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Abstract:
Childhood abuse and neglect are pervasive adversities with profound and enduring impacts on

health across the lifespan. Recent neurobiological research has illuminated how early
maltreatment disrupts critical brain structures, including the amygdala, hippocampus,
prefrontal cortex, and the hypothalamic-pituitary-adrenal (HPA) axis, leading to dysregulated
stress responses and altered emotional and cognitive functioning. These neurobiological
alterations contribute to heightened risks for mental health disorders such as depression and
PTSD, increased susceptibility to chronic physical diseases, and impaired educational and
occupational outcomes. This paper reviews key findings on the neurobiological mechanisms
underlying the effects of abuse and neglect and explores their implications for mental, physical,
and cognitive health. It further highlights the importance of early identification, trauma
informed care, and preventive interventions in mitigating these consequences. A
multidisciplinary approach integrating research, healthcare, and policy is essential for

supporting at-risk populations and breaking the intergenerational cycle of adversity.

Introduction:
Abuse and neglect during childhood represent some of the most pervasive and damaging social

problems globally, affecting millions of children annually across socio-economic, cultural, and
geographic boundaries. These adverse childhood experiences (ACEsS) encompass physical,
emotional, and sexual abuse, as well as physical and emotional neglect, and are now recognized
not only as moral and legal concerns but also as profound public health issues. The impacts of
abuse and neglect extend far beyond immediate harm, contributing significantly to long-term
physical illnesses, psychological disorders, social maladjustment, and diminished life
expectancy.

In recent decades, advancements in neuroscience have offered crucial insights into how early
adversity influences neurodevelopment. The concept that adverse experiences “get under the
skin” emphasizes the biological embedding of trauma, wherein abuse and neglect during
critical periods of brain maturation can disrupt neural circuits responsible for emotion
regulation, cognition, and stress response. These disruptions help explain the strong
associations observed between early trauma and later health outcomes, including depression,
anxiety disorders, post-traumatic stress disorder (PTSD), cardiovascular diseases, diabetes, and
substance abuse.

Understanding the neurobiological pathways affected by maltreatment is essential for

developing effective prevention, intervention, and policy strategies. The law, healthcare, and
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education sectors increasingly recognize the importance of trauma-informed approaches that
acknowledge the lasting neurobiological effects of abuse and neglect.

This paper aims to review current research on the neurobiology of abuse and neglect, detailing
the impact of early adversity on brain structures such as the amygdala, hippocampus, prefrontal
cortex, and the hypothalamic-pituitary-adrenal (HPA) axis. Furthermore, it explores the
implications of these neurobiological changes for health outcomes across the lifespan,
highlighting the need for interdisciplinary strategies to mitigate these effects and promote
resilience among affected individuals.

Conceptualizing Abuse and Neglect
Abuse and neglect are distinct yet interrelated forms of childhood adversity that have critical

implications for neurodevelopment and long-term health. Abuse encompasses intentional acts
that cause physical, emotional, or sexual harm to a child, including hitting, sexual exploitation,
or verbal maltreatment (Gilbert et al., 2009). Neglect, conversely, involves the omission of
caregiving behaviors necessary for a child’s healthy development, such as failure to provide
adequate food, shelter, medical care, emotional support, or supervision (Dubowitz, 2013).
Although differing in form, both abuse and neglect frequently co-occur and have cumulative
impacts.

Developmental timing plays a crucial role in moderating the consequences of these
experiences. Early childhood represents a period of heightened brain plasticity, making the
developing brain particularly sensitive to adverse environmental inputs (Shonkoff et al., 2012).
Abuse during sensitive developmental windows can alter attachment processes, emotional
regulation, and threat perception, while chronic neglect deprives children of critical
environmental stimulation, disrupting neural pathways responsible for learning, attention, and
executive function (McLaughlin et al., 2014).

It is also important to recognize that neglect may be less visible than abuse but can have equally
devastating effects on a child’s cognitive, emotional, and social development (Perry, 2002).
Therefore, conceptual clarity about these forms of maltreatment is essential for research,
policy, and practice to develop tailored prevention and intervention strategies that account for
their distinct pathways of influence.

Neurobiological Mechanisms: Key Findings

The study of neurobiological mechanisms offers profound insights into how early life
experiences of abuse and neglect can shape the developing brain and alter lifelong health

outcomes. Recent research has illuminated several key systems and structures that are
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especially vulnerable during critical developmental periods, leading to enduring changes in

neurophysiology, behavior, and disease risk.

