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Abstract

Although substance use and abuse may impact brain and behavior, it is still unclear why some
people become addicted while others do not. Neuroscientific theories explain addiction as a series
of between- and within-system neuroadaptations that lead to an increasingly dysregulating cycle,
affecting reward, motivation, and executive control systems. In contrast, psychoanalysis
understands addiction through a relational perspective wherein there is an underlying failure in
affect regulation, a capacity shaped early developmentally. Considering recent findings suggesting
the neurobiological overlap of addiction and attachment, it may be possible to integrate both
perspectives into a developmental model through the lens of attachment. The goal of the present
review is to evaluate the value of neurobiological and psychodynamic perspectives to inform our
understanding of addiction, particularly substance-use disorders.
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Introduction

Addiction is a psychiatric disorder characterized by a pathological and compulsive pattern of
drug-seeking and drug-taking behaviors that occupy an extraordinary amount of an
individual’s time and efforts, leading to significant functional impairments to meet the
responsibilities of work, school, or home (APA, 2013). Data from the 2013 National Survey
on Drug Use and Health suggested that 24.6 million Americans aged 12 years or older had
consumed a psychoactive drug a month prior to the survey (NIDA, 2015). Persistent use of
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psychoactive drugs may lead to long-term changes in the brain, leading to the multiple
symptoms and features of addictions, including craving, withdrawal, and tolerance (Robbins,
Everitt, & Nutt, 2008; Volkow, Wang, Fowler, Tomasi, & Telang, 2011). The disruptive
pattern of drug-seeking behaviors persists despite the negative consequences of addiction,
with many individuals struggling to reduce or abstain substance use (Johnson, 2013;
Robinson & Berridge, 2008).

Importantly, the initiation of substance use does not necessitate a pathway that leads to abuse
and dependence. Therefore, additional factors that may increase susceptibility to addiction
warrant consideration. When examining such factors, it may be beneficial to adopt a
multidisciplinary perspective, appraising the potential value of integrating the breadth of
literature that exists on addiction within individual disciplines. In beginning to address this
notion, the goal of the present review is to evaluate whether the consideration of
neurobiological and psychodynamic perspectives provides insight to our understanding of
addiction, particularly substance-use disorders (SUDSs). First, addiction will be discussed
from a neurobiological perspective, based on recent neuroscientific findings and with a
critical consideration of two central neurobiological theories of addiction —namely the
“Opponent-process” (Solomon & Corbit, 1974) and the “Incentive-sensitization” (Robinson
& Berridge, 1993) theories. Second, addiction will be explored through a psychodynamic
lens to understand some subjective and relational aspects of the disorder. Finally, the value in
synthesizing neuroscience and psychodynamic perspectives to our understanding of
addiction will be considered, particularly in relation to attachment bonds.

Neurobiology of addiction

From a neurobiological perspective, addictions are understood as a series of within- and
between-system neuroadaptations, which may lead to structural and functional brain changes
that impact reward processing, executive functioning, and emotion regulation (Koob & Le
Moal, 2008; Potenza, 2008; Volkow et al., 2011). In the case of SUDs, the neurochemical
properties of substances may exert differential effects on neurotransmitter systems. For
example, alcohol and benzodiazepines act upon the -y-aminobutyric acid (GABA) and
glutamate systems (Davies, 2003; Gonzales & Jaworski, 1997), heroin and codeine impact
the opiate system (Tanda, Pontieri, & DiChiara, 1997), hallucinogens such as lysergic acid
diethylamide (LSD), phencyclidine (PCP), and ketamine, influence glutamatergic neurons
(Muschamp, Regina, Hull, Winter, & Rabin, 2004), and stimulants such as cocaine, and
amphetamines, act on dopaminergic and noradrenergic neurons (Nestler, 2005; Potenza,
2008).

Despite the varying neurotransmitter targets of psychoactive substances, it has been
hypothesized that long-term substance use and abuse alters the mesolimbic and nigrostriatal
dopaminergic systems, particularly the ventral tegmental area (VTA) and the nucleus
accumbens (NAcc) (Everitt, 2006; Rutherford, Potenza, & Mayes, 2013; Volkow et al.,
2011). Stimulating drugs have a direct effect on dopaminergic neurotransmission from the
VTA to the NAcc (Nestler, 2005; Volkow et al., 2011). For instance, cocaine and
methamphetamine block dopamine reuptake, which leads to increased dopaminergic activity
from the VTA to the NAcc (Niehaus, Murali, & Kauer, 2010). Nicotine receptors also
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activate dopaminergic neurons in the VTA (Nestler, 2005). Other substances, including
opioids, marijuana, alcohol, and benzodiazepines, work indirectly with this reward neural
system, by interacting with the opioid system or with GABAergic interneurons that inhibit
the dopaminergic neurotransmission from the VTA to the NAcc (Nestler, 2005; Volkow et
al., 2011). Despite data implicating dopamine and related pathways in SUDs, there have also
been data questioning how central dopamine is to addictions, with arguably the strongest
data in humans being for stimulant addictions (Nutt et al., 2015; Potenza, 2013).

