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1. Introduction​
In modern society, people are exposed to many substances and activities that can affect the 
brain's reward system. These include not only illegal drugs but also common substances such 
as sugar and caffeine, as well as tobacco, alcohol, marijuana, and prescription opioids. Certain 
activities, such as gambling and using social media, can also activate the brain's reward system. 
Although these substances and activities are very different from one another, many of them 
affect similar pathways in the brain that are involved in reward, motivation, and repeated 
behavior (Volkow and Baler).​
The increasing availability of such rewarding stimuli has made addiction one of the major public 
health challenges of the twenty-first century. As reported by the World Health Organization, 
alcohol consumption causes approximately 2.6 million deaths around the world each year, and 
psychoactive drug use contributes to approximately 600,000 deaths annually worldwide, with 
about 400 million people suffering from alcohol use disorders around the world (World Health 
Organization). In the United States, the economic cost of such problems is just as high. The cost 
of excessive alcohol consumption in America is about $249 billion a year. Smoking of cigarettes 
is estimated to be responsible for more than $240 billion of health care costs annually, whereas 
obesity and other chronic diseases linked to excessive consumption of foods, which provide 
extremely high reward value, account for hundreds of billions of additional dollars in annual 
medical expenditures (Centers for Disease Control and Prevention). Furthermore, the economic 
burden of the opioid crisis—including opioid use disorder, overdose, and lost productivity—has 
been estimated to exceed $1 trillion annually in the United States (Centers for Disease Control 
and Prevention). These figures show that addiction is both a medical issue and a major 
economic and public burden.​
Though these substances have distinct pharmacology and levels of social acceptance, they 
share very similar behaviors such as craving, compulsion to take, tolerance, withdrawal, and 
relapse. This raises a basic biological question: Why do chemically unrelated compounds 
produce similar behavioral phenotypes? This question is especially relevant because the brain 
circuits involved in substance addiction appear to overlap with those involved in emerging 
behavioral addictions such as use of social media, short video clips, and online gaming. 
Although our study in this review primarily focuses on substance addictions, these behavioral 
addictions also suggest that similar reward-related mechanisms may cause seemingly different 
forms of obsessive behavior. Since the adolescent brain continues to develop throughout the 
teenage years, understanding these shared mechanisms is especially relevant.​
There is extensive literature concerning the addictive nature of individual addictive substances 
like nicotine, alcohol, cannabis, opiates, and cocaine. There are also many studies that have 
explored the neurobiological impact of legal substances like sugar and caffeine. However, 
relatively few studies have compared these categories of substances within a single conceptual 
framework to explain why some primarily produce physiological dependence while others are 
more likely to result in Substance Use Disorder (SUD).​
In the present review, we classify addictive substances into three different groups based on their 
addictive potential and neurobiology rather than on their legality. The first group includes sugar 
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and caffeine; they lead mainly to the development of addiction-like behavior, but they are not 
able to cause a SUD based on the criteria set by DSM-5. The second group involves tobacco, 
alcohol, and marijuana, which can induce both dependence and SUDs. Finally, the third group is 
focused on fentanyl and cocaine, two substances associated with particularly high addiction 
liability because of their strong neurobiological effects and high risk of compulsive use. We also 
review behavioral addictions related to digital media and compare them with substance 
addiction. ​
This literature review includes peer-reviewed studies, including clinical research, 
epidemiological studies, and neurobiology studies published in medical and neuroscience 
journals. Studies were selected based on their pertinence to four important factors of addiction: 
(1) the pharmacology of addictive drugs, (2) neurobiological changes due to repeated drug 
exposure, (3) the processes involved in reward-based learning, and (4) factors from the 
environment and development that make one susceptible to addiction. By comparing evidence 
across these four domains, this review examines why chemically different substances produce 
different degrees of dependence and addiction despite engaging overlapping neural reward 
circuits.​
This review shows that the addiction process cannot be explained solely by the rewarding 
properties of a substance. Instead, addiction emerges from the interaction of pharmacological 
actions, neurobiological plasticity, behavioral reinforcement, and environmental vulnerability. 
Understanding these common mechanisms may improve our understanding of substance use 
disorders and provide insight into emerging behavioral addictions among adolescents. 

2. Biological Framework of Addiction 

First, we investigate the biological mechanisms that addictive substances share. Although 
addictive substances differ in their chemical structures and pharmacological effects, they affect 
many of the same neural circuits involved in reward, motivation, learning, memory, and decision 
making (Volkow and Baler). Addiction therefore comprises changes across multiple connected 
brain systems rather than a single neurotransmitter or brain region. The mesolimbic dopamine 
system plays an important role in addiction (Volkow et al.). Dopamine is a neurotransmitter that 
helps the brain recognize rewards and motivates a person to repeat rewarding behaviors 
(Volkow et al., "Addiction: Beyond Dopamine Reward Circuitry"). Addictive substances can 
increase dopamine activity between the ventral tegmental area (VTA) and the nucleus 
accumbens (NAc), two important parts of the brain’s reward system (Thomas et al.). This is able 
to reinforce drug-related behaviors and encourage repeated use. However, dopamine alone 
cannot fully explain addiction. Repeated drug use also affects brain systems involved in stress, 
memory, emotions, and behavioral control (Volkow et al., Addiction: Beyond Dopamine Reward 
Circuitry). Other neurotransmitters, including glutamate, GABA, endogenous opioids, and 
stress-related signaling molecules such as CRF, add to these processes (Kalivas and Volkow; 
Koob and Volkow). This suggests that addiction results from complex interactions among 
multiple neurotransmission systems rather than from dopamine alone. 

