
INTRODUCTION
The intersection of trauma and addiction 
presents a complex challenge for mental health 
professionals, as individuals with a history of 
trauma often exhibit heightened vulnerability 
to substance use disorders. This vulnerability is 
not solely a result of psychological distress but is 
deeply rooted in the neurobiological alterations 
that follow traumatic experiences. Neuroimaging 
studies have been crucial in elucidating the 
neural mechanisms underlying this relationship, 
revealing that trauma-related dysregulation 
occurs in specific brain regions, including the 
prefrontal cortex, amygdala, and hippocampus. 
These regions play critical roles in emotional 
regulation, stress response, and decision-making 
processes, and their dysregulation can lead to 
maladaptive behaviors such as substance abuse. 
These findings suggest that targeted treatments 
aimed at reversing brain-related changes may 
offer promising solutions for individuals with 
dual diagnoses, improving recovery outcomes and 
reducing the risk of relapse. This paper examines 
the current state of research on neuroimaging 
and trauma-related brain changes, exploring the 
potential for innovative treatment approaches to 
address the complex interplay between trauma 
and addiction.
  
The complexity of trauma and addiction 
poses significant challenges for therapists, as 

substance misuse disorders are often observed 
in individuals with a history of trauma. This 
heightened vulnerability is not only a product 
of psychological stress but also stems from the 
biochemical changes induced by traumatic events. 
Neuroimaging research has been instrumental in 
understanding the neural mechanisms associated 
with this relationship, showing that trauma-
related dysregulation occurs in critical areas such 
as the prefrontal cortex (responsible for emotional 
control), the amygdala (which regulates the stress 
response), and the hippocampus (involved in 
decision-making processes). Dysregulation in 
these regions can lead to maladaptive behaviors, 
including drug abuse. Therefore, targeted 
therapies aimed at reversing these brain-related 
changes hold promise for improving recovery 
outcomes in individuals with dual diagnoses and 
preventing relapse. This paper investigates the 
current literature on neuroimaging and its effects 
on brain changes caused by trauma, while also 
contemplating innovative therapeutic methods 
for addressing the complex relationship between 
trauma and addiction. 

Thesis: Neuroimaging studies increasingly 
demonstrate that trauma-related dysregulation in 
key brain regions and neural circuits—particularly 
within the prefrontal cortex, amygdala, and 
hippocampus—substantially elevates the risk 
for substance use disorders. These findings 
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suggest that treatments aimed at reversing these brain-related 
alterations may provide more effective interventions for dual-
diagnosis cases involving addiction. Consequently, patients 
may have a higher likelihood of sustained recovery, reducing 
the risk of relapse, as these changes can be directly addressed 
through targeted treatment approaches.

LITERATURE REVIEW - A SUMMARY
The interplay between psychological trauma and addiction is 
explored through various studies that highlight neurobiological 
vulnerabilities and therapeutic interventions. Gilbertson et 
al.  (2002) established the link between smaller hippocampal 
volume and increased vulnerability to PTSD, emphasizing the 
role of neuroanatomy in trauma responses. Hyman & Nestler 
(2016) detailed the molecular mechanisms of addiction, 
illustrating how brain structures contribute to addictive 
behaviors. McTeague et al. (2016) identified common neural 
circuit disruptions in emotional processing, suggesting shared 
pathways in PTSD and addiction. Rauch et al. (2006) and 
Shin et al. (2006) examined the role of the anterior cingulate 
cortex in emotional regulation and PTSD severity, providing 
insights into neural functioning during trauma responses. 
Shapiro (2014) discussed EMDR as a therapeutic approach that 
targets the neural mechanisms of trauma.  Keng et al. (2011) 
reviewed the benefits of mindfulness in enhancing emotional 
regulation, while Sinha (2008) highlighted the neurobiology of 
stress and its impact on relapse. Drake et al.  (2001) advocated 
for integrated treatment for dual diagnoses, emphasizing the 
need for comprehensive strategies addressing both trauma and 
addiction. Collectively, these sources underscore the complexity 
of trauma and addiction, informing effective clinical practices.

