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Abstract: Suicidal behavior is an important public health problem often associated with psychological
and biological factors. Understanding the role of biochemical markers, such as cholesterol and
serotonin levels, may provide insight into the mechanisms underlying suicidal tendencies. This
study aimed to investigate the relationship between lipid profile parameters, serotonin levels, and
psychological status in individuals who had attempted suicide. Patients with suicidal attempts
underwent a psychiatric evaluation and blood samples were taken to measure serotonin levels, total
cholesterol, and lipid metabolism parameters. Psychological assessments included measures of
depression, stress, and hopelessness; assessments of motivation; suicidal tendencies; and assessments
of psychological and physical aspects of fear of death. The study found a significant positive
correlation between serotonin and cholesterol levels (¥ = 0.6883, p < 0.0001). Lower levels of serotonin
and cholesterol were associated with higher rates of depression and stress. These findings suggest
that dyslipidemia may be associated with reduced serotonin function, which may contribute to the
development of suicidal behavior. The study highlights the potential role of cholesterol and serotonin
in the development of suicidal behavior, along with the mental status of patients. Evaluating the
interaction of neurobiological and social-psychological factors provide an opportunity to search for
peripheral biomarkers of suicide risk.
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1. Introduction

Suicide and suicidal behavior are the leading causes of mortality and morbidity in
healthcare settings and are a global problem. According to the World Health Organization
(WHO), approximately 800,000 deaths are recorded annually [1]. The number of people
who die by suicide each year is 1.4% of the total number of deaths [2]. Some authors note
that the number of suicide attempts has increased by 10-40 times in recent years compared
to completed suicides [3].

According to the WHO, self-poisoning in different contexts is considered not only as a
potential suicide attempt but also as an act whose purpose may be related to the resolution
of difficult psychological situations or the elimination of mental discomfort [4]. In this
context, “real” suicide attempts, which may pose a real threat to life, are combined with acts
that may be aimed at attracting attention, or manipulative behavior, rather than suicidal
intent [5].

Parasuicide (PS) can be defined as an act of self-harm that is not intended to result in
death, but rather to achieve a specific social outcome. In contrast to suicide, parasuicide is
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frequently a manifestation of distress, a form of protest, or a means of escaping a challenging
circumstance. The motivation behind parasuicidal behavior can be attributed to a desire to
evade suffering, to mete out punishment upon oneself, or to abandon the prospect of life
itself [6]. A history of PS is a strong indicator of suicide risk both in the general population
and in specific groups. A history of PS may predict future suicide attempts, particularly
if the individual experiences a reduction in fear of death and pain, which are usually
protective factors. More than 40% of people who commit suicide have a history of repeated
self-harm [7]. For example, within five years of a PS with serious medical consequences,
one in two people has made either a fatal, or one or more non-fatal, suicide attempts [8]. PS
is associated with a variety of medical, social, and sometimes subtle consequences [9].

In the study by May et al. [10], a variety of demographic, psychological, personality,
and psychosocial risk factors were assessed using validated questionnaires and structured
interviews. The results revealed six significant predictors of future suicide attempts: Cluster
A personality disorder, Cluster B personality disorder, lifetime substance abuse, basic
anxiety disorder, adverse maternal relationships, and poor social adjustment.

Stressful life events often trigger suicidal behavior, but it is not a normal stress response.
It occurs in patients who have a diathesis or predisposition to either recurrent mood
disorders or suicidal behavior, often both. Its study requires attention to a variety of
psychosocial and psychiatric factors. Research shows that the likelihood of suicide is
significantly higher among unmarried, unemployed, and unskilled individuals. These
groups are more likely to live alone and to move frequently. An important risk factor
is the presence of suicidal behavior and depressive disorders in the family [10]. Critical
psychiatric risk factors for suicide are major depressive episodes and emotionally unstable
personality disorder. Suicidal ideation and suicide attempts are significantly more common
in people with depression, and depression is closely associated with suicidal ideation,
which is often the first step to suicidal behavior [11]. Other risk factors include neuroticism,
negative life events, and a lack of social belonging [12,13].

In addition, research also identifies protective factors that reduce the risk of suicidal
ideation, such as a sense of satisfaction with interpersonal relationships, a sense of use-
fulness to family and friends, and a desire for a meaningful life. Beliefs in adaptability
and survival, which are common in the general population, also play an important role
in reducing suicidal ideation [14]. Thus, a comprehensive approach to suicide research
and prevention should consider both risk and protective factors related to the psychosocial
and psychiatric aspects of individuals’ lives. In addition to the above, research shows
the potential role of serotonin, a neurotransmitter, and lipid profile in the development of
suicidal behavior.

Serotonin, or 5-hydroxytryptamine (5-HT), is particularly important in determining
an individual’s threshold for suicidal impulses because of its association with impul-
sive/aggressive personality traits. Serotonin is a biogenic amine that functions as a hor-
mone and neurotransmitter in the human body. The physiological functions of serotonin are
diverse [15,16]. As a neurotransmitter, serotonin transmits chemical messages to neurons
in the central and peripheral nervous systems.

The etiology of suicidal behavior remains uncertain, but a stress—diathesis model has
been proposed to explain its occurrence. The diathesis is thought to have a biological
basis [17]. Research shows that during periods of stress, serotonin levels change signifi-
cantly. Thus, the stress—diathesis theory of suicide suggests that there are both predisposing
and precipitating risk factors for suicide attempts. The involvement of serotonin in the
regulation of human emotional background has been studied in detail [18-20].

Lipids, such as cholesterol and triglycerides, are key components of cell membranes
and play an important role in physiological functions, neurological processes, and mental
health. Alterations in lipid metabolism may affect neuronal function. Alterations in lipid
metabolism can affect the neurotransmitter system, affecting mood regulation and emo-
tional well-being. Decreased cholesterol levels in lipid rafts result in decreased viscosity of
neuronal membranes. Low viscosity leads to disruption of synaptic transmission, resulting
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in decreased serotonin influx through serotonin receptors (5-HT1A) [21]. Modulating sero-
tonin balance in the brain by manipulating the lipid composition of cell membranes may
open new avenues for therapeutic interventions targeting suicidal behavior. Neurobiolog-
ical abnormalities found in suicidal behavior, including altered serotonin function, have
been associated with features that characterize suicidal diathesis, suggesting a potential
etiology for these abnormalities.

Membrane proteins regulate several different aspects of serotonin (5-HT) signaling,
including the production, storage, release, activation, and inactivation of the neurotransmit-
ter. The interaction of lipids and proteins within the cell membrane is of critical importance
with regard to the transmission of 5-HT signaling. Modifications in the lipid constitution of
synaptic membranes can consequently influence the flexibility and adaptability of the 5-HT
synapse [22]. There is a robust correlation between dyslipidemia and the pathogenesis
of psychiatric disorders, including anxiety and depression. Individuals with such mental
health issues frequently exhibit dysregulated cholesterol metabolism. Abnormal cholesterol
levels can have adverse effects on neurons, including cell damage, death, and impaired
neuronal function [23,24]. As evidenced in the literature, low cholesterol levels may be
associated with an increased risk of suicide in both men and women [25]. Other evidence
indicates that individuals with high suicide attempt lethality were, in particular, men
diagnosed with bipolar disorder, in comparison to those with less lethal attempts or the
control group. Individuals with high suicide attempt lethality exhibited lower cholesterol
levels and higher inflammatory markers (CRP) than the other groups. Although there
were no significant differences in cholesterol levels between individuals who attempted
suicide with low lethality and the control group, the control group demonstrated higher
triglyceride levels [26].

