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In addition to the COVID-19 pandemic, an addiction crisis 
is currently sweeping the entire world (1). This is extremely 
troubling, especially given that illicit drug usage can increase 
the risks associated with the coronavirus. Specifically, the 
psychological and social risks of the pandemic, which can 
also promote and augment drug abuse, in a possibly toxic 
cycle. Our latest figures have revealed that approximately 
26.8 million people globally suffered from opioid use 
disorder (OUD) in 2016, with more than 100,000 opioid 
overdose deaths yearly, including more than 100,000 in 
the United States (US) in 2021 (2). While drug overdose 
is most prevalent in the US, it is a global issue requiring 
“out of the box” thinking to prevent further devastation and 
death (3). 

Currently, the standard treatment of OUD and opioid 
addiction involves the use of powerful opioids, which seems 
inane and traps people in an unwanted cycle of addiction 
(4,5). This standard treatment is known as opioid agonist 
therapy (OAT), which functions by interacting with opioid 
receptors to reduce cravings and harm. However, OAT 
does not address the root cause, and this form of therapy 
may actually worsen the addiction pandemic worldwide. 
Therefore, a more prudent and effective treatment is 
needed. One solution, as espoused by Lee et al. (4), includes 
targeting various portions of the dopamine-dependent 
addiction pathway, identifying vulnerable genes, and 

modifying gene products such as, for example, precision 
Pro-dopamine Regulation (KKB220) or other gentle 
dopamine agonists (6). 

Our group seeks to lessen harm while addressing the core 
underlying issue (7). Therefore, we are hereby suggesting 
that a hypodopaminergic state (epigenetic) and/or trait 
(genetic) is critical in terms of continued motivation to use/
abuse licit and illicit substances and can lead to relapse. 
Although there are FDA-approved medications that can be 
utilized to treat substance addictions (e.g., alcohol, opiates, 
nicotine, etc.), these agents typically only offer a short-term 
advantage by blocking dopamine. Thus, it has been argued 
that instead of the utilization of long-term administration 
of these FDA-approved drugs, the goal should be to induce 
“dopamine homeostasis”, or in simpler terms, “normalcy”. 
Miller et al. (7), suggested that this could be accomplished 
through a variety of holistic modalities including, but 
not limited to, dopamine-boosting diets, exercise, yoga, 
meditation, hyper-oxygenation, heavy metal detoxification, 
and, most crucially, nutraceuticals like KB220 variants, 
which can help balance brain neurotransmitters.

Another strategy is to use a narcotic antagonist, such as 
naltrexone, to induce “psychological extinction” by blocking 
D2 receptors for not only opioids but methamphetamines as 
well (8). The latter approach appears to be more palatable, 
but compliance is a major problem. In addition, there is 
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poor compliance even with the extended-release injectable 
form of naltrexone. Another option is acamprosate, which is 
an NMDA receptor antagonist as well as a positive allosteric 
modulator of GABAA receptors that disrupts dopaminergic 
signaling (9). Our laboratory showed the novelty and 
profound enhancement of naltrexone compliance in 
patients who rapidly detoxed from long-term methadone 
utilization (10). In an open-label investigation in humans, 
Blum et al. (10) found that dopamine augmentation with 
the pro-dopamine regulator KB220 (262 days) improved 
naltrexone compliance and results when compared to 
naltrexone monotherapy (37 days). Compared to standard 
treatments, this well-studied complex consists of amino-
acid neurotransmitter precursors, catabolism inhibition, and 
enkephalinase inhibitor therapy (11).

Understanding the above premise and the further 
emerging acceptance of the umbrella term reward 
deficiency syndrome (RDS), which was established by Blum 
in 1995, promotes the common mechanism hypothesis 
for drug and non-addictive behaviors and even anhedonia, 
an important endophenotype linked to relapse (12).  
Previously, we postulated that anhedonia is a by-product 
of hypodopaminergic traits and states resulting from 
the combination of hereditary traits and epigenetic 
neurobiological alterations as a result of environmental 
factors. Dopaminergic activity can cause a variety of 
pathophysiological conditions, including aberrant 
learning, incentive sensitization, and stress-like “anti-
reward” phenomena (13). It seems prudent to suggest 
that neurogenetic antecedents to RDS and elucidation of 
reward gene polymorphisms could provide a framework 
for determining an individual’s genetic risk for developing 
anhedonia as a subset of RDS. Thus, our prevention 
strategy encompasses the restoration of homeostatic balance 
through physiological activation of dopaminergic receptors 
(D2/D3) and might have heuristic value for targeting not 
only anhedonia but also drug craving and relapse.

