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Background: Depression and suicidal behavior are associated with pro-
inflammatory status in adults. However, differences in inflammatory levels
among adolescents with depression at different suicide risk levels are unclear,
and the connection between anti-inflammatory factors, which serve as vital for
the immune system, and suicide needs to be explored.

Methods: This study recruited 111 adolescent patients with depression aged 13-
18 and 23 healthy controls. Patients were divided into three subgroups according
to suicidal ideation within the past week and history of suicide attempts. Severity
of depression, suicidal ideation, and suicide risk were assessed using the
Hamilton Depression Scale-17 (HAMD-17) and the Chinese version of the Beck
Suicide Ideation Scale (BSI-CV). Plasma levels of IL-6, TNF-a, IFN-vy, IL-1fB, and IL-
10 in all participants were measured.

Results: Plasma levels of IL-6, TNF-o, IFN-v, and IL-10 differed between the
suicide risk subgroups, and the differences remained significant after controlling
for severity of depressive symptoms using covariance analysis. Pairwise
comparison indicated that plasma levels of these four cytokines in the high
suicide risk group were higher than those in the low suicide risk group (all
p<0.05), among which the level of IL-10 was significantly higher than that in the
medium and low risk groups. IL-10 was positively correlated with the total score
of the HAMD-17, BSI-CV, and suicidal ideation; the other four cytokines were also
somewhat correlated with suicidal ideation (all p<0.05). IL-10 correlated
positively with these four pro-inflammatory factors. Multiple linear regression
analysis showed that IL-10 levels significant were associated with BSI-CV (B =
0.270, t = 2.897, p = 0.005) and HAMA-17 (B = 0.285, t = 3.041, p = 0.003) total
scores. In binary logistic regression, after controlling for depressive symptoms,
gender, age, BMI, and duration of illness: IL-10 level remained a risk factor for
suicidal behavior (OR = 3.224, 95% Cl 1.571-6.619 p = 0.001).
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Conclusion: Adolescents with different suicide risk levels differed in plasma levels
of pro-inflammatory factors and the anti-inflammatory factor IL-10. These
differences were independent of depressive symptoms; high IL-10 levels may be
a risk factor for suicidal behavior in depressed patients. Further research is needed
to explore the relationship between anti-inflammatory factors and suicide.

suicide risk, depression, adolescence, pro-inflammatory state, anti-inflammatory

factors, IL-10

1 Introduction

In recent years, the problem of suicide has gradually attracted
widespread attention internationally and from the International
Health Organization, specifically, with data indicating that globally
about 800,000 people die of suicide each year (1). Suicide has
become one of the most important causes of death among
adolescents, accounting for about 8.5% of all deaths among
people aged 15-29 years (2). Mental disorders, especially major
depressive disorder (MDD), have a dramatic impact on suicide
rates, accounting for approximately 30% of suicides (3), while
increasing the probability of suicide more than three-fold (1).
MDD is a predictor of adolescent suicidal behavior (4), and
suicide thoughts are far more common in teenagers who are
depressed than their general peers (5). Suicidal behavior in
adolescents with major depression causes great suffering to the
patients themselves and their families, as well as an incalculable
economic burden. Therefore, the search for possible clinical
interventions has become urgent. However, neurophysiological
mechanisms underlying suicidal behavior in adolescents with
major depression remain unexplored (6).

