
Frontiers in Psychology 01 frontiersin.org

Addiction spectrum disorder: a 
conceptual framework for 
comprehensive understanding of 
addictive disorders

Yukiori Goto 1*, Jana Krieger 2, Moojun Won 3 and Young-A Lee 4

1School of Informatics, Kyoto University, Kyoto, Japan, 2Neuroscience Program, Rheinische Friedrich-
Wilhelms Universität, Bonn, Germany, 3MRC Lab Clinic, Mitaka, Japan, 4Department of Food Science 
and Nutrition, Daegu Catholic University, Gyeongsan, Gyeongbuk, Republic of Korea

The term addiction or addictive disorder refers to a psychiatric condition that 
is characterized impulsive and compulsive seeking targets or action executions 
despite negative consequences are expected to occur. However, it has been 
used to lump widely heterogeneous conditions, such as substance use disorders, 
behavioral addictions, and food addiction, together, which has been causing a 
serious problem in understanding and defining the addictive disorder. Here we 
deliberate a framework toward comprehensive understanding of addictive dis-
orders that overcome the heterogeneities of substance use disorders, behavioral 
addictions, and a food addiction, by considering that addictive disorders could 
form a spectrum of disorders, consisting of three imperative components, spe-
cifically negative reinforcements in relation to compulsive seeking, cue-induced 
responses in relation to associative learning, and a food addiction as an inter-
mediate phenotype between substance use disorders and behavioral addictions.
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1 Introduction

The term “addiction (or addictive disorder)” has been used to refer to mental health 
conditions in the general public as well as in scientific and clinical fields. However, what 
does “addiction” really mean? Addiction was used to be synonymous with drug addic-
tion or substance use disorder (SUD); however, this has recently been extended to 
include addictions to specific actions, i.e., behavioral addiction (BA) and food addiction 
(FA). Although FA is not yet an independent diagnosis in the International Classification 
of Diseases, 10th revision (ICD-10; World Health Organization, 1992) as well as the 
Diagnostic and Statistical Manual of Mental Disorders, 5th version (DSM-5; American 
Psychiatric Association, 2013), it has been discussed in neuroscience literature for addic-
tive disorder as a possible subtype, with a particular focus on addiction-related behav-
iors (Vasiliu, 2021). Studies indicate that while substance and non-substance addictions 
exhibit symptomatic overlaps, the proposed diagnostic criteria for many non-substance 
addictions, including eating disorders, are currently not sufficiently clinically validated 
and primarily serve as research tools (Wei and Zhang, 2017). For this reason, we would 
like to attempt to develop a unified framework that, despite clinical and diagnostic het-
erogeneities, provides a deeper understanding of the many facets of addiction.
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Addictive disorders are characterized by (1) persistent and repetitive 
seeking toward specific targets, although negative consequences are 
expected, and (2) involvements of reward system activation in the brain. 
Existing models offer complementary accounts of addiction mechanisms, 
but no unified framework adequately captures the full complexity of these 
disorders. Although the mechanisms underlying addictions are believed 
to be similar, the different forms of addictions manifest in distinct pheno-
typic expressions (Alavi et al., 2012). Despite extensive research, addiction 
studies have yet to establish a standardized framework that comprehen-
sively encompasses all forms of addictions. As so noted by West et al. 
(2019), “The field of addiction struggles with a lack of clarity over many of 
its core constructs, with unresolved disputes over ways of representing and 
understanding the phenomena within its scope, and even debate over what 
falls within that scope.” In a similar tone, Petry et al. (2018) argue “Not only 
does the term “addiction” instigate controversy but so does consideration of 
new mental disorders.”

As outlined above, the pronounced heterogeneity of addictive dis-
orders highlights the need to clarify both shared and distinct features 
across SUD, BA, and FA. Are fundamental symptoms such as toler-
ance and withdrawal necessary and sufficient conditions in all types 
of addictions? What are possible relationships with other psychiatric 
disorders—which boundaries can be found between addictive disor-
ders and other psychiatric disorders in which patients show addiction 
associated symptoms, such as obsessive compulsive disorder (OCD), 
impulse control disorder, and eating disorder?

The lack of consensus on a unifying model of addiction highlights the 
need for a conceptual framework that enables a better understanding of 
the full spectrum of addictive disorders. This article aims to propose a 
unified conceptual framework for the two recognized main subtypes of 
addiction—SUD and BA—while also considering the debated construct 
of FA. FA is conceptualized as an intermediate phenotype within the 
addiction spectrum, characterized by cue-triggered processes and patho-
genic mechanisms that overlap with those observed in both SUD and BA 
(Vasiliu, 2021). In this framework, SUD, BA, and FA are understood as a 
spectrum of disorders, similar to the autism spectrum disorder, and are 
organized around the following unified key aspects: negative reinforce-
ment, compulsive behaviors, cue-induced responses, and associative 
learning. These key aspects are considered shared main characteristics of 
the different addiction types, including SUD, BA, and FA.

2 Conceptualizing addictive disorders: 
cases of SUD, FA, and BA

Addictive disorders have been conceptualized within multiple 
theoretical frameworks (Clark, 2011), some of which are described in 
this section. Existing approaches to conceptualizing addictive disor-
ders can be broadly grouped into two categories: (1) conceptualizing 
addictive disorders based on symptoms/clinical observations and (2) 
conceptualizing them based on neurobehavioral processes. The fol-
lowing paragraph will discuss the conceptualizations of SUD, 
BA, and FA.

2.1 Conceptualizations of SUD based on 
clinical approach

The definition of SUD is primarily based on observable clinical 
symptoms, which constitute the core characteristics of the disorder. 

According to the DSM-5, SUD is diagnosed based on 11 criteria, 
which are categorized into four overarching domains. Difficulties in 
one or more of these areas in relation to substance use continue to 
serve as the foundation for clinical diagnosis. These are loss of control 
over consumption (such as substance consumption in larger quantities 
or over a longer period than intended, repeated unsuccessful attempts 
to reduce or control consumption, significant time investment in 
acquiring, using, or recovering from substance use, and intense crav-
ing for the substance), social impairment due to substance use (such 
as neglect of work, school, or familial responsibilities, continued sub-
stance use despite recurring social or interpersonal conflicts, and 
abandonment or reduction of important activities in favor of sub-
stance use), risky or hazardous use (such as repeated substance use in 
situations that pose a danger and continued use despite awareness of 
associated physical or psychological harm), and physiological depen-
dence (such as tolerance development, requiring higher doses to 
achieve the same effect and withdrawal symptoms upon cessation or 
reduction of substance use).

A similar diagnostic framework is employed in ICD-10, which 
classifies SUD under F1x.2—Dependence Syndrome. According to 
this classification, a diagnosis requires the presence of at least three of 
the following six criteria: i.e., strong desire or compulsion to use the 
substance (craving), impaired control over the initiation, amount, or 
cessation of use, tolerance development, necessitating increasing doses 
to achieve the same effect, withdrawal symptoms following reduction 
or discontinuation of substance use, neglect of alternative interests and 
activities due to substance use, and persistent substance use despite 
knowledge of its harmful physical, psychological, or social conse-
quences, within a 12-month period.

While both the DSM-5 and ICD-10 emphasize observable behav-
ioral patterns and physiological markers, the ICD-10 maintains a 
stricter distinction between harmful use (F1x.1) and dependence syn-
drome (F1x.2), whereas the DSM-5 integrates these concepts under a 
single diagnostic spectrum.

2.2 Conceptualizations of BA based on 
clinical approach

Similar to FA and in contrast to SUD, BA is not a separate category 
in the diagnostic catalogs, but rather a residual category. In DSM-5, 
gambling disorder (312.31 (F63.0)) can be found under nonsubstance-
related disorders and is defined as follows: persistent and recurrent 
problematic gambling behavior leading to clinically significant impair-
ment or distress. The clinical criteria listed below include increasing 
gambling for sustained arousal, irritability when trying to reduce gam-
bling, loss of control over gambling behavior, excessive thoughts about 
gambling (e.g., plans or flashbacks), gambling as a coping mechanism 
for stress (e.g., negative feelings), and social and financial problems, 
such as lying, relationship problems or compensating for losses (“chas-
ing losses”). There are also the number of other behavioral addictions 
that have not yet been recognized by the DSM-5 but included in 
ICD-11 (World Health Organization, 2018), such as Internet gaming 
disorder.

