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Abstract

Background: Suicide is a global health crisis. However, no objective biomarkers of suicide risk currently exist, and self-
reported data can be unreliable, which limits prediction, diagnostic, and treatment efforts. Reliable biomarkers that can 
differentiate between diagnostic subgroups, predict worsening symptoms, or suggest novel therapeutic targets would be 
extremely valuable for patients, researchers, and clinicians.
Methods: MEDLINE was searched for reports published between 2016 and 2021 using search terms (suicid*) AND (biomarker*) 
OR (indicat*). Reports that compared biomarkers between suicidal ideation, suicide attempt, death from suicide, or any 
suicide subgroup against other neuropsychiatric disorders were included. Studies exclusively comparing suicidal behavior or 
death from suicide with healthy controls were not included to ensure that biomarkers were specific to suicide and not other 
psychopathology.
Results: This review summarizes the last 5 years of research into suicide-associated biomarkers and provides a comprehensive 
guide for promising and novel biomarkers that encompass varying presentations of suicidal ideation, suicide attempt, and 
death by suicide. The serotonergic system, inflammation, hypothalamic-pituitary-adrenal axis, lipids, and endocannabinoids 
emerged as the most promising diagnostic, predictive, and therapeutic indicators.
Conclusions: The utility of diagnostic and predictive biomarkers is evident, particularly for suicide prevention. While larger-
scale studies and further in-depth research are required, the last 5 years of research has uncovered essential biomarkers that 
could ultimately improve predictive strategies, aid diagnostics, and help develop future therapeutic targets.

Introduction
Globally, the World Health Organization estimates that nearly 
1 million people die from suicide each year (World Health 
Organization, 2019). Although it is imperative to address this 
global health crisis, the current scarcity of diagnostic and 

predictive biomarkers makes suicide prevention and treatment 
as well as the development of novel therapeutics consider-
ably more difficult (Costanza et al., 2014; Sudol and Mann 2017; 
Capuzzi et al., 2020a).
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Biomarkers can provide a great deal of critical information by 
functioning as predictive indicators, guiding diagnostic distinc-
tions, providing evidence of treatment response, and suggesting 
potential targets for novel treatments. Broadly defined as ob-
jective indicators of a biological state or condition, biomarkers 
can be measured in multiple ways, including changes in protein 
expression and epigenetic markers and metabolomic changes 
that can be detected in both the central nervous system (CNS) 
and periphery (Niciu et al., 2014). In a clinical sense, biomarkers 
for suicidal ideation and attempt would be valuable specifically 
because they provide a greater degree of certainty about diag-
nosis or treatment plans than psychological measures alone.

However, predicting suicidal behavior has historically been 
challenging, particularly because such prediction relies on sub-
jective measures such as patient reports of ideation, behavior, 
and family history (Davis and Schrueder, 1990; Blasco-Fontecilla 
et  al., 2013; Smith et  al., 2013). Additional difficulties include 
overlap with other neuropsychiatric disorders, the predictive 
validity of suicidal ideation for suicide attempts (Miranda et al., 
2008; King et al., 2014), and cultural inconsistencies in attitudes 
towards suicidal ideation or behavior that can influence reported 
suicide rates across countries (Vijayakumar 2005; Colucci 2013). 
A recent survey of researchers and clinicians listed the largest 
challenges in suicide research as small sample sizes in inter-
vention studies, low baseline rates of suicidal behavior, and dif-
ficulties translating research among different fields (O’Connor 
and Portzky, 2018).

In this context, determining practical, usable biomarkers to 
quantify suicidal ideation, suicide attempt, or potential death 
from suicide is crucial. It should be noted from the outset that 
these terms have been defined in guidelines from the CDC 
(Crosby et al., 2011). Specifically, suicidal ideation is character-
ized as thinking, considering, and/or planning suicide; suicide 
attempt is designated as non-lethal, self-directed injurious be-
havior with an intent to die; and death by suicide is defined 
as intentional self-injurious behavior resulting in death. Self-
injurious behavior without intent to die is not considered suicide 
attempt or ideation and will not be included in this review. The 
distinction between each of these facets is critical, as each exists 
across a similar spectrum without completely overlapping. For 
example, suicidal ideation varies considerably in severity and 
does not always predict resultant behavior. Suicide attempts 
can also vary in lethality; some individuals attempt suicide nu-
merous times and never die by suicide whereas others can die 
on their first attempt. While attempt and death from suicide are 
distinct, it is important to note that previous psychiatric hos-
pitalization and suicide attempt are the largest risk factors for 
death by suicide (Brown et al., 2000).

Synthesizing multiple sources of information provides 
the most fruitful path forward for understanding the neuro-
biology of suicide and of suicide biomarkers, as each source 
is associated with advantages and limitations. For instance, 
while post-mortem research provides valuable insight into 
biomarkers, it is often difficult to determine the mental state 
that led participants to act on their suicidal thoughts. Suicide 
method can also complicate certain analyses, as head wounds 
may damage brain tissue and overdoses may complicate meas-
ures of inflammation or toxicity. Cross-sectional research can 
help determine the mental state of participants and help dif-
ferentiate subgroups, but it cannot conclusively determine 
predictive biomarkers. Lastly, longitudinal research can help 
determine valuable predictive biomarkers of suicidal ideation, 
suicide attempt, or death by suicide. However, such research is 
costly and time-intensive to conduct due to the need for large 

samples sizes to capture the rare event of suicide death as well 
as reliance on self-report measures that may not reflect the true 
mental state of each patient. Integrating these methodologies 
and samples can aggregate findings and bolster weaknesses in 
the data.

In the roughly 5  years since a major review of this topic 
was published (Oquendo et  al., 2014; Sudol and Mann 2017), 
considerable research has been conducted to differentiate bio-
markers of suicidal ideation, suicide attempt, and death by 
suicide from each other and from various other neuropsychi-
atric diagnoses. Although it focuses on the most recent re-
search, it should be noted from the outset that the present 
review builds on considerable previous research that iden-
tified several promising predictive and differentiating bio-
markers of suicidal ideation, attempt, and death related to the 
serotonergic system and hypothalamic-pituitary-adrenal (HPA) 
axis. Historically, the serotonergic system has been extensively 
studied for its role in suicide and suicidal behaviors. In par-
ticular, 5-hydroxyindoleacetic acid (5-HIAA)—the main metab-
olite of serotonin (5-HT)—was found to be downregulated in the 
cerebrospinal fluid (CSF) of those who died by suicide compared 
with those with other neuropsychiatric disorders (Asberg et al., 
1976; Träskman et al., 1981). Low serotonin transporter binding 
in the prefrontal cortex and raphe nuclei was also reported to 
differentiate between non-suicidal and suicidal depression 
(Arango et al., 1995). Furthermore, 5-HT2A receptor density was 
identified as a key difference between suicidal and non-suicidal 
patients with depression (Alda and Hrdina 2000) as well as the 
chosen lethality of suicide attempts (Malone et al., 2007). Finally, 
in the HPA axis, the dexamethasone suppression test has been 
extensively studied as a suicide risk biomarker. Non-suppression 
on the dexamethasone suppression test (DST) predicted signifi-
cantly higher suicide risk in those diagnosed with depression or 
who had made a previous suicide attempt, though this finding 
was not always consistent (reviewed in Currier and Mann 2008).

This paper reviews findings drawn from post-mortem studies, 
case-control studies, cross-sectional studies, and longitudinal 
studies. In addition, both CNS and peripheral biomarkers are 
discussed to highlight differences and similarities between the 
CNS and periphery. Comparisons with only healthy volunteers 
as controls are not included except as part of the study subtypes 
listed above due to concerns about the biomarkers being specific 
to suicide rather than general psychopathology. Structural and 
functional brain imaging studies were excluded because they 
have recently been investigated (we refer the interested reader 
to several recent reviews: Balcioglu and Kose, 2018; Bani-Fatemi 
et  al., 2018; Schmaal et  al., 2020). Broadly, this paper seeks to 
provide a comprehensive, up-to-date guide for clinicians on sui-
cide biomarkers. These include biomarkers that hold promise as 
predictive indicators of suicidal ideation, suicide attempt, and 
death by suicide as well as those that may one day help identify 
novel therapeutic targets.

SEARCH STRATEGY

MEDLINE was searched between December 2020 and July 2021 
for reports using search terms (suicid*) AND (biomarker*) OR 
(indicat*). Inclusion criteria were (1) reports published between 
2016 and 2021; (2) studies comparing biomarkers between 2 of 
the following groups: suicidal ideation, suicide attempt, death 
from suicide; and (3) studies that compared suicide ideation, 
attempt, and death from suicide to individuals with various 
neuropsychiatric disorders. Exclusion criteria were (1) studies 
that examined neuroimaging data exclusively; (2) studies that 
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compared suicide ideation, attempt, and death from suicide to 
exclusively healthy controls; and (3) studies that had no com-
parison groups. Genetic and epigenetic markers will not be dis-
cussed; we refer the interested reader to several recent detailed 
reviews (Olié and Courtet, 2017; Roy and Dwivedi, 2017; Vaquero-
Lorenzo and Vasquez, 2020; Zhou et al., 2020).

BIOMARKERS OF SUICIDAL IDEATION, 
SUICIDE ATTEMPT, AND DEATH BY SUICIDE

This section will discuss the major focal points of recent re-
search into promising biomarkers for classification and diag-
nosis of suicidal ideation, suicide attempt, and death by suicide, 
beginning with biomarkers that have the strongest supporting 
evidence.