METHODOLOGY
This research utilizes a secondary qualitative methodology to 
explore the neurobiological relationship between trauma and 
addiction, focusing on insights gained from neuroimaging 
studies. Data was collected through an in-depth review of 
academic literature, case studies, and clinical findings on 
brain regions, such as the prefrontal cortex, amygdala, and 
hippocampus, which play a significant role in emotional 
regulation and stress responses. This approach allows a 
comprehensive analysis of existing research without primary 
data collection, making it suitable for consolidating broad 
insights into trauma-induced neurological changes. However, 
this methodology may limit the study’s ability to capture the 
most recent findings or novel developments due to reliance on 
previously published sources.

RESULTS & DISCUSSION
Prefrontal Cortex Dysregulation 
The prefrontal cortex (PFC) is a critical region of the brain 
responsible for higher-order functions such as decision-
making, impulse control, emotional regulation, and social 
behavior. Exposure to trauma during formative years has 
been shown to negatively affect PFC functioning, leading to 
severe dysregulation, particularly in individuals predisposed 
to substance use disorders (SUDs) (Nestler & Hyman, 2010; 
Herculano-Houzel, 2014). Traumatic events can impact both 
the structural and functional integrity of the PFC. Neuroimaging 

studies reveal that individuals with a history of trauma typically 
show reduced gray matter volume in their PFCs, particularly 
in regions responsible for executive functioning and emotional 
regulation (Herculano-Houzel, 2014). Such shrinkage impairs 
the brain’s ability to handle stress responses and regulate 
emotions, leading to increased impulsivity and poor decision-
making driven by overwhelming impulses.

Dysregulated affective processing has significant implications 
for the executive functions of the PFC, especially in managing 
emotions. As a result, individuals with trauma histories often 
experience heightened anxiety, depression, and irritability. 
These individuals receive excessive depressive signals, which 
make it difficult for them to process emotions properly, leading 
to a deterioration in their emotional well-being. According to 
Nestler and Hyman (2010), this emotional dysregulation can 
create a vicious cycle, where individuals turn to substance use 
as a means of coping with the inability to control their impulses 
or make rational choices to alleviate their immediate emotional 
distress.

The amygdala, the brain structure responsible for processing 
emotions and stress responses, plays a significant role in this 
dysregulation. Trauma can increase amygdala activity while 
inhibiting executive function in the PFC, resulting in situations 
where emotional reactions dominate over logical thinking. 
As Nestler and Hyman (2010) note, this imbalance leads to 
enhanced risk-taking behaviors, where individuals prioritize 
immediate gratification over long-term consequences, further 
reinforcing their addictive behaviors.

The implications of prefrontal cortex dysfunction in addiction 
must be considered when designing therapeutic interventions. 
Trauma-focused treatments that aim to improve emotional 
regulation and enhance executive function may help 
individuals overcome the consequences of trauma. Techniques 
such as cognitive-behavioral therapy (CBT), mindfulness, and 
neurofeedback can assist individuals in regaining the ability 
to manage their emotions and make better decisions, thereby 
reducing substance dependence.

In conclusion, trauma-induced prefrontal cortex dysregulation 
negatively affects emotional regulation and decision-making 
processes. These dysfunctions contribute to drug abuse and 
other maladaptive behaviors, underscoring the need for targeted 
therapeutic approaches that aim to rejuvenate PFC performance 
and promote health-oriented behaviors. 

Amygdala and Hippocampus Alterations 
The brain’s emotional and memory systems have integral 
components, namely the amygdala and hippocampus. Trauma, 
as one of the exposures, has been found to significantly alter 
these structures, particularly among individuals with substance 
use disorders (SUDs). Hence, understanding these changes is 
crucial for understanding how the neurobiological mechanisms 
sustaining the trauma-addiction cycle work.

The amygdala is essentially responsible for processing 
emotions such as fear and anxiety. When a person perceives 

02 | International Educational Journal of Science & Engineering [IEJSE]

E-ISSN No : 2581-6195 | Volume : 7 | Issue : 11 | November 2024



danger, it activates the stress response. Research has established 
that trauma causes overactivity in the amygdala, leading to 
heightened emotional responses and increased anxiety levels 
(Herculano-Houzel, 2014). In turn, this overactivity can cause 
abnormal reactions during stress, making individuals more 
susceptible to using drugs as a way to cope with their problems. 
For example, researchers have found that people who have 
experienced trauma often have a more active amygdala when 
presented with emotional stimuli, indicating their inability 
to regulate emotions effectively (McTeague et al., 2016). In 
such situations, individuals may seek immediate relief from 
overwhelming feelings and engage in impulsive behaviors, 
such as substance use.