These findings suggest the need for further research to clarify the complex interactions
between psychological status, serotonin level, lipid profile parameters, and suicidal behavior.

This study aimed to investigate the relationship between serotonin levels, blood lipid
profiles, and suicide attempts in patients, taking into account the influence of social and
psychological factors.

2. Materials and Methods
2.1. Participants

The study included patients hospitalized after suicide attempts in the Toxicology
Department of the Astana City Hospital, Republic of Kazakhstan. The comparison group
was formed by random sampling and included 93 mentally healthy and psychologically
stable individuals with no history of suicidal tendencies. The control group was randomly
selected from students, teachers, their partners, and nurses at the hospital where the
patients who attempted suicide were recruited. The mental and psychological stability
of the control group participants was evaluated based on their medical history, which
excluded any suicidal tendencies. The main group consisted of 102 patients who met the
following inclusion criteria:

(1) age from 18 to 39 years; (2) at the time of admission did not take drugs, such as
antidepressants, sedatives, neuroleptics, lipid-lowering, and other drugs affecting lipid
levels; (3) except for smoking, no disorders associated with alcohol or drug use; (4) no
pregnancy or lactation; (5) no diabetes mellitus, cancer, and infectious diseases, or disorders
of the central nervous system; (6) the atherogenic coefficient was taken into account to
exclude coronary heart disease and cardiovascular disease.

2.2. Ethics

The study was conducted following the ethical provisions of the Declaration of
Helsinki and the national standard of the Republic of Kazakhstan State Standard of the
Republic of Kazakhstan Good Clinical Practice ST RK 1616-2006. The study protocol was
reviewed and approved by the Local Ethics Committee of the L.N. Gumilyov Eurasian
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National University for Conducting Research, Protocol No. 31, dated 11 August 2022.
Written informed consent was obtained from all study participants.

2.3. Methodological Basis

Patients with failed suicide attempts and control subjects were interviewed using
7 psycho-diagnostic questionnaires. The general methodological basis consisted of the
following seven psycho-diagnostic tests, proposed for written and oral completion in
Russian and Kazakh: Beck Hopelessness Scale (1974) by A.T. Beck [27]; Reasons for Living
Inventory by M.M. Linehan, J.L. Goodstein et al. [14], adapted by T.V. Zhuravleva, S.N.
Enikolopova, and K.A. Chistopolskaya [28]; Fear of Personal Death Scale by V. Florian
and S. Kravetz [29], adapted by K.A. Chistopolskaya and S.N. Enikolopova [30]; The
Questionnaire Meaning of Suicide Attempt (RASQ) by D. Jones and R.R. Holden, modified
by R.R. Holden and P.S. Kerr [31] and adapted by T.V. Zhuravleva, S.N. Enikolopov, and
K.A. Chistopolskaya) [28], the Depression, Anxiety, and Stress Scale (DASS) by S. Lovibond
and P. Lovibond [32]; the Method for Identifying the Tendency to Suicidal Reactions (Sr-45), by
PI. Yunatskevich (1998) [33]; and the Columbia-Suicide Severity Rating Scale (C-SSRS) [34], in
Kazakh, adapted by R. Tatayeva (2022).

The Beck Hopelessness Scale [27] measures the level of hopelessness. The Cronbach’s
alpha coefficient for the Beck Hopelessness Scale was found 0.91. It includes questions
assessing attitudes toward the future, negative attitudes, and belief in the possibility
of positive change. Higher scores may indicate severe depression. The interpretation
of the questionnaire is as follows: 0-9—mno depressive symptoms; 10-15—mild depres-
sion (sub-depression); 16-19—moderate depression; 20-29—major depression (moderate);
30-63—major depression.

The Reasons for Life questionnaire [14] is used to assess motivation and the reasons
why a person sees meaning and purpose in life. These are based on the idea that suicidal
tendencies are formed in the process of socialization and are determined by the free
will, moral qualities, and inner meaning of each individual. The results demonstrate
that the scales exhibit moderately high internal reliability, as indicated by Cronbach’s
alpha scores that range from 0.72 to 0.89. The Reasons for Living Inventory method not
only evaluates the factors that prevent the implementation of suicidal intentions but also
makes it possible to predict the risk of recurrence of a suicidal act. The Questionnaire is
a multidimensional inventory consisting of 48 items with six dimensions: survival and
coping beliefs, responsibility to family, concerns related to children, fear of suicide, fear of
social disapproval, and moral objections [35].

DASS (Depressive Anxiety and Stress Scale) [32] is used to measure an individual’s
level of depression, anxiety, and stress. DASS has three subscales: Depression: questions
are designed to identify symptoms of depression, such as insomnia, lack of pleasure,
fatigue, and low mood. Anxiety: the physical effects of nervousness, tension, and worry.
Stress: Questions are designed to identify factors that cause stress and assess its impact
on psychological state. Scoring: Each of the three subscales (depression, anxiety, stress) is
scored separately. Results are usually interpreted based on scores: higher scores indicate
more severe symptoms. There is a special rating scale, which helps to classify the level
of depression, anxiety, and stress. Overall Cronbach’s alpha coefficient for the DASS-21
scale was 0.74. Interpretation of Depression, Anxiety, and Stress Scale (DASS-21) scores [36] are
as follows:

Depression scale: Low level (0 points): No depressive experiences. Intermediate
level (1-8 points): Symptoms of depression range from mild (sub-depression) to moderate
depression. Apathy, anhedonia, and decreased interest in life are possible. High level (over
8 points): Severe depression characterized by feelings of hopelessness, the meaninglessness
of life, the tendency toward self-destruction and suicidal thoughts, irritability, sleep, and
appetite disturbances.

Anxiety scale: Low level (0 points): No anxious experiences. Intermediate level
(1-7 points): Anxiety symptoms ranging from mild to clinically expressed anxiety. High
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level (over 7 points): High level of anxiety, characterized by intense arousal, overexertion,
and anticipation of negative events.

Stress scale: Low level (less than 2 points): No stress symptoms. Intermediate level
(2-10 points): Mild to intense stress. High level (over 10 points): Severe stress accompanied
by nervousness, irritability, increased tension, and inability to relax.

