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Abstract: Steven Hyman, former director of the National Institute of Mental Health
(2012), argued that neuroscience research in psychiatry frequently inherits the DSM’s
assumption that disorders are discrete entities, even though empirical boundaries
between conditions are often porous. In response, Hyman and colleagues advanced the
Research Domain Criteria (RDoC), which organizes psychopathology around core
neurobiological domains that cut across diagnoses. In a conceptually similar direction,
Blum (1995) introduced Reward Deficiency Syndrome (RDS) as a transdiagnostic construct
intended to unify substance-related and behavioral addictions. To date, PubMed includes
more than 1,650 reports referencing “reward deficiency” and 281 specifically referencing
RDS. Recent genome-wide association and pharmacogenomic findings in very large cohorts
(88.8 million subjects) are interpreted as supporting dopaminergic dysregulation as a key
phenotype underlying RDS vulnerability. The Genetic Addiction Risk Severity (GARS®)
panel was developed to estimate liability for RDS and “preaddiction.” Notably, many
conditions listed in DSM-5 share overlapping genetic polymorphisms, with frequent
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convergence on pathways involved in dopaminergic neurotransmission. Building on this
framework, we propose a biphasic prevention and treatment strategy for both substance
(e.g., alcohol, nicotine) and non-substance (e.g., highly palatable food/glucose-related)
addictive behaviors. In the acute setting, harm-reduction approaches may require
targeted modulation of postsynaptic dopamine receptors (D1-D5) within the nucleus
accumbens (NAc). Over longer time horizons, however, durable recovery may depend on
restoring dopamine signaling—specifically, promoting dopamine activation and release
within the NAc to support dopamine homeostasis. Failure to balance short-term and long-
term dopaminergic interventions may contribute to affective instability, maladaptive
behavior, and, in vulnerable individuals, suicidal ideation. Individuals with
serotonergic/dopaminergic receptor deficits and/or high catechol-O-methyltransferase
(COMT) activity may be more likely to self-medicate using substances or behaviors that
transiently increase dopamine release. A growing body of evidence suggests that
increasing D2 receptor expression in genetically vulnerable populations could reduce
addictive risk. Although D2 agonists can downregulate receptors in vivo, in vitro work
indicates that sustained stimulation may promote receptor proliferation, and gene-
transfer studies producing DRD2 overexpression reduce alcohol and cocaine seeking in
rodent models. Finally, naturalistic dopaminergic repletion strategies may represent a
safer long-term approach to normalize dopaminergic function, support recovery, and
improve quality of life across RDS-related behaviors. (WC 286)

Keywords: Dopamine Homeostasis, Precision Addiction Management, GARS, KB220,
Reward Deficiency Syndrome (RDS), Neuroimaging

KEY FINDINGS (2025)
51.2%- Over half of people 12 and older have used illicit drugs at least once.

Cost-1.15M

Drug overdoses have killed over 1 million people in the U.S. alone since 1999.
Cost-$44.5B
The federal budget for drug control in 2024 was nearly $45 billion.

INTRODUCTION

Relapse raises a fundamental question: is renewed substance use primarily a matter of
choice, or does it reflect a biological process that can overwhelm volition? Closely related
is a second debate about sequence and causality. Do individuals initiate drug use because
they already carry an underlying vulnerability, or does drug exposure itself create—or
meaningfully amplify—that vulnerability (Gold et al., 2020)? These questions motivate the
present discussion.

A substantial body of work indicates that repeated exposure to drugs of abuse can
produce epigenetic and molecular adaptations that disrupt normal neurotransmitter
signaling within reward-related brain circuits. Such adaptations are linked to reduced
likelihood of sustained abstinence and to escalation of use through tolerance, withdrawal,
and negative reinforcement. Across neuroscience, psychiatry, and neurology, there is broad
agreement that environmental pressures can alter gene expression, in part through
epigenetic mechanisms that influence transcription and downstream cellular function
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(Hamilton PJ & Nestler EJ, 2019). In this context, emerging research has suggested that
locus-specific neuro-epigenetic processes may contribute to the persistence of addictive
behaviors, and that clarifying these mechanisms could support the development of more
targeted interventions.

These scientific perspectives also intersect with how society assigns responsibility for
behavior. Modern legal systems largely operate “as if” human actions are undetermined—
presuming agency and choice—despite the fact that determinism underlies much of
scientific explanation. Yet empirical findings increasingly demonstrate that inherited
variation can shape behavioral tendencies across organisms, including humans.

For example, Tikkanen et al. (2010) reported that carriers of the high-activity MAOA-
H allele showed greater risk for severe, impulsive, recidivistic violent behavior when heavy
drinking occurred in combination with childhood physical abuse (CPA). Such observations
have encouraged legal scholars and courts to wrestle with how biological predispositions
and environmental exposures might influence culpability.

To maintain coherence between these competing frameworks, courts typically
preserve the presumption of responsibility while allowing limited recognition of biological
constraint through mitigating doctrines and defenses. In practice, this often appears as
efforts to introduce neurogenetic evidence under theories such as insanity or diminished
capacity—approaches that implicitly argue compromised self-control. Nonetheless,
prevailing standards make these defenses difficult to establish, and successful outcomes
remain uncommon. The underlying principle is simple: the insanity defense generally
assumes most individuals can choose within moral and legal norms, while creating an
exception for those who are unable to do so.

Our group has highlighted a case example in which rehabilitation and treatment
monitoring were prioritized over incarceration for a repeat driving-while-intoxicated (DWI)
offender, with genetic risk information incorporated into sentencing considerations. In this
report, eligibility for an alternative sentencing pathway was evaluated using the Genetic
Addiction Risk Severity (GARS) test, described as an early instance in which genetically
informed “determinism,” rather than a purely “free will” framework, shaped decisions
regarding a DWI recidivist (Green, Brewer, Mullin, Floyd, & Blum, 2021).

Historically, the view of alcoholism as a disease has roots in the early twentieth
century, including Bill Wilson’s framing in The Big Book and later Jellinek’s influential
typology (Blum, 1991; Jellinek, 1960). Jellinek argued that alcoholism reflected an
epigenetic phenomenon and proposed five clinical patterns: Alpha (psychological
dependence), Beta (medical complications, including liver and nerve disorders), Gamma
(increasing tissue tolerance), Delta (inability to abstain), and Epsilon (binge drinking).
Although this framework advanced the field, it left key mechanistic questions unresolved:

(1) what biogenetic processes drive alcoholism,

(2) how stress and social context alter cellular function in ways that contribute to
alcoholism, and

(3) whether chronic excessive drinking produces enduring cellular changes that reinforce
alcoholism.
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By foregrounding epigenetics, Jellinek’s model helped set the stage for molecular
neurobiological research designed to address these unanswered questions.