The incentive-sensitization theory distinguishes between “liking” and “wanting.” While the 
pleasurable effects of a drug may decrease with repeated use, the desire for the drug can be 
stronger when a person is exposed to drug-related cues. As a result, an individual may continue 
to want a drug even when it becomes less pleasurable (Berridge and Robinson). Koob and 
Volkow similarly describe addiction as a cycle of binge/intoxication, withdrawal/negative affect, 
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and preoccupation/anticipation. Changes in reward, stress, and executive-control systems 
across these stages contribute to continued drug use and relapses. Together, addiction includes 
not only the pharmacological effects of a drug but also changes in brain function and behavior. 
Environmental and developmental factors can additionally influence an individual’s vulnerability 
to addiction (Nunes and Volkow). Based on this understanding, the present review compares 
addictive substances using four main factors: drug pharmacology, changes in brain function 
after repeated use, behavioral reinforcement and learning, and environmental and 
developmental influences. 

Addictive substances can enter the body through various routes, including oral, intravenous, 
transdermal, and inhalational administration. Oral drugs are absorbed through the 
gastrointestinal tract and usually pass through the liver before entering systemic circulation 
(National Institute of Diabetes and Digestive and Kidney Diseases; Open RN). Liver metabolism 
can reduce the amount of active drug reaching the bloodstream, a process known as the 
first-pass effect (Kirby et al.; Open RN). Oral administration can also produce slower effects 
because the drug must first be absorbed through the gastrointestinal tract. In contrast, 
intravenous (IV), transdermal, and inhaled drugs can enter systemic circulation without first 
passing through the liver (Open RN). IV administration delivers a drug directly into the 
bloodstream, producing rapid effects and complete bioavailability. However, it carries risks such 
as infection, and the administered dose cannot be easily removed once injected. Transdermal 
administration delivers drugs through the skin and can provide a steady release over time (Open 
RN). However, only certain drugs can effectively cross the skin barrier. Inhalational 
administration allows substances to enter the bloodstream through the lungs and can produce 
rapid effects. However, the amount absorbed can vary depending on how the substance is 
inhaled, and some inhaled substances can irritate or damage the respiratory system. After 
entering the bloodstream, addictive substances that act on the central nervous system must 
reach the brain. To do so, they must cross the blood-brain barrier (BBB), which limits the entry of 
many substances into the brain (Figure 1). Most addictive substances discussed in this review, 
including caffeine, nicotine, alcohol, THC, fentanyl, and cocaine, can cross the BBB, although 
their rates and mechanisms of entry differ. These differences, together with the route of 
administration, can influence how rapidly a substance affects the brain. 
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Figure 1. Routes of drug administration and passage through the blood-brain barrier (BBB)  
While small molecules such as caffeine and nicotine molecules can go through the blood-brain 
barrier, big molecules such as plasma protein cannot. 
  

3. Sugar and Caffeine: Rewarding Substances That Primarily Produce Dependence 

Sugar and caffeine are widely consumed and socially accepted substances. Although they are 
not generally considered addictive in the same way as nicotine, cocaine, or opioids, repeated 
consumption can affect brain reward systems and produce dependence-related behaviors 
(Avena et al.; Juliano and Griffiths). However, it is important to distinguish dependence from 
substance use disorder (SUD). Dependence occurs when the body adapts to repeated 
exposure to a substance, resulting in tolerance or withdrawal when use is reduced or stopped. 
In contrast, SUD involves continued and often compulsive substance use regardless of harmful 
consequences. Physical dependence can occur without addiction, making this distinction 
particularly important when comparing substances with different addictive potential. 

3.1 Sugar 

Sugar influences the reward system through different mechanisms. Sugar does not directly 
bind to specific receptors associated with addictive drugs. Instead, sugar activates taste and 
metabolic pathways that can increase dopamine activity in the brain’s reward system, 
particularly in the NAc (Avena et al.; Qin et al.). Under normal conditions, this system helps 
reinforce food-seeking behavior. However, animal studies suggest that excessive and 
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intermittent sugar consumption can produce prolonged dopamine release and changes in the 
endogenous opioid system (Avena et al.; Colantuoni et al.). Rats exposed to intermittent sugar 
intake have shown binge-like eating, withdrawal-related anxiety, and behaviors resembling 
tolerance and craving (Colantuoni et al.; Avena et al., Figure 2). Nevertheless, evidence for 
sugar addiction in humans remains limited, and human eating behavior is influenced by many 
factors beyond the pharmacological effects of sugar (Westwater et al.). 