All biomarkers mentioned are compiled in Table 1 for ease 
of reference.

The Serotonergic System

Serotonin is a monoaminergic transmitter and a key regulator 
of mood, sleep, and appetite. Dysregulation of serotonergic ex-
pression, receptors, and transporters has previously been im-
plicated in many neuropsychiatric disorders, including major 
depressive disorder (MDD), bipolar disorder, and schizophrenia 
(Pourhamzeh et al., 2021). While serotonin is primarily produced 
in the gastrointestinal tract, correcting serotonergic deficits in 
the CNS is the primary mechanism of action underlying most 
traditional antidepressants—though it should be noted that 
traditional selective serotonin reuptake inhibitors (SSRIs) are 
not efficacious for all patients with depression. The serotonergic 
system is also heavily intertwined with inflammatory pathways, 
the kynurenine system, and other monoaminergic and neuro-
trophic signaling pathways (Mössner and Lesch, 1998; Seo et al., 
2008; Oxenkrug, 2013).

Notably, dysregulation of the serotonergic system was one 
of the first major findings that differentiated biomarkers of 
suicide from other neuropsychiatric disorders (Arango et  al., 
2002; Azmitia, 2020). 5-HT1A binding was found to be greater 
in individuals who died by suicide, independent of a diagnosis 
of depression (Underwood et  al., 2018). In bipolar disorder, 
levels of platelet serotonin were significantly lower in suicide 
attempters compared with non-attempters and even lower in 
those who used a high-lethality method (Giurgiuca et al., 2016). 
In a CSF study, decreased expression of the serotonin metab-
olite 5-HIAA was observed in suicide attempters compared with 
non-attempters (Hoertel et  al., 2021). Tryptophan, an amino 
acid involved in serotonergic production, was significantly 
lower in participants with MDD who had at least 1 suicide at-
tempt than in non-suicidal patients (Messaoud et al., 2019). The 
same study found that the kynurenine to tryptophan ratio was 
higher in participants who had attempted suicide, suggesting 
that serotonergic interactions with other pathways could be im-
portant for differentiation.

While the serotonergic system clearly plays a complicated 
role in the pathogenesis of suicide, the strong evidence asso-
ciated with predictive and genetic biomarkers—for instance, 
SLC6A4 and 5-HTTLPR (Rahikainen et al., 2017; Consoloni et al., 
2018; Daray et  al., 2018)—underscores the importance of this 
line of research. Future studies should further explore the 
aforementioned genetic findings as well as analyze ratios (e.g., 
kynurenine/tryptophan) to understand how serotonin inter-
acts with and influences other systems. One area of particular 
interest is the complicated history between suicide and the 

efficacy of traditional antidepressants—particularly SSRIs—sug-
gesting that manipulation of the serotonergic system does not 
work for everyone. Further work in this area could ultimately 
help predict suicidal ideation, suicide attempt, or death from 
suicide.

HPA Axis Dysregulation

The HPA axis is the neuroendocrine regulator of the stress re-
sponse, primarily impacting the CNS through the release of 
glucocorticoids (GCs). Beginning in the paraventricular nucleus, 
the HPA axis eventually triggers the pituitary gland to synthe-
size adrenocorticotropin-releasing hormone and stimulates GC 
synthesis. This stress response is modulated through a nega-
tive feedback loop by the binding of GCs to their mineralocor-
ticoid or glucocorticoid receptors, which shuts off the response 
of the paraventricular nucleus. In many neuropsychiatric dis-
orders, including depression, this negative feedback loop is 
dysregulated, causing an overabundance of GCs and HPA axis 
hyperactivity (Pariante and Lightman 2008).

Cortisol resistance to the DST, which measures HPA axis ac-
tivity, has consistently been linked to risk of suicide attempt or 
death by suicide (Coryell and Schlesser, 2001). The DST studies 
support the stress-diathesis model, which hypothesizes that a 
stressful life event can trigger suicidal behavior in those with a 
pre-existing vulnerability (Van Heeringen and Mann, 2014). HPA 
axis hyperactivity also appears to be a predictor of death by sui-
cide (Jokinen and Nordström 2008, 2009; Ventriglio et al., 2015).

Interestingly, baseline cortisol level, total cortisol output, 
and cortisol reactivity during the Trier Social Stress Test (TSST) 
did not differentiate suicide attempters from non-attempters, 
though a high cortisol response distinguished a subgroup of 
suicide attempters with high levels of impulsive aggression 
(Stanley et al., 2019). The TSST also identified greater cortisol re-
sponse in individuals with brief suicidal ideation vs those with 
longer periods of suicidal ideation (Rizk et al., 2018). Finally, add-
itional studies found that blunted cortisol levels were higher in 
those hospitalized for a suicide attempt compared with those 
with severe suicidal ideation (Melhem et al., 2016; Melhem et al., 
2017).

It should be noted that extensive genetic research also sup-
ports the role of the HPA axis in suicidal ideation, attempt, 
and death by suicide. Major findings include the decreased ex-
pression of spindle and kinetochore associated complex sub-
unit 2 (SKA2) in suicidal compared with non-suicidal patients 
(Guintivano et  al., 2014; Pandey et  al., 2016; Clive, 2017) and 
FKBP5 polymorphisms that dysregulate GC receptor signaling 
(Roy et  al., 2010). For a more in-depth discussion of HPA axis 
genetic markers, we refer the interested reader to several recent 
reviews (Olié and Courtet, 2017; Roy and Dwivedi, 2017; Turecki 
et  al., 2019; Vaquero-Lorenzo and Vasquez, 2020; Zhou et  al., 
2020).

The HPA axis also modulates levels of various neurotrans-
mitters, including serotonin (Pompili et al., 2010). Nevertheless, 
gross measures such as HPA axis hyper- and hypo-activity are 
unlikely to provide enough detail to serve as biomarkers of diag-
nostic categorization. More specific measures, such as levels of 
GC receptors and their binding affinities, may be better indica-
tors of suicide risk or help distinguish behavioral subgroups.

Inflammatory Markers

Central and peripheral chronic inflammation has consistently 
been observed in neuropsychiatric disorders (Bauer and Teixeira, 
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2019). Inflammatory response is typically induced by tissue 
damage or infection. Sensors (membrane or intracellular recep-
tors) on both immune and non-immune cells then trigger a re-
action to the induction stimulus. This reaction recruits multiple 
mediators (including cytokines and chemokines) to the dam-
aged site, which in turn affects the target tissues. Most research 
into the links between chronic inflammation and neuropsychi-
atric disorders has focused on mediators, as these are easier 
to measure and could ultimately act as potential therapeutic 
targets. However, results regarding the role that different cyto-
kines play in the inflammatory profile have been mixed (Hong 
et al., 2016; Wang and Miller 2018), lending additional urgency 
to efforts seeking to identify concise inflammatory biomarker 
profiles that may help differentiate those who are experiencing 
suicidal ideation from those who will attempt or die by suicide 
as well as from the larger population of those diagnosed with 
neuropsychiatric disorders.

Higher levels of C-reactive protein (CRP) have frequently 
been implicated in suicidal ideation, suicide attempt, and death 
by suicide. A  recent meta-analysis found that concentrations 
of peripheral CRP were significantly elevated in those who ex-
hibited suicidal behavior (defined as anything from ideation 
to death by suicide) compared with participants with depres-
sive disorders as well as healthy volunteers (Chen et al., 2020). 
Other studies found increased suicidal ideation in participants 
with high CRP levels and erythrocyte sedimentation rate, a 
gross measure of peripheral inflammation (Chang et al., 2017). 
Some studies found that serum CRP levels were higher in sui-
cide attempters than in those with suicidal ideation (Gibbs et al., 
2016; Melhem et al., 2017), though at least 1 study found no sig-
nificant differences between the 2 groups (Park and Kim, 2017). 
Interestingly, another study found that this association between 
suicidal ideation and CRP levels was significantly higher in fe-
males (Köhler-Forsberg et al., 2017). Finally, in a large study of 
Taiwanese adults, a high baseline white blood cell count was 
associated with risk of death by suicide, but CRP levels were not 
(Russell et al., 2021).

Another area of interest is peripheral cytokine measures. In 
women, a cluster of pro-inflammatory biomarkers, including 
interleukin-6 (IL-6), IL-8, white blood cell count, and poly-
morphonuclear leukocyte count, was significantly associated 
with increased risk of suicidal ideation and suicide attempt 
compared with those diagnosed with depression who were 
not experiencing suicidal ideation (Keaton et al., 2019; Knowles 
et  al., 2019). Interestingly, IL-6 levels increased in children 
who worsened in response to treatment with the SSRI fluox-
etine (Amitai et al., 2020). Higher tumor necrosis factor (TNF)-α 
protein levels at baseline predicted worsening suicidal idea-
tion after 12 weeks (Choi et al., 2021). Another study found that 
lower levels of IL-1β (a pro-inflammatory cytokine) and plasma 
phospholipid levels of docosahexaenoic acid (an anti-inflam-
matory) were present in those with a history of suicide attempt 
compared with those with severe suicidal ideation (Ganança 
et al., 2021). Finally, a panel of 23 inflammatory markers iden-
tified a significant association between increased inflammation 
and suicide risk (as defined by the suicide module of the Mini 
International Neuropsychiatric Interview), particularly levels of 
the chemokine ligand 1 (Su et al., 2020). In contrast, Coryell and 
colleagues found no association between 5 different inflamma-
tory markers and history of suicide attempt (Coryell et al., 2018).

