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Abstract

Overeating ranges in severity from casual overindulgence to an overwhelming drive to consume 

certain foods. At its most extreme, overeating can manifest as clinical diagnoses such as binge 

eating disorder or bulimia nervosa, yet subclinical forms of overeating such as emotional eating or 

uncontrolled eating can still have a profoundly negative impact on health and wellbeing. Although 

rodent models cannot possibly capture the full spectrum of disordered overeating, studies 

in laboratory rodents have substantially progressed our understanding of the neurobiology of 

overconsumption. These experimental approaches range from simple food-exposure protocols that 

promote binge-like eating and the development of obesity, to more complex operant procedures 

designed to examine distinct ‘addiction-like’ endophenotypes for food. This review provides an 

overview of these experimental approaches, with the view to providing a comprehensive resource 

for preclinical investigators seeking to utilize behavioural models for studying the neural systems 

involved in food overconsumption.
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1. Introduction

In an environment where palatable foods are abundant and easily accessible, a multitude of 

factors play a role in why individuals overconsume. Understanding how these factors are 

encoded in the brain is thus an important step in determining why we often overeat beyond 
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our energy requirements. To date, significant attention has focused on homeostatic feeding, 

whereby food intake is driven by nutritional need for survival and is governed by metabolic 

and satiety signals from the gut. However, in an environment rich in easily accessible 

palatable foods, the signals to eat or to stop eating are complex and extend beyond the 

control of the homeostatic system.

Critically, overconsumption of food in the absence of compensatory behaviour (such as 

purging or excessive exercise) can result in obesity (Duffey and Popkin, 2011; Swinburn 

et al., 2009), which has significant deleterious health consequences for the individual and 

imposes significant costs to society more broadly (Collaborators et al., 2017). Moreover, 

overconsumption is a core characteristic of eating disorders associated with binge eating, 

including binge eating disorder (BED) and bulimia nervosa (BN) (American Psychiatric 

Association et al., 2013), and is a feature of more subclinical forms of overeating such as 

loss-of-control eating and emotional eating (Anversa et al., 2021).

In an effort to better understand the neurobiology of overeating, there has been a recent 

proliferation of preclinical studies seeking to test non-homeostatic feeding outcomes in 

laboratory animals, particularly rodents. Collectively, these approaches have advanced 

our understanding of the basic mechanisms and neural systems involved in food 

overconsumption. Here, we provide an overview of these paradigms, with a particular 

focus on those paradigms that provide behavioural endpoints with relevance to loss-of-

control eating. We seek to provide a comprehensive touchstone for preclinical investigators 

interested in studying food overconsumption and its behavioural, neurological and metabolic 

consequences.

1.1. How well can we model disordered eating in animals?

Animal models of human disease have proven of enormous value in identifying the basic 

mechanisms underlying various diseases and informing the development of more effective 

treatments. Within many areas of medical research, both clinicians and basic scientists enjoy 

the benefit of working within a coherent pathophysiological taxonomy. Sometimes, disease 

classification can be made at a molecular or cellular level and, therefore, more confidence 

exists with respect to the face and construct validity of animal models. However, the field 

of psychiatry is somewhat compromised in this respect, and is ultimately reliant upon 

classification criteria provided by the Diagnostic and Statistical Manual of Mental Disorders

—Fifth Edition (DSM—V (Diagnostic and Statistical Manual of Mental Disorders : DSM-5, 

2013)) and The International Classification of Diseases and Related Health Problems, Tenth 

revision (ICD-10 (World Health, 2004)), making the extrapolation of these diagnostic 

categories to laboratory animals challenging. Furthermore, modelling human psychiatric 

disorders in animals, including eating disorders and compulsive eating, is particularly 

challenging as it is almost impossible to capture the full spectrum of a psychiatric disorder 

in a single paradigm that can be performed in a rodent. Despite these challenges, the reward 

and feeding systems in the brain that underlie eating behaviour are highly conserved among 

species; eating is essential for survival and thus the circuits underlying ingestive behaviour 

have been maintained across evolution. In this way, laboratory animals offer a valuable 

model for studying both homeostatic feeding and reward, and thus significant progress has 
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been made in determining the biological basis of these processes (for recent reviews, see 

(Rossi and Stuber, 2018; Bulik et al., 2022; Guleken and Uzbay, 2022; Brown et al., 2022)).

Various paradigms exist that distinguish between consummately and appetitive components 

of reward. Indeed, under the right set of experimental parameters, rodents are capable of 

exhibiting patterns of food overconsumption that mimic some aspects of human conditions. 

Here, we provide a detailed overview of these procedures, as well as give some discussion 

to the construct, face and predictive validity of these models. Ultimately, as noted above, 

the multifaceted and complex nature of both the aetiology and behavioural symptoms of 

disordered eating means that animal models cannot recapitulate a particular disorder in its 

entirety. Thus, here we attempt to highlight the utility of these models, while simultaneously 

discussing their associated shortcomings. By means of clarification, the term ‘animal model’ 

is typically used to refer to the animal itself, either genetically engineered or the product of 

artificial selection (intentional or unintentional, as in the case of most common laboratory 

inbred rodents). Here, we seek to focus on approaches that promote patterns of food 

overconsumption that resemble disordered eating in humans, as well as behavioural assays/

tests that can be used to quantify these outcomes.

2. Approaches to evaluating aberrant feeding behaviour in rodents

2.1. Free access/consummately/preference approaches

The most basic approach for assessing the rewarding properties of food in rodents is one 

that simply measures consumption of the specific food in question. This can occur in the 

home cage, in which case food must be weighed daily (which is both labour-intensive 

and prone to error), or the use of metabolic cages which provide automatic quantification 

of food intake (but may be associated with higher levels of stress and are therefore not 

recommended for chronic studies (Kalliokoski et al., 2013)). In the former, food can be 

weighed daily or less frequently depending on how critical it is that precise daily intake data 

is obtained for the study. Animals can also be examined for their preference to consume a 

specific reinforcer over another. In the case of liquid reinforcers such as sucrose, Ensure™ 

or an oil emulsion, the alternative liquid is often water. In the case of solid food, the 

alternative is often a control food that is as similar as possible to the test food in terms 

of micro and macronutrients except for the specific levels of the reinforcer in question. 

The consumption of the test substance/solution versus that of a control substance/solution 

can be compared and relative preference determined (Boggiano et al., 2007; Klump et al., 

2013). When measured correctly, food intake and preference provide valuable information 

regarding consummately behaviour, particularly when compared to control food or liquids.

