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Abstract

Background: The article addresses one of the pivotal issues in the formation of suicidal behavior, namely the function of central and
peripheral neurotransmitter systems and the mechanisms of neuroendocrine regulation. This article presents the relationship between
alterations in lipid metabolism and suicidal behavior, as well as candidate genes of the serotonergic system involved in suicidal behavior.

Methods: The present study is a review of a number of published completed papers by systematically searching original articles in
English in the following electronic databases: PubMed, SCOPUS, Mendeley, Google Scholar, and ScienceDirect between 2013 and
2023.

Results: A total of 126 sources were used in the scientific literature review, covering findings from a range of disciplines, including
biology, neurochemistry, anatomy, neurohormones, and serotonergic system candidate genes relevant to suicidal behavior.

Conclusion: The identification of neurobiological indicators of suicidality is of significant importance for the understanding of the
pathophysiology of suicidality and for the search for peripheral markers that could be utilized to clarify risk, prediction, and, ideally,
suicide prevention. The findings of this review underscore the intricate biological underpinnings of suicidal behavior, underscoring that
suicidality is not merely a psychological or social phenomenon but rather a complex and deeply rooted system of neurobiological
processes. The review suggests that biological markers should be integrated with existing psychological assessments to create a
multidimensional profile of suicide risk.
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Introduction

The biological basis of suicidality represents a distinct
area of inquiry within the field of suicidology. This area of
study encompasses an array of biological mechanisms, in-
cluding the functional characteristics of the brain, its me-
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diator systems, the various links of neuroendocrine regu-
lation involved in the stress reaction, and other biological
processes that may contribute to the development of sui-
cidal behavior. The neurobiological model of stress vul-

1What is “already known” in this topic:

While discussing biological factors and pathophysiological
mechanisms of suicidal behavior, processes in the central nervous
system were analyzed. As evidenced by numerous data, various
peripheral processes are involved in pathological chains - the
metabolic systems of the body (in particular, peripheral serotonin,
tryptophan, neurokynurenines, etc.).

— What this article adds:

This review article examines the stress response that affects the
entire body and physiological processes responsible for the
formation of suicidal behavior, including serotonin system
candidate genes, lipid metabolism, neurohormonal responses, as
well as components of inflammation - the gut-brain axis to elucidate
the risk, prediction and prevention of suicide.
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nerability is currently the most developed in modern sui-
cidology. This model is supported by studies that have pri-
marily focused on the neurotransmitter systems of the cen-
tral nervous system and the central mechanisms of neuro-
endocrine regulation (1).

Death by suicide is a complex behavioral phenomenon
influenced by a combination of inherited traits and envi-
ronmental factors. Suicide is a behavioral event that re-
flects a complex heritable phenotype with diverse clinical
and environmental risk factors. Annually, approximately
703,000 individuals worldwide die by suicide (2). As indi-
cated in the 2021 World Health Organization report, Ka-
zakhstan is among the countries with the highest suicide
rates globally, ranking 20th (3). Indeed, the actual figures
are likely to be considerably higher, given that a significant
proportion of suicides are recorded as deaths from other
causes, including cardiovascular disease, road accidents,
accidents, and accidental poisoning. The presented statis-
tics on completed suicides only partially reflect the true
extent of the problem. The ratio of completed suicides, su-
icide attempts, and trends is approximately 1:10:100 on av-
erage. In the Republic of Kazakhstan, 4,500 individuals at-
tempted suicide in 2021, and 3,700 individuals attempted
suicide in 2022. Consequently, suicide is regarded as a sig-
nificant public health concern, prompting a comprehensive
review of the existing scientific literature to elucidate its
underlying neurobiological mechanisms.

The stress diathesis theory of suicide posits that there are
predisposing and provoking risk factors for suicide at-
tempts. Genetics, inflammation, serotonergic systems, pe-
ripheral biomarkers such as cholesterol, and changes in the
hypothalamic-pituitary-adrenal (HPA) axis may be in-
volved in the biological diathesis of suicidal behavior (4-
6).

There are numerous models that differ in their emphasis
on the role of psychological factors. Nevertheless, a sig-
nificant number of models place considerable emphasis on
the role of psychological, social, psychiatric, and neurobi-
ological factors in predicting suicide risk (7). The stress-
diathesis component, which posits that suicidal behavior
results from the interaction of acute stressful events and a
predisposition to suicidal behavior (diathesis), is central to
many of these models.

It is of significant interest to examine the processes as-
sociated with suicidal behavior (or mental disorders that
are important risk factors for suicide) in this context. This
may include an examination of the peripheral link of neu-
rotransmitter systems, such as serotonergic and noradren-
ergic, the role of cholesterol and other lipids, the role of
the immune system in general and inflammation in partic-
ular, the state of the neurohumoral stress response system
and other body systems, as well as their genetic base. The
appeal of research in this domain lies not only in the pur-
suit of a deeper understanding of the underlying mecha-
nisms of suicidal behavior but also in the potential for
identifying sensitive and readily assessable peripheral
markers (potentially predictive) of suicide. The identifica-
tion of such peripheral biomarkers, for example, at the
level of psychophysiological reactions or suicide-associ-
ated genetic polymorphisms (or their combinations), could
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provide a significant supplement and clarification to the
existing psychological instruments, suicide risk question-
naires, and assessment scales, the number of which is con-
stantly growing. However, the predictive value of these in-
struments is believed to remain low, as previously stated
(8).