Interestingly, previous research also observed that 
chemokines, a type of cytokine, affect neuroinflammation by 
modulating microglial activity, although they also affect the 
HPA axis and various neuroendocrine functions. For instance, 

studies found that levels of CCL-5 and CCL-17 were significantly 
lower in suicidal patients than non-suicidal patients (Grassi-
Oliveira et al., 2012; Janelidze et al., 2013). In particular, the CC 
chemokines were most commonly downregulated in the brains 
of those who died by suicide (Shinko et al., 2020), a finding not 
mirrored in other neuropsychiatric disorders (Köhler et  al., 
2017; Leighton et  al., 2018). While limited recent research has 
attempted to expand these findings, this is a promising area of 
study that warrants future efforts to differentiate suicidal from 
non-suicidal patients.

Studies measuring the neutrophil/lymphocyte ratio (NLR) 
have obtained mixed results. For instance, one study observed 
lower NLR in individuals who had attempted suicide than in 
those who had not, though this difference was not significant 
(Meydaneri and Meydaneri, 2018). In contrast, another study 
found that participants with MDD who had no history of sui-
cide attempt had a significantly lower NLR than those who did 
(Velasco et al., 2020).

Despite these intriguing findings, it should be noted that 
multiple studies found no association between inflammatory 
markers and different measures of suicidal ideation (Chen 
et  al., 2017; Bergmans et  al., 2019; Bai et  al., 2021), suicide at-
tempt (Coryell et al., 2018), and death by suicide (Russell et al., 
2021). However, the consistently higher levels of CRP expression 
and potential specificity of CC chemokines are quite promising. 
Both of these inflammatory markers have great potential for 
differentiating different suicide subtypes and further implicate 
the role of neuroinflammation in suicidal ideation, attempt, and 
death by suicide. Briefly, genetic research has also found that 
various inflammatory markers can be used to differentiate or 
predict potential suicide attempts, particularly increased levels 
of TNF-α mRNA and polymorphisms (reviewed in Serafini et al., 
2020). Further research is needed to elucidate whether inflam-
mation can be pursued as a biomarker of suicide risk, particu-
larly with regard to the potentially clinically meaningful sex 
differences that appear across multiple studies.

Lipids

Lipids—hydrophobic and amphiphilic molecules such as poly-
unsaturated fatty acids and neuroactive steroids—have recently 
garnered attention as promising therapeutic targets. Lipid me-
tabolism is particularly important in the brain, given its high 
demand for energy to maintain neurogenesis, synaptogenesis, 
and other essential functions (Hussain et al., 2020). Lipids are 
easily modifiable through drugs, lifestyle, and dietary changes. 
They are also strongly linked to the microbiome, making them a 
promising therapeutic target (Fu et al., 2015).

Recent research suggests that lipids may be a potentially 
valuable biomarker of suicide risk (Sublette, 2020). For in-
stance, cholesterol reductions, which impact 5-HIAA levels, may 
lead to a serotonergic imbalance that could be linked to mood 
dysregulation and suicide risk (Gorwood, 2001). Such reductions 
in cholesterol and triglyceride levels were observed in individ-
uals who died by suicide compared with healthy volunteers and 
non-attempters diagnosed with MDD (Messaoud et al., 2017). In 
veterans, significantly lower cholesterol levels were reported in 
individuals with suicidal ideation or suicide attempt compared 
with other individuals with depression, even when controlling 
for cholesterol medication (Reuter et al., 2017). While no signifi-
cant differences were found between the suicidal ideation and 
suicide attempt groups, it was hypothesized that individual de-
creases in cholesterol levels might have contributed to a shift 
from suicidal ideation to suicide attempt. In support of this 
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hypothesis, the authors found that individual cholesterol levels 
dropped between a participant’s non-suicidal and suicidal hos-
pitalizations (Reuter et al., 2017). Furthermore, esterified choles-
terol levels significantly overlapped with genetic risk for suicide 
attempt in a sample of Mexican Americans, a finding mediated 
by ABCA-1 cholesterol efflux capacity (Knowles et  al., 2018). 
Another study found that suicide attempt and death by suicide 
were related to low-density lipoprotein cholesterol levels in a co-
hort of participants with first-episode psychosis (Ayesa-Arriola 
et al., 2018). Interestingly, total cholesterol and low-density lipo-
protein levels (but not triglycerides) were significantly lower in 
individuals who attempted suicide (Eidan et al., 2019) compared 
with non-suicide MDD controls, particularly those who used a 
violent method (Capuzzi et al., 2020a). Although some studies 
found no association between cholesterol levels and suicide 
attempt (Bartoli et al., 2017; Bartoli et al., 2018; Capuzzi et al., 
2018), the fact that most studies have consistently linked low 
cholesterol levels to suicidal ideation or shift from ideation to 
attempt suggests that monitoring cholesterol levels may ultim-
ately serve as a simple, practical measure of suicide risk, par-
ticularly in at-risk individuals.

With regard to other lipids, a panel of apolipoprotein A1, 
high-density lipoprotein cholesterol, alpha 1-antitrypsin, and 
transferrin was able to effectively differentiate individuals with 
MDD with suicidal ideation from those without, demonstrating 
the power of multiple markers for clinical diagnosis (Bai et al., 
2021). A recent meta-analysis found that individuals with a sui-
cide attempt had decreased serum levels of leptin compared 
with both psychiatric and healthy controls in addition to some 
decreases in cholesterol (González-Castro et  al., 2021). Leptin, 
an adipocyte hormone, affects lipid concentrations by reducing 
the synthesis of fatty acids. Leptin may also interact with sero-
tonin levels in the CNS (Tomson et al., 2011; Sarkar et al., 2021). 
Another emerging area of research is the association between 
lipids and body mass index (BMI), although the link between BMI 
and suicide is currently complicated because studies have dem-
onstrated both negative and positive correlations (Magnusson 
et al., 2006; Perera et al., 2016); additional research is needed to 
clarify any putative associations.

In addition, rates of nonlethal suicide attempts are signifi-
cantly higher in women, and rates of death by suicide are much 
higher in men (Lenz et al., 2019). Although social factors con-
tribute to these differences—for instance, men are more likely to 
use more lethal methods such as firearms (Callanan and Davis 
2011)—biological differences should also be explored. The role 
of neuroactive steroids (e.g., testosterone, estradiol, and pro-
gesterone) in suicide attempt and death by suicide has been 
proposed to help explain this gender paradox of suicidal behav-
iors. Interestingly, in women, the use of hormonal contracep-
tives that significantly alter levels of neuroactive steroids was 
positively associated with both suicide attempt and death by 
suicide, both of which peaked in adolescence (Skovlund et al., 
2018). Previous research also identified an increased number of 
suicide attempts among women during low estradiol and pro-
gesterone periods (Baca-Garcia et  al., 2010); the same study 
found that individuals with a regular menstrual cycle were more 
likely to attempt suicide during the premenstrual period or the 
first days of the cycle.

Androgens have consistently been linked to increased 
risk-taking and aggressive behavior (Carré et  al., 2011), which 
may explain the sex differences in suicide attempt and death 
by suicide (Lenz et  al., 2019). However, a large, 9-year longitu-
dinal study measuring testosterone, 5α-dihydrotestosterone, 
and androstenedione found no association between levels of 

androgens and suicide attempt or suicidal ideation (de Wit et al., 
2020). Nevertheless, this finding may have been confounded by 
the fact that shifting levels of androgens across the lifespan 
were not accounted for by the limited baseline measurements.

Broadly, lipids encompass a great number of signaling mol-
ecules that have a large effect on many different systems. 
Despite this ubiquity, lipids appear to be some of the most prom-
ising predictors of suicide risk and therapeutic targets. In par-
ticular, low levels of cholesterol have consistently been linked 
to worsening suicidal ideation or shift from ideation to attempt. 
Genetic research has also supported the role of lipids in sui-
cide risk, demonstrating the effects of certain polymorphisms 
that affect the biosynthesis of long-chain polyunsaturated fatty 
acids (reviewed in Sudol and Mann, 2017). Because it is a simple 
measure commonly obtained in many hospital settings, moni-
toring cholesterol levels may prove to be a practical test that 
could be conducted with many patients if future studies prove 
successful.

Endocannabinoids

Endocannabinoids have been explored in recent years as pos-
sible biomarkers for neuropsychiatric disorders and treatment 
responsiveness due to their role in the GC system and HPA axis 
through mediation of the negative feedback loop (Evanson et al., 
2010). Endocannabinoid system blockade was also found to 
lead to depressive-like behavior in animal models (Martin et al., 
2002).

Despite this burgeoning interest, few studies have explored 
the role of these retrograde neurotransmitters in suicidal ideation, 
suicide attempt, or death by suicide. Recent research found that 
serum levels of anandamide (AEA) and N-palmitoylethanolamide 
(PEA) were higher in suicide attempters compared with psychi-
atric controls (Herranz-Herrer et al., 2020). In a sample of combat 
veterans, 2-arachidonoylglycerol levels were higher in suicide 
attempters than non-attempters (Sher et  al., 2020). While no 
significant differences were seen in AEA or PEA levels between 
groups, AEA levels in suicide attempters were negatively correl-
ated with Scale for Suicide Ideation scores, an association not 
found in non-attempters (Sher et al., 2020).

