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ABSTRACT 

Exposure to traumatic events constitutes a major global health concern, yet most individuals exhibit 

resilience, maintaining adaptive functioning and psychological well-being. This review examines the neural 

and psychological correlates of resilience and their predictive role in long-term mental health outcomes. 

Neural mechanisms associated with resilience include prefrontal cortex structure and connectivity with the 

amygdala and hippocampus, which support cognitive flexibility, emotion regulation, and adaptive stress 

responses. Psychological mechanisms encompass appraisal, coping strategies, mastery, and rumination. 

Importantly, resilience reflects a dynamic, iterative process in which neural and psychological systems 

interact bidirectionally to shape recovery trajectories. Predictive models integrating demographic, neural, 

and psychological biomarkers demonstrate the potential to forecast mental health outcomes post-trauma, 

informing prevention, intervention, and resilience-enhancing strategies. Understanding the interplay of 

these factors is critical for elucidating why some individuals thrive despite adversity while others develop 

chronic stress-related psychopathology. 

Keywords: resilience, trauma, mental health outcomes, prefrontal cortex, amygdala, hippocampus, 

emotion regulation, coping strategies, neural plasticity, predictive modeling, psychological processes. 

 

INTRODUCTION 
  Tragically, many individuals worldwide are exposed to traumatic events, such as natural disasters, military 

combat, epidemics, personal neglect and abuse, or terrorist violence. Traumatic exposure is a leading global 

health issue, considered a primary cause of severity, chronicity, and comorbidity of mental disorders. 

However, the majority of exposed individuals remain resilient, experiencing little or no long-term 
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deterioration in mental health (Bolsinger et al., 2018). Consequently, resilience constitutes an important 

phenomenon to study; understanding the characteristics of both resilience and the resilient individual may 

help extend the life course of adaptive coping and prevent chronic poor adjustment. 

Despite the considerable literature on resilience, no unified definition exists; the term appears in several 

broadly differing scientific contexts. Resilience is commonly viewed as a static trait that an individual 

possesses and varies from one individual to another. This view has led to a long inventory of protective 

factors and risk factors. A comprehensive elucidation of resilience, however, regards it as a dynamic 

process. A second closely related term, exposure to trauma, is also hard to define due to the large human 

variability in physical, mental, and social conditions. The nature, timing, chronicity, and other specifications 

of exposure can exert strong influences on a larger or smaller variety of characteristics (such as intensity, 

frequency, or accumulation) and on their impacts on trailing adjustment. Even conventional pathologies 

such as posttraumatic stress disorder, depression, anxiety disorder, and functional problems remain widely 

diverse. 

Conceptual Framework of Resilience in Trauma 

Resilience after the experience of trauma is a function of both neural and psychological processes (J. A. van 

der Werff et al., 2013). Resilience relates to the capacity to maintain stable adaptations and high levels of 

functioning despite adverse events. The capacity to adapt successfully over time can be measured by mental 

health and well-being outcomes. Maintenance of functioning without adverse change relates to the absence 

of stress-related symptoms such as low mood, anxiety, and suicidality. The concept of stress-related 

avoidance is considered a further maladaptive outcome. (1) Resilience in regards to trauma exposure is 

assumed to be moderated by neural correlates related to stress regulation and cognitive flexibility. These 

factors influence both the processing of stressful stimuli and the ability to adaptively regulate moods and 

thoughts. (2) Psychological processes involved in resilience mainly relate to the processing of appraisal and 

coping related to the trauma, the evaluation of future risk, the presence of positive meaning, and the degree 

of rumination (Bolsinger et al., 2018) [table 1]. 

 

Table 1: Neural and Psychological Correlates of Resilience After Trauma 

Domain Key Components Mechanisms / 

Correlates 

Impact on Mental Health 

Neural 

Correlates 

Prefrontal cortex (PFC), 

amygdala, hippocampus, 

superior frontal gyrus 

Gray matter volume, 

resting-state PFC–

amygdala connectivity, 

PFC–hippocampus 

connectivity 

Higher connectivity linked 

to reduced posttraumatic 

depression, anxiety, and 

posttraumatic growth 

symptoms 

Psychological 

Correlates 

Appraisal, coping, 

rumination, positive 

meaning 

Early positive appraisal, 

problem-focused coping, 

emotion-focused coping 

Higher resilience predicts 

better recovery, adaptive 

functioning, lower 

maladaptive behaviors (e.g., 

avoidance, substance use) 