 
Figure 2. Sugar-induced reward pathway and behavioral outcomes.  
When sugar is absorbed into the body, it activates pathways that signal the reward system to 
release dopamine. The prolonged exposure to dopamine leads to behaviors such as binge 
eating and craving. When Caffeine gets absorbed and reaches the brain, it blocks adenosine 
receptors. Since adenosine signaling interacts with the dopamine system and reward system, it 
ultimately influences a person to consume more caffeine. 
 

3.2 Caffeine 

Caffeine works through a different mechanism. It reaches the brain easily, where it mainly 
blocks adenosine A1 and A2A receptors (Fredholm et al.). Adenosine is a chemical in the brain 
that builds up during the day and slows down brain activity, making a person feel tired and 
sleepy (Fredholm et al.; Temple et al.). By blocking adenosine receptors, caffeine reduces these 
effects and increases alertness. Because adenosine signaling also interacts with the dopamine 
system, repeated caffeine consumption can indirectly affect the brain reward system (Figure 3). 
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Unlike substances such as cocaine, however, caffeine does not produce its main effects by 
directly causing a large increase in dopamine signaling. 

 
Figure 3. Mechanism of caffeine action on adenosine receptors.  
When a drug is administered into the body, various routes exist. Intravenous and inhalation 
administration, a method that puts the substance right into the bloodstream, takes a few 
minutes. Oral administration takes more time, around 20 minutes to an hour, since it goes 
through the liver. Transdermal administration, a method that is designed to provide steady 
release of drugs, takes hours to be fully absorbed into the body. 
 

Repeated exposure to both sugar and caffeine can produce neurobiological adaptations, but 
these changes are usually less severe than those produced by highly addictive drugs. 
Intermittent sugar consumption in animal studies has been associated with changes in 
dopamine and endogenous opioid signaling, which may contribute to increased motivation to 
consume sugar (Avena et al.). However, current evidence is insufficient to conclude that sugar 
produces addiction in humans comparable to nicotine, cocaine, or opioids (Westwater et al.). 

The effects of repeated caffeine use are better established in humans. Chronic caffeine 
consumption causes adaptations in adenosine signaling, reducing its stimulating effects over 
time and additionally contributing to tolerance. When caffeine intake is suddenly stopped, these 
adaptations can produce withdrawal symptoms such as headache, fatigue, difficulty 
concentrating, and irritability (Juliano and Griffiths). These effects demonstrate physical 
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dependence, but they rarely lead to the severe compulsive drug-seeking behavior and loss of 
behavioral control associated with SUD. 

Behavioral reinforcement also helps explain why people continue consuming sugar and 
caffeine. According to the incentive-sensitization theory, repeated exposure to rewarding stimuli 
can strengthen the motivation to seek them even when their pleasurable effects do not increase 
(Berridge and Robinson). Environmental cues and habits may therefore encourage repeated 
consumption of sweet foods and caffeinated beverages. However, most people can reduce or 
stop their intake, and withdrawal symptoms are generally milder than those associated with 
highly addictive drugs (Juliano and Griffiths; Westwater et al.). 

Overall, sugar and caffeine demonstrate that activation of reward-related pathways and the 
development of dependence are not sufficient by themselves to produce addiction. Both 
substances can affect reward systems and cause neurobiological adaptations, tolerance, 
withdrawal, and repeated consumption. However, these changes are generally less likely to 
develop into the compulsive use and impaired behavioral control characteristic of SUD. Thus, 
sugar and caffeine provide useful examples of how substances can share some biological and 
behavioral features of addictive drugs while having much lower addictive potential. 

4. Nicotine, Marijuana, and Alcohol: Drugs that Can Result in both Addiction and 
Substance Use Disorder 

Whereas sugar and caffeine have a unique place on the spectrum of addiction, nicotine, 
marijuana, and alcohol belong to a more clearly defined category of regulated psychoactive 
substances. Although they affect the brain and body in different ways, all three can lead to 
physical dependence and SUDs. Studying these substances helps us understand how repeated 
drug use can cause physiological changes in the brain and reinforce behaviors that encourage 
continued use. However, using these substances does not necessarily lead to addiction, as the 
risk varies from person to person. 

4.1 Nicotine 

Nicotine has a high addictive potential because it rapidly enters the brain and directly 
activates the brain’s reward system. After entering the bloodstream, nicotine binds to nicotinic 
acetylcholine receptors and stimulates the mesolimbic dopamine pathway, increasing dopamine 
levels in the nucleus accumbens (Benowitz; Henningfield and Fant). Consequently, this 
rewarding effect reinforces repeated nicotine use. The pharmacokinetics of nicotine additionally 
contribute to its addictive potential. When nicotine is absorbed through cigarettes or other 
tobacco products, it can reach the brain within seconds (Benowitz). This rapid effect creates a 
strong association between nicotine use and its rewarding effects. 