The hippocampus plays a crucial role in the creation and retrieval 
of memories, particularly those associated with emotions. 
Trauma can induce structural changes in the hippocampus, 
such as decreased volume or impaired functioning (Gilbertson 
et al., 2002). This disruption can hinder the processing and 
contextualization of distressing memories, leading to intrusive 
thoughts, including those associated with post-traumatic stress 
disorder (PTSD).

In addition to impairing hippocampal functioning, trauma can 
make it difficult for individuals to differentiate between past 
and present experiences, especially when identifying safe 
environments. This confusion can amplify anxiety and promote 
substance use as a coping mechanism (Hyman et al., 2016). The 
interplay between the amygdala and hippocampus is significant, 
especially in the context of trauma and substance use disorders 
(SUDs). Under normal circumstances, hippocampal neurons 
regulate amygdala neurons, providing contextual information 
for emotional responses. However, when these structures are 
altered by trauma, the modulation of the amygdala becomes 
impaired, resulting in hyperactivity and increased stress 
(Sinha, 2008). This creates a vicious cycle: increasing stress 
and emotional dysregulation lead to more frequent drug use, 
which temporarily alleviates negative emotions but ultimately 
worsens the underlying problem.

Effective treatment strategies can be developed by considering 
the roles of the amygdala and hippocampus in trauma and 
addiction. Trauma-informed therapies, for example, can 
help individuals process their traumatic experiences and 
develop healthier coping mechanisms. Techniques such as 
eye movement desensitization and reprocessing (EMDR) and 
trauma-focused cognitive behavioral therapy (TF-CBT) have 
shown promise in assisting individuals in working through their 
traumatic memories and addressing emotional regulation issues 
commonly associated with substance use disorders (SUDs) 
(Shapiro, 2014).

In summary, the alteration of the amygdala and hippocampus 
following exposure to trauma impacts emotional processing 
and memory formation, contributing significantly to the 
complexity of substance use disorders. This highlights the 
need for integrated treatment approaches that address both 
the psychological trauma and the neurobiological aspects of 
addiction. 

Comorbidities in Drug Use Disorders 
Drug use disorders with comorbidity reveal that substance 
abuse and mental disorders are intricately linked. For instance, 
research shows that victims of trauma have an increased 
likelihood of developing substance use disorders (SUDs), 
which creates a vicious cycle of associated obstacles to 
treatment and recovery (National Institute of Neurological 
Disorders and Stroke, n.d.). Trauma can take many forms, 
such as physical abuse, sexual abuse or rape, emotional abuse, 
violence, or neglect. These experiences may result in mental 
health disorders like post-traumatic stress disorder (PTSD), 
anxiety, or depression, which are often found in individuals 
with SUDs. Substance abusers also tend to have PTSD, among 
other mental health issues, making them view drugs or alcohol 
as a means of escaping their distressing feelings (NIDA).

The coexistence of mental health disorders and substance use 
may exacerbate both conditions. For example, anxiety and 
depression can worsen SUD symptoms, while substance use 
can aggravate mental health problems, leading to a difficult-to-
break cycle (Kessler et al., 1996). The bi-directionality of this 
relationship demands multidimensional treatment approaches 
that address both aspects of each person’s condition, regarding 
their mental health status and substance abuse. Given the 
complex association between mental disorders and drug 
abuse, comprehensive care models are imperative for effective 
interventions. Integrated treatment modalities that provide 
concurrent therapy for mental health problems and SUDs have 
been shown to be more effective than conventional sequential 
treatment methods (Drake et al., 2001). These models may 
involve psychotherapy, medication management, and support 
groups, among others, tailored specifically to the distinct needs 
of patients suffering from co-existing disorders.

Moreover, trauma-informed care is particularly crucial in these 
settings. This approach recognizes the impact of trauma on 
an individual’s behavior and mental health, aiming to create 
a safe environment that promotes healing and recovery. By 
addressing trauma directly, clinicians can help individuals 
develop healthier coping mechanisms and reduce reliance 
on substances (Substance Abuse and Mental Health Services 
Administration, 2014).