Meaning Check (What | Preserved from Your Original)

e The relapse/free will vs physiology framing and the “predisposition vs induced
vulnerability” question (Gold et al., 2020).

e Drug-induced epigenetic adaptations disrupting reward circuitry;
tolerance/withdrawal escalation; call for mechanistic precision (Hamilton PJ &
Nestler EJ, 2019).

e The legal “as if” framework; determinism vs free will; MAOA-H + heavy drinking +
CPA and severe impulsive violence (Tikkanen et al., 2010).

o Courts’ limited receptivity; insanity/diminished capacity logic; rarity of success.
e The DWI case example using GARS in alternative sentencing (Green et al., 2021).

e Disease model lineage: Bill Wilson/Big Book — Jellinek (Blum, 1991; Jellinek, 1960)
+ the five types + the 3 unresolved questions.

BACKGROUND AND STATS: THE DISEASE MODEL AS OVERLAPPING
ADDICTIONS FROM BIRTH TO ADULTHOOD

Shifts in addiction terminology increasingly require a broader clinical lens—one that
treats non-substance, impulsive, and compulsive behaviors as legitimate addictive
conditions rather than peripheral “habits.” A consistent theme across contemporary
research is that many addictive behaviors co-occur and likely share overlapping
psychological drivers, genetic liabilities, and neurobiological circuitry. In other words, the
boundaries between “chemical” and “behavioral” addictions may be less distinct than
traditional classification systems imply.

Epidemiologic findings support this overlap. In a study of 3,003 adolescents and
young adults (42.6% male; mean age 21 years), Kotyuk et al. (2020) reported patterned co-
occurrences between substance use and other potentially addictive behaviors. Specifically,
smoking was associated with problematic Internet use, excessive exercise, eating-disorder
pathology, and gambling; alcohol use correlated with problematic Internet use, online
gaming, gambling, and eating-disorder pathology; and cannabis use showed links with
problematic online gaming together with gambling. Collectively, these observations
reinforce models that conceptualize addictions as sharing common etiologic pathways—
consistent with Reward Deficiency Syndrome and related component models that emphasize
transdiagnostic vulnerability rather than isolated disorders.

From a public health perspective, both substance-related and behavioral addictions
remain highly prevalent and impose major societal costs. Dependence involving alcohol,
psychostimulants, and benzodiazepines continues to represent a substantial burden [Seth et
al., 2018; Gressler et al., 2018]. Chronic pain care alone is frequently cited as costing U.S.
taxpayers hundreds of billions of dollars annually, and the clinical response—particularly the
expansion of opioid prescribing—contributed to an iatrogenic pathway into opioid misuse. In
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parallel with rising prescription volume, opioid-involved overdose deaths increased sharply
between 1999 and 2010 [Pergolizzi et al., 2018]. Current estimates suggest that
approximately 2 million Americans experience opioid addiction associated with prescription
exposure, with large annual economic costs [Florence et al., 2016]. In 2015, opioid-related
overdoses accounted for 33,091 deaths, with roughly half involving prescription opioids
[Rudd et al., 2016], and aggregate economic losses have been estimated to exceed one
trillion dollars.

Importantly, evidence supports non-opioid strategies for chronic pain management
[Amie et al., 2018], yet scaling these approaches remains difficult [Blum et al., 2018b;
Salling & Martinez, 2016]. Clinical practice often lags behind the research base, and opioid-
centered models still dominate many care pathways despite data suggesting that non-opioid
treatments—such as NSAIDs—can outperform opioids for chronic pain outcomes [Savannah
et al., 2016; Krebs et al., 2018]. This gap underscores the need for treatment systems that
reduce reliance on potentially addictive pharmacotherapies and instead integrate risk-
informed, mechanism-oriented strategies. In that spirit, the development of “Reward
Deficiency Solution Systems” (RDSS) and Precision Addiction Medicine/Management (PAM)
has been proposed as a pathway to modify prescribing behaviors and reduce opioid-related
morbidity and mortality [Blum et al. 2015a; Blum et al. 2018a].

The neurobiology of pain and addiction further supports an integrated view. Reward
circuitry is not only central to reinforcement and motivation; it also modulates nociception
and the affective experience of pain. Changes within dopaminergic pathways can alter
sensory and emotional components of pain processing and may contribute to chronic pain
syndromes [Chen et al., 2009]. Within this framework, analgesic tolerance should not
automatically be equated with addiction; the distinction becomes clinically meaningful
when patterns of maladaptive behavior emerge—such as illicit drug seeking or “doctor
shopping”—that reflect compulsive acquisition beyond medical need.

Reward Deficiency Syndrome (RDS) itself was introduced in a general scientific venue
and has since been discussed across a large body of literature, including PubMed-indexed
work on RDS and on dopamine dysregulation. RDS is referenced in the SAGE Encyclopedia of
Abnormal Psychology and Mental Illness and has been described in standard software
definitions (MS-Word, 2017).

A central premise of RDS is that dopamine signaling shapes psychological constructs
tied to reinforcement—often described as “wanting” and “liking”—and that disturbances in
these processes can help explain why diverse addictive behaviors cluster under a common
biological vulnerability.

The RDS framework has also been linked to evolving professional definitions of
addiction. The ASAM definition of addiction (2011) incorporated genetic and neurochemical
considerations (Smith et al., 2012), strengthening the argument that addiction reflects
physiological mechanisms rather than moral failure. Accordingly, addiction treatment and
pain management now sit at a potential inflection point: a shift toward Precision Addiction
Management that aims to reduce guesswork in identifying risk and to center care on
restoring “dopamine homeostasis” as a clinical objective (Baron et al., 2018; Blum et al.,
2018a).
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WHAT ARE THE UNDERLYING BIOGENETIC MECHANISMS THAT CAUSE ADDICTIVE
BEHAVIORS?

RDS - Overview (Rewritten)

A central premise of Reward Deficiency Syndrome (RDS) is that many addictive, impulsive,
and compulsive disorders arise from a shared neurobiological vulnerability. In this
framework, diverse clinical presentations—whether driven by substances or behaviors—
reflect common genetic variants and environmentally shaped (epigenetic) adaptations that
weaken the brain’s capacity to generate normal reward, pleasure, and satisfaction. RDS
therefore functions as an umbrella construct linking multiple conditions in abnormal
psychology and neuropsychiatry, including chemical and behavioral addictions, certain
personality-related compulsive traits, autism spectrum disorders, and post-traumatic stress
disorder (PTSD), among others.

Reward Signaling and the Drive to “Self-Correct” Reward Tone

Subjective pleasure and reinforcement depend on coordinated signaling across multiple
neurotransmitter systems. These systems interact at synapses in ways that ultimately
regulate dopaminergic output within core reward circuitry—particularly mesolimbic
pathways and the nucleus accumbens. When ordinary reward signaling is blunted, individuals
may experience reduced hedonic tone or diminished satisfaction from natural reinforcers.
The RDS model proposes that, in response, some individuals seek to “normalize” internal
reward tone by engaging in high-risk behaviors or consuming substances that transiently
increase dopamine release, producing short-term relief, stress reduction, or a sense of well-
being that feels otherwise unattainable. Over time, these compensatory behaviors can
become repetitive, escalating, and difficult to control.

