How do subjective experiences of trauma, influenced by genetic predispositions and
environmental factors, contribute to neurobiological changes in the brain, impacting both
emotional and physical responses to traumatic events?
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Abstract

Trauma is a subjective experience. Behind this statement are the complex biological
factors contributing to posttraumatic stress disorder (PTSD), particularly how genetic
predispositions and environmental variables interact. Findings from twin studies indicate that
genetic components can account for approximately 45% of the risk associated with PTSD.
However, environmental factors — ranging from prenatal stress to distinct life experiences—
must be considered, and how they interact with these genetic factors to shape the disorder’s
development. Furthermore, neurobiological responses to trauma result in hyperactivity in critical
brain regions, including the amygdala, hippocampus, and prefrontal cortex (PFC). These changes
often lead to emotional dysregulation, intrusive memories, and heightened arousal. Moreover,
neuroimaging studies have consistently documented structural and functional alterations in these
areas, revealing patterns like reduced hippocampal volume and increased amygdala activation. In
addition to structural changes, trauma also influences neurotransmitter systems, particularly
those involving serotonin and norepinephrine, which can intensify emotional disturbances like
anxiety and mood fluctuations. The persistent elevation of cortisol levels and the disruption of
the hypothalamic-pituitary-adrenal (HPA) axis are linked to various physical health issues,
including gastrointestinal problems and increased cardiovascular risks. Current literature presents
certain limitations, including small sample sizes and short follow-up durations, underscoring the
need for longitudinal studies to further explore these neurobiological mechanisms. Ultimately, a
deeper understanding of the interplay between genetic and neurobiological factors in PTSD may
enhance the development of targeted therapeutic interventions.

Introduction

Posttraumatic stress disorder (PTSD) is a complex mental health condition that arises in
response to a traumatic event. (American Psychiatric Association 2013). Clinically, PTSD is
characterized by symptoms such as intrusive memories, flashbacks, nightmares, and severe
emotional distress triggered by reminders of the trauma (American Psychiatric Association



2013). Individuals with PTSD may also experience negative mood changes, increased irritability,
and difficulty sleeping. The clinical criteria for PTSD, as outlined in the DSM-5, emphasize that
these symptoms must persist for at least a month after the traumatic event and significantly
impair daily functioning (Miller et al., 2013). While trauma exposure is common, with
approximately 70% of adults experiencing at least one traumatic event in their lifetime, not
everyone develops PTSD (Kessler et al. 1995). Women are more likely than men to develop
PTSD, with studies suggesting that around 10-12% of women will experience the disorder in
their lifetime compared to 5-6% of men (Villamor & Saez de Adana, 2019; Nutt & Malizia,
2004).

Stress, in this context, refers to more than the everyday pressures or challenges people
face. Instead, it speaks to the kind of intense, prolonged physiological and psychological strain
that significantly impacts the body's systems. This clinical level of stress can disrupt normal
brain function, particularly in regions responsible for regulating fear and emotions, such as the
amygdala, hippocampus, and PFC (McEwen, 2007; Shin & Liberzon, 2010). When stress from a
traumatic event becomes chronic, it can alter neurobiological processes, leading to the severe and
persistent symptoms seen in PTSD (Bonne et al., 2001; Bremner, 2006). These neurobiological
changes are often compounded by genetic and environmental factors, making the disorder's
development even more complex (Yehuda & LeDoux, 2007).

This paper aims to answer the research question: how do genetic predispositions and
neurobiological changes contribute to the development of PTSD? Based on existing literature, it
is hypothesized that PTSD results from an intricate interaction between genetic susceptibility,
traumatic stress, and alterations in brain structure and function. Preliminary findings indicate that
individuals with certain genetic profiles are more vulnerable to developing PTSD after trauma,
and that prolonged stress leads to significant changes in brain regions involved in emotional
regulation, memory, and fear responses. These findings will further emphasize the need for
integrating neurobiological and genetic factors into the understanding and treatment of PTSD.