1. The Hypothalamic-Pituitary-Adrenal (HPA) Axis

The HPA axis is a central component of the body’s stress response system, regulating the
secretion of cortisol a glucocorticoid hormone critical for maintaining homeostasis during
stress. Under normal conditions, activation of the HPA axis in response to stress is self-
limiting, allowing the organism to return to baseline. However, in children exposed to chronic
abuse or neglect, this system becomes dysregulated. Repeated and prolonged activation leads
to altered cortisol production patterns, characterized by either hypercortisolism (elevated
cortisol levels) or hypocortisolism (blunted cortisol output), depending on the nature and
chronicity of the stressor (Gunnar & Quevedo, 2007).

Such dysregulation has significant downstream effects on neural plasticity, immune function,
and metabolic health. Studies have demonstrated that maltreated children often exhibit elevated
basal cortisol levels and a flattening of the diurnal cortisol rhythm a pattern associated with
increased risk for anxiety disorders, depression, and impaired cognitive functioning (Heim et
al., 2008). This chronic stress response may also "program" the body’s physiological systems,

leading to increased vulnerability to chronic disease later in life.

2. Structural and Functional Brain Changes

Neuroimaging studies have consistently shown that children and adults with histories of
abuse and neglect exhibit alterations in brain structure and function. These changes
predominantly affect regions responsible for emotion regulation, memory, executive
functioning, and social cognition.

Amygdala: The amygdala, which plays a central role in the detection and processing of
emotional and threatening stimuli, often shows hypertrophy (increased volume) and
hyperactivity in individuals exposed to early adversity (Tottenham & Sheridan, 2009). This
structural and functional alteration contributes to heightened fear responses, hypervigilance,
and emotional dysregulation common symptoms observed in post-traumatic stress disorder
(PTSD) and mood disorders.

Hippocampus: The hippocampus is critical for memory consolidation and stress regulation.
Research has found reduced hippocampal volume in maltreated individuals, which has been
linked to deficits in learning and memory and increased sensitivity to stress (Teicher et al.,
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2012). Animal models support these findings, showing that chronic stress can impair
neurogenesis and lead to dendritic atrophy in the hippocampus.

Prefrontal Cortex (PFC): The PFC, especially the medial and ventromedial regions, is integral
for executive functions, decision-making, and the regulation of emotional responses. Abuse
and neglect have been associated with decreased cortical thickness and reduced activation in
these areas, which impairs an individual’s ability to modulate emotional reactions and engage

in adaptive problem-solving (McCrory et al., 2011).

Corpus Callosum: The corpus callosum, the major white matter tract facilitating
communication between the two cerebral hemispheres, has also been shown to be thinner in
individuals with histories of maltreatment. This reduction in callosal volume is thought to
reflect disrupted interhemispheric integration, potentially contributing to difficulties in
processing and regulating complex emotions (Teicher & Samson, 2016).

Importantly, these structural and functional changes are influenced by both the type and timing
of maltreatment. For instance, research suggests that neglect disproportionately affects cortical
regions involved in cognitive and socio-emotional processing, while abuse may exert stronger
effects on limbic structures such as the amygdala (McLaughlin et al., 2014). Such findings
highlight the nuanced and experience-specific impact of different forms of adversity on
neurodevelopment.

3. Epigenetic Modifications

Beyond alterations in neural circuits, emerging research has revealed that early adversity can
induce epigenetic changes that influence gene expression without altering the underlying DNA
sequence. Epigenetic mechanisms, such as DNA methylation, provide a biological pathway

through which environmental experiences become “embedded” in the genome and exert long

term effects on physiology and behavior.

A landmark study by McGowan et al. (2009) found that individuals with histories of childhood
abuse exhibited increased methylation of the NR3C1 gene, which encodes the glucocorticoid
receptor a key component of the HPA axis. This epigenetic modification results in decreased
expression of glucocorticoid receptors in the hippocampus, leading to altered feedback
regulation of the stress response and heightened vulnerability to stress-related psychiatric
conditions.

What is particularly striking about epigenetic modifications is their potential transgenerational
impact. Animal studies suggest that epigenetic changes resulting from early life stress can be
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transmitted to offspring, contributing to cycles of adversity and vulnerability that persist across
generations (Yehuda & Bierer, 2009). These findings underscore the profound implications of
child maltreatment not only for individual development but also for broader public health and
social policy.