Repeated nicotine exposure also causes neurobiological adaptations. Changes in nicotinic 
acetylcholine receptors contribute to tolerance, while reducing or stopping nicotine use can lead 
to withdrawal symptoms and cravings (Benowitz). In addition, nicotine use can become 
associated with certain environments, emotions, or routines. These cues may eventually trigger 
cravings even before nicotine enters the body. Nicotine therefore demonstrates how 
pharmacological effects, neurobiological adaptation, and behavioral reinforcement can work 
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together to promote addiction. These joint effects help explain why nicotine generally has a 
greater addictive potential than substances such as caffeine. 

4.2 Marijuana 

The pharmacological actions of marijuana differ from those of nicotine. Its main psychoactive 
ingredient, Δ9-tetrahydrocannabinol (THC), attaches to cannabinoid CB1 receptors, which are 
involved in reward, memory, emotion, and decision making (Volkow et al., “Adverse Health 
Effects of Marijuana Use”; Zehra et al.). It is noteworthy that, unlike nicotine, THC does not 
directly activate the dopamine system. Instead, activation of cannabinoid receptors indirectly 
influences dopamine signaling and other reward-related brain regions. Repeated marijuana use 
can also produce changes in the endocannabinoid system, leading to tolerance and withdrawal 
symptoms when use is stopped (Budney et al.). 

The risk of developing Cannabis Use Disorder (CUD) is evidence that addiction and 
dependence must not be regarded as synonymous terms. While dependence may involve 
tolerance and withdrawal, SUD is more strongly associated with continued or compulsive use 
regardless of negative consequences (Hasin et al.; Budney et al.). The risk of developing CUD 
depends not only on the drug itself but also on patterns of use, environmental elements, and 
individual development. This is particularly important during adolescence, when brain systems 
involved in decision-making are still developing while reward systems remain highly responsive 
(Volkow et al.; Zehra et al.). Marijuana therefore demonstrates that a substance does not need 
rapid or intense pharmacological reinforcement to contribute to the development of a SUD. 

4.3 Alcohol 

Unlike nicotine and marijuana, alcohol affects multiple neurochemical systems. It influences 
the inhibitory GABA system, the excitatory glutamate system, and reward-related systems 
utilizing dopamine and endogenous opioids (Deitrich et al.; Koob and Volkow). Because alcohol 
acts through several neural pathways, continued exposure can produce significant 
neuroadaptations. With prolonged alcohol use, the brain adapts to preserve a balance between 
inhibitory and excitatory activity. When alcohol use is suddenly reduced or stopped, these 
responses are able to disrupt this state, producing withdrawal symptoms and negative emotional 
conditions (Stephens and Wand). These changes can support continued drinking. While alcohol 
may initially be consumed for pleasure, chronic use can shift motivation toward avoiding stress, 
anxiety, or other negative feelings. 

In addition, environmental factors influence the risk of Alcohol Use Disorder (AUD). Alcohol is 
widely available and socially accepted, while stress, family environment, social interactions, and 
drinking patterns established during adolescence can further change the risk of problematic use 
(Dani and Harris; Stephens and Wand). 

Alcohol therefore illustrates the complex dynamics of addiction. Its pharmacological effects 
alone do not determine whether a person develops AUD. Rather, addiction results from the 
interaction of neuroadaptation, reinforcement, environmental effects, and individual vulnerability. 

Nicotine, marijuana, and alcohol are psychoactive substances that can lead to Substance Use 
Disorders (SUDs), although not everyone who uses them becomes addicted. Nicotine is 
recognized by rapid reinforcement of the reward system, marijuana affects reward more 
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indirectly through cannabinoid receptors, and alcohol acts on multiple neurochemical systems 
and can produce strong physical dependence. Although these mechanisms differ, repeated 
exposure, behavioral reinforcement, environmental elements, and individual vulnerability shape 
SUD risk. 

5. Fentanyl and Cocaine: Drugs with a Strong Addictive Capacity 

Fentanyl and cocaine represent the third category of substances reviewed here and have a 
much greater potential for addiction and severe SUD than the substances discussed above. 
Despite this shared high addictive potential, they act through very different pharmacological 
mechanisms: fentanyl primarily activates opioid receptors, whereas cocaine primarily blocks 
dopamine reuptake. These two drugs therefore demonstrate how very different pharmacological 
mechanisms can lead to similarly powerful addiction and severe SUD. 

5.1 Fentanyl 

Fentanyl is a highly potent synthetic opioid that acts primarily on μ-opioid receptors involved in 
pain, reward, and emotional effects (Han et al.; Blackwood and Cadet). Its high potency and 
rapid effects result in its strong potential for dependence and addiction. Repeated fentanyl use 
causes neuroadaptation, leading to tolerance and the need for higher doses to achieve similar 
effects. When use is reduced or stopped, these responses can produce severe withdrawal 
symptoms (Blackwood and Cadet). As dependence develops, motivation may shift from seeking 
the drug’s rewarding effects to avoiding withdrawal, representing a transition from positive to 
negative reinforcement. The rapid delivery of fentanyl to the brain can further strengthen 
reinforcement by creating a strong association between drug use and its effects. Together, its 
high potency, rapid action, neuroadaptation, and severe withdrawal contribute to fentanyl’s high 
addictive potential, although the development of Opioid Use Disorder (OUD) is also influenced 
by individual and environmental elements. 