2.2. Paradigms that promote binge-like eating

The presence of ‘binge eating’ is central to the diagnosis of BED and BN and also occurs 

among individuals with an anorexia nervosa-binge eating/purge phenotype (American 

Psychiatric Association et al., 2013). Despite the wide prevalence of binge eating across 

the spectrum of eating disorders, there continues to be debate over how best to define 

binge eating, which in turn raises questions about how best to study this behaviour in 

laboratory animals. According to the DSM—V (American Psychiatric Association et al., 
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2013), a binge is defined by both (a) eating a large amount of food during a discrete period 

of time (e.g. 2 h); and (b) a sense of loss of control over eating during the episode. As 

such, models of binge-like eating in rodents must seek to recapitulate these phenomena - 

i.e. eating over-and-above what is normally consumed by animals in the same amount of 

time, and ideally in a manner whereby a loss of control over behaviour can be observed. 

The cornerstone of promoting binge-like eating in laboratory animals is the utilization of 

intermittent or limited access to a particular food reward; this has been reliably shown 

to promote a gradual escalation of food intake across sessions, culminating in vigorous 

consumption of large amounts of food during the period of time in which food is available 

(Corwin et al., 1998).

There is some debate as to how important the size of the binge is when it comes to 

diagnosing binge eating. Given evidence that indicates that perceived loss of control is the 

key driver of the eating disorder pathology (Pratt et al., 1998), the concept of a ‘subjective’ 

versus ‘objective’ binge encapsulates the idea that is the individual’s subjective assessment 

of loss of control over eating behaviour which is the defining characteristic of a binge 

(American Psychiatric Association et al., 2013). Recapitulating this phenomenon in animals 

is difficult, however the escalation of intake that characterizes limited/intermittent food 

exposure paradigms is often argued to reflect a progressive ‘loss of control’ (Goeders et al., 

2009). Important also is the antecedent or driver of the binge-like eating episode: specific 

environmental conditions elicit binge eating in humans and these can be recapitulated 

in animals, including stress or negative emotion (acute or chronic – this being the most 

common driver of binge eating in humans (Anversa et al., 2021)), as well as availability 

of the food (e.g. intermittent periods of deprivation of access to palatable food or overall 

caloric restriction). For an elegant examination of the different approaches used to model 

components of binge-eating behaviour with the strongest clinical relevance, see (Hildebrandt 

and Ahmari, 2021). Below, we provide an overview of the most common approaches used to 

examine binge-like eating in rodents.

2.2.1. Binge models: limited access—Historically, the vast majority of studies 

examining binge eating in rodents have employed limited access paradigms, whereby 

animals are given free access to highly palatable food in their home cage for limited 

periods of time throughout either the circadian cycle (e.g. 1 h per day) or week (e.g. 3 

times per week). This is often combined with periods of caloric restrictions which causes 

even more pronounced binge-like behaviour. Early work by Corwin and colleagues showed 

that intermittent access to vegetable shortening caused binge-like intake by rodents (Corwin 

et al., 1998; Corwin and Wojnicki, 2006). Under this intermittent protocol (2 h binge 

sessions, Monday, Wednesday, Friday), escalation of intake is observed, such that by the 

~5th session rats consume around double what was initially consumed during initial binge 

sessions (typically this equates to 40-80 kcal in 2 h). Although no food restrictions were 

used, the authors discovered that binge rats compensate for the binge intake by restricting 

their consumption of standard chow on non-binge days relative to controls (Corwin and 

Buda-Levin, 2004). Corwin and colleagues also showed that animals maintained on this 

intermittent (Monday, Wednesday and Friday) schedule consumed more sweetened fat than 

animals that received daily 2 h access, suggesting that more episodic and restricted access 
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results in more pronounced binge-like behaviour (Corwin et al., 1998). Others have utilized 

an array of access schedules with success: varied exposure lengths from as short as 30 

min to as long as 24 h have been demonstrated to successfully elicit binge-like eating, 

though typically an exposure period of between 1 and 4 h is optimal for promoting maximal 

binge-like intake (Kreisler et al., 2018).

Since the early work of Corwin and colleagues, evidence has accumulated demonstrating 

behavioural attributes in rodents exposed to intermittent access schedules that are 

reminiscent of behavioural features of binge-eating disorder. An elegant study by Furlong 

and colleagues (Furlong et al., 2014) showed that 1 h of access daily to sweetened 

condensed milk accelerates habitual control of behaviour compared to continuous access 

(see below for an overview of procedures to test habitual behaviour). Further, seminal 

work by Avena and colleagues showed intermittent access to a sugar solution results in the 

development of addiction-like behaviours (Avena et al., 2008): after several days of daily 

12 h access, rats showed an escalation in their daily intake and binge-like consumption of 

a sugar solution, especially during the first hour of access. In addition, the rats changed 

their feeding pattern by taking larger meals of sugar within the limited access compared to 

continuous access control rats.

2.2.2. Binge models: caloric restriction—Boggiano (formally Hagan) and 

colleagues (Hagan and Moss, 1997) were the first to explore the effects of long-term 

food restriction and refeeding cycles (mimicking dieting behaviours) on subsequent eating 

behaviour. These authors reported that even up to 30d after resuming full feeding, rats 

with a history of restriction continue to exhibit persistent binge-like eating. In the years 

since, this finding has been recapitulated by several groups and it is now well-established 

that cycles of caloric restriction facilitate the development of binge-like eating behaviour 

in rodents (for recent reviews on this topic, see (Hildebrandt and Ahmari, 2021; Rehn et 

al., 2022)). Restriction is typically between 50 and 85% of daily intake and performed in 

cycles. Furthermore, by combining schedules of intermittent or limited access with cycles 

of caloric restriction, binge-like eating is further enhanced (Bello et al., 2009; Bello et al., 

2019). Indeed, binge-eating prone rats subjected to restriction-refeeding cycles of chow and 

palatable food have been shown to tolerate higher amounts of foot-shock to gain access to 

palatable foods compared to non-cycled rats (Oswald et al., 2011). Further, repeated patterns 

of restriction and refeeding of homecage chow has been shown to impair the performance of 

goal-directed actions as well as the ability to reject a pre-fed food when it is offered alone 

(Ahn and Phillips, 2012; Parkes et al., 2017).