Several further models conceptualize addiction through clinical 
observations and characteristics. One prominent example is the 
Components Model of Addiction by Griffiths (2005), which lays a 
special focus on BA and defines behavior as addictive if it shares 
symptomatic overlaps with SUD in six specific components: salience, 
mood modification, tolerance, withdrawal, conflict, and relapse. 
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Furthermore, this model suggests a three-step approach, which is 
identifying target behaviors as potentially addictive, screening them 
using the six inclusion criteria, and evaluating the biological and psy-
chosocial risk factors associated with BA. Another example of concep-
tualization of BA based on clinical symptoms is the exclusion criteria 
model by Kardefelt-Winther et al. (2017). This model proposes that 
behavior should not be classified as BA if it meets the four criteria, 
such as that no other disorder can better explanation for symptom, the 
behavior is a willful choice, although potentially harmful and causes 
impairment, the behavior is persistence but causes no functional 
impairment or distress, and that the behavior is the result of a coping 
strategy.

Conceptualizing addiction based on symptoms and clinical obser-
vations is an extremely useful approach. However, the enormous het-
erogeneity of symptoms also clearly argues against such an approach. 
Most theories propose a defined framework that primarily implies one 
type of addiction, which also segregates the disorders in the interven-
tion domain, which can lead to reduced treatment effectiveness (Kim 
and Hodgins, 2018). Another line of attempts to conceptualize addic-
tions for BA cases is based on neurobehavioral processes, provided 
primarily by the idea that addiction is a disorder of associative learn-
ing (Robbins and Clark, 2015; Morris and Voon, 2016; James and 
Tunney, 2017; Perales et al., 2020). Similar theories have recently been 
put forward for SUD and FA. Etiological theories of SUD conceptual-
ize the disorder as fundamentally behavioral, emphasizing learning 
processes and their behavioral consequences (Greener and Storr, 
2023). In the following sections, this will be detailed, along with a 
rationale for why this approach would be useful in conceptualizing 
addictive disorders and how this approach fits into a dimensional 
model with clinical relevance.

2.3 Conceptualizations of FA based on 
clinical approach

FA is described as a behavioral manifestation in which highly pal-
atable and therefore rewarding foods are consumed in quantities that 
exceed normal energy requirements (Kalon et al., 2016). As noted 
above, FA is not a formally recognized diagnosis in either ICD-10 or 
DSM-5. Accordingly, here the term FA is used in reference to the 
ongoing scientific debate, where it serves as a phenomenological con-
struct describing addictive-like eating behaviors that show symptom-
atic overlaps with more well-defined addiction subtypes, such as SUD 
and BA (Vasiliu, 2021). Although the pathogenesis remains unclear, 
there appears to be substantial overlaps with SUD, particularly with 
respect to reward dysfunction, craving, and impulsivity (Vasiliu, 
2021). Among other problems, FA is associated with a loss of control 
in the context of eating, which represents both psychological and 
physical stress for those affected (Fletcher and Kenny, 2018). “Hedonic 
hunger,” the concept referring to the phenomenon that food is con-
sumed solely for the rewarding and good feeling, despite the absence 
of a physiological feeling of hunger (Espel-Huynh et al., 2018), is 
therefore at the heart of the disorder (Witt and Lowe, 2014).

In one perspective, FA may be considered more relevant to 
SUD. In their theoretical framework for defining FA, Kalon et al. 
(2016) use Sussman and Sussman’s five addiction criteria of SUD 
(Sussman and Sussman, 2011), which include participation in behav-
iors due to appetitive effects, significant expenditure of time thinking 
about, obtaining, using, and recovering from the effects of the behav-
ior, satiation, described as a period of time immediately following use 

in which the addictive behavior temporarily subsides but quickly 
returns once the effects fade, impulsivity or loss of control over the 
behavior, and negative psychosocial, emotional, and health 
consequences.

Another set of studies suggests that FA may also be considered 
more relevant to maladaptive behavioral patterns, such as BA. From a 
clinical perspective, binge eating disorder (BED), a psychiatric condi-
tion understood as pathological overeating and the associated loss of 
control, is also suggested to fall under the umbrella term FA (Parylak 
et al., 2011). Bulimia nervosa (BN) is also a psychiatric condition char-
acterized by pathological overeating followed by compulsive counter-
measures such as vomiting or excessive exercise and thereby could 
meet the criteria of FA (De Vries and Meule, 2016). Overeating is seen 
as a possible symptom of FA and does not in itself represent a subcat-
egory of FA (Fletcher and Kenny, 2018). For this reason, BED and BN 
have been implied with the term FA.

A clinical scale has been developed to quantify the severity of 
addictive-like eating, namely the Yale Food Addiction Scale (YFAS; 
Gearhardt et al., 2009), which was constructed to parallel DSM-IV 
criteria for substance dependence. Two validated versions of this 
instrument are currently available: the modified YFAS 2.0 (Schulte 
and Gearhardt, 2017), and the child version (dYFAS-C; Schiestl and 
Gearhardt, 2018), allowing the assessment of FA severity across adult 
and pediatric populations. However, despite the availability of these 
psychometric tools, there is currently no unanimously accepted and 
well-defined diagnostic criterion for food addiction in the literature 
(Vasiliu, 2021).

3 Reconstructing the concepts of 
psychiatric disorders with the 
dimensional model

In the conventional diagnostic system, psychiatric disorders are 
categorized with their symptoms. Although this system is useful in 
clinical practice, researchers have begun to be aware of its major limi-
tations in the realm of psychiatric research. First, a profile of symp-
toms even within the same category of psychiatric disorder is highly 
heterogeneous in individuals. In addition, patients with one psychiat-
ric disorder quite often tend to develop other psychiatric disorders, 
with the estimated prevalence of such co-morbidities of two disorders 
reaching up to 66% of all patients (Caspi and Moffitt, 2018). Although 
the existence of such critical problems has long been recognized, this 
problem has been neglected until quite recently. However, as basic 
research on psychiatric disorders has progressed and grown, it turns 
out now that many genes, molecules, and brain regions and networks 
are substantially overlapping with different classes of psychiatric dis-
order, and thereby it is not possible to clearly distinguish one disorder 
from another with such neuroscientific findings anymore.

Accordingly, these issues led researchers to reconceptualize psy-
chiatric disorders from the currently adopted categorical model to 
dimensional model. In the categorical model, there is a (single) defect 
(which could be on a gene, neurotransmitter, brain region, etc.) that 
causes an assortment of symptoms, resulting in a specific category of 
psychiatric disorder, which is similar to, for instance, an infectious 
disease in which infection to viruses or bacteria causes an assortment 
of symptoms, such as fever, diarrhea, and so on. In the dimensional 
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model, psychiatric disorder is considered a concept consisting of a 
bundle of neurobehavioral processes that are deviated from the aver-
age of the population, so that no single cause exists for symptoms of 
disorders.

A landmark in such reconceptualization of psychiatric disorder 
into the dimensional model is Research Domaine Criteria (RDoC), 
which is a project led by National Institute of Mental Health in the 
USA. RDoC is the framework consisting of six domains of human 
psychological/biological functions (Negative valence; Positive valence; 
Cognitive; Arousal/Regulatory; Sensorimotor; Social processes) (Insel 
et al., 2010). Each domain comprises constructs, which are neurobe-
havioral processes ranging from functional to dysfunctional. 
Constructs can be quantitatively measured using the method termed 
units of analysis, such as behavioral, physiological, and self-report 
data, for comprehensive understanding of the constructs.

4 Insights on addictive disorders from 
the dimensional model

4.1 Conceptualizing psychiatric disorders 
with neurobehavioral processes

The impacts of the dimensional model on our understanding of 
psychiatric disorder are particularly important in the following two 
points. First, psychiatric disorders in different categories of conven-
tional nosology are continuous (= spectrum) and cannot be delin-
eated. However, the idea of “spectrum” has already been incorporated 
into the diagnostic manuals at a certain extent; for instances, autism 
spectrum disorders (ASD) and schizophrenia spectrum disorders 
(SSD) that involve psychosis, impaired cognitive processes, unusual 
or disorganized behaviors affecting social activity, so that schizophre-
nia and relevant disorders, such as delusional disorder, schizoaffective 
disorder, and schizophreniform disorder, could be considered as a 
spectrum with different severity in specific aspects of symptoms (Ross 
and Margolis, 2019). Second, given that constructs are quantitative 
and continuously varied from functional to dysfunctional level, no 
clear delineation is possible between psychiatric and normal condi-
tions. Thus, in the dimensional model, subjects with psychiatric con-
ditions are considered as those residing in the extreme ends of 
normally distributed population (Sanchez-Roige and Palmer, 2020).