5.2 Cocaine 

Unlike fentanyl, cocaine does not act on opioid receptors. Rather, cocaine acts as an inhibitor 
of the dopamine transporter, consequently reducing dopamine reuptake and increasing 
dopamine availability in the synaptic space, which leads to potent activation of neural circuits 
responsible for the process of reward (Hemby; Nestler). The rapid onset of dopamine signaling 
explains the drug's strong reinforcing effect, as in the case of nicotine. The rapid effect is 
important because when drug use and reward occur close together, the brain can form a 
stronger connection between them.  

Chronic exposure to cocaine is known to induce neuroplastic changes in the mesolimbic 
dopamine pathway and other areas of the brain responsible for behavioral control (Thomas et 
al.; Nestler). In particular, the prefrontal cortex plays an important role as it participates in 
executive control over behavior. The environment can also have an impact on cocaine 
dependence. The repeated association with drug-related environments is capable of reinforcing 
the responses and lead to craving upon another exposure to those environments. Genetics and 
epigenetics can also have a role in one's vulnerability to cocaine dependence (Pierce et al.). 

6. Behavioral Addictions: Online Gaming, Social Media, and Short Form Videos 
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Behavioral addictions provide an important comparison because they do not involve an 
external pharmacological substance. Online gaming, social media, and short-form videos can 
nevertheless engage brain reward circuits and reinforce repeated behaviors (Berridge and 
Robinson; Volkow et al., “Addiction: Beyond Dopamine Reward Circuitry”). 

Digital platforms provide frequent and instant rewards through likes, notifications, new 
content, achievements, and unpredictable rewards. With repeated use, the motivation to engage 
may shift from pleasure (“liking”) toward cue-driven desire (“wanting”), consistent with 
incentive-sensitization theory (Berridge and Robinson). As a result, cues such as notifications, 
opening an app, or boredom can trigger the desire to engage again. 

However, behavioral addictions should not be equated with SUDs. Unlike drugs, which directly 
alter neurochemical systems through external substances, behavioral addictions develop 
through repeated experiences, learning, and conditioning. They therefore demonstrate that 
compulsive behavior can develop through reinforcement and environmental signals even 
without direct pharmacological action. 

Thus, substance and behavioral addictions differ in how they affect the brain, but share 
important processes of reward, reinforcement, learning, and cue-driven behavior. This 
comparison suggests that addiction is not defined simply by the presence of a drug, but by 
repeated reinforcement and learning that can eventually contribute to obsessive behavior. 

7. Comparative Analysis: Common Mechanisms and Key Differences 

Our study of each category shows a core neurobiological link between chemical substances 
and rewarding behaviors. First, the key factor is activation of the brain's mesolimbic dopamine 
pathway, which regulates reward-related learning, reinforcement, and incentive salience. In 
other words, despite their different mechanisms, these substances and behaviors can influence 
reward-related pathways involving dopamine signaling.  

However, the main differences lie in the extent, the process itself, and the neuroplastic 
changes produced by activation. Strong pharmacological substances like fentanyl and cocaine 
overwhelm the physiological homeostatic mechanisms of the body, resulting in extensive 
receptor down-regulation, neuronal synaptic restructuring, and impairment of executive control 
functions in the prefrontal cortex that is characteristic of SUD. Nicotine, marijuana, and alcohol 
can also lead to SUD, but through different combinations of pharmacological effects, 
neuroadaptation, dependence, learning, and environmental components. Sugar and caffeine 
generally produce much weaker effects, while behavioral addictions involve no external drug 
and instead develop mainly through repeated reinforcement, learning, and conditioning. 

8. Conclusions 

This review shows that addiction cannot be explained simply by the rewarding effects of a 
substance or behavior. Rather, it develops through a complex interaction among 
pharmacological effects, neuroadaptation, reinforcement and learning, environmental effects, 
and individual vulnerability. Comparing substances over a spectrum—from sugar and caffeine to 
nicotine, marijuana, alcohol, fentanyl, and cocaine—along with behavioral addictions, shows 
that similar reward-related processes can produce very different levels of dependence and 
addiction. 
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This comparative perspective also has important practical consequences. Lower-risk 
substances and rewarding behaviors may be better addressed through education, healthy 
habits, and prevention, whereas substances with a high potential for severe SUD require 
stronger prevention, clinical treatment, and harm-reduction strategies. Adolescence is also an 
important period for prevention because brain systems involved in reward and decision making 
are still developing. Understanding the roles of stress, environment, learning, and individual 
vulnerability may further help develop more comprehensive and personalized addiction 
treatment. In conclusion, addiction should be viewed as a spectrum rather than as a simple 
response to reward. The transition from repeated use to dependence and SUD depends not 
only on the substance or behavior itself, but also on how strongly and repeatedly it affects the 
brain and how those effects interact with the individual and the environment. Knowing these 
differences and shared mechanisms provides a more complete framework for preventing and 
treating addiction. 

