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Abstract

Food addiction (FA) is loosely defined as hedonic eating behavior involving the consumption of 

highly palatable foods (ie, foods high in salt, fat, and sugar) in quantities beyond homeostatic 

energy requirements. FA shares some common symptomology with other pathological eating 

disorders, such as binge eating. Current theories suggest that FA shares both behavioral similarities 

and overlapping neural correlates to other substance addictions. Although preliminary, 

neuroimaging studies in response to food cues and the consumption of highly palatable food in 

individuals with FA compared to healthy controls have shown differing activation patterns and 

connectivity in brain reward circuits including regions such as the striatum, amygdala, 

orbitofrontal cortex, insula, and nucleus accumbens. Additional effects have been noted in the 

hypothalamus, a brain area responsible for regulating eating behaviors and peripheral satiety 

networks. FA is highly impacted by impulsivity and mood. Chronic stress can negatively affect 

hypothalamic–pituitary–adrenal axis functioning, thus influencing eating behavior and increasing 

desirability of highly palatable foods. Future work will require clearly defining FA as a distinct 

diagnosis from other eating disorders.

1. INTRODUCTION

The primary focus of this chapter is to discuss the current understanding of food addiction 

(FA) in light of neurobehavioral models based on findings from advanced neuroimaging 

tools. Recent literature suggests that biological, psychological, behavioral, and nutritional 

components play a part in the etiology and persistence of FA (Gearhardt et al., 2011; 

Parylak, Koob, & Zorrilla, 2011; Singh, 2014; Sinha & Jastreboff, 2013; Ziauddeen, Alonso-

Alonso, Hill, Kelley, & Khan, 2015). In the United States, more than two-thirds of adults are 

considered overweight or obese, and obesity is linked to an array of health risks, ranging 

from type 2 diabetes and heart disease to breast, colon, endometrial, and kidney cancer (The 

National Institute of Diabetes and Digestive and Kidney Diseases, 2012). Although “food 

addiction” and “obesity” are often used interchangeably, these designations correspond to 

unique underlying concepts. FA is loosely defined as a behavior involving the uncontrollable 
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urge or insatiable desire to continue eating past what would be considered a physical or 

metabolic need (Parylak et al., 2011) whereas obesity is defined by a body mass index 

(BMI) of 30 and above (National Institutes of Health & Department of Health and Human 

Services, n.d.). A person can have a FA and not be obese. Conversely, one can be obese and 

not have a FA, although obesity may be a consequence of FA, and therefore FA incidence 

may be higher among this population (Meule, 2011; Pursey, Stanwell, Gearhardt, Collins, & 

Burrows, 2014).

From a theoretical and research-based viewpoint, it is important to distinguish between FA 

and other eating disorders. The Diagnostic and Statistical Manual, 5th Edition (DSM-5) 

describes criteria for “Feeding and Eating Disorders” (American Psychiatric Association, 

2013a) of which the three most prevalent are anorexia nervosa, bulimia nervosa, and binge-

eating disorder. Anorexia nervosa is characterized by restriction of energy intake relative to 

requirements and significantly low body weight. Bulimia nervosa includes episodes of 

binge-eating and compensatory behaviors to prevent weight gain. Lastly, binge-eating 

disorder involves recurrent binge-eating episodes along with extreme distress surrounding 

the binge-eating behavior (American Psychiatric Association, 2013a). Community studies 

including participants with a diverse weight range showed that individuals with FA, but not 

binge-eating disorder, report significant levels of impairment and distress, including 

depressive symptoms, impulsivity, and negative affect (Gearhardt, Boswell, & White, 2014). 

Among individuals who meet criteria for FA, the frequency of binge-eating disorder ranges 

from 27% to 30%, suggesting a high comorbidity between the two conditions (Davis et al., 

2011; Gearhardt, Boswell, & White, 2014). While there is a strong association between FA 

and eating disorders, predominantly bulimia nervosa and binge-eating disorder, they have 

distinctly different presentations, particularly related to the frequency and level of 

symptomology. FA appears to be marked by more severe depression, negative affect, and 

general levels of distress compared to other eating disorders.

