear that the presence of food addiction has implications for physical and psychological health outcomes. A focus for future
research should be identifying specific symptoms of food addiction that contribute to these poor outcomes and greater psycho-
pathology, to inform the development of therapeutic interventions for food addiction.

Keywords Food addiction - Drug - Binge eating - Neurobiology - YFAS - Obesity

Introduction summarize the state of this research field, discussing what is

currently known about food addiction. The first section of our

The past decade has seen a surge in research on the topic of
“food addiction” [1]. Although the rewarding nature of food
has been recognized for some time [2], it is only recently that
an empirical measure of food addiction was developed [3].
Sophisticated neuroimaging techniques and behavioral para-
digms have revealed overlap in responses to food and addic-
tive drugs, and studies in both humans and animals have iden-
tified neural and behavioral parallels between compulsive eat-
ing and substance use disorders. Despite these advances, how-
ever, the idea that people can be addicted to food items in the
same way as they can to drugs of abuse remains controversial
(e.g., [4]). The broad scope of the current paper is to
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review defines food addiction, describing its classification,
prevalence, and commonly associated characteristics. We then
discuss research findings that support the notion of food ad-
diction, describing first the similarities between food and
drugs of abuse, and then parallels between overeating and
substance use disorders. In the third section, we discuss stud-
ies on the neurobiology of food addiction. Finally, we discuss
the validity and usefulness of the food addiction model of
overeating.

What Is Food Addiction?
Classification

The idea that food has addictive properties is not new [2]. Indeed,
the first use of the word “addiction” by one of the earliest addic-
tion journals (the Journal of Inebriety) in 1890 was in reference
to chocolate [5]. The year 1960 saw the introduction of
“Overeaters Anonymous”—a self-help group based on an
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addiction model of overeating, followed two decades later by the
“Foodaholics Group Treatment Program” [6]. Although the ad-
dictive potential of food was being discussed in the late nine-
teenth century [2], it was only in 2009 that a formal measure of
food addiction was introduced [3]. The Yale Food Addiction
Scale (YFAS; [3]) is a self-report measure based on the
Diagnostics and Statistical Manual of Mental Disorders’
(DSM) criteria for diagnosing substance-related and addictive
disorders [7, 8]. The original version of the YFAS was based
on symptoms of substance use disorders listed in the DSM-1V,
and assessed seven symptoms: (1) food taken in a larger amount
or for a longer period than intended; (2) persistent desire or
repeated unsuccessful attempts to reduce or stop intake of certain
foods; (3) Much time/activity to obtain, use, recover from eating
certain foods; (4) important social, occupational, or recreational
activities given up or reduced as a result of symptoms; (5) con-
tinued intake of the food(s) despite knowledge of adverse conse-
quences; (6) tolerance (requiring increasingly more of a food to
obtain the desired effects, or a markedly reduced effect of eating
the same amount); and (7) withdrawal (physical or psychological
symptoms when the individual reduces or stops intake of the
food). In line with the DSM’s criteria for diagnosing substance
use disorders, food addiction is considered present if three or
more symptoms are endorsed and the respondent reports distress
or impairment associated with their symptoms (assessed using
additional items on the YFAS). Responses on the YFAS are also
used to calculate a continuous symptom count (0—11), or to clas-
sify the level of food addiction as “mild,” “moderate,” or “se-
vere” based on the number of symptoms endorsed [9]. As
discussed later in this review, symptom count is sometimes used
to define “low” and “high” food addiction in research partici-
pants who do not necessarily meet the criteria for food addiction.

To reflect updated criteria for substance use disorders in the
DSM-5 [8], the YFAS 2.0 was introduced in 2016 [9]. The
main change in the YFAS 2.0 was the addition of four addi-
tional symptoms: (8) continued use despite social or interper-
sonal problems; (9) failure to fulfill major role obligations;
(10) intake of certain foods in physically hazardous situations;
and (11) craving or strong desire/urge to eat certain foods (see
Table 1 for a comparison of different versions of the YFAS).
The YFAS has been translated into several different languages
(e.g., [10-12]), and there are modified (shortened) versions of
both the original [13] and version 2.0 of the YFAS [14]. In
addition, Gearhardt and colleagues [15] adapted the content
and reading level of the original YFAS items to create the
YFAS for children (YFAS-C). A side-by-side comparison of
the items on each version of the YFAS can be seen in Table 1.