Concurrently, the examination of the most investigated
biological factors associated with suicide encompasses
disorders of neurotransmitter processes, the hypothalamic-
pituitary-adrenal axis (HPA), trophic factors, lipid metab-
olism, neuroimaging, and postmortem morphology of the
brain. In conclusion, research into genetic markers of sui-
cidal behavior is becoming increasingly important, which
is beyond the scope of this review.

The role of the hypothalamic-pituitary-adrenal (HPA)
axis in suicidal behavior is a topic of considerable research
interest, with a substantial body of evidence emerging
from various studies (9-11). Moreover, there is a sugges-
tion that the hypothalamic-pituitary-thyroid (HPT) and hy-
pothalamic-pituitary-gonadal (HPG) axes may also play a
role in suicidal behavior. Furthermore, the potential corre-
lation between suicidal behavior and alterations in neuro-
peptide levels is a topic of investigation (11).

The goal of the review is to clarify the role of candidate
genes, changes in neuropeptide levels, lipid metabolism,
and hormones in the formation of suicidal behavior.

Methods

Search strategy

The literature was collected in the PubMed, SCOPUS,
Mendeley, Google Scholar, and ScienceDirect databases
to identify pertinent studies published between 2013 and
2023. A systematic review was conducted through a com-
prehensive search of the literature in the PubMed, SCO-
PUS, Mendeley, Google Scholar, and ScienceDirect data-
bases, with the objective of identifying relevant studies
published from 2013 to 2023. The following keywords
were included in the search: "suicide," "hypothalamic-pi-
tuitary-adrenal axis," "neurotransmitters," "hormones,"
"serotonin," "cortisol," "lipid profile," and "hypothalamic-
pituitary-thyroid axis," "candidate genes." In addition,
MeSH terms, truncation, wildcards, and proximity opera-
tors were used to refine the search. A total of 1123 articles
were initially identified for review. Following the applica-
tion of the inclusion and exclusion criteria, 165 articles
were subjected to assessment, with 126 ultimately in-
cluded in the final analysis. The methods summary did not
provide detailed information about the specific study par-
ticipants or groups. However, the studies included differ-
ent groups according to the various neurobiological factors
of suicidality under investigation.

This approach allowed us to minimize subjectivity and
increase the reliability of article selection. A standard
checklist such as the PRISMAA standard checklist and the
PRISMA standard checklist should be used for transpar-
ency. These checklists help assess the quality of the in-
cluded studies, identify potential sources of bias, and as-
sess the reliability of the results (Figure 1).
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Figure 1. PRISMA flow chart of the studio selection process

One thousand one hundred twenty-three articles were
found by searching the databases. As a result, 126 articles
were used. The review includes articles that meet the fol-
lowing criteria: 1) full-text articles, 2) English-language
articles and, 3) Russian articles, 4) suicide-related articles.
Exclusion criteria were writing, conference proceedings,
comments, debates, and editorials. The initial search strat-
egy yielded 1123 published articles that were selected for
possible inclusion in the review. A total of 165 full-text
articles were assessed for eligibility, 126 of which were in-
cluded in the review. The final list of articles was reviewed
by two independent authors using full-text articles. In the
case of disagreement, they reached a consensus during the
discussion.

The hypothalamic-pituitary-adrenal (HPA) axis

The hypothalamic-pituitary-adrenal (HPA) axis repre-
sents the most crucial element in the human response to
stress. It has been demonstrated that the corticotropin-re-
leasing hormone (CRH) and vasopressin hormones, when
acting in concert, stimulate the corticotropic cells of the
anterior pituitary gland, thereby triggering the release of
adrenocorticotropic hormone (ACTH). ACTH stimulates
the synthesis of cortisol, which regulates vegetative, cog-
nitive, and behavioral reactions in response to stress. In the

process of inhibiting the stress response, the inhibition oc-
curs in the following order: CRH, then ACTH. CRH, a
neuropeptide comprising 41 amino acids and two G-pro-
tein-linked proteins, is a hormone of the HPA axis that
plays a pivotal role in regulating this axis. Elevated CRH
levels in the limbic system over an extended period of time
have been linked to the development of stress and depres-
sive disorders. Elevated CRH levels have been observed in
the hypothalamus of individuals who have committed sui-
cide (12).

Another hormone that plays a role in the HPA axis is
cortisol, which is secreted by the adrenal cortex. It is es-
tablished that the HPA axis is activated in response to
stress, resulting in the release of cortisol from the adrenal
glands. Once released, cortisol fulfills several crucial func-
tions, including enhancing access to energy reserves, ac-
celerating the mobilization of proteins and fats, and regu-
lating the intensity and duration of inflammatory re-
sponses. The HPA axis has been demonstrated to demon-
strate circadian oscillations, thereby establishing a link be-
tween glucocorticoid synthesis and diurnal patterns. Con-
sequently, in humans, serum cortisol concentrations ex-
hibit a diurnal rhythm, with peak levels occurring in the
morning and lowest levels at night. The HPA axis is the
primary stress response system responsible for the adap-
tive component of the stress response, which attempts to
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restore homeostasis. Dysregulation of the stress response
has been linked to a wide range of pathologies, including
autoimmune diseases, hypertension, mood disorders, and
major depression (13). There is evidence to suggest that
childhood trauma is associated with dysregulation of the
cortisol stress response in adulthood.

The present study was the inaugural investigation to as-
certain whether childhood trauma, daily stressors, and
emotional states were correlated with daily cortisol levels
over a seven-day period in individuals at elevated risk for
suicidal behavior (14).