As a concept, addiction to food is complex, and its meaning has evolved over time. It is 

necessary to operationalize this notion in order to provide a framework for further 

investigation. In a review of over 40 papers on the definition of addiction, Sussman and 

Sussman (2011) formulated a list of criteria: (1) partaking in behavior due to appetitive 

effects; (2) spending a great deal of time thinking about, obtaining, using, and recovering 

from the effects of the substance; (3) satiation, described as a period of time directly after 

the use of a substance when the addictive behavior temporarily subsides only to return quite 

quickly as the effects dissipate; (4) impulsivity or loss of control over the behavior; and (5) 

suffering negative psychosocial, emotional, and health consequences. The concept of FA 

will be evaluated using these criteria. Addiction, as defined by Sussman and Sussman 

(2011), closely resembles the DSM-5 criteria for substance use disorders (American 

Psychiatric Association, 2013b). The Yale Food Addiction Scale Version 2.0 (YFAS 2.0), 

the only currently existing operational measure of FA, is based on DSM-5 criteria 

(Gearhardt, Corbin, & Brownell, 2016). The YFAS 2.0 maps onto the DSM-5 criteria for 

addiction by asking questions about time spent on eating and the quantity of food consumed, 

unsuccessful efforts to cut down despite high motivation, time spent on obtaining food, 

presence of cravings, eating habits negatively impacting obligations and social relations, 

eating despite negative physical consequences, a need for greater food intake to achieve 
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satiety (ie, tolerance), and negative physiological or psychological feelings when eating 

certain foods is stopped (ie, withdrawal) (American Psychiatric Association, 2013b; 

Gearhardt et al., 2016).

A meta-analysis including 28 studies found a weighted mean prevalence for FA of 19.9% 

among adults in the United States (Pursey et al., 2014). When looking at studies that 

addressed sex differences specifically, rates were greater in woman than in men (12.2% vs 

6.4%). Overweight/obese subjects had higher rates of FA than those with a healthy BMI 

(24.9% vs 11.1%). Lastly, FA also appears to be more prevalent in individuals 35 years and 

older than in individuals younger than 35 (22.2% vs 17.0%). Although these findings should 

be interpreted with caution, because the majority of participants were female and obese, they 

provide initial insight into the number of people in the United States with FA (Pursey et al., 

2014).

Neuroimaging permits researchers to study the effects of food-related stimuli on specific 

brain regions and their intrinsic functional connectivity. Specifically, functional magnetic 

resonance imaging (fMRI) can be used to measure the blood oxygenation level-dependent 

response to stimuli or at rest. A variety of eating behaviors, including the processing of 

tastes, appearances, and scents of food, and satiety, reward, motivation, reappraisal, craving, 

and consumption associated with food have been investigated with fMRI (Giuliani & Pfeifer, 

2015; Huerta, Sarkar, Duong, Laird, & Fox, 2014; Jiang, Soussignan, Schaal, & Royet, 

2015; Murdaugh, Cox, Cook, & Weller, 2012; Robinson, Fischer, Ahuja, Lesser, & 

Maniates, 2016; Rolls, 2015; Rolls, Kellerhals, & Nichols, 2015; Simmons et al., 2014; 

Thomas et al., 2015; van Bloemendaal et al., 2015; Wang, Smith, & Delgado, 2016). 

Evaluation of FA has demonstrated alterations in brain regions involved in reward 

processing, homeostatic regulation, emotional reactivity, and executive control (Gearhardt, 

Boswell, & Potenza, 2014; Lao-Kaim et al., 2015; Simon et al., 2016; Ziauddeen, Farooqi, 

& Fletcher, 2012). Because neuroimaging of FA is still in preliminary stages, only a few 

studies are currently available to review.

2. FACTORS THAT LEAD TO THE FORMATION OF FA

2.1 Hyperpalatable Foods

Specific types of foods, frequently referred to as “palatable” or “hyperpalatable,” due to 

their high content of salt, sugar, and fat (Gearhardt, Grilo, DiLeone, Brownell, & Potenza, 

2011), are considered to have addictive potential (de Macedo, de Freitas, & da Silva Torres, 

2016) because they contain a high density of nutrients or additives (Meule, 2015). Schulte, 

Avena, and Gearhardt (2015) asked a group of 120 undergraduate students to indicate which 

among a nutritionally varied list of 35 foods were most addictive. Analyses revealed that the 

most common foods chosen were processed, had a high-fat content, and a high glycemic 

load, a measure of the extent to which a carbohydrate affects blood sugar levels (Monro & 

Shaw, 2008). It is possible that diets high in palatable foods along with other risk factors can 

increase risk for developing a FA (Gearhardt, Davis, Kuschner, & Brownell, 2011). For 

example, it has been shown with fMRI that even in healthy young women, viewing pictures 

of highly palatable food or drinks activated brain regions of the reward circuitry (Gearhardt, 

Yokum, et al., 2011).
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2.2 Operant Conditioning

Operant conditioning can help explain how an individual may transition from occasional, 

nonpathological consumption of hyperpalatable foods to problematic, addictive eating. The 

evolution of drug addiction may be explained by a learned process wherein a person is 

initially motivated by the rewarding aspects of a substance, such as feeling “high” or 

experiencing elevated mood (positive reinforcement) (Koob, 2000; Weiss et al., 2001). As 

time progresses, motivation shifts from desire for positive experiences to avoidance of 

aversive experiences, such as those that accompany withdrawal. This avoidance is achieved 

through continued use of the substance despite the loss of the original euphoric feeling 

(negative reinforcement) (Koob, 2000, 2003; Weiss et al., 2001). It has been hypothesized 

that this same model applies to hyperpalatable foods leading to FA (Meule & Kubler, 2012). 

