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Introduction
Suicide is a global public health challenge that transcends class, 

race, sex, and age.1 The World Health Organization reports nearly 700 
thousand deaths yearly, with many more attempting and contemplating 
suicide.1 Efforts to understand and address suicide have expanded 
exponentially; yet progress remains insufficient, particularly in 
low- and middle-income countries.2 Provoking suicidal thoughts 
can be mere exposure to violence or hearing of another’s suicide.3 
Thus the importance of understanding suicide, especially considering 
forthcoming environmental catastrophes, is amplified.4 Nearly all 
self-inflicted deaths have a detectable cause.5  Epidemiological, 
sociological, psychological, medicinal, and neurobiological 
approaches have been deployed to understand suicidal behavior 
and communicate preventive procedures.6 Nevertheless, this article 
concentrates solely on neurobiological aspects. 

Neurobiological alterations in suicidal individuals continue to 
be a matter of intense scholarly interest.7 Direct measurements of 
biological parameters in living humans or post-mortem examinations 
of human tissues have provided insights into the neurobiology of 
suicide.8 A vast number of candidate molecules, pathways, circuits, 
and networks has been identified; however, a comprehensive, cross-
parameter understanding of the neurobiological factors underpinning 
suicidal ideation, expression, and repetition remains elusive.9 
Furthermore, a growing understanding of other neuropsychological 
phenomena—including other- or auto-aggressive behavior, impulsive 
aggression, and self-harming behavior—might intensify a cascade 
of neurobiological events culminating in suicidal acts.10 Given this 
similar background, disentangling the neurobiological underpinnings 

of suicidal thoughts and actions presages elucidating these other 
conditions and encourages cross-pollination among rich, diverse 
research programs abreast other neurobiological factors.11 

Disparate neurobiological factors govern the distinct short- and 
long-time scales over which suicidal actions are contemplated 
and performed.12 Consistent, sustained alterations build negative 
emotional backgrounds and psychological pain over weeks, months, 
and often years.13 More acute neurobiological alterations conducive 
to suicidal decision-making or self-harming behavior unfold within 
seconds to minutes and emerge temporally close to acts themselves.14 
Concurrently, developmentally-related factors such as the proximity 
of suicide and differences between grandchildren or great-
grandchildren of individuals who attempted suicide shed enriched 
light on neurobiological factors contributing to the suicidal decision 
continuum.15 

Neurobiological architecture of suicidal 
thoughts

Suicidal thoughts and behavior continue to be pervasive and 
pressing mental health issues, notwithstanding the increasing 
availability of effective treatments and preventive measures.16 An 
estimated 7% of adults worldwide experienced suicidal ideation in 
2021,2  while close to 700,000 people died by suicide that same year.2 
Suicide was the global leading cause of death in young people aged 
15 to 29 in 2021, affecting approximately 1.7 million adolescents 
aged 10 to 19.17  Some individuals who experience such dysfunctional 
thoughts do not endorse criteria for a mental disorder.18 This 
widespread nature of suicidal ideation across age and clinical status, 
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Abstract

Suicidal thoughts and actions occur due to a dynamic interaction of biological 
vulnerability, exposure to stress, psychological processes, and social context. This 
paper reviews neurobiological domains linked to suicidal thoughts and behavior, with 
a focus on monoaminergic signaling, HPA-axis dysregulation, neuroinflammation, 
neurotrophic and synaptic-plasticity pathways, large-scale brain networks, and genetic-
epigenetic vulnerability. A range of post mortem and neuroimaging findings, as well as 
molecular, genetic and clinical findings have shown that serotonergic functioning is 
altered, prefrontal limbic connectivity is disrupted, there is atypical cortisol responsivity, 
inflammatory activation and reduced neurotrophic signaling. Nevertheless, these findings 
are heterogeneous and not specific to suicidal phenotypes; many also occur in the context 
of major depressive disorder, trauma-related disorders, chronic stress and other psychiatric 
disorders. Changes related to a crisis may be measured during a situation, but “what is most 
important is the timing, context, situation”. According to current evidence, multidimensional 
risk assessment should integrate biological findings with clinical, psychological, and social 
information, and isolated biomarkers should not be used clinically. It is essential to carry 
out prospective, longitudinal, multimodal studies that feature well-matched psychiatric 
comparison groups. Doing so will help researchers make the distinction between trait 
vulnerability and state-dependent crisis markers. Furthermore, scientists must begin to 
determine whether biomarker combinations can contribute to precision prevention in an 
ethical and dependable manner.
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however, underscores the need for additional research into identifying 
and monitoring its underlying biological drivers.19 