Genetic Variation and Association Logic

Genetic association is inferred when specific variants occur at higher frequency in affected
groups than in appropriately matched controls. Genes—DNA sequences encoding functional
proteins—shape the synthesis, release, receptor binding, and clearance of
neurotransmitters. Polymorphisms (genetic variants) can modify these functions, altering
receptor density, transporter activity, enzymatic degradation, or downstream signaling.
Within the RDS model, such variants collectively influence how reward circuitry responds to
both natural reinforcers and drug- or behavior-induced stimulation.

Historical Research Foundations: DRD2 and Related Reward Gene Findings

During the 1990s, multiple groups reported associations between severe alcoholism and the
A1 allele of the dopamine D2 receptor gene (DRD2). Subsequent work extended this
association to a wider range of compulsive and impulsive addictive behaviors. In parallel,
receptor binding and availability studies suggested that individuals carrying the A1 allele
exhibit reduced dopamine receptor availability in brain regions essential for reward
processing. These findings are often interpreted as indicating a biologically mediated
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reduction in reward sensitivity, which may increase vulnerability to craving and
reinforcement-driven behavior.

The Brain Reward Cascade: Multi-Neurotransmitter Control of Dopamine Output

RDS is not framed as a “dopamine-only” phenomenon. Rather, dopamine is treated as the
final common pathway modulated by a broader set of interacting systems—serotonergic,
endorphinergic/opioidergic, GABAergic, glutamatergic, adrenergic, and cholinergic
signaling—whose integrated effects help determine net dopamine release in the nucleus
accumbens. Disruptions anywhere along this interconnected cascade can reduce
dopaminergic tone, which the RDS model links to heightened craving, dysphoria, irritability,
and negative affective states that promote further substance use or behavioral
reinforcement seeking.

Hypodopaminergic Function as a Polygenic Trait/State

Hypodopaminergia is described as a polygenic liability that may emerge when multiple
reward-related variants collectively reduce dopamine availability or signaling efficiency.
Beyond dopamine receptor variants, polymorphisms affecting neurotransmitter synthesis,
receptor expression, transporter function, and enzymatic catabolism can shift reward tone.
For example, high monoamine oxidase (MAQ) activity can increase dopamine breakdown,
reducing dopaminergic signaling at key receptor sites. Similarly, certain serotonin-related
variants may reduce receptor expression (e.g., 5-HT2A receptor gene -1438A/G) or lower
synaptic serotonin availability (e.g., serotonin transporter variants including 5-HTTLPR, with
biallelic and triallelic forms such as rs25531 A/G). In combination, such variants may
diminish the modulatory support normally provided by serotonergic signaling within reward
circuitry.

Environment and Epigenetics: Stress, Repeated Exposure, and “Blunting” of Reward

Genetic predisposition is amplified by environmental factors that reshape the reward system
across time. Chronic stress and repeated exposure to substances of abuse can impair reward
cascade function and reduce dopamine release. Animal models and human neuroimaging
studies indicate that dopamine release can be triggered not only by drugs (e.g., alcohol,
opiates, psychostimulants, nicotine) but also by a range of behaviors and cues (e.g., gaming,
gambling, hypersexuality, and consumption of highly palatable foods). These effects are
reinforced because they can temporarily relieve stress or craving and produce a
compensatory rise in reward signaling.

With prolonged repetition, however, supraphysiologic dopamine surges can drive
maladaptive neuroadaptations. Sustained activation of postsynaptic receptors may
contribute to receptor downregulation and diminished reward responsiveness—often
described as “blunting.” This mechanism provides a biological explanation for escalation:
progressively higher doses or more intense behaviors may be required to achieve the same
effect. The model further notes a paradox observed after extended abstinence: receptor
supersensitivity may emerge, such that returning to prior doses—especially in substance
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use—can become dangerous and, in some settings, lethal through excessive receptor
activation.

Craving as a Biologically Driven State: Stress- and Cue-Mediated Pathways

RDS conceptualizes craving as a state shaped by both reward and stress systems. Stress-
induced craving can alter chromatin structure and engage stress mediators such as
corticotropin-releasing factor and norepinephrine, producing sharp fluctuations in dopamine
signaling that may culminate in transient hypodopaminergia. When stress is chronic or
repeatedly experienced, this pattern may consolidate into a more enduring
hypodopaminergic state. In parallel, cue-induced craving—through activation of memory-
and salience-related structures such as the basolateral amygdala and hippocampus—can be
associated with glutamatergic dysregulation and dopaminergic perturbations. Over time,
these mechanisms may help explain relapse vulnerability even after periods of abstinence.

RDS Behaviors as a Spectrum

Within this framework, RDS is associated with reduced satisfaction and diminished
reinforcement from ordinary life experiences, paired with increased drive to seek stronger
reinforcers. Consequently, a broad set of behaviors—alcohol misuse, overeating, substance
dependence, pathological gambling, hyperactivity, autism spectrum disorders, elevated
risk-taking, hypersexuality, and certain personality-related compulsive traits—have been
described as part of the RDS behavioral spectrum (Blum, Cull, Braverman, & Comings, 1996).
The unifying feature is not the specific substance or activity, but the shared vulnerability:
impaired reward processing that promotes repeated, escalating reinforcement seeking.

ANALYTICS OF GENETIC ADDICTION RISK SEVERITY (GARS) (REWRITTEN; LOW-
SIMILARITY)

Genetic Addiction Risk Severity (GARS) is presented as a practical way to translate reward-
circuit genetics into a clinically interpretable profile. In this model, a patient’s allele
pattern is treated as a neurogenetic “map” that may inform prevention—especially when
risk is identified early—by anticipating vulnerability to substance misuse, compulsive
behaviors, and related phenotypes grouped under Reward Deficiency Syndrome (RDS). The
underlying rationale is that individual differences in reward-circuit function are partly
traceable to common polymorphisms across genes that regulate neurotransmission and
neuromodulation.

Figure 1 summarizes the conceptual basis for this approach by depicting the Brain
Reward Cascade (BRC), the multi-system signaling network proposed to shape dopamine
output in reward circuitry.
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Figure 1: The brain reward cascade.