Initially, one may be motivated to eat specific energy-dense foods due to the rewarding 

feelings elicited when eating such foods (Parylak et al., 2011). Over time, the consumption 

of highly palatable foods may lead to neuroadaptations in brain reward centers involving the 

downregulation of D2 receptors, as seen in other substance addictions: motivation switches 

to a desire to ameliorate negative emotional or physiological states, such as depression, 

anxiety, irritability, or other somatic symptoms related to absence of the highly palatable 

food (de Macedo et al., 2016; Meule & Kubler, 2012; Parylak et al., 2011). To date, most of 

the evidence for this type of neuroplasticity in FA comes from animal studies (Ahmed et al., 

2014; Johnson & Kenny, 2010; van de Giessen et al., 2013).

2.3 Mood and Stress

There is evidence that those with FA or FA symptomology may be using addictive eating 

behaviors to cope with negative emotional states (Micanti et al., 2016). For example, binge-

eating behavior is associated with psychosocial factors such as negative affect and mood 

dysregulation (Micanti et al., 2016), weight cycling (Zwaan, Engeli, & Muller, 2015), body 

dissatisfaction (Goldschmidt, Wall, Choo, Becker, & Neumark-Sztainer, 2016), fear of self-

compassion (Kelly, Vimalakanthan, & Carter, 2014), and neuroticism (Womble et al., 2001). 

Individuals who are underweight or normal weight report lower food consumption when 

experiencing negative emotions than when experiencing positive emotions. The inverse is 

true for overweight individuals, who consume more food when experiencing negative 

emotions (Geliebter & Aversa, 2003). Similar results were seen in a group of women who 

scored high on the YFAS and showed significantly higher levels of depression than those 

whose scores did not indicate FA (Berenson, Laz, Pohlmeier, Rahman, & Cunningham, 

2015. There is also substantial evidence to support the connection between stress and 

addiction (Cui et al., 2013; Koob, 2013; Spanagel, Noori, & Heilig, 2014; Taylor et al., 

2014). Stress has been found to be associated with a change in eating patterns, including 

binging episodes and craving highly palatable foods (Sinha & Jastreboff, 2013). Negative 

affect and stress may also represent withdrawal in individuals with FA when consumption of 

highly palatable foods stops; thus, leading to increased motivation to continue addictive 

eating habits in an effort to mitigate the negative symptoms (Avena, Bocarsly, Hoebel, & 

Gold, 2011; Avena, Bocarsly, Rada, Kim, & Hoebel, 2008). This process is consistent with 

other substance addictions that maintain the addictive cycle through engagement in the 

addictive behavior, leading to satiation and tolerance, withdrawals and cravings, and 

continued use of the substance (Sussman & Sussman, 2011).
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2.4 Food Cues

Mood states may differentially impact attention given to food cues in those with and without 

FA (Frayn, Sears, & von Ranson, 2016). Frayn et al. (2016) found that after inducing a sad 

mood, those with diagnosed FA (via YFAS) showed increased attention to unhealthy food 

cues compared to healthy controls. Functional neuroimaging studies consistently report that 

substance-related cues increase activation of reward networks involving the dorsolateral 

prefrontal cortex, orbitofrontal cortex, anterior cingulate cortex, amygdala, insula, and 

striatum and in addicted vs healthy subjects, assumed to contribute to continued use and 

relapse (Franklin et al., 2007; McBride, Barrett, Kelly, Aw, & Dagher, 2006). Conversely, 

when the desired substance is used, it typically leads to decreased reward circuit activation 

(Martinez et al., 2005, 2007; Volkow et al., 1997). This suggests that addicted individuals 

relative to healthy controls place a higher reward value on substance-related cues, but 

experience a lower level of satiation when the substance is used.