Functional MRI Studies and Traumatic Stress 
In recent years, fMRI studies have contributed immensely to 
our understanding of the effects of traumatic stress on brain 
functions during stress responses. With real-time visualization 
of brain activity, researchers can identify neural circuits 
involved in emotional regulation and stress responses, offering 
important insights into the mechanisms behind trauma-
related substance use disorders (Cleveland Clinic, n.d.). fMRI 
technology measures changes in blood flow and oxygenation 
within the brain, allowing for the identification of active areas 
when performing different tasks or responding to stimuli. 
This is especially useful for studying individuals who have 
experienced traumatic events, as it provides insight into how 
such experiences alter vital sections of the brain, such as the 
prefrontal cortex (PFC), amygdala (AMY), and hippocampus 
(HPC) (Urry et al., 2006). For instance, women with PTSD 
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exhibited greater activation in the AMY when presented 
with trauma-related stimuli (Teye et al., 2019). Conversely, 
decreased activity in the PFC implies improper control over 
emotions, supporting the dysregulation hypothesis presented 
earlier in this thesis.

The insights from fMRI studies have shed light on the neural 
networks involved in the regulation of emotions and responses 
to stress. The interrelationship between the amygdala and 
prefrontal cortex is significant. Generally, the prefrontal cortex 
helps regulate the activity of the amygdala, ensuring a balance 
between emotional responses and rational decision-making 
processes. However, when an individual experiences trauma, 
this process can become imbalanced, resulting in heightened 
emotional reactivity and lower levels of impulse control. This 
dysfunction is key to understanding why individuals with 
a history of trauma are more likely to develop substance use 
disorders, as they may turn to drugs as a way of coping.

Research utilizing fMRI has identified specific areas of the 
brain engaged during mood regulation and stress management. 
While shedding light on the neural networks associated with 
emotional stability and stress responses, a particularly interesting 
relationship exists between the amygdala (responsible for fear) 
and the prefrontal cortex (which influences rational decision-
making). Generally, this system functions to normalize the 
pathways connecting emotions with thoughts, distinguishing 
affective decision-making processes from subjective rational 
ones. However, when an individual experiences trauma, this 
balance is disrupted, resulting in increased emotional reactivity 
and changes in impulse control (Shin et al., 2005). This 
malfunction is crucial in explaining why individuals with prior 
trauma are more likely to develop addictions, as they often 
resort to drugs to manage their overwhelming emotions.

The relationship between traumatic stress and substance use 
disorders is complex. These findings reaffirm that behavioral 
disorganization in specific brain circuits contributes to the 
emergence of these disorders. Researchers who understand how 
trauma alters brain activity can build upon this knowledge to 
suggest therapeutic remedies aimed at normalizing these neural 
pathways. For example, increasing activity in the prefrontal 
cortex through therapeutic methods like cognitive-behavioral 
therapy (CBT) or mindfulness may help individuals better 
regulate their emotions, thereby reducing drug use (Keng et al., 
2011).

Neurobiology of Trauma Response
To understand what happens when individuals experience 
and cope with traumatic events, the neurobiology of trauma 
response is significant. Trauma can lead to major rewiring of the 
brain and its neural circuits, affecting an individual’s perception 
of stressors and their ability to deal with them, thus making 
them more vulnerable to addiction (AIHW, n.d.).

Exposure to trauma can bring about changes in the neural circuits 
of the brain, particularly in areas responsible for regulating 
emotions, memory, and the stress response. For example, 
the amygdala, which processes emotions like fear, becomes 

overactive due to trauma. This overactivity leads to increased 
anxiety and exaggerated emotional reactions (McTeague et al., 
2016). Additionally, the prefrontal cortex (PFC), which controls 
impulses and handles executive functions, may show decreased 
activity, impairing one’s ability to regulate emotions effectively 
(Shin et al., 2006). It is important to note that an imbalance 
between the amygdala and the PFC exists; if an individual has 
experienced trauma, they are more likely to cope with their 
emotions using maladaptive strategies, such as drug abuse.
Furthermore, trauma has been shown to alter an individual’s 
neural networks and perception of stressors (Ayres, 2011). 
For example, damage to certain brain regions can impair the 
ability to place traumatic experiences within the proper context 
over time (Milad et al., 2009). Alterations in the functions of 
the hypothalamic-pituitary-adrenal (HPA) axis can lead to 
difficulty distinguishing between serious situations and normal 
stress responses (Goenjian et al., 2004). As a result, individuals 
may begin to drink excessively or use drugs as a way to escape 
reality when they notice a shift in how they perceive themselves 
compared to the past.

