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Abstract

Background: To investigate differences in biological characteristics and factors associated with depressive disorder with or without
nonsuicidal self-injury (NSSI) in adolescents. Methods: This study enrolled adolescents aged 12–18 years, including patients with
first-episode depression and healthy controls. According to the Diagnostic and Statistical Manual of Mental Disorders, patients were
divided into an NSSI group and a non-NSSI group. Collected data included demographic variables (sex, age, years of education),
psychological scale scores (Self-Rating Anxiety Scale [SAS], Self-Rating Depression Scale [SDS]), and biological indicators (folate,
immunoglobulins, complement, inflammatory factors). Differences among the three groups were compared using analysis of variance,
and correlates of NSSI were explored using regression analysis. Results: The study included 110 patients with first-episode depression
and 55 healthy controls. Among the patients, 57 were classified into the NSSI group and 53 into the non-NSSI group. The following
results were obtained: (1) The three groups differed significantly in sex, SAS and SDS scores, and levels of folate, complement 3 (C3),
and interleukins 6 and 4 (p < 0.05). (2) Female sex and high C3 levels were positively associated with NSSI, whereas age and high
folate levels were inversely associated with NSSI. High folate levels were a protective correlate in the non-NSSI group. Conclusion:
Demographic factors such as sex and age influence the development of depressive disorders with comorbid NSSI. In addition, levels of
C3 and folate may be related to NSSI behavior in patients with depression.
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Main Points
• Significant Group Differences: Adolescents with

first-episode depression and comorbid nonsuicidal self-
injury (NSSI) showed distinct demographic, psychologi-
cal, and biological profiles compared to both depressed pa-
tients without NSSI and healthy controls. Key differences
included sex distribution, anxiety/depression severity, and
levels of folate, complement 3 (C3), and interleukins.

• Identified Correlates of NSSI: Female sex and higher
levels of complement C3 were positively associated with
the presence of NSSI in depressed adolescents. Conversely,
older age and higher folate levels were inversely associated
with NSSI.

• Folate as a Potential Protective Factor: Higher folate
levels were identified as a protective correlate against NSSI,
specifically in the depressed group without self-injury, sug-
gesting a potential role for folate in mitigating self-harming
behaviors in adolescent depression.

• Implication of Immune and Inflammatory Pathways:
The study highlights the potential involvement of immune
system components (specifically C3) and inflammatory fac-

tors in the pathophysiology of NSSI comorbid with depres-
sion, pointing to possible biological mechanisms underly-
ing this behavior.

1. Introduction

After the coronavirus disease 2019 pandemic, the
prevalence of depression among children aged 9–15 years
has soared from 11.8% to 34.4% [1]. Adolescents in
this age group are going through a crucial stage of self-
awareness integration and identity formation, and their abil-
ity to regulate their emotions is relatively weak. Owing
to the lack of emotional stability and inadequate regula-
tion ability, individuals with depression are more prone to
atypical symptoms, such as destructive emotions and irri-
tability, and may even resort to extreme behaviors, such
as nonsuicidal self-injury (NSSI) or suicide [2]. Individ-
uals with adverse childhood events exhibit greater psy-
chological distress, lower emotional well-being, anhedonia
and depression, as well as higher rates of lifetime suicidal
ideation and suicide attempts. Studies indicate a close as-
sociation between adverse childhood events and NSSI in
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adolescents, with notably increased risks of NSSI across
all childhood trauma subtypes [3]. NSSI refers to the in-
tentional and self-initiated act of harming one’s own body
tissues without suicidal intent. Currently, the global preva-
lence of NSSI is on the rise, with an incidence rate rang-
ing from 11.5% to 33.8% [4]. In China, NSSI has been re-
ported in approximately 25% of adolescents [5], seriously
hindering their personality development and academic per-
formance. Emotional problems and NSSI are significantly
comorbid in adolescents. Research indicates that both de-
pressive disorders and NSSI are key predictors of suicidal
behavior in adolescents [6]. Multiple surveys have veri-
fied that more than 50% of Chinese adolescents with de-
pression engage in NSSI [7]. When facing adverse child-
hood events, academic pressure, or peer relationship prob-
lems, adolescents with depression often resort to NSSI to
regulate their emotions and cognition. Notably, the pres-
ence of comorbid NSSI was shown to significantly increase
suicide risk among adolescents with depression. Without
timely intervention, NSSI may escalate into suicidal behav-
ior, causing serious harm to the physical and mental health
of adolescents with depression [8]. Although the afore-
mentioned background highlights the close relationship be-
tween depression and NSSI in adolescents and underscores
the urgency of further research, the underlying pathologi-
cal mechanisms of their comorbidity remain poorly under-
stood.