There is some indication that similar patterns exist in obese individuals when responding to 

food cues: these individuals show greater activation in the left dorsomedial prefrontal cortex, 

orbitofrontal cortex, right precentral gyrus, anterior cingulate cortex, amygdala, striatum, 

mediodorsal thalamus, and right parahippocampal gyrus (Brooks, Cedernaes, & Schioth, 

2013; McBride et al., 2006). Like other drug-addicted individuals, those who are obese show 

less dorsal striatal and medial orbitofrontal cortex activation during the consumption of their 

“drug of choice” (Stice, Spoor, Bohon, & Small, 2008; Stice, Spoor, Bohon, Veldhuizen, & 

Small, 2008). As obesity is commonly associated with FA, it was hypothesized that similar 

activation patterns would be found in individuals who were diagnosed with a FA. Gearhardt, 

Yokum, et al. (2011) found that individuals who scored high on the YFAS (endorsed four or 

more items) showed activation in the left anterior cingulate cortex, left medial orbitofrontal 

cortex, and left amygdala when presented with a highly palatable food cue (ie, a chocolate 

milkshake solution administered through a syringe into the mouth of the subject while in the 

scanner), while those with low YFAS scores did not. Furthermore, the FA group showed 

decreased activation in the lateral orbitofrontal cortex during consumption of highly 

palatable food (Gearhardt, Yokum, et al., 2011). These results mirror those reported in 

research on other substance addictions, as well as those seen among obese individuals 

(Brooks et al., 2013). This provides evidence for a neurobiological mechanism underlying 

reward circuitry activation in individuals with FA.

2.5 Craving

Individuals with a high affinity for palatable foods have an increase in the strength of 

cravings when exposed to food cues (Stojek, Fischer, & MacKillop, 2015). Food craving for 

sweet or carbohydrate-rich foods was found to be a partial mediator between addictive 

eating and both elevated BMI and binge-eating episodes (Joyner, Gearhardt, & White, 

2015), while cravings for high-fat foods appeared to mediate the relationship between 

addictive eating and elevated BMI (Joyner et al., 2015). Craving is a dynamic process, 

engaging reward, emotional, salience, self-referential, executive control, and memory 

networks (Ekhtiari, Nasseri, Yavari, Mokri, & Monterosso, 2016). A resting-state fMRI 

study showed increased functional connectivity between striatal reward network regions and 

self-referential default mode network regions (medial prefrontal cortex, posterior cingulate 
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cortex, and angular gyrus), insula, and somatosensory cortex in overweight subjects (BMI > 

25) relative to healthy controls. In addition, food-craving scores were positively correlated 

with the increased functional connectivity in the dorsal striatum (Contreras-Rodriguez, 

Martin-Perez, Vilar-Lopez, & Verdejo-Garcia, 2015). As suggested by the authors, the 

presence of increased connectivity in the dorsal striatal network observed in obese, but not 

normal weight subjects, provide evidence for neural adaptations in brain reward circuitry 

that may contribute to addictive eating. In addition to the striatum, brain reward regions 

usually associated with food cravings include the ventral tegmental area, nucleus 

accumbens, amygdala, and hippocampus (Frankort et al., 2014). Subjects given a 

monotonous diet for 1.5 days, consisting only of the complete nutrition drink “Boost,” had 

greater brain activation in the insula, caudate, and hippocampus in response to cues of their 

favorite foods vs the monotonous food, ie, “Boost” (Pelchat, Johnson, Chan, Valdez, and 

Ragland (2004). The brain regions observed during cravings for favored foods overlapped 

with those seen for drug cravings, indicating that activation patterns of reward circuitry 

related to cravings may be similar in both FA and drug addiction (Volkow, Fowler, Wang, & 

Goldstein, 2002).

2.6 Impulsivity

Impulsivity, defined as an unplanned response to internal or external stimuli, without prior 

forethought and a disregard for potential negative consequences (Bari & Robbins, 2013), 

may account for reward-seeking behavior, and is associated with higher rates of relapse 

among addicted individuals (Doran, Spring, McChargue, Pergadia, & Richmond, 2004; 

Miller, 1991). Impulsivity includes difficulties with response inhibition and the inability to 

delay gratification, as evidenced by choosing an immediate reward over a long-term benefit 

(Winstanley, Eagle, & Robbins, 2006). Higher levels of impulsivity may be associated with 

hedonic eating (ie, eating after energy requirements have been met) patterns (Nederkoorn, 

Smulders, Havermans, Roefs, & Jansen, 2006). Impairments in impulse control mechanisms 

contribute to many disorders, including binge eating, bulimia nervosa, drug addiction, 

alcoholism, and Internet gaming (Alhassoon, Sorg, Stern, Hall, & Wollman, 2015; Chen et 

al., 2016; Ding et al., 2014; Gearhardt, Boswell, & Potenza, 2014; Goldstein & Volkow, 

2011).