Trauma-induced changes in neurobiology not only influence 
emotional regulation and memory processing but also 
significantly increase the likelihood of developing substance 
use disorders (SUDs). Studies have shown that individuals who 
have experienced trauma are more prone to substance use in 
an attempt to cope, resulting in addictive cycles (NIDA, n.d.). 
Moreover, when trauma coexists with substance use, the brain’s 
reward system becomes dysregulated, reinforcing the cycle 
of abuse as individuals seek temporary relief through drugs 
(Nestler & Hyman, 2010).

Recognizing the neurobiology of trauma response emphasizes 
the need for combined treatment approaches that address 
both the psychological and neurobiological aspects of SUDs. 
Approaches such as trauma-focused cognitive behavioral 
therapy (TF-CBT) and eye movement desensitization and 
reprocessing (EMDR) are crucial for processing traumatic 
memories and developing healthier coping mechanisms 
(Shapiro, 2014). These therapies promote long-term healing by 
addressing underlying neurobiological processes, thus reducing 
the chances of recurrence.

CONCLUSION
In conclusion, this study highlights the complex connection 
between trauma and addiction, elucidating the neurobiological 
alterations characteristic of substance use disorders in 
individuals who have been traumatized. There is potential for 
improving outcomes and preventing relapse in dual-diagnosis 
cases through treatments specifically aimed at these brain-related 
changes. Further research into novel therapeutic modalities, as 
well as integrating trauma-specific care, could lead to more 
effective interventions that address the complex interaction 
between trauma and addiction. With a better understanding of 
their biological underpinnings, effective treatment approaches 
may be developed, offering hope for many individuals battling 
trauma and dependence on drugs or alcohol.

04 | International Educational Journal of Science & Engineering [IEJSE]

E-ISSN No : 2581-6195 | Volume : 7 | Issue : 11 | November 2024



REFERENCE
1. Gilbertson, M. W., Shenton, M. E., Ciszewski, A., et al. (2002). 

Smaller hippocampal volume predicts pathologic vulnerability to 
psychological trauma. Nature Neuroscience, 5(11), 1242-1247. 
https://doi.org/10.1038/nn958  

2. Herculano-Houzel, S. (2014). The Human Advantage: A New 
Understanding of How Our Brain Became Remarkable. MIT 
Press.  

3. Hyman, S. E., & Nestler, E. J. (2016). The molecular mechanisms 
of addiction. Nature, 8(12), 220-222. https://doi.org/10.1038/
nrn.2016.113  

4. McTeague, L. M., Huemer, J., et al. (2016). Identification of 
common neural circuit disruptions in emotional processing across 
psychiatric disorders. American Journal of Psychiatry, 173(4), 
353-364. https://doi.org/10.1176/appi.ajp.2015.15091101  

5. Shapiro, F. (2014). Eye Movement Desensitization and 
Reprocessing: Basic Principles, Protocols, and Procedures. 
Guilford Press.  

6. Sinha, R. (2008). The clinical neurobiology of stress and 
addiction: from the effects of stress on the brain to the role of 
stress in relapse. Clinical Psychology Review, 28(8), 1376-1388. 
https://doi.org/10.1016/j.cpr.2008.06.006  

7. Herculano-Houzel, S. (2014). The Human Advantage: A New 
Understanding of How Our Brain Became Remarkable. MIT 
Press. 

