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Objective: This study aims to investigate the association between the systemic immune-inflammatory index (SII) and suicide attempt
(SA) in children and adolescents with first-episode, drug-naive Major Depressive Disorder (MDD) during the COVID-19 pandemic.
Methods: A retrospective study was conducted on 263 MDD patients hospitalized at the Third Hospital of Fuyang City between 2020
and 2022. Patients were categorized into two groups based on the presence of previous SA. The study compared the differences in SII
and clinical characteristics between the two groups and used the receiver operating characteristic (ROC) curve to determine the
optimal critical value of SII and the area under the curve. Binary logistic regression was used to analyze the independent risk factors
for SA.

Results: Compared with the patients without SA history, the patients with a personal history of SA had a higher mean HDRS scores
(Z=-2.369, p=0.018), higher mean neutrophil count (Z=—2.870, p=0.004), higher mean platelet count (Z=—2.155, p=0.031), and higher
mean SII (Z=-3.170, p=0.002). The optimal critical SII determined by the ROC curve was 548.15 (sensitivity = 63.2%, specificity =
83.1%), and the area under the curve was 0.661. After adjusting for gender, age, BMI, illness duration and HDRS score, the risk of
total SA in patients with high SII was 8.296 times higher than in those with low SII (OR = 8.296, 95% CI: 3.803-18.095, P < 0.001),
The risk of recent SA was 13.922 times higher in patients with high SII than in those with low SII (OR = 13.922, 95% CI: 5.587—
34.693, p < 0.001). However, high SII was not a risk factor for past SA (OR = 0.547, 95% CI: 0.062-4.842, P=0.587).
Conclusion: SII may be an inexpensive, easily accessible strategy that can assist in determining suicide risk in adolescents with
MDD.
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Introduction

Suicide is a multifaceted public health problem that affects people worldwide, resulting in approximately one million
deaths each year." Suicide accounts for 12% of all deaths among young US adults aged 1824 years.” Suicide is
categorized into suicidal ideation, suicidal planning, and suicide attempts. Additionally, newly available data point to
deteriorating patterns in suicide behaviors since the start of COVID-19. When compared to the same period the year
before, emergency department visits for suspected suicide attempts among girls aged 12 to 17 were 50.6% higher from
February 21 to March 20, 2021, while they climbed by 3.7% among boys. Suicide has become the main cause of
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mortality in various regions.> Having a depressive disorder is a major risk for suicidal behavior and suicide attempts in
adolescents (10-19 years old).*’

The intervention time between the emergence of suicidal thoughts and the completion of a suicide attempt is usually
short, with one study showing that 47.6% of patients reported a duration of just 10 minutes or less between the first
suicidal thought and the actual attempt.® Although treatment began before suicidal behavior occurred in >55% of cases,
treatment failed to prevent suicidal behavior from occurring.” About one-third of adolescents with suicidal thoughts will
continue to attempt suicide in the following 12 months.” Recognizing past SA can help identify high-risk populations and
assist mental health service agencies in tracking individuals with SA, which is key to preventing future suicide. However,
there is currently no effective algorithm for predicting SA because suicide is associated with different risk factor
variables in different countries, genders, and age groups.®'° Exploring biological markers of prior SA in adolescents
with first-episode drug-naive MDD is important for suicide prevention.

The relationship between inflammation and depression has been extensively studied.''"'* The inflammation theory is
one of the theories currently available about the pathogenesis of depression.'* Clinical trials have shown that patients
with depression exhibit a widespread activation of immune inflammatory response.'*'? It is worth noting that the blood
parameters of suicidal patients show significantly higher levels of inflammation compared to non-suicidal patients.'* In
addition, some studies have found that people with inflammatory diseases are more likely to suffer from depression and
suicide."> "7 A study evaluating the interaction of Compensatory Immune Response System (CIRS) and Inflammatory
Response System (IRS) in MDD adolescents revealed that enhanced IL-6 trans signaling and pro-inflammatory TNF-a
signaling were associated with increased IL-4 and IL-10-mediated anti-inflammatory activity.'® This study showed that
women with MDD exhibited increased levels of IL-10 and TNF-a compared to healthy control women. In contrast, men
with MDD exhibited increased levels of 1L-4, IL-10, sIL-6R, Treg + Th2, and TNF-a / TNF-R1 compared to healthy
control men.'® Several systematic reviews have described the close relationship between inflammation and adolescent
depression and have shown subtle evidence of inflammatory dysregulation in adolescent depression. Among them,
longitudinal studies support the positive association between depression and concurrent and future inflammation,
suggesting a possible bidirectional link between depression and pro-inflammatory states.'*°