Prevalence
The prevalence of food addiction is estimated to be around

10% in individuals who fall into the “normal” body mass
index (BMI) category, and 25% in individuals classified as
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overweight or obese [16]. Studies of bariatric surgery candi-
dates, who typically have a BMI in the obese range, have
found the prevalence of food addiction to be around 15%
[17-20], with the exception of one study that found a preva-
lence rate of 25% [21]. Food addiction appears to be signifi-
cantly more prevalent in females than males; however, this
could reflect an over-representation of females in studies using
the YFAS [16]. Interestingly, studies so far suggest that food
addiction is more common in individuals aged over 35 years
compared to younger individuals [16], although studies
should be conducted to examine age differences
systematically.

The prevalence of food addiction is increased in individuals
who meet diagnostic criteria for bulimia nervosa or binge
eating disorder (BED; [16]). BED is characterized by recur-
rent binge eating episodes, during which the individual eats
more than would be eaten by most people over the same time
period, while experiencing a sense of loss of control. Bulimia
nervosa is also characterized by binge eating episodes, but
individuals also engage in compensatory behaviors such as
purging or excessive exercise [8]. According to the current
literature, the prevalence of food addiction is around 40—
60% in individuals with BED [22-25], and 84—100% in those
with bulimia nervosa [24, 26-28].

Associated Clinical and Behavioral Characteristics

The overlap and high comorbidity of food addiction and BED
has led some to query whether food addiction represents a
subtype of BED, rather than being a distinct disorder [1].
Indeed, the concepts of food addiction, BED, and obesity have
been conflated by researchers in the past [1, 29]. Despite their
similarities, however, several studies have shown that food
addiction and BED do not always co-occur [22, 30, 31]; for
example, Davis et al. [30] found that around half of those with
BED do not meet the criteria for food addiction, and around
30% of those with food addiction do not meet criteria for
BED. Likewise, not all individuals who meet criteria for food
addiction are overweight or obese [16, 32].

It is important from a treatment standpoint to distinguish
food addiction from BED and obesity, because food addiction
is associated with heightened psychopathology and poorer
treatment outcomes compared to BED and/or obesity alone.
Individuals with both BED and food addiction score higher on
measures of depression and emotion dysregulation, and are
lower in self-esteem, than those with BED alone [23].
Similar to substance use disorders, food addiction is associat-
ed with heightened impulsivity (e.g., [30]), and is significantly
comorbid with attention deficit hyperactivity disorder
(ADHD:; [30, 33]). Food addiction is associated with greater
eating psychopathology, such as emotional and external eat-
ing, binge-eating, and nighttime eating syndrome [2, 3, 19, 23,
24, 30, 34]. Food cravings are consistently higher in
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individuals who meet the criteria for food addiction [30, 35,
36]. Finally, food addiction is associated with higher BMI,
higher cholesterol, a history of smoking, and lower physical
activity [13]. More generally, food addiction in treatment-
seeking individuals is associated with a significantly lower
health-related and psychosocial quality of life [17, 37].

Some studies have found food addiction in treatment-
seeking individuals to be associated with less weight loss fol-
lowing treatment [38—40], although Koball and colleagues
[19] found that food addiction was not predictive of weight
loss, rehospitalization, or follow-up attendance in a sample of
patients who underwent bariatric surgery. Together, these be-
havioral and clinical outcome characteristics suggest that food
addiction is an important factor for consideration in treatment-
seeking populations, but further research is needed to examine
other factors that could explain the discrepancies between
studies.

