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Abstract

The biological correlates of suicide attempt are poorly understood in young people. Here

we undertook a narrative review of the literature across biological units of analysis (brain

structure and function, serum biomarkers, molecular biology) to summarize the markers

associated with suicide attempt in samples of average age under 24. We suggest overall patterns

in emotion, cognitive control, and social support, which emerge from alterations at each level.



Introduction

Suicide, the act of dying by one’s own action with intention of death, is a leading cause of

death worldwide, especially for young people. For those aged 10 to 34 suicide is the second

leading cause of death, and comprises more total deaths per year than violent homicide (CDC,

2018; Morgan et al., 2018). Despite the evident severity of this suicide pandemic, much is left to

be understood about the mechanisms underlying suicide risk. While the past few decades have

involved significant advances in theoretical understandings of the biological, psychological, and

sociocultural correlates of suicidal thoughts and behaviours, these findings have failed to slow a

worldwide increase in suicide attempts and deaths (Hedegaard et al., 2018).

Currently, clinical practioners evaluate suicide risk primarily on the basis of the patient’s

self report of psychological symptoms and history (e.g. past suicide attempt, which has

consistently shown to increase risk for subsequent attempt). Self report involves several

challenges, including the potential for recollection bias, patient inability to express complex

thoughts and emotions, and volitional deception by the patient to prevent interference with

planned suicide attempt (Klimes-Dougan, 1998; Large et al., 2016; Ryan & Oquendo, 2020). It is

evident that new risk probes that are more sensitive, specific, and reliable than those currently

employed are urgently needed to improve the ability for practitioners to intervene in cases where

suicide attempt will likely follow. As explicated by Glenn et al. (2017), a multiple levels of

analysis approach is ideal for the prediction of suicide attempt by combining the best-known risk

factors across levels of functioning and exploring their additive effect on risk prediction. As

mentioned above much recent and past research has been conducted examining psychological

constructs, generally by self report, as predictors of suicide attempt.



The “brain revolution,” spurred by novel advances in imaging, molecular genetics, and

psychophysiology, has offered opportunity to more closely examine the underlying neural

mechanisms of suicide risk, supported by the generally accepted premise that mind arises from

complex interactions that are represented by neural activity; it follows that all psychopathology,

including suicidal behavior, can be identified at the biological level in some capacity.

Here we choose to focus specifically on adolescence in our review on the biological

correlates of suicide attempt due to both the tendency for suicidal thoughts and behaviors to

onset during adolescence and also the significant yearly number of deaths by suicide in young

people. From a developmental psychopathological approach it is likely that with the changes in

brain structure, function, and integration that accompany development, the neurobiology of

suicide could differ with age (Oquendo & Mann, 2008). Few studies at time of writing have

explicitly examined within-sample age variation as a moderator of the relationship between

certain risk factors and attempt.. As a particularly high risk group for suicide attempt and also as

a group that are presumably more highly amenable to intervention given the neuroplasticity

characteristic of youth, adolescents serve here as a useful focus to synthesize findings across

micro-levels of biology.

While comprehensive and highly informative reviews of suicide biology do exist (see

Lengvenyte et al., 2019; Pandey, 2014; Turecki, 2014), we have found none that specifically

focus on youth in the multi-modal framework that we undertook here. This review is intended to

be considered in conjunction with those more general undertakings to emphasize the nature of

the developmental process and the likelihood that suicide is characteristically different with age.

In this review we sought to explore correlates of suicide attempt in youth. While the original goal

was to focus exclusively on homogeneously adolescent samples (i.e., age range 12-19), some



samples included wider age ranges, although the average age was below 24 years for all samples.

We examined the biology of suicide attempt, which included neuroimaging structure and

function, serum metabolite levels, DNA sequence variation, epigenetic modifications, and

molecular stress markers. It is important to note that the majority of included studies involved

living adolescents rather than post mortem analysis, such that most studies did not involve direct

molecular-level access to neural tissue.