The systemic immune-inflammation index (SII) is a hematological indicator that is calculated based on the counts of
peripheral blood lymphocytes, platelets, and neutrophils, and can reflect the systemic immune-inflammatory status.
Previous studies have shown that SII is a potential inflammatory biomarker for predicting depression.?' >* For example,
SII is significantly positively correlated with depression and anxiety scores in COVID-19 recovery patients.”* SII
measured in the emergency department can predict more severe self-reported depression and post-traumatic stress
disorder.”?

Despite the potential of the SII in predicting depression, studies on its correlation with SA are limited, especially in
Chinese children and adolescents during the COVID-19 pandemic. The present study investigated the correlation
between SII and previous SA in Chinese children and adolescents with first-episode, drug-naive MDD to investigate
whether SII, a simple and easily available indicator of inflammation, is a biomarker of previous SA in children and
adolescents with MDD.

Methods
Study Design and Participators

This retrospective study included children and adolescents with drug-naive major depressive disorder (MDD) who were
admitted to the Third People’s Hospital in Fuyang City, Anhui Province from January 2020 to December 2022 for their
first depressive episode. China’s COVID-19 outbreak begins in December 2019 and ends in December 2022. The
inclusion criteria were: (1) aged <18 years; (2) diagnosed with Major Depressive Disorder (MDD) according to the
diagnostic criteria in the 10th edition of the International Classification Disease (ICD-10); (3) MDD patients with the first
depressive episode. The exclusion criteria were: (1) having other psychiatric disorders that meet the criteria of other
mental disorders in the ICD-10; (2) obesity (BMI> 30 kg/m?); (3) smoking >10 cigarettes/day; (4) having serious
physical diseases such as tumors and diabetes; (5) current treatment with immunosuppressive or anti-inflammatory
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medications; (6) have taken antidepressants for more than 1 week in the last 3 month; (7) patients diagnosed with
COVID-19 infection were excluded. The study was approved by the Ethics Committee of the Third People’s Hospital of
Fuyang City and complied with the ethical principles of the Helsinki Declaration (Ethics Approval No.: 2019-340-07).
Eligible patients and their parents provided written informed consent and were free to withdraw from the study at any
time. Initially, 302 cases were included, of which 37 were excluded due to meeting the exclusion criteria, and 2 were
excluded due to insufficient clinical data. Finally, 263 patients were included in the study.

Measurement of Suicide Attempt

Whether they had attempted suicide and whether these events had occurred in the 1 year prior to admission was recorded
as a dichotomous variable (present or absent). Positive responses were reconfirmed by assessing the time, subjective
severity, and frequency of suicide attempts. Recent SA is defined as one in which the most recent SA occurred within 7
days, and past SA is defined as one in which the most recent SA occurred before 7 days.?**> In this study, the time period
of 7 days is considered to be a relatively reasonable timeframe, neither so short as to consider only events in the short
term, nor so long as to include too many past events.

Clinical Data Collection

Baseline demographic characteristics, discharge diagnosis, 17-item Hamilton Depression Rating Scale (HDRS) scores, and
hematologic data were collected from medical records for this study. Suicide attempts and HDRS assessments in this study
were performed by psychiatrists who had received uniform training, which contributed to the reliability of the results.
Peripheral venous blood (fasting) was collected on the second day of hospitalization from 6:00 a.m. to 8:00 a.m. Blood
samples were collected from the head vein and preserved in EDTA tubes. Total blood cell counts, including neutrophil,
lymphocyte, and platelet counts, were analyzed using a Mindray BC-5380/BC-5180 hematology analyzer (Shenzhen, China).
The SII formula was calculated as SII=neutrophil count (10"%/L) x platelet count (10*?/L) / lymphocyte count (10"%/L).