The method Tendency to suicidal reactions (Sr-45, P1. Yunatskevich) [33] is designed to
determine the tendency towards suicidal reactions. The use of questions as motivational
material during the examination makes it possible to identify people with a tendency to
have suicidal reactions and to create a risk group. When interpreting the results of the
method, it should be taken into account that it assesses only the initial level of a person’s
suicidal tendency during the examination period. The results of the Suicidality Scale (S)
are interpreted according to the following levels: a low level; a below-average level; an
average level; an above-average level; and finally, a high level of suicidal tendency. The
Cronbach alpha coefficient for the Cr-45 questionnaire is 0.98.

The Reasons for Attempting Suicide questionnaire [31] is designed to explore the reasons
that lead to suicidal actions. In this way, it is possible to differentiate between people
who attempt suicide in a demonstrative and blackmailing way and people who have a
sincere intention to commit suicide. Descriptive statistics of the suicide questionnaire have
a possible range of values: internal confusion from 6 to 30 points; manipulative motivation
from 5 to 25 points. The attributable motives assessed by the questionnaire appear to be
reliable, valid indicators of suicidal behavior, and may improve the prediction of suicide
criteria (e.g., past suicide attempts, current suicidal ideation, self-rated likelihood of future
suicide) beyond that of previously identified psychological constructs.

The Columbia-Suicide Severity Rating Scale (C-SSRS) is a tool for assessing and classifying
suicidal behavior and ideation, i.e., suicide risk [34]. The reliability of the questionnaire
is 0.814, as indicated by Cronbach’s alpha. The main components of the C-SSRS include
the following: Wanting to die: assesses the presence and strength of the desire to die, the
presence of suicidal plans, and assesses accuracy; Actions (suicidal behavior): to determine
the presence and severity of suicidal actions; Support (lethality in case of suicide attempt):
assesses the severity of the suicide attempt; Safety (rescue factors): identifies factors that
help prevent suicidal behavior.

The C-SSRS has four modules:

Suicidal ideation;

Intensity of suicidal ideation;

Suicidal Behavior Module, consisting of six items;

The module of the actual and potential risk of suicidal actions, consists of two items:
“actual risk”, i.e., harm to health, and “potential risk”.

Ll

The Fear of Personal Death Scale [29] was developed in 1983. The Russian version was
published in 2012 in an adaptation by K.A. Chistopolskaya and her co-authors [30]. The
scale is designed to measure the degree of fear of death at the individual level. Question-
naires can address the emotional and cognitive aspects associated with fear of death. The
Fear of Personal Death Scale is designed to assess the psychological and physical aspects
of fear of death, as well as the mental rejection of the topic of death and the analysis of
possible reasons for its internal rejection. The initial pool of items was formulated concern-
ing previous empirical and theoretical research. Moreover, students from the Department
of Social Sciences at SO were requested to provide a list of the reasons for their fear of
death. As a consequence of these procedures, the SO items were devised and submitted
to a panel of three psychologists with a proven track record of reliability. The objective
was to ascertain whether each item satisfied the criteria set out in the theoretical model
underpinning this study.

Each of these questionnaires is a tool for a deeper understanding of the psychological
aspects related to emotional state, anxiety, motivation, and attitude toward death in the
subjects under study. However, it is important to remember the need for ethical use of
survey data and correct interpretation of the results.
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2.4. Blood Sample Testing

Triglycerides (TC), total cholesterol (TG), low-density lipoprotein cholesterol (LDL),
and high-density lipoprotein cholesterol (HDL) were measured in all patients. TC, TG,
HDL, and LDL levels were measured using a Roche reagent kit designed for quantitative
determination by spectrophotometric analysis in serum and plasma. Plasma serotonin
concentration was measured by high-performance liquid chromatography (HPLC) at the
Olymp Clinical Diagnostic Laboratory in Astana. All patients and control subjects fasted
overnight. Blood samples were taken from the antecubital vein between 7 and 10 a.m. For
suicidal patients, blood was taken within 3 days of the suicide attempt. Five milliliters of
blood were collected in Vacutainer tubes for cholesterol and platelet 5-HT determination.
Serum was separated by centrifugation at 3000x g for 5 min at room temperature and
stored at —80 °C until analysis.

2.5. Statistical Analysis

GraphPad Prism version 10.2.1 was used for statistical analysis of data and assess-
ment of suicide attempt lethality risk. The arithmetic mean and standard error (SE) were
calculated for each scale of the questionnaires and lipid profile parameters. To identify
differences in psychological factors in suicidal behavior between the groups of individuals
who committed suicidal acts, they were individually grouped by the number of primary
and repeated suicidal acts committed. Since there was no significant difference in the
distribution of lipid content between the group of individuals with single suicide attempts
and the group of individuals with multiple suicide attempts, these two subgroups were
combined into one suicide attempt group. The participants were 18-39 years old for the
study of lipid profile parameters, serum serotonin levels, and psychological status. Pear-
son’s correlation coefficient was calculated to determine the linear relationship between
lipid profile and psychological status in suicide attempters. The reliability of the differences
between the mean values of the scales and the lipid profile was determined by the Stu-
dent’s t-test, and the differences were considered significant at p < 0.05, p < 0.01, p < 0.001,
p < 0.0001.

3. Results
3.1. Demographic and Clinical Background of Participants

A total of 102 patients participated in the study, 87 of whom had committed a sin-
gle suicidal act, and the remaining 15 multiple suicide attempts (2 attempts), as well as
93 controls. In our study, we focused on the 18-39 age group for the following reasons:
individuals aged 18-39 often face unique stressors, such as the onset of adulthood, the tran-
sition from school to work, starting a family, and financial independence. These stressors
may increase the risk of suicidal behavior in this age group. It is also important to note
that metabolic processes and levels of biomarkers, such as lipid profile and serotonin, can
vary significantly across age groups. Establishing relationships between these biomarkers
and suicide attempts in young people may provide more accurate and specific results that
can be used to develop preventive and therapeutic interventions. Sociodemographic data,
mental status, lipid metabolism parameters, and blood serotonin levels of the subjects were
analyzed. In the groups studied, significantly more females (70%) attempted suicide than
males (30%) (Table 1).

Among the patients who attempted suicide, 1.2% had secondary education, 62.5%
had specialized secondary education, 5% had incomplete higher education, and 31.3% had
higher education. At the same time, 43.9% were married, 5.1% were divorced, and 46.3%
had never been married. According to the oral questionnaire, 33.5% of the subjects in this
group were employed, 35.6% were unemployed, and 30.9% were students.
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Table 1. Sociodemographic variables of the participants.

Patients with Suicide Control Group Individuals,

Variable Attempts, o
o nor %
nor %
n 102 93
Sex
Female 70 78.3
Male 30 21.7
Marital status
Married 439 33.2
Unmarried 46.3 63
Divorced 5.1 2
Widowed 4.7 1.8
Education
Secondary 1.2 3
Specialized Secondary 62.5 423
Incomplete Higher 5 24.5
Higher 31.3 30.2
Employment
Employed 33.5 61.1
Unemployed 35.6 45
Student 30.9 344

The study collected data on the motivations that led the participants to commit suicide
(Figure 1). At the same time, 38% of the participants refused to disclose the reasons for
their suicide attempts. This high percentage may indicate difficulties with self-expression,
embarrassment, fear of judgment, or an inability to accurately identify their motives.