Implications for Health Outcomes

Childhood abuse and neglect represent not only immediate threats to safety and well-being but
also critical determinants of lifelong health. Advances in neuroscience and epidemiology
demonstrate that early adverse experiences become biologically embedded, influencing mental
health, physical health, and cognitive development. The neurobiological disruptions described
earlier directly contribute to a cascade of health consequences that manifest throughout the

lifespan.

1. Mental Health

Abuse and neglect substantially elevate the lifetime risk for a range of psychiatric disorders,
including major depressive disorder (MDD), post-traumatic stress disorder (PTSD), borderline
personality disorder (BPD), anxiety disorders, and substance use disorders (Widom et al.,
2007). Neurobiological alterations, such as amygdala hyperactivity, hippocampal volume
reduction, and prefrontal cortex hypoactivity, help explain why maltreated individuals exhibit
pervasive difficulties with emotional regulation, impulse control, and stress tolerance
(McCrory et al., 2011).

Meta-analytic evidence underscores the magnitude of these effects: individuals with a history

of maltreatment are approximately twice as likely to develop depression and three times more

likely to develop PTSD compared to individuals without such histories (Norman et al., 2012).
These mental health risks are often compounded by comorbidity; for example, individuals with
PTSD may also experience depression, substance misuse, and self-harming behaviors.
Importantly, these psychiatric outcomes are not merely psychological sequelae—they reflect

enduring alterations in neural circuits and stress physiology shaped by early adversity.

2. Physical Health

In addition to psychological sequelae, childhood abuse and neglect exert significant influence
on physical health outcomes. Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis
leads to chronic elevations in cortisol and other stress hormones, contributing to allostatic
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load—the cumulative physiological burden of chronic stress (McEwen & Stellar, 1993). Over
time, this allostatic load increases vulnerability to a variety of cardiometabolic conditions,
including hypertension, type 2 diabetes, obesity, and cardiovascular disease (Danese &
McEwen, 2012).

Moreover, maltreatment-induced immune dysregulation manifests in elevated levels of
inflammatory markers, such as C-reactive protein (CRP) and interleukin-6 (IL-6), both of
which have been linked to increased risk of cardiovascular disease and early mortality (Danese
et al., 2007). These biological pathways help explain why childhood adversity predicts poorer
physical health even decades after the maltreatment has ceased, making it a key risk factor for

premature morbidity and mortality (Felitti et al., 1998).

3. Cognitive and Educational Outcomes

Childhood maltreatment also impairs cognitive development, primarily through structural and
functional changes in brain regions such as the prefrontal cortex (PFC) and hippocampus,
which are critical for executive function, working memory, attention, and learning (De Bellis
& Zisk, 2014). Neglected and abused children often show deficits in tasks requiring sustained
attention, planning, impulse control, and flexible thinking, which are essential for academic

SUCCESS.

These neurocognitive deficits result in poorer educational attainment, contributing to long-term
socio-economic disadvantage. Research indicates that maltreated children are more likely to
repeat grades, require special education services, and drop out of school, perpetuating cycles
of poverty and marginalization (Gilbert et al., 2009). The cumulative disadvantage extends into

adulthood, affecting occupational attainment, income stability, and social integration..

Collectively, these mental, physical, and cognitive consequences reveal how abuse and neglect
shape multiple domains of functioning, reinforcing inequality across generations. These
findings underscore the importance of early detection and intervention, as well as trauma
informed care systems that recognize the pervasive influence of maltreatment on both health

and educational outcomes.

Implications for Policy and Practice

The growing body of research on the neurobiological effects of childhood abuse and neglect
has significant implications for public policy and professional practice. Recognizing the
biological embedding of early adversity calls for an integrated, trauma-informed approach that
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spans healthcare, social services, education, and the legal system. Understanding these
implications is essential not only for improving outcomes for affected individuals but also for

reducing the intergenerational transmission of adversity and its associated costs to society.

1. Early ldentification and Intervention

Neurobiological evidence emphasizes that maltreatment during sensitive developmental
periods has disproportionate effects on brain maturation and stress-response systems (Shonkoff
et al., 2012). This underscores the critical importance of early identification of at-risk children
and timely intervention to mitigate or even reverse some of these adverse neurodevelopmental

outcomes.