8. Nestler, E. J., & Hyman, S. E. (2010). Animal models of 
neuropsychiatric disorders.  Nature Neuroscience, 13(10), 1161-
1169. https://doi.org/10.1038/nn.2637 

9. Drake, R. E., Mueser, K. T., & Brunette, M. F. (2001). A Review 
of Integrated Mental Health and Substance Abuse Treatment for 
Patients with Dual Disorders. Psychiatric Services, 52(4), 598-
607. https://doi.org/10.1176/appi.ps.52.4.598 

10. Kessler, R. C., Berglund, P., Demler, O., et al. (1996). Lifetime 
Prevalence and Age-of-Onset Distributions of DSM-IV 
Disorders in the National Comorbidity Survey. Archives of 
General Psychiatry, 52(11), 993-1006. https://doi.org/10.1001/
archpsyc.1995.03950240066012  

11. National Institute on Drug Abuse (NIDA). (n.d.). Comorbidity: 
addiction and other mental illnesses. Retrieved from https://
nida.nih.gov/publications/comorbidity-addiction other-mental-
illnesses 

12. Substance Abuse and Mental Health Services Administration 
(SAMHSA). (2014).  Trauma-Informed Care in Behavioral 
Health Services. Treatment Improvement Protocol 

13. (TIP) Series, No. 57. Retrieved from https://store.samhsa.gov/
product/TIP-57-Trauma Informed-Care-in-Behavioral-Health-
Services/SMA14-4816 

14. Cleveland Clinic. (n.d.). fMRI (functional MRI): What It 
Is, Purpose, Procedure & Results. Retrieved from https://
my.clevelandclinic.org/health/diagnostics/25034- functional-
MRI-FMRI 

15. Keng, S. L., Smoski, M. J., & Robins, C. J. (2011). Effects of 
mindfulness on psychological health: A review of empirical 
studies. Clinical Psychology Review, 31(6), 1041-1056. https://
doi.org/10.1016/j.cpr.2011.04.006  

16. Rauch, S. L., Shin, L. M., & Phelps, E. A. (2006). Neurocircuitry 
models of posttraumatic stress disorder and extinction: 
Human neuroimaging research—past, present, and future. 
Biological Psychiatry 60(4), 376-382. https://doi.org/10.1016/j.
biopsych.2006.04.015  

17. Shin, L. M., Wright, C. D., et al. (2006). A functional magnetic 
resonance imaging study of anterior cingulate activation in 
posttraumatic stress disorder. Journal of Traumatic Stress, 19(3), 
347-352. https://doi.org/10.1002/jts.20142  

18. Urry, H. L., Reekum, C. M., et al. (2006). Amygdala and 

ventromedial prefrontal cortex activity during emotion regulation 
predict the efficacy of cognitive-behavioral therapy.  Journal of 
Consulting and Clinical Psychology, 74(3), 510-520. https://doi.
org/10.1037/0022-006X.74.3.510  

19. AIHW (Australian Institute of Health and Welfare). (n.d.). Mental 
health services—in brief 2020. Retrieved from https://www.aihw.
gov.au/reports/mental-health services/mental-health-services-in-
brief-2020 

20. Gilbertson, M. W., Shenton, M. E., Ciszewski, A., et al. (2002). 
Smaller hippocampal volume predicts pathologic vulnerability to 
psychological trauma. Nature Neuroscience, 5(11), 1242-1247. 
https://doi.org/10.1038/nn958  

21. McTeague, L. M., Huemer, J., et al. (2016). Identification of 
common neural circuit disruptions in emotional processing across 
psychiatric disorders. American Journal of Psychiatry, 173(4), 
353-364. https://doi.org/10.1176/appi.ajp.2015.15091101  

22. Nestler, E. J., & Hyman, S. E. (2010). Animal models of 
neuropsychiatric disorders.  Nature Neuroscience, 13(10), 1161-
1169. https://doi.org/10.1038/nn.2637  

23. Shapiro, F. (2014). Eye Movement Desensitization and 
Reprocessing: Basic Principles, Protocols, and Procedures. 
Guilford Press.  

24. Shin, L. M., Wright, C. D., et al. (2006). A functional magnetic 
resonance imaging study of anterior cingulate activation in 
posttraumatic stress disorder. Journal of Traumatic Stress, 19(3), 
347-352. https://doi.org/10.1002/jts.20142

International Educational Journal of Science & Engineering [IEJSE] | 05

E-ISSN No : 2581-6195 | Volume : 7 | Issue : 11 | November 2024