2.2.3. Binge models: stress—When protocols involving periods of caloric restriction 

followed by free access are combined with exposure to a stressor, pronounced binge-like 

eating is observed. The success of this type of protocol reflects the key role that stress/

emotion plays in driving binge-like eating behaviour. Early studies of stress-induced binge-

eating used a tail-pinch as the stressor, which often needs more than one session to alter 

feeding in rodents (Antelman and Szechtman, 1975; Antelman et al., 1975; Meadows et al., 

1988; Aso-Someya et al., 2018). Administered chronically, the tail-pinch has been shown by 

some studies to induce overeating (e.g. 16 days of 10–15 min of tail-pinch) (Rowland and 
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Antelman, 1976), whereas others report the opposite (i.e. a supression of intake) (Goebel-

Stengel et al., 2014; Hawkins et al., 2002). There has been a decline in the use of the 

tail-pinch stressor in recent years, which can potentially be attributed to the development 

of models that have higher face validity. Physical stressors, including footshock, have been 

used to induce binge-like eating, typically when repeated cycles of stress are applied in 

combination with caloric restriction or intermittent access to palatable food (discussed in 

(Boggiano and Chandler, 2006)). However, as with tail pinch stress, footshock has also been 

shown to reduce food intake (Kuriyama and Shibasaki, 2004). This is likely due to the 

complex relationship between stress and food intake: the typical response to severe stress 

is an anorectic response (Stammers et al., 2020), however if the stress is mild to moderate 

it is more likely to increase food intake (Goebel-Stengel et al., 2014; Rutters et al., 2009). 

Cifani and colleagues introduced a novel form of psychological stress – frustration – which 

has proven to be mild enough to consistently generate a robust bingeing response (Micioni 

Di Bonaventura et al., 2020). This approach similarly consists of periods of intermittent 

access combined with cyclic caloric restriction, except instead of being physical in nature, 

the ‘stressor’ is a frustrative experience: the food reward is placed in a cup whereby the rat 

can see and smell it but not access it for 15 min. This is followed by subsequent access to 

the highly palatable food reward where robust binge eating is consistently observed (Cifani 

et al., 2009).

Anversa and colleagues adapted this emotional stress protocol to mice and developed a 

model that does not require caloric restriction (Anversa et al., 2020). This protocol involves 

repeated cycles of exposure to the frustrative stressor (food reward is placed in a tea strainer 

in the homecage) and despite no history of caloric restriction, female mice will binge up 

to 1.5 g of chocolate/peanut butter chips in 15 min following exposure to the stressor (over 

half their daily caloric intake). This amount of food consumed is 70% higher compared 

to control mice who had the same access to food without the frustrative experience. The 

comparison of these two groups allows researchers to discern true ‘bingeing’ i.e. an amount 

of food consumed over and above what would be typically consumed in the same period 

of time – this is an advantage over standard limited access models which do not allow 

the same comparison. Interestingly, in the procedure developed by Anversa and colleagues, 

male mice do not exhibit the same response to this ‘emotional’ stressor, consuming similar 

amounts to control (no stress) mice. This observation adds face validity to this approach as 

it recapitulates a sex difference commonly observed in humans, whereby overeating is more 

commonly driven by stress and/or negative affect in females compared to males (Anversa et 

al., 2021).

2.3. Operant procedures

There are several ‘costs’ associated with seeking and consuming food, including the money 

and effort required to purchase the food, as well the negative consequences associated 

with overeating (e.g. stigma, embarrassment), and it might be argued that the free access 

procedures in rodents described above fail to adequately account for such imposts. In 

contrast, operant self-administration procedures allow precise experimental control over the 

relationship between a response and the food reinforcer, thus allowing for modifications of 

the ‘cost’ of obtaining a food reward. This is typically achieved by altering the number of 
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operant responses required to earn a food pellet, or by pairing the delivery of food with an 

aversive stimulus (e.g. footshock). Thus, at the most basic level, operant self-administration 

models provide information regarding the reinforcing efficacy of a particular substance (e.g. 

food, drugs). These paradigms also provide the opportunity to examine the role of classical 

conditioning in food seeking behaviour, as food can be paired with both discriminative and 

discrete stimuli to model different aspects of craving and relapse. Here, we provide a brief 

overview of operant paradigms commonly used to both induce and measure dysregulated 

feeding behaviour.

2.3.1. Fixed and progressive ratio schedules—Under fixed/progressive ratio 

schedules, animals are trained to make an operant response (typically a lever press or a nose 

poke) to receive a food reward (typically a pellet or a liquified palatable solution). Under 

fixed ratio (FR) schedules of reinforcement, the delivery of food reward is contingent on a 

fixed number of responses (e.g. a FR1 schedule requires one lever press to earn a reward; 

an FR3 schedule requires three lever presses to earn a reward, etc.). In contrast, under a 

progressive ratio (PR) schedule, the ‘cost’ of the reward is progressively increased over a 

number of trials to determine the maximal effort the subject is willing to exert for the reward 

(Hodos, 1961). The final ratio completed by the subject within a determined amount of time 

defined as the ‘breaking point’ and is commonly used as a proxy for the subject’s motivation 

to earn the reward. Because PR schedules promote high levels of responding while also 

limiting the number of reinforcers earned, this paradigm avoids confounds associated with 

satiation during the tests (as in low-effort FR schedule; also see section on behavioural 

economics approaches, below) (Wojnicki et al., 2010).

Although dysregulated feeding is typically induced via the home cage paradigms described 

above, there are some examples of low-effort FR schedules being utilized to promote 

overeating. For example, rats allowed to self-administer chocolate flavoured high-sucrose 

(45%) pellets on an FR1 schedule for 1 h/day for 15d develop behaviours reflective of binge 

eating, including an escalation of intake and increased rate and regularity of sustained food 

responding, compared to rats allowed to self-administer regular chow (Cottone et al., 2012). 

Similarly, rats allowed short (1 h) or extended (6 h) daily access to highly palatable milk 

chocolate Ensure™ on an FR1 schedule exhibit greater 30-min caloric intake compared to ad 

libitum or chow access (Curtis et al., 2019). Higher-effort FR or PR schedules can also be 

used to measure motivation for food following induction of binge-like eating. For example, 

higher breakpoints for fat reward are observed in rats given intermittent home cage access to 

vegetable shortening compared to daily access groups (Wojnicki et al., 2010), and a similar 

trend is observed for chocolate Ensure™ in rats given extended (6 h) operant access to this 

type of food (Curtis et al., 2019).