Neurobiological investigations have historically focused on 
suicide—the ultimate act of self-harm—rather than suicidal ideation 
per se.20 Nevertheless, suicidal thoughts have been found to act as the 
earliest detectable indicator of an impending suicide attempt and as 
a robust predictor of attempted suicide across gender and culture.21 
Neurobiological understanding of suicidal behavior more generally 
thus stands to elucidate suicidal thoughts specifically.22 The present 
evidence-based synthesis, therefore, concentrates on examining the 
neurobiological architecture of suicidal thoughts in greater detail 
while acknowledging other components of this framework relevant to 
the broader construct of suicidal behavior.23

Each of the five key neurobiological factors implicated in the 
suicidal behavior framework advanced by Aydin et al.2—disruption of 
serotonergic, noradrenergic, and dopaminergic systems; dysregulation 
of the hypothalamic-pituitary-adrenal axis; neuroinflammation and 
immune response; and perturbation of neurotrophic factors supporting 

synaptic plasticity—exhibits a well-established relationship with 
suicidal ideation. Beyond those five factors, Vargas-Medrano et 
al.1 highlight an additional neurobiological component—structural 
changes in brain circuits and networks—that has been consistently 
associated with adolescent suicidal behavior and lends further insight 
into the architectures underlying suicidal thoughts.1 This perspective 
points to the brain networks associated with suicidal ideation, namely 
the default mode network, salience network, emotion regulation and 
control network, and frontostriatal network.1 First, the default mode 
network facilitates self-referential thinking, social cognition, and 
rumination, all of which are amplified by suicidal thoughts (24). 
Second, the salience network is activated by negative events and 
enhances emotional awareness and decision-making, underscoring 
the role of this circuit in modulating the attentional bias for negative 
stimuli observed in individuals with suicidal ideation.25 Third, 
the impulse control and emotion regulation network is involved in 
suicidal ideation, through impaired control of the emotional decision-
making process, and susceptibility to environmental modulation also 
occurs in the frontostriatal network (Table 1, Figure 1).25 

Table 1 Neurobiological domains implicated in suicidal ideation and behavior

Domain Representative abnormalities Relevance to ideation/behavior Specificity and interpretative caution

Monoaminergic systems

Serotonergic disturbance; 
noradrenergic stress activation; 
inconsistent dopaminergic 
findings.

Associated with mood regulation, 
aggression, impulsivity, and vulnerability 
to suicidal thoughts.

Results differ by tissue, diagnosis, and type 
of medication exposure, and definition of 
phenotype and are not suicidal behavior 
specific.

HPA-axis dysregulation
Altered cortisol reactivity, stress 
feedback changes, hippocampal 
involvement.

Links early adversity and chronic stress 
to acute suicidal vulnerability.

It remains difficult to disentangle state 
versus trait effects and exposure to 
depression or chronic stress causes 
similar HPA-axis changes.

Neuroinflammation
Cytokine activation, glial signaling, 
immune-pathway genetic signals.

May amplify psychological pain, sickness 
behavior, and stress sensitivity.

Inflammatory markers are nonspecific and 
are dependent on psychiatric, medical, 
behavioral and treatment factors.

Neurotrophic/plasticity factors
Reduced BDNF and altered 
neurotrophin signaling under 
stress.

Suggests impaired adaptive remodeling 
in cortico-limbic circuits.

Less serum BDNF may not limit the 
functionality of neural systems, which 
reduced levels overlap with depression.

Brain networks
Altered default mode, salience, 
frontostriatal, and prefrontal-
limbic connectivity.

Supports rumination, negative salience, 
impaired control, and transition from 
ideation to action.

The imaging abnormalities mimic those 
of mood and stress-related disorders and 
require prospective, externally validated 
standardization.

Genetic/epigenetic factors
Familial liability, polygenic 
contribution, stress-responsive 
methylation changes.

May condition sensitivity to adversity 
and persistence of risk across 
development.

No one genetic or epigenetic marker is 
sufficient clinically: the effects are small, 
polygenic and context dependent.