3% ___ 2% 2%

9% \\‘

20%

\| 26%

m Refused to give a reason Financial problems
Conflict with loved ones Conlflict with the opposite sex
m Death of a loved one m Somatic illness

m Mental illness
Figure 1. Reasons given by patients who have attempted suicide.

The second most common reason given by respondents is financial problems, cited by
26% of suicides. Financial difficulties, such as debt, job loss, or significant financial problems,
are an important factor that can cause severe stress and lead to suicidal intent. Conflicts
with loved ones (parents, brothers, sisters) were present in 20% of cases. A proportion of 9%
of respondents cited conflicts with the opposite sex as a reason for suicidal actions. These
conflicts included romantic relationships with husbands or wives, breakups, infidelity, or
other aspects of personal relationships. A proportion of 3% of respondents cited the death
of a loved one. Only 2% of respondents cited health problems as a reason. This includes
somatic illnesses that can significantly affect the quality of life and satisfaction. Another
2% cited specific mental illnesses, such as chronic illness, depression, bipolar disorder, and
others, which can contribute to the development of suicidal thoughts and actions.



Psychiatry Int. 2024, 5

780

These results highlight the complexity and multifaceted nature of the factors influencing
suicidal behavior and the need for an integrated approach to its prediction and prevention.

3.2. Results of Psycho-Diagnostic Tests

In accordance with the methodology proposed by P.I. Yunatskevich [33], the tendency
to suicidal reactions (Sr-45) was identified in patients with a mean score of 0.39 £ 0.12
points (Table 2). This indicates the presence of potential tendencies to suicidal reactions,
which are not characterized by high stability of mental state. This indicator exhibited a
significantly lower value in the control group (0.28 £ 0.03; p < 0.0001).

Table 2. Results of psycho-diagnostic tests (in points).

Patients with Control Group
Variable Suicide Attempts, SEM Individuals, SEM
n =102 n=93
Sr-45 0.39 **** 0.12 0.28 0.03
Beck Hopelessness Scale 4.35 *Hx* 0.51 2.12 0.22
The Reasons for Life
Survival coping beliefs 112.6 * 3.9 122.2 9.6
Responsibility to family 33.26 1.14 31.81 1.44
Child-related concerns 15.34 0.65 15.19 0.14
Fear of suicide 21.75 2.3 21.88 0.13
Fear of social disapproval 11.76 **** 3.05 8.71 0.74
Moral Objection 17.27 0.96 17.97 0.69
DASS
Depression 11.75 ** 4.3 7.36 1.34
Anxiety 12.17 * 35 8.66 35
Stress 14.85 ** 4.2 10.65 1.5
Reasons for Attempting Suicide
Manipulative motivation 15* 0.94 12.64 2.35
Internal confusion 18.6 *** 4.2 14.36 1.2
C-SSRS 1.19* 0.23 0.58 0.61
Fear of Personal Death Scale
Fear of Self-Annihilation 37.13 0.22 36.9 24
Fear of consequences for the body 19.82 1.61 20.93 1.1
Fear of loss of self-fulfillment 31.7 1.6 33.38 2.37
Fear of consequences to family and friends 15.57 1.01 15.97 0.4
Fear of loss of social identity 12.65 0.26 12.39 0.97
Fear of Transcendental consequences 17.25 1.39 18.9 1.65

Note. * p < 0.05, ** p < 0.01, ** p < 0.001, **** p < 0.0001.

The results of measurements on the Beck Hopelessness Scale indicate that the average
score in the control group was 2.12 + 0.22 points, while those who had attempted suicide
exhibited a markedly elevated level of hopelessness, with an average score of 4.35 & 0.51 points
(p <0.0001). The results of the Reasons for Life questionnaire indicated that the Beliefs in
Survival and Coping scale for patients with a suicide attempt was 112.6 & 3.9 points,
while in the control group, this indicator was significantly higher at 122.2 & 9.6 points
(p < 0.0145). The indicators of the Fear of Social Disapproval scale in individuals who had
attempted suicide exhibited a mean score of 11.76 =+ 3.05 points. The results of the DASS
questionnaire indicated that patients who had attempted suicide exhibited elevated levels
of depression, stress, and anxiety, whereas these indicators were markedly diminished
in the control group. The results of the questionnaire, entitled Reasons for Attempting
Suicide, indicated that the manipulative motivation indicator for patients with a suicide
attempt was 15 & 0.94 points. In contrast, this indicator was significantly lower in the
control group, with a mean of 12.64 £ 2.35 points (p < 0.0141). The results of the Internal
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confusion scale in individuals with a suicide attempt were 18.6 £ 4.2 points, while in the
control group, this indicator was significantly lower at 14.36 & 1.2 points (p < 0.0006). The
aforementioned indicators suggest that individuals who have attempted suicide exhibit
particular emotional and motivational characteristics. The mean Columbia-Suicide Severity
Rating Scale score for patients with a suicide attempt was 1.19 £ 0.23 points while, in the
control group, this score was significantly lower at 0.58 £ 0.61 points (p < 0.0104). This
finding underscores the importance of assessing and monitoring suicide risk in patients. In
light of the aforementioned factors, it may prove beneficial to consider their potential utility
in the development of preventive and therapeutic measures. The Fear of Personal Death
Questionnaire and its subscales revealed no statistically significant differences between the
main and control groups.

3.3. Results of Lipid Profile Parameters

In consideration of the potential impact of altered lipid metabolism on the neurotrans-
mitter system, including its influence on mood regulation and emotional well-being, we
conducted a study to examine the lipid profile of individuals with suicide attempts and a
control group aged 18-39 years (Table 3).

Table 3. Lipid profile levels in individuals with failed suicide attempts and the control group.

Lipid Parameters, mmol/L Patients SE Controls SE
Cholesterol 3.37 ** 0.88 4.62 1.51

HDL 1.59 0.68 1.57 0.65

LDL 1.92* 0.51 2.66 0.88

VLDL 0.79 0.48 0.75 0.43
Triglycerides 1.57 0.51 1.37 0.42

Note. HDL = High-Density Lipoproteins. LDL = Low-Density Lipoproteins. VLDL = Very Low-Density
Lipoproteins. SEM = Standard Error. * p < 0,05, ** p < 0.01.

The mean total cholesterol level for the cohort of individuals with suicide attempts in
the 18-39 age group was 3.37 £ 0.88 mmol/L, which was significantly lower than the mean
level observed in the control group (4.62 &= 1.51 mmol/L). The observed difference was
highly reliable (p < 0.01). The analysis did not reveal a statistically significant difference in
lipid parameters between men and women.

Additionally, the concentration of LDL in the bloodstream is diminished in comparison
to the suicide group, as evidenced by statistical analysis (p < 0.05). Consequently, the LDL
level in patients was 1.92 & 0.51 mmol/L, while the control group exhibited a mean LDL
level of 2.66 4= 0.88 mmol/L.