Discussion
The Subjectivity of Trauma

Genetic predispositions play a role in the development of PTSD (Stein, 2002). Evidence
twin studies suggest a genetic component; as monozygotic twins show higher concordance for
PTSD compared to dizygotic twins. Stein and colleagues (2002) conducted a twin study which
examined the heritability of trauma exposure and PTSD symptoms in twin pairs. The study
included 222 monozygotic (identical) and 184 dizygotic (fraternal) twin pairs. The twin pairs
completed a traumatic events inventory and a DSM-IV PTSD symptom inventory. This method
allowed the researchers to assess both trauma exposure and symptoms of PTSD. The study used
a biometrical model fitting with standard statistical methods to explain the variance in trauma



exposure and PTSD symptoms. They found that symptoms of PTSD were moderately heritable,
indicating a significant genetic component (Stein, 2002). Traumatic events were assessed over
different life stages: birth to 6 years, 7 to 16 years, and age 17 to the current year. The study
included various types of trauma, such as assaultive trauma (e.g., robbery, sexual assault) and
non-assaultive trauma (e.g., motor vehicle accidents, natural disasters). The results indicated that
genetic factors influenced the risk of exposure to certain forms of trauma and also the
susceptibility to PTSD symptoms. The correlation between genetic effects on assaultive trauma
exposure and PTSD symptoms was high, suggesting shared genetic factors. The study
highlighted two key processes: the risk of exposure to traumatic events and the risk of
developing PTSD symptoms post-exposure. Some pre-trauma personality characteristics may
influence both processes. This study expanded the understanding of PTSD heritability by
including female twin pairs and a broader range of traumatic events beyond combat. This
inclusion helps generalize the findings to a wider population and different types of trauma. In
this study, we see robust support for the genetic predisposition to PTSD, evidenced by twin
studies that show higher concordance rates in monozygotic twins compared to dizygotic twins.
The methodologies used and the comprehensive approach to assessing trauma and PTSD
symptoms provide a solid foundation for understanding the genetic components involved (Stein,
2002). Furthermore, the Vietnam Era Twin Registry study, which included 4,042 male-male
veteran twin pairs (2,224 monozygotic and 1,818 dizygotic pairs), found that genetic factors
accounted for approximately 30% of the variance in PTSD symptoms, even after accounting for
differences in trauma exposure (Goldberg et al., 1990).

PTSD frequently co-occurs with other mental health disorders, particularly anxiety and
major depression, this is largely due to shared genetic and environmental factors (Kessler et al.
1995). Studies consistently demonstrate that PTSD is rarely an isolated condition. This
comorbidity has been explored in depth, with evidence suggesting that the same biological and
environmental stressors contribute to the development of multiple psychiatric disorders. Creamer
et al. (2001), and Kessler et al. (1995), found that PTSD often co-occurs with anxiety and
depression. These findings emphasize that genetic predispositions and environmental factors like
trauma exposure do not only predispose individuals to PTSD but may also increase vulnerability
to a broader range of mental health disorders. The genetic and environmental overlap between
these disorders has important implications for both diagnosis and treatment, as addressing PTSD
in isolation may overlook the interconnected nature of these conditions. By understanding the
shared underlying mechanisms, treatment approaches can be more comprehensive and effective
in addressing the full spectrum of mental health challenges faced by individuals with PTSD.

Moreover, twin studies offer crucial insights into how genetic factors contribute to the
comorbidity of PTSD with anxiety and depression. These studies provide a unique perspective
by comparing the concordance rates of PTSD and its related conditions in monozygotic (MZ)
and dizygotic (DZ) twins. Such comparisons allow researchers to estimate the heritability of
PTSD and other co-occurring mental health conditions, as well as to disentangle the genetic from



the environmental influences that shape these disorders. According to Afifi (2010), twin studies
have found that PTSD is moderately heritable, with genetic factors accounting for up to 45% of
the overall risk of developing the disorder. This finding supports the notion that individuals with
a family history of PTSD or related disorders may be more susceptible to developing these
conditions after trauma exposure. Additionally, twin studies show that the same genetic factors
contributing to PTSD may also increase the risk for anxiety and depression, suggesting a shared
biological vulnerability. This genetic overlap points to the involvement of neurobiological
pathways, such as those regulating stress and mood, which are implicated in the development of
multiple psychiatric disorders.