Support for the Food Addiction Model
Food as an Addictive Substance

Foods that are high in sugar or fat tend to be more palatable
than others [41], leading to these foods being commonly
overconsumed in both healthy individuals [42] and those with
food addiction [21]. The observation that an animal will ex-
pend effort, and even endure pain [43, 44], to gain access to a
palatable food demonstrates the inherent reward value of food
[45]. Indeed, the most commonly craved food in humans is
chocolate (e.g., [46, 47])—a food high in both fat and sugar
[48]. Animals exposed to a high-sugar diet increase their in-
take of these foods after only a short period of exposure [49].
In addition, chocolate itself induces a conditioned and persis-
tent preference for the location where the food was delivered,
in a similar way to drugs of abuse (e.g., [50]). In some cases,
motivation for food surpasses motivation for other substances
commonly thought of as “addictive;” Lenoir and colleagues
[51] found that rats preferred heavily saccharin-sweetened
water over cocaine, regardless of cocaine dose, and even in
animals that had been previously conditioned to prefer cocaine
over the sweetened water. These results suggest that intense
sweetness, or supranormal stimulation of sweet receptors, can
be more rewarding than drugs of abuse. These findings also
have implications for the highly sugar-enriched food environ-
ment in modern society.

Neurophysiological and neuroimaging studies demonstrate
that palatable food intake can elicit a neural response similar to
that associated with addictive drugs such as cocaine.
Specifically, food and drug rewards are associated with striatal
dopamine release in both humans [52] and animals (e.g.,
[53]). In humans, this response is positively associated with
the subjective experience of hunger and food enjoyment [52,
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54]. Similarly, frontostriatal dopamine release relates to crav-
ing in cocaine use disorder [55]. A growing body of neuroim-
aging work now demonstrates substantial overlap between
palatable foods and addictive substances, with common pat-
terns of brain activation associated with exposure to food and
drug cues [56, 57]. This overlap could reflect a shared mech-
anism by which individuals develop dependence on palatable
food or drugs.

Prolonged exposure to high-fat or high-sugar foods is also
associated with neural changes similar to those associated
with chronic substance use. In rats, the expression of striatal
dopamine receptors is affected by long-term intake of a high-
fat [58], high-sugar [49], or “cafeteria” style [43] diet. Similar
alterations in dopamine receptor availability have been ob-
served in substance use disorders [59]. Although the direct
relationship between dietary intake and long-term alterations
in dopamine has not been examined in humans, alterations in
dopamine receptor availability have been found in individuals
who are obese or overweight [60, 61] and those who engage in
binge eating [62]. Preclinical studies are beginning to provide
mechanistic insights: in rats, exposure to high-fat foods com-
bined with food deprivation increases the expression of fuma-
rate hydratase, ATP synthase subunit alpha (ATP5al), and
transketolase [63]—proteins that have been identified as pos-
sible biomarkers of vulnerability to cocaine addiction [64].
Thus, both the acute and long-term effects of exposure to
certain food types bear resemblance to those associated with
drug use, supporting the idea that food could act as an addic-
tive substance.

Addictive Behavior in Animals Exposed to High-Fat
and High-Sugar Foods

In further support of the food addiction model, preclinical
studies show that animals exposed to high-sugar, high-fat,
and other highly palatable, high-energy diets display some
of the behavioral characteristics associated with substance
use disorders (for a review, see [65]). These behaviors map
onto many of the clinical criteria for substance use disorder.
Rats given restricted access to a sweet or high-fat food persist
in pressing a lever associated with reward for a longer period
(when the reward was no longer being delivered) than animals
given no or unrestricted access to the food [66, 67], exhibiting
attenuated extinction learning. The extended and persevera-
tive responding to obtain the rewarding food in these animals
could be analogous to “a great deal of time spent obtaining,
using, or recovering from substance use” in humans—one of
the core DSM-5 criteria for substance use disorders [8, 65].
Demonstrating continued use despite negative consequences
(as well as use in a physically hazardous environment),
Johnson and Kenny [43] found that rats exposed to the cafe-
teria diet—a varied diet comprising high-fat and high-sugar
foods—continued to access the food when doing so was
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associated with a conditioned foot shock (see also [44]). In
contrast, animals with no or restricted access to this diet re-
duced their food intake when the foot shock was introduced
[43]. In another study, animals continued to seek the food
when it had been altered to taste unpleasant [68].