No significant differences were observed in other biochemical parameters, including
high-density lipoprotein, triglycerides, and very low-density lipoprotein, between the
two groups.

3.4. Results of Serotonin Level and Its Correlation with Lipid Profile Parameters

As previously stated, serotonin, a bioamine neurotransmitter, plays a pivotal role in
the development of suicidal behavior. The mean serotonin level in the group of individuals
who had attempted suicide and were aged between 18 and 39 years was 84.9 & 54.9 ng/mL.
In the control group comprising individuals of the same age range, the serotonin level was
higher, with a mean of 147.84 + 43 ng/mL. Even though the results fall within the reference
range of serotonin levels (50-220 ng/mL), the data indicate a notable decline in serotonin
levels among individuals with suicide attempts in comparison to the control group (p < 0.05).

An analysis of the correlation between serotonin levels and lipid profile parameters
in individuals who have committed suicide attempts and a control group is crucial for
identifying biological markers associated with suicidal behavior.

Should a correlation be established between lipid metabolism disorders and suicidal
tendencies, it may facilitate the development of novel methods of prevention and treatment,
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such as dietary modifications or the utilization of pharmacological agents to normalize
lipid profile parameters. Furthermore, an understanding of the biological mechanisms
underlying suicide attempts facilitates the development of more targeted therapeutic ap-
proaches. The integration of biological data with psychological aspects enhances diagnosis
and treatment, rendering them more personalized and effective.

We analyzed the correlation between serotonin levels and various lipid profile param-
eters in individuals who attempted suicide and in the control group (Table 4).

Table 4. Results of correlation analysis between lipid profile and serotonin levels in individuals with
failed suicide attempts and the control group in the age group 18-39 years.

Parameters Patients r Controls r
Cholesterol /Serotonin 0.688 **** —0.0001
HDL /Serotonin —0.199 0.081
LDL/Serotonin 0.13 0.176
VLDL/Serotonin —0.164 0.069
Triglycerides/Serotonin 0.062 —0.099

Note. HDL = High-Density Lipoproteins. LDL = Low-Density Lipoproteins. VLDL = Very Low-Density
Lipoproteins. SEM = Standard Error. r = Correlation coefficient **** p < 0.0001.

Cholesterol plays a pivotal role in the formation of lipid rafts, which are lipid-rich
microregions present in neuronal membranes. It is established that cholesterol-rich lipid
rafts and adapter proteins regulate the function and signaling of serotonin receptors [37].
The results demonstrated a statistically significant positive correlation between serotonin
levels and total cholesterol levels (r = 0.6883, p < 0.0001). A negative correlation was
observed between serum serotonin levels and cholesterol levels. Lipid rafts play a pivotal
role in modulating the function of receptors, including those involved in serotonin signaling
(e.g., 5-HT1A and 5-HT2A) and transport proteins, such as the serotonin transporter (SERT).
A cholesterol deficiency may impair the integrity and functionality of these rafts, which
may in turn reduce the efficiency of serotonin signaling. Concurrently, a weak negative
correlation was identified between serotonin content and both HDL and VLDL levels. The
correlation between serotonin content and LDL level, as well as triglyceride level, was
found to be weakly positive.

Therefore, a clear relationship was identified between the serotonin level and choles-
terol content in individuals who had attempted suicide, although this relationship was less
dependent on other lipids.

In this study, we focused on determining cholesterol levels in individuals between the
ages of 18 and 39. The data obtained will serve as a basis for further comparative analysis
and identification of possible differences in lipid profiles between different age groups,
taking into account the known increase in cholesterol levels in older age groups.

3.5. Results of Correlation Between the Levels of Serotonin, Lipid Profile Parameters, and the
Indicators of Various Psycho-Diagnostic Tests

The correlation between the levels of serotonin, lipid profile parameters, and the indi-
cators of various psycho-diagnostic tests in patients who attempted suicide was analyzed
during the study (Table 5). The results demonstrated a significant correlation between sero-
tonin levels and certain psychological state indicators, indicating a complex relationship
between biological and psychological factors associated with suicidal behavior.
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Table 5. Correlation between serotonin levels, lipid parameters, and psycho-diagnostic test scores in
patients who attempted suicide.

Lipid Profile
. . Serotonin
Psycho-Diagnostic Tests » Cholesterol LDL HDL Triglycerides = VLDL
r r r r r
Sr-45 —0.024 0.157 —0.194 0.252 0.078 0.179
Beck Hopelessness Scale 0.128 0.042 —0.075 —0.209 0.014 0.277
The Reasons for Life
Survival coping beliefs —0.468 ** 0.204 —0.079 0.099 —-0.279 * —0.091
Responsibility to family 0.101 —0.027 —0.099 0.098 —0.04 —0.209
Child-related concerns 0.3584 —0.171 0.012 0.137 —0.098 —0.053
Fear of suicide 0.153 0.187 0.125 0.069 —0.133 —0.224
Fear of social disapproval —0.3171 0.089 —0.044 0.218 —0.279* —0.032
Moral Objection —0.076 0.405* 0.119 —0.1 —0.235 —0.18
DASS
Depression —0.895 **** —0.8524 **** —0.142 0.187 —0.005 0.159
Anxiety —0.189 —0.132 —0.242 —0.145 —0.0008 0.159
Stress —0.481 ** —0.344 * —0.003 0.035 —0.201 0.315
Reasons for Attempting Suicide
Manipulative motivation 0.166 0.028 —0.084 0.097 —0.111 —0.084
Internal confusion —0.227 —0.028 —0.167 0.065 0.018 —0.19
C-SSRS —0.132 —0.479 *** —0.242 0.057 0.131 —0.113
Fear of Personal Death Scale
Fear of Self-Annihilation —0.163 0.071 —0.064 —0.105 —0.005 0.044
Fear of consequences for the body —0.482 ** 0.08 —0.16 —0.013 —0.091 —0.031
Fear of loss of self-fulfillment —0.443 * 0.094 —0.018 0.179 —0.053 0.203
Fear of consequences to family ~0.329 0.088 —0.083 0.284 * ~0.202 0.228
and friends
Fear of loss of social identity —0.62 *** —0.052 0.049 0.252 —0.079 —0.018
Fear of Transcendental consequences —0.328 —-0.29* —0.236 0.39 ** 0.067 —0.062

Note. HDL = High-Density Lipoproteins. LDL = Low-Density Lipoproteins. VLDL = Very Low-Density
Lipoproteins. r = Correlation coefficient. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.

The results of the analysis indicated a moderate negative correlation between the
scores on the Survival copying beliefs scale and serotonin levels (r = —0.468, p < 0.01). This
finding suggests that lower serotonin levels are associated with weaker survival beliefs.
Depression scores demonstrated a robust negative correlation (r = —0.895, p < 0.0001),
indicating a substantial association between low serotonin levels and elevated depression
scores. Similarly, lower serotonin levels were found to be associated with higher stress
levels (p < 0.01), which underscores the role of serotonin in regulating the hypothalamic—
pituitary—adrenal (HPA) axis [38]. Additionally, lower serotonin levels were linked to
heightened concerns about the loss of self-fulfillment (p < 0.05) and a stronger tendency
towards fear of loss of social identity (p < 0.001). A positive correlation was observed
between low serotonin levels and an increased fear of consequences for the body (p < 0.01).