In addition to genetic risk, environmental factors also play a significant role in the
development of PTSD and its comorbid conditions. Traumatic events, particularly those
experienced during critical developmental periods, can result in long-term changes to brain
function and structure, predisposing individuals to a variety of mental health disorders (Shin,
Rauch, & Pitman, 2006). Twin studies highlight the importance of distinguishing between shared
environmental influences—such as family-wide stressors—and non-shared environmental
factors, such as individual trauma experiences. This distinction is essential for understanding
how individuals develop PTSD while others exposed to the same traumatic environment do not.
Moreover, the twin methodologies used in these studies, such as research by Wolf et al. (2018),
enable researchers to control for genetic similarity, thereby isolating the environmental
contributions to PTSD and its co-occurring conditions. The evidence suggests that environmental
factors, particularly trauma exposure, interact with genetic vulnerabilities to increase the
likelihood of developing PTSD and related disorders like anxiety and depression. This
interaction between genetic predispositions and environmental stressors underscores the
complexity of PTSD's etiology and highlights the importance of comprehensive research that
accounts for both elements in understanding the disorder.

Environmental factors, such as prenatal stress and unique life events, interact with genetic
vulnerability. Yehuda et al. (2005) conducted a study on babies of mothers who were pregnant
during the 9/11 World Trade Center attack and who later developed PTSD. The study found that
these babies had low salivary cortisol levels, like their mothers. Cortisol is a critical stress
hormone that helps regulate the body's response to stress. Low levels of cortisol, particularly in
response to trauma, are problematic because they can impair the body’s ability to manage stress
effectively (Yehuda et al. 2005). This suggests that stress-induced elevations of
glucocorticosteroids during pregnancy may affect fetal brain development. Glucocorticosteroids,
such as cortisol, are hormones released by the adrenal glands in response to stress, and they play
a critical role in regulating inflammation and immune responses. When elevated for prolonged
periods, they can disrupt normal brain development. This disruption leads to permanent changes
in the glucocorticoid receptor (GR) programming of the offspring. The glucocorticoid receptor is
a protein that binds to cortisol and other stress hormones, influencing how the body reacts to



stress. When this programming is altered, it can create long-term difficulties in stress regulation,
which increases vulnerability to psychiatric conditions like PTSD.

This evidence strongly indicates that prenatal environmental stress interacts with genetic
factors to influence the development of PTSD in offspring. Unique, non-shared environmental
factors, such as personal life events or psychosocial stressors, further complicate this interaction.
Non-shared environmental factors refer to life experiences that are unique to an individual, as
opposed to shared experiences like family environment. These factors can include anything from
personal trauma to individual stressors. These unique events play a pivotal role in the
development of PTSD by interacting with an individual's genetic vulnerabilities. For example,
someone with a genetic predisposition to PTSD might only develop the disorder after
experiencing a specific traumatic event that activates their genetic risk.

Yehuda et al.'s (2005) study further suggests that while genetic vulnerability to PTSD
exists, it does not manifest in isolation. Instead, this genetic risk is shaped by environmental
factors, such as stressful life events, the mother's prepartum condition, or her hormonal status
before fertilization (de Kloet et al., 2005). Prepartum conditions refer to the physiological state
of the mother during pregnancy, which can include levels of stress hormones, general health, and
psychological well being. These factors can have significant developmental impacts on the fetus,
particularly in its susceptibility to stress-related disorders like PTSD. Elevated levels of stress
hormones during pregnancy can disrupt fetal brain development, particularly in areas associated
with stress regulation, such as the hippocampus and amygdala (Van den Bergh et al., 2005).
Additionally, a mother's psychological well-being is crucial; maternal anxiety and depression can
lead to altered fetal neurodevelopment, increasing the risk of behavioral and emotional issues in
offspring (Davis et al., 2011). Hormonal status before fertilization can also play a role, as
imbalances may affect the fetal environment, potentially leading to long-term changes in stress
response systems (Bale et al., 2010). This highlights the critical role of both genetics and
environmental factors in the development of PTSD.

Moreover, the complexity of PTSD's etiology extends beyond mere genetic
predisposition; a traumatic event is necessary for the disorder to manifest (Yehuda & LeDoux,
2007). This aligns with the diathesis-stress model, which proposes that while genetic
vulnerability may be present, it requires an environmental trigger—such as trauma—for a
disorder like PTSD to develop (Ingram & Luxton, 2005). Yehuda & LeDoux (2007) emphasize
that genetic factors alone are insufficient to explain the disorder's onset. Instead,
gene-environment interaction studies are essential, particularly those focusing on specific
endophenotypes and the environmental factors influencing them (Caspi et al., 2003).
Endophenotypes are biological markers that are more specific than the general symptoms of a
disorder, such as altered cortisol levels in PTSD patients (Yehuda et al., 2005). Studying these
can provide clearer insights into how genetics and environment combine to create vulnerabilities
for PTSD (Caspi et al., 2003). This approach is crucial for developing a more nuanced



understanding of PTSD and for identifying specific intervention points that may prevent or
mitigate the disorder’s development (Yehuda & LeDoux, 2007).