Figure 1 Integrated neurobiological architecture connecting biological domains with suicidal ideation and behavior 
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Serotonergic system disturbances
An abundance of evidence involves deficiency in serotonergic 

neurotransmission in the neurobiological circuit involving suicidal 
thinking.26 In individuals who have attempted suicide, levels of 
5-hydroxyindoleacetic acid (5-HIAA), the principal metabolite of 
5-HT, are low in the CSF. These levels are confined to the suicidal 
subgroup among subjects with major depressive disorder.26 The 
postmortem human brain literature shows that 5-HIAA and other 
indirect markers of serotonergic function, especially in brainstem 
nuclei, were consistently lower than controls in samples of suicide 
decedents suffering from psychiatric disorder, especially mood and 
psychotic disorder.2 Similar findings come from independent studies 
of 5-HT1A receptor levels in the brains of suicide decedents with 
major depression, which show lower levels of receptor availability, 
primarily in the prefrontal cortex and hippocampus: two regions that 
are critical in emotion regulation and self-referential thought.27 

Genetic studies have also supported an association between 
serotonergic dysfunction and major depressive disorder-related 
suicide risk by relating the presence of functional 5-HT transporter 
(5-HTT) gene promoter and 5-HT1A receptor polymorphisms to 
termination of life in major depression.28 Because the association of 
genetic variants related to the 5-HTT system with suicidal phenotypes 
has been documented in other clinical and experimental populations, 
parallel investigations of candidate genes involved in additional 
biogenic amine pathways, including noradrenalin and dopamine 
systems, have been initiated.29  

Noradrenergic and dopaminergic pathways

There is a lack of complete understanding of the neurobiology 
of suicidal behaviour. According to a number of familial, twin and 
adoption studies, there is a heritable contribution that is at least in 
part independent from a current psychiatric diagnosis. Furthermore, 
clinical studies link suicidal behaviour with aggression and 
impulsivity.30–33 As a possible contributing factor to stress-related 
vulnerability, noradrenergic dysfunction and changes concerning the 
locus coeruleus have been investigated.34

Suicide has also been associated with noradrenergic transmission, 
due to lower levels of noradrenaline in the brain stem.2 A rise in the 
activity of LC noradrenergic transmission might be associated with 
stress and other developmental risk factors which may indicate 
a shift to suicide behaviour.5  Changes in noradrenergic activity 
have been shown in postmortem brains, CSF and plasma levels 
and experimental animal models using suicidal models.8 Due to its 
expected relationship with suicidal behavior,35 the locus coeruleus 
has been heavily investigated. Research involving this nucleus has 
generated conflicting results; low noradrenaline (NA) levels and 
high α2-adrenergic receptor densities in suicide victims have been 
observed but also decreased β1-adrenergic and 5-HT2 receptor 
binding sites and GABAA receptor subunit alterations have been 
reported.36 Compelling evidence shows that short-term adjustments 
of this system commonly occur across various models of individual 
vulnerability to stress-inducible behavioral changes.37

The evidence supporting dopamine’s involvement is less reliable 
than that involving serotonin and norepinephrine. Although some 
postmortem research has not detected differences in cortical and 
subcortical dopamine levels in suicide decedents versus controls, 
studies have found associations involving striatal D2 receptors 
in some clinical groups (26,38-40). Dopaminergic findings may 
thus be considered transient and phenotype-dependent, rather than 
interpretative evidence of a single decisive mechanism.41 

Hypothalamic-pituitary-adrenal axis dysregulation

The HPA axis is an essential neuroendocrine system that responds 
to stress. Following activation, the blood levels of glucocorticoids 
will rise. In humans, cortisol is the main glucocorticoid that rises.41 
These hormones terminate activity through feedback inhibition. 
Human studies performed postmortem have shown, irrespective 
of psychiatric diagnosis, that the HPA axis is impaired in suicide 
decedents; dysregulation has also been linked to receiving treatment 
with antidepressants.42 As a result, extensive changes in the 
hippocampus, which is involved in HPA-axis assessment of stress and 
feedback control, were noted in suicide.43  Cortisol has been the most 
studied mediator of stress response concerning suicidal behavior.44 
Dysregulation of the hypothalamic-pituitary-adrenal axis is linked 
with suicide ideation, attempt, and completion, as well as increased 
risk for mood, psychotic, and personality disorders.42 Cortisol 
responses to stress are blunted in suicide attempters, most likely due 
to either signaling dysfunction of the HPA axis or impairment of the 
CNS to cortisol.45 Previous traumatic experiences are associated with 
weakened reactivity of the HPA axis to any further stress. Furthermore, 
the HPA axis modifications are related to childhood and adult trauma 
history. According to a research study,46 women who were sexually 
or physically abused during childhood, showed inhibition of the 
pituitary-adrenal response.