Our simple proposal to help restore brain neurotransmitter 
balance in the afflicted individual with a possible 
pharmacogenomic personalized approach involves the 
coupling of a genetic based addiction risk assessment, for 
example, the Genetic Addiction Risk Severity (GARS) test, 
and customized KB220 (14). Understanding the common 
neuromodulating aspects of neurotransmission and its 
disruption via chronic exposure to drugs and behavioral 
addictions requires a known approach involving “dopamine 
homeostasis”. While there is an emerging push for the 
utilization of “psychedelic medicine” (15) in the short-

term at low doses via patch delivery systems, we further 
propose that long-term treatment requires induction of 
“dopamine homeostasis” (16). However, along these lines 
of thinking, Bill Wilson’s psychedelic experience, which 
led to his becoming alcohol-free (but not nicotine-free, 
which eventually killed him) and the founding of Alcoholics 
Anonymous, appears to be consistent with the current re-
excitement of psychedelic medicine. A 2012 meta-analysis 
of lysergic acid diethylamide (LSD) therapy was found to be 
at least as efficacious a treatment as anything we currently 
have today (17). The work of Mash and associates has paved 
the way to implicate the idea of psychedelics like Ibogaine 
to treat addiction (18). 

Snapshot review of evidence

Our “out of the box” novel approach requires the coupling 
of genetic risk polymorphic testing with the safe and well-
studied complex KB220 or KB220Z customized to match 
the presence of resultant alleles and, as such, provides 
a precision nutraceutical known to have pro-dopamine 
regulatory pharmacological properties, including H-Wave 
therapy (19). There is a plethora of high-tier publications 
providing unequivocal evidence to establish a common 
overlap neuro-mechanism between substance and non-
substance addiction (alcohol, opioids, food, etc.) (20). 
In addition, there are currently over 55 clinical studies 
involving this amino-acid based enkephalinase inhibitory 
Pro-Dopamine Regulator (PDR) with KB220 nutraceutical 
complex as the primary constituent ingredient (11,21). The 
basis of this complex is that it mimics the brain reward 
cascade (see Figure 1), an established model of reward 
processing.

KB220 has also been shown to have BOLD activation 
across the brain reward circuit, which has been observed in 
both animal and human heroin-dependent individuals (23,24). 
These include the nucleus accumbens, anterior thalamic 
nuclei, anterior cingulate gyrus, hippocampus, infralimbic, 
and prelimbic loci. The evidence for genetic vulnerability as 
an important antecedent to this unwanted behavior may be a 
determinant factor which must be identified early in life. 

Based on a rather moderate published literature, the role 
of reward gene polymorphisms puts individuals at a higher 
risk for developing all RDS behavior subtypes, including 
anhedonia. With this in mind, our laboratory has created 
the novel patented GARS test to help identify one’s risk for 
these addictive-like behaviors. Specifically, published studies 
illustrate the coupling of GARS with KB220Z variants 



Annals of Translational Medicine, Vol 10, No 23 December 2022 Page 3 of 6

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(23):1291 | https://dx.doi.org/10.21037/atm-2022-67

utilizing a semi-customized precision matched to one’s 
GARS. This novel modality linked to a systems biological 
approach provides an increased efficacy as well as clinical 
outcomes in terms of treating RDS (25,26). 

We present herein new evidence related to the utilization 
of precision behavioral management (PBM) to effect 
clinical outcomes of (I) alcohol use disorder (AUD) (27);  
(II) identification of high addiction genetic risk in pain 
clinics (26); (III) bariatric surgery outcomes associated with 
GARS (28); (IV) conversion of incarceration to rehabilitation 
in Drug Court (29). There is even growing evidence that 
epigenetic insult, for example, methylation and histone 
modification of the DRD2 gene, has been shown in people 
with lifetime gambling use disorder (30). This argues for the 
need to induce dopamine homeostasis. 

Conclusions

It is generally accepted that balancing the brain reward 
circuit or achievement of “dopamine homeostasis” is a 
laudable goal instead of inhibiting natural dopamine or 
prescribing a potent opioid to treat opioid addiction (31). 
We are encouraging both the neuroscience and clinical 
science communities to potentially embrace this disruptive 
technology with a futuristic view of addressing the notion 
of what constitutes “standard of care” in the face of the 
ongoing addiction (alcohol, opioid, psychostimulant, food, 
etc.) pandemic (32). 