The pathogenesis of depression is closely related to
the abnormal upregulation or activation of inflammatory
factors, such as cytokines, and the complement system [9–
11]. The immune-inflammatory pathway not only pro-
vides a physiological basis for the development of depres-
sive behavior but also reveals the intrinsic connection be-
tween inflammatory responses and depressive symptoms
[12]. As important cell signaling mediators, cytokines reg-
ulate the immune response to internal and external stim-
uli. This functional class of small proteins includes inter-
leukins (ILs), interferons, chemokines, lymphokines, and
tumor necrosis factors [9]. Clinical observations have re-
vealed that IL-6 and white blood cell levels are significantly
positively correlated with the severity of depressive symp-
toms [13,14]. The underlying mechanism may involve in-
flammatory responses impairing the function of the frontal
lobe, thereby increasing impulsive behavior and suicide risk
[15]. Elevated levels of IL-6 are closely associated with so-
matic symptoms and cognitive dysfunction [16], whereas
mice with decreased IL-4 levels exhibitedmore pronounced
depressive-like behaviors in stress tasks [17]. The synergis-
tic effect of anti-inflammatory drugs in the treatment of de-
pression suggests that inflammatory markers may be devel-
oped into novel biological targets for assessing the presence
of NSSI [18].

As a core component of the innate immune system,
the complement system not only mediates proinflammatory
signaling but also participates in regulating the develop-

ment of the central nervous system [19]. Multiple clini-
cal studies have confirmed that the serum levels of comple-
ment 3 (C3) and C4 are significantly elevated in patients
with depression [15], and C3 expression in the prefrontal
cortex is particularly prominent among patients with suici-
dal tendencies [20]. Conversely, another study showed that
the serum level of C3 in patients with first-episode depres-
sion was lower than that in patients with recurrent depres-
sion and healthy controls, while the serum levels of C4 did
not differ significantly among the three patient groups [10].
Given the close connection between the complement sys-
tem and the inflammatory response, researchers have fur-
ther explored the role of inflammatory factors in NSSI, but
the existing conclusions are also controversial.

In studies on the integration of NSSI, Korean scholars
found that the behavioral impulsivity of patients engaging
in NSSI was positively correlated with the level of inflam-
mation [21]. Another study demonstrated that the levels of
tumor necrosis factor, IL-1, and IL-6 in adolescents engag-
ing in NSSI significantly decreased after treatment, provid-
ing strong evidence for the role of inflammatory factors in
NSSI [22]. Contrarily, a controlled study in Germany re-
ported no significant differences in the concentrations of
IL-6 and other inflammatory factors between patients en-
gaging in NSSI and healthy individuals [23]. Few studies
have examined the inflammatory characteristics of Chinese
adolescents with depression and NSSI, as well as the un-
derlying pathological mechanism. Therefore, research on
the biological basis of depression and its related behaviors
(such as NSSI) must take into account the complexity of
multi-system interactions, among which metabolic and im-
mune disorders are two important aspects in addition to in-
flammation.