Inflammatory factors, a biomarker that potentially influences
depression and suicide risk, affect susceptibility to neuropsychiatric
disorders and suicide by influencing the synthesis and metabolic
pathways of monoamine neurotransmitters. Previous studies noted
higher blood levels of inflammatory biomarkers (including IL-6, IL-
1B, TNF-0, and CRP) in people with mental illness who have
suicidal attempts in comparison to healthy controls or non-suicidal
people with mental illness (7-10). High plasma levels of cytokines
in depressed patients were likewise correspondingly associated with
suicidal ideation (11, 12). The relationship between suicide, MDD,
and inflammation is complex. Depression involves a bidirectional
disturbance related to inflammation, and numerous studies
confirming their reciprocal reinforcement (13). However, a small
number of studies have reported a lack of substantial association
between depression and elevated cytokine levels, and levels of
inflammatory factors may be negatively correlated with depressive
symptoms in some patients (14-17). The roles of suicide and
inflammation also tend to be reciprocal; on the one hand,
inflammation may induce suicidal ideation, with one study
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showing an increase in suicidal ideation in patients with hepatitis
C and multiple sclerosis who received pro-inflammatory cytokine
therapy compared to other treatments (18, 19). On the other hand,
suicidal ideation may enhance inflammatory responses. For
instance, suicide-related threat perceptions may activate certain
stress responses, including inflammatory responses (20).
Cytokines are categorized into anti-inflammatory and pro-
inflammatory cytokines based on the role they play in the
inflammatory response. Under normal physiological conditions,
pro-inflammatory and anti-inflammatory cytokines tend to
remain in a relatively balanced state, and anti-inflammatory
factors are usually accompanied by changes in pro-inflammatory
factors in cases of immune dysfunction. However, existing studies
on inflammation and suicide have mostly studied pro-inflammatory
cytokines as biomarkers, and the role of anti-inflammatory factors
has been the subject of very little research. IL-10, one of the most
important anti-inflammatory cytokines, is involved in various
disease mechanisms and has been widely studied. Previous studies
have shown that depressive symptoms exhibit a strong correlation
with elevated levels of IL-10 in vivo (21-23). Therefore, further
understanding of the role of IL-10 in depression suicide is required.
Most previous studies on depression suicide and changes in
inflammation levels have focused on adults, while relatively few
studies have been undertaken on adolescents.; as cytokine levels
tend to change with age, differences may exist between adolescents
and adults in the underlying pathophysiology of suicide.
Additionally, the majority of studies have focused only on
differences in inflammatory factors between depressed patients in
general and those with suicidal ideation/behavior, with less
attention paid to differences between the two. Therefore, the
present study sought to examine variations in levels of pro-
inflammatory and anti-inflammatory factors among adolescent
depressed patients with three different suicide risk levels. We
chose four pro-inflammatory cytokines whose changes in levels
have previously been shown to strongly correlate with suicidal
ideation or behavior in adults and these cytokines show
abnormalities in the cerebrospinal fluid of suicide victims: IL-6
(24-28), IL-1B (29-33), TNF-0. (34-38), IEN-y (39-42). On this
basis, we further explored the relationship between the anti-
inflammatory factor IL-10 and suicide risk. We also explored
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correlations between the severity of depressive symptoms, suicidal
ideation, and suicide risk with inflammatory factors, as well as
searching for risk factors affecting suicidal behavior in adolescent
with major depression.

2 Methods
2.1 Sample

This study was ethically reviewed by the Fourth People’s
Hospital of Hefei City (review number: HSY-IRB-PJ-X]JJ-ZH002).
We recruited 111 adolescents with major depressive disorders
(MDD; n = 111) who attended the Department of Child and
Adolescent in the Fourth People’s Hospital of Hefei City from
June 2019 to April 2021. Inclusion criteria: (1) met diagnostic
criteria for major depressive disorders in DSM-5; (2) aged 13-18
years; (3) No medication has been used in the last two weeks.
Exclusion criteria: (1) comorbidity with neurological disease,
serious physical illness, psychoactive substance abuse, intellectual
disability; (2) comorbid other psychiatric disorders; (3) comorbid
infectious diseases, or diseases that may affect inflammation level.
Twenty-three healthy controls (HC; n = 23) comprising Hefei City
general secondary school students matching the age and years of
education of the depressive disorder group were simultaneously
recruited. Inclusion criteria: (1) aged 13-18 years; (2) Hamilton
Depression Scale score less than 7; (3) no history of mental illness in
the person and for three generations of both lines. Exclusion criteria
were the same as those for the depressive disorder group. All
participants and their families gave informed consent and signed
a paper version of the informed consent form prior to the study.