The notion of spectrum between healthy and pathological condi-
tions in the dimensional model has already been suggested in 
SUD. Volkow et al. (2016) have argued that “… as is the case for any 
other medical condition, there is a severity dimension … and that only 
a small percentage of those with a substance use disorder fall in the most 
severe category… this severity dimension and the mechanisms underly-
ing the transition from mild to severe addiction …” Accordingly, 
Volkow et al. (2016) have defined the word SUD as a diagnostic term 
for recurrent substance use that causes significant impairments, with 
its severity varying from mild to severe, whereas the term addiction 
refers to indicate only the most severe, chronic stage of SUD charac-
terized by compulsive seeking of substances.

In contrast to SUD, quite some arguments have been made to go 
against this direction of the notion in BA. For instance, Flayelle et al. 
(2022) have stated “…understanding and treating non–substance-
related addictive behaviors rest on… (1) elucidation of the specific 

phenomenological characteristics of the emerging and possible behav-
ioral addictions through priority recourse to qualitative research con-
ducted in highly engaged individuals; (2) better delineation of high but 
healthy engagement (i.e., passion) and pathological involvement (i.e., 
disorder); and (3) endorsement of an approach that is not merely symp-
tom or syndrome based, but is rather process based, thus reflecting the 
complexity of psychological functioning….” It is partly understandable 
why such statement has been made, as recent expansion of conditions 
that are referred to as BA (e.g., smartphone, exercise, work, etc.) 
appears as if almost any kind of (enthusiastic) behavior could be con-
sidered as addiction in the current situation. Nonetheless, it is unlikely 
that a clear delineation can be found that distinguishes behavioral 
addiction and highly engaged but non-pathological activities, such 
that behavioral addiction research should be directed to understand 
how addictive behaviors can be defined in the spectrum from healthy 
to pathological conditions rather than finding the delineation that 
distinguishes between them.

In the context of FA, this perspective supports the notion that the 
intensity and frequency of food consumption may gradually shift from 
necessary and healthy behavior or hedonic enjoyment to maladaptive 
patterns characterized by loss of control, particularly in response to 
highly palatable foods (Davis, 2014). Importantly, not only do specific 
types of foods function as potential cue-driven triggers, in a manner 
comparable to substances in SUD (McCausland et al., 2025), but there 
are also clear gradations in the severity of the associated pathological 
behaviors, such as craving and impaired control (Pelchat, 2002). 
Together, these observations indicate that FA can be understood as a 
condition that exists along its own continuum of severity and as an 
intermediate phenotype that integrates substance-like cue reactivity 
with behavior-driven compulsive patterns, thereby occupying a posi-
tion between SUD and BA within the addiction spectrum.

4.2 Conceptualizing addictive disorders 
with neurobehavioral processes

The international Delphi consensus study has identified 7 neu-
robehavioral processes (constructs in RDoC) that are critical in 
explaining SUD (Yucel et al., 2019). These include 5 constructs from 
the positive valence domain (reward valuation, expectancy, action 
selection, reward learning, habit), one construct from the cognitive 
control domain (response selection/inhibition), and one more expert-
initiated construct (compulsivity). If SUD, BA, and FA consist of a 
spectrum of the disorders, these neurobehavioral processes should 
mutually be involved in all of SUD, BA, and FA, and its conceptualiza-
tions should be based on these neurobehavioral processes.

Converging evidence indicates that SUD involves maladaptive 
associative learning (Di Chiara, 1999; Everitt and Robbins, 2005; 
Berridge and Robinson, 2016). Such associative learning in SUD 
includes not only operant conditioning, but also Pavlovian condition-
ing. Thus, substance seeking behavior (response) is associated with a 
substance as a reward (outcome); moreover, a process that an environ-
mental cue (stimulus) is associated with a substance as a reward also 
takes place in development into the addicted state of SUD, which in 
turn causes cue-induced craving and relapse to the addicted sub-
stances in SUD patients. This associative learning theory of addiction 
has now been extended into conceptualization of BA (Robbins and 
Clark, 2015; Morris and Voon, 2016; James and Tunney, 2017; Perales 
et al., 2020), along with empirical supports from studies demonstrat-
ing cue-induced craving in gambling disorder (Crockford et al., 2005; 
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Miedl et al., 2014), Internet and online gaming disorder (Niu et al., 
2016; Zhang et al., 2016; Wegmann et al., 2018), and pathological 
buying (Trotzke et al., 2014). We have also recently demonstrated that 
patients with kleptomania exhibit altered responses to environmental 
cues associated with their symptoms, although whether these 
responses are associated with craving or relapse has remained 
unknown (Asaoka et al., 2023).

Robbins et al. (2012) have suggested that impulsiveness and 
compulsion play roles in an assortment of psychiatric disorders, 
with impulsivity associated with mania, personality disorders, and 
attention deficit/hyperactivity disorder (ADHD), whereas compul-
sion is associated with SSD, ASD, and OCD. In contrast, presence 
of both impulsiveness and compulsion characterizes SUD and 
eating disorders, although impulsivity and compulsivity may be 
convoluted in different stages of addiction, with impulsivity signifi-
cant at intimal stage, whereas compulsion harsh at late chronic, 
stages of addiction (Yucel et al., 2019). In particular, impulsiveness 
is thought to be a risk factor for addiction, such that it plays promi-
nent role at beginning of addiction process, whereas compulsivity 
is suggested to be developed through associative learning, and 
therefore, play major role in later, chronic stage of addiction (Everitt 
and Robbins, 2005). However, there is also a study reporting that 
cue-induced craving augments impulsivity in problem gamblers 
(Miedl et al., 2014). Thus, further investigation for relationships 
between impulsivity and compulsivity in relation to associative 
learning in addiction is required.

As mentioned above, FA not only shares similarities to various 
addiction subtypes such as SUD and BA within the psychological 
dimension, but also on a behavioral level. Existing evidence indicates 
overlap between the clinical phenotypes of SUD and FA, in regard to 
cue-driven-behavior (drug vs. hyperpalatable food), stress-coping, 
impulsivity and operant conditioning (Kalon et al., 2016). Similar to 
SUD, the consumption of highly processed foods is accompanied by 
strong craving and is no longer perceived as rewarding, but rather as 
an avoidance strategy to negative bodily sensations in FA (Meule and 
Kubler, 2012). These and other findings support the assumption that 
FA is subject to the same negative reinforcement mechanisms as SUD 
(Parylak et al., 2011) and consequently also BA (Alavi et al., 2012).

Collectively, some neurobehavioral processes are critical in con-
ceptualizing addiction, including associative learning, impulsiveness, 
and compulsion.

4.3 Conceptualizing addictive disorders 
from their neural mechanisms

Addiction typically begins with a conscious and voluntary pursuit 
of highly rewarding stimuli or intoxication. The primary focus is on 
stimuli eliciting a rapid and substantial release of dopamine, such as 
psychoactive substances, high-calorie food, or gambling winnings, 
which are initially sought through deliberate, goal-directed behavior. 
However, as addiction progresses, this goal-oriented behavior gradu-
ally transitions into compulsion, characterized by a loss of conscious 
control over reward-seeking behavior (Uhl et al., 2019).

The role of compulsion in the context of underlying learning 
mechanisms is examined in greater detail later (in Section 5.1). The 
transition from goal-directed, consciously controlled behavior to com-
pulsive engagement—a hallmark of addiction—is associated with 
neural alterations shared across multiple addictive disorders, includ-
ing SUD and BA (Figee et al., 2016; DiFeliceantonio et al., 2018).

Central to the development of addiction is the mesolimbic system, 
a dopaminergic network primarily comprising the ventral tegmental 
area (VTA) and the nucleus accumbens (NAc). The VTA projects dopa-
minergic signals to the forebrain, thereby regulating reward perception 
and motivation. Simultaneously, additional pathways extend to the hip-
pocampus and amygdala, integrating reward-related stimuli with 
memory and emotional processing. Strong reward stimuli such as 
abused drugs lead to an excessively high release of dopamine release. The 
“incentive-sensitization theory of addiction” presented by Berridge and 
Robinson (2016) explains that addictive drugs influence dopamine 
transmission in the mesolimbic system. Repeated drug use leads to neu-
roadaptive changes in this system, making the brain increasingly sensi-
tive to drugs and drug-associated stimuli. As a result, the desire for the 
drug (craving) becomes stronger and stronger, even if the pleasure of the 
drug itself or the negative effects of withdrawal are reduced. Excessive 
dopamine release in the reward system leads to an upregulation of inhib-
itory receptor molecules in the NAc and VTA, resulting in local hypo-
activity. Consequently, rewarding stimuli must be significantly stronger 
to induce the same subjective feeling of pleasure. Simultaneously, hypo-
activity is also observed in the medial prefrontal cortex (PFC) (Khayat 
and Yaka, 2024). Over the course of the disorder, a functional impair-
ment of the PFC becomes evident, primarily due to persistent PFC 
hypoactivity. This dysfunction is associated with various addiction-
related symptoms, including impaired response inhibition, aberrant 
salience attribution, craving, and the development of compulsive behav-
ior as part of a learning process (Goldstein and Volkow, 2011). There is 
evidence that these neurobiological patterns and changes are the same 
or similar in the various types of addiction, suggesting the same etiologi-
cal mechanism (Grant et al., 2006; Passeri et al., 2023).