Statistical Analysis

All data were analyzed using SPSS 24.0 software. Frequency and proportion were used for categorical variables, while
mean and standard deviation were used for continuous variables to describe the baseline characteristics of participators.
Student’s t-test, Mann—Whitney U, or chi-square tests were used to compare groups’ differences. Using participators’ SA
history as the gold diagnostic standard, the receiver operating characteristic curve (ROC) was used to determine the area
under the curve (AUC) for judging the occurrence of SA in children and adolescents with MDD based on their SII at
admission, and the optimal cutoff value of SII was determined by Youden’s index. Patients were divided into high SII and
low SII groups based on the cut-off value. Finally, binary logistic regression analysis was used to explore the relationship
between SA and SII level at admission, with age, gender, HDRS score, and SII level as independent variables. P < 0.05
was considered statistically significant.

Results

Sociodemographic and Clinical Characteristics

A total of 263 patients with depression were included based on the inclusion and exclusion criteria, among whom 85
(32.3%) were male and 178 (67.7%) were female. The age range was 9-18 years with a mean age of (14.77£1.79) years.
Of the total patients, 38 (14.4%) had SA in the past, while 225 (85.6%) did not. In the patients with a personal history of
SA, the number of SA was 1.16 £0.44, 29 (76.3%) were female and 9 (23.7%) were male. The age range was 12—18 years
with a mean age of (14.87+1.89) years. Of these, 31 patients’ SA occurred within seven days, defined as recent SA, and
seven patients’ SA occurred before seven days, defined as past SA, as shown in Table 1.

Compared with the patients without SA history, the patients with a personal history of SA had a higher mean HDRS
scores (Z=—2.369, p=0.018), higher mean neutrophil count (Z=—2.870, p=0.004), higher mean platelet count (Z=-2.155,
p=0.031), and higher mean SII (Z=-3.170, p=0.002). There were no statistically significant differences between the two
groups in terms of age, gender, BMI, and lymphocyte count (p>0.05), as shown in Table 1.
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Table | Sociodemographic and Clinical Characteristics of Each Group

Characteristics Total (n=263) | No History of SA | SA Group (n=38) | Student’s t-test®/y>°/ p
(n=225) Mann-Whitney U-test®
Age (years) 14.77(1.79) 14.75(1.78) 14.87(1.89) -0.372* 0.710
Gender, n (%) 1.514° 0.219
Female 178(67.7%) 149(66.2%) 29(76.3%)
Male 85(32.3%) 76(33.8%) 9(23.7%)
BMI 20.12(2.70) 20.11(2.78) 20.17(2.24) —-0.599 © 0.549
Clinical characteristics
HDRS scores 22.31(9.46) 21.77(9.42) 25.50(9.17) —2.369 © 0.018
HDRS 8-16 (mild) 79(30%) 72(32%) 7(18.4%) 4818° 0.090
HDRS 17-23 (moderate) 79(30%) 69(30.7%) 10(26.3%)
HDRS 24 (severe) 105(40%) 84(37.3%) 21(55.3%)
Number of SA - 1.16(0.44) —16.164 © <0.001
Neutrophil count (107%/L) 3.32(1.39) 3.20(1.29) 4.04(1.73) —2.870 © 0.004
Lymphocyte count (107%/L) | 2.20(0.64) 2.19(0.64) 2.27(0.69) —0.595 © 0.552
Platelet count (10A%/L) 261.12(74.60) 258.04(75.52) 279.39(66.96) —2.155 ¢ 0.031
NI 417.23(215.75) | 396.92(200.68) 537.49(261.62) -3.170 © 0.002

Notes: *Student’s t-test; “chi-square tests; “mann-Whitney U-test.
Abbreviations: SA, suicide attempt; BMI, body mass index; HDRS, |7-item Hamilton Depression Rating Scale; SlI, systemic immune-inflammatory index.

Variables Associated with SlI

SII was significantly associated with depression severity (r =0.131, p = 0.034), number of SA (r = 0.204, p = 0.001), and
BMI (r = 0.241, p< 0.001). Conversely, SII was negative associated with duration of illness (r =—0.138, p =0.026). No
association was found between SII and age (r = 0.052, p = 0.402, Table 2).