Neurobiological research indicates that the active
form of folate, 5-methyltetrahydrofolate, influences
the synthesis of neurotransmitters (dopamine and sero-
tonin) by regulating one-carbon metabolism, with
S-adenosylmethionine serving as a key methyl donor. This
suggests that folate metabolism disorders may be impli-
cated in the pathophysiology of depression [24]. Multiple
controlled studies have confirmed that serum folate levels
are significantly lower in patients with depression than
in healthy individuals, establishing folate deficiency as
an independent risk factor for depression [25]. However,
the antidepressant efficacy of folate supplements remains
controversial, and their clinical translational value warrants
more rigorous causal evidence [26]. Additionally, patients
with depression exhibit highly heterogeneous changes in
humoral immunity, with multiple studies reporting incon-
sistent changes in immunoglobulin (Ig) levels (elevated,
decreased, or unchanged) [27,28]. This heterogeneity
is a reflection of the complex underlying mechanisms
involving multifactorial interactions among psychological,
neural, immune, and environmental factors.
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In summary, despite evidence substantiating the as-
sociation of depressive disorders with abnormal folate
metabolism, the complement system, Ig levels, and inflam-
matory factors, the pathological mechanism underlying the
comorbidity of depressive disorders with NSSI remains un-
clear. This study adopts a case-control design to system-
atically analyze dynamic changes in the levels of immune-
neuroregulatory substances in adolescent patients with de-
pression with or without NSSI. The results of this study will
shed light on the association between biomarker profiles
and NSSI, inform the construction of a risk warning model,
and facilitate the early identification of personalized inter-
ventions for suicide prevention in adolescents with NSSI
comorbid with depression.

2. Subjects and Methods
2.1 Research Subjects

The research cohort consisted of patients diagnosed
with depression who visited the psychiatry outpatient de-
partment of the Fourth Affiliated Hospital of Zhejiang Uni-
versity School of Medicine from January 2022 to January
2023. Meanwhile, healthy students undergoing physical
examinations were enrolled in the healthy control group.
The diagnosis of all patients was confirmed by two psychi-
atrists at the position of attending physician or above. The
participants were informed in detail about the purpose and
significance of the research, and they signed the informed
consent form. The research cohort was further divided into
the depression with NSSI group (here onward referred to
as the NSSI group) and the depression without NSSI group
(here onward referred to as the non-NSSI group) according
to the diagnostic criteria of depression and NSSI in the Di-
agnostic and Statistical Manual of Mental Disorders, Fifth
Edition. The patients who met the inclusion criteria are en-
rolled in sequence.

Participants were included in this study if they: (1)met
the diagnostic criteria for depressive disorders in the Di-
agnostic and Statistical Manual of Mental Disorders, Fifth
Edition; (2) were first-episode patients, aged 12–18 years,
without a history of psychotropic drug use; (3) could coop-
erate in the completion of various questionnaires, psycho-
logical assessments, and blood tests; (4) provided informed
consent, along with their legal guardians. Participants were
excluded if they had: (1) comorbid mental disorders, such
as schizophrenia; (2) comorbid physical or organic brain
diseases; (3) a history of suicide attempts; (4) a history of
alcohol or drug abuse and addiction; and (5) secondary de-
pression caused by organic diseases or drugs.

The control group was randomly selected from stu-
dents who underwent community health check-ups through
a frequency-matching method based on age matching with
the research group. The random sampling was conducted
using the computer Microsoft Excel 2021 (Microsoft Cor-
poration, Redmond, WA, USA). The sampling interval (k
= total number of people in the age group/number of peo-

ple to be recruited) was calculated, and then starting from
a random point, one person was selected every k individu-
als. Their age and years of education matched those of the
research cohort. None of the control group participants had
a personal or family history of mental illness. They were
all able to cooperate in the completion of various question-
naires, psychological assessments, and blood tests, and they
signed the informed consent form.

2.2 Research Tools
2.2.1 General Information Questionnaire

A self-designed general information questionnaire
was used to collect data such as sex, age, and years of edu-
cation.