Neurobiological Changes Following Trauma

PTSD is a condition where memories of traumatic events become uncontrollable,
intrusive, and disabling (American Psychiatric Association, 2013). After experiencing trauma,
three regions of the brain show increased activity: the amygdala, hippocampus, and medial PFC,
which together make up the main stress circuit (Shin et al., 2006). Knowledge of neurobiological
responses to trauma may enable the clinician identify potential targets of intervention, such as
reductions in amygdala hyperactivity or enhancing prefrontal modulation, which would open up
avenues for prevention strategies and more effective forms of treatment (Shin & Liberzon, 2010).
Patients with PTSD have been shown through neuroimaging studies, particularly functional MRI
(fMRI) and positron emission tomography (PET) scans, to exhibit an overactive amygdala in
response to trauma-related stimuli (Rauch et al., 2006). This overactivity can result in symptoms
such as flashbacks and an exaggerated startle response, as the amygdala is hyperresponsive to
perceived threats (Rauch et al., 2006).

Sensory | Thalamus or
Input SSRIs | Equivalent
v l v
Brainstem Nuclei [5-HT/NE |  Cortex/ e Factual
(eg, locus ceruleus) " | Hippocampus Memory
A
GABA |

v
Amygdala, Other Limbic
and Septal Areas

_______________ » Emotional
: Memory

\ 4 !
| Systemic Endocrine Effects }

“Adapted with permission from Nutt.!

Abbreviations: GABA = y-aminobutyric acid, 5-HT = serotonin,
NE = norepinephrine, SSRIs = selective serotonin reuptake
inhibitors.

Figure 1: The Main Stress Circuit (Nutt et al. 2004)



Amygdala

Trauma has a significant neurobiological impact on the amygdala, a region of the brain
that regulates fear and emotional memory (Shin et al., 2006). The stimulation of the amygdala is
the main mechanism that explains the heightened emotional response that individuals with
posttraumatic stress disorder (PTSD) have (Rauch et al., 2006). This heightened activity
emphasizes the fundamental role of the amygdala in the neurobiological aftereffects of trauma.

Furthermore, studies have shown that trauma may result in changes in the amygdala's
volume, though the results have been inconsistently reported in the literature. For instance,
Bonne et al. (2001) measured amygdala volume one week after the traumatic event and again six
months later in a longitudinal MRI study with a sample of trauma survivors. 37 participants in
their study, 10 of whom developed PTSD—showed no significant decrease in amygdala volume
during the course of the six months. This result indicates that, in the event that amygdala atrophy
occurs, it may require additional time under stress or more intense symptoms of PTSD to become
apparent (Bonne and colleagues 2001). The methodological rigor of this study is notable,
particularly its prospective design and the use of high-resolution MRI, which adds credibility to
the findings. However, the study’s relatively small sample size and the short follow-up period are
limitations that may obscure longer-term structural changes in the amygdala.

Furthermore, studies have shown that trauma may result in changes in the amygdala's
volume, though the results have been inconsistently reported in the literature. For instance,
Bonne et al. (2001) measured amygdala volume one week after the traumatic event (Bonne et al.,
2001 recruited trauma survivors from motor vehicle accidents and physical assaults. These were
naturalistic events rather than experimental trauma exposure) and again six months later in a
longitudinal MRI study with a sample of trauma survivors. Thirty-seven participants in their
study, 10 of whom developed PTSD, showed no significant decrease in amygdala volume during
the course of the six months. This result indicates that, in the event that amygdala atrophy
occurs, it may require additional time under stress or more intense symptoms of PTSD to become
apparent (Bonne et al., 2001). The methodological rigor of this study is notable, particularly its
prospective design and the use of high-resolution MRI, which adds credibility to the findings.
However, the study’s relatively small sample size and the short follow-up period are limitations
that may obscure longer-term structural changes in the amygdala.