Figure 1 illustrates interactions among at least seven major neurotransmitter
pathways involved in the Brain Reward Cascade (BRC). Environmental stimuli initiate
serotonergic signaling in the hypothalamus. Serotonin activity—via receptors such as 5-
HT2A—facilitates release of opioid peptides from hypothalamic opioid neurons. These
peptides are proposed to exert two major downstream effects through distinct opioid
receptor mechanisms: (i) an inhibitory influence (possibly via enkephalin and p-opioid
receptor signaling) projecting to GABAA neurons in the substantia nigra, and (ii) a
stimulatory influence on cannabinoid-related signaling (e.g., anandamide and 2-
arachidonoylglycerol) through B-endorphin-linked &-receptor pathways. Cannabinoid
signaling (notably 2-arachidonoylglycerol) can indirectly reduce inhibitory GABAA tone by
acting on Gi/o-coupled CB1 receptors in the substantia nigra. Additional modulation may
occur through glutamatergic inputs involving the dorsal raphe nuclei, which can further
disinhibit substantia nigra GABAA neurons via glutamate receptor mechanisms (e.g., GLU
M3). When engaged, GABAA neurons can powerfully inhibit ventral tegmental area (VTA)
glutamatergic drive through GABAB-related mechanisms. Cholinergic influences within the
nucleus accumbens may also modulate signaling through muscarinic (inhibitory) and
nicotinic (excitatory) receptor actions. Ultimately, glutamatergic projections within the
VTA stimulate dopamine neurons through NMDA receptors, promoting dopamine release in
the nucleus accumbens (NAc). The NAc “bullseye” represents the downstream experience
of incentive salience or euphoria—the “wanting” response (Blum et al., 2020).
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From Cascade Variation to Measurable Risk

Within this framework, inherited or acquired perturbations anywhere along the BRC can
alter reward responsiveness and, by extension, vulnerability to compulsive reinforcement
seeking. The manuscript argues that such variation—whether driven by polymorphisms or
epigenetic modification—may also influence pain sensitivity and pain tolerance. Consistent
with this premise, GARS is described as a test designed to estimate susceptibility across a
cluster of phenotypes that include addiction risk, pain vulnerability, and other compulsive
behaviors defined within the RDS construct (Blum et al., 2018d). Parallel lines of work
emphasize that dopaminergic tone contributes to pain processing and that reward circuitry
participates in the modulation of nociception, creating potential overlap between pathways
implicated in chronic pain and those implicated in addiction vulnerability (Chen et al., 2008;
Taylor et al., 2016; Upadhyay et al., 2010). These intersections have been used to justify a
precision approach in which identifying reward-system risk could support both addiction
prevention and safer pain-management strategies.

At the same time, the manuscript acknowledges a central methodological challenge:
“true” non-RDS control groups are difficult to define and operationalize. Because subclinical
or unreported RDS-related behaviors can contaminate controls, simply counting risk alleles
in unscreened comparison samples may inflate noise and distort associations (Chen et al.,
2005). Follow-up work using more rigorously screened controls—excluding addictive,
compulsive, or impulsive behaviors not only in participants but also within family histories—
was reported to strengthen associations between dopaminergic variants and RDS
phenotypes. As an illustrative example, the DRD2 A1 allele is described as being linked to
an estimated 30-40% reduction in receptor density. In general (unscreened) samples, the A1
allele has been reported at roughly one-third prevalence (Noble et al., 1991). In contrast,
in a highly screened “non-RDS” control sample, only one of 30 controls carried A1 (3.3%)
(Chen et al., 2005, 2012), a contrast used to argue that careful control selection is essential
for valid association inference.

This point is further emphasized by referencing contested findings in the literature.
The text notes a JAMA report that did not detect an association between DRD2 and
alcoholism (Gelernter et al., 1991) and argues that control selection may have contributed
to discrepant outcomes. In support of the broader DRD2/ANKK1 risk narrative, the
manuscript points to an extensive literature linking DRD2 A1 and related loci (including
ANKK1) with alcoholism and other reward-related behaviors (Neville et al., 2004).

Figure 2-Prevalence of DRD2 A1 allele in unscreened and RDS Free controls
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Figure 2: Reframing Reward Deficiency Syndrome (RDS) as the primary underlying
phenotype—rather than emphasizing narrower categories such as Substance Use
Disorder (SUD) or Behavioral Addictions (BA), which may introduce more measurement
noise—could meaningfully shift how addiction risk and recovery are approached. In this
view, many maladaptive patterns linked to dopaminergic polymorphisms can be
understood as attempts to compensate for chronically reduced reward tone, expressed
clinically as diminished satisfaction that is central to the RDS construct.

RDS as Endophenotype (Alternate Rewrite; Lower Similarity)

Reward Deficiency Syndrome (RDS) is presented as an endophenotype arising when the Brain
Reward Cascade (Figure 1) is perturbed—a distributed signaling system in reward circuitry
with especially important contributions from dopaminergic and opioidergic pathways (Blum
et al., 2016a). From this perspective, a family history of alcoholism or other addictions may
indicate an inherited shortfall in reward-neurotransmitter production or signaling
efficiency. Subsequent environmental exposures can amplify that baseline liability: chronic
stress and repeated intake of alcohol or other drugs may further impair cascade function,
including through reduced endorphinergic synthesis (Blum et al., 1982).

As one approach to testing the genetics of this broad reward phenotype, Blum et al.
(2011) assessed four dopaminergic loci frequently implicated in RDS—dopamine D1 receptor
(DRD1), dopamine D2 receptor (DRD2), dopamine transporter (DAT1), and dopamine beta-
hydroxylase (DBH). The analysis drew on 55 genotyped participants representing up to five
generations from two independent families with multiple affected members, and compared
allele frequencies with carefully screened controls (including N = 30 “super controls” for
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DRD2 polymorphisms). Behavioral histories relevant to RDS were also compiled for 13
deceased relatives.

In the family cohort, DRD2 Taq1 and DAT1 10/10 were overrepresented relative to
controls (p < 0.015). The TaqA1 allele, in particular, was detected in 100% of Family A (N =
32) and in 47.8% of Family B (11/23). No statistically significant group differences emerged
for the remaining variants examined (see Figure 3).
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Figure 3: DRD2 polymorphism genotyping in Family A (n = 32), a pedigree
characterized by multiple Reward Deficiency Syndrome (RDS) behaviors (Blum et al.,
20111).

Despite the small cohort and the need to rely on linkage-based methods, the results
are interpreted as consistent with a contribution of dopaminergic variants to RDS-related
behavioral expression. More broadly, the work argues for treating RDS as a transdiagnostic
endophenotype: analyses that isolate single addictive or compulsive manifestations may
increase measurement error and yield misleading associations. In contrast, defining cases
using a more inclusive “reward” phenotype could improve signal detection and guide future
association and linkage studies across dopaminergic and other neurotransmitter gene
candidates.

Bayes Theorem and at Birth Predictability to RDS

Bayes’ Theorem is a core result in probability and statistics that updates the likelihood of
an outcome in light of prior information and new evidence. The approach is attributed to
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Reverend Thomas Bayes (1701-1761), whose work on conditional probability was published
after his death in An Essay towards solving a Problem in the Doctrine of Chances(1763).
Bayes’ reasoning was later extended and formalized by Pierre-Simon Laplace (beginning in
1774 and further developed in Théorie analytique des probabilités, 1812). Sir Harold
Jeffreys subsequently placed Bayesian inference on an axiomatic footing and famously
compared its importance in probability theory to the Pythagorean theorem in geometry. In
the present context, we used this Bayesian framework to estimate predictive value (PV) for
Reward Deficiency Syndrome (RDS) behaviors among individuals carrying the DRD2 A1
allele—treating genotype as prior information relevant to later-life risk for both drug-related
and non-drug addictive phenotypes.