While evidence has suggested that fatal and non-fatal suicide attempt are distinct entities

with potential differences in predictors (DeJong et al., 2010; Joo et al., 2016), these differences

are likely to be small and an understanding of non-fatal suicide attempt is vital due to its

association with subsequent death by suicide. In vivo studies also offer the opportunity to study

interacting systems, which is sometimes not possible in post mortem samples (e.g., functional

connectivity between brain regions evoked by task-related activations). In recognition of the

specificity afforded by post mortem analysis (i.e., direct access to neural tissue and examination

of molecular biology within context) we did include studies of adolescent post-mortem suicide

brain, which are reviewed in the section on molecular biology (DNA, RNA, and protein).

Furthermore, only studies evaluating suicide attempt, fatal or non-fatal, as an outcome

were included. Studies only evaluating suicidal thoughts or ideations were excluded, consistent

with recent findings that suicidal ideations and behaviors are clinically distinct and preceded by

differing risk factors (May & Klonsky, 2016). While correlates of suicidal thoughts are beyond

the scope of this review, there is important work to be done in the future in synthesizing across

thoughts and behaviors and noting the mechanistic differences at the biological level.



Brain structure and function:  findings from imaging studies.

Magnetic resonance imaging has offered the opportunity to directly and non-invasively

examine the structure and function of the brain in adolescents. Here we present the findings of

studies involving regional volumes, activations, and interconnectivities in the context of suicide

attempt.

Gray and white matter.

Of particular interest in the aetiology of suicide is the distribution of gray and white

matter in brain. Gray matter refers to neural cell bodies and dendrites, while the white matter

includes myelinated axons. Myelination improves the efficiency of signal transduction in brain

and involves the cooperation of glial cells, which fine-tune neural connections and are recently

being shown, in contrast to past presumption, to both directly and indirectly participate in the

process of signal transduction, albeit not electrically. Over the typical course of childhood and

adolescence the volume of gray matter in brain contracts, concomitant with an expansion in

white matter tracts (Groeschel et al., 2010). The developmental reduction in gray matter volume

is thought to be associated with the process of synaptic pruning, wherein less relevant or adaptive

neural connections are eschewed in the interest of greater efficiency of signal transmission

(Giedd et al., 1999). In studies conducted on the brain of adults who have died by suicide,  it has

been found that there exist white matter alterations in depressed suicide, specifically the presence

in the white matter of hypertrophic astrocytes (Torres-Platas et al., 2011).



While imaging methodologies are not precise enough to detect molecular structural

changes within white matter as accomplished in this post mortem study, structural and diffusion

tensor studies have charted the relationship between white matter and gray matter in adolescents

with suicide attempt. Johnston et al. (2017) studied gray and white matter volumes in brain of

youth with bipolar disorder (38% past suicide attempt). They found that suicide attempters

showed decreased gray matter volumes in right orbitofrontal cortex, right hippocampus, and

bilateral cerebellum. They also observed decreased fractional anisotropy, a measure of white

matter structural integrity, in the left uncinate fasciculus (a frontolimbic long-range white matter

tract; Von Der Heide et al., 2013) and the right cerebellum. Fan and colleagues (2019) recruited a

sample comprised of youth with both bipolar disorder and major depression and identified

common gray and white matter disturbance in cases of past suicide attempt (48% of the sample)

without interaction between suicide attempt status and diagnosis, suggesting a distinct

pathophysiology to suicide over and above the neurobiology of diagnosed mood disorder.

Specifically, they found that in left ventral prefrontal cortex Brodmann area 11, gray matter

volume was decreased in suicide attempters. Fronto-limbic fractional anisotropy in the region

including the uncinate fasciculus was lower in attempters than non-attempters, consistent with

the study by Johnston et al. The uncinate fasciculus may be especially important in suicide

attempt due to its involvement in emotional processing (Von Der Heide et al., 2013).