The VTA and NAcc have been conceptualized as an instinctual SEEKING system
(Panksepp, 1998), which may underscore shifting or coordinating different motivational
behaviors (Johnson, 2013; Robbins & Everitt, 1996). Altered dopaminergic
neurotransmission in this SEEKING system may affect other brain regions, including the
prefrontal cortex (PFC), hippocampus, anterior cingulate cortex, amygdala, and insula
(Koob & LeMoal, 2008; Robbins et al., 2008; Rutherford et al., 2013). For instance, reduced
activity in the PFC, particularly in the ventromedial (vmPFC) and orbitofrontal (OFC) areas
(Elliott, Dolan, & Frith, 2011), has been associated with compromised executive control and
decision-making in SUDs. Further, studies have shown that individuals with SUDs also
evidence a reduced activation in the vmPFC and OFC, compared to comparison subjects
without SUDs (Bechara, 2003). A similar pattern of reduced vmPFC activation has been
found in individuals with impulse control problems such as impulsive aggression and
gambling disorders (New et al., 2002; Potenza et al., 2003a; Potenza et al., 2003b; Tanabe et
al., 2007). Executive functioning has been consistently associated with the development of
self-regulation skills (Barkley, 2001; Baumeister, Smeichel, & Vohs, 2007; Hoffman,
Schmeichel, & Baddeley, 2012). Therefore, the aforementioned between-system
neuroadaptations that lead to impairments of executive functioning skills (e.g., cognitive
control, attention, inhibition, reasoning) might explain the difficulties of addicted individuals
in regulating difficult affective states, as will be discussed in following sections when
considering the theoretical basis of the neurobiology of addiction.

Neurobiological theories of addiction

There are multiple theories of the neurobiology of addiction, and two prominent theories
include the Opponent Process theory and the Incentive-Sensitization theory. Other non-
mutually exclusive theories, such as those relating to self-medication (Khantzian, 1985),
reward deficiency (Blum et al., 1996), allostatis (Koob & LeMoal, 2001), neurodevelopment
(Chambers, Taylor, & Potenza, 2003; Somerville, Jones, & Casey, 2010), novelty/
impulsivity and habit/compulsivity (Everitt & Robbins, 2005), and genetics (Ducci &
Goldman, 2012), among others (Buisman-Pijlman et al., 2014; Sussman & Sussman, 2011)
have also been proposed. To focus this review, we will direct attention to the Opponent
Process theory and the Incentive-Sensitization theories.

The Opponent-Process theory (Solomon & Corbit, 1974) suggests that once a pleasurable
state (g-process) is initiated in the brain, a series of opposing mechanisms (b-process) down-
regulate or reduce the intensity of that hedonic or aroused state to bring the body back to
homeostasis. In the case of SUDs, the a-process may be the initial rewarding state generated
by the substance (e.g., euphoria, relaxation, disinhibition). In contrast, the b-process reflects
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the counter-adaptive changes that restore the body to its original state, which would include
negative affective states or withdrawal symptoms (e.g., shakiness, sweating, irritability,
thirst). Given the long-term chemical, structural, and functional effects of substance use on
the brain, over time the b-process does not fully return the body to homeostasis (Koob &
LeMoal, 2001). The remaining discomfort or distressing affective states are associated with
memories of the original rewarding experience from the a-process, thus motivating the
individual to crave or keep procuring the substance (Koob & LeMoal, 2008). This leads to
an increasingly dysregulating cycle of positive (i.e., pleasure) and negative (i.e., withdrawal)
reinforcement processes that eventually lead to the generalization of all negative emotions as
needing to be modulated by substance use, perpetuating the addictive cycle (Koob &
LeMoal, 2001, 2008). The opponent-process theory provides a model to understand the
within- and between-system neuroadaptations that lead to the downward spiral of symptoms
that characterize addictions; however, although not excluded, the model does not speak to
the individual variation in vulnerability to addiction wherein some, but not all, substance
users transition to substance abuse and dependence.

The Incentive-Sensitization theory (Robinson & Berridge, 1993) proposes that the persistent
use of psychoactive substances leads to a process of brain sensitization toward substance-
related cues or incentives. This sensitization manifests behaviorally through increased
attentional bias towards these substance-related cues or incentives, which can be measured
experimentally in research settings (Lubman, Peters, Mogg, & Bradley, 2000; Townshend &
Duka, 2001). One example could be the dot-probe task, used to assess reaction times to
certain stimuli, where pairs of images (one of them the desired cue) are shown side by side
on a screen for 500 ms and then replaced by a probe (asterisk) replacing one of the
photographs; the participant must then press a key as quickly as possible to indicate where
the probe was located. Using this task, Ehrman and colleagues (2002) evidenced that current
nicotine smokers displayed a significantly greater attentional bias (i.e., faster reaction times)
toward cigarette cues than non-smokers. Concurrently, impaired executive functions that
may reflect existing deficits and/or consequences of substance use itself (Buisman-Pijlman
etal., 2014; Volkow et al., 2011) alongside increased sensitization to substance-related cues
or incentives, are thought to underlie the core symptoms of addiction, namely tolerance,
withdrawal, and a long-lasting incentive motivation for the substance even after cessation
(Potenza, 2008).