While additional research is needed, it is pertinent 
to begin establishing guidelines that incorporate the 
knowledge of RDS as an umbrella term for all addictive 
behaviors. Comprehending the neurogenetics and using a 
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Figure 1 The brain reward cascade. The interaction of at least seven major neurotransmitter-pathways involved in the BRC. In the 
hypothalamus environmental stimulation results in the release of serotonin, which in turn via, for example, 5HT-2a receptors activate 
(green equal sign) the subsequent release of opioid peptides from opioid peptide neurons, also in the hypothalamus. Then, in turn, the 
opioid peptides have two distinct effects, possibly via two different opioid receptors. One that inhibits (red hash sign) through the mu-
opioid receptor (possibly via enkephalin) and projects to the Substania Nigra to GABAA neurons. Another stimulates (green equal sign) 
cannabinoid neurons (the Anandamide and 2-archydonoglcerol, for example) through Beta-Endorphin linked delta receptors, which in turn 
inhibit GABAA neurons at the Substania Nigra. Also, when activated, cannabinoids primarily 2-archydonoglcerol, can indirectly disinhibit 
(red hash sign) GABAA neurons through activation of G1/0 coupled to CB1 receptors in the Substania Nigra. In the DRN, glutamate 
neurons can then indirectly disinhibit GABAA neurons in the Substania Nigra through activation of GLU M3 receptors (red hash sign). 
GABAA neurons, when stimulated, will, in turn, powerfully (red hash signs) inhibit VTA glutaminergic drive via GABAB 3 neurons. It is 
also possible that stimulation of ACH neurons at the Nucleus Accumbens ACH can stimulate both muscarinic (red hash) or Nicotinic (green 
hash). Finally, glutamate neurons in the VTA will project to dopamine neurons through NMDA receptors (green equal sign) to preferentially 
release dopamine at the NAc shown as a bullseye indicates a euphoria, or “wanting” response. The result is that when dopamine release is 
low (endorphin deficiency), unhappiness is felt while general (healthy) happiness depends on the dopamine homeostatic tonic set point (22) 
(used with permission). BRC, brain reward cascade; DRN, dorsal raphe nuclei; NAc, nucleus accumbens.
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systems biological approach (PBM), as previously stated, 
appears to be the most prudent and marks a breakthrough 
in restoring joy to the billions suffering globally, particularly 
in terms of early detection (33).   

Acknowledgments

Funding: The study was supported by R41 MD012318/
MD/NIMHD NIH HHS/United States (to KB) and 1101 
CX002099-01 Merit review grant, Veterans Administration 
(to RDB).

Footnote

Provenance and Peer Review: This article was commissioned 
by the editorial office, Annals of Translational Medicine. The 
article did not undergo external peer review.

Conflicts of Interest: All authors have completed the 
ICMJE uniform disclosure form (available at https://atm.
amegroups.com/article/view/10.21037/atm-2022-67/coif). 
KB serves as an unpaid editorial board member of Annals 
of Translational Medicine from September 2022 to August 
2024. KB receives grants from NIH and reports consulting 
fees from Electronic Waveform Lab and United Scientific 
Group, leadership role in Society of Brain Mapping & 
Therapeutics and Royal Society of Medicine. He is the 
member of 19 editorial boards across the world. He 
is the inventor of GARS and KB220 and holds both 
domestic and foreign patents issued and pending. His 
company Synaptamine Inc. licensed Victory Nutrition 
International (VNI) to market resultant products. PKT 
receives consulting fees from AMCA. RDB reports grants 
from Veterans Administration. The other authors have no 
conflicts of interest to declare. 

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article 
with the strict proviso that no changes or edits are made 
and the original work is properly cited (including links 

to both the formal publication through the relevant 
DOI and the license). See: https://creativecommons.org/
licenses/by-nc-nd/4.0/.

References

1. Ornell F, Moura HF, Scherer JN, et al. The COVID-19 
pandemic and its impact on substance use: Implications 
for prevention and treatment. Psychiatry Res. 2020 
Jul;289:113096. 

2. Strang J, Volkow ND, Degenhardt L, et al. Opioid use 
disorder. Nat Rev Dis Primers 2020;6:3.

3. Darke S, Farrell M. Would legalizing illicit opioids reduce 
overdose fatalities? Implications from a natural experiment. 
Addiction 2014;109:1237-42. 