One promising intervention is Attachment and Biobehavioral Catch-up (ABC), which targets
caregiver-infant relationships. The ABC program focuses on enhancing caregiver sensitivity
and nurturing behavior to promote secure attachment and regulate stress responses in
maltreated children (Dozier et al., 2009). Research shows that ABC can normalize cortisol
production patterns among children with histories of neglect and maltreatment, effectively
reducing biological markers of stress (Bernard et al., 2015). Such findings highlight the need
for widespread implementation of evidence-based early interventions to address
neurobiological vulnerabilities before they manifest as psychiatric, cognitive, or behavioral
problems.

2. Trauma-Informed Health and Legal Systems
Healthcare and legal systems must adapt to reflect an understanding that many health and

behavioral problems among children and adults may have roots in early adversity. Trauma-

informed care (TIC) is an approach that recognizes the prevalence of trauma, understands its
widespread impact on health and behavior, and seeks to avoid re-traumatization in care settings
(Substance Abuse and Mental Health Services Administration [SAMHSA], 2014). In the
healthcare system, this means screening for adverse childhood experiences (ACEs) as part of
routine care, training providers to recognize trauma-related symptoms, and designing
interventions that are sensitive to the needs of maltreated individuals. Trauma-informed
approaches have been shown to improve patient engagement, adherence to treatment, and
overall health outcomes (Green et al., 2016).

In the judicial system, understanding the neurobiology of abuse and neglect may influence
decisions about culpability, sentencing, and rehabilitation potential. For example, recognizing
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that individuals who exhibit impulsive, aggressive, or antisocial behaviors may be reflecting
neurodevelopmental consequences of maltreatment can inform more compassionate and
effective legal responses (Ford et al., 2019). The incorporation of neurobiological insights may
also inform child welfare proceedings, custody determinations, and foster care practices,
ensuring that policies and decisions are aligned with developmental science.

3. Prevention Policies

Perhaps most importantly, neurobiological research reinforces the importance of preventing
abuse and neglect before they occur. By demonstrating that adverse childhood experiences can
fundamentally alter brain structure, stress regulation, and biological functioning, this research
strengthens the case for investment in universal prevention strategies.

Effective prevention initiatives include parental education programs that promote positive
parenting practices, home visitation programs such as the Nurse-Family Partnership (NFP),
and policies that address the socio-economic determinants of maltreatment, including poverty,
housing instability, and parental mental health (Olds et al., 2007). These programs not only
reduce rates of abuse and neglect but also promote healthier environments for optimal child
development.

Furthermore, public policies that support parental leave, early childhood education, and access
to healthcare and social services can help address the upstream factors that contribute to family
stress and increase risk for maltreatment (Jack et al., 2012). Such upstream interventions are
essential for reducing disparities in exposure to early adversity and its subsequent
neurobiological and health effects.

Conclusion

The neurobiology of abuse and neglect reveals compelling evidence that adverse childhood
experiences become biologically embedded, affecting the brain, body, and behavior across the
lifespan. Early maltreatment alters critical neurobiological systems, including dysregulation of
the hypothalamic-pituitary-adrenal (HPA) axis, structural and functional changes in the
amygdala, hippocampus, and prefrontal cortex, and epigenetic modifications that influence
gene expression and stress responsivity. These alterations help explain the well-documented
associations between abuse, neglect, and adverse mental health outcomes such as depression,
PTSD, and substance use disorders; increased risk for chronic physical illnesses including
cardiovascular disease and metabolic syndrome; and poorer cognitive, educational, and social
functioning.
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This growing scientific understanding has important implications for policy and practice. Early
identification of at-risk children, implementation of trauma-informed care within healthcare
and judicial systems, and investment in preventive interventions that address socio-economic
determinants of maltreatment are all essential steps toward mitigating the long-term
consequences of early adversity. Programs such as Attachment and Biobehavioral Catch-up
(ABC) illustrate how targeted interventions can help buffer the neurobiological impacts of

trauma and promote resilience.

Ultimately, addressing the neurobiological consequences of abuse and neglect requires an
interdisciplinary approach that integrates research, healthcare, law, education, and social
policy. By recognizing the profound and lasting effects of childhood maltreatment on
neurodevelopment and health, we can design more effective strategies to promote healing,
reduce intergenerational cycles of adversity, and support the well-being of vulnerable
populations across society.
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