Signs of withdrawal and tolerance have also been observed
in animals exposed to high-fat or -sugar diets. Animals given
intermittent access to sugar and chow exhibit withdrawal
symptoms, such as anxiety, aggression, and teeth-chattering,
when access to sugar is subsequently removed (for a review,
see [1]). Suggestive of tolerance, animals given either restrict-
ed or unrestricted access to high-sugar foods progressively
increase their intake after only a short period of exposure
[49]. A possible physiological marker of tolerance was report-
ed by Johnson and Kenny [43], who found that animals given
extended access to the cafeteria diet exhibit decreased sensi-
tivity to reward. Reward sensitivity was assessed using the
brain stimulation reward paradigm, in which reward threshold
is reflected in the intensity of electrical stimulation required to
elicit self-stimulation in an animal. Extended access (18-23 h
daily for 40 days) to the cafeteria diet was associated with
weight gain and a progressive increase in reward threshold
compared to animals given restricted (1 h per day) or no ac-
cess to the cafeteria diet [43].

Addictive Behavior in Humans Who Exhibit
Compulsive-Eating Tendencies

In humans, behaviors resembling characteristics of substance
use and addictive disorders are noted in some individuals who
are overweight and those who report compulsive eating.
People often eat to excess despite the known negative conse-
quences (e.g., weight gain, metabolic syndrome), and cravings
are reported by both healthy individuals (e.g., [69]) and those
with eating pathologies ([35, 70]. Eating can also preclude
social, occupational, and/or recreational activities: according
to a study by Lent and Swencionis [71], 60% of bariatric
patients report that they sometimes forego other activities in
favor of eating. The same study found that a significant
amount of variance in social isolation was accounted for by
scores on a putative measure of “addictive personality” (com-
prising items from the Eysenck Personality Questionnaire)
that were previously found to discriminate individuals with a
substance use disorder from those without [72], possibly sug-
gesting that social activities were given up. The progression of
symptoms in bulimia nervosa could also point to aspects of
tolerance in humans; tentative evidence suggests that longer
duration of the illness is associated with increased frequency,
duration, and severity of binge eating episodes (data cited in
[3]). Finally, the presence of self-help groups akin to
Alcoholics Anonymous to help people moderate their eating
[73] demonstrates that many people eat larger amounts or for
longer periods than intended, and engage in (often

unsuccessful) attempts to control their food intake. Indeed,
the presence of these grass-roots mutual support organizations
that adapt addiction-related perspectives reveals the extent to
which individuals in the community resonate with the paral-
lels between food addiction and drug addiction.

Another line of evidence in support of the food addiction
model is that individuals who engage in pathological overeat-
ing display some of the same characteristics as individuals
with substance use disorders. Specifically, individuals with
BED show higher levels of impulsivity, anxiety, and depres-
sion compared to individuals without eating or addictive dis-
orders (for a review, see [74]). Importantly, impulsivity is in-
creasingly understood as a multidimensional construct (e.g.,
[75]) and food addiction has exhibited particularly notable
associations with two forms of impulsivity: negative urgency
(e.g., [76, 77]) and delay discounting [78]. In the first case,
negative urgency refers to a tendency to act out in response to
negative affect and it is an impulsive personality trait that has
been robustly associated with substance use disorders in nu-
merous previous studies (for meta-analyses, see [79-81]). In
the second case, delay discounting is a behavioral economic
index of impulsivity that reflects how much a person values
smaller immediate rewards relative to larger delayed rewards.
Steep discounting of future rewards has been associated with
substance use disorder [82, 83], ADHD [84], and obesity [85]
in recent meta-analyses, and, interestingly, food addiction
symptom score mediated the link between delay discounting
and obesity in a recent study [78].

Finally, environmental antecedents of consumption appear
to be the same for food addiction and drug addiction. In the
same way that individuals with substance use disorders dis-
play attentional biases towards drug-relevant stimuli [86], in-
dividuals with BED show an attentional bias towards food
(e.g., [87]). In addition, high-palatability food cues elicit crav-
ing and other appetitive responses (e.g., [88]), akin to drug
cues [89]. Substance use disorders and BED also show similar
epidemiological features: chronic or early life stress are
strongly associated with the development of both BED [90]
and substance use disorders [91], and acute stress is a common
antecedent of binge eating episodes and substance use [92,
93]. This shared risk factor could suggest a common mecha-
nism contributing to the development of BED and substance
use disorders whereby the experience of early/chronic stress
or trauma can alter subsequent reward responses in these
individuals.