Another focus of study has been the white matter hyperintensity. The hyperintensity is a

point of dense signal on the image within white matter and has been conceptualized as a lesion in

the white matter (although possible in gray matter as well) related to impaired vascular function

(Wardlaw et al., 2015). Of note, studies in adults and also animal models have related deficits in

neurovascular integrity to mood alteration, and the blood brain barrier has been shown to be



disrupted in cases of depression and completed suicide, supporting a neuroinflammatory

contribution to their respective pathophysiologies (Dudek et al., 2020; Pandey et al., 2013). In a

2004 study of child and adolescent psychiatric inpatients (28% lifetime suicide attempt), Ehrlich

and colleagues found that white matter hyperintensities associated with increased likelihood of

past suicide attempt only in patients with unipolar depression. It is interesting to note, as the

authors found in this study, that hyperintensities increased with age (in line with a

cerebrovascular conceptualization); in two follow up studies this team found that the relationship

between white matter hyperintensity and suicide attempt was consistent in young adults and

older patients, suggesting that these vascular alterations may hold promise as a biomarker of

suicide attempt (although these samples were retrospective; Ehrlich et al., 2005; Pompili et al.,

2007).

Regional volumes and cortical thickness.

In studies of regional volumes alterations Pan et al. (2015) found lower right superior

temporal gyrus cortical volume in depressed adolescents with suicide attempt compared to

healthy controls and no corresponding relationship for depressed adolescents without suicide

attempt. In a later study McLellan et al. (2018) corroborated these results, finding that

adolescents with treatment-resistant depression and suicide attempt history had smaller right

superior temporal gyrus volumes than healthy controls, and similarly to the 2015 study, this

relationship did not exist between adolescents with treatment-resistant depression but no suicide

attempt history and healthy controls.



An interesting study by Fradkin et al. (2017) examined the relationship between cortical

thickness and trait impulsivity in suicide attempters with MDD compared to healthy controls.

While this study did not include a MDD/no attempt group, rendering it difficult to tease apart the

distinct contributions of major depression and suicidality, the results are noteworthy and warrant

further study:  for some regions such as the middle frontal gyrus the relationship between cortical

thickness and trait impulsivity differed in directionality based on group type. This notion of a

fundamentally different interplay across levels of analysis between groups captures the

complexity of interacting systems and should be followed up with further questions about the

coordination (or lack of) between levels of body as a probe of suicide attempt.

Regional activations.

It is likely that if suicide attempt reflects differential response patterning to environmental

stimulus (e.g. more severe interpretation of threat) then there exist certain regional activation

tendencies which may indicate attempt risk. Suicide attempters may demonstrate higher or lower

activity in certain brain regions which in turn correspond to suicidal behaviours and cognitions

Neural activity in the context of experimental measurement may be either task dependent

(evoked) or task independent (resting). Both approaches provide information on how brain

responds to environment, and common neurobiological pathways likely exist across the two

when considering suicide attempt risk.

In a 2016 study Cao et al. examined the amplitude of low-frequency fluctuation (z-scored

as zALFF for analyses), a measure of spontaneous neural activity, in depressed youth with and

without suicide attempt. They found that compared to non-attempters, suicide attempters showed



higher spontaneous activity in the right superior temporal gyrus, left middle temporal gyrus, and

left middle occipital gyrus; and decreased activity in the left superior frontal gyrus and the left

middle frontal gyrus. Of special note here is that the right superior temporal gyrus (rSTG) was

identified in the prior section in two studies as structurally distinct between suicide attempters

and non-attempters. The rSTG is implicated in language processing and also social perceptions.

While it is tantalizing to speculate that this social role might be importantly altered in cases of

suicide attempt based on psychological studies identifying social factors (Batty et al., 2018) as

important risk and protective processes, there is clearly more research needed here to explore the

potential for the rSTG’s involvement in suicide.

