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ABSTRACT

Addiction is increasingly recognized as a
chronic neurobiological condition rather than
a matter of poor choices or weak willpower.
This paper explores the neurobiological
foundations of addiction, focusing on
alterations in brain structures that govern
reward, motivation, impulse control, and
memory, which perpetuate cycles of
compulsive use and relapse. It argues that the
persistence and resistance of addiction to
treatment are best understood through this
neurobiological lens, while also accounting
for behavioral dimensions. Traditional
treatments such as Medication-Assisted
Therapy (MAT) and Cognitive Behavioral
Therapy (CBT) offer valuable support but
face limitations in accessibility and
sustainability.  Emerging interventions,
particularly Computerized Cognitive
Behavioral Therapy (CCBT) and Deep Brain
Stimulation (DBS), demonstrate promise by
integrating  scientific  precision  with
adaptability and cost-effectiveness. The
paper concludes that advancing treatment
requires merging neurobiological
understanding with innovative, patient-
centered approaches, paving the way for
more effective and compassionate strategies
in addiction care.
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INTRODUCTION

Do you call the shots, or is your brain pulling
the strings for you? There’s science behind
this.

Addiction is a chronic (lifelong) condition
that involves compulsive seeking and taking
of a substance or performing an activity
despite its negative or harmful consequences
(Cleveland Clinic, 2023). Addiction is not a
straightforward condition; the multiple
biological and psychological aspects, such as
genetics, mental health conditions, and
environmental factors, allude to it being
more complex than initially seen. There are
two major types of addiction: behavioral
addiction arises from any activity that
stimulates the brain reward system, for
example, gambling, while substance
addiction includes addiction to drugs or
alcohol, which are substances that are
capable of targeting the reward system.
Addiction not only has negative impacts on
the person going through it, but also has
widespread effects. It can become a societal
burden and strain a country's healthcare
system. For instance, “every day, about 34
people in the United States die in drunk-
driving crashes, that's one person every 42
minutes” (NHTSA, 2023).

Addiction is a complex issue, making its
treatment equally complicated.  After
satisfying their craving through a particular
activity, individuals often experience
negative emotions during withdrawal. This
discomfort drives them to re-engage in the
addictive behavior to feel relief, leading to
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relapse (J. Flowers, 2021). Such cycles of
treatment and relapse tend to persist. The
difficulty in treating addiction may be better
understood through neurobiological
explanations of how it manifests. This
research paper accordingly seeks to answer
the following question: To what extent can
addiction be understood as a neurobiological
condition, and how effective are emerging
interventions in addressing its treatment
challenges?

This research paper argues that addiction is
deeply rooted in neurobiology, requiring an
integrated understanding of biological
mechanisms and psychological behaviors to
enable more effective treatment.

Background Information on Addiction
The DSM-5, by the American Psychiatric
Association (APA), is a manual for all mental
health professionals that provides a
framework for identifying and categorizing
mental health disorders, including addiction.
The DSM-5 specifically addresses substance
use disorders and defines addiction as the
excessive use of a substance that causes
impairment in the functioning of the body
and affects an individual's environment
(Dellett, 2016). The DSM-5 has 11
symptoms of addiction that have been well-
researched over the decades. These criteria
vaguely consist of impairment control,
physical dependence, social problems, and
risky use, which are measured using clinical
reports or self-interviews to measure the
severity of an addiction.

Addictions are mainly of two types. The first
1s substance addiction, which includes the
use of drugs such as opioids or other products
like alcohol. In contrast, behavioural
addiction, like excessive gaming and
gambling, is based on the irresistible urge to
engage in certain actions. To throw light on
this as a worldwide concern, an example of
substance addiction is the opioid epidemic in
the United States, where nearly 110,000
people died in 2022 due to opioid drug
overdose (American Psychiatric Association,
2022). Similarly, behavioral addiction can be
seen in the growing propensity of internet

addiction among Asian adolescents, which
ranges from 10.3% to 26.8% (Xin et al.,
2018). Both these examples highlight how
addiction is prevalent all across the globe in
different forms among different age groups,
which makes it a problem more complex than
it appears at face value.

