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Abstract

Purpose of Review The rising suicide rate in the USA will not
be reversed without improved risk assessment and prevention
practices. To date, the best method for clinicians to assess a
patient’s risk for suicide is screening for past suicide attempts
in the patient and their family. However, neuroimaging, geno-
mic, and biochemical studies have generated a body of find-
ings that allow description of an initial heuristic biological
model for suicidal behavior that may have predictive value.
Recent Findings We review studies from the past 3 years ex-
amining potential biological predictors of suicide attempt be-
havior. We divide findings into two major categories: (1)
structural and functional brain imaging findings and (2) bio-
chemical and genomic findings encompassing several sys-
tems, including major neurotransmitters (serotonin, catechol-
amines, GABA, and glutamate), the hypothalamic pituitary
adrenal (HPA) axis, the inflammasome, lipids, and
neuroplasticity.

Summary The biomarkers that appear promising for assessing
suicide risk in clinical settings include indices of serotonergic
function, inflammation, neuronal plasticity, and lipids.
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Introduction

The World Health Organization estimates that globally over
800,000 people die by suicide each year [1]. The number of
nonfatal suicide attempts may be 10-20 times higher [1]. In
the USA in 2014, about 43,000 individuals committed suicide
[2]—making suicide the tenth leading cause of death [3]—and
an estimated 1.3 million attempted suicide [4]. The Centers for
Disease Control estimate that, annually, the USA incurs $51
billion worth of healthcare and work loss-related costs due to
suicide [4]. Given the immeasurable personal and massive
economic impact that suicide has on society, preventing sui-
cide should be a major national health priority.

Suicidal ideation and behavior are on a spectrum. Ideation has
a severity that ranges from fleeting, passive thoughts that life is
not worth living and not caring if one does not wake up in the
morning, to persistent, compelling thoughts of killing oneself
with a specific, highly lethal method. Suicide attempts range
from impulsive, low lethality attempts to well-planned highly
lethal suicide attempts, and finally to suicide death. We recently
reviewed biomarkers associated with death by suicide [5¢]. Here,
we focus on nonfatal suicide attempt behavior because it is linked
to suicide more closely than suicidal ideation both in terms of
biology and the potential for predicting risk of suicide. At the
same time, this avenue of research involves living patients and
has potential for detecting markers of higher risk and testing
interventions that may prevent suicide. We define suicide at-
tempt, based on Columbia-Classification Algorithm of Suicide
Assessment or C-CASA [6], as a deliberate act of self-harm
carried out with at least some intent to die. To date, there is no
robustly reliable method of assessing suicide risk. Clinicians rely
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primarily on information offered voluntarily by patients regard-
ing past personal suicidal behavior or a family history of suicidal
behavior. Unfortunately, some of the patients who are most de-
termined to die by suicide fear being thwarted in their suicide
attempt plans and thus will falsely deny suicidal ideation prior to
their suicide [7]. In terms of family history, the stigma associated
with suicide may mean the patient is not aware of suicidal be-
havior that may have involved other family members. Therefore,
it is important to develop a risk assessment approach that reduces
dependence on subjective patient reports and incorporates infor-
mation about the neural, genetic, and biochemical underpinnings
of suicidal behavior.

In this paper, we review the most recent literature (past
3 years) examining biological markers of nonfatal suicide at-
tempts within the context of psychopathology; studies of sui-
cide attempt stemming from brain injury (e.g., head trauma,
stroke, and related neurological disorders) are not considered.
We discuss findings from brain imaging, genetic, and molec-
ular studies of nonfatal suicide attempters compared to
non-attempters across various diagnoses and to healthy vol-
unteers. Our goal is to highlight biomarkers with potential for
predicting risk and thereby guiding prevention or becoming
treatment targets in suicide risk management.

Structural and Functional Brain Findings

Brain imaging studies report both structural and functional
abnormalities in the brains of suicide attempters. We review
suicide attempt studies employing structural magnetic reso-
nance imaging (MRI), diffusion tensor imaging (DTI), resting
and task-based functional MRI, and positron emission tomog-
raphy (PET).