Dopaminergic signaling—particularly via the dopamine D2 receptor—plays a central
role in reward processing within mesolimbic circuitry. Impaired D2 receptor function has
been linked to dysregulated reinforcement seeking spanning alcohol, drugs,
nicotine/tobacco, and food-related behaviors. A large literature indicates that inherited
factors substantially contribute to vulnerability for severe, compulsive substance-seeking.
On this basis, Blum et al. (1995a) and Archer et al. (2012) argued that DRD2 variants
represent key contributors to predicting compulsive disease. Applying a Bayesian model,
Blum et al. (1995b) reported that when multiple RDS-related behaviors were aggregated,
predictive value reached 74.4%. Interpreted clinically, this estimate implies that a child
born with the DRD2 A1 allele (relative to the more common A2 allele) would have
approximately a 74% probability of developing RDS behaviors and potentially an addiction
disorder over the lifespan. Although Bayes’ Theorem has not yet been applied to the
complete GARS panel, we hypothesize that a multi-locus score would yield even stronger
predictive performance.

Understanding GARS

A substantial body of work from Blum’s group and others has examined the neurogenetics
of reward circuitry, with particular emphasis on dopaminergic pathways (Barh et al., 2017;
Blum et al., 2014b, 2012a). In the mid-1990s, Blum introduced the term Reward Deficiency
Syndrome (RDS) to capture a cluster of behaviors associated with genetically influenced
hypodopaminergic function (Blum et al., 2017b). Since then, RDS has been used across
studies of addiction as well as obsessive-compulsive and impulsive phenotypes. As one
illustrative report, Blum’s group described a case in which lifetime RDS behaviors in a 17-
year sober recovering addict were characterized without prior behavioral disclosure, using
only the individual’s Genetic Addiction Risk Score (GARS) profile (Blum et al., 2013a). This
type of finding has been used to support the broader prevention hypothesis: that early
genetic risk identification could reduce progression toward pathological substance use and
behavioral reinforcement seeking (Loth et al., 2011), thereby reinforcing a disease-model
approach.

In the sections that follow, we emphasize selected genes, their polymorphisms, and
the RDS-related risks attributed to them. Genome-wide association studies (GWAS) have
been interpreted as showing convergence between candidate “reward genes” and broader
polygenic signals (Olfson & Bierut, 2012). Collectively, these data are framed as a potential
“brain-print”—genetic information that might inform individualized treatment selection,
improve recovery trajectories, and reduce relapse risk (Haile et al., 2012). Within this
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model, the core liability is a hypodopaminergic trait that can be shifted by epigenetic state,
including transgenerational influences such as maternal depression and addiction (Han &
Nestler, 2017). As Smith (2017) argues, this perspective reflects a broader movement in
addiction medicine toward recognizing reward-circuit pathology and incorporating earlier,
biologically grounded risk detection alongside evidence-based care.

From a pharmacogenomic standpoint, evaluating candidate loci across multiple
neurotransmitter systems—dopaminergic, endorphinergic, cannabinoidergic, glutaminergic,
and GABAergic receptors, as well as serotonergic and dopamine transporters, MAO-A, and
COMT—may be clinically useful, although the approach remains debated (Samek et al.,
2016). In support of multi-pathway genetic involvement, work from Koob’s group at NIAAA
has highlighted numerous reward-gene associations related to alcohol use disorder (Reilly
et al., 2017; Figure 4).
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Figure 4: Alcohol-dependence genes in this model are organized according to
the addiction-cycle framework. The diagram divides the cycle into three phases—(1)
binge/intoxication (blue), (2) withdrawal/negative affect (red), and (3)
preoccupation/anticipation (green)—and pairs each phase with a corresponding
behavioral domain: incentive salience, negative emotionality, and executive function,
respectively. Putative functional candidates derived from non-GWASevidence are

depicted as ovals, color-matched to the phase in which each gene is hypothesized to
exert its primary influence, whereas GWAS-implicated loci are shown as rectangles and

similarly color-coded by stage. Each gene’s broad biological role is indicated in black

text. Putative relationships among non-GWAS functional candidates are represented

by overlapping ovals, and proposed connections between non-GWAS candidates and

GWAS hits are illustrated by overlaps between ovals and rectangles. Where feasible,
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GWAS loci within a given phase are clustered by shared or related biological functions.
The figure also highlights pleiotropy within the preoccupation/anticipation
phase: BDNF-COMT functional variants are depicted as influencing both
preoccupation/anticipation and withdrawal/negative affect, indicated by dual-color
shading that spans the two stages (with Permission Reilly et al. 2017).

A working grasp of these mechanisms supports precision
pharmacogenomic decision-making and may translate into better clinical results. From a
prevention standpoint, genetically stratifying RDS vulnerability—particularly in groups with
disproportionate exposure to social or economic risk (e.g., African Americans and
economically disadvantaged populations)—could help target screening, triage resources,
and tailor early intervention strategies (Levran et al., 2015). In this context, the Genetic
Addiction Risk Severity (GARS) test is presented as a high-risk indicator for RDS-related
behaviors that track with Addiction Severity Index (ASI) measures, using a multi-variant
panel intended to predict drug- and alcohol-severity outcomes (Vitali et al., 2016). Because
GARS is inherently multi-locus, standard single-marker performance frameworks (including
classic ROC approaches) are described as imperfect fits for evaluation.

Blum’s group, working with Geneus Health and the University of Colorado, assessed
GARS in a longitudinal 5-year effort designed to quantify hypodopaminergic liability and its
association with RDS-linked substance misuse. The study enrolled 393 poly-drug-using
patients from eight U.S. treatment centers. Clinical severity was captured using the ASI-MV,
and genotyping data were available for 273 individuals. Participants averaged 35.3 years of
age (SD = 13.1; range 18-70); 57.8% were male, and 88.1% self-identified as White. Severity
stratification placed 17.6% in the low range, 80.7% in the moderate range, and 1.5% in the
high range. Across the genotyped subset, the mean GARS risk-allele count was 7.97 (SD =
2.34), spanning 3 to 17 alleles, with genotype distributions reported to be in Hardy-Weinberg
Equilibrium.

Using Fisher’s Exact Test, preliminary analyses identified a statistically significant
association between the GARS panel and the ASI Alcohol Risk Severity Score (X2 = 8.84, df =
1, p = 0.004, 2-tailed), which remained significant after adjustment for age (p < 0.01). The
relationship with the ASI Drug Severity Risk Score was described as weaker but suggestive
(chi-square p = 0.05; linear regression b = -0.122, t = -1.91, p = 0.10, 2-tailed; corrected p
= 0.05, 1-tailed). The manuscript emphasizes the clinical utility of objective genotyping
given that self-reported psychoactive use may be minimized or omitted. As one example of
phenotype linkage, DRD2 A1 carriers have been reported to score higher on the Defense
Style Questionnaire than non-carriers (Comings et al., 1995).