Gender Differences in Sociodemographic and Clinical Characteristics

Compared with male patients, female patients had lower age (t=3.141, P=0.035) and higher SII scores (Z=—2.432,
P=0.015), and there was no statistically significant difference between the two groups in terms of BMI and other clinical
test indices (P>0.05), as shown in Table 3.

Area Under the ROC Curve and Optimal Cutoff Value of SlI

The ROC curve showed an area under the curve of 0.661 (95% CI: 0.550-0.772, p=0.002). Based on the maximum Youden
index, the optimal cutoff value of SII for predicting SA in children and adolescents with MDD was 548.15, with a sensitivity
of 63.2% and a specificity of 83.1%, and a Youden index of 0.463, as shown in Figure 1 and Table 4. Based on this optimal
cut-off value, patients were divided into a high SII group (n=62, 23.6%) and a low SII group (n=201, 76.4%).

Table 2 Spearman Correlation Analysis for Sl

Sl Age Number of SA HDRS Scores Duration of lliness
N [ - - - -
Age 0.052 | - - -
Number of SA 0.204%* 0.018 | - -
HDRS scores 0.131%* 0.047 0.151%* | -
Duration of illness —0.138* 0.063 —0.022 0.116 |
BMI 0.24 % 0.142*% | 0.042 0.069 0.031

Notes: *p<0.05, ** p<0.01.
Abbreviations: Sll, systemic immune-inflammatory index; HDRS, |7-item Hamilton Depression Rating Scale; BMI, body mass
index.
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Table 3 Gender Differences in Sociodemographic and Clinical Characteristics

Characteristics Total (n=263) | Male (n=85) Female (n=178) | Student’s t-test®/y®/ p
Mann-Whitney U-test®

Age (years) 14.77(1.79) 15.11(1.84) 14.61(1.75) 3.1417 0.035

SA history, n (%) 1.514° 0.219

No history of SA 225(85.6%) 76(89.4%) 149(83.7%)

Have SA history 38(14.4%) 9(10.6%) 29(16.3%)

BMI 20.12(2.70) 19.72(2.87) 20.31(2.61) —1.765° 0.078

Clinical characteristics

HDRS scores 22.31(9.46) 21.96(9.29) 22.48(9.55) —0.440 © 0.660

HDRS 8-16 (mild) 79(30%) 28(32.9%) 51(28.7%) 0.532° 0.766

HDRS 17-23 (moderate) 79(30%) 25(29.4%) 54(30.3%)

HDRS 24 (severe) 105(40%) 32(37.6%) 73(41.0%)

Number of SA 0.17(0.44) 0.14(0.44) 0.18(0.44) —-1.133 ¢ 0.257

Neutrophil count (107°/L) | 3.32(1.39) 3.24(1.33) 3.36(1.42) —-0.690 © 0.490

Lymphocyte count (10A%/L) | 2.20(0.64) 2.28(0.59) 2.16(0.67) —1.765 © 0.078

Platelet count (10A%/L) 261.12(74.60) 248.39(65.46) 267.20(78.03) —1.948 © 0.051

N 417.23(215.75) | 373.63(198.47) | 438.05(221.04) —2432 ¢ 0.015

Notes: *Student’s t-test; “chi-square tests; “mann-Whitney U-test.
Abbreviations: SA, suicide attempt; BMI, body mass index; HDRS, |17-item Hamilton Depression Rating Scale; Sll, systemic immune-inflammatory index.

Binary Logistic Regression Analysis of Factors Affecting SA in Patients with Depressive
Disorder

Binary multivariate logistic regression analyses were performed with SA (using total SA, recent SA, and past SA,
respectively) as the dependent variable (positive = 1, negative = 0), and gender (male = 1, female = 2), age (years), BMI,
illness duration (months), HDRS scores, and SII levels (high SII = 1, low SII = 0) as independent variables. After
adjusting for gender, age, BMI, illness duration and HDRS score, the risk of total SA in patients with high SII was 8.296
times higher than in those with low SII (OR = 8.296, 95% CI: 3.803—-18.095, P < 0.001), The risk of recent SA was

Curve
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Figure | Receiver operating characteristic (ROC) curve of Sl for predicting SA in children and adolescents with MDD.
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Table 4 Area Under the ROC Curve

The Area Under | Standard Error | p 95% Confidence
the Curve Interval
NI 0.661 0.056 0.002 0.550-0.772

Abbreviation: Sll, Systemic Immune-inflammatory Index.

