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Objective: The loudness dependence of the auditory evoked potential (LDAEP) is a reliable indicator that is inversely
related to central serotonergic activity, and recent studies have suggested an association between LDAEP and suicidal
ideation. This study investigated differences in LDAEP between patients with major depressive disorder and high suicidality and those with major depressive disorder and low suicidality compared to healthy controls.
Methods: This study included 67 participants: 23 patients with major depressive disorder with high suicidality (9 males,
mean age 29.3 ± 15.7 years, total score of SSI-BECK ≥ 15), 22 patients with major depressive disorder with low suicidality
(9 males, mean age 42.2 ± 14.4 years, total score of SSI-BECK ≤ 14), and 22 healthy controls (11 males, mean age
31.6 ± 8.7 years). Participants completed the following assessments: Patient Health Questionnaire-9, Beck Depression
Inventory-II, Beck Scale for Suicidal ideation, State Anxiety Scale of the State-Trait Anxiety Inventory, Beck Anxiety
Inventory, and LDAEP (measured at electrode Cz).
Results: There were no sex-related differences among groups (p = 0.821). The high-suicidality group exhibited significantly higher LDAEP compared to the low-suicidality group (0.82 ± 0.79 vs. 0.26 ± 0.36, p = 0.014). No significant
differences were found between the control and high-suicidality (p = 0.281) or the control and low-suicidality groups
(p = 0.236).
Conclusion: LDAEP was applied to demonstrate the association between serotonergic activity and suicidal ideation and
suicide risk in major depression and may be a candidate of biological marker for preventing suicide in this study.
KEY WORDS: Depression; Suicidal ideation; Suicide risk; Biomarkers; Auditory evoked potential; Loudness dependence
of auditory evoked potentials.

INTRODUCTION

lion Korean won (KRW) per year, which is higher than that
for cerebrovascular disease (5.1 trillion KRW), heart disease (5 trillion KRW), and diabetes (2.7 trillion KRW) [2].
Thus, suicide places a burden on individuals, families,
and the nation. Because suicide is sudden, impulsive, difficult to predict [3], and brings about irreversible consequences, it is important to assess suicide risks in advance and prevent it when possible. Since the most common mental illness among suicide victims is depression
[4-6], and suicidal ideation has been known to be a main
predictor of suicide [7], it is necessary to evaluate the severity of suicidal ideation among depressed patients for
early intervention to lower the suicide rate. Currently,
common methods of evaluating suicidal ideation are

South Korea has had the highest suicide rate among the
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self-report questionnaires and direct questions addressed
to patients. However, it is difficult to accurately determine
suicide risk when patients respond defensively. One study
[8] suggested that a multi-faceted evaluation method including interviews about existing predispositions, stressors, symptoms, past history of suicidality, and protective
factors be used for suicide prevention. However, this approach also has limitations due to the above reasons.
Therefore, many clinicians have suggested the importance
of including objective factors in suicide risk assessment,
and efforts to find biological markers associated with suicide have been undertaken [9].
Patients with suicidal ideations exhibit a variety of biological abnormalities, such as in neurotransmitters and
hormones [10-12]. Among such associations, the relationship between suicidal ideation and serotonin (5-HT) in the
central nervous system has been studied the most. Serotonin
is associated with emotional regulation or impulsivity
[13]. The serotonin system is also connected to the frontal
lobe, midbrain, and cerebellum, and serotonin is associated with major functions such as respiration, sleep, sexual desire, mood, and hormone secretion [14]. Serotonin
deficiency may be associated with suicide, depression,
and alcohol use disorders [15]. In relation to suicide, serotonin-related gene polymorphisms have been identified
in depressed patients with suicidal ideation [16-18].
Serotonin may also affect suicide because it controls aggression and mood [19]. Various molecular modifications, and changes in serotonin levels and signaling, occur
in individuals who are suicidal [20]. Positron emission tomography studies in individuals who attempted suicide
have found a decrease in frontal lobe function, which is
associated with serotonin [21]. To identify how serotonin
acts as a neurotransmitter, it is necessary to measure central serotonin activity. Because serotonin cannot cross the
blood-brain barrier [22], measurement of central serotonin activity has been performed using classic invasive
methods, such as detecting serotonin metabolites in cerebrospinal fluid through spinal puncture or performing the
Fenfluramine challenge test [23]. However, because these
methods are clinically difficult to use, a simple and noninvasive method of measuring central serotonin activity is
needed [24].
Loudness dependence of the auditory evoked potential
(LDAEP) is regarded as effective and economic noninvasive indicator of central serotonergic function, and is