Neurobiology of Food Addiction in Humans

To date, few studies have examined the relationship between
neural activity and food addiction symptoms as measured by
the YFAS; however, those that have support the notion of
distinct characteristics associated with food addiction.
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Gearhardt and colleagues [94] found that when anticipating
receiving a palatable milkshake, food addiction severity was
positively related with left hemisphere activity in the medial
orbitofrontal cortex (OFC), anterior cingulate cortex (ACC),
and amygdala. Individuals with high YFAS scores (three or
more symptoms) also showed greater milkshake anticipatory
activity in the left dorsolateral prefrontal cortex (DLPFC)—a
region implicated in inhibitory control and reward expectancy
[95]. Heightened amygdala activity during food cue exposure
is associated with higher self-rated hunger and desire to eat
[96], while medial OFC and ACC activity is associated with
higher trait reward sensitivity [97]. These findings point to the
particular importance of anticipatory processing and food re-
ward expectations in food addiction. Heightened responsivity
of these regions during anticipation of palatable food intake
could thus contribute to the difficulty in controlling food in-
take that is characteristic of food addiction. Neural responses
during actual receipt of the milkshake was not associated with
YFAS scores, although individuals who endorsed three or
more food addiction symptoms showed lower activity in the
left lateral OFC compared to individuals who endorsed one or
no symptoms [94]. Interestingly, increased activity in the lat-
eral OFC was associated with increasing satiety in a study of
chocolate consumption in healthy participants [98], so it is
possible that the relatively low lateral OFC activity during
milkshake receipt in individuals with food addiction reflects
a weaker satiety response.

There is also emerging evidence for altered neural activity
in food addiction, independent of cue reactivity. Similar to
Gearhardt and colleagues [94], de Ridder and colleagues
[99] reported a positive correlation between YFAS scores
and activity in the ACC, but this time in a study of resting-
state brain activity. In their study, rostral ACC gamma band
activity was positively associated with self-rated hunger in
individuals with high YFAS scores (6.8 symptoms on aver-
age). This is also one of the first studies to include a control
comparison group with substance use disorder and found that
self-rated craving also related to rostral ACC gamma-band
activity in individuals with alcohol use disorder. By contrast,
individuals with obesity who had low YFAS scores (3.5
symptoms on average) showed no correlation between hunger
ratings and gamma-band activity in the rACC, but a negative
correlation between hunger and beta-band activity in the same
area. Conjunction analyses showed common areas of activity
for individuals with high YFAS scores and those with alcohol
use disorder, but no significant overlap between the low
YFAS and alcohol use disorder group. These findings suggest
common resting-state activity in individuals with higher food
addiction symptoms and those with alcohol dependence with
similar relationships with hunger and drug craving [99].

Food addiction is also associated with greater functional
connectivity within frontoparietal brain regions [100], which
is similar to what has been observed in individuals with
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substance use disorders (e.g., [101, 102]). Finally, a neuroim-
aging study of adolescents with BMIs in the overweight or
obese range found no association between neural activation
during gustatory cue exposure and YFAS scores [103].
Although the lack of association reported in this study is at
odds with the results of the other studies [94, 99, 100], it is
important to note that the average YFAS score was lower in
Feldstein Ewing and colleagues’ participants compared to pre-
vious samples. It is possible that the range of food addiction
severity was not large enough to detect neural differences in
this sample. It is also possible that neurodevelopmental factors
affected the relationship between food addiction and brain
activity in this sample of adolescents.

Differences in the dopaminergic system have also been
linked to food addiction [35, 36]. Food addiction was posi-
tively associated with a genetic marker of heightened dopa-
mine signaling, which also correlated with binge eating, food
cravings, and emotional eating [35]. Alterations in dopamine
transmission in the reward system have been observed in in-
dividuals with BED [62] and those with substance use disor-
ders [59]; these findings support the notion of common mech-
anisms underlying compulsive behavior in these conditions.
Along the same lines, Davis et al. [36] found that individuals
who met the criteria for food addiction showed no change in
appetite when they received the dopamine agonist methylphe-
nidate, which is typically associated with appetite suppression
(e.g., [104, 105]). These findings suggest unique food intake
patterns following a pharmacologic challenge as well as alter-
ations in dopamine signaling strength in food addiction—the
latter being similarly characteristic in substance use disorders.