Within this dataset, drug-severity prediction was reported when any combination of
four GARS risk alleles was present (p < 0.05), whereas alcohol-severity prediction required
any combination of seven alleles (p < 0.004). Every participant carried at least one risk
allele, and predictive strength increased with higher allele counts. Significant relationships
were also noted for psychological, medical, and family-problem domains. A key
methodological caution is highlighted: altering a single SNP or changing allele counts could
remove statistical significance, underscoring the importance of careful variant selection and
well-defined non-RDS control groups (Blum et al., 2011a). Finally, the rationale for the
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specific genes included in GARS is described as being supported by extensive case-control
association literature indexed in PubMed (as of 8-16-25) (Figure 5).

Figure 5 Genetic Association Studies of the GARS PANEL

Figure 5 Genetic Association Studies of the GARS PANEL
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Transdiagnostic Prediction, Dopamine Constructs, and Anti-Reward

GARS is described as a severity estimator across the broader RDS spectrum, rather than a
tool aimed at forecasting dependence on any single substance. In this framing, the score is
intended to index vulnerability across multiple compulsive or reinforcement-driven
behaviors—such as overeating, gambling, gaming, problematic internet use, shopping,
hoarding, and hypersexual/sex-addiction phenotypes. The organizing idea is that RDS
represents a shared genetic architecture that biases individuals toward hypodopaminergic
states and thereby shapes both hedonic response (“liking”) and incentive drive (“wanting”)
(Blum et al., 2012a).

To specify dopamine’s functional role, three major interpretations are commonly
discussed: dopamine as a mediator of “liking” (hedonic pleasure), “learning” (reward
prediction and updating), or “wanting” (incentive salience). The manuscript argues that
available data align most strongly with the incentive-salience (“wanting”) model. Consistent
with this, neuroimaging work indicates that drugs, highly palatable foods, and anticipatory
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cues for activities such as sex or gaming can modulate reward circuitry in complex,
sometimes bidirectional ways (Blum et al., 2021). Drugs of abuse, in particular, are
described as amplifying dopaminergic signaling and sensitizing mesolimbic pathways, which
intensifies reward-circuit responsivity and contributes to the subjective “high.”
Importantly, these networks are presented as encoding more than pleasure alone; they also
support attention allocation, expectancy, and motivational salience.

Within the RDS framework, vulnerability is not purely genetic: elevated stress
interacting with dopaminergic and other neurotransmitter variants is proposed to
incrementally raise addiction risk. A key pathophysiologic claim is that diminished dopamine
release in the nucleus accumbens is a central mechanism linking diverse chemical and
behavioral addictions. In turn, multiple lines of work associated with NIDA and NIAAA are
cited in support of dopamine homeostasis as a therapeutic endpoint shaped by both
inherited factors and epigenetic state (Blum et al., 2017a; Febo et al., 2017).

ANTI-REWARD SYMPTOMOLOGY

Converging evidence suggests that both chronic pain processes and compulsive drug seeking
are influenced by allostatic adaptations across reward and stress circuitry. In this
model, reward deficiency (RD)is framed as an intra-system adaptation: persistent
activation of reward pathways during prolonged drug seeking culminates in a depletion-like
hypodopaminergic condition, clinically expressed as anhedonia and reduced motivation for
natural reinforcers. By contrast, anti-reward (AR) is described as an inter-system adaptation
driven by excessive recruitment of limbic and stress-related structures—including the
basolateral and central amygdala, noradrenergic nuclei in the brainstem (lateral tegmental
region), the bed nucleus of the stria terminalis, hippocampus, and habenula. This
overactivation is linked to high output of stress neurochemicals (e.g., norepinephrine,
corticotropin-releasing factor, vasopressin, hypocretin, and substance P), producing
aversive affective states such as anxiety, fear, and depression.

Borsook et al. (2016) integrated these processes into the Combined Reward
Deficiency and Anti-reward Model (CReAM), proposing that biological, psychological, and
social influences on reward, motivation, and stress systems can interact as a self-reinforcing
“downward spiral.” In this view, the same interacting variables can worsen chronic pain
persistence (pain chronification) and intensify both drug-seeking and non-drug
reinforcement seeking.

Twin and longitudinal evidence is cited to support an approximately even
contribution of inherited factors and environment/epigenetics to human behavioral
outcomes—often summarized as ~50% genetic and ~50% epigenetic influence—particularly in
alcohol use disorder (Verhulst et al., 2015; Long et al., 2017). Consequently, molecular
genetic approaches, including DNA testing, are positioned as relevant tools for connecting
maladaptive behavior patterns to individual neurobiological liability. Blum et al. (2012a)
further proposed that disruption at any point along the Brain Reward Cascade—whether due
to polymorphisms, environmental exposures, or their interaction—can manifest as a
spectrum of RDS-linked behaviors.

Although large-scale efforts using dense SNP arrays have sometimes produced weakly
replicable single-gene findings, newer analyses suggest that a meaningful fraction of
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variance in generalized vulnerability to substance dependence may be attributable to
common SNP effects—estimated at roughly 25-36%—with additive contributions that overlap
across comorbid conditions (Palmer et al., 2015). The manuscript also emphasizes the
forward-looking value of certain variants for risk estimation. Using a Bayesian framework,
Blum’s laboratory (1995a) reported a Positive Predictive Value (PPV) of 74% for the DRD2 A1
allele with respect to later addictive behaviors, indicating a substantially elevated lifetime
risk among carriers. Since the initial 1990 report linking DRD2 TaqA1 to severe alcoholism,
multiple groups—including investigators affiliated with NIDA and NIAAA—have replicated and
expanded the broader reward-gene landscape, identifying additional candidate loci and
second-messenger genes relevant to addiction biology (Reilly et al., 2017). More recently,
GWAS work from Gentner’s group on suicidal thoughts and behaviors (SITB) highlighted
cross-ancestry candidate genes that include ESR1, DRD2, TRAF3, and DCC (Kimbrel et al.,
2023).

CURRENT SUBSTANCE USE DISORDER (SUD) STATISTICS

In 2023, an estimated 47.7 million Americans aged 12 years and older were current illegal
drug users (use within the prior 30 days). Additional reported indicators include:

o 16.8% of individuals aged 12+ used drugs in the past month (a 1.9% year-over-year
increase).

e 70.5 million people (24.9% of those aged 12+) used illicit drugs or misused
prescription drugs within the past year.

e 145.1 million individuals aged 12+ reported lifetime illicit drug use.
e Overall use among those aged 12+ increased by 0.3% year-over-year.
e 134.7 million Americans aged 12+ consumed alcohol in the past month.

e 28.9 million people (21.5% of past-month drinkers) met criteria for an alcohol use
disorder.

e 64.4 million used tobacco products or nicotine vaping products in the past month.
o 38.6% of illegal drug users had a drug disorder.

e 21.6% of those with drug disorders had an opioid disorder (including prescription pain
relievers and heroin).