In an emotional face task, Pan et al. (2013) found that compared to non-attempters,

suicide attempters shown 50% angry faces exhibited greater activity in dorsal anterior cingulate

gyrus, bilateral primary sensory cortices, left dorsolateral prefrontal cortex, and the right middle

temporal gyrus.

The findings from these two studies are interesting yet present many individual regions of

interest. Connectivities studies offer an opportunity to study the interactions between multiple

regions as an insight to attempt risk.

Connectivities.

Connectivities provide insight to the coordination of neural activity across brain. While

individual activations are important to understanding the elements of brain response and have

been shown to predict behavior across various domains of psychology, connectonomics has



emerged as a promising frontier for better understanding (dis)integration across brain as a marker

of psychopathology.

In a 2020 study Cao et al. employed independent components analysis to study resting

functional network connectivities in depressed, young suicide attempters and non-attempters.

They found that suicide attempters showed decreased internetwork functional connectivity

between the default mode network (implicated in rest and self-knowledge) and the salience

network (associated with emotion and detection and orientation to stimulus), and increased

connectivity between the salience network and the right frontoparietal network, which is

involved in executive control (Mark & Dosenbach, 2018; Seeley; 2019).

Johnson et al. (2017) found impaired amygdala prefrontal cortex connectivity in suicide

attempters compared to non attempters in a bipolar sample, suggesting deficits in the interplay

between higher-order cognitive processes and emotional salience (i.e., emotion dysregulation).

Pan et al. (2013) observed that in attempters connectivity between the anterior cingulate and the

insula was reduced, supporting the consensus that suicide attempt may uniquely involve

difficulties in regulating emotion.

Stange et al. (2020) compared mood disordered lifetime suicide attempters, mood

disordered lifetime suicide ideators with no lifetime attempt, mood disordered non ideators and

non attempters, and also healthy controls on resting state functional connectivities. They

observed attempt specific alterations within the cognitive control network and between the

cognitive control network and the salience network, as well as between the cognitive control

network and the default mode network. It is tempting to speculate that differences in cognitive

control (which includes the dorsal attention and fronto-parietal networks) interconnections may



be associated with impulsivity or cognitive constriction, although these hypotheses must be

tested in future research.

Alarcon et al. (2019) employed a paradigm of self face processing to evaluate whether

self evaluation is important in suicide attempt. During the task they found that suicide attempters

as well as high ideators showed greater amygdala functional connectivity with dorsolateral

prefrontal cortex, dorsomedial prefrontal cortex, and precuneus compared to low ideators, who

showed higher connectivity than healthy controls, suggesting a stepwise mechanism from

suicidal thoughts to behaviours (but see May & Klonsky, 2016 for a critique of the

epidemiological usefulness of combining thoughts and behaviors). Suicide attempters also

uniquely showed higher connecitivity between left amygdala and rostral anterior cingulate

cortex; given that independently rostral anterior cingulate activation was blunted in attempters,

the authors suggest that this increase in connectivity is compensatory for a deficit in emotion

regulatory capability.

Blood biomarkers.

Serum chemical levels may be important biomarkers of attempt risk. While non-invasive

and direct access to brain chemical levels in vivo is generally limited at this time, substances in

the blood may affect neural activity by travel across the blood brain barrier or alternatively,

reflect genetic and epigenetic effects that are conserved across cells. Few studies have been

conducted on serum chemical levels in youth with suicide attempt.

Studies which have not focused exclusively on youth have generally found that lower

serum cholesterol is associated with increased risk of suicide attempt. However, as cholesterol is



known to vary with age (Kit et al., 2012), it remains unclear whether this effect holds within

youth. Cholesterol participates in the signal transmission process in brain and has shown to

interact with neurochemicals (Bjorkhem & Meaney, 2004).