Trauma has been found to disrupt the amygdala's neurotransmitter systems, as well as
systems that involve stress-related hormones such as cortisol (Yehuda & LeDoux, 2007). The
hyperactivation of the hypothalamic-pituitary-adrenal (HPA) axis in response to trauma leads to
sustained elevations in cortisol levels, which in turn sensitizes the amygdala (Roozendaal et al.,
2009). This heightened sensitivity exacerbates the amygdala's response to subsequent stressors,
reinforcing the cycle of hyperarousal and heightened fear responses typical of PTSD
(Roozendaal et al., 2009). This was indirectly supported by the findings in the study by Bremner
et al. (2000), which showed decreased benzodiazepine receptor binding in the PFC of PTSD



patients. Although the study focused on the PFC, the dysregulation of GABAergic systems
implied by these results could also affect the amygdala, given the inhibitory control the PFC
exerts over this structure (Bremmer et al. 2000). This study's strength lies in its use of Positron
Emission Tomography (PET) to assess receptor binding, providing a robust measure of chemical
changes at the receptor level. However, its cross-sectional design limits the ability to establish
causality between trauma exposure and the observed neurochemical changes.

Furthermore, the amygdala's involvement in PTSD is supported by functional imaging
studies that consistently report increased amygdala activation in response to trauma-related
stimuli (Shin et al., 2006). This hyperactivity is indicative of the amygdala's role in the
heightened emotional reactivity characteristic of PTSD, as evidenced by neuroimaging studies
that reveal exaggerated amygdala responses during tasks involving the processing of emotional
or threatening stimuli (Shin et al., 2006). These findings are bolstered by the methodological
approaches employed, including the use of functional MRI (fMRI) to dynamically measure brain
activity in response to specific stimuli, which provides direct evidence of the amygdala's
hyperactivity in PTSD patients (Rauch et al., 2006).

Hippocampus

The hippocampus is vulnerable to the effects of trauma as it is essential for both memory
consolidation and spatial navigation (McEwen & Sapolsky, 1995). Chronic exposure to traumatic
stress may result in hippocampal atrophy, which is characterized by a reduction in hippocampal
volume and has been associated with difficulties in memory and cognitive flexibility (Bremner,
2006). This atrophy is particularly evident in individuals with posttraumatic stress disorder
(PTSD), where the hippocampus often shows marked structural changes (Smith, 2005).

For instance, in a study by Bonne et al. (2001), longitudinal MRI was conducted to assess
hippocampal volume changes in trauma survivors with and without PTSD over a six-month
period. This study found no significant reduction in hippocampal volume among the participants,
highlighting that hippocampal atrophy does not manifest immediately following trauma.
However, the chronicity of PTSD symptoms and prolonged stress exposure likely contribute to
gradual hippocampal shrinkage (Bonne et al. 2001). This study’s strength lies in its prospective
design and use of high-resolution imaging, but its limitations include a relatively small sample
size and short follow-up duration, which may not capture longer-term effects.

Beyond structural changes, trauma also induces significant chemical alterations in the
hippocampus, particularly involving the dysregulation of the hypothalamic-pituitary-adrenal
(HPA) axis (Yehuda, 2002). Prolonged exposure to elevated levels of glucocorticoids, especially
cortisol, has been shown to adversely affect hippocampal neurons (Sapolsky et al., 1986).
Chronic glucocorticoid exposure can inhibit neurogenesis, reduce dendritic branching, and
eventually lead to neuron loss in the hippocampus (McEwen, 2000). Animal studies have
consistently demonstrated that these neurotoxic effects of stress hormones contribute to



hippocampal atrophy, paralleling the volumetric reductions observed in human studies. The
implications of these findings extend to the functional domain, where hippocampal atrophy is
associated with deficits in declarative memory, a core symptom in PTSD (Bonne et al. 2001).

In addition, functional impairments in the hippocampus due to trauma can lead to
difficulties in contextualizing memories, a process crucial for distinguishing between past
traumatic events and present-day experiences (Ehlers & Clark, 2000). This contributes to the
intrusive memories and flashbacks characteristic of PTSD, where individuals relive the traumatic
experience without the appropriate contextual safeguards that the hippocampus usually provides
(Bremner, 2006). Studies utilizing fMRI have observed hypoactivity in the hippocampus during
tasks involving memory recall in PTSD patients, further corroborating the link between
structural changes and functional deficits (Bonne et al. 2001).

Prefrontal Cortex

Bremner et al. (2000) observed a decrease in benzodiazepine receptor binding in the PFC
of PTSD patients. Given that the PFC plays a significant part in modulating stress response and
memory processing, this research study suggests that there may be a disruption in the interaction
between the PFC and the hippocampus. The study's PET imaging approach allowed for a
detailed examination of receptor-level changes, providing strong evidence for the neurochemical
disruptions in PTSD, although its cross-sectional design limited causal inferences.