Cortisol has been the subject of study in patients who
have attempted suicide, and in some studies, its increase
has been associated with either an increase or decrease in
HPA axis activity. In a study of 35 patients and 16 healthy
controls who had attempted suicide, the patients exhibited
lower evening salivary cortisol levels than the controls.
Additionally, low cortisol levels were found to be corre-
lated with the severity of psychiatric symptoms. Suicidal
levels of cortisol have been identified in individuals with
bipolar disorder who have attempted suicide, as evidenced
by elevated cortisol levels in nighttime saliva. Cortisol lev-
els are increased in individuals who attempt suicide, and
higher cortisol concentrations in plasma regard to depres-
sion and more attempts of suicide (15).

Adrian Alacreu-Crespo and Emilie Oli¢ (2020) also
posit that the dexamethasone suppression test (DST),
which demonstrates an increase in HPA axis activity in the
absence of suppression, may serve as a biological marker
of suicidal behavior (16). Additionally, T. Beauchaine et
al. (17) investigated the cortisol levels following the dexa-
methasone test in female patients aged 13-17 years. They
observed a deviation from the normal range in patients
with suicidal ideation and a history of self-harm.

The hypercortisolemia resulting from increased HPA
axis activity has been demonstrated to reduce glucose en-
try into the brain while also inhibiting the function of ser-
otonin and glutamate receptors in the hippocampus. This
has been demonstrated to enhance its toxicity and suppress
the expression of brain-derived neurotrophic factor
(BDNF), which is also a glucocorticoid receptor. It has
been documented that elevated cortisol levels resulting
from CRH and ACTH resistance are unable to suppress
CRH, leading to a continued increase in HPA axis activity.
The ambiguous role of cortisol in suicidal behavior may be
attributed to the fact that glucocorticoid receptors are ex-
pressed throughout the body, yet there is considerable het-
erogeneity in glucocorticoid sensitivity and biological re-
sponses across tissues. The prevailing notion that gluco-
corticoids exert their effects through a single GR protein
has been challenged and significantly revised in light of
the discovery of a diverse array of receptor isoforms (18).
Furthermore, post-translational modifications of these GR
isoforms contribute to the expansion of the potential for
heterogeneity in glucocorticoid signaling.

In light of the disparate findings, O'Connor and col-
leagues (2016) undertook a meta-analysis of all extant
studies that compared participants with at least one previ-
ous suicide attempt with a comparison group with no his-
tory of suicide attempts (19). A total of 27 studies (n=2226;
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779 suicides and 1447 suicide attempts) were identified
that met the inclusion criteria. In general, no notable im-
pact of the suicide group on cortisol levels was discerned.
Nevertheless, a notable correlation between cortisol levels
and suicide attempts was discerned across all age groups.
In studies where the mean sample age was below 40 years,
the association was positive (i.e., higher cortisol levels
were associated with suicide attempts; r=0.234, P<0.001).
In contrast, in studies where the mean age was 40 years or
above, the association was negative (i.e., lower cortisol
levels were associated with suicide attempts). The authors
thus concluded that the meta-analytic results support the
hypothesis that HPA axis activity, as indicated by age-re-
lated changes in natural cortisol levels, is associated with
suicide attempts.

Another study (20) revealed elevated cortisol levels in
the suicide attempt group when compared to healthy con-
trols (F=7.26, P=0.008). However, no statistical differ-
ences were observed between the suicide attempt group
and the psychiatric disorders group (P=0.22). The data re-
vealed elevated cortisol levels in individuals diagnosed
with depression (P=0.004) and in individuals with two or
more documented suicide attempts (P<0.001).

Therefore, the relationship between HPA axis status and
suicidality can be defined as follows: this system mediates
the effects of stressful stimuli, thereby forming a specific
background for the development of suicidality. Stress and
dysregulation of the hypothalamic-pituitary-adrenal
(HPA) axis, as indicated by cortisol levels, represent sig-
nificant additional risk factors for suicide.

Serotoninergic neurotransmitter system

The serotonergic neurotransmitter system, which is fre-
quently linked to suicidality in scientific literature, merits
particular attention. It plays a pivotal role in regulating a
multitude of social behaviors, neuroendocrine rhythms,
sleep patterns, cognitive functions, and emotions. In light
of the conflicting findings in the scientific literature (21),
there is a prevailing view that depression, mania, and anx-
iety are associated with a reduction in serotonin bioavaila-
bility in the central nervous system (22). The results of nu-
merous studies employing diverse methodologies, includ-
ing autopsy and in vivo techniques, indicate disruptions in
the serotonin neurotransmitter system and the stress re-
sponse system of the hypothalamic-pituitary-adrenal axis
in individuals with a predisposition to suicidal behavior.
These disturbances manifest as impaired cognitive control
of mood, pessimism, reactive aggression, impaired prob-
lem-solving abilities, an exaggerated response to negative
social cues, excessive emotional distress, and suicidal ide-
ation, which may ultimately result in suicidal behavior
(23).

Neurobiological risk factors for suicidal behavior were
evaluated, which will play an important role in suicide pre-
vention, as well as in the regulation of treatment algo-
rithms and in the follow-up of treatment (24). The seroto-
nin system of the PFC is closely associated with analogous
neurons in the brainstem, particularly in the pons and the
raphe nuclei (caudal and dorsal). In this nucleus, an in-
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crease in the activity of tryptophan hydroxylase (a regu-
lated enzyme of 5-HT biosynthesis) and an increase in the
number of 5-HT1A autoreceptors are observed in individ-
uals who have committed suicide (25). Serotonin (5-hy-
droxytryptamine, 5-HT) is a biogenic amine that acts as a
neurotransmitter in the nervous system. Additionally, this
molecule functions as a hormone. In the brains of verte-
brates, the cell bodies of serotonergic neurons are located
in the wall of the third ventricle and in the ancient brain-
stem, where they constitute the so-called raphe nuclei.
Their processes innervate extensive regions of the central
nervous system (CNS) (26).