Pre-Trauma 

Protective 

Factors 

Intelligence, positive 

childhood experiences, 

adaptive personality 

traits 

Supportive cognitive 

schemas, self-efficacy 

Enhances baseline 

resilience, reduces risk of 

mental disorders post-

trauma 

Pre-Trauma 

Risk Factors 

Psychopathology, social 

adversity, maladaptive 

personality traits 

Dysfunctional appraisal, 

rumination tendencies 

Lower resilience, higher 

likelihood of chronic or 

severe distress 
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Dynamic 

Process Factors 

Trait vs situational 

resilience, adaptive 

capacity 

Iterative negotiation of 

coping strategies 

Determines ability to 

maintain or regain 

functioning under stress 

Neurobiological Correlates of Resilience 

Resilience is a dynamic, context-dependent process. Resilience to stress is often associated with the 

prefrontal cortex (PFC) and connectivity between the PFC and the amygdala. A study of military personnel 

and exposure to combat-related stress showed that neural correlates of resilience included superior frontal 

gyrus gray matter volume, resting-state PFC–amygdala connectivity, and PFC–hippocampus connectivity. 

Higher PFC connectivity was associated with less acute posttraumatic-elated depression and anxiety, as 

well as fewer posttraumatic growth symptoms. Resilience theory postulates that subjective appraisal and 

cognitive processes play a significant role in successfully recovering and preventing similar adverse life 

experiences (J. A. van der Werff et al., 2013). 

Psychological Mechanisms Underpinning Resilience 

Resilience, defined as an individual’s ability to maintain or regain a healthy level of psychological and 

physical functioning following exposure to extreme stress or trauma (J. A. van der Werff et al., 2013), is a 

dynamic process that varies over time rather than a fixed personality trait or set of characteristics. As such, 

resilience can be examined across different stages of trauma exposure (for instance, pre-event, peri-event, 

and post-event), at distinct time points during recovery, or even when no recovery occurs at all. Prior to 

delineating the relationship between resilience and mental health trajectories, it is therefore important to 

clarify the specific definition of resilience adopted for the purposes of this analysis. 

Factors associated with higher pre-trauma resilience, such as higher intelligence, positive childhood 

experiences, and adaptive personality traits, are considered pre-trauma protective factors, while those 

associated with less resilience, such as psychopathology, social adversity, and maladaptive personality 

traits, constitute pre-trauma risk factors. A high baseline level of resilience contributes to better mental 

health outcomes and recovery trajectories following subsequent traumatic exposure; individuals who do 

not recover, however, may still be highly resilient. The initial conceptualization of resilience as a return to 

baseline functioning following potentially traumatic events, associated with the general population, is 

contrasted with an alternative understanding that focuses on enhancement of adaptive capacity, associated 

with individuals who experience chronic exposure to extreme stress such as in conflict and disaster settings. 

The definition of resilience as a relatively stable, trait-like quality-differentiating between ‘trait resilience’ 

and ‘situational resilience’-is widely adopted in clinical and research contexts; accordingly, baseline 

psychological functioning is often treated as a ‘mental health trait.’ However, from a process perspective, 

resilience-like personality, temperament, and intelligence-represents not only an individual’s capabilities, 

but also the continual, iterative negotiation of those capabilities in a complex dynamic; it defines neither 

the attributes nor the outcomes of traits that reflect current performance status or capability, but rather an 

inherently expected fluctuating capacity to sustain or enhance adaptive functioning following exposure to 

stress or trauma. 

Resilience, defined as an individual’s ability to maintain or regain a healthy level of psychological and 

physical functioning following exposure to extreme stress or trauma, is evident when adverse conditions 

yield better-in-expected mental health, recovery, and functioning outcomes traceable to psychological, 

social, or biological factors [table 2]. 

Table 2: Interaction of Neural and Psychological Factors in Predicting Long-Term Outcomes 

Factor Type Interaction 

Mechanisms 

Examples / Neural 

Substrates 

Long-Term Outcome 

Effects 
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Neural → 

Psychological 

Neural efficiency 

supports adaptive 

appraisal and coping 

PFC–amygdala 

regulation, 

hippocampal plasticity 

Facilitates emotion 

regulation, neurogenesis, 

and positive reappraisal of 

trauma 

Psychological → 

Neural 

Positive engagement 

modifies neural 

function 

Motivation systems, 

attentional focus, 

amygdala subnet 

engagement 

Enhances structural and 

functional plasticity, 

reinforces adaptive strategies 

Cognitive 

Flexibility 

Reappraisal and 

adaptive coping 

strategies 

Executive control 

networks, prefrontal 

connectivity 

Supports recovery and 

reduces risk of persistent 

stress-related symptoms 

Environmental 

Moderation 

Contextual demands 

modulate neural-

psychological 

interaction 

Social support, stressor 

intensity, trauma 

chronicity 

Determines effectiveness of 

resilience processes in real-

world settings 

Predictive 

Modeling Inputs 

Demographic, neural, 

psychological 

biomarkers 

Age, sex, functional 

connectivity, 

rumination, coping 

style 

Used in regression or ML 

models to predict mental 

health outcomes (AUC, R², 

calibration) 