2.2 Clinical assessment

Clinical Assessment: (1) General Conditions: This included
participants’ gender, age, body mass index (BMI), years of
education, family history, disease duration, and whether suicidal
behavior had occurred, etc. (2) Scale Assessments: Participants were
scored by two attending physicians who had undergone consistency
training, using the Hamilton Depression Scale-17 items (HAMD-
17) to assess the severity of depressive symptoms. This scale has 17
items; higher scores indicate more severe depressive symptoms. The
Beck Suicide Ideation Scale Chinese Version (BSI-CV) was used to
assess the intensity, duration, and specific characteristics of the
patient’s plans and wishes for suicide. This scale consists of two
factors: suicidal ideation (first 5 items) and suicidal tendency (last
14 items), with a total of 19 items using a three-level scoring system,
each item scored from 0 to 2, and the total score ranged from 0 to
38. Participants were only considered to have suicidal ideation if
their responses to item 4 (active suicidal ideation) or item 5 (passive
suicidal ideation) on the scale were not “none.” They then
proceeded to answer the subsequent questions 6 to 19. If no
suicidal ideation existed, the total score was the sum of the first
five items. The higher the score of the first five items, the higher the
intensity of suicidal ideation; the higher the total score, the higher
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the risk of suicide. Patients were divided into three subgroups on the
base of history of suicide attempts and items 4-5 of the Beck Suicidal
Ideation Inventory: (1) High suicide risk group (HR: n = 45): at least
one of the responses to items 4-5 of the Beck Suicidal Ideation
Inventory (active and passive suicide ideation) was “weak” or
“moderate to strong,” and there was a previous history of suicide
attempts; (2) Medium Suicide Risk Group (MR; n = 44): at least one
of the responses to items 4-5 of the Beck Suicidal Ideation Inventory
was “weak” or “moderate to strong” but no history of suicide
attempts; (3) Low suicide risk group (LR: n = 22): “none” on
items 4-5 of the Beck Suicidal Ideation Scale and no history of
suicide attempts.

2.3 Blood sample collection and
cytokine analysis

Both clinical assessment and blood collection were performed
on the same morning. Participants fasted for more than 8 hours
before the blood draw, and 5 ml of blood was withdrawn from the
elbow vein in EDTA anticoagulant tubes. The blood was centrifuged
(2000 r/min, 20 min) within one hour, and the supernatant was
stored in a refrigerator at -80°C immediately afterward. Then an
ultrasensitive multifactor electrochemiluminescence analyzer
(Model SQ120) (MESOTM Quick-Plex SQ120) was uniformly
used to determine the plasma IL-6, TNF-o, IFN-y, IL-10, and IL-
1B concentrations through the steps of room-temperature
incubation, dilution and oscillation, plate washing, dilution and
oscillation, plate washing, addition of antibodies, plate washing, and
addition of plate reader solution. concentration in plasma. The
assay sensitivities (min, max) are (0.0619pg/mL, 1870 pg/mL) for
IL-6, (0.160pg/mL, 3460pg/mL) for TNF-0,, (0.254pg/mL,28500pg/
mL) for INF-y, (0.0126pg/mL, 3740pg/mL) for IL-10 and
(0.0118pg/mL, 4040pg/mL) for IL-1f. The average intra-assay CV
was 3.46% for IL-6, 5.66% for TNF-o., 4.25% for IFN-y, 4.35% for
IL-10 and 2.98% for IL-1B. In addition, the inter-assay CVs
reported by the manufacturer were less than 10% for all
five cytokines.

2.4 Statistical analysis

Statistical analysis was performed using SPSS 25.0. Shapiro-Wilk
was used for all continuous variables to test normality. Measurement
data that conformed to a normal distribution were expressed as mean
(M) + standard deviation (SD), and comparisons between groups were
made using independent sample t-tests or one-way ANOVA. For
variables that did not follow a normal distribution, they were expressed
as median and interquartile range expressed as M (Ql, Q3), and
comparisons between groups were made using non-parametric tests
such as Mann-Whitney U or Kruskal-Wallis H tests. Post hoc pairwise
comparisons were adjusted for using the Bonferroni method.
Categorical data were expressed as frequencies and rates, and
intergroup comparisons were made using the chi-square test.
Spearman’s correlation analysis was used to investigate the
correlation between plasma cytokine concentrations in patients with
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depression and HAMD-17 total score, and BSI-CV total score and
suicidal ideation score. Analysis of covariance was used to exclude
confounding factors, regression analysis was used to explore the risk
factors affecting suicidality and depressive symptoms. Prior to
ANCOVA and regression analyses, plasma cytokine concentrations
were subjected to a natural logarithmic transformation to attenuate
skewness to converge to a normal distribution. Multiple linear
regression was used to analyze the effects of gender, age, BMI,
disease duration, and inflammatory factor levels on HAMD-17 and
BSI-CV total scores in depressed patients. Finally, to explore the effects
of cytokine levels on suicide risk, we used a binary logistic regression
model to analyze the independent risk factors affecting suicidal
behavior, with previous suicidal acts as the dependent variable and
sociodemographic data, severity of depressive symptoms, and cytokines
that demonstrated statistical significance in the univariate regression
model as independent variables. The diagnostic predictive efficacy was
further analyzed using ROC curve analysis. All tests were two-tailed,
and a p-value<0.05 was considered statistically significant.