Studies indicate that aberrant activities in regions such as the prefrontal cortex, anterior 

cingulate cortex, inferior frontal gyrus, and orbitofrontal cortex may be accompanied with 

impulsive behaviors (Davids et al., 2010; Tang, Posner, Rothbart, & Volkow, 2015; Uher et 

al., 2004). In a delay discounting task study, decreased activation of executive brain regions 

(ie, frontal gyri and inferior parietal lobule) in obese subjects was correlated to increased 

impulsivity as well as future weight gain (Kishinevsky et al., 2012; Stoeckel, Murdaugh, 

Cox, Cook, & Weller, 2013). These results suggest deficits of inhibitory functions in obese 

subjects. In addition, other self-regulatory control studies showed that people with bulimia 

nervosa had increased impulsivity with abnormal anterior cingulate and frontal cortical 

engagement (Marsh et al., 2011, 2009). Additional results suggest that those with disordered 

eating may have dysfunctional frontostriatal systems leading to a loss of control over feeding 

behavior. Deficient executive control, associated with impulsivity, as well as dysregulated 

craving and reward circuitry, may contribute to FA.
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3. MAINTENANCE OF FA

3.1 Food Reward and Motivation

The mechanisms that contribute to maintaining FA are hypothesized to be similar to those in 

alcohol and illicit substance addictions (Avena et al., 2011; DiLeone, Taylor, & Picciotto, 

2012; Hone-Blanchet & Fecteau, 2014). Similarities are primarily related to the effects these 

addictions have on the brain reward circuit (Parylak et al., 2011; Val-Laillet et al., 2015; 

Ziauddeen et al., 2015). The dopaminergic mesolimbic reward pathway connects the ventral 

tegmental area to the nucleus accumbens and is associated with positive reinforcement, food 

reward, and addiction (Volkow, Wang, Fowler, Tomasi, & Baler, 2012). Animal studies have 

shown that food has rewarding properties and can increase the firing rate of dopamine 

neurons and the release of dopamine in the nucleus accumbens (Hernandez & Hoebel, 1988; 

Norgren, Hajnal, & Mungarndee, 2006). Consumption of foods high in sugar content 

triggers the release of endogenous opioids in the nucleus accumbens, thus activating the 

dopaminergic reward system (Lerma-Cabrera, Carvajal, & Lopez-Legarrea, 2016). This 

mirrors the effects of other highly addictive substances, such as cocaine (Blum, Thanos, & 

Gold, 2014) and speaks to the addictive potential of specific types of foods.

Substance addictions also show evidence of reward deficiency syndrome (Blum et al., 2000), 

a neural adaptation in response to continued exposure to a substance (or behavior, eg, 

gambling), that occurs when repeated engagement stimulates reward mechanisms so 

powerfully that the population of dopamine D2 receptors (D2R) declines (Benton & Young, 

2016; Blum et al., 2000, 2014; Gyollai et al., 2014). Due to this decrease in D2R, increased 

intake is necessary in order to elicit the same degree of reward that was previously achieved 

through a lower dose (Blum et al., 2000). A further indication of the reward deficiency 

syndrome is the presence of intense cravings and withdrawal symptoms (Benton & Young, 

2016). Similar reductions in D2Rs are hypothesized to occur in FA.

Benton and Young (2016) performed a meta-analysis to determine the relationship between 

BMI and the presence of Taq1A polymorphism, an A1 allele found to be associated with a 

lower number of D2R in both healthy and alcoholic subjects (Jonsson et al., 1999; Noble, 

Blum, Ritchie, Montgomery, & Sheridan, 1991; Pohjalainen et al., 1998). They found no 

significant effects of the A1 allele on BMI, and therefore concluded that there was no 

support for the reward deficiency theory of FA (Benton & Young, 2016). However, another 

study reported a negative correlation between BMI and the dorsal striatal response (left 

caudate, bilateral putamen) to a taste of chocolate milkshake vs water (Stice, Spoor, Bohon, 

et al., 2008): the presence of the A1 allele significantly moderated the negative correlation 

between BMI and left caudate activation. While additional studies are necessary to evaluate 

the reward deficiency hypothesis in FA, these results do demonstrate differing response 

levels in brain reward circuits related to consumption of highly palatable food in those with 

low vs high BMI’s (Stice, Spoor, Bohon, et al., 2008). Specifically, the experience of reward 

from consuming food may not be as strong for those with higher BMI’s, which may lead to 

overeating in an attempt to compensate for a dampened reward system.
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3.2 Energy Homeostasis and Regulatory Mechanisms

Food intake is necessary for normal bodily energy expenditure, and appetite is controlled by 

complex neuronal and hormonal systems including the hypothalamus and peripheral satiety 

networks (Behary & Miras, 2014; Camilleri, 2015; Joly-Amado et al., 2014). Through a 

process known as “adiposity negative feedback,” circulating signals from the body inform 

the brain of current energy stores. In response, the brain adjusts food intake (Kennedy, 