Resilience incorporates a variety of cognitive, social, and biological processes reflected in psychological, 

linguistic, structural, and functional features of responses and experience. Cognitions associated with 

resilience include assessed on appraisal (e.g., perceived threat, challenge, or uncontrollability), mastery, 

and rumination; an early, preferably positive or nondistressing appraisal is linked to improved recovery 

from any major trauma, whereas extensive subsequent ruminative or threat appraisal is  correlated with 

persistent adverse trajectories for normal populations. 

Higher resilience correlates with more constructive types of coping following exposure to stress; specific 

strategies significantly connected to better mental health trajectories encompass both actively problem-

solving the source of distress (problem-focused) and shifting one’s mindset to look toward the future or 

modify extreme emotional reactions (emotion-focused). Lower resilience relates to a higher incidence of 

maladaptive coping methods, such as substance abuse or avoidance, and is negatively linked to more active 

attempts to undertake sufficient, non-destructive, non-evading coping. 

At the population level, higher pre-trauma resilience generally accompanies a lower risk of developing 

common mental disorders. High-basal resilience fosters shorter, milder, less continuous, and non-chronic 

distress following traumatic events; even without full recovery-patently evident in exposed military 

personnel-resilience processes promoting functioning-maintenance or disorder-nonformity remain 

operative. 

Interaction Between Neural and Psychological Factors 

Neural and Psychological Correlates of Resilience After Traumatic Events in Predicting Long-Term Mental 

Health Outcomes 

Interaction Between Neural and Psychological Factors. Resilience research indicates that neural factors 

interact with psychological characteristics to inform long-term outcomes following exposure to trauma. 

Resilience is a dynamic process that facilitates positive adaptation in the aftermath of adversity. Neural 

activity, at rest and during emotionally evocative tasks, is associated with resilience and shows bidirectional 

links with psychological processes. The interplay is evident in the speed of initial and subsequent recovery 
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after reformulation of the trauma in cognitive therapy. Influence from psychological to neural underlines 

the importance of mitigating negative effects resulting from trauma. Maintaining a positive perspective 

promotes emotion regulation, learning, and neurogenesis in systems supporting resilience. These, together 

with structural plasticity in neocortex and hippocampus, feed back into psychological systems to enhance 

reappraisal of new and past traumas (J. A. van der Werff et al., 2013). The interaction between neural and 

psychological factors is illustrated by the broader concept of neurocognitive efficiency, in which heightened 

psychological engagement recruits the motivational system and reinforces individual strategies such as 

finding social support. Conversely, when environmental demands exceed personal capacity, engagement is 

more superficial and relies on habit or tendency rather than flexible comprehension of the situation. 

Attention is directed toward the amygdala when the system is observed, reflecting its subnet role in 

collectively adaptive styles. 

Predictive Models of Long-Term Mental Health Outcomes 

Predictive models for mental health outcomes consider a range of inputs and performance metrics. 

Statistical modeling approaches vary in their reliance on outcome type, temporal measurement, and data 

latencies. Commonly used regression-based analyses range from linear and logistic techniques through to 

survival modeling. Within the machine-learning paradigm, applied algorithms include support vector 

machines, random forests, and deep neural networks. Inputs span demographic (e.g. sex, age, ethnicity), 

neural (e.g. functional connectivity, morphometry), and psychological (e.g. rumination, coping style, 

motivation) biomarker domains. Evaluation criteria encompass indicator measures such as area-under-the-

curve (AUC), R2, and the Nagelkerke Pseudo-R^2. Procedures for cross-validation, calibration, and test-

set generalizability are rigorously deployed (Kleim et al., 2012) ; (Shen et al., 2021). 

Methodological Considerations in Resilience Research 

Mental health research has predominantly focused on psychological and social factors influencing 

resilience, while biological components remain less understood. However, adbfa93898-1908-4cd5-85ba-

fc123b0827ccces in neurobiological techniques and in understanding brain-behavior relationships have 

produced substantial research on consciousness, trauma, and mental health (J. A. van der Werff et al., 2013). 