Subsequently, the correlation between lipid metabolism parameters and the indicators
of various psycho-diagnostic questionnaires was analyzed. A significant positive correlation
was identified between cholesterol levels and moral objections to suicide (r = 0.405, p < 0.05).
Furthermore, a robust negative correlation was identified between cholesterol levels and
depression indicators (r = —0.852, p <0.0001). A negative correlation was identified between
cholesterol levels and stress scale parameters (r = —0.344, p < 0.05). The analysis also revealed
a significant negative correlation between cholesterol levels and Columbia-Suicide Severity
Rating Scale scores (r = —0.479, p < 0.001), indicating that low cholesterol levels are associated
with higher scores on the C-SSRS, which measures the severity of suicidal thoughts and
behaviors. Finally, a negative correlation was identified between cholesterol levels and fear of
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transcendental consequences (r = —0.290, p < 0.05), indicating that low cholesterol levels are
associated with elevated fear of transcendental consequences.

Significant results were found for triglyceride levels and survival copying beliefs
(r=—0.279, p < 0.05), indicating that higher triglyceride levels are associated with lower
levels of survival beliefs. Similarly, a negative correlation was identified between triglyc-
eride levels and fear of social disapproval (r = —0.279, p < 0.05).

Correlations between high-density lipoprotein (HDL) levels and psycho-diagnostic
questionnaires yielded intriguing associations. A positive correlation was identified be-
tween HDL levels and measures of fear of consequences for family and friends (r = 0.2840,
p < 0.05), indicating that higher HDL levels are associated with increased concern about the
impact of one’s actions on loved ones. Furthermore, a more robust positive correlation was
observed between HDL levels and fear of transcendental consequences (r = 0.3902, p < 0.01),
suggesting that individuals with elevated HDL levels tend to apprehend the spiritual or
existential implications of mortality.

Therefore, the observed variability in the significant correlations between serotonin
levels, lipid profile parameters, and psycho-diagnostic test results can be attributed to the
complex and multifaceted role of lipids and serotonin in brain function and psychological
processes. However, it is important to consider that psycho-diagnostic tests are limited
by the patient’s willingness to share information and the potential for a high number of
false-positive results.

4. Discussion

The present study examined the relationships between lipid profile parameters, blood
serotonin levels, and psychological status parameters among patients who had attempted
suicide and a control group.

When studying the mental state of patients with parasuicidal behavior, the tendency
to suicidal reactions of the patients showed significantly higher values compared to the
control group, which indicates low stability of the mental state in the main group (Table 1),
requiring further targeted work with a psychotherapist as a potential risk group.

The concept of hopelessness, as measured by the Beck Hopelessness Inventory, includes
negative cognitive schemas about oneself, current life situations, and prospects [27]. The
results of this study show that hopelessness, as measured by the Beck Hopelessness Inventory,
is a highly sensitive marker of suicide risk. Statistically significant differences between
the mean scores in the experimental and control groups (p < 0.0001) (Table 1) indicate
that elevated levels of hopelessness are a reliable predictor of suicidal behavior. The data
obtained emphasize the importance of assessing the level of hopelessness in clinical practice
for the timely identification of patients in need of intensive psychotherapeutic care and
suicide prevention measures. The results of other studies indicate the existence of gender
differences in the relationship between initial hopelessness and suicidal ideation [39].
In women, there was a more stable relationship between depression and hopelessness
throughout the treatment period, regardless of the dynamics of depressive symptoms. This
suggests that hopelessness may play a more important role in the pathogenesis of suicidal
behavior in women, which may be a prospect for future studies of our detailed gender
differences in this context.

The results of the current study showed that people with suicidal thoughts and
ideation have significantly lower confidence in their ability to cope with life’s challenges
and to survive compared to those without such thoughts. The data suggest that attention
should be paid to increasing self-confidence and the ability to cope with life’s challenges
in order to prevent suicide attempts. The extant literature indicates that individuals
with suicidal tendencies may exhibit a proclivity for specific personality traits, including
impulsivity, low self-esteem, a tendency to self-blame [40], an inability to regulate emotions,
and difficulties in coping with stress [41]. These findings are consistent with the results
of our study. Additionally, individuals with a history of suicide attempts exhibit elevated
levels of neuroticism [42]. Fear of being judged by others plays an important role in the
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emotional state of patients with suicide attempts and is one of the factors that can, to some
extent, deter suicide attempts. Support in the form of reducing stigma and negative public
opinion can be an important aspect of working with patients and prevention.

The DASS-21 is a reliable and valid cross-cultural measure of depression, anxiety,
and stress [43]. The results of this study, using the DASS questionnaire, indicate that
depression, stress, and anxiety are common and prominent symptoms in individuals who
have attempted suicide. Statistically significant differences between groups emphasize
the importance of careful assessment of the emotional state of patients at risk for suicide
(Table 1). The identified differences indicate the need to develop and implement compre-
hensive psychotherapeutic programs aimed at reducing the level of negative emotions and
preventing repeated suicide attempts.

The results of the questionnaire Reasons for Suicide Attempts show that some patients
may use suicide attempts as a means of influencing others and developing manipulative
strategies around suicidal behavior.

It is also common for patients with suicidal ideation to hold negative and unreal-
istic ideas about themselves, the world, and the future. It has been demonstrated that
interpersonal conflicts, whether familial, social, or professional, can act as a significant
stressor, contributing to the development of suicidal ideation and behaviors [44]. This
finding aligns with the identified causes of suicide attempts in our study. The fear of being
judged for suicidal thoughts or attempts can act as a deterrent to individuals seeking help.
Our study revealed deterrent factors, such as family and fear of death. As evidenced in the
literature, the factors that initially precipitated suicidal ideation may persist after a suicide
attempt, thereby increasing the risk of repeated attempts [45]. Results from a systematic
review [46] indicate that a significant number of people with suicidal tendencies do not
seek professional help due to barriers, such as high autonomy, lack of perceived need for
treatment, and stigmatizing attitudes toward suicide and mental health problems.

In the course of this study, no significant differences were found in the Fear of Personal
Death Questionnaire and its subscales between the main group (patients with suicide at-
tempts) and the control group (psychologically stable participants). This lack of differences
may be due to several factors. First, the fear of personal death itself, as an existential
phenomenon, may be present in people regardless of their mental state or suicidal behavior.
As shown in previous studies [47], fear of death is a general human characteristic and may
not depend on the presence of suicidal tendencies. However, another study showed that
people with suicidal ideation exhibit a paradoxical phenomenon: on the one hand, they
show a reduced emotional response to their mortality, which is manifested by a decrease in
anxiety or fear of death during self-reflection. On the other hand, their response to death in
an abstract context (e.g., when thinking about death in general or the death of other people)
does not differ from that of people without suicidal thoughts [48]. Psychologically stable
individuals and patients with suicide attempts may experience similar levels of fear of
personal death and its subscales (e.g., fear of consequences for the body or for loved ones).