4. Lee YK, Gold MS, Fuehrlein BS. Looking beyond 
the opioid receptor: A desperate need for new 
treatments for opioid use disorder. J Neurol Sci 
2022;432:120094.

5. Blum K, Baron D. Opioid Substitution Therapy: 
Achieving Harm Reduction While Searching for 
a Prophylactic Solution. Curr Pharm Biotechnol 
2019;20:180-2.

6. Blum K, Kazmi S, Modestino EJ, et al. A Novel Precision 
Approach to Overcome the "Addiction Pandemic" by 
Incorporating Genetic Addiction Risk Severity (GARS) 
and Dopamine Homeostasis Restoration. J Pers Med 
2021;11:212.

7. Miller D, Miller M, Blum K, et al. Addiction Treatment in 
America: After Money or Aftercare? J Reward Defic Syndr 
2015;1:87-94.

8. Wang ZY, Guo LK, Han X, et al. Naltrexone attenuates 
methamphetamine-induced behavioral sensitization and 
conditioned place preference in mice. Behav Brain Res 
2021;399:112971.

9. Olive MF, Nannini MA, Ou CJ, et al. Effects of acute 
acamprosate and homotaurine on ethanol intake and 
ethanol-stimulated mesolimbic dopamine release. Eur J 
Pharmacol 2002;437:55-61.

10. Blum K, Lott L, Baron D, et al. Improving naltrexone 
compliance and outcomes with putative pro- dopamine 
regulator KB220, compared to treatment as usual. J Syst 
Integr Neurosci 2020. doi:10.15761/JSIN.1000229.

11. Kenneth B, Edward MJ, Marjorie GLC, et al. Pro-
Dopamine Regulator (KB220) A Fifty Year Sojourn to 
Combat Reward Deficiency Syndrome (RDS): Evidence 
Based Bibliography (Annotated). CPQ Neurol Psychol 
2018;1:https://www.

https://atm.amegroups.com/article/view/10.21037/atm-2022-67/coif
https://atm.amegroups.com/article/view/10.21037/atm-2022-67/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Translational Medicine, Vol 10, No 23 December 2022 Page 5 of 6

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(23):1291 | https://dx.doi.org/10.21037/atm-2022-67

12. Gold MS, Blum K, Febo M, et al. Molecular role of 
dopamine in anhedonia linked to reward deficiency 
syndrome (RDS) and anti- reward systems. Front Biosci 
(Schol Ed) 2018;10:309-25.

13. Borsook D, Linnman C, Faria V, et al. Reward deficiency 
and anti-reward in pain chronification. Neurosci Biobehav 
Rev 2016;68:282-97.

14. Blum K, Madigan MA, Fried L, et al. Coupling Genetic 
Addiction Risk Score (GARS) and Pro Dopamine 
Regulation (KB220) to Combat Substance Use Disorder 
(SUD). Glob J Addict Rehabil Med 2017;1:555556.

15. Nutt D. Psychedelic drugs-a new era in psychiatry? 
Dialogues Clin Neurosci 2019;21:139-47.

16. Blum K, Febo M, Fried L, et al. Hypothesizing That 
Neuropharmacological and Neuroimaging Studies of 
Glutaminergic-Dopaminergic Optimization Complex 
(KB220Z) Are Associated With "Dopamine Homeostasis" 
in Reward Deficiency Syndrome (RDS). Subst Use Misuse 
2017;52:535-47.

17. Krebs TS, Johansen PØ. Lysergic acid diethylamide (LSD) 
for alcoholism: meta-analysis of randomized controlled 
trials. J Psychopharmacol 2012;26:994-1002.

18. Mash DC, Duque L, Page B, et al. Ibogaine Detoxification 
Transitions Opioid and Cocaine Abusers Between 
Dependence and Abstinence: Clinical Observations and 
Treatment Outcomes. Front Pharmacol 2018;9:529.

19. Gupta A, Bowirrat A, Gomez LL, et al. Hypothesizing in 
the Face of the Opioid Crisis Coupling Genetic Addiction 
Risk Severity (GARS) Testing with Electrotherapeutic 
Nonopioid Modalities Such as H-Wave Could Attenuate 
Both Pain and Hedonic Addictive Behaviors. Int J Environ 
Res Public Health 2022;19:552.

20. Kotyuk E, Magi A, Eisinger A, et al. Co-occurrences of 
substance use and other potentially addictive behaviors: 
Epidemiological results from the Psychological and 
Genetic Factors of the Addictive Behaviors (PGA) Study. J 
Behav Addict 2020;9:272-88.