Systematic reviews investigating the neural basis of resilience identified the relebfa93898-1908-4cd5-85ba-

fc123b0827ccce of baseline neural function, structure, and connectivity (Bolsinger et al., 2018). Resilience, 

defined as the ability to return to a stable mental state after exposure to stress, influences psychological 

adjustments to trauma. Mental health outcomes, encompassing symptom severity and quality of life, are 

differentially affected by resilience. Resilience incorporates both psychological and biological factors, and 

resilience-related components interact with each other. 

Resilience research has largely relied on cross-sectional designs that use retrospective assessments of 

resilience-related processes following traumatic experiences. Such approaches limit the ability to establish 

resilience as a prospective predictor and often overlook critical factors such as the intensity and duration of 

stress exposure. Only mechanistic models employing prospective measurements can determine the 

predictive relevance of resilience and clarify how it influences trauma-related outcomes. Recent advances 

in neurobiological methods have enabled more detailed investigation of the underlying components of 

resilience, while the growing use of digital technologies has facilitated the collection of large-scale, high-

dimensional data. The application of machine-learning techniques offers new opportunities to identify key 

resilience parameters and their associations with long-term trauma effects, thereby strengthening theoretical 

models and supporting more personalized approaches to mental health treatment. Nevertheless, existing 

resilience frameworks require further refinement to ensure broader applicability across different types of 

stressors and mental health disorders 

Implications for Intervention and Prevention 

Neuroscience offers opportunities to develop models of individual differences that could guide the design 

and timing of interventions for those who have experienced trauma (Bolsinger et al., 2018). Neurological 
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markers linked to resilience following trauma have been identified, and the development of a multi -

dimensional approach to treatment incorporating these indicators may be helpful. Solutions for preventing 

or remediating trauma-linked disturbances, and for ensuring that interventions are matched to individual 

needs, would enhance capacity for psychosocial outreach into diverse communities, including those in 

which stigma remains a barrier to intervention (M. Iacoviello & S. Charney, 2014). Resilience extends 

beyond social support and community outreach to encompass capacity for processing experience. 

Interventions designed to amplify individual attributes, when informed by knowledge of resilience, offer 

potential for promoting wellness in those who have suffered trauma. 

Expanding mechanisms for promoting learning from adversity and bolstering resources for regulating new 

experiences during recovery are relevant follow-up considerations. A growing range of empirical studies 

provides insight into the nature of resilience and the processes that support it. Analysis of the precise 

longitudinal ongoing mechanisms through which resilience exerts its effects and the determinants of 

resilience in the broadest sense could assist in addressing more comprehensive recovery trajectories. 

Integration of care and follow-up within university health clinics has potential for enhancing the delivery 

of campus-related resources that promote psychological well-being among students. Personalization of 

interventions to fit distinctive institutional profiles, cultures, and macro structural environments could 

further strengthen outreach capacity. Research into moderators and mechanisms of resilience characterized 

as psychological extends and specifies preliminary conclusions concerning resilience examined from neural 

perspectives, and illuminates complementary avenues for translational outreach. 

Ethical and Equity Considerations in Resilience Research 

Resilience is often depicted on a continuum that ranges from pathological to invulnerable, and its 

conceptualisation divides into two broad perspectives. The first defines resilience as a characteristic or trait 

that remains stable throughout an individual’s lifetime. According to this perspective, certain individuals 

possess higher resilience than others due to personal qualities or characteristics that promote adaptation 

(Bolsinger et al., 2018). The second, and more widely adopted, viewpoint conceptualises resilience as a 

dynamic process of successful adaptation to adversity involving a series of complex, reciprocal, and 

evolving interactions between individuals and their environment. Supporting this interpretation, empirical 

studies have established multiple resilience-related processes consistent with varying circumstances, 

trauma levels, and developmental stages. 

Conclusion 

Resilience refers to the ability to maintain or regain mental health after adverse life events (Bolsinger et al., 

2018). Characterized by sustained adequate functioning or healthy recovery following trauma exposure, 

resilience is typically assessed through baseline mental health trajectories after trauma. Despite concerted 

research efforts, the neural and psychological correlates of resilience remain insufficiently understood and 

various models have yet to be empirically verified in large-scale studies. Analysing substantial datasets 

from depression cohorts, recent studies have established cross-modality predictive models for long-term 

trauma outcomes. While still incipient, this avenue has opened new possibilities for resilience research and, 

through a growing body of work, neural and psychological correlates associated with moderate and high 

resilience have been identified. 
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