3 Results
3.1 Sample characteristics

A total of 111 adolescents with depression and 23 healthy
controls were recruited; sociodemographic and clinical case data

10.3389/fpsyt.2024.1491555

are shown in Table 1. No significant differences were found between
the suicidal behavior subgroups and HCs in terms of gender, age,
BMI, and years of education (x* = 3.703, p=0.295 for gender;
F=1.811, p=0.148 for age; F=2.409, p=0.070 for BMI; F=0.696,
p=0.556 for years of education); illness duration did not
significantly differ between the suicidal behavior subgroups
(H=0.102, p=0.950). As expected, severity of depressive symptoms
and level of suicidal risk were higher in the MR and HR groups than
in the low-risk group, that is, HAMD-17 scores differed between the
suicidal behavior subgroups (F=5.658, p=0.005). There were
significant differences in the BSI-CV total scores, and the suicidal
ideation scores (H=49.330, p<0.001 for BSI-CV total scores;
H=41.700, p<0.001 for suicidal ideation scores). Post hoc two-by-
two comparisons showed that all four scores were higher in the MR
and HR groups compared to the LR group, while there was no
significant difference in scores between the MR and HR groups.

3.2 Inflammatory markers and suicide risk

3.2.1 Group comparison of plasma
cytokine concentrations

Cytokine levels between groups are shown in Figure 1.
Compared to the entire group of MDD patients, HCs showed
significantly higher levels of four cytokines (Table 2), except IL-10
(IL-10 did not show significant differences between HCs and

TABLE 1 Sociodemographic, clinical, and inflammatory characteristics stratified by suicide risk.

Characteristics HC (n=23) HR (n=45) MR (n=44) LR (n=22) F/H/x?
Age 15.83 + 1.53 1491 + 1.54 15.14 + 1.53 15.18 + 1.59 1.811 0.148
BMI (kg/mz) 21.50 £ 3.35 23.85 + 6.96 21.45 + 4.52 21.04 £ 2.40 2.409 0.070
Years of education 9.87 + 1.58 9.38 + 1.50 9.61 + 1.50 9.77 + 127 0.696 0.556
Gender (M/F) 7/16 11/34 11/33 10/12 3.703 0.295
Disease Duration N/A 12 (6, 24) 12 (6, 24) 12 (6, 24) 0.102 0.950
Family history N/A 5/40 8/36 1/21 2.629 0.269
HAMD-17 scores N/A 20.18 £ 7.30 21.02 +7.21 14.77+ 7.78 5.658 0.005* HR, MR>LR
BSI-CV total scores N/A 19 (9, 23.5) 20 (15, 25) 0(0,1) 49.330 <0.001** HR, MR>LR
suicidal ideation scores N/A 7 (3, 8.5) 7 (5.25, 8.75) 0(0,1) 41.700 <0.001** HR, MR>LR
Cytokines
IL-6 (pg/ml) 0.73 (0.62, 1.34) 0.62 (0.42, 1.06) 0.54 (0.33, 0.77) 0.35 (0.30, 0.48) 20.082 <0.001** HC>MR, LR
HR>LR
TNEF-o (pg/ml) 4.36 (3.81, 5.24) 2.93 (1.36, 4.10) 1.67 (1.16, 3.81) 1.37 (1.14, 1.69) 32.466 <0.001** HC>HR, MR, LR
HR>LR
IFN-y (pg/ml) 14.84 12.52 6.72 (3.50, 13.66) 3.75 (2.81, 8.36) 22.157 <0.001** HC>MR, LR
(13.53, 19.36) (4.36, 20.61) HR>LR
IL-10 (pg/ml) 0.22 (0.18, 0.27) 0.27 (0.16, 0.37) 0.14 (0.09, 0.29) 0.12 (0.09, 0.18) 19.907 <0.001** HC>MR, LR
HR>MR, LR
IL-1PB (pg/ml) 0.12 (0.08, 0.17) 0.06 (0.02, 0.17) 0.06 (0.01, 0.20) 0.03 (0.01, 0.10) 13.845 0.003* HC>MR, LR

BMI, Body mass index; IL, interleukin; TNF, tumor necrosis factor; INF, Interferon; HC, health control.