Structural MRI

Gray matter volume (GMYV), white matter volume (WMV),
and hyperintensities in the brains of suicide attempters have
been compared to those of psychiatric and healthy volunteers.
Suicide attempters across diagnoses have been shown to have
less GMV and density across several brain regions including
the prefrontal, temporal [8—10], and parietal [9, 10] cortices,
occipital cortex [9], putamen, striatum [11], lentiform nucleus
[10, 12], insula, midbrain, and cerebellum [10]. Depressed sui-
cide attempters, relative to depressed non-attempters, also have
lower WMV in the frontal and parietal regions, external cap-
sule, midbrain, and cerebellum [10], although WMV is greater
in the orbital or ventral prefrontal regions of suicide attempters
with schizophrenia [13]. Other volumetric changes include a
smaller corpus callosum [14] and a larger amygdala [15, 16].
Hyperintensities appear to be more prevalent in suicide
attempters relative to both psychiatric and healthy volunteers.
Older studies report more subcortical [17, 18], deep white
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matter [19, 20], and periventricular [18, 21] hyperintensities
in suicide attempters relative to non-attempters. In fact, pa-
tients who presented with hyperintensities were 4.7 to 8 times
more likely to also have a history of suicide attempts than
those without hyperintensities [18-21]. It is unclear, however,
if hyperintensities can predict a suicide attempt.

Recent Findings

Most of the studies in the past 3 years have examined brain
volumetric changes in depressed suicide attempters relative to
non-suicidal patients and healthy controls. The overall direc-
tion of findings appears to be similar to that of earlier ones.
Studies assessing depressed suicide attempters and depressed
non-attempters found lower GMV in the right superior tem-
poral gyrus [22] and cerebellum and in the left angular [23]
and cingulate gyri [24] of the attempter group. Smaller hippo-
campal volume has also been reported [25], particularly in
recent suicide attempters (attempts in the past month) com-
pared with non-attempters. Some of these findings are inde-
pendent of depressed mood—currently, euthymic mood dis-
order patients with past suicide attempts have smaller left ven-
trolateral prefrontal cortex (PFC) GMV relative to euthymic
mood disorder non-attempters [26]. This independence of
mood more strongly links these brain changes to the combi-
nation of traits that form the diathesis for suicidal behavior.
Lower GMV has also been reported in suicide attempters
with other diagnoses. Lower GMV was observed in the supe-
rior temporal, parietal, and frontal cortices; inferior temporal
cortex; supramarginal region; and right insula of suicide
attempters relative to non-attempters with schizophrenia and
schizoaffective disorders [27]. High-lethality attempters had
even smaller GMV in the left lingual gyrus and right cuneus;
conversely, the GMV of the thalamus, right insula, and left
supramarginal gyrus was higher in this group relative to
low-lethality attempters. Another study in schizophrenia
found suicide attempts associated with cortical thinning in
the dorsolateral PFC and right superior temporal, middle tem-
poral, temporopolar, and insular cortices [28]. Other studies—
examining suicide attempters with mood disorders [29] and
borderline personality disorder [30]—found additional nega-
tive correlations between the lethality of suicide attempt and
the volume of the nucleus accumbens [29] and several
fronto-temporal-limbic regions [30]. However, not all studies
agree that GMV [29, 31] is decreased in suicide attempters.
In summary, most MRI studies find smaller GMV in sui-
cide attempters, even in comparison with psychiatric controls,
involving primarily prefrontal and temporal cortical
sub-regions and insula. However, due to methodological dif-
ferences related to region of interest selection, magnet
strength, sample psychopathology, and perhaps also time
since suicide attempt, it is premature to confidently synthesize
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these findings alone into a meaningful anatomical model of
suicide attempt behavior.

Diffusion Tensor Imaging

Older DTT studies of suicide attempters are sparse. The studies
reviewed used fractional anisotropy (FA) to measure the in-
tegrity and direction of neuronal fibers in the brain.
Comparison of attempters to non-attempters in bipolar [32]
and depressed samples [33] indicates lower FA or impaired
white matter tract integrity in the left orbitofrontal cortex
(OFC) and basal ganglia.

Recent Findings

Two recent studies report results that are somewhat conver-
gent with previous findings. Depressed suicide attempters had
lower FA in the dorsomedial PFC [34¢] and left medial PFC
[35¢], compared with depressed non-attempters. Reductions in
fiber projections from the anterior limb of internal capsule to
the left thalamus and left OFC were also noted [35¢].
Additionally, attempters had a lower percentage of fibers
projecting to cortical regions and thalamus relative to healthy
controls [35¢]. Euthymic females with a history of bipolar
disorder and suicide attempts had lower FA throughout the
corpus callosum [36] compared with healthy volunteers.
Given the lack of psychiatric controls in some of these studies,
one must be cautious in attributing findings in suicide
attempters to the diathesis for suicidal behavior or, more gen-
erally, psychopathology.