2.2.2 Psychological Assessment Scales
The Self-Rating Depression Scale (SDS), developed

in 1964, assesses depressive symptoms through 20 psycho-
logical and physiological items reflecting patients’ subjec-
tive emotional states [29]. Raw scores are converted to stan-
dard scores (raw score ×1.5), and patients’ symptoms are
classified according to their raw scores as follows: <50,
normal; 50–60, mild; 60–70, moderate; and >70, severe.

The Self-Rating Anxiety Scale (SAS), created by
Zung in 1971 [30], evaluates anxiety on the basis of 5 emo-
tional and 15 physical symptoms, using the same scoring
method as the SDS.

2.2.3 Blood Sample Collection
Fasting peripheral venous blood samples (5 mL) were

collected through venipuncture between 07:00 and 09:00
AM without the use of anticoagulants, and immediately
sent to the laboratory for testing. Serum was obtained
by centrifugation at 3000 rpm for 15 minutes, divided
into aliquots, and stored at –80 °C for subsequent labo-
ratory assays. The serum levels of IL-2, IL-4, IL-6, IL-
10, interferon-γ and tumor necrosis factor-α were mea-
sured using the ACEA NovoCyte flow cytometer (ACEA
Biosciences, San Diego, CA, USA). The assays were per-
formed by the same technician, who was blinded to the
samples’ identity and clinical information. Folate testing
was performed using the Abbott Alinity i analyzer (Ab-
bott Laboratories, Abbott Park, IL, USA). The levels of
Immunoglobulin G (IgG), Immunoglobulin A (IgA), Im-
munoglobulin M (IgM), C3, and C4 were measured us-
ing Beckman Coulter reagents on the IMMAGE 800 pro-
tein chemistry analyzer (Beckman Coulter Inc., Fullerton,
CA, USA; A: M209282; G: M207375; M: M207377; C3:
M207366; C4: M202580).

2.3 Data Analysis
Data were analyzed using R software, version 4.3.2

(R Foundation for Statistical Computing, Vienna, Austria).
Count data are expressed as n (%). Differences between
the three study groups were compared using the chi-square
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test. Normally distributed quantitative data are expressed
as mean ± standard deviation, and intergroup comparisons
were made using analysis of variance. Non-normally dis-
tributed data are expressed as medians and quartiles, and in-
tergroup comparisons were made using the Kruskal–Wallis
test. To identify independent predictors of NSSI and non-
NSSI, indicators that were statistically significant (p <

0.05) in univariate analyses were subjected to multivariate
multinomial logistic regression. SAS/SDS scores were an-
alyzed as continuous variables.

3. Results
3.1 General Information and Clinical Characteristics

The sample size estimation formula for case-control

studies: n =
(zα

√
2p̄q+zβ

√
p0qo+p1q1)

2

(p1−po)
2 . The estimated rel-

ative risk value is approximately 4. Among the population
of this age group, about 20% have NSSI behavior. The re-
quirement is α = 0.05, β = 0.1, the sample size for each
group was approximately 51 people, and the total sample
size was 102 people. Considering the possibility of data
loss, a dropout rate of 15% was set. Therefore, the required
sample size: n = 102 / (1−0.15) = 120. In reality, 10 pa-
tients with incomplete data were excluded. The research
cohort included 110 patients, of whom 43 were boys and
67 were girls. Among the patients, 57 were classified into
the NSSI group and 53 into the non-NSSI group. The con-
trol group comprised 55 participants, of whom30were boys
and 25 girls. General information and clinical characteris-
tics were compared across the control, NSSI, and non-NSSI
groups. The three groups significantly differed in terms of
sex; SAS and SDS scores; and levels of folate, C3, IL-4, and
IL-6 (p< 0.05; Table 1). Pairwise comparisons of SDS and
SAS scores and levels of C3, IL-4, IL-6, and folate among
the three groups are presented in Fig. 1.

