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Biomarkers for suicidal behavior

BIOMARKERS FOR SUICIDAL BEHAVIOR: THE 
NARRATIVE LITERATURE REVIEW

SUMMARY

Introduction. Suicidal behavior remains a complex and pressing 
public health concern worldwide, necessitating a deeper understanding 
of its underlying mechanisms to enhance prevention and intervention 
strategies. Biomarkers, measurable indicators of biological processes 
or states, offer promising avenues for elucidating the biological 
underpinnings of suicide risk. 
Aim. To review the experience of clinical trials and the most relevant 
study data regarding the relationship between suicidal behavior and 
various biomarkers, aiming to emphasize the neurobiological basis of 
mental health conditions and monitor changes in biomarkers over the 
course of treatment to enhance patient treatment response.
Methods. Literature search was performed using research published 
in the PubMed, PsycINFO, and Google Scholar databases, that 
reviewed the suicidal behavior and relationship between genetic, 
neuroendocrine, neurobiological, neuroimaging, metabolic and 
inflammatory biomarkers. 
Results. This literature review analyzed 54 articles which investigated 
the relationship between biomarkers and suicidal behavior. The 
results suggest that suicidal behavior is influenced by a complex 
interplay of genetic, neurobiological, neuroendocrine, neurotrophic, 
inflammatory, metabolic, and neuroimaging markers. Genetic 
predispositions, particularly involving serotonin-related genes, 
combined with dysregulations in neurotransmitter systems, hormone 
levels, and inflammatory processes, contribute to increased suicide 
risk. Structural brain changes associated with emotional regulation 
and decision-making further underscore the multifactorial nature of 
suicide.
Conclusion. The interplay between genetic, neurobiological, 
neuroendocrine, inflammatory, metabolic, and neuroimaging markers 
contributes to the understanding of suicidal behavior. Integrating 
these biomarkers enhances to understanding of suicide etiology 
and informs the development of more effective prevention and 
intervention strategies.
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SANTRAUKA
Ivadas. Savižudiškas elgesys visame pasaulyje išlieka sudėtinga ir opi 
visuomenės sveikatos problema, kuri reikalauja gilesnio supratimo 
apie savižudiško elgesio pagrindinius mechanizmus, siekiant gerinti 
prevencijos ir intervencijos strategijas. Biožymenys yra perspektyvūs 
rodikliai padedantys geriau suprasti savižudybės rizikos biologinius 
mechanizmus. 
Tikslas. Apžvelgti klinikinių tyrimų patirtį ir aktualiausius tyrimų 
duomenis tarp savižudiško elgesio ir įvairių biožymenų, siekiant 
pabrėžti psichikos sutrikimų neurobiologinį pagrindą ir stebėti 
biožymenų pokyčius gydymo eigoje, siekiant pagerinti paciento 
atsaką į gydymą.
Metodai. Literatūros paieška buvo atlikta naudojant PubMed, 
PsycINFO ir Google Scholar duomenų bazėse paskelbtus 
tyrimus, kurie apžvelgė savižudišką elgesį ir ryšį tarp genetinių, 
neuroendokrininių, neurobiologinių, neurovaizdinių, metabolinių ir 
uždegiminių biožymenų.
Rezultatai. Šioje literatūros apžvalgoje buvo analizuojami 54 
straipsniai, kuriuose buvo tiriamas ryšys tarp biožymenų ir savižudiško 
elgesio. Rezultatai rodo, kad savižudišką elgesį įtakoja sudėtinga 
genetinių, neurobiologinių, neuroendokrininių, neurotrofinių, 
uždegiminių, metabolinių ir neurovaizdinių žymenų sąveika. 
Genetinis polinkis, ypač susijęs su serotoninu susijusiais genais, kartu 
su neurotransmiterių sistemų, hormonų lygio ir uždegiminių procesų 
reguliavimo sutrikimais, padidina savižudybių riziką. Struktūriniai 
smegenų pokyčiai, susiję su emociniu reguliavimu ir sprendimų 
priėmimu, dar labiau pabrėžia daugiafaktorinį savižudybės pobūdį. 
Išvada. Genetinių, neurobiologinių, neuroendokrinologinių, 
uždegiminių, metabolinių ir neurovaizdinių žymenų sąveika prisideda 
prie supratimo apie savižudišką elgesį. Šių biologinių žymenų 
integravimas pagerina supratimą apie savižudybių etiologiją ir padeda 
kurti veiksmingesnes prevencijos ir intervencijos strategijas.
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INTRODUCTION 
Suicide affects people of all ages, genders, and 