Importantly, incentive sensitization compels persistence in substance use irrespective of
whether the individual dislikes the substance and its negative consequences, if they are
attempting to abstain, or even in the absence of withdrawal symptoms (Robinson &
Berridge, 2004). Also, Robinson and Berridge (2008) argue that the insidious brain changes
that sensitize the brain to drug-related cues can lead to relapse even long after the
disappearance of withdrawal symptoms. Furthermore, incentive sensitization can be both
explicit and implicit. This means that it can take the form of a conscious “craving” when
triggered by explicit drug-related cues, such as images or conversations; or of unconscious
“wanting” when triggered by implicit or context-specific cues, such as internal states, scents,
environments, or interactions in which the drug used to be consumed (Anagnostaras,
Schallert, & Robinson, 2002; Nocjar & Panksepp, 2002). Therefore, this model considers
addiction as self-sustaining, wherein the individual becomes addicted to procuring the
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substance of abuse rather than to the psychophysiological effects of using that substance
(Robinson & Berridge, 1993, 2001, 2004, 2008), and might explain why not everyone that
consumes a psychoactive substance becomes addicted to them.

Taken together, neurobiological approaches have provided critical insight into the
mechanisms that may underscore the transition from substance use to abuse and dependence.
This neuroscience perspective offers the opportunity to understand more regarding the
physical and chemical mechanisms behind addictive processes. However, these theories may
not fully capture aspects of conceptualizing the subjective and relational factors in the
pathway from substance use to abuse and dependence, which may play a critical role to
increasing addiction vulnerability — particularly across development. This may limit the
value of neurobiological approaches to addiction when considered in isolation of these
subjective and relational factors.

Psychodynamic theories of addiction

A significant strength of psychodynamic theory has been the focus on interpersonal and
intrapersonal factors, beginning as early as during parent-child interactions and the
emergence of unconscious motivations, factors that may manifest in behavior across
development. Overall, modern psychodynamic theories (based primarily on case studies)
suggest that there are three interrelated factors that lead to addiction: (1) underdeveloped
ego-functions and defense mechanisms; (2) a failure in symbolization of the soothing
qualities of internal objects; and, (3) a deviant positioning towards pleasure in the form of
Jouissance (tr. enjoyment).

First, from an ego-psychology perspective, addiction is more likely in individuals with
underdeveloped executive functioning or ego-functions, primarily reality testing, stimulus
barrier, judgement, impulse control, and the synthetic-integrative function (Bellak, Hurvich,
& Gedeman, 1973). This vulnerability, coupled with a stressful or demanding environment,
hinders the proper development of the superego and limits the ego’s ability to develop more
mature defense mechanisms for self-regulation (e.g., repression, displacement, sublimation,
or humor; Freud, A., 1937). The ego is therefore limited to more primitive defensive
strategies, including denial, idealization, and projective identification —defense mechanisms
that are commonly reported in patients with addiction (Freud, A., 1937; Kernberg, 1975).
Therefore, when such a fragile core-ego is faced with the hedonic demands of the Id, it may
give in to the demands, for example, by procuring and consuming psychoactive drugs, or
engaging compulsively in gambling, sex, or binge-eating (Freud, S, 1915; Fonagy & Target,
2008).

Second, an object-relations perspective proposes that to understand addiction vulnerability, a
focus on the relational and representational aspects of development is needed, wherein, over
time, the mind develops in relation to others, primarily with early caregivers. Through
experience, these interactions become embedded in the child’s internal world as mental
representations or internal objects (Beres & Joseph, 1970; Kohut, 1979; Stern, 1983). These
imaginary representations are imbued with real (i.e., conscious) and fantasized (i.e.,
unconscious) qualities of significant others and relationships. Throughout development,
these internal objects and their imaginary interaction with the external world model and
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guide future social interactions by means of associative learning (Johnson, 2013). Therefore,
addictions may be viewed as the consequence of poor object relations. The failure of
primary caregivers at providing proper care and affection is thought to be experienced by the
infant as a “nameless dread” (Bion, 1962), or as having lost the object’s love (Freud, S.,
1917; Klein, 1940). This highly distressing internal state is thought to thwart the infant’s
ability to integrate the good (i.e., nurturing, soothing) and bad (i.e., distressing, frustrating)
qualities of the internal object. Individuals with addiction may reach out for an “external
regulator” (i.e., drug) to emulate the soothing qualities of the good object and “wall-off” the
distressing bad object (Kernberg, Diamond, Yeomans, Clarkin, & Levy, 2008; Krystal,
1978).

Eventually, most individuals with an addiction reach a more mature and realistic
psychological state, in which defenses may be more stable and the individual less threatened
by the internal and external worlds (see depressive positionin Klein, 1946). However, it has
been argued that this developmental achievement is not stable enough given the absence of
“containment” (Bion, 1962) or psychological support from early caregivers. Therefore,
individuals with addiction are more prone to retreat to more primitive coping strategies and
psychological states when negative emotions emerge (e.g., withdrawing, or returning to past
relationships, behaviors, or fears; Kernberg, 1975). Therefore, addiction may be understood
as a failure in the ability to evoke the soothing qualities of the good internal object (i.e.,
symbolization; Bion, 1962; Klein, 1930; Segal, 1998), or as an attempt to “control” these
object qualities through the use of drugs to modulate feelings of distress (Waska, 2006).