thought to be inversely proportional to the central serotonergic activity in several studies [25-27]. Thus, when central serotonergic activity is high, the LDAEP level is reduced, and vice versa. LDAEP is assessed at the Cz electrode in EEG. Participants are given sound stimuli of 60,
70, 80, 90, and 100 dB intensity at random time intervals
of 500−900 ms, and LDAEP is measured by calculating
the peak-to-peak N1/P2 amplitude as the slope of the linear regression. LDAEP has been reported to be a reliable indicator of central serotonin activity [25,28]. It is associated with emotional sensitivity, and LDAEP abnormalities have been reported in various psychiatric disorders
involving serotonin, such as schizophrenia and mood disorders [29,30]. Previous studies on the relationship between suicide and LDAEP [24,31-33] have reported higher LDAEP in suicidal subjects compared to non-suicidal
subjects. However, no studies on the use of the severity of
suicidal ideation to identify high-risk suicide groups have
been conducted. Not all patients with suicidal ideation attempt suicide, but the link has been reported in several
studies [34,35]. Thus, assessing the severity of suicidal
ideation is very important in determining the risk for suicide attempts [36]. Therefore, in this study, we examined
LDAEP in a group with major depressive disorder and
high suicidality, a group with major depressive disorder
and low high suicidality, and a healthy control group to
determine whether the groups differed in serotonergic activity according to the level of suicidal ideation.

METHODS
Participants
This cross-sectional study enrolled 46 patients who
were diagnosed with major depressive disorder at the
Soonchunhyang University Seoul Hospital and 25 healthy
controls. Patients and controls aged 18−65 years were
recruited from January 2019 to December 2019. The depression group was diagnosed using a structured clinical
interview based on the criteria of the Diagnostic and
Statistical Manual of Mental Disorders, 5th edition (DSM-5)
[37]. Participants were requested to answer several questionnaires, and each participant was divided into high suicidal ideation (total score of SSI-BECK ≥ 15) and low suicidal ideation group (total score of SSI-BECK ≤ 14) by total SSI-BECK score. Patients who were unable to self-report due to head injury, neurological disorders, or severe
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medical diseases and those who did not agree to voluntary participation were excluded from the study. Normal
hearing was confirmed in all participants using a 512 Hz
tuning fork test [38]. Among the 71 participants, 4 (1 patient, 3 controls) who showed LDAEP waveforms that
were difficult to analyze due to poor data were excluded.
Consequently, a total of 67 participants (45 patients, 22
controls) were included. All participants, except for one,
were right-handed. All participants completed a written
agreement in accordance with the Declaration of Helsinki.
This study was approved by the Institutional Review Board
of Soonchunhyang University Hospital (No. 2019-04-003).

Assessment
Demographic characteristics
Participants were asked to provide their sex, age, educational background, and occupation. Education was
classified into four categories: junior high school, with or
without graduation (1); high school graduate (2); university graduate (3); and graduate degree (4).
Beck Scale for Suicidal ideation (SSI-BECK)
The SSI-BECK is a self-report questionnaire developed
by Beck et al. [39] to measure the severity of suicidal
ideation. The SSI-BECK is an important predictor of future
suicidal behavior and is highly correlated with clinicians’
assessments of suicide risk [40]. The SSI-BECK consists of
19 questions. Each item is rated on a 3-point Likert scale,
with higher total scores indicating more severe suicidal
ideation [39]. According to a study of the SSI-BECK by
Shin et al. [40], scores of 0−8 are considered normal, 9−
11 mild suicidality, 12−14 moderate suicidality, and
scores ≥ 15 indicate severe suicidality. In this study, a total SSI-BECK score ≤ 14 was taken to indicate low suicide
risk (low-suicidality group) and ≥ 15 was high suicide
risk (high-suicidality group). The Korean version was
standardized by Shin et al. [40] and well reflects the original questionnaire. The Cronbach’s alpha was 0.81 [40].
Patient Health Questionnaire-9 (PHQ-9)
The PHQ-9 was developed by Kroenke et al. [41] as a
tool to screen depression and assess its severity. The
PHQ-9 comprises nine questions, each of which is evaluated on a 4-point Likert scale indicating how often symptoms have occurred in the past 2 weeks. Based on the total