To further be able to examine the same, it is
important to establish that addiction is a
condition that alters the brain's structure and
function, driving compulsive behaviours and
impairing  cognitive = and  emotional
regulation. For instance, when drugs are
administered, they pass through the nervous
system and interfere with the way neurons
send, receive, and transfer signals. Some
drugs may mimic the shape of
neurotransmitters, being able to attach to
neurons. However, although they have
mimicked the shape, they are unable to
mimic the role of the neurotransmitter,
sending abnormal signals throughout the
body (National Institute on Drug Abuse,
2020). These drugs are usually responsible
for activating the reward system of the brain
and releasing ‘feel-good’  hormones.
Moreover, the more frequently a substance is
used or a behavior is repeated, the greater the
amount needed to achieve the same level of
relief or pleasure as initially experienced.
This escalating pattern contributes to the
cycle of addiction, where increasing doses or
intensities of behavior are required to obtain
the desired effect.

As seen above, addiction requires examining
both biological underpinnings and their
behavioural manifestations as these are
deeply interconnected with one another.
When trying to quit the same, relapses are
very common due to multiple reasons.
Factors such as stress, interpersonal
problems, exposure to triggers, and low self-
efficacy can not only start an addiction but
also cause it to persist (American Addiction
Centers, 2022). This not only makes
addiction treatment difficult but also time-
consuming, as each individual needs to be
treated differently, affecting the economy of
a country.
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Neurobiology and Behavioral
Implications of Addiction

The mesolimbic dopamine system, often
referred to as the brain's reward circuit, is a
neural pathway essential for motivation,
reinforcement, and behaviors related to
reward. It plays a central role in how we
experience pleasure, learn from experiences,
and seek out rewarding stimuli, including
natural rewards like food and social
interaction, as well as potentially harmful
substances like drugs (Yale Medicine, 2022).
When a rewarding event is experienced, the
sensory information travels to the ventral
tegmental area (VTA), a midbrain region that
contains  dopamine-producing  neurons.
Dopamine is a neurotransmitter that is
released when pleasure is experienced. The
neurons in the VTA release dopamine in the
mesolimbic pathway, targeting the nucleus
accumbens. These neurons release dopamine
into the nucleus accumbens, where it binds to
medium spiny neurons. This not only
produces pleasurable sensations but also
enhances the incentive salience (the
“wanting”) of that event (Juarez & Han,
2016).

The nucleus accumbens does not act alone. It
integrates signals from the prefrontal cortex,
amygdala, and hippocampus, linking
rewards to  their = emotional and
environmental context. The amygdala helps
link the feeling of pleasure to the experience,
so a memory of that experience is created
while the hippocampus stores contextual
memory, such as the environment the
individual was in when the event occurred.
Together, these coordinated  signals
strengthen synaptic connections encoding
the memory of the reward. When the event
that gives pleasure is experienced multiple
times, it transforms from an experience to
something habitual, increasing synaptic
plasticity and dendritic branching for that
specific sequence.

The aforementioned series of events, from
detection to motivation, learning, and habit-
forming, is what underlies how dopamine
shapes both our behavior and our experiences
of reward. Drugs, for instance, exploit this

system but at a much greater intensity.
Substances such as opioids release up to ten
times more dopamine than natural rewards
(Yale Medicine, 2022). This overstimulation
of the VTA and nucleus accumbens alters
brain structure and function, driving
individuals to crave drugs over natural
stimuli.

Over time, the compulsive nature of
addiction emerges. With repeated use, the
substance or behavior no longer produces the
same pleasure due to tolerance, yet the
individual continues to seek it compulsively
(Berridge & Robinson, 2016). The
heightened incentive salience of the
addictive stimulus makes it something the
brain craves regardless of its harmful effects.
This explains why relapse can occur long
after detoxification — not because of renewed
enjoyment, but because the motivational
circuitry has become deeply ingrained.

The neurobiological mechanisms underlying
addiction directly shape the behaviors and
thought processes of those affected.
Impaired control is one of the most
prominent behavioral outcomes, where
people find it challenging to control or quit
their addictive behavior even when faced
with unfavorable outcomes. The prefrontal
cortex, the area of the brain responsible for
executive functions such as impulse control,
long-term planning, and decision-making, is
primarily to blame for this. The prefrontal
cortex's capacity to control impulses is
compromised when drugs or addictive
behaviors repeatedly activate the mesolimbic
dopamine system (US Department of Health
and Human Services, 2016). As a result, even
when people are aware of the negative
consequences of their actions, they
frequently engage with them, such as using
drugs or gambling.