2.3.2. Random ratio (RR) and random interval (RI) schedules—Certain operant 

reinforcement schedules have been shown to promote goal-directed vs. habitual patterns 

of food seeking (typically assessed on a devaluation procedure, discussed below). Under a 

random interval (RI) schedule, food reinforcement is delivered, on average, after n amount 

of time, contingent on a lever press. This schedule minimizes the perceived correlation 

between behaviour and reward, and promotes patterns of responding for food that are 
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impervious to outcome devaluation (i.e. responding is habitual) (Tantot et al., 2017). In 

contrast, under a random ratio (RR) schedule, a food reinforcer is delivered on average 

after n lever presses, a schedule that maintains a strong correlation between behaviour 

and outcome and maintains responding that is suppressed when the outcome (food) is 

devalued (ie. responding is goal-directed) (Derusso et al., 2010). Interestingly, when trained 

on a RI schedule, rats maintained on a high fat diet (HFD) exhibit reduced motivation 

(PR breakpoint) for a food reward, but develop habitual food seeking more quickly 

compared to controls. However, these deficits are abolished when HFD rats are subsequently 

trained on a RR schedule, indicating that the manifestation of aberrant feeding behaviours 

involves a complex coordination of goal-directed actions and habits that are dependent on 

reinforcement schedule (Tantot et al., 2017).

2.3.3. Behavioural economics—Behavioural economics has recently emerged as a 

powerful quantitative analysis of food self-administration behaviour. In this approach, which 

has also been successfully used to examine a range of different reinforcers (Bentzley et 

al., 2013; Bentzley et al., 2014; James et al., 2019a; Pantazis et al., 2021; Zimmer et al., 

2012; James and Aston-Jones, 2022), consumption of a food reinforcer is examined across 

several ‘prices’, either by progressively changing the fixed ratio requirement to earn a food 

reward (Freeman et al., 2020; Giannotti et al., 2022), or by maintaining an FR1 schedule 

but successively decreasing the volume of reward (in the case of liquid sucrose, for example 

(Batten et al., 2020a)). An exponential demand equation (Hursh and Silberberg, 2008) is 

then applied to consumption data to compute demand curves, from which several key indices 

can be derived. Q0 is an experimentally derived measure of food consumption when cost 

approaches zero, and is therefore a measure of consummatory behaviour under unrestricted 

conditions (sometimes referred to as the ‘hedonic set point’, or demand intensity) (Bentzley 

et al., 2013; Freeman et al., 2020). By contrast, demand elasticity, denoted by α, refers 

to the price sensitivity of consumption and indicates an animal’s willingness to ‘work’ to 

maintain their preferred level of consumption (Bentzley et al., 2013; Freeman et al., 2020). 

This approach has several advantages over the other operant measures of food motivation 

described above. For example, α values from demand curves self-normalize for differences 

in food consumption, and therefore are not dependent on factors such as palatability or 

baseline differences in consumption (Freeman et al., 2020). Moreover, demand elasticity is 

remarkably stable across sessions within an individual (Freeman et al., 2020), allowing for 

repeated assessment of a pharmacologic treatment on drug motivation. The behavioural 

economics paradigm is also highly translational; demand elasticity for food and other 

reinforcers is readily measured in humans via a hypothetical purchasing task, and the α 
and Q0 parameters are derived using an identical approach to that used in rats (Buscemi et 

al., 2021; Epstein et al., 2018a; Epstein et al., 2018b; Murphy et al., 2016; Stojek et al., 

2015; Stojek and MacKillop, 2017).

As noted above, the self-normalizing nature of demand elasticity permits direct comparisons 

of the motivational properties of various palatable foods regardless of baseline differences 

in their consumption. This approach is therefore extremely useful in determining the 

motivational properties of food reward in obese vs. lean rats, where baseline consumption 

is significantly different across groups. Indeed, Batten et al. (Batten et al., 2020a) recently 
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reported that obesity-prone rats have lower demand elasticity (higher motivation) for liquid 

sucrose and saccharin solutions compared to obese-resistant rats, indicating differences 

in reward processes in these rats that is independent of their intake under free access 

conditions. Moreover, Freeman and colleagues used a behavioural economics approach to 

show that although female rats have higher hedonic set points (Q0 values; kcal normalized 

to body weight) than male rats for three types of palatable food pellets, they do not 

differ in their motivation to work for these foods (demand elasticity) (Freeman et al., 

2020). Interestingly, demand indices (α and Q0) for food are associated with total food 

consumption history, but not cued ‘relapse’ of food seeking or food choice (Heinsbroek 

et al., 2021). In light of evidence that α is negatively correlated with several addiction 

behaviours for drugs of abuse (Bentzley et al., 2014; James et al., 2019a; James et al., 

2019b; Fragale et al., 2020; Fragale et al., 2019; Mohammadkhani et al., 2019), it might be 

expected that α for food might have some predictive value for problematic feeding patterns, 

however this remains to be comprehensively tested. It will be interesting for future studies 

to test whether baseline differences in Q0 and α can predict, for example, animals most 

likely to be categorized as addiction-prone on operant models of ‘food addiction’ (discussed 

below) or to show exaggerated intake in a binge paradigm.

2.3.4. Extinction/reinstatement procedures—Persons often relapse to unhealthy 

eating habits shortly after attempting to control their food intake through dieting (Kramer 

et al., 1989). Attempts to understand this phenomenon have primarily utilized an adapted 

version of the extinction-reinstatement model, which was originally developed to study 

drug relapse behaviour in rats and consists of three discrete phases (for comprehensive 

reviews, see (Calu et al., 2014; Nair et al., 2009)). In the training phase, rats are trained 

daily to lever press for palatable food pellets on an FR schedule (typically FR1). Pellet 

delivery is often paired with the presentation of a discrete stimuli such as light + tones 

associated with the food’s acute rewarding effects. Once responding is stable, rats transition 

to the extinction phase, whereby lever presses are no longer rewarded with pellet delivery 

or discrete cues, resulting in a gradual reduction in lever pressing behaviour. In the 

reinstatement phase, extinguished lever pressing is reinstated by presenting the animal 

with food-related cues, food priming and/or stress (described below). Reinstatement testing 

is conducted in the absence of food rewards, and thus reinstatement of lever pressing is 

considered an assessment of relapse to food seeking (as opposed to consumption) and thus 

a proxy of craving. Notably, in some studies, rats are food restricted during the extinction 

and reinstatement phases (~75% of daily intake) to mimic human dieting while abstaining 

from palatable foods; this does not appear to affect cued reinstatement behaviour (Cason 

and Aston-Jones, 2013), but is reported to result in stronger primed and stress-induced 

reinstatement (Nair et al., 2009).