score, scores of 5−9 points are evaluated as slightly depressed, 10−14 points as moderately depressed, 15−19
points as severely depressed, and 20−27 points as an extremely severe depressed state [41]. The Korean version of
PHQ-9 was translated by Han et al. [42] and the
Cronbach’s alpha was 0.81 [43].
Beck Depression Inventory-II (BDI-II)
The BDI-II is a self-report questionnaire consisting of 21
items that measure current depressive symptoms. It was
developed by Beck et al. [44] as a supplementary correction of the BDI Scale based on criteria for the diagnosis of
depressive disorder included in DSM-IV. Symptoms over
the past 2 weeks are evaluated, and items such as sleep,
appetite, worthlessness, avolition, irritability, and loss of
concentration are included [45]. Based on the total score,
scores of 0−9 are interpreted as not depressed, 10−15 as
mildly depressed, 16−23 as moderately depressed, and
24−63 as severely depressed [44]. The Korean version of
BDI-II was translated by Sung et al. [45], and the Cronbach’s
alpha was over 0.80 [45].
State Anxiety on the State-Trait Anxiety Inventory (SAI)
The State−Trait Anxiety Inventory (STAI) is a self-report
screening tool developed by Spielberger et al. [46,47] to
measure state and trait anxiety. In general, trait anxiety refers to relatively stable differences among individuals in
the intensity and frequency of past, present, and future
anxiety tendencies, whereas state anxiety refers to feelings
of subjective and consciously perceived tension and anxiety associated with heightened autonomic nervous system activity [46]. In this study, the Korean version of the
SAI scale, which was standardized by Kim and Shin [48],
was employed. The SAI uses a 4-point Likert scale for 20
questions asking about experiences of anxiety over a relatively short period, where 1 = absolutely no, 2 = no, 3 = yes,
4 = definitely yes. The total score ranges from 20 to 80 points,
and higher scores indicate greater state anxiety [47,48].
Based on the total score, state anxiety is considered slightly elevated with scores of 52−56, significantly elevated at
57−61, and extremely elevated at ≥ 62 points [47]. For
the Korean SAI, the Cronbach’s alpha was 0.89 [48].
Beck Anxiety Inventory (BAI)
The BAI is a self-report questionnaire comprising 21
questions measuring the severity of anxiety based on the
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importance of accurately distinguishing anxiety and
depression. The BAI deals with major cognitive, emotional, and physical areas [49,50]. The level of discomfort
in the past week is assessed by applying a 4-point Likert
scale ranging from 0 to 3 points to the symptoms indicated
by each item; the total score on the BIA indicates the degree of anxiety [49]. Total scores of 22−26 points indicate an anxious state, 27−31 a moderately anxious
state, and ≥ 32 points severe anxiety [51]. The BAI was
translated into Korean by Kwon [52], and the Cronbach’s
alpha was 0.93 [49,50].

EEG Acquisition and Analyses
For testing, each consenting participant was seated in a
comfortable chair in a sound-attenuated EEG room at
Soonchunhyang University Seoul Hospital. The EEG was
acquired using a NeuroScan SynAmps amplifier (Compumedics USA, E1 Paso, TX, USA) with 64 Ag-AgCl electrodes mounted on a Quik Cap using an extended 10−20
placement scheme. The ground electrode was located on
a participant’s forehead, and the physically linked reference electrodes were located at both mastoids. The vertical electrooculogram (EOG) was positioned above and
below the left eye, and the horizontal EOG was recorded
at the lateral canthus of each eye. The impedance was
kept below 10 kΩ. All data were processed with a 0.1−70
Hz bandpass filter and sampled at 1,000 Hz. All subjects
were asked to relax their entire body and sit comfortably
without moving during the examination. They were able
to look at the targets on the computer monitor screen
comfortably without focusing while listening to the sound
stimuli.
The recorded EEG data were preprocessed using
CURRY 8. Gross artifacts, such as those caused by movements, were removed through visual inspection by a
trained person with no prior information regarding the
origin of the data. Artifacts related to eye movement or
eye blinks were removed using the mathematical procedure implemented in the preprocessing software. The data were filtered using a 0.1−70 Hz bandpass filter and
epoched from 100 ms pre-stimulus to 600 ms post-stimulus.
The epochs were subtracted from the average value of the
pre-stimulus interval for baseline correction. If any remaining epochs contained significant physiological artifacts (amplitude exceeding ± 75 V) at any of the 62 electrode sites, they were excluded from further analyses.