9. Acknowledgment 

The authors would like to thank Prof. Hugh I. Kim (Korea University, Seoul, Korea) for 
guidance and helpful feedback throughout the development of this review. The authors also 
appreciate the support and encouragement of Mrs. Praesel during the writing process. 
Grammarly was used to assist with grammar and wording. All ideas and content were written 
and reviewed by the authors. 

 

11 



 

10. References 

Anbalagan, Saminathan, et al. “Neonatal Abstinence Syndrome.” NCBI Bookshelf, StatPearls 
Publishing, 2024,https://www.ncbi.nlm.nih.gov/books/NBK551498/. 

Avena, Nicole M., et al. “Evidence for Sugar Addiction: Behavioral and Neurochemical Effects 
of Intermittent, Excessive Sugar Intake.” Neuroscience & Biobehavioral Reviews, vol. 32, no. 1, 
2008, pp. 20–39. Elsevier,https://doi.org/10.1016/j.neubiorev.2007.04.019. 

Barbour-Taylor, Tina, et al. “15.1 Introduction to Substance Use Disorders.” Pharmacology for 
Nurses, OpenStax, 
2020,https://openstax.org/books/pharmacology/pages/15-1-introduction-to-substance-use-disor
ders. 

Benowitz, Neal L. “Nicotine Addiction.” The New England Journal of Medicine, vol. 362, no. 
24, 2010, pp. 2295–303,https://doi.org/10.1056/NEJMra0809890. 

Berridge, Kent C., and Terry E. Robinson. “Liking, Wanting, and the Incentive-Sensitization 
Theory of Addiction.” American Psychologist, vol. 71, no. 8, 2016, pp. 
670–79,https://doi.org/10.1037/amp0000059. 

Blackwood, Christopher A., and Jean Lud Cadet. “The Molecular Neurobiology and 
Neuropathology of Opioid Use Disorder.” Current Research in Neurobiology, vol. 2, 2021, article 
100023,https://doi.org/10.1016/j.crneur.2021.100023. 

Budney, Alan J., et al. “Review of the Validity and Significance of Cannabis Withdrawal 
Syndrome.” The American Journal of Psychiatry, vol. 161, no. 11, 2004, pp. 
1967–77,https://doi.org/10.1176/appi.ajp.161.11.1967. 

Centers for Disease Control and Prevention. Fast Facts: Health and Economic Costs of 
Chronic Conditions. CDC, 
2025,https://www.cdc.gov/chronic-disease/data-research/facts-stats/index.html. 

---. “State-Level Economic Costs of Opioid Use Disorder and Fatal Opioid Overdose—United 
States, 2017.” Morbidity and Mortality Weekly Report, vol. 70, no. 15, 
2021,https://www.cdc.gov/mmwr/volumes/70/wr/mm7015a1.htm. 

Cleveland Clinic. “What’s the Difference Between Dependence and Addiction?” Cleveland 
Clinic, 23 July 2025,https://health.clevelandclinic.org/addiction-vs-dependence. 

Colantuoni, C., et al. “Evidence That Intermittent, Excessive Sugar Intake Causes 
Endogenous Opioid Dependence.” Obesity Research, vol. 10, no. 6, 2002, pp. 
478–88,https://doi.org/10.1038/oby.2002.66. 

Dani, John A., and R. A. Harris. “Nicotine Addiction and Comorbidity with Alcohol Abuse and 
Mental Illness.” Nature Neuroscience, vol. 8, no. 11, 2005, pp. 
1465–70,https://doi.org/10.1038/nn1580. 

12 

https://www.ncbi.nlm.nih.gov/books/NBK551498/
https://doi.org/10.1016/j.neubiorev.2007.04.019
https://openstax.org/books/pharmacology/pages/15-1-introduction-to-substance-use-disorders
https://openstax.org/books/pharmacology/pages/15-1-introduction-to-substance-use-disorders
https://doi.org/10.1056/NEJMra0809890
https://doi.org/10.1037/amp0000059
https://doi.org/10.1016/j.crneur.2021.100023
https://doi.org/10.1176/appi.ajp.161.11.1967
https://www.cdc.gov/chronic-disease/data-research/facts-stats/index.html
https://www.cdc.gov/mmwr/volumes/70/wr/mm7015a1.htm
https://health.clevelandclinic.org/addiction-vs-dependence
https://doi.org/10.1038/oby.2002.66
https://doi.org/10.1038/nn1580


Deitrich, Richard, et al. “Oxidation of Ethanol in the Brain and Its Consequences.” Alcohol 
Research & Health, vol. 29, no. 4, 2006, pp. 266–73. 

Fredholm, Bertil B., et al. “Actions of Caffeine in the Brain with Special Reference to Factors 
That Contribute to Its Widespread Use.” Pharmacological Reviews, vol. 51, no. 1, 1999, pp. 
83–133. 

Griffiths, Roland R., et al. “Low-Dose Caffeine Physical Dependence in Humans.” The Journal 
of Pharmacology and Experimental Therapeutics, vol. 255, no. 3, 1990, pp. 1123–32. 