21. Blum K, Trachtenberg MC, Elliott CE, et al. 
Enkephalinase inhibition and precursor amino acid loading 
improves inpatient treatment of alcohol and polydrug 
abusers: double-blind placebo-controlled study of the 
nutritional adjunct SAAVE. Alcohol 1988;5:481-93.

22. Gold MS, Baron D, Bowirrat A, Blum K. Neurological 
correlates of brain reward circuitry linked to opioid 
use disorder (OUD): Do homo sapiens acquire or 
have a reward deficiency syndrome? J Neurol Sci 
2020;418:117137.

23. Febo M, Blum K, Badgaiyan RD, et al. Enhanced 

functional connectivity and volume between cognitive 
and reward centers of naïve rodent brain produced 
by pro-dopaminergic agent KB220Z. PLoS One 
2017;12:e0174774.

24. Blum K, Liu Y, Wang W, et al. rsfMRI effects of 
KB220Z™ on neural pathways in reward circuitry of 
abstinent genotyped heroin addicts. Postgrad Med 
2015;127:232-41.

25. Blum K, Bowirrat A, Baron D, et al. Biotechnical 
development of genetic addiction risk score (GARS) and 
selective evidence for inclusion of polymorphic allelic risk 
in substance use disorder (SUD). J Syst Integr Neurosci 
2020. doi: 10.15761/JSIN.1000221.

26. Moran M, Blum K, Ponce JV, et al. High Genetic 
Addiction Risk Score (GARS) in Chronically Prescribed 
Severe Chronic Opioid Probands Attending Multi-pain 
Clinics: an Open Clinical Pilot Trial. Mol Neurobiol 
2021;58:3335-46.

27. Blum K, Steinberg B, Gondre-Lewis MC, et al. A Review 
of DNA Risk Alleles to Determine Epigenetic Repair of 
mRNA Expression to Prove Therapeutic Effectiveness 
in Reward Deficiency Syndrome (RDS): Embracing 
"Precision Behavioral Management". Psychol Res Behav 
Manag 2021;14:2115-34.

28. Blum K, Bailey J, Gonzalez AM, et al. Neuro-Genetics of 
Reward Deficiency Syndrome (RDS) as the Root Cause 
of "Addiction Transfer": A New Phenomenon Common 
after Bariatric Surgery. J Genet Syndr Gene Ther 
2011;2012:S2-001.

29. Blum k, Green R , Mullen P et al. Determinism v. Free 
Will & Genetic Evidence of Addiction in Plea Bargaining 
and Sentence Mitigation: Conversion of Incarceration to 
Probation and Rehabilitation Based on Genetic Addiction 
Risk Severity (GARS) Test. St Marys Law J 2022. (in 
Press). 

30. Hillemacher T, Frieling H, Buchholz V, et al. Alterations 
in DNA-methylation of the dopamine-receptor 2 gene 
are associated with abstinence and health care utilization 
in individuals with a lifetime history of pathologic 
gambling. Prog Neuropsychopharmacol Biol Psychiatry 
2015;63:30-4.

31. Blum K, Chen AL, Chen TJ, et al. Activation instead of 
blocking mesolimbic dopaminergic reward circuitry is a 
preferred modality in the long term treatment of reward 
deficiency syndrome (RDS): a commentary. Theor Biol 
Med Model 2008;5:24.

32. Fischer B, O'Keefe-Markman C, Lee AM, et al. 
'Resurgent', 'twin' or 'silent' epidemic? A select data 



Blum et al. Dopaminergic repair of reward dysregulation Page 6 of 6

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(23):1291 | https://dx.doi.org/10.21037/atm-2022-67

overview and observations on increasing psycho-stimulant 
use and harms in North America. Subst Abuse Treat Prev 
Policy 2021;16:17.

33. Gold MS, Blum K, Oscar-Berman M, et al. Low dopamine 

function in attention deficit/hyperactivity disorder: should 
genotyping signify early diagnosis in children? Postgrad 
Med 2014;126:153-77.

Cite this article as: Blum K, Dennen CA, Baron D, Thanos PK,  
Badgaiyan RD. Offering a putative neurobiological “dopamine 
homeostatic” solution to overcome the perils of the reward 
deficiency syndrome pandemic: emergence of “precision 
behavioral management”. Ann Transl Med 2022;10(23):1291. 
doi: 10.21037/atm-2022-67