Only artifact-free epochs were averaged across trials and
participants for event-related potential (ERP) analyses.

LDAEP
Tones of 1,000 Hz and 140 ms duration (10 ms increase and 10 ms fall) were presented through MDRXB950N1 headphones (Sony, Tokyo, Japan) at five intensities: 60, 70, 80, 90, and 100 dB SPL. Auditory stimuli
included 500 stimuli with an inter-stimulus interval
randomized between 500 and 900 ms. These stimuli were
produced by E-Prime software (Psychology Software
Tools, Pittsburgh, PA, USA). Then the N1 peak (most negative peak between 50 and 200 ms from the stimulus) and
the P2 peak (most positive peak between 150 and 300 ms
from the stimulus) were determined at the Cz electrode at
the five intensities for each participant [53]. The evoked
N1/P2 peak-to-peak amplitudes were calculated in response to the five different auditory stimulus intensities
[54,55], and LDAEP was calculated as the slope of the linear regression.
Statistical Analyses
The Shapiro−Wilk test was performed to determine
whether data were normally distributed. First, Analysis of
variance (ANOVA) test was used to compare continuous
data on demographic and psychological variables among
the high-suicidality group, low-suicidality group, and
control group, and the Bonferroni post-hoc test was used.
Fisher’s exact test was used for analyses of categorical
data. Next, ANCOVA test was used to compare the maximum amplitudes of LDAEP measured at the Cz electrode
among the three groups with age, sex and severity of depression (PHQ-9 and BDI-II score) as covariates. The
Bonferroni test was used to control for multiple comparisons of statistically significant results. Finally, 5000 bootstrap resamplings were used to correct for multiple correlations [56,57]. Statistical significance was set at p ＜ 0.05
(two tailed). All statistical analyses were performed using
SPSS 26 (IBM Co., Armonk, NY, USA).

RESULTS
Demographic Characteristics
Table 1 shows the basic demographic and social characteristics of each group. There were no significant differences in the sex proportions among the three groups (p =
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Table 1. Demographic characteristics of participants (n = 67)
Variable

Total (n = 67)

Normal (A)
(n = 22)

Age
Sex
Male
Education
1
2
3
4
Occupation
Yes

34.28 ± 14.32

31.55 ± 8.74

MDD with low
MDD with high
suicidal ideation (B) suicidal ideation (C)
(n = 22)
(n = 23)
42.23 ± 14.44

29.3 ± 15.7

29 (43.28)

11 (50)

9 (40.91)

9 (39.13)

5 (7.81)
26 (40.62)
26 (40.62)
7 (10.94)

0 (0)
4 (19.05)
14 (66.67)
3 (14.29)

2 (9.09)
9 (40.91)
9 (40.91)
2 (9.09)

3 (14.29)
13 (61.9)
3 (14.29)
2 (9.52)

50 (74.63)

21 (95.45)

13 (59.09)

16 (69.57)

p value

Post-hoc test

0.002*
0.821

B＞A=C
A=B=C

0.004**

A＞B=C

0.018***

A＞B=C

Values are presented as mean ± standard deviation for age, and number (%) for sex, education and occupation.
p value is calculated by ANOVA for age, and Fisher’s exact test for sex, education and occupation. Post-hoc test is done by Bonferroni test.
Education was classified into four categories: junior high school, with or without graduation (1); high school graduate (2); university graduate (3);
and graduate degree (4).
*MDD with high suicidal ideation vs. Healthy control, p = 1.000; MDD with low suicidal ideation vs. Healthy control, p = 0.030; MDD with high
suicidal ideation vs. MDD with low suicidal ideation, p = 0.006. **MDD with high suicidal ideation vs. Healthy control, p = 0.002; MDD with low
suicidal ideation vs. Healthy control, p = 0.152; MDD with high suicidal ideation vs. MDD with low suicidal ideation, p = 0.435. ***MDD with
high suicidal ideation vs. Healthy control, p = 0.143; MDD with low suicidal ideation vs. Healthy control, p = 0.018, MDD with high suicidal
ideation vs. MDD with low suicidal ideation, p = 1.000.