Cued reinstatement: In a discrete cued paradigm, reinstatement is typically elicited by 

presenting rats with a single, non-contingent cue delivery at the beginning of the session; 

responses on the active lever then elicit cue delivery in a contingent manner. In a 

discriminative stimulus paradigm, reinstatement is elicited by presenting rats with non-

contingent stimuli that previously indicated food availability (e.g. white noise, house light, 

olfactory or tactile stimuli; DS+). Other discriminative stimuli that previously indicated 
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the absence of food availability (DS−) fail to reinstate responding. Both discrete and 

discriminative cues reliably reinstate extinguished responding in rats trained to lever respond 

for palatable foods, including sucrose pellets and sweetened condensed milk (James et 

al., 2018; McGlinchey et al., 2016; Brown et al., 2016; Jupp et al., 2011; Grimm et 

al., 2002; Ghitza et al., 2007; Cervo et al., 2007; Martin-Fardon et al., 2018; James et 

al., 2012; Martin-Fardon and Weiss, 2014); it is unclear how this behaviour might be 

altered in rodents exposed to the limited/restricted access binge models described above. 

Note that this procedure is distinct from cue-potentiated feeding, whereby food-sated rats 

will increase their food consumption after presentation of conditioned stimuli previously 

paired with food while rats were food restricted (Holland and Petrovich, 2005; Cole et 

al., 2020). The latter phenomenon is an interesting approach for examining pathological 

consumption patterns that override internal regulatory signals (Holland and Petrovich, 

2005; Cole et al., 2020); however, the effect of diet exposure and binge-like eating on 

these outcomes is not known. Context-induced reinstatement: Food-associated contexts/

environments can also potently renew palatable food seeking. In the ‘renewal’ or ‘ABA’ 

design, rats are trained to self-administer food in one context (A), before lever pressing is 

extinguished in a different non-food context (B). During the reinstatement test, exposure 

to the original food self-administration context (A) reinstates palatable food (e.g. sucrose) 

seeking behaviour (Bossert et al., 2006; Hamlin et al., 2006). These outcomes have not 

been explicitly explored in rodents with a history of binge-like eating. Food primed 

reinstatement: Food priming is modelled by a non-contingent delivery of a small number 

of food pellets, either before/at the beginning of the test session (Dias et al., 2004; Duarte 

et al., 2004; Ghitza et al., 2006; Shaham et al., 1997), at fixed intervals throughout 

the session (Sun and Rebec, 2005), or during parts of the session (e.g. first 10-20min 

(McFarland and Kalivas, 2001; Nair et al., 2008)). In rats with a history of binge-like 

eating, food priming elicits reinstatement of extinguished chocolate seeking (de Jong et al., 

2013) and exacerbates the extent to which contextual cues promote food overconsumption 

(Boggiano et al., 2009). Stress reinstatement: Reinstatement of food seeking can be elicited 

by exposure to pharmacological stressors, most commonly the alpha 2-adrenergic receptor 

antagonist yohimbine administered immediately prior to the test session (Ghitza et al., 

2007). Interestingly, intermittent footshock (typically considered a psychological stressor) is 

not effective at reinstating food seeking behaviour in rats trained to self-administer regular 

food pellets or a sucrose solution (Ahmed and Koob, 1997; Buczek et al., 1999); it is 

unclear how stress affects reinstatement in animals that have undergone other approaches 

that promote binge-like eating.

2.4. Approaches to measuring ‘compulsive’ eating and food seeking

Compulsion is a transdiagnostic psychiatric symptom that can be defined as repetitive acts 

that one feels they have to perform while being aware that these acts are not in line with 

their overall goal (George et al., 2022). Thus, compulsive actions involve motivational 

conflict (George et al., 2022); in the context of BED and other eating disorders, this might 

involve the competing urge to overconsume food and the desire to refrain from eating due 

to concerns over negative health and social outcomes (Moore et al., 2017). To explore this 

concept in laboratory rodents, Johnson & Kenny (Johnson and Kenny, 2010) developed a 

procedure in which rats were conditioned to associate a light (conditioned stimulus, CS) 
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with the delivery of footshock, before palatable food consumption was measured in the 

presence of the CS alone. Presentation of the CS was sufficient to suppress food intake in 

rats exposed to regular chow and restricted access to a palatable diet, but had no effect in rats 

with a history of extended palatable food access (and excessive weight gain), a finding the 

authors interpreted as reflecting compulsive-like eating behaviour in the latter group. Since 

this publication, several other studies have utilized the cue-induced suppression of feeding 

task to assess compulsive eating in alternate models. Most notably, Velazquez-Sanchez et 

al. (Velázquez-Sánchez et al., 2015) reported that male rats trained to self-administer a 

sugary, highly palatable diet (on a schedule that promotes binge-like escalation of intake) 

perseverated in their responding for food despite the presence of an aversive CS. Another 

study showed that binge-eating rats spent more time in a chocolate-paired compartment 

despite the presence of conditioned stimuli predicted footshock, compared to non-binge-

eating controls (Heal et al., 2016). An alternative approach measures the willingness 

of animals to consume food in the middle of the light zone of a light/dark conflict 

apparatus. Teegarden & Bale (Teegarden and Bale, 2007) used this assay to show that 

mice withdrawn from a high-fat diet were more likely to endure the aversive environment 

to gain access to palatable food, compared to a high-carbohydrate control group. Cottone et 

al. (Cottone et al., 2012) used the same task to show that rats with a history of binge-like 

intake of palatable food exhibit higher food consumption in the light zone compared to 

non-bingeing chow controls. These same authors reported enhanced food consumption in 

the light/dark test in high-impulsive rats, which exhibit several other exacerbated binge-

related behaviours (Velázquez-Sánchez et al., 2014). We note that preclinical studies have 

tended to operationalize ‘compulsivity’ as continued reward seeking “despite negative 

consequences” (or potential negative consequences): it was recently argued that this might 

reflect experimental convenience rather than construct validity (George et al., 2022), and 

thus alternative approaches might need to be considered to better understand this construct 

as it applies to eating disorders. For an overview of alternative assays to examine compulsive 

eating, we refer readers to an excellent book chapter on this topic (Moore et al., 2019).