Third, the Lacanian psychoanalytic movement explains addiction from the perspective of
Jouissance: a paradoxical —enjoyable yet intolerable— form of pleasure (Bazan & Detandt,
2013; Loose, 2002). From this perspective, the way in which an individual subjectively
positions themself in relation to the social contract (i.e., The Other), the notion of otherness
in society, and most importantly, the prohibition (i.e., castration) from overindulging with
Jouissance, will result in the different personality structures and psychopathologies (Bailly,
2009; Fink, 1999; Lacan, 1964). For instance, the psychotic structure “forecloses” or rules
out castration and The Other. Thus the psychotic individual is subjectively ‘entrapped’ in
their own logic and is incapable of using the symbolic meaning of symptoms to
communicate and reduce distress (Fink, 1999; Loose, 2002). Therefore, whenever these
individuals experience intense physical or psychic symptoms, such as hallucinations, racing
thoughts, anxiety, or fear (i.e., jouissance), they may become overwhelmed and seek out
substances to protect themselves from the experience (Loose, 2002). In that sense, one could
argue that psychotic-type addictions use substances as pacifiers against extreme jourssance
irruptions that threaten to ‘destroy’ the psyche.

On the contrary, when an individual recognizes castration, and thus the notion of rules,
impossibility, and otherness in society, two alternatives become available to deal with the
resulting frustration. The first alternative is to repress the castration, as is the case of the
neurotic structure. Such an approach would defy the rules of jouissance (e.g., by only using
drugs in social gatherings) but with a resulting quota of guilt or shame for challenging The
Other (i.e., social contract). The second alternative is to disavow or “pretend” as if castration
never took place, resulting in the perverse structure where the individual bends the rules of
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Jouissance to their own benefit despite The Other; for example, by knowing exactly when or
how to use drugs to avoid testing positive in a drug test from work. In both cases, addiction
would be understood as an act of rebellion against castration, by self-administering an extra
quota of jouissance (i.e., plus de jouir) with substance use (Bazan & Detandt, 2013; Lacan,
1969; Loose, 2002). Therefore, addiction in neurosis and perversion may be understood as
overindulgence in the hedonic properties of drug-taking behaviors in an attempt to avoid
acknowledging, and effectively dealing with, frustration. Some forms of frustration may be
social norms and boundaries, social rejection, loneliness, or loss (Bazan & Detandt, 2013;
Loose, 2002).

Taken together, these theories consider addictions as originating during the earliest stages of
human interaction, whereby constitutional vulnerabilities —paired with demanding
environments— lead to a more overarching failure in the individual to recognize, understand,
contain, and regulate difficult affective states. The psychodynamic approach may provide
particular insight to what protects, predisposes, and maintains substance abuse from a
longitudinal and intrapsychic point of view; however, the individualized nature of its
methodology make it difficult to test its hypothesis on the wider population. Therefore,
attempts at grounding psychodynamic theories on replicable methodologies and objective
data are important.

Integrating perspectives: The role of attachment

Addiction can be understood from multiple perspectives and here we have focused on
addiction through the lens of neurobiology and psychoanalysis. The neurobiological
perspective provides a considerably structured and empirically-based approach,
acknowledging that substance use leads to a series of neurochemical reactions in the brain
that have structural and functional neuroadaptations. The opponent-process approach
(Solomon & Corbit, 1974) suggests that the shift from substance use to substance abuse is
generated by the transition from positive to negative reinforcement processes motivating
continued substance use. From the perspective of incentive sensitization (Robinson &
Berridge, 1993), the shift reflects an associative learning process mediated by a
neurobiological sensitization to substance-related cues. Taken together, and according to
incentive-learning principles (Bouton & Nelson, 1998), it is possible that before drug-related
cues become meaningful enough to ‘incentivize’ drug use, they first need to be paired with
the consequences of drug-use via repetition and reinforcement. Notwithstanding the specific
mechanism, it seems that an important factor leading to substance dependence may be the
(internal and external) context in which the individual and its addiction are embedded.

Psychodynamic theories also emphasize the role of context in the development of addictions.
Parallel to neurobiological accounts, addictive processes are intrasystemic ld conflicts
(Johnson, 2013) related to (a) underdeveloped ego functions and defense mechanisms
(Freud, A. 1937), (b) failures in symbolization (Kernberg et al., 2008), or (c) a pathological
relationship to the pleasure principle (Bazan & Detandt, 2013). However, adverse caregiving
experiences in early life may in particular foster the aforementioned deficits, as they lead to
conflicting mental representations of self and others (Fonagy & Target, 2008). Such
disorganized mental representations may thwart the individual’s ability to make sense of
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their own mental and physical experience, and consequently motivate substance use and
abuse to escape discomfort (Kernberg, Diamond, Yeomans, Clarkin, & Levy, 2008).