HR, High suicide risk group; MR, Medium suicide risk group; LR, Low suicide risk group.
*p<0.05, **p<0.001.
P#: post hoc pairwise comparisons.
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FIGURE 1

TNF-a serum level pg/ml IL-6 serum level pg/ml INF-y serum level pg/ml IL-1B serum level pg/ml

IL-10 serum level pg/ml

08

06

04

02

0.0-

80

60

40

HC HR MR LR
*
*
——
%
s
: <
eses
-
o, »°
B
oo ;gE: =+ T
X
HC HR MR LR
ek
ok
* *
—— ——
8
.
6 b H
o
oo .
. -
4 §f§%
°2e d
2 : N
= 5
o,
HC HR MR LR
*
15 *
*
1
—

05

0.0

#% 5 4

HC HR MR LR

Pro-inflammatory factors and IL-10 levels in four groups. *p < 0.05,

**p < 0.001.

TABLE 2 HCs VS MDD.

Cytokines

IL-6 (pg/ml)

TNF-o (pg/ml)

10.3389/fpsyt.2024.1491555

patients). All five cytokines were at higher levels in the HC than in
the LR and MR groups, and TNF-o levels were higher in the HC
than in the HR group(t=3.296, p=0.006). Levels of four cytokines
(except IL-1P) were significantly different among the three suicidal
behavior subgroups [IL-6: H=10.281, p=0.006; TNF-o: H=8.960,
p=0.011; INF-y: H=9.125, p=0.010; IL-10: H=14.305 p=0.001]. Due
to the mismatch in severity of depressive symptoms among patients
in the three different suicide risk groups, we further controlled for
HAMD-17 scores using ANCOVA. Differences in the levels of four
cytokines remained significant among the three groups, with the
following values: IL-6 [F(2, 108) = 4.615], p=0.012; TNF-a [F(2,
108) = 4.090], p=0.019; IFN-y [F(2, 108) = 4.370], p=0.015 and IL-
10 [F(2, 108) = 5.841], p=0.004. Pairwise comparisons showed that
plasma concentrations of the four cytokines (except IL-1[) were
higher in the HR than in the LR group (t=3.260, p=0.007 for IL-6;
t=2.774, p=0.033 for TNF-0; t=3.004, p=0.016 for INF-y; t=3.892,
p=0.001 for IL-10), that there were no statistically significant
differences between the MR and HR groups for the four cytokines
(except IL-10), and that there was no statistically significant
difference in the levels of all cytokines between the MR and LR
groups. However, it is noteworthy that IL-10 level in the HR was
significantly higher than in both the MR (t=2.821, p=0.028) and LR
groups (t=3.892, p=0.001). All of the above pairwise comparisons
were Bonferroni corrected.

3.2.2 The associations between cytokine levels
with depressive symptoms and different
dimensions of suicidality

Spearman correlation analysis showed that IL-10 correlated
positively with HAMD-17 total score (r=0.210, p=0.027), BSI-CV
total score (r=0.241, p=0.011), and suicidal ideation score (r=0.301,
p=0.001); TNF-a correlated positively with BSI-CV total score
(r=0.202, p=0.033). Furthermore, IL-6, TNF-c, IFN-y, and IL-1B
all showed some correlation with suicidal ideation scores (all
p<0.05), as shown in Table 3 and Figure 2. In addition, IL-10 and
IL-6, IL-1B, TNFo, and IFN-y were all significantly positively
correlated with each other (r=0.631, 0.489, 0.654, and 0.736,
all p<0.001).