Secondly, addiction impacts emotional
regulation. The amygdala and prefrontal
cortex are often dysregulated during
addiction. As a result, individuals may
experience heightened anxiety, depression,
irritability, or  emotional instability,
especially during withdrawal periods (Health
Direct, 2024). A study done by Tomson et al
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on-withdrawal symptoms in smokers trying
to quit concluded that high intensity of
symptoms related to unsuccessful quitting
attempts included craving, irritability,
apprehension/anxiety, difficulties
concentrating, restlessness, depression/
depressed mood, and insomnia (Tomson et
al., 2006). These emotional disturbances
often drive people back toward the addictive
behavior in an attempt to self-soothe or avoid
discomfort, further fueling the cycle.

Cognitive  impairments  are  another
significant  consequence of long-term
addiction. Addicts frequently exhibit

structural and functional alterations in the
prefrontal cortex, which is vital for attention
and reasoning, and the hippocampus, which
is crucial for memory formation. These
impairments may result in  poor
concentration, trouble remembering things,
and poor decision-making (National Cancer
Institute, 2011). Alcohol addicts, for
example, frequently experience memory
blackouts and may be unable to identify
negative behavioral patterns, which further
complicates recovery. A study done by
Loeber et al. found that alcohol-dependent
individuals performed worse on attention and
executive tasks than other individuals
(Loeber et al., 2009).

These cognitive deficiencies also show up as
skewed thinking in behavioral addictions like
gambling. The gambler's fallacy is a common
example in which a person mistakenly thinks
that a win is anticipated following a string of
losses (Kenton, 2019). This type of cognitive
distortion is supported by abnormal neural
feedback from the reward system and
memory centers, making it more than just a
psychological illusion. Compulsive
gambling is made worse by these distortions
because the brain's changed circuits
encourage the behavior even in the face of
increasing losses.

Compulsion, emotional dysregulation, and
cognitive impairment are all interrelated
problems. They participate in a self-
reinforcing cycle in which dangerous
behaviors are brought on by neurobiological
changes, which worsen those same brain

changes (Ram et al., 2018). Repeated drug
use, for example, weakens inhibition
mechanisms and strengthens unbalanced
neural connections, making it more difficult
to stop the behavior. This feedback loop
demonstrates why addiction is a chronic
illness that is intricately woven into the
structure and function of the brain rather than
just being a matter of willpower.

Ultimately, this cyclical nature of addiction
underscores its complexity and highlights the
need for integrative treatment approaches.
Effective interventions must address not only
the biological and neurological components
but also the behavioral and psychological
dimensions, recognizing the full scope of the
condition.

Implications for Treatment

Currently, there are multiple preexisting
treatments for different kinds of addiction.
Medication Assisted Treatment (MAT) is a
common example of the same and combines
FDA-approved medications with various
behavioral therapies for addiction treatment.
To cure addictions, MAT focuses on
providing synthetic drugs to patients that
help reduce withdrawal symptoms, control
cravings, and support long-term recovery
when combined with counseling and
behavioral therapies. An example of this is
medications such as methadone,
buprenorphine, and naltrexone, which are
commonly used in MAT to manage opioid
use disorders, as they can effectively
suppress withdrawal symptoms and reduce
the risk of relapse (NIDA, 2025).
Methadone, for instance, works by changing
how the brain and nervous system respond to
pain. It reduces the discomfort of withdrawal
and blocks the pleasurable effects of drugs
like heroin and prescription painkillers
(UAMS, 2024). Advantages of MAT include
improved treatment outcomes, reduction in
withdrawal symptoms, and a lower rate of
overdose. On the other hand, there is a risk
that the patient may become addicted to the
synthetic drug instead. Moreover, the cost of
MAT can be prohibitive for some, especially
if treatment is required over an extended
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period, and access to it can be limited due to
geographic location (Encore, 2024).