Neuroinflammation and immune signaling

Neuroinflammation and abnormalities in immune signaling 
systems are increasingly implicated in the neurobiological 
mechanisms underlying suicidal behavior.47 Biochemical studies in 
cerebrospinal fluid and post-mortem brain tissues reveal elevated 
levels of proinflammatory cytokines and chemokines in individuals 
who died by suicide.48 Complementing these findings, large-scale 
genetic analyses support a polygenic model in which a common 
genetic risk architecture links both suicide attempts and major 
psychiatric disorders, with several risk variants associated with 
distinct immune pathways.49 Empirical meta-analyses conducted 
on studies in suicide attempters and completers confirm elevated 
levels of multiple inflammatory cytokines, including interleukin-6, 
a pleiotropic proinflammatory cytokine implicated in multiple 
pathogenic processes.50 Anomalous immune activity and dysregulated 
inflammatory signaling systems thus represent a potentially critical 
neurobiological substrate of increased suicide risk.51 

At a cellular level, the innate immune response to injury, stress, and 
inflammation is mediated by the activation of glial cells and the release 
of proinflammatory cytokines, chemokines, and other inflammatory 
mediators.52 Extensive evidence identifies such neuroinflammatory 
processes as essential players in the pathophysiology of major mental 
disorders associated with an increased risk of suicidal behavior, 
including mood disorders, schizophrenia, post-traumatic stress 
disorder, and substance use disorders.53 Meta-analyses of biochemical 
studies demonstrate the presence of altered concentrations of 
proinflammatory cytokines in the plasma and serum of patients with 
major depression, anxiety disorders, post-traumatic stress disorder, 
and psychosis, conditions that are also strongly linked to suicidal 
behavior.54 Cortical and peripheral alterations of proinflammatory 
cytokines, such as IL-1α, IL-1β, TNF-α, and IL-6, have been 
identified in post-mortem studies of depressed individuals, and the 
detection of multiple inflammatory markers has been observed in both 
the cerebrospinal fluid and post-mortem brains of suicides.55 
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Neurotrophic factors and synaptic plasticity

Neurotrophic factors, such as brain-derived neurotrophic factor 
(BDNF) and nerve growth factor (NGF), have emerged as significant 
contributors to the neurobiological understanding of suicidal 
behavior and ideation.56 During major stressors associated with 
increased suicide risk, BDNF levels and its expression within the 
brain are reduced.2 Furthermore, low concentrations of BDNF are 
documented in patients suffering from mood and anxiety disorders, 
which are also associated with elevated suicide rates.26 Neurotrophins 
actively regulate the genesis (neurogenesis), development (dendritic 
branching) and survival (apoptosis) of neurons and glial cells in 
several brain regions, particularly in the cerebral cortex and limbic 
system.57 Specific neurotrophic and growth factors have been reported 
to stimulate cellular processes involved in neuronal plasticity and to 
modulate neurobiological changes associated with chronic stress and 
antidepressant treatment.58 BDNF has emerged as a pivotal factor 
that is highly relevant to the neurobiology of suicide and affects the 
pathophysiology of other psychiatric disorders accompanying suicidal 
behavior.59 

Time-dependent neurobiological variability

Sustained suicidal ideation may arise from chronically changed 
brain activity or structure, while transient thoughts might reflect 
dynamic neurobiological fluctuations independent from longer-
lasting alterations.60 Neurobiological processes underlying the acute 
experience of suicidal thoughts may differ among individuals; 
therefore, suicidal ideation and behaviour observed in certain 
individuals might not represent the same underlying neurobiological 
patterns observed in clinical populations.61 

The neurobiological processes associated with suicidal behaviour 
evolve throughout the human lifespan, and age distribution is an 
important issue in suicide research.62 These factors highlight the need 
for differentiated study of adolescent and adult populations, as well 
as consideration of vulnerable time periods such as early childhood, 
adolescence and late life.63 

Acute versus chronic states

Analysis of neurobiological correlates of suicidal ideation should 
look for temporal dimensions. An acute crisis can appear suddenly 
over several hours to days, with sudden changes in emotional state, 
response to stress, cognition, sleep and inhibition. The changes that 
depend on the state may exist alongside more stable vulnerabilities, 
including more frequent rumination, altered stress system regulation, 
altered reward processing and persistent network-level alterations.2,60,61 
Given that most studies rely on single assessments, it remains difficult 
to determine whether a measured change preceded the crisis, occurred 
during it, or is a result of treatment and recovery.