Table 5 Binary Logistic Regression Analysis of Factors Influencing Suicide Attempt

Model B Standard Wald p OR 95% Confidence
Error Interval
Total SA
HDRS 0.031 0.019 2.722 0.099 1.032 0.994-1.071
BMI —0.071 0.083 0.739 0.390 0.931 0.792-1.095
Age —0.032 0.109 0.088 0.767 0.968 0.783-1.198
lliness duration 0.018 0.026 0.476 0.490 1.018 0.968-1.071
N 2.116 0.398 28.274 <0.001 8.296 3.803-18.095
Gender 0.338 0.453 0.558 0.455 1.402 0.577-3.407
Recent SA (<7 days)
HDRS 0.04 0.021 3.532 0.06 1.04 0.998-1.084
BMI —0.035 0.095 0.133 0.716 0.966 0.802-1.164
Age 0.001 0.121 0.001 0.995 1.001 0.789-1.270
lliness duration 0.017 0.028 0.359 0.549 1.017 0.963-1.073
NI 2.634 0.466 31.958 <0.001 13.922 5.587-34.693
Gender —0.124 0.495 0.063 0.802 0.883 0.335-2.332
Past SA (>7 days)
HDRS —0.02 0.046 0.194 0.659 0.98 0.896-1.072
BMI —-0.171 0.161 1.138 0.286 0.842 0.615-1.154
Age —0.194 0.228 0.722 0.395 0.824 0.527-1.288
lliness duration 0.005 0.078 0.004 0.950 1.005 0.862-1.171
NI —0.604 I.113 0.295 0.587 0.547 0.062—4.842

Abbreviations: HDRS, |7-item Hamilton Depression Rating Scale; BMI, body mass index; Sll, Systemic Immune-inflammatory Index.

13.922 times higher in patients with high SII than in those with low SII (OR = 13.922, 95% CI: 5.587-34.693, p <
0.001). However, high SII was not a risk factor for past SA (OR = 0.547, 95% CI: 0.062-4.842, P=0.587). The logistic
regression analysis models are shown in Table 5.

Discussion
The purpose of this study was to investigate the relationship between SII and suicide attempts in children and adolescents
with first-episode, drug-naive MDD. After controlling for confounding factors such as age, gender, HDRS score, and
BMI, our study results showed that the risk of SA in patients with high SII was 8.296 times higher than in those with low
SII. The high level of SII at admission was a significant independent risk factor for SA in children and adolescents with
MDD. Based on our research findings, we recommend setting the optimal threshold value for SII at 548.15, which
provides a sensitivity of 63.2% and a specificity of 83.1%. Previous studies showed that antidepressants have the effect of
reducing the level of systemic inflammation in patients.?’ Therefore, this study investigated children and adolescents
with first-episode MDD because this reduces the effect of antidepressants on inflammatory markers in patients and is
more clinically relevant.

A close relationship between suicide and different chronic inflammatory states has been found. Autoimmune diseases
such as systemic lupus erythematosus and multiple sclerosis (MS) have been linked to an increased risk of death by
suicide.'®?%?° Studies have indicated that the risk of suicidal behavior is higher in patients with immune activation,
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possibly due to increased neurotoxicity caused by inflammation and oxidative stress.*° Increased levels of inflammatory

31-36

cytokines and their pro-inflammatory effects were strongly associated with depression and suicidal behavior, and

levels of cytokines and chemokines were higher in blood and postmortem brain samples from suicidal patients than in
non-suicidal patients and healthy controls.*”*

The relationship between depression and inflammation is bidirectional, and early adverse life experiences or chronic
stress have been identified as important factors in establishing a link between inflammation and depressive symptoms.
Several longitudinal studies have clearly demonstrated the role of IL-6, CRP, and TNF-a in minor MDD, but this role
was mainly seen in individuals with more depressive episodes, higher severity of depressive symptoms, and the presence
of preexisting risk factors such as adverse childhood experiences.’® ** In addition to this, higher baseline IL-6 and TNF-a
changes predicted higher follow-up depressive symptoms at follow-up.*