Only one study was found which directly evaluated cholesterol levels in youth (mean age

22). Zhao et al. (2020) found that suicide attempters with MDD compared to non attempters with

MDD exhibited higher total cholesterol and low density lipoprotein cholesterol, and lower high

density lipoprotein cholesterol. The team also found that attempters had higher blood pressure

and fasting blood glucose. The former could be related to various competing factors including

stress, and the latter may suggest that neuronal glucose metabolism is impaired in suicide

attempt. Of course, results from one study are insufficient to draw any strong conclusions. The

relationship between cholesterol and suicide attempt, while well characterized in adult samples,

merits further research in the context of development.

Another serum chemical of interest is oxytocin, which is involved in social interaction

(Jones et al., 2017). Oxytocin has potential as a transdiagnostic marker of psychopathology, as it

is found to be altered across phenotype clusters including autism and anxiety. (Leppanen et al.,

2017; Yamasue & Domes, 2018). In fact, oxytocin may be an ideal target biomarker for suicide

based on parallel psychological findings on the importance of social supports in suicide risk (see

Van Orden et al., 2010 for an interpersonal theory on suicide). Research on oxytocin and suicide

irregardless of age is limited, although studies on adults (Lee et al., 2009; Joken et al., 2012;

Jahangard et al., 2020) suggest that suicidal behavior associates with lower serum and CSF

oxytocin. The nature of social interaction changes with age, and adolescents and young adults are

generally more sensitive to social nuance including peer rejection (Steinberg & Morris, 2001). In

fact, recent studies have indicated that oxytocin circulation is age-specific (Elabd et al., 2014).



We found no studies comparing absolute levels of oxytocin between youth attempters and

non-attempters. However, in a study on oxytocin change to social exclusion using the Cyberball

paradigm, Chu et al. (2020) found that unextracted oxytocin levels decreased in depressed young

adults with a suicide attempt history, but not for depressed patients or healthy controls. It appears

in this case that suicide attempters may be more physiologically sensitive to social rejection.

Interestingly, attempters’ self-reported desire for emotional support did not change with the

exclusion, while that of healthy controls did, suggesting a possible discoordination between

levels of the social system. However, these results have not yet been replicated and further

studies on the role of oxytocin in suicide are warranted.

Molecular biological risk probes.

Genes certainly play a role in explaining variability in behavior, in conjunction with lived

experience. The interactions between gene and environment are well captured by epigenetics, the

study of non-sequence level changes to the activity of the genome. Here we describe novel

advances in understanding the genetics of suicide attempt in youth. While DNA sequence is

generally stable with age and may stably confer risk, gene expression is known to vary as a

function of age and experience. Included within this section are studies which encapsulate the

central dogma of molecular biology, i.e. any unit of analysis from gene (DNA) to RNA (mRNA),

and protein where measured; as such this section includes post-mortem studies on adolescent

suicides, which provide greater access to molecular targets in brain.

It is of note that to our knowledge the literature is sparse on the molecular genetics of

suicide attempt in young people (and also in adults). The reader will note that aside from there



being few studies available, findings are not particularly convergent. Clearly this is an area of

critical importance for further research, and new genetic techniques such as GWAS may clarify

the relationship between genetics and suicidal behaviour.

Variation in the organization of nucleotides at the level of the DNA leads to variation of

protein environment within body, which acts on neurobiological targets to influence behavior.

The risk conferred by ‘suicide genes’ is distal in nature and of small effect size given that life

experience fine-tunes the protein landscape by epigenomic modification (Andriessen &

Videtic-Paska, 2015). Despite this relatively small effect, an understanding of the genes which

predispose youth to suicide attempt is vital as it could help identify those best served by a

preventive approach as well inform the development of novel treatments.

Genes may confer risk for a particular age group but not others (Cadoni & De Luca,

2019), supporting a developmental approach. Behaviour genetics studies have found that familial

relation does appear to increase suicide attempt risk independently of major psychiatric disorder

(Brent et al., 1996). These studies provide the foundation for molecular genetic forays into

understanding the specific differences that might be implicated in suicide attempt.