The mutual neural alterations in patients with different forms of 
addictive disorders, e.g., BA and SUD, is another indication of a 
shared neurological etiology. Thus, the ventromedial PFC shows 
hypoactivity in both BA and SUD patients in response to addiction-
associated (e.g., gambling associated or drug associated) cues. A simi-
lar response in the frontal regions can also be observed in FA subjects 
with BED and BN when confronted with food cues (Volkow and Baler, 
2014). Recent studies provide evidence that both the intake of cocaine 
and high-calorie and thus rewarding food can lead to a reduction in 
dopaminergic activity in the NAc (Alonso-Caraballo et al., 2021). At 
the same time, the consumption of high-calorie food, like the intake 
of cocaine and heroin, leads to reduced activity and alteration of 
receptors in the VTA (Figlewicz et al., 2003). Studies have also shown 
reduced activity in the VTA and NAc in cases of BA such as gambling 
disorder (Garcia-Castro et al., 2023).

In summary, these studies described in this section show that dif-
ferent forms of addiction disorders, such as SUD, BA, and FA, share 
the same underlying neural mechanisms which lead to similar pat-
terns in associative learning, impulsiveness and compulsion (Figure 1; 
Table 1).

5 Addictive disorders as a spectrum

The above arguments lead to the importance of how we could com-
prehensively understand the relationships between SUD, BA, and FA as 
“addiction” notwithstanding of their heterogeneities. By considering a 
conceptual framework of the dimensional model, we propose an idea 
that SUD, BA, and FA could be united as a spectrum of disorders. Here 
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we argue three specific constructs imperative to compose such a spec-
trum. The first construct is that negative reinforcements rather than 
positive reinforcements could be a key to understanding addiction; the 
second construct is that cue-induced responses consequent of associa-
tive learning could be a unique characteristic to distinguish addiction 
from other resembling psychiatric disorders; and the third is that FA 
(which acts as its own spectrum, see the section 5.3) exhibits both 
aspects of SUD and BA, so that FA could be an intermediate phenotype 
between them in the spectrum. This spectrum is based on two neurobe-
havioral criteria that are inherent to all three types of addiction.

5.1 Negative reinforcement and compulsive 
seeking

Positive reinforcement with activation of the dopamine system is 
a neural basis and thereby the primary assertion of the current 

addiction research (Volkow et al., 2011; Wise and Robble, 2020). Thus, 
the presumption made for addictive disorders is that this positive rein-
forcement process is equally involved in any of SUD, BA, or FA.

A critical difference between SUD, BA, and FA, is that SUD as well 
as FA involve specific positive reinforcers that can over-stimulate the 
dopamine system beyond the physiologically ordinary level, although 
primary molecular targets are different between substances (Luscher 
and Ungless, 2006). On the other hand, although BA is also associated 
with positive reinforcements of actions as consequence of action exe-
cution, such reinforcement is dopamine activation within the ordinal 
level. Indeed, our behaviors are guided toward goals, which are rein-
forced at achievements of goals; however, majority of these actions do 
not get into addictive states.

Some aspects of environments, such as unpredictability may play 
a role in BA, for instance, such as gambling disorder, given that dopa-
mine neuron firings have been shown to be associated with predict-
ability of conditioned cues in reinforcement learning, with the 
strongest responses with a cue with 50% predictability (Fiorillo et al., 
2003). However, such dopamine response is still a physiologically 
natural signal, and unlike exceedingly intense and sustained dopa-
mine elevation with addictive substances. In addition, substance-
induced dopamine release is significantly variable depending on 
substances, and therefore, the amount of dopamine release induced 
by the substances are clearly dissociated from being addicted to these 
substances (Nutt et al., 2015). These suggest that dopamine signals in 
positive reinforcement play a role not more than an association of an 
environmental cue and an outcome independent of whether the out-
come is substances or not. Accordingly, positive reinforcement 
appears to be necessary for development of addictive states, but it is 
not sufficient and requires additional processes. Conceptualizing 
addiction from the commonality between SUD and BA is also difficult 
from the positive reinforcement perspective alone. This is partly 
attributable to the fact that positive reinforcers in BA are more hetero-
geneous and less clearly separable from negative reinforcement than 
those observed in SUD (e.g., stress or boredom reduction via mobile 
phone gaming versus the direct dopaminergic effects of alcohol con-
sumption; Robinson and Berridge, 2008; Billieux et al., 2015).

In this regard, negative reinforcement appears to constitute a more 
central mechanism in both SUD and BA (Weatherly et al., 2012; Cho 

FIGURE 1

A schematic diagram illustrating mutual neurobehavioral mechanisms 
that underlie SUD (substance use disorder), BA (behavioral addiction), 
and FA (food addiction).

TABLE 1  A summary of shared and distinct features of SUD, BA, and FA.

Dimension Substance use disorders 
(SUD)

Food addiction (FA) Behavioral addictions (BA)

Diagnostic status Formally recognized diagnosis (DSM-

5, ICD-10)

Not formally recognized; Debated 

construct

Partially recognized (e.g., Gambling 

disorder)

Primary trigger Psychoactive substances Highly palatable/ Ultra-processed 

foods

Behaviors (e.g., Gambling, Gaming)

Cue-induced craving Cue-drug associations Cue-food associations Cue-behavior associations

Positive reinforcement (early stage) Euphoria, Intoxication Palatability, Hedonic eating Excitement, Arousal

Negative reinforcement (later stage) Avoidance of withdrawal, stress Relief of craving, Negative affect Relief of tension, Dysphoria

Loss of control/Compulsive seeking Present Present Present

Associative learning Pavlovian and instrumental 

conditioning

Pavlovian and instrumental 

conditioning

Pavlovian and instrumental conditioning

Impulsivity-compulsivity dynamics Impulsivity (early) ➔ Compulsion 

(late)

Impulsivity (early) ➔ Compulsion 

(late)

Impulsivity (early) ➔ Compulsion (late)
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et al., 2019). One of the most consistent reports found in addiction 
research would be heightened negative affects, such as stress, anxiety, 
and depression, in patients with SUD (Koob and Le Moal, 1997; Sinha, 
2008), BA (Blaszczynski and McConaghy, 1989; Matar Boumosleh and 
Jaalouk, 2017; Asaoka et al., 2020), and FA (Kayaoglu et al., 2023). 
Such negative affects may not necessarily be a consequence of with-
drawals but could be a trigger (e.g., to alleviate daily stress). Indeed, 
they are demonstrated to play key roles in the initiation, maintenance, 
and relapse of SUD (Avery et al., 2016; Lemieux and al'Absi, 2016). 
Animal model studies have also demonstrated that rodents exposed 
to stress are more likely to self-administer addictive substances (Yap 
and Miczek, 2008).

The opponent process model of addiction by Solomon and Corbit 
(1978) also considers negative affects as the crucial aspect of addiction 
process, but along with positive ones. In this model, affective responses 
to stimuli consist of a fast and transient positive affective process 
(a-process) followed by a slow and prolonged negative affective pro-
cess (b-process). Moreover, after repeated exposure to stimuli, 
although positive affects are not changed, the opponent negative pro-
cesses are sensitized. Accordingly, substance taking in this model was 
driven initially by the net effect toward stronger positive processes, but 
in the later stage, i.e., addictive states, it becomes more negative affects 
predominance, and alleviation of negative affects drives substance 
taking. The allostasis model by Koob and Le Moal (1997) proposes a 
similar process with a three-stage cycle of binge/intoxication, with-
drawal/negative affects, and preoccupation /anticipation, being addic-
tive states after repeated substance intakes resulting in altered 
homeostatic state due to attenuated binge/intoxication (providing the 
basis for tolerance) and augmented withdrawal/negative affects.