Despite the contrast of neuroscience and psychoanalysis with respect to their differential
methodology and focus on objectivity versus subjectivity, these disciplines may share some
commonalities with respect to our understanding of addiction. First, addiction may be
viewed as impairments of executive functioning that thwart effective self-regulation in the
face of internal or external stressors —albeit by seemingly different mechanisms:
compromised neural activity (Volkow et al., 2011) or underdeveloped ego-functions and
defense mechanisms (Freud, A. 1937). Second, the pathological motivation to persist in
substance-using behaviors is associated with aberrant reward-processing —again with
seemingly different underlying mechanisms: compromised neural activities relating to
reward-processing (Panksepp, 1998) or the pleasure principle overriding the reality principle
(Loose, 2002). Third, both neurobiological and psychodynamic approaches indicate the
importance of internal subjective processes —either in the form of associative learning
(Robinson & Berridge, 1993) or mental representations of good and bad objects (Waska,
2006).

Given the aforementioned commonalities amongst neurobiological and psychodynamic
accounts of addiction, can we synergistically bring these approaches together to further
understand the nature of addiction to optimize intervention and prevention efforts? We
propose that adopting an attachment-based framework to identify mechanisms that promote,
or protect against, the development of addiction could be valuable —reflecting the proposal
that addiction may be better understood as a developmental disorder, in which genetic,
epigenetic, and neurobiological factors interact with adverse caregiving experiences during
key developmental stages, increasing the risk of future SUDs (McCrory & Mayes, 2015;
Puetz & McCrory, 2015). Consistent with this notion, high rates of comorbidity between
SUDs, trauma histories, and psychiatric disorders have been reported (Espinosa, Beckwith,
Howard, Tyler, & Swanson, 2001; Milby, Sims, Khuder, Schumacher, & Huggins, 1996;
Suchman & Luthar, 2000). A growing body of evidence also suggests an intergenerational
transmission of attachment patterns and poor developmental outcomes of children of
addicted parents, including substance abuse (Salo & Flykt, 2013; Slade, Grienenberger,
Bernbach, Levy, & Locker, 2005; Fonagy, & Target, 2005; Lyden & Suchman, 2013; Stacks
et al., 2014). Finally, individuals who have experienced early adversity may have greater
difficulties with affect regulation and engaging in rewarding relationships, which may render
them vulnerable to turn to drug use as a means of coping (Crittenden, 2015; Fonagy &
Target, 2008). Taken together, an attachment perspective affords the opportunity to adopt a
developmental stance in the understanding of addiction and the contribution of neurobiology
and psychoanalysis in this endeavor.

Attachment Theory: Mental representations, reflective functioning, and addiction

Central to this attachment-based integration of neuroscience and psychoanalysis are the
mental representations of attachment or the internal working models of expectations and
attributions about the mother, the child, and the dyadic relationship (Bowlby, 1988). These
representations guide behaviors, attitudes, and expectations, and emerge during the first
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mother-infant interactions (Huth-Bocks, Muzik, Beeghly, Earls, & Stacks, 2014; Suchman,
McMahon, Zhang, Mayes, & Luthar, 2006). Furthermore, these representations are
constantly revised and expanded to adapt to increasingly complex relationships,
environments, and —most importantly— danger, thus having a direct impact on self-
regulatory, motivational, and executive skills (Crittenden, 2015; Fonagy, Gergely, Jurist, &
Target, 2004; Isosévi et al., 2016; Lyden & Suchman, 2013; Wiseman, Hashmonay, & Harel,
2006).

Considering their role in organizing behaviors and expectations in relation to danger and
adversity, attachment representations may be a central element in understanding addictions
across generations. Studies have emphasized how extreme childhood experiences, including
trauma, abuse, and adversity, can be barriers to coherent and secure attachment
representations (Speranza, Nicolais, Vergano, & Dazzi, 2017). For instance, using the Adult
Attachment Interview (AAl; George, Kaplan, & Main, 1985), Speranza and colleagues
(2017) identified that adults with extreme early childhood adversity were more likely to
present a collapse in reasoning and discourse, alongside extreme behavioral reactions, with
odd or lacking descriptions of primary attachment relationships. This complex pattern is
common in clinical samples and is typically defined either as “unresolved/disorganized”
(U/D) or as an unspecific “cannot classify” (CC) attachment category, with the development
of new coding systems and extension of existing coding systems to provide more insight into
this complex behavioral pattern observed in the AAI (Crittenden, 2015; Goldwyn & Hugh-
Jones, 2011; Koren-Karie et al., 2003; Lyons-Ruth, Yellin, Melnick, & Atwood, 2005).
Notably, Speranza and colleagues (2017) redefined this apparent breakdown of reasoning
and discourse observed in the AAI into a more flexible and clinically meaningful “low-
coherence CC” category, which is characterized by emptiness, inconsistency, and
fragmentation. Consequently, absent or traumatically ruptured attachments are expected to
impact the development of personal identity and affect regulation (Berner, Carlos, &
Whipple, 2010; Fonagy et al., 2004; Speranza et al., 2017).