Han, Ying, et al. “Unique Pharmacology, Brain Dysfunction, and Therapeutic Advancements 
for Fentanyl Misuse and Abuse.” Neuroscience Bulletin, vol. 38, no. 11, 2022, pp. 1365–82, 
https://doi.org/10.1007/s12264-022-00872-3. 

Hasin, Deborah S., et al. “Prevalence of Marijuana Use Disorders in the United States 
Between 2001–2002 and 2012–2013.” JAMA Psychiatry, vol. 72, no. 12, 2015, pp. 
1235–42,https://doi.org/10.1001/jamapsychiatry.2015.1858. 

Hemby, Scott E. “Cocainomics: New Insights into the Molecular Basis of Cocaine Addiction.” 
Journal of Neuroimmune Pharmacology, vol. 5, no. 1, 2010, pp. 
70–82,https://doi.org/10.1007/s11481-009-9189-8. 

Henningfield, Jack E., and R. V. Fant. “Tobacco Use as Drug Addiction: The Scientific 
Foundation.” Nicotine & Tobacco Research, vol. 1, suppl. 2, 1999, pp. 
S31–S35,https://doi.org/10.1080/14622299050011781. 

Juliano, Laura M., and Roland R. Griffiths. “A Critical Review of Caffeine Withdrawal: 
Empirical Validation of Symptoms and Signs, Incidence, Severity, and Associated Features.” 
Psychopharmacology, vol. 176, no. 1, 2004, pp. 
1–29,https://doi.org/10.1007/s00213-004-2000-x. 

Kalivas, Peter W., and Nora D. Volkow. “The Neural Basis of Addiction: A Pathology of 
Motivation and Choice.” The American Journal of Psychiatry, vol. 162, no. 8, 2005, pp. 1403–13, 
https://doi.org/10.1176/appi.ajp.162.8.1403. 

Kirby, Elizabeth D., et al. “14.1 Basic Principles of Pharmacology.” Introduction to Behavioral 
Neuroscience, OpenStax, 2020, 
https://openstax.org/books/introduction-behavioral-neuroscience/pages/14-1-basic-principles-of-
pharmacology. 

Koob, George F., and Nora D. Volkow. “Neurobiology of Addiction: A Neurocircuitry Analysis.” 
The Lancet Psychiatry, vol. 3, no. 8, 2016, pp. 
760–73,https://doi.org/10.1016/S2215-0366(16)00104-8. 

Meredith, Steven E., et al. “Caffeine Use Disorder: A Comprehensive Review and Research 
Agenda.” Journal of Caffeine Research, vol. 3, no. 3, Sept. 2013, pp. 
114–30,https://doi.org/10.1089/jcr.2013.0016. 

13 

https://doi.org/10.1007/s12264-022-00872-3
https://doi.org/10.1007/s12264-022-00872-3
https://doi.org/10.1001/jamapsychiatry.2015.1858
https://doi.org/10.1007/s11481-009-9189-8
https://doi.org/10.1080/14622299050011781
https://doi.org/10.1007/s00213-004-2000-x
https://doi.org/10.1176/appi.ajp.162.8.1403
https://doi.org/10.1176/appi.ajp.162.8.1403
https://openstax.org/books/introduction-behavioral-neuroscience/pages/14-1-basic-principles-of-pharmacology
https://openstax.org/books/introduction-behavioral-neuroscience/pages/14-1-basic-principles-of-pharmacology
https://openstax.org/books/introduction-behavioral-neuroscience/pages/14-1-basic-principles-of-pharmacology
https://doi.org/10.1016/S2215-0366(16)00104-8
https://doi.org/10.1089/jcr.2013.0016


National Institute of Diabetes and Digestive and Kidney Diseases. “Your Digestive System & 
How It Works.” National Institute of Diabetes and Digestive and Kidney Diseases, Dec. 2017, 
https://www.niddk.nih.gov/health-information/digestive-diseases/digestive-system-how-it-works. 

National Institute on Alcohol Abuse and Alcoholism. Economic Burden of Alcohol Misuse in 
the United States. National Institutes of Health, 
2026,https://www.niaaa.nih.gov/alcohols-effects-health/alcohol-topics-z/alcohol-facts-and-statisti
cs/economic-burden-alcohol-misuse-united-states. 

Nestler, Eric J. “The Neurobiology of Cocaine Addiction.” Science & Practice Perspectives, 
vol. 3, no. 1, 2005, pp. 4–10, https://doi.org/10.1151/spp05314. 

Nunes, Evandro, and Nora D. Volkow. “Substance Use Disorders: A Comprehensive Update 
of Classification, Epidemiology, Neurobiology, Clinical Aspects, Treatment and Prevention.” 
World Psychiatry, vol. 20, no. 2, 2021, pp. 175–93, https://doi.org/10.1002/wps.20805. 

Open Resources for Nursing (Open RN). “Chapter 1 Pharmacokinetics & 
Pharmacodynamics.” Nursing Pharmacology, Chippewa Valley Technical College / NCBI 
Bookshelf, 2023,https://www.ncbi.nlm.nih.gov/books/NBK595006/#ch1pharma.sec1.3. 