Second, the sample of participants (age group 18-39 years) may also play a role in the
results obtained. In this age group, the fear of death associated with personal identity and
oblivion may be less pronounced than in older age groups, for whom such issues become
more relevant [49].

Finally, the influence of cultural factors may be a possible explanation. In a society
where social and family ties play an important role, people may experience similar levels of
fear of forgetting and social condemnation, as reflected in the lack of significant differences
in these indicators between groups.

A potential correlation has been identified between cholesterol levels and suicidal
behavior [50]. Lipid metabolism disorders may contribute to the development of men-
tal disorders, including depression and anxiety, which are often precursors to suicidal
ideation [51]. In this study, suicide attempters aged 18-39 years had statistically signifi-
cantly lower total cholesterol levels than controls (Table 3). Cholesterol and LDL levels
were also significantly lower in suicide attempters than in controls, p < 0.001. Agugliya
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et al. also found that the high-mortality suicide attempt group had significantly lower total
cholesterol levels [26]. Our findings on LDL are also consistent with those of Gonzalez-
Castro et al., who found a decrease in low-density lipoprotein (LDL) levels in people with
a history of suicide [52]. One possible mechanism is that changes in brain cholesterol levels
alter central nervous system function, and a decrease in cholesterol and LDL levels at the
neuronal level leads to changes in neurotransmitters and synaptic degeneration. As shown
by De Berardis et al., low cholesterol levels are associated with a strong fear of transcen-
dental consequences [53]. The results of this study, as well as similar studies, support
the hypothesis that a decrease in serum cholesterol and LDL concentrations is associated
with suicidal behavior. In the literature, low serum levels of total cholesterol, LDL, and
C-reactive protein have been associated with repeated suicide attempts. The authors of this
paper suggest that dyslipidemia contributes to changes in the membranes of serotonergic
neurons, which may contribute to the emergence of suicidal ideation. Cholesterol depletion
reduces the transport capacity of serotonin by reducing the number of turns of the serotonin
transporter [54].

Other biochemical parameters, such as high-density lipoprotein (HDL), triglycerides,
and very low-density lipoprotein (VLDL) levels, did not show significant differences
between groups in the current study. Loas et al. (2016) and Shaker et al. (2020) found that
high suicidal ideation was associated with low HDL levels [55,56]. Su et al. (2019) came to
different conclusions; in their study patients with suicidal ideation had higher HDL levels
compared to the control group [57].

Triglycerides are the main source of energy for cells, and their levels can affect brain
metabolism [58]. Although the patients’ blood triglyceride levels were within normal limits,
these indicators were correlated with low survival belief scores in psycho-diagnostic tests.
This influence may manifest as a decrease in survival beliefs and an increase in fear of social
disapproval. In addition, changes in metabolism and lipid levels can lead to inflammatory
processes and hormonal imbalances.

We found that individuals with elevated high-density lipoprotein (HDL) levels were
more likely to experience death anxiety, particularly in a spiritual or existential sense (Table 5).
Several mechanisms could explain these findings. First, high HDL levels are known to be
associated with improved cardiovascular health, which may reflect a general concern for
health and well-being [59]. In this context, increased concern about the consequences of
one’s actions on others may be associated with an increased focus on maintaining one’s
health and preventing negative consequences, which also affects emotional and mental
well-being. Thus, high HDL levels may be a marker of a more generally caring and mindful
approach to life [60]. Individuals with higher HDL levels may show increased attention to
the possible spiritual and existential consequences of their actions, which may manifest as
increased anxiety about transcendental consequences.

The correlation between HDL and these psycho-diagnostic tests shows that, in people
predisposed to suicidal behavior, higher HDL levels are moderately associated with greater
fears about the impact on family and friends and about transcendental consequences.

The results showed that lower cholesterol levels are associated with greater moral
objections to suicide, higher levels of depression and stress, higher levels of suicidal ideation
and behavior, and greater fear of transcendental consequences. These findings suggest a
complex interaction between biological and psychological factors in suicidal behavior and
suggest that cholesterol levels may be an important biomarker and may play an important
role in the prevention of suicide attempts.

The influence of serotonin and its association with total cholesterol in suicidal behavior
demonstrated a statistically significant positive correlation between serotonin levels and
total cholesterol levels (r = 0.6883, p < 0.0001), indicating that lower serotonin levels are
associated with lower blood cholesterol levels (Table 4). A reduction in cholesterol and LDL
levels within the CNS results in a decline in cell membrane viscosity, which subsequently
leads to a reduction in the number of 5-HT1A (serotonin) receptors. This, in turn, gives
rise to impulsivity and violent suicidal behavior as a consequence of low cholesterol and
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LDL levels [61,62]. As early as 1992, Engelberg [63] put forth a hypothesis that posits a link
between cholesterol and the serotonergic system. He proposed that a reduction in serum
cholesterol levels may be associated with alterations in the viscosity and functionality of
serotonin receptors and transporters, as well as a decline in the concentration of serotonin
precursors, which may contribute to an increase in suicidal ideation. Modifications in lipid
micro-viscosity within neural membranes may result in diminished exposure of serotonin
receptors on the membrane surface, which may subsequently lead to hypofunction of these
receptors [64]. The results of our study indicated a positive correlation between cholesterol
levels and moral objections to suicide.

The serotonergic system, which has been linked to suicidal thoughts, impulsivity, and ag-
gressive behavior, has been associated with lower cerebrospinal fluid 5-hydroxyindoleacetic
acid (5-HIAA) concentrations in individuals who have attempted suicide [65,66]. Prior re-
search has also identified a positive correlation between serum total cholesterol levels and
cerebrospinal fluid 5-HIAA levels in individuals who have attempted suicide [67]. This
relationship may be bidirectional, whereby alterations in cholesterol levels may impact the
serotonergic system, and vice versa [68]. Individuals who exhibit traits, such as aggression,
impulsivity, pessimism, hopelessness, cognitive impairment, and poor affect regulation are
more likely to engage in suicidal behaviors. These traits have been identified as risk factors
for suicidal ideation and attempts [38,69,70].

In the present study, we sought to ascertain the correlation between serotonin levels
and the parameters of various psycho-diagnostic questionnaires (Table 5). The data enable
the correlation of biomarkers with psychological characteristics associated with suicidal
behavior. The influence of serotonin levels on psychological constructs may be direct, as
evidenced by their impact on depression and stress, or indirect, as observed in the context
of moral objections and the responsibility to the family. In our study, constructs with a
more pronounced biochemical basis, such as depression and stress, demonstrated stronger
correlations with serotonin levels. Concurrently, the fears associated with suicide, social
disapproval, and self-destruction may be influenced by a multitude of neurotransmitters
and psychological processes, thereby attenuating the specific effect of serotonin.