3.2.3 Independent influencing factors of the total
scores on the HAMD-17 and BSI-CV

With HAMD-17 and BSI-CV total scores as the dependent
variables, and gender, age, BMI, duration of illness, and
inflammatory cytokines as independent variables included in a
multivariate linear regression model, IL-10 significantly affected

IL-10 (pg/ml)

INF-y (pg/ml)

IL-1B (pg/ml)

HC 0.73 (0.62, 1.34) 4.36 (3.81, 5.24) 14.84 (13.53, 19.36) 0.12 (0.08, 0.17) 0.22 (0.18,0.27)
MDD 0.53 (0.34, 0.79) 1.70 (1.28, 3.85) 7.51 (3.42,17.4) 0.05 (0.01,0.13) 0.18 (0.11,0.30)

zZ -3.074 -4.936 -3.532 -3.175 -1.699

p 0.002* <0.001** <0.001** 0.002* 0.089

p<0.05, **p<0.001.
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TABLE 3 The associations between cytokine levels with depressive symptoms and different dimensions of suicidality in patients.

Variables

HAMD-17 scores 0.062 0.515 0.132 0.167 0.041 0.666 0.210 0.027* 0.099 0.301
BSI-CV total scores 0.177 0.063 0.202 0.033* 0.170 0.075 0.241 0.011* 0.178 0.068
suicidal ideation scores 0.247 0.009* 0.281 0.003* 0.292 0.002* 0.301 0.001* 0.197 0.038*
*p<0.05.
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The associations between cytokine levels with depressive symptoms and different dimensions of suicidality in patients.
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TABLE 4 Independent correlation of the total scores on the HAMD-17 and BSI-CV.

Beta
Variables HAMD-17 BSI-CV HAMD-17 HAMD-17 BSI-CV
IL-10 0.285 0.270 3.041 2.897 0.003 0.005
BMI -0.078 0.025 -0.848 0.276 0.398 0.783
Gender (1) 0.109 0.201 1.187 2.199 0.238 0.030
Disease Duration 0.106 0.068 1.131 0.734 0.261 0.464
Age -0.207 -0.163 -2.181 -1.727 0.031 0.087

both the HAMD-17 ($=0.285, t=3.041, p=0.003) and the BSI-CV
total scores ($=0.270, t=2.897, p=0.005); age significantly influenced
HAMD-17 total score (p=-0.207, t=-2.181, p=0.031), and there was
a significant difference by gender (with females scoring higher than
males) on the BSI-CV total score (f=0.201, t=2.199, p=0.030). See
Table 4 for details.

3.2.4 Independent predictors of suicidal behavior
in patients with depressive disorder

IL-10 level in the HR was significantly higher than that in the
MR (p=0.028) and LR groups (p=0.001) in each suicidal behavior
subgroups, and IL-10 significantly affected total BSI-CV score.
Furthermore, the univariate regression model with IL-10 as the
independent variable and history of suicide attempts or not as the
dependent variable was significant (OR=2.684, 95% CI 1.455-4.951
p=0.002). Considering our small sample size, we controlled for
gender, age, BMI, duration of illness, and severity of depressive
symptoms in the same model. IL-10 remained independently
associated with suicidal behavior in depressed patients
(OR=3.224, 95% CI 1.571-6.619 p=0.001).

3.2.5 Prediction of the diagnostic efficacy of IL-
10 for suicide behavior in patients
with depression

The presence or absence of suicidal behavior was used as the
status variable in patients with depression, and IL-10 was employed
as the test variable for the ROC curve analysis. The results suggested
that IL-10 has a certain diagnostic value, with an AUC area of 0.696
(0.594, 0.798) (p < 0.001), a specificity of 0.667, a sensitivity of 0.733,
a Youden’s index of 0.400, and the optimal cutoff value at 0.182 pg/
ml, as shown in Figure 3.

4 Discussion

In this study, we investigated the relationship between plasma
cytokine levels and suicide risk stratification in adolescents with
depression, and found high levels of IL-6, TNFo,, IFN-y, and IL-10
in the high-suicide-risk group, which is consistent with the results
of previous studies (12, 43-45). Similar results were obtained in
ANCOV A after controlling for the severity of depressive symptoms.
In a subsequent two-by-two comparison, IL-10 in particular, was
significantly higher than in the low and intermediate risk groups. As
previously found in adults with depression (46-49), the levels of all
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five cytokines were positively correlated with intensity of suicidal
ideation in adolescents with depression. Unexpectedly, there was a
lack of association between the levels of these four pro-
inflammatory factors and depressive symptoms. Also unexpected
was the fact that all five cytokines were at higher levels in the healthy
control group than in the depressed group. In most studies these
cytokines were shown to be at higher levels in adolescent depressed
patients (50-53). Binary logistic regression analysis also showed
that IL-10 levels still independently influenced suicidal behavior in
depressed patients when controlling for severity of depressive
symptoms, and IL-10 was of value in the diagnosis of suicide
attempt status by the ROC curve test. Thus, the main finding of
this study is that higher levels of serum cytokines may be associated
with suicidal ideation/behavior in adolescents with depression,
and this association does not appear to be influenced by
depression severity.