Chronic vulnerability may last for weeks or years, and the timing 
of the stressor may be influenced by earlier episodes, early adversity, 
another psychiatric illness and repeated exposure. Momentary 
assessment and repeated biological sampling are thus particularly 
useful for distinguishing relatively stable traits from short-lives 
fluctuations and detecting within-person changes that come before 
worsening ideation.64–68 A clinically meaningful temporal model is 
expected to link developmental vulnerability, chronic background 
risk, acute state change, and outcome without assuming a one pathway 
serves every stage in the same way (Figure 2). 

Figure 2 Temporal and developmental model distinguishing vulnerability, chronic state, acute crisis, and clinical outcome

Developmental considerations

At present, researchers are interested in how suicidality might 
change as the adolescent grows, a time of increased risk for suicidal 
thoughts and behavior.69 It is thought that alterations in serotonergic 
functioning and certain brain morphometric changes detectable with 
neuroimaging contribute to this increased risk.70 Reshaping in the 
frontal cortex may also be more likely to trigger suicidal behavior in 
late adolescence than childhood and early adulthood; an increasing 
volume of research suggests these alterations are relatively state traits 
that confer risk for suicidal behavior.2

The searches into the adolescents have shown differences in 
terms of inflammatory and transcriptomic among the individuals 
who have depression, nonsuicidal self-injury, or suicide attempt. 
However, findings are preliminary and differ by phenotype and 
sample characteristics.71,72 Childhood maltreatment may affect stress-
sensitive brain areas via epigenetic modifications, but the issue of 
tissue specificity and causation is enigmatic. Genetic variants studied 
for their potential contribution to differences between people in 
sensitivity to stress include 5-HTTLPR, CRHR1, CRHR2, CRHBP, 
and BDNF Val66Met.1
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Brain networks involved in suicidal ideation

Changes in connections between large networks in the brain might 
be a cause of suicidal ideation. More specifically, these connections 
affect the Default Mode Network, Salience Network and Cognitive 
Control Network.74 People who think about suicide show increased 
interactions between brain networks related to mind-wandering and 
emotional situations. This correlates with negative thinking71–73 and 
thinking about negative life events.74 Another study suggested an 
enhanced resting-state connection between the default and salience 
networks in depressed people with suicidal ideation. This appears 
crucial for rumination as highlighted.76 Neuroimaging done on major 
depressive disorder patients who previously attempted suicide showed 
that the whiteness of the frontal and subcortical areas was less.74

Default mode network and rumination

Neuroimaging studies have found that the default mode network 
(DMN) is involved in ruminative, self-referential thinking.77 The 
act of ruminating is a repetitive and passive focus on one’s internal 
cues, thoughts, or feelings which may be distressing.78 Reflective 
rumination is a thought process about the causes of negative mood, 
while brooding is dwelling on failure.79 Thus, brooding is thought 
to precipitate suicidal thoughts more than reflection does, especially 
in mild to moderate major depressive episodes.80 When brooding, 
a person will have a cycle of ruminative thoughts and fail to focus 
on external, present-moment stimuli. Rather, they will be focused 
on their past failures, lost opportunities, and painful losses.81 Those 
who suffer from the melancholic type of depression and who reflect 
on their own emotional pain report higher rates of suicidal ideation, 
and ruminative brooding is a predictor of increased suicidal thought 
amongst adolescent and young adult samples.82

Salience and emotion regulation networks

Over-activity in the control network identified in the fMRI scans 
of participants, with pre-occupation or non-verbal responsive injury, 
signaling dual impact of injury on the willingness to err and the 
psychological stability.41 Individuals suffering from major depressive 
disorder (MDD) exhibited a change in rs-FC within these networks. 
Alterations in rs-FC have been recognized as potential biomarkers of 
suicide risk.83 According to a study,84 the salience network of patients 
who attempted suicide in the past connected less well with the default 
mode and executive control networks. Moreover, the angular gyrus 
is an important node of the salience network and has abnormal rs-
FC with regions in the superior parietal lobule, inferior frontal gyrus, 
and dorsolateral prefrontal cortex, all of which relate to higher suicide 
risk.85 When internal communication breaks down, people begin to 
make poor decisions, eventually leading them to self-harm.84

Prefrontal control and impulsivity

Suicide appears to be an impulsive act, but the consensus on the 
relationship between the two is disputed.86 There are mixed currents 
of evidence regarding the role of impulsivity in engaging in suicidal 
ideation, particularly in situations requiring immediate decision 
making.87 Various types of impulsivity possibly have a differential 
modulating effect on the relationship: impulsive, unplanned suicide 
attempts are usually less lethal, frequently comorbid with substance 
use and low level of education; whereas more deliberated attempts 
continue to remain modulated by impulsive decision-making oriented 
towards terminating acute suffering.86 Involuntary brain circuits 
linked to impulsive choices and aggression have also been linked 
to the intensity of suicidality behavior. As a result, high-risk clinical 

populations ought to receive psychoeducation to reduce the level of 
impulsivity.88