The current study investigated the effects of a six-week
multimodal rehabilitation stay on the KYN pathways and
their association with treatment response (responder ver-
sus non-responder). Observable changes in these pathways
were found in both groups over time. These findings im-
plicate a necessity to clarify the relevance of the KYN
pathways and the related inflammatory processes in the
etiopathology of depression. Specifically, their changea-
bility through multimodal interventions, which are the
common treatment option for depression, should gain
more interest in research. Investigating the amount of treat-
ment time needed to elicit changes in the biological under-
pinnings of depression could lead to better clinical man-
agement and more effective treatment interventions (27,
28). It has been demonstrated that approximately 90% of
the TRP ingested by humans is converted to kynurenine
for subsequent metabolism, a process designated as the
kynurenine pathway ("KP"). The remaining TRP is metab-
olized to serotonin and indole (29). Concomitantly, the
dysregulation of TRP metabolites, including serotonin,
quinolinic acid (QUIN), and kynurenic acid (KYNA), has
been associated with depressive behavior in both animal
models and humans. Consequently, dietary TRPs are de-
graded via three principal pathways: the serotonin path-
way, which involves the conversion of tryptophan hydrox-
ylase-1; the tryptophan-indole pathway, which acts on ar-
omatic hydrocarbon receptors and comprises four subpath-
ways; and the KP pathway, which involves the conversion
of indoleamine 2,3-dioxygenase (IDO) and tryptophan
2,3-dioxygenase (TDO) (30).

The dysfunction of kynurenine metabolism represents a
potential mechanism of depression, linking two prominent
etiological hypotheses within the field: the "cytokine hy-
pothesis" and the "receptor hypothesis." The primary
mechanism may be the excessive activation of indoleam-
ine 2,3-dioxygenase in the entire body and in the brain due
to chronic inflammation. This results in an increase in the
rate of kynurenine metabolism, which ultimately leads to
an accumulation of quinolinic acid (QUIN) and a reduction
in kynurenic acid (KYNA) in the brain. The neurotoxic ef-
fects of QUIN impact glial cells and neurons, contributing
to the development of inflammation-induced depression
3.

The most socially significant aspect is the role of seroto-
nin in psychological disorders in humans. The evolution of
theories concerning the role of biogenic amines in the path-
ophysiology of mental disorders has led to a consensus that
depression, mania, and anxiety states are associated with
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decreased bioavailability of serotonin in the central nerv-
ous system (32, 33).

Data are provided on a decrease in the level of the main
serotonin metabolite 5-hydroxyindoleacetic acid (5-
HIAA) in the brain tissue of suicides, and in those who
have attempted suicide, a reduced level of 5-HIAA in the
cerebrospinal fluid (CSF) (34-36).

Despite the abundance of data on serotonergic system
disturbances in suicidality, the question of whether this is
a characteristic of the "suicidal brain" or a reaction of the
normal brain to external stress factors that cause a decrease
in serotonin levels remains unresolved (37).

Genes associated with the function of the serotonergic
system

The majority of these disturbances are associated with a
genetically determined trait that is inherent in individuals
who engage in suicidal behaviors. Given the unusually
wide gene diversity observed in the human population, it
is plausible that there may be individuals with an initially
reduced level of brain serotonin (38). This may be at-
tributed to certain gene polymorphisms that result in the
synthesis of kynurenines from tryptophan derived from
food instead of serotonin, a reduction in the formation of
tryptophan hydroxylase-2, which synthesizes brain seroto-
nin from its precursor, or an elevated level of the MAO-A
enzyme, which metabolizes serotonin, among other factors
(39).

Genetic variations in the serotonergic system, including
single nucleotide polymorphisms (SNPs), variable number
tandem repeats (VNTRs), and alleles, have been demon-
strated to be strongly associated with aggressive and sui-
cidal behavior. In particular, variations in tryptophan hy-
droxylase (TPH), serotonin transporter (5-HTT), sero-
tonergic receptors, and monoamine oxidase (MAOA) have
been demonstrated to influence these behaviors. The ap-
plication of genome-wide association studies (GWAS) has
significantly enhanced our comprehension of the genetic
underpinnings of psychiatric disorders. Large-scale studies
have demonstrated that these conditions are influenced by
a multitude of common genetic variations, with each vari-
ation contributing a relatively minor risk factor (40). More-
over, it has become evident that numerous genes exert in-
fluence over a multitude of psychiatric disorders, under-
scoring the intricate and intertwined genetic underpinnings
of these conditions (41).

Twin studies have demonstrated a substantial genetic in-
fluence on the risk of suicidal behavior. A meta-analysis
conducted by Lopes and colleagues (2019) revealed a sig-
nificantly higher concordance for completed suicide in
identical than in fraternal twin pairs. The heritability of su-
icide among twins has been estimated to range from 21%
to 50% (42).

The investigation of key candidate genes includes the
study of genes encoding the serotonin transporter, seroto-
nin receptors (5-HT2A, 5-HT1A, 5-HT1B), tryptophan
hydroxylases I and II, and monoamine oxidase A (43). Fur-
thermore, gene-environment interactions, particularly in
the context of stressful events, have been identified as a
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significant risk factor for suicidal behavior (44). Dysfunc-
tions of the serotonergic system have been repeatedly
linked to a range of psychiatric disorders, including de-
pression, anxiety, aggression, and suicidality (45-47).