3.2 Factors Influencing Depression With and Without NSSI

Univariate logistic regression analysis was conducted
to explore the association between various factors and dif-
ferent clinical manifestations, with the dependent variable
being the presence or absence of NSSI in adolescents with
depression. Compared with the healthy control group, fe-
male sex, SAS and SDS score, and levels of C3, IL-4,
and IL-6 were positively associated with the NSSI group,
whereas age was inversely associated with it. Similarly,
SAS and SDS scores were positively associated with the
non-NSSI group, while folate level was inversely associ-
ated with it (Table 2). Due to the presence of multicollinear-
ity among independent variables (kappa = 0.310), two vari-
ables (SDS and SAS) exhibiting high correlation with oth-
ers were removed from the multinomial logistic regression
model. The results indicated that comparedwith the healthy
control group, female sex and C3 level were positively as-
sociated with the NSSI group, whereas age and folate level
were negatively associated with it (Table 3). Folate level

was negatively associated with the non-NSSI group (Ta-
ble 4).

4. Discussion
This study analyzed the incidence of depressive disor-

der with comorbidNSSI by sex and age. The results showed
that female sex was an independent risk factor for depres-
sive disorder with comorbid NSSI. This finding is consis-
tent with the large-sample study by Sun et al. [31], which
reported a 3.4-fold higher incidence of NSSI among female
adolescents than male adolescents. The possible mecha-
nism underlying this sex disparity may be that women are
more likely to adopt externalized coping strategies for nega-
tive emotions. Their prominent emotional expression char-
acteristics and higher pain tolerance thresholds may col-
lectively promote NSSI to become a preferred maladaptive
strategy for emotion regulation [32]. Multiple logistic re-
gression analysis identified age as a protective factor for
NSSI. This is highly consistent with the age-wise trajec-
tory of NSSI development: the behavior often begins at the
age of 12–14 years, peaks at 15–17 years, and gradually
subsides in early adulthood [33]. The neurodevelopmental
perspective provides a plausible explanation for this phe-
nomenon: the asynchronous development of the prefrontal-
limbic system during adolescence leads to an imbalance in
emotional regulation, manifested by insufficient top-down
control from the orbitofrontal cortex and hyperresponsive-
ness of the amygdala [34]. This neuroplastic window pe-
riod may form the biological basis for the high incidence
of NSSI in adolescents, while the subsequent maturation of
these neural circuits may contribute to the observed decline
in NSSI behaviors in adulthood.

The study also uncovered significant differences in
SAS/SDS scores among the three groups (NSSI group >

non-NSSI group > control group), and univariate logis-
tic regression confirmed that the SAS/SDS score was an
independent risk factor for depressive disorder with co-
morbid NSSI. This finding is in line with the longitudi-
nal study by Zhu et al. [35], which showed that the per-
sistence of depressive and anxiety symptoms significantly
increases the risk of NSSI in adolescents, while symptom
relief can effectively reduce the incidence of self-harm be-
havior. Kim and Yu [36] reported that individuals with high
anxiety achieve immediate emotional regulation by engag-
ing in NSSI, which is aligned with the negative emotion
accumulation–release model proposed by Baker et al. [37].
When the emotional load in the form of depression and anx-
iety exceeds an individual’s tolerance threshold, NSSI may
become the preferred strategy to relieve psychological dis-
tress [37].