This “cannot classify’ category is important to the current discussion given the high index of
early childhood adversity, rejection, neglect, and low support in their upbringing, that has
been reported in substance-abusing populations (Kaltenbach, 2013; Suchman et al., 2012).
In fact, mothers with SUDs —especially those with comorbid psychiatric problems— are more
likely to have their own histories of abuse and neglect (Isosavi et al., 2016; Freeman, Collier,
& Parillo, 2002; Medrano, Hatch, Zule, & Desmond, 2002; Suchman et al., 2012). Likewise,
numerous studies have found that unresolved and insecure attachment representations are
more common in mothers with SUDs than in those without SUDs (Espinosa, Beckwith,
Howard, Tyler, & Swanson, 2001; Isosavi et al., 2016; Medrano et al., 2002; Sokolowsky,
Hans, Bernstein, & Cox, 2007; Suchman et a., 2012). What is more, those with dismissive
and intrusive internal representations are also more likely to lose custody of their children
(Suchman et al., 2006). This might explain why children born to mothers with SUDs are
more likely to be insecurely attached or present disorganized attachment patterns, possibly
reflecting —as with their mothers— compromised internal representations and unintegrated
states of mind (Crittenden, 2015; Lyons-Ruth et al., 2005; O’Connor, Kogan, & Findlay,
2006; Rodning, Beckwith, & Howard, 2008; Speranza et al., 2017; Swanson, Beckwith, &
Howard, 2010; Zeanah & Boris, 2000). Thus, an attachment-based perspective begins to
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illuminate mechanisms that may underscore intergenerational transmission of risk for
addiction vulnerability.

Early attachment experiences can also affect a mother’s capacity to interpret her behavior
and that of her child in terms of mental states and intentions (Fonagy & Target, 1997;
Fonagy, Steele, Steele, Moran, & Higgitt, 1991; Huth-Bocks et al., 2014). This capacity, also
known as parental reflective functioning, may be essential for mothers to make sense —and
adapt to— the child’s preverbal demands (Fonagy & Target, 1997; Slade, 2005). Parental
reflective functioning is correlated with maternal sensitivity —even more so than attachment
representations— and has been associated with, and may potentially develop from, executive
functioning skills and attachment interactions (Alvarez-Monjaras, McMahon, & Suchman,
2017; Demers, Bernier, Tarabulsy, & Provost, 2010; Farrow & Blissett, 2014; Huth Bocks et
al., 2014; Rutherford et al., 2018; Stacks et al., 2014). However, reflective functioning is
limited in mothers with addiction, who tend to find it difficult to take their infant’s
perspective, interpret and respond to their affective needs, respect their interests, and
modulate their emotional responses (Hans, Bernstein, & Henson, 1999; Suchman et al.,
2008, 2010, 2011, 2012). Notably, lower levels of parental reflective function have also been
associated with poorer executive functioning in mothers with substance use disorders
(Hakansson et al., 2018). Given that prenatal exposure to drugs may make infants more
irritable and difficult to soothe (Eiden, Schuetze, & Coles, 2011; Sigveland, Haabrekke,
Wentzel-Larsen, & Moe, 2014; Sigveland & Moe, 2014), the already underdeveloped
reflective functioning capacities and potentially compromised executive functions may
significantly disadvantage mothers with addiction during complex caregiving interactions.
Consequently, children of substance-abusing mothers may also be more vulnerable for
developing maladaptive attachment representations and poor executive functioning and self-
regulatory skills, increasing their own vulnerability for addiction in the future. Therefore, it
is important to acknowledge that direct effects of attachment on addiction may be mediated
by multiple mechanisms, including executive functioning and parental reflective functioning.

Considering their close links with executive functioning and emaotion regulation, both
attachment representations and parental reflective functioning have been considered
essential mechanisms of change in improving maternal caregiving behaviors and thus
reducing the risk for addictive processes in the offspring (Alvarez-Monjaras et al., 2017;
Isosévi et al., 2016; Rutherford, Wallace, Laurent & Mayes, 2015; Rutherford, Booth,
Crowley, & Mayes, 2016; Suchman et al., 2012). As such, holistic treatment alternatives
targeting these factors in both the child and the mother have been recommended (Neger &
Prinz, 2015; Suchman, Mayes, Conti, Slade & Rounsaville, 2004). Attachment- and
mentalization-based interventions have gained popularity as effective treatments for patients
with SUDs (e.g., Dawe, Harnett, Staiger, & Dadds, 2000; Séderstrom & Skarderud, 2009;
Suchman, DeCoste, Castiglioni, Legow, & Mayes, 2008). These interventions are effective
in improving emotional bonds, maternal reflective functioning skills, and mother-infant
interactions so as to reduce the likelihood of addiction and maladaptive attachment styles in
future generations (Pajulo & Kalland, 2013; Suchman, et al., 2008, 2011, 2013).