In the larger endocannabinoid system, cannabinoid recep-
tors (CB1 and CB2) may also help differentiate suicidal behavior 
(attempts and death). Both receptors accept endogenous and 
exogenous ligands, and the CB1 receptor is mainly present in 
the CNS. A  recent systematic review of individuals diagnosed 
with alcohol use disorder found consistent increases in CB1 
receptor density in individuals who died by suicide compared 
with those who did not (Colino et al., 2018). These findings sug-
gest that endocannabinoid system hyperactivity may contribute 
to suicidal behavior, in contrast to the downregulation of ac-
tivity found in other psychiatric disorders. Interestingly, a recent 
meta-analysis found no relationship between acute or chronic 
cannabis use and suicidal ideation, suicide attempt, or death by 
suicide, though the study did not directly measure endogenous 
cannabinoid levels (Borges et al., 2016). Given the small sample 
sizes and mixed results of the extant studies, further longitu-
dinal research studies are necessary.

Overall, the existing evidence suggests that endogenous can-
nabinoids appear to help differentiate suicide attempters from 
non-attempters, though small sample sizes and mixed results 
have complicated generalizability. Further research into brain-
region specific differences, differences between ideation and 
behavior, and longitudinal research to determine changes in 
endocannabinoids over time is essential.
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Brain-Derived Neurotrophic Factor (BDNF)

Given its essential role in synaptic plasticity and neuronal 
signaling, BDNF has long been an area of interest in neuro-
psychiatric disorders (Autry and Monteggia, 2012). Mature BDNF 
(mBDNF) contributes to cell survival and differentiation, and pro 
BDNF facilitates apoptosis and dendritic pruning. An inverse re-
lationship has been observed between BDNF levels and HPA axis 
activity in multiple neuropsychiatric disorders and in female 
suicide attempters (Ambrus et al., 2016).

Notably, while most neuropsychiatric cohorts display low 
BDNF levels, serum mBDNF levels in those with a previous sui-
cide attempt were higher than those of individuals with MDD 
and bipolar disorder (Lin et al., 2021); however, this finding was 
associated with poor discrimination accuracy (65.5%), so it may 
be less clinically relevant. When measuring total BDNF, other 
studies found no association between serum BDNF levels and 
previous suicide attempt (Eisen et al., 2016) or suicidal ideation 
(Zheng et  al., 2020), particularly compared with other neuro-
psychiatric conditions (Pedrotti Moreira et  al., 2018). A  recent 
meta-analysis found no association between serum BDNF levels 
and suicide attempt but did observe that lower levels of plasma 
BDNF identified those with previous suicide attempt (Salas-
Magaña et al., 2017). In women, plasma BDNF levels were simi-
larly significantly associated with a previous suicide attempt 
(Kudinova et al., 2019). Another recent study found an associ-
ation between serum BDNF levels and non-active suicidal in-
tent, suggesting that BDNF may be a better indicator of less 
severe suicidal ideation (Khan et al., 2019). Moreover, decreased 
levels of BDNF following infusion with the glutamatergic modu-
lator and novel antidepressant ketamine were associated with 
reduced suicidal ideation (Grunebaum et al., 2017), suggesting 
that BDNF may be a biomarker of treatment responsiveness.

In genetic studies, the allele distributions of the BDNF 
Val66met allele were significantly associated with the severity 
of current suicidal ideation, with those carrying the Met allele 
more likely to experience suicidal ideation or a more severe 
presentation of ideation (Zhang et  al., 2019). Taken together, 
the existing evidence suggests that BDNF may not be an ideal 
indicator of suicidal ideation or attempt, but further studies in 
plasma or that differentiate pro BDNF and mBDNF may provide 
additional insight. In addition, further studies are needed to 
establish whether BDNF can be used as a biomarker of treat-
ment responsiveness. Ultimately, however, it is often difficult to 
measure BDNF levels in plasma, serum, or CSF samples; thus, it 
may not be practical to measure BDNF in a clinical setting re-
gardless of its potential usefulness as a biomarker.

Biometals

Biometals, or metals that are naturally present in biology such as 
zinc, iron, and copper, are important to the function of biological 
systems. In neuropsychiatry, they became a topic of interest 
largely because of the efficacy of lithium in bipolar disorder and 
because some of these metals were found to play a role in neuro-
transmitter systems via their ability to influence serotonin and 
noradrenaline uptake (Komulainen and Tuomisto, 1981).

A small study of individuals who died by suicide found sig-
nificant variability in 16 biometals across different areas of 
the cortex compared with those who had died of other causes 
(including psychiatric controls). For instance, in those who had 
died by suicide, lower levels of strontium, molybdenum, and 
ruthenium were evident across multiple areas of the cortex 
(Dean et  al., 2019). Another study that measured levels of the 

proteins responsible for iron transport in the cortex found lower 
levels of holo-CP (copper-containing ceruloplasmin) and higher 
levels of β-amyloid precursor protein, TAU, and transferrin 
in individuals who died by suicide vs psychiatric and healthy 
controls (Dean et al., 2020). Given that these studies were con-
ducted post-mortem, more information is needed to determine 
whether biometal measurements could ultimately predict sui-
cidal behavior. However, the intertwining role of biometals in 
the serotonergic system, combined with evidence of lithium’s 
efficacy, suggests that this research avenue holds promise.

Additional Biomarkers of Interest

Preliminary evidence also exists for several other promising 
biomarkers of interest. These include changes in non-coding 
microRNAs (Belzeaux et  al., 2019), dopamine and norepin-
ephrine metabolites (e.g., homovanillic acid and 3-methoxy-
4hydroxyphenylglycol) (Hoertel et al., 2021), and uric acid levels 
(Peng et al., 2018). Despite the preliminary nature of the findings, 
the encouraging early results warrant further investigation.

Discussion

Suicide is a leading cause of psychiatric-related death, and bio-
markers are critical for prediction and intervention. This re-
view of studies published in the last 5 years highlights several 
promising biomarkers for suicide. These include (1) increased 
peripheral cortisol levels, which were able to differentiate 
suicidal ideation from suicide attempt; (2) lower tryptophan 
levels, which were able to differentiate suicidal ideation from 
other neuropsychiatric controls; (3) endocannabinoid levels 
(2-arachidonoylglycerol, AEA, and PEA), which were able to 
distinguish between previous suicide attempters and those 
experiencing current suicidal ideation and other neuropsychi-
atric disorders; and (4) increased CRP levels, which appear to be 
a good indicator of worsening symptoms of suicidal ideation, 
suicide attempt, and death by suicide. While fewer studies have 
examined biomarkers for death by suicide, varying levels of 
biometals and serotonin transporter binding in the cortex ap-
peared to differentiate death by suicide from other non-suicidal 
psychiatric controls. Although replication is clearly necessary 
to confirm these findings, all are promising starting points for 
future research that could benefit both patients and clinicians.

Biomarkers provide invaluable information about many 
facets of neuropsychiatric disorders and symptom profiles, 
including disease presence, disease severity, and disease pro-
gression. These categories provide clinicians with tools to con-
firm diagnoses, predict disease course, and develop appropriate 
interventions. This toolbox is particularly important with regard 
to the prediction, diagnosis, and treatment of suicidal ideation, 
suicide attempt, and death by suicide, as putative intervention 
currently relies heavily on clinician observation and self-report 
measures that can be unreliable. In addition, individuals exhib-
iting suicidal ideation or behavior are quite heterogeneous, and 
different neuropsychiatric diagnoses and symptom presenta-
tions complicate clinical treatment. In this context, personal-
izing treatment by identifying reliable biomarkers is essential for 
targeting suicidal ideation, suicide attempt, and death by suicide.

While many promising avenues of research into suicide bio-
markers exist, such work is associated with some limitations. 
First, post-mortem analyses cannot be correlated with current 
emotional state or cognition and may be confounded by bio-
logical changes caused by method of death, such as poisoning 
or hypoxia from strangulation. Second, small sample sizes in 
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post-mortem research also limit the power of data analyses. 
Third, studies conducted after suicide attempt cannot be correl-
ated with psychological state at the time of the attempt. Finally, 
most studies conducted to date have not accounted for differ-
ences in sex, age, or BMI—3 variables shown to significantly af-
fect suicide ideation, suicide attempt, and death by suicide.

Future research should focus on determining effective 
panels of multiple biomarkers, as this could help control for 
individual disparities between patients and provide a more 
complete summary of biological differences. Towards this end, 
developments in machine learning and precision medicine 
may help identify promising candidates for panels of different 
suicidal subtypes (Niculescu and Le-Niculescu 2020). An em-
phasis on practical biomarkers that are optimal for clinical set-
tings is also important for future translation of these findings. 
Longitudinal analyses should be prioritized to observe chan-
ging levels of biomarkers across diagnoses and treatment. Sex 
differences in the different subgroups also need to be carefully 
considered given the aforementioned gender paradox in suicide. 
Finally, large-scale studies that replicate previous findings in 
many different populations are necessary before bringing these 
biomarkers into clinical practice. Determining correlations be-
tween varying biomarkers, self-report scales, and psychological 
scales would provide future clinicians a blueprint to incorporate 
these biomarkers into everyday practice.