Similarly, another addiction treatment is
Cognitive Behavioural Therapy (CBT). CBT
is a common form of talk therapy, also
known as psychotherapy. It involves
working with a licensed therapist in a
structured, time-limited series of sessions.
CBT helps people recognize and change
unhelpful thought patterns by exploring the
connection between their thoughts, feelings,
and behaviors. This clearer understanding
allows them to handle challenges more
effectively (Mayo Clinic, 2025). CBT is
beneficial for individuals when medications
aren't a good option and the mental health
issue is related to emotional trauma rather
than physical symptoms. Hence, it is used to
help with issues such as depression, anxiety,
or phobias. Its strengths lie in helping
individuals with long-term mental health
problems and creating practical coping
strategies rather than ingesting medications.
On the other hand, it lacks focus on
interpersonal relationships due to its
emphasis on an individual's emotions and
beliefs. Moreover, due to its only source of
information being from the client, it created
self-reported bias (Rangaves, 2024).

Novel therapies grounded in neurobiology
are transforming how we address addiction
and severe mental illness. Deep Brain
Stimulation  (DBS), which involves
implanting electrodes into brain regions like
the nucleus accumbens, has shown promise
in  reducing alcohol cravings and
consumption, with pilot studies reporting
long-term abstinence in some individuals
(Davidson et al., 2022). A recent randomized
controlled trial also found that active DBS
led to more abstinent days, lower craving,
and reduced anhedonia among patients with
treatment-resistant alcohol use disorder
(Bach et al.,, 2023). Another emerging
treatment is repetitive Transcranial Magnetic
Stimulation (rTMS), which has become a
well-tolerated, non-invasive option with
proven efficacy in treatment-resistant cases
for severe depression (Ellison, 2025).
Additionally, innovative neural mapping

techniques are enabling personalized
neuromodulation, for example, tailoring
stimulation based on individual brain-
network patterns to improve outcomes.
Researchers have also focused on working on
computerized CBT (CCBT), a more
psychological or behavioral intervention,
which makes addiction treatment much
easier than non-computerized CBT. CCBT is
more accessible, flexible, and cost-effective
than traditional CBT. It lets users access
therapy at their own pace, from anywhere,
and includes interactive tools to support
progress. Although it lacks face-to-face
interaction, it’s a useful option for those with
mild to moderate symptoms. A study by
Brian D Kulik found that CCBT alone was
effective in treating child anxiety, achieving
strong recovery rates without needing
additional interventions. Neither Maternal
CBT (MCBT) nor Mother—Child Interaction
(MCI) significantly enhanced outcomes,
highlighting that CCBT can be a standalone,
effective treatment for child anxiety, even
when maternal anxiety is present (Kiluk,
2019).

Looking ahead, research should focus on
optimizing how these treatments can work
together, tailoring interventions based on
each person’s unique neurobiological and
psychological profile. Policymakers must
invest in interdisciplinary research that
bridges neuroscience, mental health, and
clinical practice. Expanding funding and
access to innovative, evidence-based
therapies will be crucial in combating
addiction more effectively and sustainably,
moving us closer to long-term recovery
solutions that are both compassionate and
scientifically grounded.

CONCLUSION

Addiction, as explored in this paper, is not
merely a result of poor choices or weak
willpower, but a chronic condition deeply
rooted in neurobiological mechanisms. It
alters brain structures, particularly those
related to reward, motivation, impulse
control, and memory, making recovery
complex and the chances of relapses more
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common. From the impact on the mesolimbic
dopamine system to impaired cognitive and
emotional regulation, addiction reshapes
how individuals think, feel, and behave,
often trapping them in a cycle of compulsive
use and psychological dependence.

This paper has argued that the persistence of
addiction and its resistance to treatment are
best understood through a neurobiological
lens, while also acknowledging the
behavioral implications. While traditional
treatments like MAT and CBT offer relief,
they may not always be accessible,
sustainable, or fully effective for everyone.
CCBT emerges as a promising alternative,
particularly due to its flexibility,
accessibility, and cost-effectiveness.
Evidence shows that CCBT can be just as
effective, if not more, for certain populations,
eliminating the need for additional, resource-
intensive interventions. This supports the
thesis that integrating neurobiological
understanding with adaptable therapeutic
approaches enhances treatment outcomes.

In order to move toward a more integrated
approach that benefits patients, these
findings help us understand the significance
of extending technology in mental health
care. It is evident that addiction is a brain-
based illness that requires both scientific
accuracy and compassionate comprehension,
rather than merely being a behavioral
problem. Future research must concentrate
on improving treatments like DBS and
CCBT, expanding their accessibility, and
customizing them for each patient's unique
needs. This approach leads us to better
treatments that reflect the true nature of
addiction, which involves both brain
processes and behavior.
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