backgrounds. According to World Health Organization 
(WHO), more than 700 000 people die by suicide every year 
globally [1]. According to the data of the Lithuanian Institute of 
Hygiene, 562 suicides were registered in Lithuania in 2023 [2]. 
Suicide is a complex phenomenon influenced by a combination 
of genetic, environmental, and psychological factors. While 
there is evidence suggesting that biological factors may play 
a role in suicide risk, it’s crucial to emphasize that suicide 
is a multifaceted issue with no single cause. Biological 
factors often interact with other dimensions to contribute 
to an individual’s vulnerability. These factors undoubtedly 
contribute to the complex interplay of variables influencing 
suicide risk. Understanding the specific molecular, genetic, or 
neurobiological factors associated with suicidal thoughts and 
behaviors contributes to a more comprehensive understanding 
of the phenomenon. Understanding how suicide depends on 
biomarkers is instrumental in advancing suicide prevention 
strategies, providing more accurate risk assessments, and 
fostering the development of targeted interventions.

Research on suicide biomarkers involves exploring 
various biological, genetic, neurobiological, and psychosocial 
factors. Numerous biomarkers have been investigated, but 
it’s important to note that the field is complex, and no single 
biomarker can definitively predict suicide risk. Instead, a 
combination of factors is typically considered for a more 
comprehensive assessment. The most important categories of 
biomarkers that have been examined in the context of suicide.

Methods
This literature review was performed using search criteria 

on keywords in research published at PubMed, PsycINFO, 
and Google Scholar. The keywords were “suicidal behavior”, 
“biomarkers”, “inflammation”, “neuroimaging” and “genes”. 
The search was carried out in December 2023 and included 
studies published up to 2023 to ensure the inclusion of the 
most recent research findings. Studies were included if they 
investigated the association between biomarkers (genetic, 
neurobiological, neuroendocrine, inflammatory, metabolic, 
or neuroimaging) and suicidal behavior. Only peer-reviewed 
articles written in English were considered for inclusion. 
Studies focusing on animal models, non-human subjects, or 
non-suicidal outcomes were excluded. In the end 54 articles 
were used for this review.

RESULTS

Genetic biomarkers
Numerous studies have suggested a genetic component 

in suicidal behavior, indicating that individuals with a family 
history of suicide or mental health disorders may be at a higher 
risk [3, 4]. The heritability of suicidal behavior is estimated 
to be around 30–50%, as reported by various twin, family, 
and adoption studies [5–7]. One of the key genetic factors 
associated with suicide risk is a family history of mental health 
disorders, particularly mood disorders like depression and 
bipolar disorder [8]. Mann, Brent and others researchers has 
identified specific genetic markers and variations associated 

with an increased susceptibility to these disorders, which in 
turn may contribute to a higher risk of suicidal behavior [9, 
10].

Genes also play a role in regulating the levels and 
functioning of neurotransmitters, which are chemicals 
that transmit signals in the brain. Serotonin, in particular, 
is a neurotransmitter associated with mood regulation, 
and variations in genes related to serotonin function may 
contribute to suicide risk. The serotonin transporter gene (5-
HTT) and the tryptophan hydroxylase gene (TPH) are two key 
genetic components that have been studied in the context of 
suicide risk and mental health disorders. Understanding the 
genetic basis of suicide risk, including the role of genes like 
5-HTT and TPH, is an ongoing area of research. Both genes 
are involved in the regulation of serotonin, a neurotransmitter 
that plays a crucial role in mood regulation, emotion, and 
behavior [11, 12].