The results of our study demonstrated a robust negative correlation between depres-
sion and low serotonin levels in the blood (r = —0.8954, p < 0.0001). This suggests a notable
correlation between reduced serotonin levels and elevated depressive symptoms. Some
studies have focused on disturbances in serotonin neural signaling, which can lead to
endogenous depression [71,72]. In the existing literature, there is an association between
lower serotonin levels and weaker survival beliefs [73].

These correlations indicate that lower serotonin levels are associated with higher
levels of depression, stress, and various fears related to self-identity and existential issues
(Table 5). The data substantiate the hypothesis that the neurotransmitter serotonin plays
a pivotal role in the psychological profile of patients with suicidal tendencies. While
other neurotransmitters, such as norepinephrine and dopamine, are also utilized, drugs
that act on serotonin are typically regarded as the primary avenue of pharmacological
intervention, complemented by other modalities, such as lifestyle modifications, exercise,
and psychotherapy [74,75]. As posited by Kim and colleagues, reduced cholesterol levels
may serve as a potential biological marker for depression [76].

In this study, we examined the interaction between psychological states (depression,
stress, emotional, and motivational factors) and biochemical parameters (serotonin levels
and lipid profile parameters). The findings indicate that diminished serotonin levels are
linked to poorer psychological well-being in patients, including elevated rates of depression
and stress, as well as heightened anxiety about social condemnation and internal distress.
This finding corroborates the hypothesis that serotonin plays a role in the development of
suicidal behavior.

Furthermore, our study revealed a correlation between decreased total cholesterol
and low-density lipoprotein levels and decreased serotonin levels. This interaction may
have a deleterious effect on the function of neuronal membranes and serotonin receptors,
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thereby increasing the risk of suicidal behavior. It is becoming increasingly evident that
alterations in lipid parameters may have a profound impact on neurobiological processes
that regulate mental health. This underscores the crucial importance of monitoring lipid
profiles to assess the risk of suicidal behavior.

In conclusion, our study illuminates the intricate interplay between psychological
states, the serotonergic system, and lipid metabolism, demonstrating how biochemical
and psychological factors collectively influence suicidal behavior. In the future, we intend
to expand these studies and consider additional variables to gain a more comprehensive
understanding of the mechanisms underlying these relationships.

While our study offers valuable insights into the relationship between suicidal be-
havior and a range of psychological and biological factors, including serotonin levels and
lipid profile, it is important to consider the limitations of the findings when generalizing to
broader populations.

Firstly, the sample of participants was limited to the age category of 18-39 years, which
may limit the applicability of the results to other age groups where factors influencing suicidal
behavior may differ. Future research should explore these factors across a wider age range to
understand how these factors may influence suicidal behavior in different age groups.

Secondly, the study was conducted in the Republic of Kazakhstan, which may limit its
generalizability to other cultural and ethnic groups, since social, cultural, and economic
factors may play an important role in suicidal behavior.

In addition, the selection of patients taking into account strict criteria (exclusion of
individuals with alcohol and drug addiction, and patients with somatic diseases that can
affect lipid and serotonin metabolism) may also limit the generalizability of the results
to more heterogeneous populations. For example, in clinical practice, there may be pa-
tients with suicide attempts and comorbid conditions, which requires additional research
to identify possible variations in biomarkers and psychological characteristics. Future
research should explore the relationship between lipid parameters, serotonin levels, and
psycho-diagnostic tests in individuals with comorbid conditions, such as alcohol and drug
addiction, to understand how these factors may influence the association between vari-
ables. By investigating a broader range of populations, we can gain a more comprehensive
understanding of the factors involved in suicidal behavior. Factors such as stress associated
with professional activity or individual psychological characteristics of the participants
could remain as uncontrolled variables. We also acknowledge that correlation analysis
methods, such as Pearson correlation, may not always accurately reflect complex causal
relationships between variables and, in future studies, we plan to use more advanced
statistical methods, such as regression analysis or path analysis to account for the influence
of multiple factors. We acknowledge the importance of confirmatory factor analysis for
assessing the psychometric validity of the measures we used. In future studies, we plan
to conduct CFA to further validate the scales and ensure their reliability and construct
validity. It is also possible that differences in sociodemographic characteristics between
groups (such as education and occupation) may have influenced psychological status and
the assessment of suicidal risk.

Therefore, although the study yielded valuable findings, its focus on a specific sub-
group of patients and controls may limit its applicability to broader populations. It is
recommended that these results be considered as part of a larger picture and that further
research be conducted in different age, cultural, and clinical contexts to confirm and extend
the findings presented here.

5. Conclusions

This specific type of research was conducted for the first time in the Republic of
Kazakhstan, which represents a significant component of the study.

Those who have attempted suicide often display a constellation of psychological
factors, including persistent suicidal ideation, hopelessness, low self-esteem, difficulty
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coping, social anxiety, elevated levels of depression, stress, and anxiety. Additionally, they
may exhibit manipulative motivations and internal turmoil.

In the study, we examined the interaction between psychological states (depression,
stress, emotional and motivational factors) and biochemical indicators (serotonin levels
and lipid profile parameters). The results demonstrate that a reduction in serotonin levels
is associated with a decline in the psychological state of patients, including elevated levels
of depression and stress, as well as fear of social condemnation and internal turmoil. This
lends further support to the hypothesis that serotonin plays a role in the formation of
suicidal behavior.

Furthermore, our study revealed a correlation between decreased total cholesterol and
low-density lipoprotein (LDL) levels and decreased serotonin levels. This interaction may
have a deleterious effect on the function of neuronal membranes and serotonin receptors,
thereby increasing the risk of suicidal behavior. The monitoring of lipid profiles is of particular
importance in the assessment of suicidal risk, as alterations in lipid metabolism parameters
have the potential to influence neurobiological processes that regulate mental health.

The study corroborated the existence of a correlation between low serotonin levels
and elevated rates of depression, stress, and specific emotional and motivational factors,
including inner turmoil and fear of social condemnation. These findings suggest that
serotonin plays a pivotal role in the etiology of suicidal behavior and depression, thereby
supporting the hypothesis that lipid metabolism is a key regulator of the serotonergic
system. Furthermore, lower levels of total cholesterol and LDL were found to be associated
with an increased risk of suicide attempts, which is consistent with the findings of previous
studies. This underscores the necessity of monitoring lipid profiles as a potential biomarker
for evaluating suicide risk and depression.

These findings underscore the necessity for further investigation into the correlation
between serotonin, lipid metabolism, and suicidal behavior. This may contribute to the
development of more effective diagnostic and treatment methods aimed at improving
mental health and preventing suicide attempts. Such models could serve as the foundation
for more efficacious prevention and intervention strategies. The study underscores the
necessity for the development of targeted prevention programs that address both the
biological and psychological aspects of suicidal behavior. It is recommended that these
programs prioritize the enhancement of mental health and the strengthening of familial
relationships. It would be beneficial for future studies to include participants of varying
ages in order to identify age-related differences in biological and psychological markers of
suicidal behavior. This is particularly crucial given that the risks and underlying causes of
suicidal behavior may differ across different life stages.
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