CONCLUSION

Amalgamating research into biomarkers linked to suicide can pro-
vide crucial insight into which biological changes are associated 
with each of these indicators. As reviewed above, the identification 
and investigation of promising biomarkers are ultimately likely to 
fundamentally alter the field’s ability to pinpoint diagnoses, im-
prove prediction strategies, and help develop novel therapeutic 
targets for suicidal ideation, suicide attempt, and death by suicide. 
Targeting those at risk could help decrease the enormous public 
health toll associated with suicide—both in terms of the personal 
and societal impact and in terms of reducing healthcare expenses. 
Quantifiable biomarkers, in conjunction with the psychological 
scales currently in use, could dramatically improve clinician 
decision-making and patient outcomes, preventing innumerable 
deaths and significantly improving global mental health.

Acknowledgments

The authors thank the 7SE research unit and staff for their 
support.
Funding for this work was provided by the Intramural Research 
Program at the National Institute of Mental Health, National 
Institutes of Health (IRP-NIMH-NIH; ZIAMH002927).

Interest Statement

Dr Zarate is listed as a co-inventor on a patent for the use of keta-
mine in major depression and suicidal ideation; as a co-inventor 
on a patent for the use of (2R,6R)-hydroxynorketamine, (S)-
dehydronorketamine, and other stereoisomeric dehydroxylated 
and hydroxylated metabolites of (R,S)-ketamine metabolites in the 
treatment of depression and neuropathic pain; and as a co-inventor 
on a patent application for the use of (2R,6R)-hydroxynorketamine 
and (2S,6S)-hydroxynorketamine in the treatment of depression, 
anxiety, anhedonia, suicidal ideation, and post-traumatic stress 
disorders. He has assigned his patent rights to the US government 
but will share a percentage of any royalties that may be received 

by the government. All other authors have no conflict of interest 
to disclose, financial or otherwise.

References
Alda  M, Hrdina  PD (2000) Distribution of platelet 5-HT(2A) re-

ceptor densities in suicidal and non-suicidal depressives and 
control subjects. Psychiatry Res 94:273–277.

Ambrus  L, Lindqvist  D, Träskman-Bendz  L, Westrin  Å (2016) 
Hypothalamic-pituitary-adrenal axis hyperactivity is associ-
ated with decreased brain-derived neurotrophic factor in fe-
male suicide attempters. Nord J Psychiatry 70:575–581.

Amitai M, Taler M, Ben-Baruch R, Lebow M, Rotkopf R, Apter A, 
Fennig S, Weizman A, Chen A (2020) Increased circulatory IL-6 
during 8-week fluoxetine treatment is a risk factor for sui-
cidal behaviors in youth. Brain Behav Immun 87:301–308.

Arango  V, Underwood  MD, Gubbi  AV, Mann  JJ (1995) Localized 
alterations in pre- and postsynaptic serotonin binding sites 
in the ventrolateral prefrontal cortex of suicide victims. Brain 
Res 688:121–133.

Arango  V, Underwood  MD, Mann  JJ (2002) Serotonin brain cir-
cuits involved in major depression and suicide. Prog Brain 
Res 136:443–453.

Asberg M, Träskman L, Thorén P (1976) 5-HIAA in the cerebro-
spinal fluid. A  biochemical suicide predictor? Arch Gen 
Psychiatry 33:1193–1197.

Autry AE, Monteggia LM (2012) Brain-derived neurotrophic factor 
and neuropsychiatric disorders. Pharmacol Rev 64:238–258.

Ayesa-Arriola  R, Canal  Rivero  M, Delgado-Alvarado  M, Setién-
Suero  E, González-Gómez  J, Labad  J, David  AS, Crespo-
Facorro  B (2018) Low-density lipoprotein cholesterol and 
suicidal behaviour in a large sample of first-episode psych-
osis patients. World J Biol Psychiatry 19:S158–S161.

Azmitia  EC (2020) Evolution of serotonin: sunlight to suicide. 
Handbook Beh Neurosci 31:3–22.

Baca-Garcia E, Diaz-Sastre C, Ceverino A, Perez-Rodriguez MM, 
Navarro-Jimenez R, Lopez-Castroman J, Saiz-Ruiz J, de Leon J, 
Oquendo MA (2010) Suicide attempts among women during 
low estradiol/low progesterone states. J Psychiatr Res 44:209–
214.

Bai S, Fang L, Xie J, Bai H, Wang W, Chen JJ (2021) Potential bio-
markers for diagnosing major depressive disorder patients 
with suicidal ideation. J Inflamm Res 14:495–503.

Balcioglu YH, Kose S (2018) Neural substrates of suicide and sui-
cidal behaviour: from a neuroimaging perspective. Psychiatry 
Clin Psychopharmacol 28:314–328.

Bani-Fatemi  A, Tasmim  S, Graff-Guerrero  A, Gerretsen  P, 
Strauss J, Kolla N, Spalletta G, De Luca V (2018) Structural and 
functional alterations of the suicidal brain: an updated re-
view of neuroimaging studies. Psychiatry Res Neuroimaging 
278:77–91.

Bartoli  F, Di  Brita  C, Crocamo  C, Clerici  M, Carrà  G (2017) 
Lipid profile and suicide attempt in bipolar disorder: a 
meta-analysis of published and unpublished data. Prog 
Neuropsychopharmacol Biol Psychiatry 79:90–95.

Bartoli F, Crocamo C, Bava M, Castagna G, Di Brita C, Riboldi  I, 
Trotta G, Verrengia E, Clerici M, Carrà G (2018) Testing the as-
sociation of serum uric acid levels with behavioral and clin-
ical characteristics in subjects with major affective disorders: 
a cross-sectional study. Psychiatry Res 269:118–123.

Bauer  ME, Teixeira  AL (2019) Inflammation in psychiatric dis-
orders: what comes first? Ann N Y Acad Sci 1437:57–67.

Belzeaux  R et  al. (2019) Predicting worsening suicidal ideation 
with clinical features and peripheral expression of messenger 



Copyedited by: ﻿

Johnston et al.  |  211

RNA and microRNA during antidepressant treatment. J Clin 
Psychiatry 80:18m12556.

Bergmans  RS, Kelly  KM, Mezuk  B (2019) Inflammation as a 
unique marker of suicide ideation distinct from depression 
syndrome among U.S. adults. J Affect Disord 245:1052–1060.

Blasco-Fontecilla H, Lopez-Castroman J, Giner L, Baca-Garcia E, 
Oquendo  MA (2013) Predicting suicidal behavior: are we 
really that far along? Comment on “Discovery and validation 
of blood biomarkers for suicidality”. Curr Psychiatry Rep 
15:424.

Borges  G, Bagge  CL, Orozco  R (2016) A literature review and 
meta-analyses of cannabis use and suicidality. J Affect Disord 
195:63–74.

Brown  GK, Beck  AT, Steer  RA, Grisham  JR (2000) Risk factors 
for suicide in psychiatric outpatients: a 20-year prospective 
study. J Consult Clin Psychol 68:371–377.

Callanan  VJ, Davis  MS (2011) Gender differences in suicide 
methods. Soc Psychiatry Psychiatr Epidemiol 47:857–869.

Capuzzi E, Bartoli F, Crocamo C, Malerba MR, Clerici M, Carrà G 
(2018) Recent suicide attempts and serum lipid profile in 
subjects with mental disorders: a cross-sectional study. 
Psychiatry Res 270:611–615.

Capuzzi  E, Caldiroli  A, Capellazzi  M, Tagliabue  I, Buoli  M, 
Clerici M (2020a) Biomarkers of suicidal behaviors: a compre-
hensive critical review. Adv Clin Chem 96:179–216.

Capuzzi  E, Caldiroli  A, Capellazzi  M, Tagliabue  I, Auxilia  A, 
Ghilardi  G, Buoli  M, Clerici  M (2020b) Exploring the role of 
serum lipid profile and neutrophil-to-lymphocyte ratio in vio-
lent suicide attempters: a cross sectional study. CNS Spectr 
1–7. doi: 10.1017/S1092852920002199. Online ahead of print. 

Carré JM, McCormick CM, Hariri AR (2011) The social neuroendo-
crinology of human aggression. Psychoneuroendocrinology 
36:935–944.

Chang  CC, Tzeng  NS, Kao  YC, Yeh  CB, Chang  HA (2017) The 
relationships of current suicidal ideation with inflamma-
tory markers and heart rate variability in unmedicated 
patients with major depressive disorder. Psychiatry Res 
258:449–456.

Chen RA, Huang TL, Huang KW, Hung YY (2017) TNFAIP3 mRNA 
level is associated with psychological anxiety in major de-
pressive disorder. Neuroimmunomodulation 24:271–275.

Chen X, Pu J, Liu Y, Tian L, Chen Y, Gui S, Xu S, Song X, Xie P (2020) 
Increased C-reactive protein concentrations were associated 
with suicidal behavior in patients with depressive disorders: 
a meta-analysis. Psychiatry Res 292:113320.

Choi  KW, Jang  EH, Kim  AY, Kim  H, Park  MJ, Byun  S, Fava  M, 
Mischoulon D, Papakostas GI, Yu HY, Jeon HJ (2021) Predictive 
inflammatory biomarkers for change in suicidal ideation 
in major depressive disorder and panic disorder: a 12-week 
follow-up study. J Psychiatr Res 133:73–81.