Immune dysfunction may be one of the important factors
contributing to the development of suicidal symptoms, and our
findings are to some extent consistent with previous reports
showing that plasma levels of inflammatory cytokines were higher
in adolescents with depression who had a history of suicidal
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behavior than in those who did not have suicidal ideation. A
previous review reported a cross-sectional association between
elevated inflammatory markers in cerebrospinal fluid and serum,
including IFN-y, TNF-o, IL-6, and IL-1PB, and suicidal behavior in
children and adolescents (54). A cohort study of depression and
anxiety in child adolescents by Amitai et al. also found that changes
in IL-6 before and after treatment was the strongest predictor in a
logistic regression model predicting the risk of fluoxetine-associated
suicide. That is, high post-treatment levels of IL-6 can predict
fluoxetine-associated suicidal behaviors to some extent (55).
Additionally, Pandey examined the levels of immune markers in
the cerebrospinal fluid of 24 adolescents who died by suicide, and
higher levels of mRNA and protein expression of IL-6, TNFa, and
IL-1P were detected in the prefrontal cortex compared to healthy
controls (56), although only 33.3% (8) of these victims had been
diagnosed with depression during their lifetime, suggesting that
inflammatory cytokines association with adolescent suicidal
ideation is not dependent on depression.

In our study, depressive symptoms were not substantially related
with these four pro-inflammatory cytokines levels, and even healthy
controls showed higher levels of inflammatory factors than the
depressed group. Some previous studies did find lower cytokine
levels associated with depression. In a 2020 case-control study,
serum levels of IFN-y were significantly lower in patients with
MDD than in controls and were negatively correlated with
depressive symptoms (57). In a small-sample prospective study, Lee
et al. found that compared to healthy peers, adolescents with first-
onset major depression possessed lower IL-2, IFN-y and TNF-o
concentrations prior to their first treatment with antidepressant
medication (58). Ovaskaine et al. also observed in a large study
based on a middle-aged population that men with depressive
symptoms exhibited lower levels of IL-1B levels (59). Additionally,
a Korean study found lower levels of IFN-y, IL-2, and IL-4 in adult
depressed patients compared to healthy controls. In the same study
they also found gender-based differences in cytokine levels, that is,
male patients had higher plasma levels of IFN-y, TNF-q, and IL-6
than female patients (60). Admittedly, like our study, the proportion
of females in these studies was significantly higher than that of males,
therefore cytokine levels may have been influenced by female sex
hormones, leading to the heterogeneity of results. Additionally,
Buspavanich and his team found that both the speed of onset of
depression and the duration of depressive episodes affected cytokine
levels in the body (61). We also speculate that differences in the age of
recruited subjects, childhood traumatic experiences, effects of
medications taken, stage of depressive episodes (acute, remission),
presence or absence of psychotic symptoms, as well as differences in
sample size and testing methods also led to the variation in results.
Simultaneously, the contradictory results reflect the complexity and
diversity of mechanisms involved in depression.