In contrast, two studies of attempters versus non-attempters
with primary diagnoses of panic disorder [37], schizophrenia,
and schizophreniform disorder [38] reported higher FA values
in suicide attempters. In both studies, attempters showed
higher FA in areas of the internal capsule, sagittal stratum,
posterior thalamic radiation, superior longitudinal fasciculus,
and corona radiata [37, 38]. Attempters with panic disorder
also had higher FA values in the corpus callosum [37]. Of
note, FA values in the posterior thalamic radiation and right
retrolenticular part of internal capsule were positively corre-
lated with suicidal ideation scores [37].

White matter abnormalities defined by lower fractional an-
isotropy have been found in younger suicide attempters, but
white matter lesions (WML) that appear progressively with
age may represent other pathological processes, including ce-
rebrovascular atherosclerosis. One study of the elderly [39¢]
found more WML at baseline, and more WML growth over
time in depressed attempters compared with depressed
non-attempters. This structural change in connectivity may
be another pathway to suicidal behavior.

In summary, white matter abnormalities in suicide
attempters involve neural networks participating in
decision-making and cognitive and emotional processing.

However, it is not clear why findings in mood disorders differ
from anxiety and psychotic disorders, although modest sam-
ple sizes and possible medication effects mean that these
disease-related differences in findings may reflect either the
effect of the psychiatric diagnosis or residual effects of
treatment.

Functional MRI

fMRI uses blood oxygenation levels in the brain as a measure
of brain activity at rest or while participants perform cognitive
and other tasks. Older fMRI studies of suicide attempters ex-
amined emotional vs neutral stimuli [40], decision-making
[41], and response inhibition [42]. Relative to depressed
non-attempters, suicide attempters showed greater activation
in the OFC and anterior cingulate cortex when viewing emo-
tionally expressive faces [40], indicating different processing
of emotional stimuli. Moreover, lower occipital and
orbitofrontal activation was noted in euthymic attempters
compared to non-attempters during risky versus safe choices
[41], consistent with altered decision-making. Similarly, de-
pressed adolescent attempters exhibited less activity than
non-attempters in the anterior cingulate cortex during re-
sponse inhibition tasks [42], a possible indicator of impaired
impulse control.

Recent Findings

One study [43] partially replicated outcomes from previous
studies [40, 41], finding greater OFC and ventrolateral PFC
activation in response to angry faces in euthymic suicide
attempters compared to non-attempters [43]. No group differ-
ences were seen in response to happy faces. However, sad
faces (not previously studied) elicited lower activation in the
right anterior cingulate cortex (ACC) of attempters [43].
During a decision-making task, attempters, relative to
non-attempters, exhibited lower dorsal PFC activation when
engaging in risky choices [43]. But, contrary to previous find-
ings of no differences between groups, this study reported
higher ACC, dorsal PFC, and OFC response to wins in suicide
attempters compared to non-attempters [43].

Emotional processing and decision-making have also been
examined in adolescent samples with lifetime MDD. Relative
to non-attempters, high-risk decisions in suicide attempters
were associated with less right thalamic activation [44] and
greater activity in the left dorsal PFC, right ACC, middle
temporal gyrus, and sensory cortices when viewing mildly
angry faces [45]. In depressed elderly individuals, highly im-
pulsive attempters with histories of poorly planned attempts
were more likely to have a dampened paralimbic reward sig-
nal [46] and an exaggerated response in the frontal operculum
[47]. When reward delay was examined, patients with better
planned attempts showed less activation of the lateral PFC
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[48]. Moreover, longer delays to reward were correlated with
less parahippocampal and occipital activation in attempters
[48]. There were no differences in activation in depressed
attempters and non-attempters performing a response inhibi-
tion task [49].

Although there are some inconsistencies that require fur-
ther research, there seems to be greater prefrontal activation—
perhaps as a compensatory mechanism—when engaging in
emotional processing tasks, and less activation when
assessing risk, evaluating reward, and making decisions car-
rying some risk, reflecting perhaps impaired top-down
control.