Clive ML (2017) Understanding suicide biomarker SKA2: discovery 
of a suicide biosignature to augment SKA2 suicide prediction 
and investigating SKA2 regulatory mechanisms doctoral dis-
sertation. Baltimore, MD: Johns Hopkins University, available 
at: http://jhir.library.jhu.edu/handle/1774.2/60189. Date ac-
cessed 14 June 2021.

Colino L, Herranz-Herrer J, Gil-Benito E, Ponte-Lopez T, Del Sol-
Calderon  P, Rodrigo-Yanguas  M, Gil-Ligero  M, Sánchez-
López AJ, de Leon  J, Blasco-Fontecilla H (2018) Cannabinoid 
receptors, mental pain and suicidal behavior: a systematic 
review. Curr Psychiatry Rep 20:19.

Colucci  E (2013) Culture, cultural meaning(s), and suicide. In: 
Suicide and Culture: Understanding the Context (Colucci E, 
Lester D, eds), pp 25–46. Berlin, Germany: Hogrefe Publishing.

Consoloni  JL, Ibrahim  EC, Lefebvre  MN, Zendjidjian  X, Olié  E, 
Mazzola-Pomietto  P, Desmidt  T, Samalin  L, Llorca  PM, 
Abbar  M, Lopez-Castroman  J, Haffen  E, Baumstarck  K, 
Naudin  J, Azorin  JM, El-Hage  W, Courtet  P, Belzeaux  R 
(2018) Serotonin transporter gene expression predicts the 
worsening of suicidal ideation and suicide attempts along 
a long-term follow-up of a major depressive episode. Eur 
Neuropsychopharmacol 28:401–414.

Coryell W, Schlesser M (2001) The dexamethasone suppression 
test and suicide prediction. Am J Psychiatry 158:748–753.

Coryell  W, Wilcox  H, Evans  SJ, Pandey  GN, Jones-Brando  L, 
Dickerson F, Yolken R (2018) Aggression, impulsivity and in-
flammatory markers as risk factors for suicidal behavior. J 
Psychiatr Res 106:38–42.

Costanza  A, D’Orta  I, Perroud  N, Burkhardt  S, Malafosse  A, 
Mangin P, La Harpe R (2014) Neurobiology of suicide: do bio-
markers exist? Int J Legal Med 128:73–82.

Crosby AE, Ortega L, Melanson C (2011) Self-directed violence sur-
veillance: uniform definitions and recommended data elem-
ents version 1.0. Atlanta, GA: Centers for Disease Control and 
Prevention, National Center for Injury Prevention and Control.

Currier D, Mann JJ (2008) Stress, genes and the biology of suicidal 
behavior. Psychiatr Clin North Am 31:247–269.

Daray FM, Arena ÁR, Armesto AR, Rodante DE, Puppo S, Vidjen P, 
Portela A, Grendas LN, Errasti AE (2018) Serotonin transporter 
gene polymorphism as a predictor of short-term risk of sui-
cide reattempts. Eur Psychiatry 54:19–26.

Davis  AT, Schrueder  C (1990) The prediction of suicide. Med J 
Aust 153:552–554.

de Wit AE, De Boer MK, Bosker FJ, van der Does AJW, Gooren LJG, 
Nolen  WA, Penninx  BWJH, Schoevers  RA, Giltay  EJ (2020) 
Associations of plasma androgens with suicidality among 
men and women: a 9-year longitudinal cohort study. J Affect 
Disord 269:78–84.

Dean  B, Lam  LQ, Scarr  E, Duce  JA (2019) Cortical biometals: 
changed levels in suicide and with mood disorders. J Affect 
Disord 243:539–544.

Dean B, Tsatsanis A, Lam LQ, Scarr E, Duce  JA (2020) Changes 
in cortical protein markers of iron transport with gender, 
major depressive disorder and suicide. World J Biol Psychiatry 
21:119–126.

Eidan AJ, Al-Harmoosh RA, Al-Amarei HM (2019) Estimation of 
IL-6, INFγ, and lipid profile in suicidal and nonsuicidal adults 
with major depressive disorder. J Interferon Cytokine Res 
39:181–189.

Eisen RB, Perera S, Bawor M, Dennis BB, El-Sheikh W, DeJesus J, 
Rangarajan  S, Vair  J, Sholer  H, Hutchinson  N, Iordan  E, 
Mackie P, Islam S, Dehghan M, Brasch J, Anglin R, Minuzzi L, 
Thabane  L, Samaan  Z (2016) Exploring the association be-
tween serum BDNF and attempted suicide. Sci Rep 6:25229.

Evanson  NK, Tasker  JG, Hill  MN, Hillard  CJ, Herman  JP (2010) 
Fast feedback inhibition of the HPA axis by glucocorticoids 
is mediated by endocannabinoid signaling. Endocrinology 
151:4811–4819.

Fu J, Bonder MJ, Cenit MC, Tigchelaar EF, Maatman A, Dekens JA, 
Brandsma E, Marczynska J, Imhann F, Weersma RK, Franke L, 
Poon  TW, Xavier  RJ, Gevers  D, Hofker  MH, Wijmenga  C, 
Zhernakova  A (2015) The gut microbiome contributes to a 
substantial proportion of the variation in blood lipids. Circ 
Res 117:817–824.

Ganança L, Galfalvy HC, Cisneros-Trujillo S, Basseda Z, Cooper TB, 
Ren X, Figueira ML, Oquendo MA, Mann JJ, Sublette ME (2021) 
Relationships between inflammatory markers and suicide 
risk status in major depression. J Psychiatr Res 134:192–199.

http://jhir.library.jhu.edu/handle/1774.2/60189


212  |  International Journal of Neuropsychopharmacology, 2022

Gibbs HM, Davis L, Han X, Clothier J, Eads LA, Cáceda R (2016) As-
sociation between C-reactive protein and suicidal behavior in 
an adult inpatient population. J Psychiatr Res 79:28–33.

Giurgiuca  A, Schipor  S, Caragheorgheopol  A, Crasan  A, 
Postolache  E, Tudose  C, Prelipceanu  D, Cozman  D (2016) 
Platelet serotonin as biomarker for assessing suicidal be-
haviour in patients with bipolar I disorder. Acta Endocrinol 
(Buchar) 12:275–281.

González-Castro  TB, Almeida  de  la  O  PLA, Tovilla-Zárate  CA, 
López-Narváez ML, Genis Mendoza AD, Juárez-Rojop IE, Pérez-
Hernández N, Rodriguez-Perez JM (2021) Evaluation of leptin 
levels in serum as a biomarker for suicide behavior: system-
atic review and meta-analysis. Int J Neurosci 131:49–55.

Gorwood P (2001) Biological markers for suicidal behavior in al-
cohol dependence. Eur Psychiatry 16:410–417.

Grassi-Oliveira  R, Brieztke  E, Teixeira  A, Pezzi  JC, Zanini  M, 
Lopes  RP, Bauer  ME (2012) Peripheral chemokine levels in 
women with recurrent major depression with suicidal idea-
tion. Braz J Psychiatry 34:71–75.

Grunebaum MF, Ellis SP, Keilp JG, Moitra VK, Cooper TB, Marver JE, 
Burke AK, Milak MS, Sublette ME, Oquendo MA, Mann JJ (2017) 
Ketamine versus midazolam in bipolar depression with sui-
cidal thoughts: a pilot midazolam-controlled randomized 
clinical trial. Bipolar Disord 19:176–183.

Guintivano J, Brown T, Newcomer A, Jones M, Cox O, Maher BS, 
Eaton WW, Payne JL, Wilcox HC, Kaminsky ZA (2014) Identi-
fication and replication of a combined epigenetic and gen-
etic biomarker predicting suicide and suicidal behaviors. Am 
J Psychiatry 171:1287–1296.

Gundogdu  Meydaneri  G, Meydaneri  S (2018) Can neutrophil 
lymphocyte ratio predict the likelihood of suicide in patients 
with major depression? Cureus 10:e2510.

Herranz-Herrer J, Gil-Benito E, Ponte-López T, Ortega-Gutiérrez S, 
Macicior  J, Rosado-Garcia  S, Sánchez-López  AJ, Blasco-
Fontecilla H (2020) Serum endocannabinoid levels in suicide 
attempters: a pilot study. Eur Neuropsychopharmacol 40:52–
60.

Hoertel  N, Cipel  H, Blanco  C, Oquendo  MA, Ellul  P, Leaune  E, 
Limosin F, Peyre H, Costemale-Lacoste JF (2021) Cerebrospinal 
fluid levels of monoamines among suicide attempters: a sys-
tematic review and random-effects meta-analysis. J Psychiatr 
Res 136:224–235.

Hong  H, Kim  BS, Im  HI (2016) Pathophysiological role of 
neuroinflammation in neurodegenerative diseases and psy-
chiatric disorders. Int Neurourol J 20:S2–S7.

Hussain G, Anwar H, Rasul A, Imran A, Qasim M, Zafar S, Imran M, 
Kamran SKS, Aziz N, Razzaq A, Ahmad W, Shabbir A, Iqbal J, 
Baig SM, Ali M, Gonzalez de Aguilar JL, Sun T, Muhammad A, 
Muhammad Umair A (2020) Lipids as biomarkers of brain dis-
orders. Crit Rev Food Sci Nutr 60:351–374.