Table 2. Psychological characteristics of participants
Questionnaire

Total (n = 67)

Normal (A)
(n = 22)

MDD with low
suicidal ideation (B)
(n = 22)

MDD with high
suicidal ideation (C)
(n = 23)

p value

Post-hoc test

PHQ-9
BDI-II
SSI-BECK
BAI
State Anxiety in
STAI (SAI)

11.93 ± 8.74
22.61 ± 16.58
9.81 ± 10.71
21.03 ± 16.22
53.72 ± 16.03

1.95 ± 2.17
4.05 ± 3.27
1.18 ± 1.87
5.68 ± 7.05
35.86 ± 9.79

14.36 ± 5.71
25.77 ± 9.48
5.0 ± 4.49
25.36 ± 14.67
61.36 ± 8.97

19.13 ± 5.84
37.35 ± 12.14
22.65 ± 7.18
31.76 ± 12.9
63.48 ± 11.2

＜ 0.001*
＜ 0.001
＜ 0.001
＜ 0.001**
＜ 0.001***

C＞B＞A
C＞B＞A
C＞B＞A
B=C＞A
B=C＞A

Values are presented as mean ± standard deviation for PHQ-9, BDI-II, SSI-BECK, BAI and SAI.
PHQ-9, Patient Health Questionnaire-9; BDI-II, Beck Depression Inventory-II; SSI, Scale for Suicidal Ideation; BAI, Beck Anxiety Inventory; STAI,
State-Trait Anxiety Inventory.
p value is calculated by ANOVA, and post-hoc test is done by Bonferroni test.
*MDD with high suicidal ideation vs. Healthy control, p ＜ 0.001; MDD with low suicidal ideation vs. Healthy control; p ＜ 0.001, MDD with high
suicidal ideation vs. MDD with low suicidal ideation, p = 0.005. **MDD with high suicidal ideation vs. Healthy control, p ＜ 0.001; MDD with low
suicidal ideation vs. Healthy control, p ＜ 0.001; MDD with high suicidal ideation vs. MDD with low suicidal ideation, p = 0.264. ***MDD with
high suicidal ideation vs. Healthy control, p ＜ 0.001; MDD with low suicidal ideation vs. Healthy control, p ＜ 0.001; MDD with high suicidal
ideation vs. MDD with low suicidal ideation, p = 1.000.

0.821). The healthy control group showed a significantly
higher educational background (p = 0.004) and occupational status (p = 0.018) compared to the others. The
mean age was significantly higher in the low-suicidality
group than in the others (p = 0.002).

Psychological Characteristics
Table 2 shows the psychological characteristics of each
group. Significant differences among the three groups

were observed in the PHQ-9, BDI-II, SSI-BECK, BAI, and
SAI (all p ＜ 0.001). The high-suicidality group had significantly higher PHQ-9 (p = 0.005), BDI-II (p ＜ 0.001)
and SSI-BECK (p ＜ 0.001) scores compared to the lowsuicidality group (Table 2). BAI and SAI scores were significantly lower for the healthy control group than for the
other two groups (p ＜ 0.001); there were no significant
BAI and SAI differences between the high- and low-suicidality groups.
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Fig. 1. Grand average of loudness dependence of the auditory evoked
potential event-related potentials at the Cz electrode for MDD patients
with high suicidal risk (A), MDD patients with low suicidal risk (B),
and healthy controls (C).

LDAEP
Average ERPs at the Cz electrode of the LDAEP for each
dB are shown in Figure 1. Statistically significant differences in LDAEP levels were observed among the three
groups (p = 0.007) (Fig. 2). The high-suicidality group had
higher LDAEP than the other two groups (high-suicidality
group: 0.82 ± 0.79; low-suicidality group: 0.26 ± 0.36;
healthy control group: 0.49 ± 0.46). When the p value
was adjusted for each comparison using the Bonferroni
test, the high-suicidality group showed a significantly
higher LDAEP level than the low-suicidality group (p =
0.014). However, there were no significant differences in
LDAEP levels between the high-suicidality and healthy
control groups (p = 0.281) or between the low-suicidality
and healthy control groups (p = 0.236).