These models thereby suggest that negative reinforcement is a 
prominent and crucial process, especially in the later stage of sub-
stance use, i.e., addictive states. This helps explain why not all reward-
seeking, goal-directed behaviors develop into behavioral addictions 
and why individuals differ in addiction vulnerability despite compa-
rable exposure to similar substances or behaviors.

However, positive and negative reinforcements closely interact 
with each other in the addiction process. Through the cyclical nature 
of addiction process, the balance of these two reinforcement processes 
may shift toward less significant in positive reinforcement due to toler-
ance and more prominent in negative reinforcement, respectively. In 
addition, while positive reinforcement is common for all the forms of 
addictive disorders, severity of negative reinforcement could vary 
depending on the type of disorder. For instance, negative reinforce-
ment may play a more significant role in SUD that involves physical 
dependence than addictive disorders without physical dependence, 
including BA.

Negative reinforcement plays a central role in addiction and may 
be equally or more influential than positive reinforcement. First, nega-
tive reinforcement has been suggested to yield even stronger effects 
than positive reinforcement in associative learning; thus, unpleasant 
events tend to evoke relatively more attention, greater memory forma-
tion, and stronger and long-lasting changes in mood and emotion 
than positive events (Baumeister et al., 2001). Second, in the positive 
reinforcement paradigm, contingencies are arranged for operant 
response and delivery of the positive reinforcer at different timing, 
whereas in the negative reinforcement regimen, operant response 
reinforced by removal of punishment occurs under the presence of 
such punishment, so that, for instance, substance-seeking behavior in 
SUD and addicted behavioral process in BA could be more effectively 

reinforced to escape from negative affects. In this context, negative 
reinforcement provides a direct mechanistic link to compulsive seek-
ing, here we primarily use this term to refer to cue-driven, repetitive 
motivational behaviors that precede and promote consummatory acts 
(taking), that is also a key feature of addictive disorders (Robbins et 
al., 2012; Yucel et al., 2019). The behavior is therefore no longer per-
formed with a view to its rewarding consequences, but solely to escape 
negative consequences and emotional states. Thus, compulsive seeking 
can be understood as a behavioral manifestation of negative reinforce-
ment processes in addictive disorders. This is particularly evident in 
OCD, where negative reinforcement is understood to drive the devel-
opment and maintenance of compulsive behavior (Panny et al., 2024).

Collectively, in defining addiction as a spectrum, the role of nega-
tive reinforcement and compulsive seeking behaviors are highly useful 
constructs, as, unlike positive reinforcement that involves the problem 
of heterogeneity of rewards, it is a mutually crucial process between 
SUD, BA, and FA (Figure 1; Table 1).

5.2 Cue-induced responses in relation to 
associative learning

Given that mesolimbic dopamine system meditates reinforcement 
learning, the mechanism of addictive disorder has been suggested to 
involve maladaptive associative learning. Such learning theories of 
addiction incorporate the triangular relationship of Pavlovian condi-
tioning, instrumental learning, and habit formation.

In the context of SUD, through Pavlovian conditioning, urges for 
substances (unconditioned responses elicited by outcomes, i.e., rein-
forcers) are associated with stimuli (situational cues, where substances 
are taken), such that conditioned situational cues consequently elicit 
urges for substances. Pavlovian conditioning could also play roles in 
BA; however, unlike SUD, reinforcers associated with conditioned 
stimuli are often indetermined in BA. For instance, reinforcers are 
complex and undecided in Internet, online gaming, and smartphone 
use (if these are really the forms of addictive disorders), whereas in 
others, such as gambling and kleptomania, initial reinforcers are rela-
tively clear (e.g., money, merchandise).

Instrumental conditioning is an association of an action 
(response) with an outcome (reinforcer). In SUD, actions correspond 
to substance-seeking/taking behaviors, whereas in BA, actions vary 
depending on the types of BA, such as gambling, online gaming, and 
using Internet, for which, again, outcomes working as reinforcers are 
not well-defined. The instrumental response can be decreased by 
devaluation, i.e., response contingency degradation. This is somehow 
against the definition of addictive disorder, since in this disorder, 
uncontrolled behaviors are persistently and repeatedly delivered 
despite negative consequences. In addition, Pavlovian conditioning 
and instrumental learning are independent and could be confounding 
with each other.

Incentive sensitization (Berridge and Robinson, 2016) and incen-
tive habits (Everitt and Robbins, 2005) models are two major associa-
tive learning theories that have been proposed in the mechanisms of 
addiction. The incentive sensitization model proposes that repeated 
experience of substance intakes overly amplifies “wanting,” along with 
sensitization of mesolimbic dopamine system, which induces inability 
to control aberrant motivation and devaluation-resistive, compulsive 
seeking of substances. Such sensitized drug-seeking and taking behav-
iors may involve Pavlovian-to-Instrumental Transfer, the mechanism 
that Pavlovian conditioned stimuli associated to a reinforcer could 

https://doi.org/10.3389/fpsyg.2026.1753662
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Goto et al.� 10.3389/fpsyg.2026.1753662

Frontiers in Psychology 08 frontiersin.org

exert motivational influence to facilitate instrumental responding 
toward the reinforcer (Holmes et al., 2010). In contrast, the incentive 
habits model considers compulsive seeking and taking of substances 
as consequence of aberrant coupling of motivation to habits by stimu-
lus–response (action) associations. Thus, instrumental responding to 
conditioned stimuli could be autonomous and resistant to extinction 
even if such instrumental responding is maladaptive and causes nega-
tive results.

Incentive sensitization model and incentive habits model are not 
mutually exclusive and could be complementary with each other. 
Studies have shown that a few times of exposures to addictive sub-
stances is sufficient to facilitate striatal dopamine release in healthy 
subjects, which is consistent with sensitization response to drugs. 
However, in chronic patients, decrease of dopamine release, along 
with down regulation of dopamine D2 receptors availability, in the 
striatum has been demonstrated (Nutt et al., 2015; Volkow et al., 
2017). Such discrepancy could be explained by transition from sensi-
tization to habit formation through progression of addictive state. In 
fact, not everyone who initially or recreationally taking drugs develop 
compulsive drug seeking and taking, and able to stop using drugs 
without treatments (Anthony et al., 1994). The transition from moti-
vational to habitual responses is evident at both behavioral and neural 
levels. At the behavioral level, healthy human subjects exposed to only 
few times of psychostimulants, such as amphetamine, induces long-
lasting sensitized striatal dopamine responses to the drugs and drug-
associated environmental cues (Vezina and Leyton, 2009), suggesting 
that incentive sensitization is the mechanism that play roles even at 
relatively early stage of substance abuse. In contrast, functional imag-
ing studies in SUD patients at a chronic stage of addiction found that 
striatal dopamine release is decreased along with down-regulation of 
dopamine D2 receptor availability, which could be the neural basis of 
tolerance (Nutt et al., 2015). In animal studies, drug-seeking responses 
could be reduced by devaluation early in training (Olmstead et al., 
2001); however, such responses became insensitive to devaluation 
after extended training, suggesting that habitual drug seeking 
responses emerge in later, chronic stage of addiction (Zapata et al., 
2010; Clemens et al., 2014). Consistent with these behavioral observa-
tions, neuroanatomical evidence supports a transition from motiva-
tional to habitual processes in addiction. Thus, neuroanatomical 
dopamine-dependent striato-nigro-striatal loop circuitry that con-
nects the ventral to the dorsal striatum through recurrent connections 
with the midbrain dopamine system (Haber, 2014), enabling the intra-
striatal shift from ventral striatum-dependent, motivational drug 
seeking and taking to dorsal striatum-dependent autonomous delivery 
of drug seeking and taking in response to environmental cues. In alco-
hol use disorder, a shift from motivational to habitual systems is 
reflected in decreased activation of neural substrates involved in goal-
directed behavior and increased activation of circuits supporting habit 
formation (Vollstadt-Klein et al., 2010; Sjoerds et al., 2013).