Substance Usage Rates per Age Group in 2023
Prescription stimulants 0.9% | 1.4%
LSD 1.0% | 11.6%
Cocaine 0.2% | 1.9%
Prescription sedatives 0.3% | 0.4%
Methamphetamines 0.2% | 1.0%
Heroin 0.1% | 2.4%

Drug Abuse Demographics
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Population-level patterns indicate that substance misuse and substance use disorders
disproportionately affect younger males. Reported past-month use of illegal drugs or misuse
of prescription drugs averages 19.1% in males versus 14.6% in females. Geographic
differences are also noted: 22.4% of individuals in non-metropolitan  (rural)
countiesreported use compared with 25.3% in larger metropolitan counties. By age,
prevalence is highest in 18-25-year-olds (39%), while those 26 and older report lower rates
(23.9%). Early initiation is highlighted as a major risk amplifier: individuals who first try an
illegal drug before age 15 are reported to be 6.5 times more likely to develop a substance
use disorder than those who delay until age 21 or later. Adolescent exposure is also
substantial—36.8% report illegal drug use by 12th grade—with past-30-day use estimates
of 5.4% in 8th graders, 10.0% in 10th graders, and 16.5%in 12th graders.

Opioid Abuse

The Centers for Medicare & Medicaid Services (CMS) expanded Medicare coverage to include
opioid treatment programs providing medication-assisted treatment (MAT), with
implementation effective January 1, 2020. In terms of prevalence, 8.9 million Americans
aged 12+ (3.4%) are reported to misuse opioids at least once within a 12-month period.
Misuse rates are described as relatively stable from 2021-2023, at roughly 3.2% among those
aged 12+. Approximately 5.9 million individuals (2.1% of those 12+) meet criteria for an
opioid use disorder. Most opioid misuse involves prescription products: 5.3 million people
(90.0% of opioid misusers) use prescription pain relievers. Heroin involvement is reported
in 660,000 individuals (7.4% of opioid misusers), while 336,000 (3.8%) use both heroin and
prescription opioids. Hydrocodone is identified as the most commonly misused prescription
opioid, with 3.6 millionmisusers.

Duration of exposure is emphasized as a key risk factor: using opioids longer than 3
months is stated to increase addiction risk 15-fold, while most acute pain situations are
described as requiring roughly 7 days of medication. Prescribing trends are summarized as
follows: opioid dispensing peaked in 2012 at >255 million prescriptions (about 81.3
prescriptions per 100 persons). In 2015, prescribing volume is characterized as high enough
that it would equate to dosing every American “around the clock” (e.g., 5 mg hydrocodone
every 4 hours) for 3 weeks. By 2018, the national rate declined to 51.4 prescriptions per 100
persons. Even so, 3.6% of U.S. counties are reported to still dispense enough opioid
prescriptions for every resident to receive one.Sources of nonmedical opioids are also noted:
in 2023, 39.1% of Americans reportedly obtained illegal pain medication from a friend or
relative. Global production figures are included as contextual risk indicators: between 2016
and 2017, global opium production reportedly increased 65% to 10,500 tons; in Afghanistan,
output reached 9,000 tons/year (87% increase), and >75% of global opium poppy cultivation
is stated to occur there.

Poison control data are cited to reflect exposure burden. In 2018, the most
frequently reported substance exposure category is described as illegal or misused
prescription opioids, totaling nearly 284,000 exposure cases. of
these, 44% involved children under age 5. The report also notes 5,300 cases involving heroin
and fentanyl exposures. Additional trends include a 148% increase (over 7 years) in
marijuana exposures among children under 5, and a 93%annual increase (over 9 years) in
prescription-opioid exposures.
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SUMMARY

Reward Deficiency Syndrome (RDS) is framed as a unifying construct spanning both
substance-related and behavioral addictions, yet the manuscript highlights the U.S. opioid
crisis as an especially urgent manifestation of this broader vulnerability. The argument is
that positioning opioids as third-line or tertiary solutions—without parallel strategies aimed
at restoring neurochemical balance—creates conditions for recurring relapse and repeated
treatment failure. From this viewpoint, critiques of the addiction disease model are
considered incomplete because they focus narrowly on specific disorders (e.g., opioid use
disorder) rather than addressing shared neurobiological drivers across addictions, including
non-substance behavioral forms. RDS is presented as a scientific basis for developing non-
addictive interventions tailored to genetic susceptibility, with dopamine homeostasis as a
primary therapeutic goal. Although opioids receive disproportionate policy attention, the
manuscript emphasizes that cross-addiction risk is high; therefore, earlier identification of
addiction vulnerability across behaviors is portrayed as essential for reducing long-term
population burden.
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Figure 6: Conceptual framework linking Genetic Addiction Risk Score (GARS), Reward
Deficiency Syndrome (RDS), and Precision Addiction Management. This schematic
illustrates GARS as the central genomic tool for identifying inherited vulnerability to
Reward Deficiency Syndrome (RDS), a hypodopaminergic condition arising from genetic
and epigenetic dysregulation within the brain’s reward circuitry. Reduced dopamine
signaling in the reward center is shown as a core biological substrate underlying
increased risk for addictive, compulsive, and impulsive behaviors. Surrounding
domains highlight the translational applications of this framework, including (i) the
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preventive utility of genetic testing for early risk stratification, (ii) pro-dopamine
regulation strategies designed to restore dopamine homeostasis, and (iii) precision
addiction management approaches that integrate gene-informed interventions to
improve clinical outcomes. Together, the figure emphasizes dopamine homeostasis as
a unifying therapeutic target and positions GARS-guided strategies as a foundation for
early detection, prevention, and personalized treatment of RDS-related behaviors.

Finally, the manuscript argues that systematic early risk stratification has historically
been limited, and proposes Precision Behavioral Management (PBM) / Precision Addiction
Management (PAM) as a framework that integrates genetic testing with pro-dopamine
regulation as a frontline, gene-guided approach for early detection of RDS behaviors. The
authors contend that overlooking brain circuitry—particularly net dopamine output in
reward centers—undermines public health goals aimed at reducing addiction-related harm
(Mathews et al., 2017). The following disease model of both drug and non-drug behaviors
supported by a plethora of thousands of peer review studies is represented in Figure 6

In addition, the manuscript argues that several psychiatric and cardiometabolic
problems—such as overeating, obesity, type 2 diabetes, and metabolic syndrome—overlap
at the level of reward biology, with dopaminergic polymorphisms frequently implicated.
This convergence is used to position food reward as an important dimension of RDS.
Individuals with reduced serotonergic and/or dopaminergic receptor function, or with
comparatively high COMT activity, are described as being more likely to “self-correct” low
reward tone not only through substances but also through highly palatable foods rich in
refined carbohydrates and fats. From this standpoint, interventions that re-establish
hedonostatic balance by improving dopaminergic signaling could plausibly support both
sustained addiction recovery and better metabolic outcomes.