Inflammation produces cytokines that affect 5-hydroxytryptamine and glutamate concentrations, which ultimately
negatively affect basal ganglia and cortical reward and motor circuits, leading to depressive behavior and suicide.***
Studies have shown that there are two pathophysiological mechanisms by which nervous system inflammation affects
depression and suicide: First, serotonin synthesis requires the involvement of the enzyme cofactor tetrahydrobiopterin
(BH4), and inflammation and cytokines have been shown to reduce the availability of BH4.** In addition, the
inflammatory role is also associated with increased Nitric oxide synthase (NOS) activity and accelerated the breakdown
of BH4.°*”" Increased oxidative stress leads to less BH4 available for the synthesis of monoamines such as serotonin,
resulting in reduced production of a variety of monoamine neurotransmitters including serotonin in the nervous system.”
Another pathway by which inflammation of the nervous system leads to depression and suicide lies in the glutamate
pathway, and cytokines and inflammation have been shown to increase glutamate concentrations in the nervous system
by affecting microglia and astrocytes. A large body of literature has shown that inflammatory cytokines reduce the
expression of glutamate transporters in astrocytes and increase glutamate release in astrocytes and activated microglia.*>
*® Notably, glutamate released by glia may also preferentially enter the extra-synaptic n-methyl-D-aspartate receptor,
which results in reduced production of trophic factors including brain-derived neurotrophic factor.”*>* Eventually, excess
glutamate accumulates between nerve cells, and protective brain-derived neurotrophic factor decreases, leading to nerve
cell poisoning and abnormal function.

Our study has both strengths and limitations. On the one hand, we studied children and adolescents with first-episode
drug-naive MDD and excluded patients with multiple episodes of MDD or repeated use of antidepressants to ensure the
reliability of the results. This is because previous studies have found that antidepressants affect systemic levels of
immune inflammation. On the other hand, we excluded patients with a BMI of more than 30, while controlling for age,
gender, and depression severity to ensure the reliability of the results. Finally, our study focuses on suicidal behaviors of
children with MDD during the COVID-19 epidemic, which is a research topic that is topical. The COVID-19 epidemic
has had a tremendous impact on society, and our study contributes to the understanding of the impact of the epidemic on
the mental health of children and adolescents, providing some insight into prevention and treatment in the aftermath of
the epidemic. This study has the following limitations: (1) As a cross-sectional study, this study could not determine
causality, but only provide correlation evidence. (2) This study did not consider the influence of individual differences,
environmental factors, psychological factors, and other factors, which may have an impact on the results. (3) As a single-
center study, the results have high internal validity, although the study design and data collection are relatively easy to
control and standardize. However, the disadvantage is that the sample size is small, the results may not be representative
enough, and the scope of application may be relatively small. (4) Although we documented the occurrence or non-
occurrence of suicide attempts and further assessed participants who responded positively, the lack of use of the Beck
Suicide Intentions Inventory (SSI) or a similarly standardized assessment tool may have compromised our overall
measure and understanding of suicidal ideation. Future studies may consider the use of a more standardized suicidal
ideation assessment tool to provide more accurate suicidal ideation assessment results.

Our findings suggest that high SII (SII>548.15) is an independent risk factor for SA (especially SA in the last 7 days)
in first-episode, drug-naive adolescent MDD patients. Therefore, the importance of systemic inflammation levels needs to
be considered when assessing suicide risk in this population. Studies have also indicated that identifying subgroups of
patients with both SA and immune dysregulation symptoms is a prerequisite for developing individualized treatment
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strategies.>® Therefore, detection of SII to identify subgroups of patients with SA and immune disorder symptoms could

help physicians develop more effective and personalized suicide prevention and depression treatment strategies. This

study chose to study SA in first-episode depressed children and adolescents rather than multiple episodes, which will help

to better develop more effective early intervention strategies for this population, which is an important means of suicide

prevention. The future research direction needs to comprehensively consider the characteristics of SII index and the

current research progress in inflammatory treatment, formulate targeted inflammatory treatment strategies for high SII

populations, and evaluate and observe the treatment effect, to provide more effective methods and means for clinical

treatment.
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