1953). The hypothalamus is located directly below the thalamus in the limbic system and is 

responsible for a wide variety of regulatory functions, including body temperature, hunger, 

thirst, and the sleep–wake cycle (Snell, 2010). The peripheral satiety system includes 

hormonal inputs from the pancreas, liver, and adipose tissue (Morton, Meek, & Schwartz, 

2014). Leptin is an adipocyte hormone that decreases appetite (as part of a negative feedback 

system) by acting on hypothalamic neurons that regulate energy homeostasis (Benoit, Clegg, 

Seeley, & Woods, 2004). Insulin, a pancreatic hormone much like leptin that it is sensitive to 

the amount of stored body fat, the levels of which increase when body fat is high and 

decrease when body fat is low, can also reduce appetite (Figlewicz, 2003). Ghrelin is a 

gustatory hormone that works to increase appetite (Chaudhri, Small, & Bloom, 2006; 

Kawahara et al., 2013; Wren & Bloom, 2007). It is believed that adiposity negative feedback 

works by increasing the brain’s sensitivity to satiety signals (Morton et al., 2014). For 

example, as weight loss lowers plasma levels of leptin and insulin, the satiating effect of 

food is decreased. Conversely, as weight increases, these hormone levels also increase, 

producing a higher sensitivity to satiety signals (Hulsey, Lu, Wang, Martin, & Baile, 1998; 

Kahler et al., 1998). Communication between the hypothalamus and brain reward circuitry 

regulate these appetitive responses. For example, the lateral hypothalamic area receives 

information from the nucleus accumbens, allowing for the integration of information from 

reward brain regions and satiety signals from other areas of the central and peripheral 

nervous systems (Morton et al., 2005). This information is then projected to areas such as 

the hindbrain and the nucleus of the solitary tract, which are responsible for regulating 

satiety (Grill et al., 2002).

While leptin, insulin, and ghrelin work within the adiposity negative feedback system, other 

gut peptides are also involved in the perception of satiety and act as signals to increase or 

decrease appetite (Morton et al., 2014). Peptides that are implicated in reducing appetite 

include peptide YY (Batterham & Bloom, 2003), glucagon-like peptide 1 (van Bloemendaal, 

Ten Kulve, la Fleur, Ijzerman, & Diamant, 2014), and cholecystokinin (D’Agostino et al., 

2016), and are secreted in response to food ingestion (Wren & Bloom, 2007). 

Mechanoreceptors located in the smooth muscle layer of the gut are also involved in sending 

satiety signals to the central nervous system, via afferent fibers along the vagus nerve that 

project to the nucleus of the solitary tract in the caudal hindbrain (Chaudhri et al., 2006; 

Morton et al., 2014). Other important components of appetite regulation include agouti-

related protein receptors, located in the hypothalamic arcuate nucleus, which release 

neuropeptide Y, agouti-related peptide, and the neurotransmitter γ-aminobutyric acid 

(Krashes, Shah, Koda, & Lowell, 2013). Together, these work to promote appetite, when 

activated by ghrelin (Shrestha, Wickwire, & Giraudo, 2006), and are inhibited by insulin and 

leptin (Varela & Horvath, 2012).
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Hypothalamic centers and peripheral networks strive to maintain homeostatic eating, defined 

as a state of equilibrium between the amount of energy taken in through food consumption 

and the metabolic demands of the body (Farr, Li, & Mantzoros, 2016). Over time, highly 

palatable foods may disrupt these appetite regulatory mechanisms (de Macedo et al., 2016; 

Johnson & Wardle, 2014) and promote hedonic eating (Lerma-Cabrera et al., 2016; Pandit, 

Mercer, Overduin, la Fleur, & Adan, 2012). Specifically, there is evidence that highly 

palatable foods can dampen satiety signals, thus leading to overeating. This is further 

compounded by increased activation of the reward system, which turns eating into a reward-

driven behavior instead of a homeostatic process (Erlanson-Albertsson, 2005) (Fig. 1).

Prader Willi syndrome (PWS), a genetic disease that causes hypothalamic dysfunction, 

results in hyperphagia, obesity, stunted growth, and sleep abnormalities (Di Lorenzo, 

Sberveglieri, Marrama, Landi, & Ferri, 2016). Of particular interest to FA is the fact that 

those with PWS suffer from an insatiable appetite that often leads to overeating (McAllister, 

Whittington, & Holland, 2011). In individuals with PWS, the consumption of high calorie 

food is associated with significantly elevated activation of the orbitofrontal cortex and 

hypothalamus (Dimitropoulos & Schultz, 2008; Key & Dykens, 2008). In contrast to what is 

observed in healthy individuals—a decrease in ghrelin after a meal, terminating the 

motivation to consume more food (Chaudhri et al., 2006; Wren & Bloom, 2007)— those 

with PWS have increased ghrelin levels both before and after meals leading to overeating 

past the point of homeostatic energy demands (Feigerlova et al., 2008). Individuals with 

PWS are also likely to suffer from comorbid conditions, including anxiety and mood 

disorders (Hiraiwa, Maegaki, Oka, & Ohno, 2007), which as previously discussed are also 

associated with addictive eating (Singh, 2014).