Attach Hum Dev. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Alvarez-Monjaras et al. Page 11

Attachment and Neurobiology

An attachment perspective also allows the integration of neurobiological processes.
Converging research suggests that addiction and attachment have overlapping neural
pathways. Specifically, addiction and attachment may engage the mesocorticolimbic and
nigrostriatal dopaminergic systems as well as the oxytocinergic system (Buisman-Pijiman et
al., 2014; Johns, Lubin, Walker, Meter, & Mason, 1997; Strathearn, 2011). While the
dopaminergic system has been implicated in motivation and reward processing (Robbins &
Everitt, 1992), the oxytocinergic system plays a central role in mood and self-regulation and
social behaviors important to attachment (Buisman-Pijlman et al., 2014; Feldman, Weller, &
Zagoory-Sharon, & Levine, 2007; Strathearn, 2011; Tops et al., 2014). Data suggest that
early stress and traumatic attachment experiences may hinder the development of the
endogenous oxytocinergic system, increasing vulnerability to future addictive behaviors
(Ammerman, Kolko, Kirisci, Blackson, & Dawes, 1999; Bremner & Narayan, 2008; Chaplin
& Sinha, 2013; Sinha, 2001; Tops et al., 2014). Extending this attachment and addiction
model further, it has been hypothesized that when the addicted adult transitions to their
parenting role, the co-optation of reward neural circuits by addiction decreases the salience
and pleasure in caregiving (Rutherford & Mayes, 2017; Rutherford, Potenza, & Mayes,
2013; Rutherford, Williams, Moy, Mayes, & Johns, 2011). This resonates with the
aforementioned object relations theories, where early mother-infant interactions become
embedded into the child’s psyche as mental representations of soothing, caregiving, and
interacting that influence behavior and attribution biases across the lifetime.

Echoing psychodynamic object relations theories, secure attachment bonds have been
suggested to protect an individual from developing an addiction (Crittenden, 2015). For
instance, sensitive parenting has been found to promote the development of the executive
functioning skills and self-regulation (Berner et al., 2010). It has been argued that growing
up in a nurturing environment could promote a more effective distress regulation system and
a greater ability to refrain from overindulging in recreational drugs (Fonagy et al., 2004).
Importantly, not all insecurely attached children develop an addiction later in life (Schindler
& Broning, 2015). Therefore, while distorted or negative attachment representations, along
with a shortage of salient soothing and positive attachment experiences, may function as
important vulnerability factors for the derogation or substitution of social rewards with the
intensely rewarding effects of drugs (Rutherford & Mayes, 2017; Tops et al., 2014), other
factors are important to consider, which might include the potential genetic basis of
addiction.

Twin, adoption, and molecular genetic studies have established that substance abuse has a
significant heritable component, with gene-environment interactions having an effect on the
risk of developing substance abuse problems during adolescence (Enoch, 2012; Goldman,
Oroszi, & Ducci, 2005; Young-Wolff, Enoch, & Prescott, 2011). Gene-environment
interactions, or the effect of certain environments over the phenotypic expression or
suppression of genomic traits, have been found between early adversity and substance abuse,
particularly for the gene PERI (involved in stress-related alcohol consumption in rats; Dong,
2011), the long allele of the SLC6A4 gene of the serotonin transporter (involved in
addictions and psychiatric disorders; Graff-Guerrero et al., 2005), and GABRAZ haplotype
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(associated with resilience to developing an addiction in individuals exposed to childhood
maltreatment; Enoch, 2012). Overall, findings from genetic studies suggest that even though
genes modulate addiction susceptibility, it may be the interaction between genes and
environmental circumstances that is responsible for the individual differences predisposing
to drug use, abuse, and dependence (for a more detailed account see Goldman, Oroszi, &
Ducci, 2005). In other words, the mere genetic predisposition for substance abuse and
dependence (e.g., SLC6A6 long allele) may not be not enough to develop an addiction as it
may also require the presence of environmental risk factors (e.g., childhood maltreatment or
other adverse childhood experiences) to manifest. As psychiatric disorders like addictions
are thought to involve multiple small contributions from many genes (as well as interactions
with multiple environmental factors), considerable additional research is needed to
determine the proportion of variance that specific allelic variants contribute in specific
environmental contexts.

Epigenetic mechanisms are important to consider, given that environmental factors may
shape the way in which genes are expressed in the genome, without modifying the DNA
sequence. For instance, DNA methylation is an epigenetic mechanism associated with
decreased gene expression that may lead to long-term changes in the brain (Cecil, Walton, &
Viding, 2015). Repeated administration of drugs in rodents has been found to modify DNA
methylation patterns in the “reward” regions of the brain (e.g., striatum and NAcc) and to
influence synaptic plasticity and memory consolidation, thus contributing to the physiology
of addictive processes (Colvis et al., 2005; Renthal et al., 2005; Wong, Mill, & Fernandez,
2011). Cecil, Walton, and Viding (2015) also have found that, across multiple studies, the
proopiomelanocortin gene POMC (associated with stress response in rodents; Wu et al.,
2014), the opioid receptor ul gene (OPRMI; implicated in alcohol dependence in humans;
Ray et al., 2014) and the serotonin receptor 3A (HTR3A; involved in emotion processing;
Gatt, 2010) have been consistently hypermethylated in drug-induction (i.e., administration)
animal studies. Nevertheless, there are still insufficient data to assess how varying
substances of abuse may affect DNA methylation, and how this may manifest across the
lifespan. However, research is beginning to address this critical gap in the literature. For
instance, in their sample of 244 youth from the Avon Longitudinal Study of Parents and
Children, Cecil and colleagues (2016) found that prenatal maternal tobacco-smoking was
associated with epigenetic variations in the genes PACS/NI (involved in synaptic
neurotransmission in regions implicated in addiction; Liu et al., 2012), NEUROD4 (involved
in neuronal differentiation; Lee, 1997), and NTRKZ (involved in nerve growth and
associated with treatment-resistant depression; Li, 2013) in infants at birth that were later
associated with increased substance abuse (i.e., tobacco, cannabis, and alcohol) during
adolescence. These findings provide initial insight into how substance use may exert effects
on the developing brain via epigenetic changes. Nevertheless, at this stage it is still unclear
how these epigenetic changes contribute to addiction. In particular, future studies employing
larger samples are needed to examine these processes, and studies such as the Adolescent
Brain Cognitive Development Study (ABCD; https://abcdstudy.org) offer promise for
providing important insight.
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A developmental model of addiction