Validity and Usefulness of the Food Addiction
Model

Although there is clear overlap between neural activity asso-
ciated with anticipation/intake of addictive substance and pal-
atable food, there are also clear distinctions between food and
drugs which bring into question the validity of the food ad-
diction model (e.g., [4]). A complication for the food addic-
tion model, which does not typically apply for drug addiction,
is that food is essential for life. It is unclear where the line
between use and misuse of certain foods lies, making it diffi-
cult to advocate for any treatment involving abstinence or
reduction of intake. In defense of the food addiction model,
the YFAS asks respondents about their eating behavior with
regard to “certain foods,” rather than food in general [3].
Therefore, the fact that food (unlike addictive drugs) is con-
sumed ubiquitously is in some ways irrelevant to the validity
of the food addiction model. Indeed, a food addiction model
does not propose that compulsive behavior pertains to all
foods, but rather those high in fat, sugar, or salt, which phar-
macodynamically act like addictive drugs in the brain (i.e.,
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provoking acute increases in dopaminergic and opioidergic
release, and other changes in neural activity). If food addiction
is considered in terms of dependence on specific food types—
for example, chocolate, sweets, fast-food—then
distinguishing “use” from “misuse” is more feasible and
useful.

With a strong focus on the overlap between neural process-
ing of addictive drugs and palatable food, the relative
magnitude of these responses is often overlooked; addictive
drugs are typically more potent in evoking reward-related ac-
tivity compared to food rewards [106, 107]. This does not
preclude the possibility that individuals can become addicted
to food in a similar way to drugs of abuse, but could lead to a
different presentation of symptoms in each. For example, it is
possible that symptoms such as withdrawal and tolerance are
present but much less discernible in food addiction compared
to drug addiction, simply because the neural responses to food
are smaller than those to drugs. If this is the case, we might
expect higher reward sensitivity to be associated with stronger
signs of withdrawal and tolerance in an individual with food
addiction.

Another point of discussion is whether it is meaningful
to calculate a continuous symptom score in individuals who
do not meet “diagnostic” criteria for food addiction [4]. In
some cases, participants have been classified as being
“high” or “low” in food addiction symptomology (e.g.,
[94, 99]), and behavioral or neural variables compared be-
tween the two groups. If we assume that food addiction and
its classification using the DSM’s criteria for substance use
disorders is valid, then it could be argued that the only
meaningful comparison is between individuals who meet
criteria for food addiction and those who do not. That is,
there is no theoretical basis on which to assume fundamen-
tal differences between individuals with different sub-
clinical levels of food addiction. Furthermore, the number
of symptoms present can vary considerably across samples,
meaning that high and low food addiction can look very
different in different studies. For example, the average
symptom count of the “high food addiction” group in one
neuroimaging study [94] was closer to the symptom count
of the “low food addiction” than the high food addiction
group in another study [99]. It is also not always clear how
many of the individuals endorse significant impairment or
distress associated with their symptoms; since this symp-
tom is necessary to meet criteria for food addiction, it
should be at least reported in any study using the term “ad-
diction.” To facilitate comparisons across studies, it would
be useful to standardize the definitions of high and low food
addiction, or to compare only those who endorse clinically
significant symptoms. Given the varying symptoms of food
addiction assessed by the YFAS, examining neural or be-
havioral correlates of specific symptoms might be most
valuable in cases where not all symptoms are endorsed.

Behavioral or Chemical Addiction?