Positron Emission Tomography

Most PET studies of suicide attempters have examined indices
of the serotonergic system in the brain, because it is the neu-
rotransmitter system most consistently associated with suicide
and nonfatal suicidal behavior. Serotonin transporter (5-HTT)
binding, measured using the [''C]DASB radioligand [50],
was originally reported to be higher in pregenual ACC and
midbrain of suicide attempters relative to bipolar
non-attempters. Another study [51] compared high and low
lethality depressed attempters with respect to relative regional
rates of glucose metabolism (rCMRGlu) using ['*FJFDG PET
in two conditions: a fenfluramine challenge (which causes
massive serotonin release) and placebo. High lethality
attempters in the placebo condition exhibited lower
rCMRGlu in superior and inferior frontal regions and the
ACC relative to low lethality attempters; the brain areas of
these correlations were roughly doubled during the fenflur-
amine challenge. These studies indicate prefrontal, cingulate
cortical, and brainstem involvement in suicidal behavior.

Recent Findings

Three PET studies report lower serotonin transporter binding
in major depression. A [''C]DASB study of depressed pa-
tients found lower 5-HTT binding in the midbrain of suicide
attempters relative to MDD non-attempters and controls, but
no differences in the PFC or ACC [52]. Another study [53],
using 4-['*F]ADAM, reported lower binding in the midbrain
and thalamus of suicide attempters compared to both
non-attempters and healthy controls. Lower 5-HTT binding
potential in midbrain and pons of suicide attempters compared
to healthy volunteers was also identified by a [''C]ZIENT
PET study [54].

An ["®*F]FDG study examining rCMRGlu in a placebo ver-
sus fenfluramine challenge condition, this time in attempters
and non-attempters with MDD and bipolar disorder diagnoses
[55], reported glucose hypometabolism in the right dorsolat-
eral PFC, including superior, middle, and inferior frontal gy-
rus, in the placebo condition. During the fenfluramine
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challenge, the hypometabolic area differences became bilater-
al. However, contrary to some previous reports, tCMRGlu
was higher in ventromedial regions, including ACC, caudate,
and putamen.

Two PET studies of the 5-HT} , receptor binding potential
with [M'CIWAY-100635 [56, 57+] found that past and future
higher-lethality depressed attempters had elevated binding po-
tential (BP) in the raphe nuclei autoreceptor, which would
favor lower serotonin neuron firing and less serotonin release.
This is a novel mechanism for impaired serotonin system
transmission. Higher autoreceptor binding can predict the le-
thality of future suicide attempts, and so, it does not appear to
be a consequence of the suicide attempt behavior [57¢].

Of the recent PET studies examining the serotonin system,
three find brainstem and one finds prefrontal cortex abnormal-
ities in suicide attempters. Most of these studies have been
done in patients with mood disorders, and thus, studies of
suicidal behavior in other psychiatric conditions are needed
to determine if there is a single consistent set of abnormalities
across multiple psychiatric diagnostic categories. These ab-
normalities may predict lethality of future suicidal behavior,
and if confirmed, may help calibrate suicide prevention efforts
in relation to the risk of more lethal suicide attempts.

Limitations

Most imaging studies involve small samples, raising concerns
about statistical power. Furthermore, some studies do not in-
clude both healthy and psychiatric control groups, making it
impossible to determine which changes are due to the diathe-
sis for suicidal behavior and which are due to the primary
psychiatric disorders. Finally, where scanning methods differ,
it is harder to compare results across studies.

Biochemical and Genomic Findings

As in our review of neurotransmitter correlates and predictors
of suicide [5¢], we examine several neurotransmitter systems
and major findings from genomic studies in relation to nonfa-
tal suicide attempts.

The Hypothalamic-Pituitary-Adrenal Axis

The hypothalamic-pituitary-adrenal (HPA) axis is a major
stress-response system. It has been researched extensively
for its role in psychopathology. Older studies show that dexa-
methasone resistance predicts risk of future suicide in mood
disorders implicating HPA axis in suicide attempt behavior.
Currier & Mann (2008) provide an overview of the role of the
HPA axis in suicidal behavior [58].
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Recent Findings

Saliva cortisol levels were lower in suicide attempters relative
to non-attempters across diagnoses [59, 60'] and, interestingly,
also in non-attempters with suicide-related behaviors [60¢].
Cerebrospinal fluid (CSF) and plasma cortisol levels appeared
higher in suicide attempters relative to healthy controls [61],
although it is unclear what influence the comparison groups
(psychiatric versus healthy controls) and medication status
(present versus absent) had on the results. A study of 208
offspring of parents with mood disorders found that familial
transmission of suicide attempt behavior was associated with
blunted salivary cortisol levels [60¢]. We also recently report-
ed that polymorphisms of NR3C1, a glucocorticoid receptor
(GR) gene, and FKBPS5, a chaperone protein involved in GR
function, are associated with suicide attempts in depression
[62] confirming and extending findings from some older ge-
netic studies of suicide [63—66].