The serotonin transporter gene, also known as SLC6A4, 
codes for the serotonin transporter protein responsible for 
reabsorbing serotonin from the synaptic cleft, terminating 
its action in the synaptic cleft and recycling it for future 
use. The 5-HTT gene has a common polymorphism known 
as the serotonin transporter-linked polymorphic region 
(5-HTTLPR), which has two main variants: the long (L) allele 
and the short (S) allele. Individuals with the short allele may 
have reduced serotonin reuptake efficiency. Caspi et al., has 
associated the short allele of 5-HTTLPR with an increased 
risk of developing mood disorders, including depression, 
and a higher susceptibility to suicidal behaviors [13, 14]. 
The interplay between the 5-HTT gene and environmental 
factors, such as stress and trauma, is crucial in understanding 
how genetic predispositions contribute to suicide risk. The 
interaction between the short allele and environmental 
stressors has been implicated in an elevated risk of suicidal 
ideation and attempts [13, 15].

Tryptophan hydroxylase (TPH) is an enzyme involved 
in the synthesis of serotonin. The TPH gene, particularly the 
TPH1 and TPH2 isoforms, codes for this enzyme. Variations 
in the TPH gene have been associated with altered serotonin 
levels and have been investigated in the context of mood 
disorders and suicidal behavior. Studies have explored the role 
of TPH polymorphisms in suicide risk, with some findings 
suggesting an association between certain genetic variants and 
an increased susceptibility to suicidal thoughts and behaviors 
[16, 17].

Neurobiological markers
Research on the link between suicide and neurobiological 

markers has been a growing area of interest, and several 
studies have explored various aspects of the neurobiology 
of suicide. The serotonin system is a key component of the 
neurobiological mechanisms implicated in suicide behavior. 
Serotonin, also known as 5-hydroxytryptamine (5-HT), is a 
neurotransmitter that plays a crucial role in regulating mood, 
emotion, impulsivity, and aggression. Dysregulation of the 
serotonin system has been consistently associated with an 
increased risk of suicidal behavior. Serotonin is involved in 
the modulation of mood, and alterations in serotonin levels 
have been linked to mood disorders such as depression. 
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Reduced serotonin availability in the synaptic cleft has been 
associated with dysregulated mood states and an increased 
vulnerability to suicidal ideation. [18]. Post-mortem studies 
of the brains of individuals who died by suicide have shown 
alterations in serotonin receptor density and distribution [19]. 
Changes in serotonin receptor subtypes, such as the 5-HT1A 
and 5-HT2A receptors, have been reported in specific brain 
regions associated with mood regulation and impulsivity [20,  
21, 22].

Neuroendocrine biomarkers
The relationship between the neuroendocrine system and 

suicide is complex, involving intricate interactions between 
hormones, stress response pathways, and neurotransmitter 
systems. The neuroendocrine system, which includes the 
hypothalamus, pituitary gland, and adrenal glands (HPA 
axis) , plays a crucial role in regulating various physiological 
processes and responding to stressors. It regulates the secretion 
of cortisol, the primary stress hormone. Chronic activation of 
the HPA axis, leading to elevated cortisol levels, has been 
observed in individuals with mood disorders and those at risk 
for suicide [23, 24]. Corticotropin-Releasing Hormone (CRH) 
and vasopressin, released by the hypothalamus, are also 
involved in the regulation of the stress response. Alterations in 
the release of these hormones have been implicated in mood 
disorders and suicidal behavior [25, 26]. Thyroid hormones, 
including triiodothyronine (T3) and thyroxine (T4), play a 
role in regulating metabolism and energy balance. Alterations 
in thyroid function have been associated with mood disorders 
and may contribute to suicidal ideation [27]. Oxytocin is a 
neuropeptide that plays a crucial role in social bonding, 
emotional regulation, and stress modulation. It is released 
during positive social interactions, such as hugging or bonding 
between individuals. While oxytocin is often associated with 
positive social behaviors, recent research has explored its 
potential involvement in the neurobiology of suicide [28]. 
Oxytocin has been shown to modulate the stress response and 
may have anxiolytic (anxiety-reducing) effects. Dysregulation 
of the stress response is implicated in mood disorders and 
suicidal behavior [29]. Variations in the oxytocin receptor 
gene (OXTR) have been studied in relation to psychiatric 
conditions, including mood disorders and suicidal behavior. 
Polymorphisms in OXTR may influence individual differences 
in oxytocin receptor sensitivity, potentially impacting 
social behavior and emotional regulation [30]. Oxytocin 
administration has been explored as a potential treatment for 
improving maternal mental health during the perinatal period 
[31]. 