Janelidze S, Ventorp F, Erhardt S, Hansson O, Minthon L, Flax J, 
Samuelsson M, Traskman-Bendz L, Brundin L (2013) Altered 
chemokine levels in the cerebrospinal fluid and plasma of 
suicide attempters. Psychoneuroendocrinology 38:853–862.

Jokinen  J, Nordström  P (2008) HPA axis hyperactivity as sui-
cide predictor in elderly mood disorder inpatients. 
Psychoneuroendocrinology 33:1387–1393.

Jokinen  J, Nordström  P (2009) HPA axis hyperactivity and at-
tempted suicide in young adult mood disorder inpatients. J 
Affect Disord 116:117–120.

Keaton  SA, Madaj  ZB, Heilman  P, Smart  L, Grit  J, Gibbons  R, 
Postolache TT, Roaten K, Achtyes ED, Brundin L (2019) An in-
flammatory profile linked to increased suicide risk. J Affect 
Disord 247:57–65.

Khan MS, Wu GWY, Reus VI, Hough CM, Lindqvist D, Westrin Å, 
Nier BM, Wolkowitz OM, Mellon SH (2019) Low serum brain-
derived neurotrophic factor is associated with suicidal idea-
tion in major depressive disorder. Psychiatry Res 273:108–113.

King  CA, Jiang  Q, Czyz  EK, Kerr  DC (2014) Suicidal ideation of 
psychiatrically hospitalized adolescents has one-year pre-
dictive validity for suicide attempts in girls only. J Abnorm 
Child Psychol 42:467–477.

Knowles  EEM, Curran  JE, Meikle  PJ, Huynh  K, Mathias  SR, Gö-
ring  HHH, VandeBerg  JL, Mahaney  MC, Jalbrzikowski  M, 
Mosior  MK, Michael  LF, Olvera  RL, Duggirala  R, Almasy  L, 
Glahn  DC, Blangero  J (2018) Disentangling the gen-
etic overlap between cholesterol and suicide risk. 
Neuropsychopharmacology 43:2556–2563.

Knowles  EEM, Curran  JE, Göring  HHH, Mathias  SR, Mollon  J, 
Rodrigue  A, Olvera  RL, Leandro  A, Duggirala  R, Almasy  L, 
Blangero  J, Glahn  DC (2019) Family-based analyses reveal 
novel genetic overlap between cytokine interleukin-8 and 
risk for suicide attempt. Brain Behav Immun 80:292–299.

Köhler  CA, Freitas  TH, Maes  M, de  Andrade  NQ, Liu  CS, 
Fernandes BS, Stubbs B, Solmi M, Veronese N, Herrmann N, 
Raison CL, Miller BJ, Lanctôt KL, Carvalho AF (2017) Periph-
eral cytokine and chemokine alterations in depression: a 
meta‐analysis of 82 studies. Actat Psychiatr Scand 135:373–
387.

Köhler-Forsberg  O, Buttenschøn  HN, Tansey  KE, Maier  W, 
Hauser J, Dernovsek MZ, Henigsberg N, Souery D, Farmer A, 
Rietschel M, McGuffin P, Aitchison KJ, Uher R, Mors O (2017) 
Association between C-reactive protein (CRP) with depression  
symptom severity and specific depressive symptoms in 
major depression. Brain Behav Immun 62:344–350.

Komulainen H, Tuomisto J (1981) Effect of heavy metals on dopa-
mine, noradrenaline and serotonin uptake and release in rat 
brain synaptosomes. Acta Pharmacol Toxicol 48:199–204.

Kudinova AY, Deak T, Deak MM, Gibb BE (2019) Circulating levels 
of brain-derived neurotrophic factor and history of suicide 
attempts in women. Suicide Life Threat Behav 49:54–63.

Leighton SP, Nerurkar L, Krishnadas R, Johnman C, Graham GJ, 
Cavanagh J (2018) Chemokines in depression in health and in 
inflammatory illness: a systematic review and meta-analysis. 
Mol Psychiatry 23:48–58.

Lenz  B, Röther  M, Bouna-Pyrrou  P, Mühle  C, Tektas  OY, 
Kornhuber  J (2019) The androgen model of suicide comple-
tion. Prog Neurobiol 172:84–103.

Lin L, Fu XY, Zhou XF, Liu D, Bobrovskaya L, Zhou L (2021) Ana-
lysis of blood mature BDNF and proBDNF in mood disorders 
with specific ELISA assays. J Psychiatr Res 133:166–173.

Magnusson PK, Rasmussen F, Lawlor DA, Tynelius P, Gunnell D 
(2006) Association of body mass index with suicide mortality: 
a prospective cohort study of more than one million men. Am 
J Epidemiol 163:1–8.

Malone KM, Ellis SP, Currier D, John Mann J (2007) Platelet 5-HT2A 
receptor subresponsivity and lethality of attempted sui-
cide in depressed in-patients. Int J Neuropsychopharmacol 
10:335–343.

Martin  M, Ledent  C, Parmentier  M, Maldonado  R, Valverde  O 
(2002) Involvement of CB1 cannabinoid receptors in emo-
tional behaviour. Psychopharmacology (Berl) 159:379–387.

Melhem NM, Keilp JG, Porta G, Oquendo MA, Burke A, Stanley B, 
Cooper TB, Mann JJ, Brent DA (2016) Blunted HPA axis activity 
in suicide attempters compared to those at high risk for sui-
cidal behavior. Neuropsychopharmacology 41:1447–1456.

Melhem  NM, Munroe  S, Marsland  A, Gray  K, Brent  D, Porta  G, 
Douaihy A, Laudenslager ML, DePietro F, Diler R, Driscoll H, 



Copyedited by: ﻿

Johnston et al.  |  213

Gopalan  P (2017) Blunted HPA axis activity prior to sui-
cide attempt and increased inflammation in attempters. 
Psychoneuroendocrinology 77:284–294.

Messaoud  A, Mensi  R, Mrad  A, Mhalla  A, Azizi  I, Amemou  B, 
Trabelsi I, Grissa MH, Salem NH, Chadly A, Douki W, Najjar MF, 
Gaha L (2017) Is low total cholesterol levels associated with 
suicide attempt in depressive patients? Ann Gen Psychiatry 
16:20.

Messaoud  A, Mensi  R, Douki  W, Neffati  F, Najjar  MF, Gobbi  G, 
Valtorta  F, Gaha  L, Comai  S (2019) Reduced peripheral 
availability of tryptophan and increased activation of the 
kynurenine pathway and cortisol correlate with major de-
pression and suicide. World J Biol Psychiatry 20:703–711.

Miranda  R, Scott  M, Hicks  R, Wilcox  HC, Harris  Munfakh  JL, 
Shaffer  D (2008) Suicide attempt characteristics, diagnoses, 
and future attempts: comparing multiple attempters to 
single attempters and ideators. J Am Acad Child Adolesc 
Psychiatry 47:32–40.

Mössner  R, Lesch  KP (1998) Role of serotonin in the immune 
system and in neuroimmune interactions. Brain Behav 
Immun 12:249–271.

Niciu MJ, Mathews DC, Ionescu DF, Richards EM, Furey ML, Yuan P, 
Nugent AC, Henter ID, Machado-Vieira R, Zarate CA Jr (2014) 
Biomarkers in mood disorders research: developing new and 
improved therapeutics. Rev Psiquiatr Clin 41:131–134.

Niculescu  AB, Le-Niculescu  H (2020) Convergence of recent 
GWAS data for suicidality with previous blood biomarkers: 
independent reproducibility using independent methodolo-
gies in independent cohorts. Mol Psychiatry 25:19–21.

O’Connor RC, Portzky G (2018) Looking to the future: a synthesis 
of new developments and challenges in suicide research and 
prevention. Front Psychol 9:2139.

Olié E, Courtet P (2017) [Genetics and epigenetics of suicidal be-
haviors]. Biol Aujourdhui 211:93–96.

Oquendo MA, Sullivan GM, Sudol K, Baca-Garcia E, Stanley BH, 
Sublette ME, Mann JJ (2014) Toward a biosignature for suicide. 
Am J Psychiatry 171:1259–1277.

Oxenkrug G (2013) Serotonin-kynurenine hypothesis of depres-
sion: historical overview and recent developments. Curr Drug 
Targets 14:514–521.

Pandey GN, Rizavi HS, Zhang H, Bhaumik R, Ren X (2016) The ex-
pression of the suicide-associated gene SKA2 is decreased in 
the prefrontal cortex of suicide victims but not of nonsuicidal 
patients. Int J Neuropsychopharmacol 19:pyw015.

Pariante  CM, Lightman  SL (2008) The HPA axis in major de-
pression: classical theories and new developments. Trends 
Neurosci 31:464–468.

Park RJ, Kim YH (2017) Association between high sensitivity CRP 
and suicidal ideation in the Korean general population. Eur 
Neuropsychopharmacol 27:885–891.

Pedrotti Moreira F, Borges CJ, Wiener CD, da Silva PM, Portela LV, 
Lara DR, da Silva RA, de Mattos Souza LD, Jansen K, Oses JP 
(2018) Serum brain-derived neurotrophic factor levels in 
subjects with major depressive disorder with previous sui-
cide attempt: a population-based study. Psychiatry Res 
262:500–504.

Peng R, Dai W, Li Y (2018) Low serum free thyroxine level is cor-
related with lipid profile in depressive patients with suicide 
attempt. Psychiatry Res 266:111–115.