Although certain combinations of food nutrients and sensory
properties are associated with reward-related neural activity,
there has been debate over whether food addiction would be
better conceptualized as “eating behaviour,” putting it more
akin to behavioral addictions such as gambling disorder [108,
109]. In favor of the “eating addiction” model, Hebebrand and
colleagues state that there is little evidence of any one food or
food component being addictive, and that individuals who
overeat typically eat a wide range of different foods and have
diverse food preferences [108]. However, Schulte and col-
leagues [109] argue that in order to be considered a behavioral
addiction, the type of food eaten should have no effect on
whether or not addictive-like eating develops—a feature that
is refuted by findings that foods high in fat and sugar are most
closely associated with addictive-like eating [109]. According
to Schulte and colleagues, gambling disorder is characterized
by compulsive engagement in a behavior (gambling) that in
itself is rewarding. Although money (typically the object of
gambling) is a rewarding stimulus, it is the behavior of gam-
bling—with its intermittent rewards and inherent risk of
losses—that becomes reinforcing [109].

It is possible that gambling increases the reward value of
money [109]; in the same way, food might become more re-
warding with certain patterns of intake (e.g., binge eating,
stress-induced eating). However, an important difference be-
tween food and money is that food is considered a primary
reinforcer (i.e., inherently rewarding), whereas money is a
secondary reinforcer since it is conditioned to be rewarding
(at least in many societies). Compulsive sexual behaviors
might be more akin to addictive-like eating, since sex—Ilike
food—is considered a primary reinforcer. Indeed, compulsive
sexual behavior (also referred to as “hypersexuality,” “sex
addiction,” and “excessive sexual drive”) has been compared
to substance use and addictive disorders [110]. While more
systematic studies are necessary, early findings demonstrate
neurobiological similarities across addictions (both substance-
based and non-substance-based), hypersexuality, and food ad-
diction (Table 2).

Summary and Future Directions

At this point, the evidence for addictive properties of certain
foods and overlap between compulsive eating behavior and
substance use disorders is compelling. Preclinical and human
studies alike demonstrate that foods high in fat and sugar elicit
neural responses that are qualitatively similar to those associ-
ated with addictive drugs, suggesting that exposure to these
foods could produce a cluster of symptoms similar to those
seen in substance use disorders. Neuroimaging and pharma-
cological studies show that individuals who meet the YFAS
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Table 2 (continued)

Food addiction

Hypersexuality

Gambling disorder

Substance use disorder

palatable milkshake. Individuals high in

behavior; functional connectivity in

these

individuals with gambling

disorder [113, 114]

response to drug cues in individuals

food addiction show greater DLPFC

activity during anticipatory

with substance use disorders [111, 112]

areas correlated with subjective

desire [115]

processing (compared to those
low in food addiction; [94])
Suppresses food intake and stress-

Evidence of effectiveness in reducing

Evidence of effectiveness in treating

FDA-approved treatment for alcohol

Effect of opioid

induced hyperphagia in animals.

sexual urges and compulsive sexual

behaviors [119, 120]

gambling disorder [117, 118]

use disorder. Reduces craving

antagonists

Reduced binge size in females with

and euphoria associated with alcohol
intake in individuals with alcohol

use disorder [116]

bulimia nervosa. Reduces pleasantness
ratings of glucose solutions (for

a review, see [121]

Decreased ventral striatal responses to

Striatal activation ~Altered dopamine transmission [59] and activity Mixed findings on striatal responsivity ~ Striatal responses to subliminally-

monetary cues in individuals

presented sexual stimuli enhanced by

dopamine agonist and reduced by
dopamine antagonist [126]. Side
effect of L-dopa treatment for

to monetary cues in individuals with

in ventral striatum (e.g., [122, 123]) strongly

associated with

and

gambling disorder (e.g., [124, 125]) with BED [127]; alterations in

dopaminergic
systems

dopamine transmission in BED

substance use disorders

[62] and food addiction [35, 104]

Parkinson’s disease is hypersexuality

criteria for food addiction show similar patterns of resting and
task-related brain activity and similar alterations in dopamine
transmission as are seen in substance use disorders. Studies of
clinical populations suggest that food addiction has detrimen-
tal effects on several aspects of physical and mental health,
although causal relationships have not yet been established.
To better understand the relationship between the core symp-
toms of food addiction and other health outcomes, longitudi-
nal studies should be conducted to examine the development
and course of food addiction in clinical and non-clinical pop-
ulations. Given discrepant findings on the clinical implica-
tions of food addiction, another priority for this research area
is to more closely examine the influence of specific symptoms
of food addiction, and their interaction with other behavioral
and physiological variables, on treatment outcomes.
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