The individual difference in impulsive choice is correlated with 
activation in neural systems associated with the valuation of distant 
rewards, and the control of reward-directed behavior that follows 
these valuations.89 According to,90 the representation of delayed 
reward value in the striatum is controlled by the prefrontal cortex. 
Activation control in areas involved in reward valuation appears as an 
underlying mechanism of self-control when making consumer-choice 
decisions.91 Current models of impulsivity posit that prefrontal control 
of emotion-driven behavior could underlie the connection between 
mechanisms that modulate impulsivity and suicidal thoughts and acts. 
Suicidal actions are also associated with the functional organization 
of self-referential cognition.

Genetic and epigenetic contributions

According to some estimates, the heritability for suicidal behavior 
would be between 36% and 63% for both ideation and attempts. 
Importantly, the estimates in the lower range are for very specific 
highly lethal forms such as hanging, self-immolation and carbon 
monoxide poisoning.92 Research on twins indicates that death by 
suicide is significantly more heritable (73%) than suicidal thoughts 
(46%). This suggests that the onset of suicidal thoughts is related to 
adversity, becoming a victim, losing loved ones and other personal 
tragedy, whereas familial neurobiological factors are more pertinent 
for death by suicide.2 According to a study referenced in 93, genome-
wide association studies on suicide-related traits provide slight 
significance on common variant contributions to suicide thoughts 
and behaviors, and polygenic risk scores can enhance discrimination. 
Changes that regulate the expression of stress-responsive genes have 
been documented in tissue samples from suicide victims and in animal 
models of frequent depressive behaviors.94

Heritability and common variants

Family and twin research support a heritable component of 
suicidal thoughts and behaviors, although estimates differ according 
to phenotype, population, and method.92,95–99 The early candidate-
gene studies focused on serotonergic and stress-response pathways 
including 5-HTT, 5-HT1B, TPH1, MAOA, HPA-axis genes, and 
BDNF. Nonetheless, individual variants tend to show small and 
inconsistent effects, which have not led to clinically useful prediction. 
New genome-wide approaches suggest that schizophrenia may 
share common architecture with autism. Findings derived from 
genetic research are to be interpreted probabilistically; they confer 
susceptibility that interacts with developmental and environmental 
exposures not deterministically as a single-gene mechanism. 

Epigenetic modifications in stress-responsive genes

One possible pathway through which adversity and chronic 
stress can lead to changes in the expression of genes involved in 
stress responsivity, neuroplasticity, immune signalling, and brain 
development is epigenetic mechanisms. Postmortem brain tissue and 
peripheral samples have been studied to report DNA-methylation 
and gene-expression differences associated with suicide-related 
phenotypes; however, results differ according to tissue, age, diagnosis, 
medication exposure and analysis.94,97,101–105 Since epigenetic patterns 
are dependent on cell types and context, peripheral changes should not 
be assumed to be representative of the brain and cross-sectional data 
cannot inform whether observed changes are causes, consequences, 
or correlates of illness. Before epigenetic markers can aid in 

https://doi.org/10.15406/jnsk.2026.16.00666


Neurobiological factors underpinning suicidal ideation and suicide: an evidence-based synthesis 163
Copyright:

©2026 Alkhatib.

Citation: Alkhatib AJ. Neurobiological factors underpinning suicidal ideation and suicide: an evidence-based synthesis. J Neurol Stroke. 2026;16(4):158‒168. 
DOI: 10.15406/jnsk.2026.16.00666

personalized risk assessment, validation must occur in longitudinal, 
well-established cohorts.