Postmortem analyses of individuals who committed su-
icide and suffered from depression have revealed a reduc-
tion in the number of serotonin transporters in various
brain regions, including the prefrontal cortex, hypothala-
mus, occipital cortex, and brainstem (48).

The study by Xiang, Chunchen et al. (2019) underscores
the association between specific genetic variations, includ-
ing A128C in TPH1, A138G in 5-HT2A, and type L in the
VNTR of MAOA, and both aggression and suicide (49).

The TPH1 gene is primarily expressed in peripheral tis-
sues, particularly in enterochromaffin cells of the gastroin-
testinal tract, where it plays a crucial role in the synthesis
of peripheral serotonin. This is in contrast to TPH2, which
is predominantly active in the central nervous system (50).
Serotonin has been demonstrated to enhance the activation
of immune cells that respond to tissue damage (51, 52).
The study by Gonzalez-Castro (2022) also confirmed a
significant association between TPH-1 gene polymor-
phisms (A218C and A779C) and suicidal behavior (SB) in
fixed effects models, indicating a potential risk of SB man-
ifestation at the clinical level. No significant association
was identified between SB and TPH-2 gene polymor-
phisms (G-703T, A-473T, and G19918A) (53, 54). The
A218C polymorphism has been demonstrated to exert in-
fluence over several phenotypic traits, a phenomenon that
can be attributed to a pleiotropic effect whereby there is a
propensity towards anger and the capacity to regulate its
outward expression. The TPH1 A218C gene variant and
recent stressful life events were found to be independently
associated with suicide attempts in Serbian psychiatric pa-
tients (55).

The A allele of the TPH1 rs1800532 and rs1799913 pol-
ymorphisms may result in alterations to TPHI1 activity,
which subsequently impacts serotonin synthesis (56).

A reduction in serotonin levels may contribute to a re-
duction in gray matter volume, particularly in regions as-
sociated with emotional regulation and cognitive func-
tions, such as the precentral and postcentral gyri. These
changes may precipitate suicidal ideation and behavior,
which elucidates the observed correlation between dimin-
ished gray matter volume and the presence of the A allele
of these polymorphisms in patients with depressive disor-
der and suicide attempts. Some studies have demonstrated
that the genetic marker TPH2 rs4641528 C is associated
with an increased susceptibility to post-stroke depression
(PSD) among Korean patients (57). The rs4641528 C pol-
ymorphism has the potential to either enhance or weaken
the activity of tryptophan hydroxylase-2, which in turn af-
fects the availability of serotonin in the brain.

Another polymorphism, rs7305115, of the TPH-2 gene
was found to be associated with an elevated risk of suicidal
behavior in the Mexican population. Additionally, specific
haplotypes (combinations of genetic variants) of the TPH-
2 gene have been linked to an elevated risk of suicide at-
tempts (58).

The A-1438G (rs6311), T102C (rs6313), and His452Tyr
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(rs6314) polymorphisms of the SHT2A gene have at-
tracted the greatest attention in the context of suicidal be-
havior. Prior research has examined all single-nucleotide
polymorphisms (SNPs) within the gene (59). The 5-HT2A
gene 102C/C genotype has been linked to an elevated risk
of suicidal behavior. It has been demonstrated that individ-
uals with the 102 C/C genotype have experienced a con-
siderable number of stressful events and losses throughout
their lives. Conversely, the A1438G and C1354T polymor-
phisms in this gene did not demonstrate a statistically sig-
nificant association with the risk of suicide or the number
of stressful events and losses (60). Conversely, the authors
M. Li have posited that this polymorphism is not associ-
ated with suicidal behavior in adult women with depres-
sion (61).

The relationship between suicidal behavior and genetic
predisposition has been extensively investigated, as has the
influence of childhood abuse on future mental health. For
example, one study identified a potential interaction be-
tween the HTR2A gene and a history of childhood abuse.
Individuals with the A/A or A/G genotypes exhibited a
markedly elevated incidence of suicide attempts relative to
those with the G/G genotype. However, this disparity was
exclusively observed among those who had endured child-
hood abuse (62).

A systematic review by Gonzalez-Castro (63) revealed a
significant interaction effect between HPA axis genes and
traumatic events on suicidal behavior. The majority of the
included studies demonstrated a positive correlation be-
tween trauma exposure and suicidal behavior, emphasiz-
ing the necessity of early diagnosis and intervention to pre-
vent suicidal outcomes in vulnerable individuals. Gene-en-
vironment interactions, particularly for CRHR1, CRHR2,
and FKBPS, indicate that genetic factors may modify the
body's response to stress, thereby enhancing suicidal
tendencies. However, no significant results were observed
for the CRH, NR3C1, MC2R, and POMC genes in terms
of gene-environment interactions. This indicates a need for
further research to elucidate their role in the mechanisms
underlying the development of suicidal behavior. Another
gene of note is MAOA (monoamine oxidase A), which en-
codes an enzyme involved in the metabolism of neuro-
transmitters such as serotonin, dopamine, and norepineph-
rine and is primarily localized in the catecholaminergic
cells of the central nervous system. Monoamine oxidase A
(MAOA) plays a pivotal role in regulating the levels of
these monoamines by breaking them down, thereby con-
trolling their concentration in the central nervous system
(CNS) (64). MAOA plays a pivotal role in maintaining
neurochemical equilibrium, which is essential for optimal
brain function. An incorrect breakdown of monoamines
can result in either an excess or deficiency of these sub-
stances, which is associated with psychopathological con-
ditions.