3.3 The Impact of Stress on Hypothalamic Functioning

Chronic stress can independently contribute to addictive eating behaviors (Torres & Nowson, 

2007). Recent models explaining the neuroadaptive consequences of acute and chronic stress 

responses now help explain the association between stress, addiction, and abnormal eating 

behaviors (Sinha & Jastreboff, 2013). Two systems, including the hypothalamic– pituitary–

adrenal axis (HPA) and the autonomic nervous system, are responsible for physiological 

responses to acute stress (McEwen, 2007; Sinha, 2008). The HPA axis response commences 

with the release of corticotropin-releasing factor (CRF) from the paraventricular nucleus of 

the hypothalamus, which then triggers a release of adrenocorticotropin hormone (ACTH) 

from the anterior pituitary, resulting in the peripheral secretion of glucocorticoids, also 

known as cortisol or corticosterone, from the adrenal glands (McEwen, 2007). The release of 

CRF and ACTH helps with gluco-neogenesis (Sinha & Jastreboff, 2013), which is a 

metabolic pathway responsible for generating glucose from noncarbohydrate substrates 

(Berg, Tymoczko, & Stryer, 2002). These hormones also help with energy mobilization 

(Dallman, Akana, Strack, Hanson, & Sebastian, 1995), which is the process of directing and 

prioritizing stored energy, in the form of glucose, to parts of the body where it is most 

needed (Duffy, 1951). The release of CRF and ACTH during acute stress is terminated by 

glucocorticoid negative feedback, thereby allowing the systems to return to homeostasis 

(Dallman et al., 1995; Sinha & Jastreboff, 2013). Evidence from animal models indicates 
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that during acute stress, food consumption decreases (Marti, Marti, & Armario, 1994), a 

result that has been replicated in human studies (Dallman, Pecoraro, & la Fleur, 2005).

After periods of prolonged and uncontrollable stress, the HPA axis can become 

dysregulated, leading to changes in the release patterns of hormones, neuropeptides, and 

glucocorticoids (Lupien, McEwen, Gunnar, & Heim, 2009; McEwen, 2007). Specifically, 

HPA axis dysregulation can cause insulin resistance due to altered glucose metabolism and 

can lead to excess abdominal fat (Wilcox, 2005). As levels of plasma insulin and abdominal 

fat increase, HPA axis activity decreases, and an increased intake of highly palatable foods is 

observed (Chrousos, 2000; Dallman et al., 2005; Tataranni et al., 1996; Warne, 2009). 

Stress-induced hypothalamic dysregulation may help explain the maintenance of FA 

(Berenson et al., 2015; Frayn et al., 2016; Micanti et al., 2016) (Fig. 1).

3.4 Cognitive Control and Addictive Eating

Cognitive control regions interact with reward and emotional systems, and act as top-down 

regulators to reorient attentional resources, make decisions, appraise rewards, and initiate or 

inhibit motivation to consume food (Ekhtiari, Faghiri, Oghabian, & Paulus, 2016; Schulte, 

Grilo, & Gearhardt, 2016; Spechler et al., 2016; Val-Laillet et al., 2015; Zilverstand, Parvaz, 

Moeller, & Goldstein, 2016). In obese populations, the consumption of highly palatable 

foods can lead to downregulation of the reward network, and deficiencies in cortical top-

down regulation of eating behavior (Volkow, Wang, & Baler, 2011). In FA, the strength of 

inhibitory control provided via orbitofrontal, prefrontal, and parietal cortices is weakened 

and together with heightened food craving and seeking via the ventral tegmental area and 

nucleus accumbens, addiction memory via limbic regions (amygdala and hippocampus), and 

malfunctioning peripheral signals for appetite regulation (satiety), this becomes a vicious 

cycle (DiLeone et al., 2012) (see Fig. 1 for model).