It‘s very important to mention sex hormones, including 
testosterone and estrogen, which can influence mood and 
behavior. Testosterone is the primary male sex hormone, and 
its role in aggression and mood regulation has been studied in 
the context of suicide. Some studies have suggested a potential 
association between low testosterone levels and an increased 
risk of suicide in men [32]. Estrogen, the primary female sex 
hormone, has neuroprotective and mood-stabilizing effects. 
Some studies have suggested a potential protective role of 
estrogen against suicidal behavior, particularly in women. 
Estrogen has been implicated in regulating serotonin and other 

neurotransmitter systems, which may contribute to its impact 
on mood and suicidal behavior [33]. Transitions involving 
hormonal fluctuations, such as puberty, postpartum, and 
menopause, may be associated with changes in mood and an 
increased vulnerability to mental health disorders, including 
suicidal behavior [34].

Neurotrophic Factor Biomarkers
Neurotrophic factors are proteins that play a crucial role 

in the development, survival, and function of neurons. Altered 
levels of neurotrophic factors have been implicated to suicidal 
behavior. Brain-derived neurotrophic factor (BDNF), a protein 
that supports the survival and growth of neurons, has been 
studied in relation to suicide. Reduced BDNF levels have been 
reported in post-mortem studies of the brains of individuals 
who died by suicide [35]. Nerve Growth Factor (NGF) is 
another important neurotrophic factor involved in the growth, 
differentiation, and survival of neurons. It is involved in 
various processes, including synaptic plasticity and neuronal 
maintenance. Changes in NGF levels have been implicated 
in mood disorders, and some studies suggest a potential link 
to suicidal behavior [36, 37]. Insulin-Like Growth Factor 
(IGF), which shares structural similarities with insulin, is 
involved in cell growth and differentiation, including in the 
central nervous system. IGF is involved in neuroplasticity, 
which refers to the brain’s ability to reorganize itself and form 
new connections. Dysregulation in neuroplasticity is often 
observed in mood disorders and conditions linked to suicidal 
behavior [38, 39]. Transforming Growth Factor-Beta (TGF-β) 
is involved in various cellular processes, including cell growth 
and differentiation. Changes in TGF-β signaling have been 
implicated in mood disorders, and its role in suicidal behavior 
is an area of ongoing investigation [40]. It’s essential to note 
that the relationship between neurotrophic factors and suicide 
is complex, and alterations in their levels may be influenced by 
various factors, including genetics, environmental stressors, 
and comorbid psychiatric conditions.

Inflammatory biomarkers
There was identified alterations in inflammatory markers 

in individuals who have attempted or died by suicide. Some 
studies suggest that elevated levels of certain cytokines, 
such as interleukin-6 (IL-6) and tumor necrosis factor-alpha 
(TNF- α), may be associated with an increased risk of suicidal 
behavior. okAdditionally, alterations in the levels of other 
immune system-related molecules, including C-reactive 
protein (CRP) and certain inflammatory signaling pathways, 
have been observed in individuals with suicidal tendencies. 
Elevated levels of inflammatory markers, such as CRP, 
have been observed in individuals at risk for suicide [41]. 
Interleukin-6 (IL-6), a key pro-inflammatory cytokine, has 
been associated with suicidal behavior [42]. Elevated levels 
of Tumor Necrosis Factor-Alpha (TNF-α) are often associated 
with inflammatory dysregulation, which has been observed in 
individuals with psychiatric conditions linked to suicide risk 
[43]. TNF-α is implicated in the activation of microglia, the 
immune cells in the brain, contributing to neuroinflammatory 
processes that may impact mood and behavior [44]. 
Dysregulation of TNF-α is associated with alterations in the 
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stress response, including the hypothalamic-pituitary-adrenal 
(HPA) axis, which is relevant to mood disorders and suicide 
risk [45]. Dysregulation of Interferon-Gamma (IFN-γ), an 
immune regulatory cytokine, has been associated with suicidal 
ideation [46].