2.5. Outcome devaluation as a test of habitual food seeking

It has been proposed that overeating and associated disorders can be explained in part by 

inflexible or ‘habitual’ feeding patterns (Tomasi and Volkow, 2013). Habits are developed 

to automate regularly occurring and reinforced behaviour (such as feeding), allowing one 

to focus on other things in their environment. Habits do not rely on outcome expectancy 

and thus are not immediately sensitive to changes in the value of the earned outcome 

(Hart et al., 2014). Habitual actions can be dissociated from goal-directed behaviours using 

an outcome-devaluation task (or contingency degradation), whereby the outcome (food) is 

paired with illness (e.g. lithium chloride injections) or animals are allowed to consume the 

outcome to satiety prior to testing (Hart et al., 2014). Performance of an action (typically 

lever pressing) that previously resulted in the now ‘devalued’ outcome is then measured 

under extinction conditions (i.e. in the absence of the outcome); persistent responding for 

the devalued outcome is said to reflect ‘habitual’ control of food seeking. Rats exposed to 

paradigms that promote binge-like intake of palatable foods, including sweetened condensed 

milk and a 10% sucrose solution, fail to reduce their responding for a devalued food 

outcome, indicating a shift towards habitual food seeking behaviour (Furlong et al., 2014; 
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Kendig et al., 2013). Similarly, compared to rats with continuous food access, rats exposed 

to repeated cycles of restriction and re-feeding show equal choice for valued and devalued 

rewards (Kendig et al., 2013).

2.6. Three-criteria approach to studying ‘food addiction’

Significant recent attention has been given to the notion that some foods possess ‘addictive’ 

qualities (Gearhardt et al., 2009; Gearhardt and Schulte, 2021; Schiestl et al., 2021), and 

thus there has been some interest in adapting approaches designed to study drug behaviours 

to study behaviours reflective of ‘food addiction’. Most notable is the so-called ‘3 criterion’ 

model, which was first developed to examine the presence/absence of 3 distinct drug-related 

endophenotypes in an individual animal (Deroche-Gamonet et al., 2004). To this end, 

Valazquez-Sanchez et al. (Velázquez-Sánchez et al., 2014) examined rats’ propensity to 

exhibit BED-related behaviours, including i) consumption of large amounts of palatable 

food in a short period of time, measured using a daily operant task for palatable vs 

regular chow diet), ii) high motivation for palatable food, as measured by a PR task, 

and iii) consume palatable food despite negative consequences, as measured by the light/

dark conflict test. Rats were then grouped based on the number of positive criteria (0, 

1, 2 or 3 criterion), with ‘3-criterion’ rats being considered to exhibit ‘food addiction’. 

Interestingly, rats with a history of operant responding for palatable food were more likely 

to be classified as 3-criterion, whereas those that responded for regular chow were more 

likely to be classified as 0-criterion. In a separate study, Brown and colleagues (Brown et 

al., 2017) examined the extent to which diet-induced obesity is related to food addiction 

behaviours. Rats were given 8w access to a palatable diet and then assessed for PR 

responding, palatable food intake during an FR5 operant task, as well as persistence of 

responding during a signalled period of food non-availability. Diet-induced obese prone (top 

third weight gainers) rats exhibited significantly increased addiction like behaviours across 

all three criteria, compared to diet-induced obese resistant (bottom third weight gainers) rats.

More recently, a similar approach has been utilized to examine the expression of ‘food 

addiction’ behaviours in mice (Domingo-Rodriguez et al., 2020; Inbar et al., 2020). In one 

study, mice were categorized as ‘addicted’ or ‘non-addicted’ based on their responding on a 

PR test and during signalled periods of food unavailability, as well as on a task where food 

delivery was paired with a footshock. Mice were considered ‘positive’ for an addiction-like 

criterion if they scored above the 75th percentile of the normal distribution of a control 

group. Mice that achieved 2–3 criteria were classified as ‘addicted’ and those that achieved 

0 or 1 criteria were classified as ‘non-addicted’. ‘Addicted’ mice were more likely to make 

more non-reinforced lever presses during time out periods following pellet delivery, and 

exhibited reduced conditioned suppression of feeding. It is worth noting that the 3-criterion 

approach relies on retrospective analysis of behavioural data; its value as a predictor of 

future behavioural outcomes is unclear. Moreover, we note that several biological markers 

have been found to differentiate 0–1 vs. 2–3 criterion animals (Brown et al., 2017), and that 

some of these biomarkers can differentiate persons with ‘food addiction’ (García-Blanco 

et al., 2022). Again, it is unclear if these biomarker profiles can prospectively predict 

susceptibility to ‘food addiction’ or if they represent a biological adaptation in response to 

chronic food overconsumption.

Brown and James Page 12

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2024 February 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.7. Experimental considerations

2.7.1. The choice of food: influence of macronutrients—The rewarding effects 

of drugs of abuse are due to specific pharmacological actions at receptors or other drug 

targets such as transporters. With repeated use, drugs of abuse cause long lasting cellular, 

molecular and neuronal adaptations across the central nervous system which ultimately 

result in ‘addiction’. In the case of food, no particular pharmacological target exists, though 

it is specifically foods high in fat and sugar that are typically consumed in excess (Kales, 

1990; Hetherington et al., 1994; Drewnowski et al., 1987; Guertin, 1999; Gleaves et al., 

1993). This specific combination of fat and refined sugar is not found in naturally occurring 

unrefined foods that humans have historically eaten, and thus our brains respond uniquely to 

this combination of macronutrients (Thanarajah et al., 2019; DiFeliceantonio et al., 2018). 

Therefore, it is possible that, due to evolutionary pressure, the simultaneous consumption 

of both fat and sugar could be perceived as more rewarding than the consumption of either 

macronutrient alone (Thanarajah et al., 2019; DiFeliceantonio et al., 2018). Indeed, using 

an auction task in parallel with fMRI imaging, DiFeliceantonio and colleagues showed 

that in a human laboratory setting, people are willing to pay more for fat + carbohydrate 

foods compared foods high in either fat or carbohydrates, even when those foods are 

equally familiar and liked, and this overvaluation is associated with great recruitment 

of dorsal striatum (DiFeliceantonio et al., 2018), a brain region implicated in the shift 

from casual to compulsive use of addictive drugs (Everitt and Robbins, 2013). These data 

suggest that simultaneous activation of fat and carbohydrate signaling pathways produces a 

supra-physiologic reward response in the brain that renders high-fat/high-sugar foods more 

rewarding than high-fat or high-sugar alone (DiFeliceantonio et al., 2018). Consistent with 

this proposal is the observation that rodents will typically regulate their caloric intake and 

body weight when given access to fat or carbohydrate alone, but rapidly gain weight under 

conditions of unrestricted access to fat and carbohydrate together (Johnson and Kenny, 2010; 

Adolph, 1947; Beilharz et al., 2014).