MAOA polymorphisms, particularly those associated
with low enzyme activity, may impair the body's capacity
to regulate neurotransmitter levels, such as those of sero-
tonin and dopamine. This may render individuals more
susceptible to aggressive responses to stressful or trau-
matic events (65).
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In a study of women with affective disorder who had
previously attempted violent suicide, an elevated level of
the AA genotype for the rs5906957 single nucleotide pol-
ymorphism of the MAOA gene was observed in compari-
son to the control group (66).

The findings of the Balestri M study indicate that the A
allele of the MAOA gene rs6323 is linked to heightened
harm avoidance in female suicides, while the A allele of
the MAOB gene 152205655 is associated with elevated
levels of cooperativeness in healthy women. In male sui-
cides, the A allele of the MAOA gene rs909525 has been
linked to an increased tendency toward reward depend-
ence. These genes may exert an influence on personality
traits that are associated with suicidal behavior (67).

The study conducted by Murdoch JD revealed a notable
global diversity of the SLC6A4 gene, encompassing a
range of repeat variants and single nucleotide polymor-
phisms in its vicinity. Significant SNPs, including
rs25531, rs25532, and rs6355, are associated with specific
haplotypes and exhibit geographic variation. It is impera-
tive to consider the ethnic specificity and diversity of pol-
ymorphisms in the SLC6A4 gene when conducting asso-
ciation studies, as this will facilitate a more accurate un-
derstanding of their role in serotonin-related biological
processes (68).

It is crucial to acknowledge the discrepancies in study
design, inclusion criteria, and data analysis techniques
highlighted in this review, which have resulted in conflict-
ing findings.

Therefore, the genes of the serotonergic system repre-
sent a promising avenue for therapeutic intervention. Strat-
egies aimed at increasing or enhancing their signaling may
prove beneficial in the development of new, effective treat-
ments for mental disorders.

Hypothalamic-pituitary-thyroid axis.

The HPT axis may be involved in the pathophysiology
of suicide. It is another hormonal system that is secreted
by the hypothalamus. Thyrotropin-releasing hormone
(TRH) is released from the anterior pituitary gland via the
pituitary portal circulation, which stimulates the release of
the pituitary hormone thyroid stimulating hormone (TSH).
TSH then stimulates the production of thyroxine (T4) and
tritodothyronine (T3) from the thyroid gland. Additionally,
T4 can be converted to T3 through a process known as de-
iodination, which occurs in surrounding tissues. There is
evidence to suggest that the HPT axis may play a role in
the pathophysiology of suicide (69). In the context of thy-
roid disease, the primary effects of this condition include
fatigue, depression, and suicidal ideation. Secondly, some
psychiatric symptoms, such as a tendency towards subclin-
ical hypothyroidism, were observed in patients who did
not respond to antidepressant treatment. Some patients
with depression demonstrated an inadequate TSH response
to TRH. These circumstances facilitated the investigation
of'the HPT axis in individuals exhibiting suicidal behavior.
Thyroid function test measurement may be used as dis-
criminative cut-offs between suicide attempts and healthy
subjects. None of the thyroid hormones indicated future
suicide attempts. FT4, TSH, and lower FT3/FT4 levels are
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independently associated with suicide attempts. FT4 may
be a useful marker to predict current suicide attempts (70).
The activity of the HPT axis in individuals attempting
suicide showed changes in most patients. Various theories
have been proposed to explain the pathophysiology. One
such theory is that HPT axis dysfunction develops to bal-
ance the reduced central 5-HT neurotransmission that de-
velops in the axis. Another theory is that TRH increases
serotonin transmission via 5-HT1 receptors (71).

Hypothalamic pituitary gonadal axis.

The HPG axis is a complex system that plays a pivotal
role in the development of primary and secondary sexual
characteristics and reproduction in humans. In addition to
their physical effects, the hormones of the HPG axis also
influence mood and behavior in humans. Along with the
postpartum period, perimenopause is a “window of vulner-
ability” for depression development because a decline in
estrogen level accounts for the extinction of reproductive
function, emotional disorders, and genitourinary meno-
pausal syndrome, which are combined with non-endocrine
risk factors, such as decreasing income levels, low social
support, and stress (72).

Testosterone has been identified as a contributing factor
in the etiology of suicidal behavior in both men and
women with bipolar disorder and other psychiatric condi-
tions. The effects of testosterone on psychological traits
are complex. It affects mood and behavior, including so-
cial interactions. Testosterone plays a regulatory role in
both proactive and reactive aspects of aggression. It seems
plausible that both elevated and depressed testosterone
levels may contribute to the neurobiology of suicide in dif-
ferent patient groups (73).

In patients who have attempted suicide, studies have
been conducted to elucidate the pathophysiology of sui-
cide about HPG axis hormones, with variable results. A
reduction in follicular stimulating hormone (FSH) levels
has been observed in female patients with suicidal ideation
and a history of suicide attempts, particularly in those un-
der the age of 45 (74).

Another study has indicated that suicide attempts are
more prevalent during the follicular phase of the menstrual
cycle when follicle-stimulating hormone (FSH) levels are
at their lowest (75).

By regulating intracellular calcium levels, serotonin
stimulates the release of GnRH. In light of the aforemen-
tioned information, it was concluded that serotonergic dys-
function observed in depressed patients may result in de-
creased FSH levels by affecting the HPG axis.

The effect of testosterone on suicidal behavior is a topic
of ongoing debate in the scientific community. Testos-
terone levels may predict suicidal behavior in women with
bipolar disorder (76).

The number of major depressive episodes, the maximum
lethality of suicide attempts, and the testosterone levels
were higher in men compared to women. Current suicidal
ideation scores were higher in women compared to men
7.