The PFC, which governs executive functions, decision-making, and emotional regulation,
is another brain region profoundly affected by trauma. Bremner et al. (2000)’s findings were
indicative of a dysregulated GABAergic system. This chemical change is crucial as it suggests
impaired inhibitory control within the PFC, potentially leading to the heightened anxiety and
emotional dysregulation observed in PTSD (Bonne et al. 2001).

Trauma also leads to functional changes within the PFC, particularly in its ability to
regulate emotions and suppress fear responses, which is closely linked to its interactions with the
amygdala (Shin et al., 2006). Functional neuroimaging studies consistently show reduced activity
in the PFC during tasks requiring emotional regulation or cognitive control in PTSD patients
(Bonne et al. 2001). This hypoactivity reflects a diminished capacity of the PFC to exert
top-down control over the amygdala, resulting in the persistence of fear and anxiety-related
symptoms (Shin et al., 2006). This study highlights the importance of the PFC in maintaining
cognitive and emotional balance, which is severely disrupted following trauma (Bonne et al.
2001).

Additionally, structural changes in the PFC have been observed in PTSD patients,
although findings across studies vary. Some research reports a reduction in PFC volume,
particularly in areas responsible for emotion regulation, such as the ventromedial PFC (Bonne et
al. 2001). This reduction could potentially explain the impaired emotional regulation and
decision-making observed in PTSD patients. However, not all studies have found significant



volumetric changes, and the discrepancies may be due to variations in study populations, trauma
types, and PTSD chronicity. For example, a study by Rauch et al. (2003) noted reduced gray
matter volume in the PFC of PTSD patients, particularly in the dorsolateral region, which plays a
critical role in working memory and cognitive flexibility. The study employed voxel-based
morphometry, a technique that allows for the detailed assessment of brain structure, providing
robust evidence for structural changes in PTSD (Bonne et al. 2001).

Emotional and Physical Changes to the Body After Trauma

Trauma induces profound neurobiological changes, particularly in the amygdala, which
plays a central role in the processing of emotions, especially fear (LeDoux, 2000). When the
amygdala becomes hyperactive due to trauma, it can disrupt the brain's regulation of the
autonomic nervous system, leading to prolonged states of physical arousal (Roozendaal et al.,
2009). This amygdala hyperactivity is often sustained by dysregulation of the HPA axis, resulting
in elevated levels of cortisol, a key stress hormone (McEwen, 2007). Chronic elevation of
cortisol can impair the body's ability to return to a baseline state after stress, leading to persistent
physical symptoms such as increased heart rate, hypertension, and disrupted digestion (Sapolsky,
2004).

The impact of prolonged cortisol exposure is particularly evident in the digestive system.
Chronic stress and trauma can lead to the development of gastrointestinal disorders, including
irritable bowel syndrome (IBS) and peptic ulcers (Mayer, 2011). This is partly due to the
constant activation of the sympathetic nervous system, which diverts energy away from
non-essential functions like digestion during periods of stress (Mayer, 2011). Over time, this can
result in weakened digestive processes, contributing to symptoms like bloating, constipation, or
diarrhea, which are commonly reported by individuals with PTSD (Kolacz & Porges, 2018).

Neurotransmitter systems are also significantly altered by trauma, contributing to both
emotional and physical symptoms. For example, the serotonin system, which is crucial for mood
regulation, often becomes dysregulated after trauma (Southwick, Davis, & Charney, 2002).
Decreased serotonin levels are associated with increased anxiety, depression, and aggression,
which are commonly observed in trauma survivors (Southwick, Davis, & Charney, 2002).
Moreover, norepinephrine, a neurotransmitter involved in the body's 'fight or flight' response, is
often found at elevated levels in individuals with PTSD (Davis & Whalen, 2001). This elevation
contributes to hyperarousal symptoms such as insomnia, hypervigilance, and exaggerated startle
responses (Davis & Whalen, 2001).

The emotional repercussions of these neurobiological changes are profound.
Hyperactivity of the amygdala, combined with the dysregulation of neurotransmitters like
serotonin and norepinephrine, leads to heightened anxiety, mood disturbances, and difficulties in
emotional regulation (Shin & Liberzon, 2010). Individuals with PTSD often experience intense



and prolonged feelings of fear or panic, even in the absence of immediate threats (Shin &
Liberzon, 2010). These emotional disturbances are further exacerbated by the diminished
function of the prefrontal cortex, which normally helps to regulate the amygdala's activity and
maintain emotional balance (Arnsten, 2009).