Because of this, studies examining the effects of diet must give critical consideration 

to the macronutrients of experimental substance. Many studies utilize highly palatable, 

calorie-dense foods that are high in fat, sugar, or both, either from a formulated diet 

from commercial vendors (e.g. Research Diets, Bio-Serv) (Freeman et al., 2020) or readily-

available ‘junk food’ (e.g. Oreo cookies, Reeses’ peanut butter cups, chocolate) (Anversa 

et al., 2020; Presby et al., 2020). Other studies have utilized a ‘cafeteria diet’, in which 

a combination of highly palatable sweet and savoury foods are provided (e.g. cheesecake, 

meat pie, noodles) that typify a highly processed, highly caloric, western ‘junk food’ diet 

(Hansen et al., 2004; Fam et al., 2022; Kendig et al., 2022; Tajaddini et al., 2022). The 

appeal of the latter is strong face validity, however the non-standardised format of the 

diet does not allow for direct comparisons across studies based on specific macronutrient 

combinations – this is important, as saturated fats have different effects on dopamine 

signaling in the brain and alter HPA axis function compared to monounsaturated fats 

(Hryhorczuk et al., 2016; Hryhorczuk et al., 2017). Notably, the ‘junk foods’ typically 

overconsumed in modern society are generally high in saturated fats (Pressler et al., 2022), 

and thus studies that include saturated fats in their experimental diets could be argued to 

have enhanced face validity.
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2.7.2. Caloric restriction—Studies of famine victims and semistarvation experiments 

have shown that experiences with food restriction can cause long-lasting changes in eating 

behaviour. Notably, participants in the Minnesota study, which involved 24 weeks of 

semistarvation followed by 12 weeks of controlled refeeding, showed persistent behavioural 

and personality changes towards food including the development of binge eating and 

purging behaviour, as well as difficulties in reading hunger cues, even after 5 months of 

refeeding. Semistarvation has also been linked to the development of body image concerns 

(Franklin et al., 1948; Polivy et al., 1994). Thus, food restriction is a common tool utilized 

in animal studies to induce aberrant forms of eating behaviour. The converse of food 

deprivation is the sham feeding model, whereby a gastric fistula is used to induce drainage 

of consumed foods before it enters the intestine. This minimizes contact of food with 

gastric and intestinal mucosa, producing a reversible, acquired deficit in satiation (Davis 

and Campbell, 1973; Mook, 1963). As expected, these rats eat abnormally large meals, 

and an escalation in binge-like eating behaviour is observed with repeated cycles (Casper 

et al., 2008). As noted above, many models rely on bouts of food restriction in their 

protocol to observe dysregulated feeding behaviour. Conveniently, this pattern of repeated 

periods of food restriction appropriately models the cycles of dieting exercised by many 

individuals who suffer from disordered overeating behaviour. There is increasing evidence 

to suggest that repeated dieting-or ‘yo-yo’ dieting – results in increased risk of weight gain, 

development of obesity and can contribute to the development of dysregulated patterns of 

eating (Lowe et al., 2001; Amigo and Fernández, 2007). Indeed, evidence now exists which 

shows that caloric restriction reprogrammes stress and orexinergic pathways and promotes 

binge eating (Pankevich et al., 2010), and thus modelling this pattern of repeated periods 

of dieting is an important consideration for studies in this space. That said, it is equally 

important to have models that specifically focus on the bingeing behaviour itself, while 

avoiding the potential impacts that food restriction might have on the brain; indeed, this is 

the only way in which the field can disentangle the precise neural mechanisms underlying 

binge-eating per se. Further, not all individuals who display disordered overeating behaviour 

engage in these repeated dieting attempts, and thus it is important to have models that 

encompass all subpopulations and clinical scenarios.

2.7.3. Circadian influences—Binge eating episodes are more likely during the evening 

than in the daytime and persons with a late chronotype (so called ‘night owls’) are more 

prone to higher weight and unhealthy snacking as well as associated conditions such 

as Type 2 diabetes and cardiovascular disease (Raymond et al., 2003; Riccobono et al., 

2020; Muscogiuri et al., 2021). Moreover, in the case of Night Eating Syndrome, excessive 

food intake occurs in the evening and is followed by morning anorexia (Stunkard et al., 

1955). Thus, when modelling disorders of food overconsumption in laboratory animals, 

consideration should be given to the time of day in which feeding manipulations are made. 

Similar to other behavioural and physiological processes, feeding is tightly regulated by 

circadian clocks that induce daily rhythms that synchronize with light/dark cycles (Patton 

and Mistlberger, 2013). Although there are some individual differences in meal pattern, 

these variations are generally minor and are consistent across days (Brinkhof et al., 1998; 

Strubbe et al., 1986). To align with naturalistic feeding patterns, it is common for studies 

that utilize limited food access schedules (e.g. to induce binge-like eating) to be carried 
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out during or just prior to the dark (active) period (Bello et al., 2019; Anversa et al., 2020; 

Berner et al., 2009) although there are some examples of these models being carried out in 

the light.

Notably, food intake itself can act as an entrainment cue, such that peripheral and central 

clock gene rhythms are shifted to align with expected meal times. Indeed, when rodents 

are restricted to a 2-6 h mealtime, they exhibit a behavioural rhythm of food seeking 

behaviour that anticipates the daily mealtime (Mistlberger, 1994; Boulos et al., 1980; 

Stephan, 2002). Interestingly, there is some evidence that palatable foods can also induce 

behavioural entrainment in otherwise sated rats (ie. when regular chow is available ad 

libitum), indicating that this type of behavioural entrainment might drive the search and 

craving for palatable foods (Mendoza et al., 2005a; Mendoza et al., 2005b; Blancas et al., 

2014; Flôres et al., 2016; Escobar et al., 2011). It is also notable that free access to high 

fat/highly palatable foods significantly disrupts behavioural rhythms such that patterns of 

activity become desynchronized from photic input, and the expression of circadian clock 

genes in both central and peripheral organs are severely disrupted (Kohsaka et al., 2007; 

Klöting et al., 2013; Mendoza et al., 2008). There is evidence that disruptions to the 

rhythmicity of the circadian cycle can itself contribute to dysregulated eating, metabolism 

and weight gain (Turek et al., 2005; Griebel et al., 2014) and thus the potential implications 

of food entrainment/photic desynchronization should be considered when employing both 

limited and unrestricted access models such as those outlined here. These data might also 

explain the high prevalence of sleep dysregulation in obesity, binge eating disorder and other 

eating disorders, for which a mechanistic link has yet to be fully characterized (reviewed in 

(Mehr and James, 2022)).