DISCUSSION
This cross-sectional study investigated the feasibility of
using LDAEP as a candidate for a biomarker for identifying suicide risk. Participants were divided into three
groups by level of suicidal ideation, and LDAEP was

Fig. 2. Box plot of loudness dependence of the auditory evoked
potential (LDAEP) event-related potentials at the Cz electrode for MDD
patients with high-suicidality (MDD with HS), MDD patients with
low-suicidality (MDD with LS), and healthy controls (HC). LDAEP
between MDD patients with high-suicidality and MDD patients with
low-suicidality shows significant difference (p = 0.014).
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measured in each subject. Our results identified some key
findings. First, the LDAEP level was higher in the high-suicidality than in the low-suicidality group. Second, there
were no significant differences in LDAEP levels between
the healthy control group and the overall depression
group.
First, LDAEP was higher in the major depressive disorder group with high suicidal ideation than in the major
depressive disorder group with low suicidal ideation.
Serotonin, a neurotransmitter that is mainly involved in
emotional regulation, is widespread in the central nervous system [58]. Abnormalities in serotonin system, such
as low presynaptic 5-HT activity, are thought to be associated with dysfunction of regulating mood, impulsive aggressive behavior and suicidal behavior [59,60]. Thus, it
is hypothesized that serotonergic abnormality makes vulnerability for suicide [61], such as cognitive control of
mood, impulsive and aggressive behavior, with noradrenergic and hypothalamic-pituitary-adrenal axis stressresponse system impairment [62]. The 5-HT Hypothesis
proposed by Mann et al. [63] is related to suicide and central serotonin. In the basis of this hypothesis, a post-mortem study of suicide attempters found that the concentrations of 5-HT and 5-hydroxyindoleacetic acid (5-HIAA)
in brain tissue were lower than those in healthy people
[63]. The 5-HT receptors were increased and the serotonin receptor binding sites decreased in the prefrontal cortex after suicide attempts [64]. In conclusion, Mann et al.
[63] suggested that serotonin is associated with suicidality, including suicidal ideation and suicidal attempt.
Based on the 5-HT hypothesis, we can conclude that
measuring serotonin activity in the central system may be
meaningful for identifying the risk for suicidal ideation or
suicide attempts.
Following Mann’s study, numerous other studies confirmed the relationship between suicidal ideation or a history of suicide attempt and serotonin [32,65-67]. In aspects of suicidal ideation, Patients with confirmed acute
suicidal ideation on item 3 of the Hamilton Depression
Scale (HAMD) were found to have higher LDAEP than
those without suicidal ideation [33]. A negative correlation was found between suicidal ideation and LDAEP in
patients with atypical depression [68]. One study [24] revealed since SSI-BECK score was significantly different
from suicidal attempters and non-suicidal attempters,
strong LDAEP may be related to an acute suicidal idea. In