Interaction with psychosocial and environmental 

factors

Suicidal behavior is influenced by psychosocial and environmental 
conditions.1 Risk may increase due to damage or loss, chronic stress, 
substance use and pain syndrome.106 Socioeconomic status and 
cultural context affect vulnerability.2

Stressful life events trigger nearly 30% of suicides, with the loss 
of love and other trauma having a significant role.107 Occurrence of 
suicidal thought during life is positively related to sexual abuse.108 
Almost every person who died through suicide has suffered chronic 
stress, and the role of chronic pain in suicide remains uncertain 
although chronic pain people are more likely to have endorsed it.109

Trauma, loss, and chronic stress

Experiencing trauma, loss, and chronic stressors could affect 
individual suicide risk, due to the cumulative impact of those on the 
HPA axis, autonomic regulation, inflammatory signaling, sleep, and 
prefrontal-limbic control. Altered cortisol responsiveness and stress-
sensitive epigenetic processes are linked with early adversity whereas 
repeated exposure to stress may confer allostatic overload and limited 
recovery from subsequent challenges.43,46,63,100,106–110 These processes 
are not deterministic in nature but probabilistic, with exposure not 
generating the same biological response every time; and effects are 
modified by timing of development, psychiatric co-morbidity, social 
support, coping resources and treatment. We need more studies that 
observe the same people over time to see if changes happened before 
worsening ideation. Or whether changes are due to the effects of 
distress that happened.

Substance use and pain syndromes

Chronic pain is another major risk factor for suicidal thoughts 
and actions. On the whole, nearly one in six has chronic pain; it is 
nonetheless associated with increased risk of suicide. Indeed, people 
who seek or obtain physician-assisted death often have complex 
psychopathology, characterized by suicidal ideation.111 A range of 

psychological factors are responsible for suicidality in chronic pain, 
including psychiatric morbidity, sleep disturbance, undiagnosed mood 
disorder.112 Gaining access to lethal means appears to be a strong 
suicidality facilitator. Moreover, substance use (especially alcohol 
misuse) longitudinally increases suicidal behavior risk and is thought 
to further increase risk in chronic pain populations.112

Socioeconomic and cultural contexts

Socioeconomic and cultural factors can influence exposure 
to stressors, access to care, social connectedness, stigma and the 
meaning or disclosure of suicidality. These contextual influences may 
interact with neurobiological vulnerability through chronic stress, 
sleep disturbance, substance use, decreased treatment access or social 
withdrawal.1,2,113 Nonetheless, associations at the population level must 
not be read as resulting from individual biological mechanisms. Cross-
cultural studies should be conducted with locally validated measures, 
taking into account differences in reporting, service availability and 
refraining from assuming that identified biomarkers have the same 
meaning or predictive value in a different social context.

Implications for risk assessment and intervention

Stress responsivity, affect regulation, rumination, inhibitory 
control, suicidal ideation and behaviour could all be linked via 
neurobiological work. The findings could help generate new 
hypotheses, enhance phenotypic stratification, and pinpoint future 
preventive research targets.59,61,114 Nonetheless, they cannot substitute 
for the direct clinical assessment of current ideation, previous 
behavior, psychiatric symptoms, psychological stressors, access to 
care, and protective factors. The best translation framework should be 
more integrative than biomarker-led.Among the candidate measures 
are cortisol responsivity, inflammatory signaling, neurotrophic 
factors, genetic or epigenetic profiles, and prefrontal–limbic and 
large-scale brain network connectivity.10,12,41 Currently, the best use of 
these measures is for testing mechanisms and characterizing groups 
rather than classifying individual patients. To interpret structural brain 
variations, one should pay heed to phenotype definitions, psychiatric 
diagnosis, medication exposure, physical health, tissue source, the 
developmental stage, and the interval between assessment and the 
clinical state studied (Table 2). 

Table 2 Translational implications for risk assessment and intervention

Assessment layer Useful indicators Clinical/research value Limitation

Clinical phenotype
Ideation severity, previous 
attempt, impulsivity, rumination, 
psychiatric comorbidity.

Anchors biological findings to observable risk 
and treatment need.

Self-report fluctuates and may 
be influenced by stigma or 
concealment.

Biological markers
Cortisol response, inflammatory 
markers, BDNF-related measures, 
genetic/epigenetic profiles.

Can refine mechanistic hypotheses and future 
stratified prevention models.

Exploratory and nonspecific; 
insufficient alone for individual 
prediction or clinical 
disposition.

Neuroimaging
Prefrontal-limbic, default mode, 
salience, and control-network 
connectivity.

Maps biological substrates of rumination, 
affect regulation, and impulse control.

Overlap with depression 
and stress-related disorders, 
together with cost, availability, 
and reproducibility, limits 
routine clinical use.

Temporal context Acute crisis markers versus 
chronic vulnerability indicators.

Helps distinguish immediate intervention 
needs from long-term prevention planning.

Requires longitudinal designs 
and repeated measurement.

Psychosocial context
Trauma, loss, chronic stress, 
substance use, chronic pain, 
socioeconomic stressors.

Explains how environmental exposure 
interacts with biological susceptibility.