Finally, while DSM-5 and ICD-11 maintain a categorical split between substance-
related disorders and behavioral addictions, the manuscript emphasizes that convergent
neurogenetic and neuroimaging findings are more consistent with a shared
hypodopaminergic substrate. RDS is offered as an integrative construct that prioritizes
earlier identification of risk, preventive strategies, and restoration of dopamine homeostasis
using precision approaches. Although RDS is not a formal diagnostic category, it is portrayed
as compatible with dimensional frameworks such as RDoC and HiTOP and as a translational
bridge that could inform future nosology, clinical pathways, and policy. In this sense, RDS
is positioned less as a standalone diagnosis and more as a practical framework that moves
beyond DSM-style boundaries toward early detection, prevention, and dopamine
homeostasis.

POLICY STATEMENT AND IMPLICATIONS: TOWARD A BIOLOGICALLY INFORMED
FRAMEWORK FOR ADDICTION VULNERABILITY

Current diagnostic and treatment paradigms for addiction remain largely reactive,
substance-specific, and behaviorally descriptive. While these approaches have supported
standardization of care and reimbursement, they are limited in their capacity to predict
vulnerability, guide prevention, or account for the convergent neurobiological mechanisms
shared across substance-related and behavioral addictions. Continued reliance on
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categorical distinctions that separate substance use disorders from behavioral addictions is
increasingly  discordant  with  evidence from  neurogenetics, neuroimaging,
pharmacogenomics, and systems neuroscience demonstrating a common disruption of
reward circuitry—most consistently characterized by hypodopaminergic signaling—across
compulsive, impulsive, and addictive phenotypes.

Reward Deficiency Syndrome (RDS) offers a biologically grounded, unifying construct
that aligns with contemporary dimensional models of psychopathology, including RDoC and
HiTOP. Rather than proposing a replacement for existing diagnostic categories, RDS
conceptualizes addiction vulnerability as an upstream neurobiological state that may
precede, coexist with, and shape the expression and clinical trajectory of multiple
downstream diagnoses. In this framework, observed addictive or compulsive behaviors
represent phenotypic manifestations of a shared reward-system liability, modulated by
genetic variation, epigenetic state, and environmental stressors.

From a policy perspective, this reconceptualization supports a shift toward earlier
identification of vulnerability, prevention-oriented strategies, and precision-guided
intervention. Integration of validated genetic and psychosocial risk-stratification tools—such
as the Genetic Addiction Risk Severity (GARS) test—into clinical, public-health, and, where
appropriate, rehabilitative or judicial contexts may help inform individualized care planning
and longitudinal monitoring. These tools are not proposed as diagnostic determinants, but
as adjunctive instruments that support prevention, risk mitigation, and treatment
personalization within precision-medicine paradigms.

Health systems and payers should recognize that addiction risk is not solely a function
of substance exposure, availability, or behavioral choice, but reflects a dynamic interaction
between inherited neurobiological traits and environmental, social, and psychosocial
stressors. Policies that focus exclusively on downstream harm reduction or symptom
suppression—without addressing underlying reward-circuit dysregulation—risk perpetuating
cycles of relapse, cross-addiction, treatment failure, and escalating healthcare utilization.
In contrast, mechanism-informed approaches aimed at restoring reward-system balance and
functional regulation offer a rational pathway to improving long-term outcomes and
reducing population-level burden.

At a regulatory and public-health level, the continued separation of behavioral
addictions from substance use disorders in coverage determinations, treatment
authorization, research prioritization, and prevention policy is increasingly difficult to
justify. A biologically informed RDS framework supports parity across addictive and
compulsive phenotypes—including alcohol, opioids, stimulants, gambling, overeating, and
digitally mediated behaviors—particularly with respect to screening, early intervention, and
prevention-focused care.

Importantly, the policy relevance of RDS does not depend on the immediate creation
of a new psychiatric diagnosis. The International Classification of Diseases (ICD) already
provides mechanisms for documenting risk states, susceptibility conditions, and factors
influencing health. From a systems perspective, the absence of a standardized method to
document reward-system vulnerability represents a meaningful gap. Clinicians frequently
encounter individuals whose clinical trajectories are shaped by impaired reward signaling,
yet lack a consistent, non-stigmatizing means of capturing this vulnerability without forcing
categorical psychiatric labels or duplicating existing diagnoses.
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Accordingly, consideration of ICD-concordant documentation pathways—analogous
to existing codes used to capture risk conditions or health-influencing factors—may provide
a pragmatic entry point for policy implementation. Standardized documentation of reward-
dysregulation vulnerability would facilitate population-level surveillance, cross-national
research harmonization, outcomes analysis, and prevention-focused policy development
across addiction, mental health, pain, and behavioral health domains. In this respect, ICD-
aligned approaches offer a practical bridge between neuroscience, clinical practice, and
public-health governance, enabling engagement by national and international health
authorities without premature nosological revision. Taken together, these considerations
support policies that:

1. promote early identification of neurobiological and genetic vulnerability factors;

2. prioritize research, reimbursement, and regulatory models that emphasize
restoration of reward-system balance and functional regulation;

3. integrate addiction biology into rehabilitative, social, and judicial frameworks where
appropriate; and

4. align diagnostic and public-health strategies with dimensional, mechanism-based
models of addiction vulnerability consistent with contemporary international health
policy trends.

Reward Deficiency Syndrome is not advanced as a formal diagnostic replacement,
but as a translational scaffold capable of informing prevention strategies, precision-based
interventions, and future refinement of classification systems. Positioned between
neuroscience and policy, RDS provides a biologically coherent framework that extends
beyond the constraints of current categorical models and supports a more predictive,
preventive, and personalized approach to addiction and behavioral health.

CONCLUSION

Alcohol use disorder and other substance-related conditions often appear alongside
additional RDS-spectrum behaviors, consistent with a shared substrate of diminished
dopamine signaling within reward circuitry. In this view, Reward Deficiency Syndrome (RDS)
functions as an integrative model that links addiction with compulsive, obsessive, and
impulsive behavioral patterns through common neurobiology. The manuscript highlights the
scale of the U.S. opioid problem, noting that more than 2 million people have opioid use
disorder associated with prescription opioids and that the combined financial impact of licit
and illicit opioids exceeds $1 trillion. Although opioid replacement therapy is the most
widely used treatment, persistent relapse can lead to repeated cycles of the same
interventions rather than durable recovery. The authors further argue that non-opioid
strategies can outperform long-term opioid use in relevant chronic-pain contexts. They also
cite evidence indicating that alcohol or drug involvement is present in more than half of
suicide deaths.

To strengthen recovery, the manuscript emphasizes adjunctive supports—such as
fellowship participation, spiritually oriented resources, and nutrigenomic approaches
including KB220Z—proposed to influence gene expression, recalibrate neurotransmitter
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balance, and improve functional connectivity within dopaminergic networks. KB220Z is
described as enhancing connectivity among key reward-related regions, attenuating RDS-
associated behaviors, and lowering relapse rates in DUl offender populations. Finally,
combining Genetic Addiction Risk Severity (GARS) assessment with semi-customized KB220Z
supplementation is presented as a practical method for promoting dopamine homeostasis.
On this basis, the authors argue that RDS may provide a more biologically coherent
framework than DSM-5 categories for explaining how the brain governs addictive,
compulsive, and impulsive behaviors.
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