A couple of insights can be gleaned from these models for con-
ceptualizing a spectrum of addictive disorders. First, although sub-
stance seeking and taking are still goal-oriented in the incentive 
sensitization model, the incentive habit model suggests that substance 
seeking and taking are autonomous responses to stimuli and could 
be executed independent of outcomes. Thus, the incentive habit 
model is readily applicable to BA, in which unlike SUD, reinforcers 
such as substances are often indetermined. Second, it is of particular 
interest to note that both models explain the mechanisms of cue-
induced craving and relapse in addictive disorders. Functional 

imaging studies have shown excessive striatal dopamine release in 
response to situational cue presentation in SUD patients (Volkow et 
al., 2011). A similar cue-induced dopamine release in the striatum is 
also observed in obese subjects, although it is unclear whether these 
subjects may strictly meet with the criteria of FA (Wang et al., 2001). 
Cue-induced craving has been demonstrated in BA, such as gambling 
disorder (Limbrick-Oldfield et al., 2017). Thus, cue-induced 
responses are the mutual constituent of addiction, and this process 
makes addiction distinguished from other psychiatric disorders. For 
instance, OCD involves compulsive thoughts and delivery of actions 
to alleviate negative affects, which are consistent with those of addic-
tive disorders. However, OCD is strikingly different from addictive 
disorders in which compulsive behaviors in OCD are not cue-
induced responses. OCD and addictive disorders are also different in 
pharmacotherapeutic responses, as naltrexone, which is the drug 
effective for treatments of SUD, including alcohol and opioid depen-
dence (Singh and Saadabadi, 2025), as well as BA, such as gambling 
disorder (Ioannidis et al., 2025) and kleptomania (Grant and Kim, 
2002), whereas naltrexone treatments even augment OCD symptoms 
(Amiaz et al., 2008). In contrast, antidepressants, which are effective 
for OCD treatments, yield little effect in addictive disorders (Torrens 
et al., 2005; Charney et al., 2015), collectively suggesting that the 
mechanisms that cause compulsions in OCD and addictive disorders 
could be different. These dissociated drug effects provide additional 
support for distinguishing OCD from addictive disorders. For 
instance, intermittent explosive disorder and kleptomania are catego-
rized into OCD, but although kleptomania exhibits impulsive and 
compulsive aspects of behaviors, intermittent explosive disorder is 
characterized by impulsive execution of behaviors. Naltrexone has 
been shown to improve kleptomania symptoms, but not intermittent 
explosive disorder, whereas antidepressant treatments are effective in 
intermittent explosive disorder, but controversial or even worsening 
kleptomania symptoms (Grant, 2006; Tahir et al., 2022), suggesting 
that kleptomania, but not intermittent compulsive disorder, resem-
bles more like addictive disorder. In accordance with this argument, 
Asaoka et al. (2023) have recently shown that kleptomania patients 
exhibit altered gazing and prefrontal cortical responses to the cues 
associated with their symptoms.

5.3 FA as an intermediate between SUD and 
BA

FA is conceptually both old and new (Meule, 2015), as the concept 
of FA had already been coined by Randolph (1956), but its research 
has barely been conducted thereafter up until recently, when its 
research has flourished since introduction of the assessment criteria 
for FA, which parallels the DSM-5 criteria of SUD, YFAS by Gearhardt 
et al. (2009). Although FA is not recognized as a psychiatric disorder 
in the current DSM-5, FA is characterized by symptoms resembling 
those of SUD and fulfill the criteria of addictive disorders, such as the 
loss of or reduced control over intake, experience of cravings, and 
intake of the amount more than expected (Gordon et al., 2018). The 
concept of FA is further supported by studies, such as a functional 
imaging study in subjects with obesity (Wang et al., 2001) and binge 
eating disorder (Wang et al., 2011), who are not necessarily met the 
criteria of FA, but demonstrate enhanced cue-induced striatal dopa-
mine release. Nonetheless, there are still significant debates about the 
concept of FA and has still been challenged by the significant number 
of researchers (Finlayson, 2017; Fletcher and Kenny, 2018), and a 
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recent study has reported that obesity has limited behavioral overlaps 
with addictive disorders and psychiatric phenotypes (Vainik et 
al., 2020).

Interest in FA may be partly explained by its conceptual proximity 
to BA, as BA does not involve addictive substances, and positive rein-
forcers in BA are not always clear with dopamine activation supposed 
to be at physiologically natural range. In FA, however, the positive 
reinforcers are foods. Specific types of foods are suggested to be 
important in the construct of FA. Thus, consumption of refined foods 
with high glycemic load (GL), i.e., foods rich with fats, sugars, sodium, 
and carbohydrates (e.g., pizza, chocolate, chips), are suggested to 
stimulate the reward system more than other natural foods (e.g., veg-
etables) (Schulte et al., 2015), such that positive reinforcements with 
these processed foods could be similar in the sense of substances in 
SUD. Indeed, this is similar, if not identical, to the fact that a coca leaf 
itself does not yield dependence (Weil, 1978), whereas when it is pro-
cessed into cocaine, it demonstrates dependence. Thus, refined psy-
choactive substances become highly addictive, as they can be taken 
into the body substantially at once, resulting in strong stimulation of 
the reward system.

Another line of evidence suggests that FA exhibits characteristics 
that are consistent with eating disorders, particularly BED, BN, and 
anorexia nervosa (AN) with binge-purge subtype (Wiss and Avena, 
2020). These eating disorders are characterized by recurrent episodes 
of binge eating in which abnormally large quantity of foods than 
intended is consumed within a short period of time, along with feel-
ings of loss of or reduced control and consequent emotional distress. 
Subjects with BED are also suggested to overeat to decrease mental 
problems, such as depressive symptoms, rather than pursuing a spe-
cific food or taste (Leehr et al., 2015). These overlap substantially with 
those observed in addictive disorders, suggesting that FA could be a 
problem of eating behavior itself (behavioral process) rather than the 
specific food type to be ingested. This notion is supported by epide-
miological surveys unveiling that prevalence of subjects who meet the 
criteria of FA is particularly high in subjects with eating disorders 
(Hebebrand et al., 2014). In addition, the prevalence is also high not 
only in obese subjects, but also in underweight people, which could 
be associated with AN with binge-purge subtype (Hauck et al., 2020). 
In the condition of severe food deprivation, individuals have also been 
shown to exhibit binge-like consumption for less refined carbohydrate 
and nutritionally low-fat foods (Keys et al., 1950).

Leading researchers in the field argue that these different per-
spectives, which suggest that FA resemble either more like SUD or 
BA, are incompatible with each other (Gearhardt and Hebebrand, 
2021). However, although high GL foods play a role in FA, it appears 
that high GL foods are not required all the time in the process of 
being addictive. For instance, animal model studies have shown that 
although rodents usually do not binge-eat nutritionally standard 
chows, they over-consume these nutritionally standard chows when 
they are pre-exposed to high fat and sugar chows (Hagan et al., 
2003). Moreover, when environmental cues are associated with high 
fat and sugar chows, cue presentations promote binge eating for 
nutritionally standard chows, i.e., cue-induced responses (Boggiano 
et al., 2009). Thus, once in the addictive state, refined foods are no 
longer important in compulsive food consumption, complying with 
the incentive habit model. Indeed, although YFAS, the assessment of 
FA, are based on SUD similarities, this assessment is clearly reliant 
on behavioral attributes (e.g., impaired control over food consump-
tion), which suggest that the concept of FA posits an interaction of 

the specific type of foods that are disposed to be addicted (e.g., high-
fat, high-sugar foods) and behavioral engagements (e.g., eating to 
cope with negative affects). Both aspects of SUD and BA in FA are 
also not separable in which individuals seeking specific substances 
within foods (e.g., fat, sugar) could develop a behavioral pattern over 
time to crave the quantity of foods (consumption more than 
expected), whereas individuals who originally seek the quantity of 
foods (i.e., BED, BN) rather than particular substances (e.g., fat, 
sugar) could eventually become dependent on these certain sub-
stances within foods even they were unknown to the substances 
(Bak-Sosnowska, 2017).

Collectively, FA is not incompatible between SUD and BA but 
could be considered as a condition characterized by both aspects of 
SUD and BA, and thereby an intermediate phenotype between them, 
forming a spectrum with SUD, BA, and FA under the umbrella term 
of “addiction spectrum disorder” (Figure 2). Within this spectrum, FA 
could represent a kind of spectrum of its own, which in turn is defined 
by the two main representatives of the umbrella term, BED and 
BN. BED is closer to SUD, as the pathological consumption of highly 
rewarding foods and the associated loss of control is closer in concept 
to impulsive and, later on, compulsive drug use. BN, on the other 
hand, borders BA within the spectrum, as this addiction involves a 
stronger behavioral component characterized by compulsive counter-
measures such as vomiting or excessive exercise (Figure 2).