2.7.4. Relationship to weight gain and obesity—Eating in the absence of hunger in 

both adults and children is consistently associated with elevated body mass index (François 

et al., 2022). This is not surprising as, by definition, chronic overeating in the absence of 

compensatory behaviours such as purging, fasting or excessive exercise typically leads to 

weight gain in humans (Villarejo et al., 2012). This is further exacerbated by the highly 

caloric nature of the foods that people typically choose to overconsume; thus, weight 

gain and overeating are inextricably intertwined. This raises the question as to whether 

the preclinical investigation of disordered overeating behaviour should include subjects of 

higher weight. Several rodent models of diet-induced obesity exist which are useful tools in 

the study of hedonic eating behaviour as it relates to obesity. One important consideration 

in this regard is utilizing an approach whereby obesity is induced by excessive intake 

as opposed to metabolic factors. For example, the outbred Sprague-Dawley rat model of 

diet-induced obesity established by Barry Levin and colleagues yields diet-induced obese 

and diet-resistant subpopulations (Levin and Sullivan, 1989). Diet-induced obese rats exhibit 

increased food intake and subsequent weight gain when placed on an 8w high-fat high 

sugar diet compared to their diet-resistant counterparts. Further, they have been shown to 

have increased conditioned approach to food associated cues, lower demand elasticity and 

higher motivation for palatable foods, as well ‘addiction-like’ behaviour towards palatable 

foods (Brown et al., 2017; Narayanaswami et al., 2013; Robinson et al., 2015; Batten et al., 
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2020b), thus representing an appropriate model for the study of excessive hedonic eating 

behaviour.

By contrast, application of a subpopulation split methodology to an inbred strain of mice 

reveals largely the opposite; one study published in this special issue found no relationship 

between the development of obesity and addiction-like behaviour towards high-fat/high-

sugar food in mice on a C57BL/6 background (Horton et al., 2023), yet pre-existing higher 

motivation in obesity prone mice has also been observed (Inbar et al., 2020). Thus, it 

may be that metabolic factors play more of a role in the differential development of 

obesity in C57Bl/6 mice as compared to Sprague Dawley rats. As such, the choice of 

species and strain can be an important consideration for experimenters embarking on studies 

of aberrant feeding behaviour using subpopulation splits. Regardless, elegant work using 

animal models diet-induced obesity have generated a body of evidence which demonstrates 

that diet-induced obesity per se is associated with altered reward processing and decision-

making in in both rats and mice (e.g. Johnson and Kenny, 2010; Matikainen-Ankney et 

al., 2022; Seabrook et al., 2022). Even two weeks of exposure to this type of diet is 

sufficient to impair sensory-specific satiety and stimulus-outcome learning (Reichelt et al., 

2014). As such, one could argue that the research question becomes vitally important when 

determining whether to incorporate a model of obesity into experimental design.

Interestingly, many animal models of binge eating do not result in the subjects developing 

obesity (for example, see (Corwin et al., 1998)). Rodents excel at body weight homeostasis 

and thus, when exposed to intermittent palatable food schedules, can under-consume 

standard chow during non-binge periods to account for the increased calories consumed 

during binge access periods. This represents a potential criticism of rodent models of 

binge eating: while the vast majority of binge eating human subjects are obese (one study 

estimates lifetime prevalence of nearly 88% (Villarejo et al., 2012)), the same cannot be 

said for binge eating rodents. However, one could argue that the behaviour (i.e. bingeing) is 

the most crucial element of the paradigm for studies focused on understanding mechanisms 

of overeating. Of interest is the finding by Boggiano and colleagues that overconsumption 

of palatable food predicts binge-eating independent of susceptibility to obesity (Boggiano 

et al., 2007). That is, the propensity for binge eating was not related to the propensity to 

develop diet-induced obesity when Sprague-Dawley rats were placed on a continuous high 

fat diet. This is supported by the observation that the prevalence rates for obesity far exceed 

those of BED (Udo and Grilo, 2018). Nevertheless, to increase the translational relevance of 

preclinical research, experimenters should consider the integration of obesity and overeating 

models into their research.

3. Conclusions

Overeating can manifest as clinical diagnoses such as binge eating disorder or bulimia 

nervosa. Moreover, other subclinical forms of overeating are associated with a range of 

negative health and psychiatric outcomes. Though preclinical approaches cannot possibly 

capture the full spectrum of disordered overeating, studies in rodents have significantly 

advanced our understanding of the neurobiology underlying distinct aspects of hedonic 

appetitive behaviour. For researchers embarking on investigations in this area, there are 
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several important considerations to take into account: the macronutrient composition of 

the food being studied, selection of appropriate control groups, the sex of the animals, 

deciding whether caloric restriction will be employed, controlling for circadian influences 

on behaviour, as well as identifying the precise overeating behaviour that one is attempting 

to model and how best to study this in a laboratory animal. As we outline here, there exists a 

variety of behavioural approaches to address the latter, including basic consumption studies 

and operant paradigms, through to more complex approaches that permit more nuanced 

examination of underlying motivational constructs, including demand elasticity and food 

seeking in the presence of aversive stimuli. Ultimately, the approach(es) selected must 

reflect the experimental question at hand, and one must consider the strengths – and perhaps 

more importantly – the limitations of the adopted strategy. We note that studies should 

also seek to identify the biological contributors to overeating across different stages of the 

disordered eating continuum, starting with high-risk periods associated with initiation of 

problematic eating patterns (e.g. adolescence, periods of high stress), through to the full 

manifestation of disease. Together, integration of these foci will hopefully lead to a better 

understanding of the distinct brain circuits and molecular adaptations that underlie binge 

eating, overeating, and even ‘food addiction’, thus enhancing our prospects of identifying 

novel therapeutic strategies to better treat these conditions.
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