Serotonin

The serotonergic system—the main target of selective
serotonin-reuptake inhibitors (SSRIs) in depression, associat-
ed with the pathogenesis of mood disorders—has been sepa-
rately implicated in the diathesis (or predisposition) to suicidal
behavior. Indices of the serotonergic system of interest in sui-
cidal behavior are serotonin (5-HT), tryptophan hydroxylase
(TPH1 and 2, rate-limiting biosynthetic isoenzymes), the
5-HT; 4 and 5-HT), 4 serotonin receptors, serotonin transporter
(5-HTT), the main metabolite of serotonin (5-HIAA), and
associated enzymes, specifically monoamine oxidase A
(MAO-A). For reviews of previous findings, please see the
following two papers [58, 67].

Recent Findings

Many studies focused on changes in TPH, 5-HTT, or 5-HT
receptors, with the majority exploring genetic polymorphisms.
Both TPH1 (expressed in the brain during fetal life) and 7PH?2
(expressed in the brain throughout life) polymorphisms were
found to be associated with suicide attempt by some but not all
studies [68—70].

The 156295 single nucleotide polymorphism (SNP) in the
SHTRIA promoter region was associated with suicide attempt,
psychiatric hospitalizations, and substance use disorder [71].
For 5-HTR2c, the rs6318 C-allele of SHTR2C conferred great-
er risk for suicide attempt in Serbian patients with MDD, BD,
and schizophrenia [72]. Additionally, methylation pattern
changes in the 5-HTR3A gene were associated with suicidal
behavior in borderline personality disorder, bipolar disorder,
and attention deficit/hyperactivity disorder (ADHD) [73°].

Studies of the serotonin transporter focus mainly on the
5-HTTLPR upstream promotor region polymorphism of the

SLC6A4 gene. Most studies find an association between lower
expressing variants of the 5S-HTTLPR, early life stress, and
suicidal behavior [74, 75]. However, the relationship between
5-HTTLPR and suicidal behavior was not confirmed by all
studies [76].

Lower CSF 5-HIAA levels were found in female, but not
male, suicide attempters with various psychiatric disorders com-
pared to healthy controls [61]. Additionally,
loudness-dependence of auditory evoked potentials (LDAEP)
—a measure of serotonergic dysfunction—was stronger in de-
pressed attempters relative to non-attempters, pointing to reduced
serotonergic activity in the attempter group [77].

In summary, many, but not all, studies report associations
between suicide attempt and abnormalities in genes coding for
TPH, some 5-HT receptors, and the transporter. In some cases,
there appears to be an interaction between childhood stressors
and 5-HTT polymorphisms. This interaction may be ex-
plained by the stress-diathesis model, in which the diathesis
—a genetic vulnerability represented by a variant of
5-HTTLPR combined with childhood trauma—Ieads to in-
creased lifetime risk for suicidal behavior in the presence of
a stressor.

Other Neurotransmitters: Catecholamines, Glutamate,
and GABA

Catecholamines, norepinephrine (NE), and dopamine (DA)
participate in the body’s stress response and in the reward
system, and thus have been investigated for their potential
roles in psychopathology and suicidal behavior. Markers of
interest in noradrenergic and dopaminergic systems include
NE, DA, tyrosine hydroxylase (TH), an enzyme involved in
catecholamine synthesis, NE and DA receptors and trans-
porters, monoamine oxidase A (MAO-A) and
catecholamine-O-methyltransferase (COMT), two enzymes
involved in catecholamine breakdown, and
3-methoxy-4-hydroxyphenylglycol (MHPG) and
homovanillic acid (HVA), metabolites of NE and DA, respec-
tively. See Currier and Mann for an overview [58].
Glutamate (Glu) and gamma-aminobutyric acid (GABA)
are the main excitatory and inhibitory neurotransmitters in the
brain, respectively. In addition to Glu and GABA, other
markers of interest in these two systems include the NMDA,
AMPA, and kainate glutamatergic receptors, the glutamate
metabotropic receptors, as well as GABA, and GABAg re-
ceptors. The link between these neurotransmitters and suicidal
behavior is less robust than for the serotonin system.