Integrating FA into the addiction spectrum concept could be sig-
nificant importance for clinical intervention. The current diagnostic 
manuals group various eating-associated eating-related behavioral 
phenotypes under the umbrella term “eating disorder.” This includes 
not only BED and BN but also AN. In contrast to SUD in which the 
mesolimbic system is often overactivated that increases dopamine 
release, there seems to be inherently a deficient connectivity within 
the mesolimbic system from the outset in AN (Tadayonnejad et al., 
2022). This reduced connectivity causes insufficient dopamine release 
to potential reward stimuli, lowering motivation to pursue rewards. 
Thus, the neurobiological profile of AN appears to be distinct from 
addictive disorders but closer to that of OCD, which may not be sur-
prising given the frequent comorbidity of both conditions (Levinson 
et al., 2019). Reevaluating the current classifications of addictive dis-
orders, eating disorders, and other psychiatric disorders with impul-
siveness and compulsion could, therefore, not only provide a more 
meaningful framework for future research but also help make thera-
pies more disorder-specific and thus more efficient in clinical practice.

6 Addiction spectrum disorder as a 
model

Below, a model is presented that integrates various forms of addic-
tion—including SUD, FA (specifically binge-eating disorder [BED] 
and bulimia nervosa [BN]), and BA—under the premise of a shared 
neurobehavioral etiology (Figure 2). This framework is based on two 
key mechanisms: (1) negative reinforcement and compulsive seeking, 
and (2) cue-induced responses in relation to associative learning.

At the onset, an above-average level of impulsivity may drive indi-
viduals to seek immediate reward stimuli, particularly in response to 
stress. These stimuli may take the form of risky substance use, binge 
eating, or engaging in highly stimulating activities, such as gambling, 
which provide a short-term experience of heightened pleasure. 
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Central to all these behaviors is the immediate and consciously per-
ceived sense of rewards.

Through processes of positive reinforcements, these stimuli 
become increasingly associated with stress relief and rewards, leading 
initially dysfunctional behaviors to develop into incentive-driven 
habits and, ultimately, into addictive patterns. The persistence of 
addiction is reinforced when the primary mechanism shifts from posi-
tive to negative reinforcements—such as when substances are con-
sumed primarily to avoid withdrawal symptoms, or when an initially 
pleasurable activity is continued primarily to prevent the additional 
stress associated with its cessation. It is important to emphasize that 
this transition is not linear; rather, positive and negative reinforcement 
alternate in dynamic cycles and may vary across different stages of 
addiction. In early phases, hedonic and rewarding effects constitute 
the predominant form of positive reinforcement. As the disorder pro-
gresses, however, negative reinforcement — such as the alleviation of 
stress or dysphoric states — becomes increasingly dominant. 
Importantly, both reinforcement processes coexist at any given time, 
with their relative contribution depending on progressive neurobio-
logical adaptations and imbalances within the nervous system 
(Solomon and Corbit, 1978; Koob and Le Moal, 2001). Through this 
mechanism, along with cue-induced learning, addiction-associated 
stimuli can elicit “craving” in affected individuals, ultimately trans-
forming the initially conscious pursuit of rewarding stimuli into a 
compulsive behavior.

The spectrum of disorders that can be attributed to this funda-
mental mechanism ranges from SUD, characterized by the misuse of 
exogenous substances which are artificially designed to release an 
unnatural amount of dopamine in mesolimbic structures, and BA, 
which are driven by endogenous physiological stimuli such as winning 
experience resulting from a highly engaging non-substance-related 

behaviors. Notably, FA occupies an intermediate position within this 
continuum, incorporating elements of both SUD and BA. Specifically, 
BED aligns more closely with SUD due to its resemblance to substance 
misuse (in this case high-sugar food for instances), whereas BN shares 
greater similarities with BA, given its cyclical and compulsive behav-
ioral patterns, where highly engaging non-substance-related behaviors 
such as excessive sport can lead to some sort of reward-related out-
come expectancy. Therefore, FA not only serves as a bridge between 
SUD and BA—encompassing aspects of both depending on the spe-
cific type of FA considered—but also forms a continuum in itself, link-
ing all addiction types, including their subtypes, into a broader 
addiction spectrum.

7 Practical implications

7.1 Addiction spectrum in diagnosis

A possible integration of the addiction spectrum into existing 
diagnostic systems could be based on the presentation of ASD or SSD 
in ICD-10. In these classifications, the cardinal symptoms of the 
respective spectrum are defined first. Depending on the number of 
symptoms fulfilled, the extent of the disorder is then divided into dif-
ferent levels of severity. This is followed by a detailed overview and a 
brief description of the respective clusters represented in the spec-
trum. A similar structure could also be used for the addiction spec-
trum disorder.

Compulsion and cue-induced craving could be placed in front as 
cardinal symptoms of the addiction spectrum disorder. The fulfillment 
of both symptoms would be a prerequisite for the diagnosis and for 

FIGURE 2

A schematic diagram illustrating the framework of addiction spectrum disorder.
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further diagnostics within the spectrum. Other symptoms could be 
based on the current DSM-5 criteria for SUD, such as loss of control, 
continued behavior despite social or health problems, desire to stop 
the behavior but no ability to do so, withdrawal symptoms, and that 
depending on the number of symptoms met, the addictive disorder 
could be assigned to a corresponding level of severity. As in ICD-10, 
the classification of addiction disorder could be divided into different 
clusters, each representing specific types of disorder as Cluster 1: SUD 
(substance-related addiction), Cluster 2: FA (both substance-related 
and behavior-related), and Cluster 3: BA (behavioral addictions). This 
categorization enables a differentiated and individualized diagnosis of 
addiction disorders and could provide a sound basis for clinical prac-
tice and the development of therapeutic approaches, such as all-
encompassing screening procedures that capture the various 
addictions and addiction risks and can thus capture an individual and 
differentiated addiction profile of the patient. It is important to note 
that the proposed spectrum model does not include mutually exclu-
sive criteria. Individuals can meet the criteria of multiple clusters or 
shift between clusters over time, reflecting comorbidity and so-called 
addiction transference. Within this framework, such patterns are con-
ceptualized as shifts or overlaps within the same spectrum, driven by 
shared mechanisms such as stimulus reactivity, impulsivity, and dys-
functional regulation of negative affects.

7.2 Possible screening-approaches

By focusing on neurobiological and neurobehavioral profiles, such 
an addiction spectrum anchored in diagnostic frameworks would not 
only be able to incorporate psychiatric conditions that have presum-
ably been addictive disorders but less studied to date (e.g., hypersexual 
disorder, internet gambling disorder, compulsive buying disorder), but 
it would also allow for comprehensive screening. This could facilitate 
the creation of a more individualized addiction profile and enable pre-
ventive monitoring. Today, the concept that various addiction types 
share similar neurological patterns and behavioral phenotypes is 
widely accepted in the scientific community (Schreiber et al., 2013; 
Passeri et al., 2023). For this reason, dual or more comprehensive 
addiction screening has been recommended. Meta-analyses indicate 
that individuals with FA are more susceptible to SUD (Bahji et al., 
2019) Furthermore, there is familial clustering of addictions along the 
spectrum. For instance, studies have shown that SUD patients are 
more frequently found in the immediate family circles of individuals 
with pathological gambling (BA patients) (Black et al., 2014). Given a 
shared etiology with common core elements, both the familial preva-
lence and the significant comorbidities of the individual addiction 
clusters are not unexpected. It is therefore crucial that clinicians are 
sensitized to a comprehensive, holistic understanding of addictive 
disorders. This approach is not only essential for individualized and 
thorough interventions but also for optimal prevention. For instance, 
patients with FA may switch their addictive behaviors after certain 
interventions and develop a SUD (addiction transfer) (Chiappetta et 
al., 2020).

Defining addictive disorder as a spectrum allows for comprehen-
sive screenings, which could be of significant relevance in everyday 
clinical practice. Such screenings address all addictive tendencies and 
risks, thus helping to prevent phenomena like addiction transfer. 
Differentiated prevention is achieved by practitioners working with a 
comprehensive addiction profile based on the spectrum concept, 
rather than focusing on just one subcategory during intervention. 

Such a screening should comprehensively capture the patient’s indi-
vidual addiction history, along with any relevant risk factors. 
Additionally, the diagnostic process should prioritize the assessment 
of neurobiological and neurobehavioral indicators. In this context, 
certain spectrum-specific behavioral phenotypes—such as compulsiv-
ity, cue-induced craving, impulsivity, and risk-taking tendencies—
could serve as critical screening criteria. This approach would not only 
account for the general predisposition to addiction but also facilitate 
the identification of distinct addiction types and their varying degrees 
of severity, thus positioning the individual within the broader addic-
tion spectrum. This could be accomplished through the combined use 
of standardized questionnaires, diagnostic interviews, or cognitive 
tests, such as the Iowa gambling task (Bechara et al., 1994) or the 
Stroop test for impulse control (Stroop, 1935), which provide valuable 
insights into control processes and impulsiveness. Furthermore, cue-
induced craving and other underlying neurobehavioral phenomena 
could be assessed using tasks like stop-and-go tests, which are 
designed to measure response inhibition and behavioral control.