In the broader psychiatric genetic literature studies have typically employed candidate

gene approaches, whole-genome analyses, and complex gene by environment (GxE) interactions

assessments. In our search we mainly identified studies which evaluated polymorphisms in a

priori candidate genes. There is a lack of GxE studies which are especially informative with

respect to the developmental process. There is also limited research on the epigenome in youth

suicide attempters, such as dynamic change in DNA methylation and microRNA levels.

While broadening of the search window to encapsulate all ages would certainly return a

larger quantity of more methodologically diverse genetic studies (although the field of



psychiatric genetics is certainly young), we find it important here, in line with the objective of

this review, to only focus on those studies conducted in young people, in line with our approach

to suicide as a phenomenon especially sensitive to the developmental context. Candidate gene

findings have shown to be especially difficult to replicate (Bosker et al., 2010; Marigorna et al.,

2018), indicating that the context (e.g., developmental timing) may be important in

understanding the interplay between genes and environment.

Serotonin.

Perhaps no set of genes has been more closely studied in the context of suicide than those

involved in the regulation of 5-hydroxytryptamine (serotonin), a neurotransmitter involved in

many neurobiological processes but most notably here in mood. Serotonergic neural projections

are widespread in brain which relates to its diverse functions (Charnay & Leger, 2010). Genes

involved in serotonergic signaling include receptor genes (the 5-HTn families), transporter genes

(e.g., polymorphic region 5-HTTLPR), and synthesis-related genes (e.g., tryptophan

hydroxylase). Serotonin modulating drugs such as the selective serotonin reuptake inhibitors,

which prolong the availability of serotonin at the synapse, improve symptoms of depression and

anxiety, suggesting that disturbances in serotonin levels might anticipate depressive or suicidal

episodes, although it is difficult to tease apart depression and suicide as outcomes (Locher et al.,

2017).

In studies not focused on youth, it has been found that some serotonergic genes do vary

with suicidal behaviour  (Antypa et al., 2013; Fanelli et al., 2019). However, distribution and

density of various components of the serotonergic symptom do appear to normatively vary with



age (Morgan, 1987) as the molecular geography of brain regions continues to develop across the

lifespan, thus it is critical to focus on youth rather than extrapolating developmentally sensitive

information from samples of broader age ranges.

Few studies have explicitly focused on serotonergic function in suicide attempting youth.

One case-control study (hospitalized suicide attempters vs. healthy controls) of twelve candidate

single nucleotide polymorphisms (SNPs; selected based on prior literature findings) in French

adolescents found that none of the differences survived corrections (Mirkovic et al., 2017),

although there was a trend at p=0.09 for difference in variant rs7305115 of the tryptophan

hydroxylase 2 (TPH2) gene, which had previously been validated in adult samples (Zhang et al.,

2010). A family based association study of Ashkenazi Jewish adolescent suicide attempters

found no evidence for a relation between 5-HT2a polymorphism T102C and suicidal behavior

(Zalsman et al., 2005).   Another more recent family association study of 5-HT2a by a separate

team explored both the main effects of 5-HT2a polymorphisms on suicide attempt and also

complex GxE interactions (Ben-Efraim et al., 2013). They found that variants rs6310 and rs 6305

were associated with suicide attempt in the total sample, and also that there was an interaction

between rs6313 and lifetime stress.

In a post mortem study on teenage suicide victims Pandey et al. (2002) identified higher

levels of 5-HT(2A) receptor, protein, and mRNA expression in the prefrontal cortex and

hippocampus of suicide decedents compared to controls. As this study involved post mortem

tissue it is unclear what the mechanism driving the increased 5-HT(2a) receptor number for

suicide victims consists of. It does appear that there is some signal with respect to 5-HT2a and

these results should be validated with GWAS in youth samples.



Stress response.