Metabolic biomarkers
The association between dysregulation of lipid 

metabolism and suicide is an area of research that explores 
how disruptions in lipid balance may contribute to the risk 
of suicidal behavior. Lipid metabolism involves the synthesis, 
storage, and breakdown of lipids, which play crucial roles in 
various physiological processes, including the structure of 
cell membranes and signaling pathways. Lipid peroxidation 
can result in the production of reactive aldehydes, such 
as malondialdehyde (MDA), which serve as biomarkers 
of oxidative stress. Increased lipid peroxidation has been 
associated with suicidal behavior [47, 48].

Neuroimaging markers
Neuroimaging studies have provided valuable insights into 

the neural mechanisms underlying suicidal behavior. Various 
brain regions and functional connectivity patterns have been 
implicated in individuals with a history of suicidal thoughts 
or attempts. Some data suggests that structural alterations in 
specific brain regions, particularly those involved in emotion 
regulation, decision-making, and impulse control, may 
contribute to the neurobiological basis of suicide. Alterations 
in the prefrontal cortex, amygdala, and hippocampus have 
been reported in suicide-related neuroimaging studies [49, 50]. 
The prefrontal cortex, particularly the dorsolateral prefrontal 
cortex (DLPFC), is implicated in decision-making, impulse 
control, and emotional regulation. Structural abnormalities in 
the prefrontal cortex (PFC) have been associated with suicide 
risk [51]. A key region for emotional processing is amygdala. 
Changes in amygdala structure, such as alterations in volume 
or connectivity, have been linked to suicidal behaviors and 
emotional dysregulation [52]. The hippocampus, involved in 
memory and emotion regulation, may show structural changes 
in individuals with suicidal thoughts or behaviors. Reduced 
hippocampal volume has been reported in some studies [53]. 
The Anterior Cingulate Cortex (ACC) plays a role in emotional 
regulation and decision-making. Alterations in ACC structure 
have been associated with suicidal ideation and impulsive 
behavior [54]. The Orbitofrontal Cortex (OFC) is involved in 
reward processing and decision-making. Structural changes in 
the OFC have been linked to impaired decision-making and 
increased suicide risk [55].
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DISCUSSION

Suicide risk involves intricate interactions among genetic, 
neurobiological, hormonal and environmental factors. Family 
history of suicide or mental health disorders indicates a higher 
risk of suicidal behavior. Also, specific genetic markers and 
variations, particularly those related to serotonin regulation, 
contribute to suicide risk. Polymorphisms in genes like 
5-HTT and TPH are associated with altered serotonin 
function and increased susceptibility to mood disorders and 
suicidal behaviors. Dysregulation of the serotonin system, 
including altered serotonin levels and receptor distribution, is 
consistently linked to an increased risk of suicidal behavior. 
Post-mortem studies reveal alterations in serotonin receptor 
density in individuals who died by suicide. Neuroimaging 
studies show structural changes in brain regions involved 
in emotion regulation, decision-making, and impulse 
control in individuals with suicidal thoughts or attempts. 
These findings highlight the complex interplay between 
genetic predispositions, neurotransmitter dysregulation, and 
neurobiological abnormalities in the manifestation of suicidal 
behavior. Understanding these biomarkers is crucial for 
developing effective strategies for suicide risk assessment, 
prevention, and intervention.

CONCLUSION 

Biomarkers may serve as early indicators of suicidal 
tendencies before overt symptoms manifest. Early identification 
through biomarkers allows for timely intervention, potentially 
preventing the escalation of suicidal thoughts into attempts. 
Biomarkers can aid in the development of personalized 
treatment approaches. Understanding an individual’s 
unique biological profile may lead to targeted therapeutic 
interventions, enhancing the effectiveness of treatments 
for individuals at risk of suicide. Also biomarkers provide 
objective measures that complement traditional subjective 
assessments for mental health professionals. Monitoring 
changes in biomarkers over the course of treatment can 
provide insights into treatment response. Biological markers 
help emphasize the neurobiological basis of mental health 
conditions, potentially reducing the stigma associated with 
mental health issues. This shift in perception can contribute 
to more empathetic and informed societal attitudes toward 
suicide. Suicide  prevention and understanding require a 
comprehensive approach that addresses the multifaceted 
nature of this public health concern.
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