Pierce, R. Christopher, et al. “Environmental, Genetic and Epigenetic Contributions to Cocaine 
Addiction.” Neuropsychopharmacology, vol. 43, no. 7, 2018, pp. 1471–80, 
https://doi.org/10.1038/s41386-018-0008-x. 

Qin, Di, et al. “Sugar Addiction: Neural Mechanisms and Health Implications.” Brain and 
Behavior, vol. 15, no. 7, July 2025, https://doi.org/10.1002/brb3.70338. 

Sinha, Rajita. “The Clinical Neurobiology of Drug Craving.” Current Opinion in Neurobiology, 
vol. 23, no. 4, 2013, pp. 649–54, https://doi.org/10.1016/j.conb.2013.05.001. 

Stephens, Mary Ann C., and Gary Wand. “Stress and the HPA Axis: Role of Glucocorticoids in 
Alcohol Dependence.” Alcohol Research: Current Reviews, vol. 34, no. 4, 2012, pp. 468–83. 

Temple, Jennifer L., et al. “The Safety of Ingested Caffeine: A Comprehensive Review.” 
Frontiers in Psychiatry, vol. 8, art. 80, May 2017,https://doi.org/10.3389/fpsyt.2017.00080. 

Thomas, M. J., et al. “Neuroplasticity in the Mesolimbic Dopamine System and Cocaine 
Addiction.” British Journal of Pharmacology, vol. 154, no. 2, 2008, pp. 
327–42,https://doi.org/10.1038/bjp.2008.77. 

Volkow, Nora D., et al. “Addiction: Beyond Dopamine Reward Circuitry.” Proceedings of the 
National Academy of Sciences of the United States of America, vol. 108, no. 37, 2011, pp. 
15037–42,https://doi.org/10.1073/pnas.1010654108. 

---. “Adverse Health Effects of Marijuana Use.” The New England Journal of Medicine, vol. 
370, no. 23, 2014, pp. 2219–27, https://doi.org/10.1056/NEJMra1402309. 

Volkow, Nora D., and Ruben D. Baler. “Addiction Science: Uncovering Neurobiological 
Complexity.” Neuropharmacology, vol. 76, pt. B, 2014, pp. 
235–49,https://doi.org/10.1016/j.neuropharm.2013.05.007. 

14 

https://www.niddk.nih.gov/health-information/digestive-diseases/digestive-system-how-it-works
https://www.niddk.nih.gov/health-information/digestive-diseases/digestive-system-how-it-works
https://www.niaaa.nih.gov/alcohols-effects-health/alcohol-topics-z/alcohol-facts-and-statistics/economic-burden-alcohol-misuse-united-states
https://www.niaaa.nih.gov/alcohols-effects-health/alcohol-topics-z/alcohol-facts-and-statistics/economic-burden-alcohol-misuse-united-states
https://doi.org/10.1151/spp05314
https://doi.org/10.1002/wps.20805
https://www.ncbi.nlm.nih.gov/books/NBK595006/
https://doi.org/10.1038/s41386-018-0008-x
https://doi.org/10.1038/s41386-018-0008-x
https://doi.org/10.1002/brb3.70338
https://doi.org/10.1016/j.conb.2013.05.001
https://doi.org/10.3389/fpsyt.2017.00080
https://doi.org/10.1038/bjp.2008.77
https://doi.org/10.1073/pnas.1010654108
https://doi.org/10.1056/NEJMra1402309
https://doi.org/10.1016/j.neuropharm.2013.05.007


Volkow, Nora D., and Ting-Kai Li. “Drugs and Alcohol: Treating and Preventing Abuse, 
Addiction and Their Medical Consequences.” Pharmacology & Therapeutics, vol. 108, no. 1, 
2005, pp. 3–17,https://doi.org/10.1016/j.pharmthera.2005.06.021. 

Westwater, Margaret L., et al. “Sugar Addiction: The State of the Science.” European Journal 
of Nutrition, vol. 55, suppl. 2, 2016, pp. 55–69, https://doi.org/10.1007/s00394-016-1229-6. 

World Health Organization. Global Status Report on Alcohol and Health and Treatment of 
Substance Use Disorders. World Health Organization, 
2024,https://www.who.int/news/item/25-06-2024-over-3-million-annual-deaths-due-to-alcohol-an
d-drug-use-majority-among-men. 

Zehra, Amna, et al. “Cannabis Addiction and the Brain: A Review.” Journal of Neuroimmune 
Pharmacology, vol. 13, no. 4, 2018, pp. 438–52, https://doi.org/10.1007/s11481-018-9782-9. 

 

 
 

 
 

15 

https://doi.org/10.1016/j.pharmthera.2005.06.021
https://doi.org/10.1007/s00394-016-1229-6
https://www.who.int/news/item/25-06-2024-over-3-million-annual-deaths-due-to-alcohol-and-drug-use-majority-among-men
https://www.who.int/news/item/25-06-2024-over-3-million-annual-deaths-due-to-alcohol-and-drug-use-majority-among-men
https://doi.org/10.1007/s11481-018-9782-9