Recent Findings
There have been few additions to literature in this area in

recent years. Of these papers, most examined genetic poly-
morphisms in suicide attempters.
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Noradrenergic system: Two studies examined the tyro-
sine hydroxylase gene, TH, and the NE transporter gene,
SLC6A2. In patients with schizophrenia, the presence of
the TH SNP rs11564717 (A/G) was associated with a
history of suicide attempt [78]. Additionally, suicide at-
tempt risk was increased in homozygous carriers of the
TCAT ) repeat [78]. Variants of the SLC6A2 gene have
also shown association with suicidal behavior. Presence
of either the rs2242446 or rs28836840 SLC6A?2 allele
type increased the likelihood of a suicide attempt in de-
pressed patients [79].

Dopaminergic system: Results of a study [80] examining
the dopamine receptor D3 gene (DRD3) and BDNF are
reported in the “Neuronal Plasticity” section below.
GABAergic and glutamatergic systems: A large genetic
study [81] of family trios with offspring who were suicide
attempters examined numerous SNPs across several glu-
tamatergic and GABAergic genes. Two genes of interest
were detected: GRIN2B, a glutamate NMDA -receptor
gene, and ODC1, a gene for an enzyme in the polyamine
synthesis pathway [81]. Two SNPs of GRIN2B
(rs2268115 and rs220557) and ODCI (rs1049500 and
rs2302614) were associated with suicide attempt.
Additionally, a gene-by-environment interaction was not-
ed between another SNP of ODC1 and history of child-
hood or adolescent physical assault, which increased the
risk of suicide attempt [81].

CSF levels of GABA in a sample of mood disorder
patients and healthy controls showed no differences be-
tween suicide attempters and non-attempters [82]. No asso-
ciation was found between suicide attempts and 119 SNPs
in several GABAergic and glutamatergic genes [83], though
a link between suicide and GABA receptor G2 gene,
GABRG2, was noted. The same gene has been previously
linked to suicide attempt in patients with schizophrenia and
histories of substance use disorders [84].

More research is needed to further elucidate the relation-
ship between catecholamines, glutamate and GABA, and sui-
cide attempts given the promising but inconclusive findings to
date.

Inflammation

Given their connection to the HPA-axis and serotonin precursors,
pro-inflammatory cytokines and other markers of inflammation
have long been of interest to researchers. The main inflammatory
markers studied in suicidal behavior include interleukins (IL-1[3,
IL-2, IL-4, IL-6, IL-8, IL-10, IL-13), C-reactive protein (CRP),
kynurenine (K'YN), quinolinic acid (QUIN), picolinic acid (PIC),
tumor necrosis factor alpha (TNF-«), transforming growth factor
beta (TGF-f3), vascular endothelial growth factor (VEGF), inter-
feron alpha (INF-«), and interferon gamma (INF-y). For an

@ Springer

overview of older findings, see the following reviews and
meta-analyses [85¢¢, 86¢°, 87].

Recent Findings

Studies [88ee, 89, 90] examining PIC, QUIN, and KYN in
suicide attempters with mixed psychopathology relative to
healthy controls found higher CSF QUIN in suicide
attempters. The differences were most prominent right after
a suicide attempt occurred and, although the differences de-
clined over time, they remained statistically significant [88ee].
PIC levels were lower in the CSF and plasma of suicide
attempters compared to healthy volunteers [90]. Within the
attempter group, those with violent attempts had higher
QUIN Ilevels than those with non-violent ones [89], but there
were no differences in PIC levels in these two groups [90].
QUIN levels were also associated with higher levels of suicide
intent [89]. Although lower KYN levels in suicide attempters
relative to controls and a negative association between KYN
and suicidal ideation or intent scores were reported [88], not
all studies found differences between groups [89]. These stud-
ies, however, lacked psychiatric control groups, which makes
interpretation of findings difficult in terms of separating cor-
relates of the psychiatric disorder from correlates of the diath-
esis for suicidal behavior. Another study compared plasma
KYN and tryptophan (TRP)—a precursor of serotonin—in
depressed adolescent suicidal patients (including attempters
and patients with active ideation), non-suicidal patients, and
healthy controls. Lower TRP and a higher KYN/TRP ratio
were found in the suicidal group relative to both healthy and
patient control groups [91]. These findings suggest that tryp-
tophan is being shunted away from serotonin and towards
KYN, as might result from inflammation activating the re-
sponsible enzyme, indoleamine 2, 3-dioxygenase (IDO).
Whether this occurs in the brain is uncertain, but more KYN
has a further pro-inflammatory effects. It can also be convert-
ed to quinolinic acid (QUIN).