Lipid profile and suicidal behavior
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A significant number of authors have identified a corre-
lation between blood cholesterol levels and suicidal behav-
ior in humans (78-81). A study of a large sample of pa-
tients revealed a three- to four-fold decrease in cholesterol
levels among those who had committed suicide compared
to the control group (82). These findings suggest that dif-
ferential consideration of serum total cholesterol levels ac-
cording to age group may have clinical utility for predict-
ing suicidality in patients with depressive disorders. How-
ever, because research participants came from a single hos-
pital, the generalizability of findings may be limited (83).
A retrospective study conducted by Japanese scientists on
a cohort of patients who had committed suicide revealed
that the risk of suicide increased in conjunction with a de-
cline in cholesterol levels over a three-year period preced-
ing the event. In this study, a decrease in average choles-
terol by 0.5 mmol/L was associated with an 18% increase
in the risk of suicide (84).

A correlation has been identified between low choles-
terol and an increased risk of memory loss, cognitive im-
pairment, mood disorders, and suicidal behavior (85).

A reduction in cholesterol levels may result in the alter-
ation of synapses, as proposed by (86), which could poten-
tially contribute to suicidal behavior.

Nevertheless, it is conceivable that the reduction in pe-
ripheral cholesterol in humans occurs concurrently with al-
terations in cholesterol in diverse synaptic lipid rafts in
neurons (via a shared regulatory mechanism).

As previously stated, the neurotransmitter serotonin
plays a pivotal role in inhibiting aggressive behavior
within the central nervous system. Currently, a hypothesis
posits a correlation between serum cholesterol levels and
the reduction of serotonergic activity in the brain. Conse-
quently, in a study, monkeys with experimentally reduced
cholesterol levels exhibited higher concentrations of sero-
tonin metabolites than monkeys fed a high-cholesterol
diet. A reduction in serotonergic communication activity
results in the manifestation of instinctive reactions and vi-
olent suicidal behavior (87). The aforementioned "choles-
terol-serotonin" theory is also supported by evidence indi-
cating that a deficiency of total cholesterol can lead to cen-
tral neuroinflammation, which in turn affects the sero-
tonergic system and increases aggressiveness and impul-
sivity. A total of 65 studies, comprising 510,392 partici-
pants, were included in the analysis. In comparison to non-
suicidal patients, those who had suicidal ideation exhibited
significantly reduced serum TC levels. Furthermore, when
suicidal patients were compared to healthy controls, a sig-
nificant difference was observed in TC, HDL-C, and LDL-
C levels between the two groups (88).

Abnormalities in PUFA status have been linked to an in-
creased risk of developing neuropsychiatric disorders, in-
cluding major depression, bipolar disorder, schizophrenia,
Alzheimer's disease, and attention deficit hyperactivity
disorder. Pathophysiological mechanisms may include not
only suboptimal PUFA intake but also metabolic and ge-
netic abnormalities, defective liver metabolism, and diffu-
sion and transport problems. A reduction in cholesterol
levels results in an elevated n-6:n-3 PUFA ratio, thereby
promoting neuroinflammation since n-3 PUFAs exhibit
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anti-inflammatory properties, while n-6 PUFA levels ex-
hibit proinflammatory activity and disinhibit the two in-
flammatory processes. Some researchers posit that abnor-
mal monoaminergic neurotransmission, in conjunction
with neuroinflammation, represents the primary biological
factors underlying suicidal behavior (89).

An intriguing hypothesis has recently been proposed by
researchers suggesting a potential link between the well-
documented process of cholesterol metabolism and the
neurobiological underpinnings of suicide risk through the
capacity to remove cholesterol specific to ABCA1 (90). It
has been demonstrated that cholesterol-lowering drugs
may exert an antidepressant effect through anti-inflamma-
tory pathways (91). Individuals who had attempted suicide
within the previous month exhibited significantly reduced
triglyceride (TG) levels and elevated high-density lipopro-
tein cholesterol (HDL-C) levels compared to those who
had never attempted suicide (92). Regarding the variety of
depressive symptoms, no significant differences were ob-
served in plasma lipid levels between subjects exhibiting
mild, moderate, and severe depressive symptoms.

It has been demonstrated that in patients with depres-
sion, a cholesterol level in the blood plasma of less than
3.47 mmol/l may indicate an increased risk of suicidal be-
havior (93). A study conducted by Belarusian scientists in-
dicated that the lowest levels of total cholesterol (TC) in
the blood serum were observed in men who utilized
"highly lethal" methods of self-harm (94). In a subsequent
investigation into the hormonal and metabolic profiles of
individuals who had attempted suicide, the same research
team observed lower levels of TC and LDL in the blood
serum, irrespective of gender (95). However, Turkish sci-
entists, in their study of women who had attempted suicide,
reached the conclusion that the levels of TC, LDL, and TG
were significantly lower in the group that had attempted
suicide, while the level of HDL was significantly higher
(96).

It is believed (97) that clinicians pay attention to a de-
crease in total cholesterol (TC) below 4.5 mmol/L and to
the emotional state of patients with such levels of TC. New
hypotheses regarding the neurochemical mechanisms un-
derlying the effects of cholesterol on impulsivity and ag-
gression, associated with the modulation of neurosteroid
and brain-derived neurotrophic factor (BDNF) metabo-
lism, appear to be emerging (98).

Although the majority of researchers concur that low
cholesterol levels are associated with suicidal behavior,
there are studies that have identified a correlation between
high cholesterol levels and suicidal tendencies. In a Japa-
nese study comprising a substantial number of partici-
pants, it was observed that women with elevated levels of
total cholesterol (TC) and low-density lipoprotein choles-
terol (LDL) exhibited an elevated risk of suicidal behavior
(99). In addition, several studies have failed to identify a
correlation between suicidal behavior and cholesterol lev-
els (100).