Physically, trauma can manifest in a variety of ways beyond the autonomic symptoms
mentioned earlier. Chronic pain, for example, is a common physical consequence of trauma. The
body's pain regulation system can become sensitized after trauma, leading to conditions such as
fibromyalgia or chronic tension headaches (Clauw, 2014). Additionally, trauma survivors are at
increased risk for developing cardiovascular diseases, partly due to the chronic stress-induced
inflammation and the persistent elevation of blood pressure (Dedert et al., 2010).

Limitations

This paper is not a systematic review, hence it did not exhaustively explore all available
research on PTSD, particularly regarding newer studies or those published in niche journals. The
focus was on reviewing key literature that highlights genetic and neurobiological factors, but it is
possible that additional findings exist which may either reinforce or challenge the conclusions
drawn here. This inherent limitation should be considered when interpreting the results.

The studies reviewed lack diversity in their sample populations. Many of the studies were
conducted primarily on men or specific trauma types, which may not generalize to broader
populations, particularly those from diverse racial or cultural backgrounds. Additionally, much of
the research relied on cross-sectional designs, which capture data at a single time point and may
miss important longitudinal changes, such as the long-term effects of trauma on brain structure
and function. These methodological limitations highlight the need for future research to use more
inclusive, diverse, and longitudinal approaches to better capture the full spectrum of PTSD's
complexity.

Future directions

Future research should examine gene-environment interactions and personality traits that
influence both trauma exposure and PTSD development. These will be essential to understanding
the nuanced ways in which different people process and respond to traumatic events.

The amygdala undergoes significant neurobiological changes following trauma,
encompassing both structural and chemical alterations as well as heightened activity. While
studies such as those by Bonne et al. (2001) and Bremner et al. (2000) provide valuable insights
into these changes, further research is needed to elucidate the long-term trajectory of amygdala
alterations and their precise role in the pathophysiology of PTSD. These investigations should



employ larger sample sizes, longer follow-up periods, and a combination of structural and
functional imaging techniques to provide a more comprehensive understanding of the amygdala's
involvement in trauma-related disorders.

The hippocampus undergoes significant neurobiological changes following trauma,
characterized by both structural atrophy and functional impairments. The interplay between
elevated cortisol levels and hippocampal damage highlights the importance of understanding the
long-term impact of trauma on this region of the brain. Further research, especially longitudinal
studies with extended follow-up periods, is essential to fully elucidate the trajectory of
hippocampal changes in PTSD.

Trauma-induced neurobiological changes in the PFC involve both chemical dysregulation
and structural alterations, which collectively impair its ability to regulate emotions and cognition.
The evidence from neuroimaging and neurochemical studies underscores the critical role of the
PFC in PTSD, although further research is needed to fully understand the extent of these changes
and their implications for therapeutic interventions.

In addition to understanding neurobiological changes, future researchers should
investigate the broader physiological and emotional consequences of trauma, such as the
development of chronic pain or cardiovascular issues. Exploring the connection between
prolonged stress, neurobiological changes, and systemic health problems can provide insight into
how trauma impacts the body as a whole. Furthermore, integrating these findings with
advancements in neuroimaging will support the development of holistic, trauma-informed
treatments that address both the mental and physical aftereffects of PTSD.

Conclusion

In summary, trauma induces a cascade of neurobiological changes that affect both
emotional and physical health. The hyperactivity of the amygdala and the resulting dysregulation
of neurotransmitter systems such as serotonin and norepinephrine contribute to the emotional
disturbances seen in PTSD, including heightened anxiety and mood instability. Genetic
predispositions also play a significant role, as individuals with certain genetic markers are more
susceptible to these neurobiological disruptions, particularly in how their brain processes stress
and trauma. Concurrently, the prolonged activation of the body's stress response leads to
significant physical symptoms, including gastrointestinal disorders, chronic pain, and an
increased risk for cardiovascular diseases. These findings underscore the complex interplay
between the brain, emotions, and physical health in the aftermath of trauma. This information
can be used to develop neurobiologically informed treatments that target both the emotional and
physical aspects of PTSD, leading to more holistic interventions. Additionally, these insights
may help shape preventative strategies that address genetic vulnerabilities, offering personalized
approaches to trauma-related disorders.
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