In suicide attempters across diagnoses compared to healthy
controls, CSF IL-6 levels were positively correlated with
QUIN levels [89] and with suicidal ideation scores [88ee].
IL-6 levels in suicide attempters were also related to
endophenotypes of suicidal behavior [92]. Both CSF and plas-
ma IL-6 levels positively correlated with extraversion in
attempters. When extraversion was broken down into two
sub-categories—monotony aversion and impulsivity—plas-
ma IL-6 levels correlated with both, whereas CSF IL-6 levels
were only correlated with monotony avoidance. Interestingly,
higher plasma and CSF IL-6 levels were also reported in as-
sociation with more violent suicide attempts [92]. Cytokines
should increase production of both KYN and QUIN. The
downstream effects of inflammation may alter mood, behav-
ior, and risk for suicidal behavior.
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Suicide attempters compared to psychiatric controls with
only suicidal ideation and non-suicidal patients with mood
and psychotic disorders had higher serum CRP levels [93].
A 2.7 time increase in CRP corresponded to a 127% increase
in the odds ratio of a suicide attempt. Plasma CRP levels
correlated with suicide intent, but not with number of attempts
or degree of violence of the index attempt method [94]. Not all
studies agreed. One study of attempters, non-attempters with
mixed psychopathology, and healthy controls did not find
plasma CRP differences between these groups [95].
However, more soluble urokinase-type plasminogen activator
receptor (SuPAR)—a marker of low-grade inflammation—
was observed in suicide attempters relative to controls, but
not the patient sample, suggesting a relationship to psychiatric
diagnosis but not suicidal behavior.

Oxidative and nitrosative stress has also been linked to
suicide attempt. Attempters across diagnoses had higher plas-
ma levels of nitric oxide metabolites and lipid
hydroperoxidases (a marker of oxidative damage to lipids)
and lowered total antioxidant potential, an index of antioxi-
dant defenses [96]. The same study found no correlation be-
tween suicide attempt and inflammatory markers, including
CRP, IL-6, and TNF-c.

Only one study examined genetic polymorphisms of genes
related to inflammatory markers in suicide attempters. The
GG genotype of TNF-a¢ =308 G > A polymorphism was as-
sociated with suicide attempt in a sample of depressed pa-
tients; no associations were observed for IFN-y or IL-10
SNPs [97].

In general, findings indicate an association between suicid-
al behavior and inflammation. Future research in this area
could help further delineate how inflammation can affect
mood regulation, decision-making, and other components of
the diathesis to alter the risk for suicide attempts.

Lipids

Lipids may also play a role in the pathophysiology of suicidal
behavior. To date, markers of interest in this area include tri-
glycerides (TGs), total cholesterol (TC), HDL cholesterol
(HDL-C), LDL cholesterol (LDL-C), polyunsaturated fatty
acids (PUFAs), and apolipoproteins. For a detailed analysis
of previous findings, see the meta-analysis by Wu et al. [98ee].

Recent Findings

In mood disorders, one study of suicide attempters found low-
er serum TG levels relative to non-attempters, but no differ-
ence in total cholesterol, HDL-C, LDL-C, or leptin levels [99].
Another study found lower serum TG levels in recent
attempters compared with non-attempters [100]. Here, how-
ever, elevated HDL-C levels were noted in the recent
attempter group. Given that depression presents with changes

in appetite and weight, it is unclear whether these findings are
related to suicidal behavior or the severity of underlying
psychopathology.

In contrast to findings discussed above [99], lower plasma
TC levels were found in suicide attempters with mixed psy-
chopathology relative to healthy controls [101]. However, be-
cause psychiatric controls were absent, it is unclear whether
findings represent a marker of suicidal behavior or
psychopathology.

Other markers have also been considered. One older study
found that omega-3 series PUFAs predict the risk for suicide
attempts in bipolar disorder [102]. Since these PUFAs are
anti-inflammatory, this observation links findings in lipids
and inflammation to suicidal behavior. Apolipoprotein E
(ApoE)—a molecule involved in immunity and cognitive
function [103]—was elevated in the plasma of those suicide
attempters with higher numbers of lifetime suicide attempts,
regardless of diagnosis. On the other hand, plasma
eicosapentaenoic acid levels did not differentiate attempters
from non-attempters in a depressed sample with substance
use disorders [104].

One epigenetic study [105] explored polymorphisms af-
fecting the biosynthetic pathway of long-chain PUFAs.
Depressed suicide attempters, relative to non-attempters,
showed altered methylation patterns in the Elovl5 gene whose
products participate in the elongation of very long-chain fatty
acids. Higher levels of CpG methylation were noted upstream,
whereas lower levels were reported in the downstream TSS
region of Elovl5 in attempters. In contrast, no correlation was
found between suicide attempts and either SNPs [106] or
methylation [105] of fatty acid desaturase genes, Fads/ and
Fads?.