Contextual variables are 
complex and may be difficult 
to quantify consistently.

https://doi.org/10.15406/jnsk.2026.16.00666


Neurobiological factors underpinning suicidal ideation and suicide: an evidence-based synthesis 164
Copyright:

©2026 Alkhatib.

Citation: Alkhatib AJ. Neurobiological factors underpinning suicidal ideation and suicide: an evidence-based synthesis. J Neurol Stroke. 2026;16(4):158‒168. 
DOI: 10.15406/jnsk.2026.16.00666

Biomarker candidates and limitations

Research incorporating genomic, inflammatory, and neuroimaging 
data has yielded numerous candidate biomarkers related to 
neurogenesis, apoptosis and stress reactivity (AP), as well as prefrontal-
limbic structure and function, serotonin (5-HT) transmission, and 
epigenetic regulation.26,115–119 However, there is uneven replication 
and generally modest effect sizes and many studies use small or 
diagnostically heterogeneous samples. Tests that look at BDNF and 
cytokines in the blood, cortisol in saliva, gene-expression patterns and 
so on provide informative results at the group level, but they measure 
the central nervous system processes only indirectly, and they often 
overlap with major depressive disorder and other stress-related 
conditions. Studies over a long-term period must compare individuals 
with the same psychiatric diagnosis but with different suicidality 
trends to provide evidence for incremental validity.

Specificity, confounding, and clinical validity of 
candidate biomarkers

A major restriction of the current literature on biomarkers 
is lack of specificity. Major depressive disorder, trauma-related 
conditions, chronic stress, psychosis, substance-use, and several 
medical illnesses26,42-59,74–85,116–119 have been associated with altered 
serotonin signaling, atypical cortisol responsivity, inflammatory 
activation, lower BDNF, and prefrontal-limbic or large-scale network 
abnormalities. A group difference is not by itself sufficient to show 
that a marker is specific to suicidal ideation and/or predicts transition 
from ideation to behavior, and/or adds value to established clinical 
variables.

Confounding factors included diagnosis and severity of the 
most pronounced diagnosis, medication exposure (antidepressants, 
psychotropic medications, and other drugs), sleep, smoking, body 
composition, infection, chronic disease, substance use, age, sex, 
and timing and locus of biological sampling. Factors such as agonal 
processes and the quality of tissue may affect the postmortem 
findings, whereas peripheral measures may not necessarily reflect the 
CNS. Next studies should compare psychiatric groups with suicidal 
ideation and behavior. The other psychiatric group should not have 
these ideation and behavior. The measures must be repeated. Also, 
the measures must be within the person. Next, the outcome must be 
predefined. Also, the study must test whether multimarker models 
provide an increment and externally validated prediction. There 
should not be determined of individual risk or clinical disposition 
based on isolated biomarkers until such evidence is available. 

Ethical considerations in neurobiological research

Suicide has been a critical global public health issue for decades 
since not enough is known about the neurobiology of suicide which 
prevents the development of more effective prevention.2 Ethical 
justification for research on the neurobiology of suicidal ideation can 
be derived from the risk-benefit ratio of the study protocols including 
informed consent procedures, protection of privacy, appropriate 
clinical referral pathways, and deterrence against the stigmatizing and 
deterministic interpretation of study findings. Ethical translation also 
requires clear statements that candidate biomarkers are investigational 
and not meant to independently determine an individual’s future 
behavior.119,120

Conclusion
Suicidal thinking and acts are linked with changes in a variety of 

monoaminergic domains.  All the evidence points toward a distributed 

and context-dependent model, in which biological vulnerability 
combines with developmental stage, psychopathological disease, 
adversity and current stress. No single pathway or biomarker can 
explain the onset, development, or escalation of suicidal thoughts.

The limitations of interpretation arise from the heterogeneity 
in the definition of phenotypes, a cross-sectional design, small 
samples, medication and medical confounding, reliance on peripheral 
measures, and the prevalence of postmortem or diagnostically mixed 
studies. Several other important psychiatric conditions such as major 
depressive disorder, trauma-related conditions as well as chronic stress 
show similar changes. As such, current biomarkers have mechanistic 
value but insufficient specificity and prediction for independent 
clinical use. Future ready design studies with longitudinal repeated-
measures, comparison groups with well-matched psychiatry samples, 
multimodal inclusion and transparency, explicit differentiation of 
chronic vulnerability from acute crisis. The assessment of clinical risk 
should continue to be based not only on biological evidence but also, 
directly, on psychological, social and clinical factors.
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