Life stress and physiological stress response have been implicated in youth suicide

attempt (Steingberg & Mann, 2020). At the organismal level the hypothalamic-pituitary-adrenal

(HPA) axis has been studied as a transdiagnostic marker for psychopathology. The HPA axis

mobilizes body in response to external threat by triggering a complex mechanism which

culminates in the release of hormone cortisol, which enters cells and evokes a variety of adaptive

responses including increased glucose metabolism (Smith & Vale, 2006). While activation of the

HPA axis may be adaptive in stress response chronic stress which overactivates this system can

result in allostatic load which involves neurotoxic outcomes in brain and subsequent

dysregulation of the physiological stress response (McEwen, 2005).

Melhem et al. (2016) found that young adult suicide attempters who experienced an

experimental stressor (Trier Social Stress Test; Kirschbaum et al., 1993) showed lower total

cortisol output during the task and lower cortisol at baseline compared to suicidal and

non-suicidal non-attempters as well as healthy controls. Eisenlohr Mouhl et al. (2018) found that

blunted cortisol response prospectively predicted future suicidal behavior (attempt or interrupted

attempt) after 18 months in adolescent females even after controlling for ideation, depressive

symptoms, and past suicidal behavior history. Interestingly, they also found that increased peer

stress elevated suicide attempt risk only for those subjects who at the first measurement showed

blunted cortisol responses.

Thus it appears that HPA axis blunting may serve as a predictive biomarker for suicide

attempt risk, and that it specifically may act as a diathesis which lowers the threshold for suicide

attempt, such that environmental stressors are more damaging.



Post-mortem studies have corroborated that youth suicide involves alterations in stress

response. Pandey et al. (2019) found region specific alterations in corticotropin releasing factor

(CRF) mRNA and receptors in teenage suicide brain. In another study Pandey et al. (2013)

studied glucorticoid receptor GR-α and found decreased protein and gene expression in

prefrontal cortex and amygdala of teenagers who died by suicide. Interestingly in both post

mortem studies no differences were observed for hippocampus.

Integrations across units of analysis.

Here we briefly summarize common themes observed across biological units of analysis

when considering youth suicide attempt.

Emotion.

Neuroimaging studies have revealed that important structural and functional alterations

observed in young suicide attempters compared to non attempters occur in brain regions and

networks associated with emotional processing including the uncinate fasciculus, anterior

cingulate, salience network, amygdala, and insula.

It is likely that the observed disturbances in serotonergic function may contribute to some

of these organizational differences downstream. It would be interesting to further study the

biology of suicide attempt with respect to emotion in analyses which assess both molecular

biology (e.g. serotonin) and higher order neural organization concurrently to better understand

the nature of these relationships.



Cognitive control.

Several brain networks involved in cognitive control and impulsivity were observed to be

altered in cases of suicide attempt. Interestingly, serotonin has been associated with impulsivity

(Dalley & Roiser, 2012), and it is possible that dysregulation of the stress response system may

also be associated with cognitive constriction.

Social support.

Right superior temporal gyrus emerged in multiple studies as a marker of suicide attempt.

The rSTG, as described above, has been implicated in social perception. It is well understood

that suicide attempt risk is associated with degree of social support. The described findings on

oxytocin, a neuropeptide involved in social function, support the idea that at the biological level

impaired social function may act as a risk factor for suicide attempt. In the context of stress

response it was found that social stressors (peer distress) interacted with cortisol blunting to

predict suicide attempt.

The small number of studies which assessed social support and impairment while

including biological measures renders it difficult to derive any meaningful conclusions, however

it is clear that further studies on the social brain and oxytocin could yield fruitful results for

understanding at the biological level the well characterized role of lack of social support as a risk

factor for suicide attempt.



Conclusions.

In this review we summarized the literature on biological markers of suicide attempt in

young people. It is evident that the available research on this topic is limited, although common

themes of emotion, cognitive control, and social function, do emerge across units of analysis.

Consideration of development is critical to advancing the understanding of suicide biology.
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