This study demonstrated that in comparison to non-sui-
cide attempters, suicide attempters in young patients with
major depressive disorder exhibited elevated levels of fast-
ing blood glucose (FBG), total cholesterol (TC), and low-
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density lipoprotein cholesterol (LDL-C) (all P<0.05),
while displaying reduced levels of high-density lipoprotein
cholesterol (HDL-C) (P<0.001). Subsequent logistic re-
gression analysis indicated that suicide attempts were as-
sociated with elevated FBG, reduced HDL-C, disease
course, HAMD scores, and overt anxiety (101).

The literature suggests an association between individu-
als with lower cholesterol levels and suicidal behavior.
This may be caused by changes that induce failures in syn-
aptic transmission or because low cholesterol levels seem
to induce an inflammatory response in the nervous system.
Additionally, lower serum cholesterol levels have been as-
sociated with violent methods used in suicide attempts.
The presence of the ApoE4 allele, which has been associ-
ated with less cholesterol redistribution in the central nerv-
ous system, should also be considered due to the mecha-
nisms already described. Therefore, more research is
needed to understand the mechanism that associates serum
cholesterol levels and suicidal behavior. In addition, re-
search on how serum cholesterol affects CNS cholesterol
metabolism should be conducted to fully establish the role
of cholesterol in suicidal behavior (102).

Therefore, the role of cholesterol in the development of
suicidal behavior in humans appears to be an interesting
research question and maybe a promising direction in the
study of this problem.

Conclusion

The hypothalamic-pituitary-adrenal (HPA) axis plays a
pivotal role in the regulation of stress responses. The inter-
action of the hypothalamus, pituitary gland, and effector
endocrine glands is carried out with the participation of nu-
merous peptide factors, the most significant of which are
corticotropin-releasing factor, adrenocorticotropic hor-
mone, and cortisol.

The relationship between the function of the HPA axis
and the propensity for suicidal behavior can be understood
by considering the role of this system in mediating the im-
pact of stress stimuli, thereby establishing a potential back-
ground for the emergence of suicidal tendencies.

The primary neurotransmitter system that may be linked
to suicidality is the serotonergic system, which plays a piv-
otal role in regulating diverse social behaviors, neuroendo-
crine rhythms, sleep patterns, cognitive functions, and
emotions. A disruption of the latter is closely associated
with changes in the function of the serotonin system of the
midbrain. A reduction in serotonin system function in the
prefrontal cortex has been observed in various forms of an-
tisocial behavior, including some instances of autoaggres-
sion and homicide.

In conclusion, it can be stated that the role of the sero-
tonergic system in the implementation of suicidal behavior
is mediated by a decrease in serotonin metabolism, a
change in the number and affinity of certain types of sero-
tonin receptors, and a decrease in the affinity of the sero-
tonin transporter of neurons, which ensures the reuptake of
the neurotransmitter. These changes are primarily ob-
served in the prefrontal cortex. The level of serotonin in
the nervous tissue is dependent upon the active transport
of tryptophan to the brain. Furthermore, its metabolism is
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associated with the functioning of specific enzymes, in-
cluding tryptophan hydroxylase, aromatic amino acid de-
carboxylase, and monoamine oxidase. Psychopharmaco-
logical studies have demonstrated that the effects of sero-
tonin are mediated by its interaction with specific recep-
tors, which may be subject to modification.

The collective findings from the cortisol reactivity stud-
ies indicate that a blunted or decreased activity of the HPA
axis may elevate the risk of suicide attempts among indi-
viduals who are vulnerable to such behavior. The results
also indicate that the HPA axis stress response system may
be dysregulated in individuals who have attempted suicide,
which may consequently elevate the risk of future suicide
attempts by impairing their capacity to cope and adapt to
acute and non-acute stressors. A review of the literature
indicates that both types of observations (hyper-reactivity
and under-reactivity) may be valid and consistent in their
relationship between cortisol levels and suicide attempts.
However, this relationship may be explained by age-de-
pendent exposure to stress over time. Nevertheless, further
research is required to elucidate how fluctuations in the
cortisol-suicidal vulnerability correlation evolve over
time.

The results of our literature review indicated inconsist-
encies in the findings regarding cholesterol. Nevertheless,
over half of the studies analyzed confirm the existence of
a relationship between cholesterol levels and suicidal be-
havior.

A variety of peripheral processes are implicated in
pathological chains, including metabolic systems, immun-
ity, neurohormonal reactions, and intestinal microflora as
a component of the "gut-brain" axis. All of these factors
are ultimately associated with suicidal behavior, from sui-
cidal ideation to completed suicide. The identification of
these associations is of great importance for the under-
standing of the pathophysiology of suicidality and for the
search for peripheral markers that could be used to clarify
the risk, prediction, and, in an ideal case, prevention of su-
icide. Such a prospect is particularly promising when strat-
egies are employed to integrate social, psychological, bio-
chemical, psychophysiological, and genetic testing. Fur-
ther data accumulation, particularly of a genetic nature,
and improvement of strategies analogous to convergent
functional genomics are essential.

The advantage of utilizing neurobiological markers of
suicidality over clinical indicators and socio-psychological
predictors is their relative independence from the re-
searcher's opinion. The identification of a set of biological
characteristics in a patient that are typical for patients with
a high risk of committing a suicide attempt could facilitate
prognosis and the timely initiation of treatment.
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