We observed that only one inflammatory marker, IL-10, was
elevated in patients with suicidal ideation and behavior compared to
adolescent depressed patients with suicidal ideation but no suicidal
behavior in this study. Moreover, IL-10 correlated positively with
severity of depressive symptoms, intensity of suicidal ideation, and
suicide risk, and was an independent risk factor for suicidal behaviors
and depressive symptoms in adolescent depressed patients in
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subsequent regression analyses. Therefore, we hypothesized that IL-
10 may be a potential biomarker for predicting suicidal behavior. IL-
10 is a homodimer of 178 amino acids with multiple functions,
mainly secreted from monocyte macrophages, T cells, and B cells in
vivo (62), and plays an immunosuppressive or immunostimulatory
role in different cellular responses (63). Previously, IL-10 has been
widely studied in the pathogenesis of depression, although the
relationship between it and depression is unclear, and many studies
even present opposite conclusions. Research has noted that these
divergent findings may be attributed to the regular changes in IL-10
levels as the disease progresses (64). However, studies examining both
IL-10 and suicide are scarce. Therefore, the focus of this study was
more on the potential involvement of IL-10 in suicide. Previously
O’Donovan found that IL-10 levels in depressed patients with high
levels of suicidal ideation were significantly higher than those low in
suicidal ideation, and the difference in inflammatory factors remained
statistically significant when controlling for the severity of depressive
symptoms (12), suggesting that suicidal ideation is independently
correlated with elevated IL-10 levels. Additionally, in his study, IL-6
was elevated along with IL-10, which is consistent with our study,
where we found that IL-6 and IL-10 were positively and significantly
correlated. It has been suggested that there may be some kind of feed-
forward regulation in depression, with IL-6 driving IL-10 release and
thereby suppressing the inflammatory response (64). We hypothesize
that this regulatory mechanism may also be present in the
inflammatory response due to suicidal ideation, which could
explain to some extent the differences in IL-10 in the medium- to
high-suicide risk groups, rather than the IL-6. Additionally, similar to
our findings, some reviews revealed that IL-10 is also elevated along
with pro-inflammatory cytokines such as IL-1B, TNF-0, and others
in many other pathophysiological situations, although the pathway
that induces IL-10 expression negatively regulates the synthesis of
these pro-inflammatory factors (62).

Increasing evidence indicates that aberrant activation of the
kynurenine pathway (KP) may be one of the underlying
neurobiological mechanisms of suicide, which mainly manifests by
decreased kynurenine acid (KynA) synthesis and increased synthesis
of neurotoxic metabolites (65). KynA has neuroprotective effects,
mainly in terms of its ability to reduce the neurotoxicity of glutamate
and enhance inter-synaptic plasticity (66). KP-related neurotoxic
metabolites mainly refer to 3-hydroxykynurenine and quinolinic
acid, which can lead to neurotoxicity through stimulation of
neuronal apoptosis, enhancement of oxidative stress, reduction
of brain-derived neurotrophic factor production, and stimulation of
increased glutamate release (66-68). Imbalances in this series of
neurotransmitter and neuroinflammatory metabolites may be among
the driving factors leading to the emergence of suicidal ideation/
behavior. Previous studies have used elevated kynurenine/tryptophan
(KYN/TRP) ratios as a marker of KP dysregulation and found
increased KYN/TRP in individuals with suicide attempts (69-71).
Nettis et al. observed that elevated KYN/TRP was significantly
associated with the elevation of IL-10 in individuals with suicidal
ideation (72). IL-10 primarily functions as an anti-inflammatory
factor and we hypothesize that elevation of IL-10 may be in
response to aberrant activation of KP and thus maintain the
homeostasis of the neuroinflammatory environment.
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Our study has certain limitations. First, as a cross-sectional
study, it could not reveal the causal directionality between changes
in peripheral inflammatory factors and suicide. Second, this study is
limited by a small sample size, poor representation of the general
population, as well as limited statistical power. Third, the effect of
antidepressants on cytokine levels could not be completely excluded
despite that we recruited patients who had discontinued
antidepressants for at least 2 weeks. Fourth, observation of suicide
in this study was rather one-sided, and more dimensions of suicide
need to be assessed in the future (including frequency of
suicide, methods of suicide, and severity of suicidal behavior).
Fifth, possibly due to a flaw in the assay methodology, very few
subjects had plasma levels of cytokines below the threshold that
could be detected and could not be included in our statistical
analysis. Sixth, we did not follow up the included patients
longitudinally to rule out changes in the diagnosis of depression,
therefore longitudinal observations are necessary in future studies.

5 Conclusion

In summary, our study has the following the clinical
significance: We found that high levels of inflammatory factors
are closely associated with risk of suicide in adolescent depressed
patients and appear to be unaffected by depressive symptoms. In
particular, IL-10 may be a promising biomarker for predicting
suicidal behaviors in adolescent depressed patients, especially for
assessing the risk of suicidal behaviors in patients with clear suicidal
ideation, and for intervening in advance of the development of
suicidal behavior. It also suggests the role of anti-inflammatory
factors in the mechanism of suicide, and more studies are required
to explore the relationship between anti-inflammatory factors such
as IL-1 receptor antagonist (IL-1ra), IL-4, IL-11, IL-10, and suicide.
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