Suicidal behavior was also examined within the context of
obesity and bariatric surgery. According to two systematic
reviews, obesity may be protective with respect to suicide
death; the relationship between BMI and suicide attempt,
however, was less clear [107, 108]. Bariatric surgery, on the
other hand, was shown to increase the risk of self-harm, par-
ticularly in patients with a history of depression, but not of
death by suicide [109, 110].

Diverse evidence links lipid indices to suicidal behavior.
Such indices offer a number of therapeutic targets with pre-
vention potential. Future studies need to explain the mecha-
nistic link between suicidal behavior diathesis and lipids.
Lipids could increase risk via effects on neurotransmitter sys-
tems like the dopamine system or via the inflammasome.

Neuronal Plasticity
Neuronal plasticity is the process by which the nervous system
adapts to changing environmental demands. Given the struc-

tural and functional changes observed in the brains of suicide
attempters, it is reasonable to investigate the molecular
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processes by which they may occur. Trophic factors mediate
neuronal plasticity. Research has examined brain-derived neu-
rotrophic factor (BDNF)—a growth factor implicated in de-
velopment, differentiation, and functioning of neurons—and
tropomyosin-receptor kinase B (TrkB), a receptor for BDNF
[L11]. For a summary of older literature, see Dwivedi [112].

Recent Findings

Studies of BDNF in suicide attempters have generated mixed
results. A study of an ethnically diverse sample of
self-harming patients with unspecified psychopathology
found a gene-by-environment interaction between the homo-
zygous Val-Val genotype and childhood emotional environ-
ment. Val-Val carriers who reported a less supportive,
invalidating emotional environment during childhood were
more likely to attempt suicide than Met-carriers or individuals
with more supportive emotional environments [113]. Other
genetic studies of BDNF also suggest an association between
the Val66Met BDNF' polymorphism and suicidal ideation or
behavior. Carriers of the Val-Val genotype in a Mexican sam-
ple of bipolar patients were more likely to have a history of
suicide attempt than Val-Met or Met-Met carriers [114], sug-
gesting a potential protective role of the Met allele. Although
these findings suggest that the Val-Val genotype confers a

vulnerability to suicidal behavior, not all studies agree. A
study of patients with schizophrenia found an interaction be-
tween the BDNF Met-allele, the dopamine receptor DRD3
Ser9Gly polymorphism, and a history of suicide attempt, al-
though these findings were not replicated in a larger sample
[80]. Finally, suicide attempt history in depressed patients was
reported to be associated with greater BDNF promoter meth-
ylation and presumably less expression [115].

Studies of BDNF serum levels yielded less promising re-
sults. Only one study found a correlation between lower serum
BDNF levels and suicide attempt in personality and adjustment
disorders [116]. These findings could not be replicated in mood
disorders [99, 116] or other psychopathology [117]. Serum
BDNF levels also did not differentiate between attempters
using violent versus non-violent suicide methods [99].

To summarize, the Met allele of the Val66Met BDNF has
been reported to be associated with both increased and lower
risk of a suicide attempt. More research is needed in this arca
to further explore this relationship.

Conclusions

Suicide risk assessment currently relies on a patient’s volun-
tary self-report and a clinician’s judgment. A more objective,
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biologically based model of suicide risk assessment may yield
biomarkers with increased prediction accuracy, facilitate iden-
tification of high-risk patients, and focus more intense preven-
tive interventions on that group.

We have reviewed several candidate biomarkers, some
showing more promise than others. At present, it appears that
the most promising potential biomarkers of suicide attempt
may emerge from imaging the serotonergic system and from
blood measures of the inflammasome, lipids, and possibly
molecules involved in neuronal plasticity. Biochemically,
many of these factors are interrelated (see Fig. 1). Early life
trauma sensitizes the HPA-axis resulting in higher cortisol
levels in response to stress later in life. Cortisol modulates
the serotonin system, neuronal survival, and inflammatory
processes. Serotonin, on the other hand, shares a common
precursor—tryptophan—with inflammatory indices KYN
and QUIN. Further research employing a prospective design
with larger samples involving several diagnostic groups and
multiple biomarkers from different systems is needed to de-
velop a comprehensive biological predictive model of suicidal
behavior.
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