aspects of a history of suicidal attempt, 5-HT and 5-HIAA,
a serotonin metabolite, were reduced in cerebrospinal
fluid in patients with suicide attempts [69]. The number of
5-HT2 receptors in the frontal lobe was increased in suicide attempters [70]. In addition, the attention and executive functions associated with the frontal lobe were reduced in depressive patients with suicide attempts [71].
Also levels of LDAEP, a serotonin activity indicator, were
higher in patients with a history of suicide attempts [24,31].
In aspects of acute suicidal attempt, increased LDAEP was
found 9 days after suicidal attempt, while LDAEP was low
in 2, 5 and 16 days after attempt [72]. Other study revealed LDAEP was strongest 5 days after suicidal attempt
or suicidal behavior [32]. Nevertheless, controversy over
the relationship between suicide and LDAEP persists. To
the best of our knowledge, studies that found no significant association either used small sample or were not
designed to reveal the association between LDAEP and
suicide [73,74].
In the present study, LDAEP was used to find the association between suicide and serotonin in patients with major depression. The results of the present study could be
used as a basis for the hypothesis that higher LDAEP values in patients with major depressive disorder suggest a
higher risk for suicide. However, one study [33] reported
that LDAEP was lower in patients with a history of attempted suicide in various psychiatric disorders such as
alcoholism, depression, and bipolar disorder than in a
control group, but was high in depressive patients with
acute suicidal ideation. This means that changes in the serotonin system related to suicidal ideation or behavior are
not constant and can change depending on the type of
disease or the acute severity of suicidal ideation. Therefore, whether LDAEP can be used as a suicide risk indicator in cases of major depression accompanied by other diseases that affect suicide, such as personality disorder
and anxiety disorder, is unclear. In addition, the relationship between LDAEP and suicidal ideation or suicidal behavior in psychiatric disorders other than major depression requires further research. In future studies, it will be
important to distinguish between current suicidal ideation
and past history of suicide attempts.
Second, there were no significant differences in LDAEP
between the normal control group and the major depressive group regardless of the severity of suicidal ideation,
consistent with previous reports [30,32,75]. Dysfunctions
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in serotonin transmitters and 5-HT1A receptors are thought
to be the primary etiologies in major depression [76,77],
and serotonin levels of depressive patients, measured in
the platelets, were significantly lower than those in the
normal group [78]. Thus, we suggest that serotonin and
major depression are related. In addition, we must consider that selective serotonin receptor blockers, which modulate serotonin receptors, are used as a treatment agent for
major depression based on these points [79]. With regard
to the finding that serotonin and major depression could
be related, there may still be controversy as to whether
LDAEP has any relationship with major depression. However, considering the results of the present study and related studies, we suggest that it will be difficult to use
LDAEP as a consistent state marker in major depression.
In our study, the result showing no significant difference
between the healthy control group and the depression
group may be explained in two ways. First, LDAEP may
reflect other symptoms affected by the serotonin system,
such as decreased attention and impulsiveness, in addition to depression [80]. Second, major depression may be
due to complex actions of neurotransmitter systems such
as norepinephrine, as well as to other pre- and post-synaptic receptors and gene regulation [81,82].
There are some limitations to the interpretation of these
results. First, it is difficult to generalize our results due to
the small sample size. It is necessary to recruit a large
number of subjects to conduct research on the relationship between LDAEP and suicidal ideation in future
studies. Second, the mean age was higher in the low-suicidality group than in the high-suicidality group. It is
known that aging could affect central serotonergic activity
and serotonin receptor activity [83,84]. Thus, in our
study, age is analyzed as covariant in comparing the difference of LDAEP between the groups by ANCOVA.
Another study [73] showed that the effects of age on serotonin differ by sex. Thus, further studies on the relationships among serotonin activity, sex, and age are needed in
the future. Third, we did not conduct our study according
to the timing of suicidal ideation or of suicide attempts.
Uhl et al. [72] reported that LDAEP was highest around 9
days after suicide attempts, suggesting that suicidal ideation and attempts may not cause an immediate change in
LDAEP, and the effects on serotonin activity may be delayed by about a week. In addition, Juckel and Hegerl [33]
reported that LDAEP levels are high in patients with acute

suicidal ideations, but patients with a history of suicide attempts have low LDAEP levels. Future studies should consider the time when suicidal ideation occurred. Fourth,
the study was conducted without distinguishing smokers
from non-smokers. Generally, smokers have lower levels
of LDAEP than non-smokers [85], and smokers with major
depression are also known to have lower LDAEP levels
than non-smokers with major depression [73]. This is
probably because smoking is related to the gene involved
in 5-HT regulation [73]. Meanwhile, a previous study
showed that smoking itself lowers serotonin activity and
increases the risk for suicide attempts [86]. Future studies
need to clarify the link between smoking and LDAEP.

Implications
Currently, suicide is increasingly common worldwide,
and researchers in mental health fields are working to find
biomarkers for early detection of suicide risk. We suggest
that LDAEP is a less invasive and economical tool for
measuring serotonin activity related to suicidal ideation
and behavior, in addition to being as a candidate for a biomarker of suicide risk in patients with major depression.
Our results extend those of previous studies and contribute to the identification of suicidality in depressed patients
by LDAEP. Future research should examine the usefulness
of LDAEP as a reliable tool for early prevention of suicide.
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