Taken together, it is possible to conceptualize a developmental model of addictions (Figure
1) using an attachment lens wherein: (1) an individual’s genetic makeup provides the
configuration for neurobiological (and potentially behavioral) phenotypic expressions of
vulnerability to substance use and abuse (Goldman, Oroszi & Ducci, 2005); (2) specifically,
structural and functional differences in specific brain regions or systems may delimit the
parameters for reward processing (related to jouissance), executive functioning (potentially
including defense mechanisms), and emotion regulation (possibly modelled by object
relations), all being potential factors involved in attachment, self-regulation, and addictive
processes; (3) environmental (i.e., intrauterine, perinatal, and postnatal) circumstances may
trigger epigenetic changes that either protect against or facilitate addictive processes; and,
(4) factors such as early adversity and attachment trauma may set the foundation for a latent
vulnerability (McCrory & Mayes, 2015) for addiction in adolescence or adulthood.
Considering the epigenetic effect of the environment over phenotypic expression and the
potential intergenerational transmission of addiction (Rutherford & Mayes, 2017), it might
be essential for addiction treatment to help clients develop more adaptive patterns of
interaction and self-regulation even if it is later in life. It is possible that, by modeling
sufficiently rewarding social interactions (e.g., through attention, praising, and emotional
containment; all in the safety of a therapeutic relationship), an individual’s neural
functioning may become gradually (a) more attuned towards implicit social cues and
interactions, making drug-related cues and hedonic responses less reinforcing (Tops et al.,
2014) and (b) more effective (self-) reflective functioning capacity to identify, interpret, and
regulate drug-seeking urges or negative affect without the need for psychoactive agents.

Taken together, while multiple theories of addiction exist, many are not mutually exclusive.
As we describe above, viewing addictive disorders from an attachment perspective may help
promote an improved understanding of these conditions that often carry negative individual
and familial impacts. That being said, attachment likely does not capture all elements of
addictive disorders. Further research directly investigating specific aspects of attachment and
how they may mitigate against the development of addictive disorders and perhaps promote
recovery from these conditions is needed.

Conclusion

This review has considered the value of synthesizing neurobiological and psychodynamic
perspectives to better understand addictions, identifying potential pathways to the initiation
of substance use, as well as mechanisms that may maintain substance use and abuse. The
neurobiological approach allows biological mechanisms to be identified that may contribute
to substance abuse and dependence; the psychodynamic approach provides an alternate
framework for understanding relational and representational aspects of addiction within a
developmental perspective. Attachment theory may present a unique opportunity to bring
together these lines of enquiry, enabling an integrative developmental model of addiction
with early experiences laying the foundation for psychological as well as neurobiological
trajectories to substance use, abuse, and dependence. Fostering secure attachment bonds
through sensitive parenting during childhood or through psychological interventions later in
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life may represent a unique opportunity to promote healthy socio-emotional and
motivational growth across the lifespan.
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Figurel.
Developmental model of addiction. The genetic makeup of an individual defines the

neurobiological and behavioural phenotypical variations of the structure and function of
brain areas involved in reward processing, executive functioning, affect- and self-regulation.
Phenotypes are both related to peri- and postnatal environments, and influence attachment
experiences, representations and interactions. These, in turn, further influence the
phenotypes and guide addictive behaviour based on the salience of social and addiction-
related cues (i.e., cues related to alcohol, drugs, gambling or other addiction-related foci)
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and the developing reflective functioning capacity. Addictive behaviour is then learned and
maintained via reinforcement and gene-environment interactions with a sociocultural
context. Ultimately, vulnerability to said mechanisms is potentially transmitted to the next
generation via parent-infant interactions, parental reflective functioning, as well as parental
genetic and maternal perinatal contributions.

Attach Hum Dev. Author manuscript; available in PMC 2020 December 01.



	Abstract
	Introduction
	Neurobiology of addiction
	Neurobiological theories of addiction
	Psychodynamic theories of addiction
	Integrating perspectives: The role of attachment
	Attachment Theory: Mental representations, reflective functioning, and addiction
	Attachment and Neurobiology
	A developmental model of addiction

	Conclusion
	References
	Figure 1.