4. DISCUSSION

The concept of “food addiction” is relatively novel, requires a clear definition, additional 

research, and a general consensus (Albayrak, Wolfle, & Hebebrand, 2012; Hebebrand et al., 

2014; Ziauddeen et al., 2012; Ziauddeen & Fletcher, 2013). Proponents of the concept 

suggest that similarities between FA and other substance addictions, in particular, operant 

conditioning, effects of mood and stress, cue reactivity, craving, and impulsivity support 

food as an addictive substance (Ahmed et al., 2014; Berenson et al., 2015; Frayn et al., 2016; 

Kishinevsky et al., 2012; Pelchat et al., 2004). There is also some neural evidence supporting 

food as an addiction because of observations of downregulation of reward circuitry and 

difficulties with top-down cognitive control (Blum et al., 2014; Stice, Spoor, Bohon, et al., 

2008; Volkow et al., 2003, 1997). Furthermore, animal studies show evidence of withdrawal 

symptoms in rats when access to sucrose solutions is terminated, as well as binge-like eating 

and dopaminergic dysregulation after removal of a high-fat diet (Avena et al., 2008; Carlin et 

al., 2016; Colantuoni et al., 2002). Critics of the FA hypothesis discuss an inability to 

pinpoint the exact “substance” that is responsible for the neuroaddictive responses 

(Ziauddeen & Fletcher, 2013). The types of foods involved in addictive eating are varied and 

even within one type of food, ie, carbohydrates, there are multiple chemicals and 
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components (Ziauddeen et al., 2012; Ziauddeen & Fletcher, 2013). Moreover, those who 

deny the existence of FA claim there is not currently enough evidence that FA resembles 

other substance addictions from a neurological standpoint (Benton & Young, 2016; 

Ziauddeen & Fletcher, 2013).

However, there is evidence to support the notion that FA is an addiction according to the 

criteria put forth by Sussman and Sussman (2011). FA includes eating due to appetitive 

effects, preoccupation with food, temporary satiation, loss of control, and suffering negative 

consequences due to eating behaviors (Gearhardt, Boswell, & White, 2014; Gearhardt et al., 

2016; Gearhardt, Yokum, et al., 2011; Joyner et al., 2015; Schulte, Grilo, & Gearhardt, 

2016). FA does not, however, map perfectly onto a substance addiction model as purported 

in the DSM-5. Part of the problem is one of nomenclature: Hebebrand et al. (2014) suggest 

that “eating addiction” may better describe problematic hedonic eating than “food 

addiction,” and in this sense, an eating addiction may be more similar to gambling disorder 

(American Psychiatric Association, 2013b). Gambling disorders have been found to affect 

brain reward circuitry in a manner similar to substance addiction, much like what is seen 

with FA. However, there is no “substance” causing the addiction (Blum et al., 2000; Gyollai 

et al., 2014).

While there may be considerable overlap with other abnormal eating patterns, there is a need 

to properly define FA criteria so as to better create representative experimental groups that 

will provide information on this condition in particular. The YFAS 2.0 has attempted to 

provide a framework for the diagnosis and grouping of individuals with FA. However, if FA 

were considered a behavioral addiction instead of a substance addiction, then the assessment 

would benefit from following a model more closely related to behavioral addictions in the 

DSM-5, such as gambling disorder, rather than the current model, which maps onto 

substance disorder criteria (American Psychiatric Association, 2013b; Hebebrand et al., 

2014). Furthermore, the high prevalence of comorbid mental health disorders among 

addicted individuals, particularly involving mood dysregulation, may provide false positives 

on the YFAS 2.0 because many people eat in stressful situations or use eating to cope with 

negative affect (Albayrak et al., 2012). Efforts to disentangle FA from other eating disorders 

or health consequences related to eating, such as obesity and its associated negative 

influences on health, would help lend more credence to the concept of FA as a discrete 

condition.
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Fig. 1. 
Model of food addiction as a result of highly palpable food intake, stress, genetic risk, and 

overlapping circuits of the brain interacting with peripheral signals. The hypothalamus 

(HYPO) is part of the hypothalamic–pituitary–adrenal (HPA) axis, sensitive to stress, and 

critical for food intake. It is modulated by the ventral tegmental area (VTA) and amygdala 

(AMYG). In food addiction the strength of inhibitory control provided via orbitofrontal 

(OFC), prefrontal (PFC), and parietal cortices (PC) (dashed lines) is weakened and together 

with heightened food craving and seeking via reward VTA and nucleus accumbens (NAc) 

and addiction memory via limbic regions (AMYG/Hippocampus), and malfunctioning 

peripheral signals for appetite regulation (satiety), becomes a continued cycle of food 

addiction. Adapted from DiLeone, R. J., Taylor, J. R., & Picciotto, M. R. (2012). The drive 
to eat: Comparisons and distinctions between mechanisms of food reward and drug 
addiction. Nature Neuroscience, 15 (10), 1330–1335. http://dx.doi.org/10.1038/nn.3202.
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