Perera S, Eisen RB, Dennis BB, Bawor M, Bhatt M, Bhatnagar N, 
Thabane L, de Souza R, Samaan Z (2016) Body mass index is 
an important predictor for suicide: results from a systematic 
review and meta-analysis. Suicide Life Threat Behav 46:697–
736.

Pompili  M, Serafini  G, Innamorati  M, Möller-Leimkühler  AM, 
Giupponi  G, Girardi  P, Tatarelli  R, Lester  D (2010) The 
hypothalamic-pituitary-adrenal axis and serotonin abnor-
malities: a selective overview for the implications of suicide 
prevention. Eur Arch Psychiatry Clin Neurosci 260:583–600.

Pourhamzeh  M, Moravej  FG, Arabi  M, Shahriari  E, Mehrabi  S, 
Ward R, Ahadi R, Joghataei MT (2021) The roles of serotonin in 
neuropsychiatric disorders. Cell Mol Neurobiol. doi: 10.1007/
s10571-021-01064-9. Online ahead of print:1–22. 

Rahikainen AL, Majaharju S, Haukka J, Palo JU, Sajantila A (2017) 
Serotonergic 5HTTLPR/rs25531 s-allele homozygosity associ-
ates with violent suicides in male citalopram users. Am J Med 
Genet B Neuropsychiatr Genet 174:691–700.

Reuter C, Caldwell B, Basehore H (2017) Evaluation of cholesterol 
as a biomarker for suicidality in a veteran sample. Res Nurs 
Health 40:341–349.

Rizk MM, Galfalvy H, Singh T, Keilp JG, Sublette ME, Oquendo MA, 
Mann JJ, Stanley B (2018) Toward subtyping of suicidality: brief 
suicidal ideation is associated with greater stress response. J 
Affect Disord 230:87–92.

Roy  A, Gorodetsky  E, Yuan  Q, Goldman  D, Enoch  MA (2010) 
Interaction of FKBP5, a stress-related gene, with child-
hood trauma increases the risk for attempting suicide. 
Neuropsychopharmacology 35:1674–1683.

Roy  B, Dwivedi  Y (2017) Understanding epigenetic architec-
ture of suicide neurobiology: a critical perspective. Neurosci 
Biobehav Rev 72:10–27.

Russell  AE, Mars  B, Wen  CP, Chang  SS, Gunnell  D (2021) Evi-
dence for an association between inflammatory markers and  
suicide: a cohort study based on 359,849 to 462,747 Taiwanese 
adults. J Affect Disord 281:967–971.

Salas-Magaña  M, Tovilla-Zárate  CA, González-Castro  TB, 
Juárez-Rojop  IE, López-Narváez  ML, Rodríguez-Pérez  JM, 
Ramírez Bello J (2017) Decrease in brain-derived neurotrophic 
factor at plasma level but not in serum concentrations in sui-
cide behavior: a systematic review and meta-analysis. Brain 
Behav 7:e00706.

Sarkar  P, Mozumder  S, Bej  A, Mukherjee  S, Sengupta  J, 
Chattopadhyay A (2021) Structure, dynamics and lipid inter-
actions of serotonin receptors: excitements and challenges. 
Biophys Rev 13:101–122.

Schmaal  L, van  Harmelen  AL, Chatzi  V, Lippard  ETC, 
Toenders YJ, Averill LA, Mazure CM, Blumberg HP (2020) Im-
aging suicidal thoughts and behaviors: a comprehensive re-
view of 2 decades of neuroimaging studies. Mol Psychiatry 
25:408–427.

Seo D, Patrick CJ, Kennealy PJ (2008) Role of serotonin and dopa-
mine system interactions in the neurobiology of impulsive 
aggression and its comorbidity with other clinical disorders. 
Aggress Violent Behav 13:383–395.

Serafini G, Parisi VM, Aguglia A, Amerio A, Sampogna G, Fiorillo A, 
Pompili  M, Amore  M (2020) A specific inflammatory profile 
underlying suicide risk? Systematic review of the main lit-
erature findings. Int J Environ Res Public Health 17:2393.

Sher L, Bierer LM, Flory J, Hill MN, Makotkine I, Yehuda R (2020) 
Endogenous cannabinoid levels and suicidality in combat 
veterans. Psychiatry Res 287:112495.

Shinko  Y, Otsuka  I, Okazaki  S, Horai  T, Boku  S, Takahashi  M, 
Ueno Y, Sora I, Hishimoto A (2020) Chemokine alterations in 
the postmortem brains of suicide completers. J Psychiatr Res 
120:29–33.

Skovlund CW, Mørch LS, Kessing LV, Lange T, Lidegaard Ø (2018) 
Association of hormonal contraception with suicide attempts 
and suicides. Am J Psychiatry 175:336–342.



214  |  International Journal of Neuropsychopharmacology, 2022

Smith EG, Kim HM, Ganoczy D, Stano C, Pfeiffer PN, Valenstein M 
(2013) Suicide risk assessment received prior to suicide death 
by Veterans Health Administration patients with a history of 
depression. J Clin Psychiatry 74:226–232.

Stanley B, Michel CA, Galfalvy HC, Keilp  JG, Rizk MM, Richardson-
Vejlgaard R, Oquendo MA, Mann JJ (2019) Suicidal subtypes, stress 
responsivity and impulsive aggression. Psychiatry Res 280:112486.

Su YA, Lin JY, Liu Q, Lv XZ, Wang G, Wei J, Zhu G, Chen QL, Tian HJ, 
Zhang KR, Wang XY, Zhang N, Wang Y, Haroon E, Yu X, Si TM 
(2020) Associations among serum markers of inflammation, 
life stress and suicide risk in patients with major depressive 
disorder. J Psychiatr Res 129:53–60.

Sublette  ME (2020) Lipids and suicide risk. Curr Top Behav 
Neurosci 46:155–177.

Sudol K, Mann JJ (2017) Biomarkers of suicide attempt behavior: 
towards a biological model of risk. Curr Psychiatry Rep 19:31.

Tomson  K, Merenäkk  L, Loit  HM, Mäestu  J, Harro  J (2011) The 
relationship between serotonin transporter gene pro-
moter polymorphism and serum lipid levels at young age 
in a longitudinal population-representative study. Prog 
Neuropsychopharmacol Biol Psychiatry 35:1857–1862.

Träskman  L, Asberg  M, Bertilsson  L, Sjöstrand  L (1981) Mono-
amine metabolites in CSF and suicidal behavior. Arch Gen 
Psychiatry 38:631–636.

Turecki  G, Brent  DA, Gunnell  D, O’Connor  RC, Oquendo  MA, 
Pirkis  J, Stanley BH (2019) Suicide and suicide risk. Nat Rev 
Dis Primers 5:74.

Underwood  MD, Kassir  SA, Bakalian  MJ, Galfalvy  H, Dwork  AJ, 
Mann  JJ, Arango  V (2018) Serotonin receptors and suicide, 
major depression, alcohol use disorder and reported early life 
adversity. Transl Psychiatry 8:279.

van  Heeringen  K, Mann  JJ (2014) The neurobiology of suicide. 
Lancet Psychiatry 1:63–72.

Vaquero-Lorenzo  C, Vasquez  MA (2020) Suicide: genetics and 
heritability. Curr Top Behav Neurosci 46:63–78.

Velasco  Á, Rodríguez-Revuelta  J, Olié  E, Abad  I, Fernández-
Peláez  A, Cazals  A, Guillaume  S, de  la  Fuente-Tomás  L, 
Jiménez-Treviño  L, Gutiérrez  L, García-Portilla  P, Bobes  J, 
Courtet  P, Sáiz  PA (2020) Neutrophil-to-lymphocyte ratio: a 
potential new peripheral biomarker of suicidal behavior. Eur 
Psychiatry 63:e14.

Ventriglio A, Gentile A, Baldessarini RJ, Bellomo A (2015) Early-
life stress and psychiatric disorders: epidemiology, neuro-
biology and innovative pharmacological targets. Curr Pharm 
Des 21:1379–1387.

Vijayakumar L (2005) Suicide and mental disorders in Asia. Int 
Rev Psychiatry 17:109–114.

Wang  AK, Miller  BJ (2018) Meta-analysis of cerebrospinal fluid 
cytokine and tryptophan catabolite alterations in psychiatric 
patients: comparisons between schizophrenia, bipolar dis-
order, and depression. Schizophr Bull 44:75–83.

World Health Organization (2019) Suicide in the world: global 
health estimates. Geneva: World Health Organization.

Zhang L, Hu XZ, Benedek DM, Fullerton CS, Forsten RD, Naifeh JA, 
Li X; Biomarker Study Group (2019) Genetic predictor of cur-
rent suicidal ideation in US service members deployed to Iraq 
and Afghanistan. J Psychiatr Res 113:65–71.

Zheng W, Zhou YL, Wang CY, Lan XF, Zhang B, Zhou SM, Yan S, 
Yang MZ, Nie S, Ning YP (2020) Association between plasma 
levels of BDNF and the antisuicidal effects of repeated keta-
mine infusions in depression with suicidal ideation. Ther Adv 
Psychopharmacol 10:2045125320973794.

Zhou  Y, Lutz  PE, Ibrahim  EC, Courtet  P, Tzavara  E, Turecki  G, 
Belzeaux R (2020) Suicide and suicide behaviors: A review of 
transcriptomics and multiomics studies in psychiatric dis-
orders. J Neurosci Res 98:601–615.