7.3 Research and social implications

Similar to screening diagnostics, research could employ method-
ologies that facilitate conclusions regarding a shared neurobehavioral 
and neurobiological etiology inherent to the addiction spectrum. To 
empirically substantiate the premise of an addiction spectrum, a range 
of experimental designs should be utilized to ensure the most com-
prehensive investigation of the theoretical framework.

Experimental paradigms involving cohorts representing various 
addiction subtypes within the spectrum, alongside corresponding 
control groups, could provide insights into shared underlying mecha-
nisms. For instance, by comparing the performance of different addic-
tion groups, as well as subgroup variations within the experimental 
cohort with cognitive tasks such as the Iowa Gambling Task and the 
Stroop Test employed to assess both general impulse control and com-
pulsivity, meaningful patterns may emerge. The Iowa Gambling Task 
has consistently demonstrated impaired decision-making and dys-
functional executive regulation across multiple addiction types 
(Kovacs et al., 2017). Given that executive control deficits influence 
not only impulsivity but also compulsivity, such findings could further 
support the conceptualization of addiction as a spectrum disorder 
(Kurt et al., 2017).

Cue-exposure paradigms can be employed to experimentally 
investigate the second primary psychological mechanism underlying 
addictive disorder: cue-associated craving and learning. Additionally, 
a modified Implicit Association Test (IAT) could provide valuable 
insights into implicit attitudes and associations that may be difficult 
or impossible to capture through self-report questionnaires due to 
social desirability bias. The IAT evaluates reaction times between 
paired concepts with varying degrees of implicit association 
(Greenwald et al., 1998), such as alcohol and positive (incongruent 
condition) versus alcohol and negative (congruent condition). In 
addiction studies, modified versions of the IAT have been developed 
to assess different types of addictive behaviors (Lindgren et al., 2013; 
Roh et al., 2018). Furthermore, neuroimaging data can be collected 
during the IAT to examine potential differences in neural activation 
patterns between experimental and control groups. This approach 
enables the identification of intensity variations in brain activity asso-
ciated with addiction-related cognitive processing. For instance, 
research suggests that compulsivity may be linked to altered EEG 
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patterns (Perera et al., 2023), highlighting the potential for neuro-
physiological markers to further elucidate the underlying mechanisms 
of addictive behaviors.

To further understand the neurobiological processes inherent 
to the addiction spectrum, it would also be feasible to employ 
targeted knock-out animal models of the relevant genes to 
observe how they respond to addiction-associated cues, such as 
substances like cocaine, high-glucogenic food, or gambling-like 
tasks, including variable reward paradigms. Moreover, toxic 
lesions in animal models could be utilized to investigate the 
influence of ventromedial PFC dysfunction more thoroughly by 
means of targeted kainic acid injections, which simulate addic-
tion-specific hypofrontality. This approach allows for the obser-
vation of how the model develops a specific type of addictive 
behavior when confronted with corresponding stimuli.

Furthermore, twin studies provide evidence of genetic family 
clustering of different types of addiction. For example, patients 
with BA often have first-degree SUD relatives (Grant et al., 2006). 
The correlation between addictive disorders and specific genetic 
polymorphisms remains incompletely understood. However, 
there is some evidence suggesting that both addiction-specific 
and general addiction-related genetic variations are involved, 
such as those in monoamine oxidase A (MAOA), the serotonin 
transporter (SLC6A4), and catechol-O-methyltransferase 
(COMT) (Ducci and Goldman, 2012). Meta-analyses have identi-
fied approximately 19 independent single-nucleotide polymor-
phisms that are significant for the general mechanism of 
addiction (Hatoum et al., 2023).

8 Limitations

Several major limitations should be acknowledged in the present 
proposed model.

First, it should be noted that, as discussed above, FA is not cur-
rently recognized as a distinct diagnostic entity in either the DSM-5 
or the ICD-10. Accordingly, the addiction phenotype referred to here 
as “food addiction” should be understood as a phenomenological and 
research-oriented construct rather than an established clinical diag-
nosis, and it requires further systematic investigation.

Second, the present framework is derived from conceptual inte-
gration of existing literature and does not introduce new empirical 
data. In particular, the neurobiological arguments supporting an 
addiction spectrum are largely informed by findings from animal 
models, which raises important questions regarding their direct appli-
cability to human addictive behaviors.

Consequently, future research employing empirical and clinical 
approaches will be necessary to systematically test and validate the 
proposed addiction spectrum in human populations and to substanti-
ate the theoretical assumptions outlined in this review.

Furthermore, the model we propose is particularly relevant for 
psychotherapeutic interventions, as it addresses transdiagnostic 
mechanisms such as cue reactivity, craving, and compulsive seeking. 
Pharmacological treatment approaches, in contrast, remain largely 
tied to specific diagnoses and clinical manifestations. Accordingly, the 
present model is not intended to replace nosology-based pharmaco-
therapy, but rather to complement it by informing the development of 
psychotherapeutic strategies.

Finally, within a dimensional addiction spectrum, comorbidity 
and so-called “addiction transfer” can be understood as shifts along 
shared neurobehavioral dimensions rather than as the emergence of 
independent disorders. From this perspective, fundamental mecha-
nisms such as negative reinforcement, cue-induced craving, and com-
pulsive seeking persist, while the specific addictive target may change 
depending on environmental factors, availability, and individual vul-
nerability. Comorbidity therefore represents an expected feature of a 
spectrum-based model of addiction rather than an exception.

9 Conclusion

In this article, we have proposed three issues specifically to be 
considered in conceptualizing addictive disorders that unite SUD, BA, 
and FA as a spectrum of disorders. The fact that all forms of addictive 
disorders inherent similar neurobehavioral mechanisms serve as a 
common premise for an addiction spectrum model.

In particular, we have first proposed focusing on negative rein-
forcements, instead of positive reinforcement aspect that has tradi-
tionally been considered in the mechanisms of addictive disorders but 
substantially heterogeneous between SUD, BA, and FA as well as 
within each of these disorders. Such negative reinforcements are asso-
ciated with compulsivity, and therefore, the neural mechanisms of 
compulsion in relation to negative reinforcements could provide 
important insights on an addictive disorder conceptualization. 
Second, cue-induced responses in relation to associative learning, in 
particular stimulus–response associations in habit formation, may be 
useful in explaining the mutual mechanisms for SUD, FA, and BA, and 
could be a unique characteristic that distinguishes addictive disorders 
from other psychiatric disorders, such as OCD in which compulsion 
is a major behavioral problem. Then, we have focused on the current 
debate of FA in the field. Instead of arguing whether FA is considered 
as either SUD or BA, we have proposed that this specific addictive 
condition may be more suitable to locate in the middle of SUD and 
BA, such that FA is an intermediate phenotype exhibiting both aspects 
of SUD and BA, filling the gap between them and forms its own spec-
trum where BED is closer related with SUD and BN with BA, 
respectively.

Despite increasing de-stigmatization of individuals with mental 
illnesses and widespread awareness campaigns, SUD is still largely 
regarded as primarily moral issues (Frank and Nagel, 2017). People 
affected by these disorders experience less understanding and more 
rejection in daily life. For instance, only 22% of respondents would 
voluntarily collaborate at work with someone known to have drug 
problems, whereas 62% of respondents would be willing to work with 
someone who has mental health issues (Barry et al., 2014). This dis-
crepancy and public rejection ultimately lead to a breakdown in social 
networks, resulting in loneliness, which, in turn, is one of the major 
risk factors for SUD (Hosseinbor et al., 2014). To break this vicious 
cycle, a unified understanding of addictive disorder must be estab-
lished, one that clearly demonstrates that this phenomenon is not a 
moral failing of the individuals affected, but a disease that can be 
understood neurobiologically and neurobehaviorally, just like any 
other medical condition. Framing addictive disorder within a spec-
trum could help de-stigmatize the term “addiction,” particularly in 
relation to SUD. Studies, for example, show that societal attitudes 
toward people with eating disorders are significantly more positive 
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(Mond et al., 2006). This perspective suggests that addiction-like 
behaviors are more readily recognized as pathological rather than 
moralized, which may facilitate more supportive social responses. It 
can therefore be assumed that, for example, SUD could be de-stigma-
tized if it is argued that it shares similar etiological factors with eating 
disorders such as BN and BED. This shift in societal attitudes could 
provide affected individuals with more social support and stability.
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