In terms of biological indicators, levels of IL-6, IL-
4, and C3 were identified as significant positive correlates
of the NSSI group. However, after adjustment in a mul-
tivariate model, only the C3 level remained a statistically
significant indicator. Moreover, the levels of C3 and IL-6

4

https://www.imrpress.com


Table 1. General information and clinical characteristics.
Variables Control group (n = 55) NSSI group (n = 57) Non-NSSI group (n = 53) Statistic p η2

Sex 7.67 0.02
Male 30 (54.55) 17 (29.82) 26 (49.06)
Female 25 (45.45) 40 (70.18) 27 (50.94)

Age (years) 16.00 (14.00, 18.00) 15.00 (14.00, 16.00) 16.00 (14.00, 17.00) 4.36 0.11 0.02
Duration of education (years) 10.00 (8.00, 11.00) 9.00 (8.00, 10.00) 9.00 (8.00, 11.00) 1.05 0.59 0.01
SAS 43.20 ± 5.61 65.39 ± 11.35 59.30 ± 13.14 66.65 0.00 0.46
SDS 41.18 ± 4.89 75.49 ± 10.20 68.79 ± 12.61 176.71 0.00 0.64
Folate (nmol/L) 12.50 (9.00, 14.00) 9.60 (7.84, 12.94) 9.10 (6.65, 12.75) 9.64 0.01 0.05
IgG (g/L) 12.70 (11.00, 14.10) 12.00 (10.70, 13.94) 12.60 (11.25, 13.60) 0.86 0.65 0.01
IgA (g/L) 1.80 (1.43, 2.24) 1.87 (1.34, 2.54) 1.92 (1.44, 2.44) 0.79 0.67 0.01
IgM (g/L) 1.18 (0.89, 1.71) 1.50 (1.06, 1.80) 1.28 (1.02, 1.79) 4.08 0.13 0.01
C3 (g/L) 0.93 (0.83, 1.05) 1.01 (0.91, 1.16) 0.96 (0.87, 1.13) 7.66 0.02 0.04
C4 (g/L) 0.19 (0.16, 0.23) 0.21 (0.17, 0.24) 0.20 (0.17, 0.23) 1.91 0.38 <0.01
IFN-γ (pg/mL) 3.88 (3.88, 14.90) 7.93 (3.88, 16.27) 5.97 (3.88, 13.52) 5.49 0.06 0.02
TNF-α (pg/mL) 26.48 (20.59, 41.31) 32.23 (21.66, 43.14) 25.72 (19.12, 36.19) 3.05 0.22 0.01
IL-2 (pg/mL) 0.12 (0.12, 0.12) 0.12 (0.12, 0.12) 0.12 (0.12, 0.12) 0.72 0.70 0.01
IL-4 (pg/mL) 7.33 (6.20, 8.94) 12.36 (6.42, 25.90) 6.97 (5.93, 9.89) 14.29 0.00 0.08
IL-6 (pg/mL) 1.29 (0.34, 1.92) 2.36 (1.35, 3.62) 1.47 (0.68, 2.49) 18.57 0.00 0.11
IL-10 (pg/mL) 1.85 (1.34, 2.42) 1.78 (1.47, 2.25) 1.75 (1.32, 2.09) 1.00 0.61 0.01
Abbreviation: NSSI, depressive disorder with nonsuicidal self-injury; Control group, healthy control group; SDS, Self-Rating Depression
Scale; SAS, Self-Rating Anxiety Scale; C3, complement 3; C4, complement 4; IL-2, interleukin-2; IL-4, interleukin-4; IL-6, interleukin-6;
IL-10, interleukin-10; IgG, Immunoglobulin G; IgA, Immunoglobulin A; IgM, Immunoglobulin M; IFN-γ, interferon-γ; TNF-α, tumor
necrosis factor-α. Notes: Continuous variables presented as median (interquartile range) are not normally distributed through the Shapiro-
Wilk normality test (p < 0.05). SAS and SDS scores are presented as mean ± standard deviation, as they followed a normal distribution.
The Kruskal-Wallis rank sum test was used to calculate the differences among the three groups of variables. η2 values of 0.01 (small), 0.06
(medium), and 0.14 (large) are the standard references.

significantly differed across the three groups (NSSI group
> non-NSSI group > control group). After adjustment in
the multivariate model, IL-6 and IL-4 levels did not differ
significantly among the three groups. This might be due
to the fact that the patients’ disease courses and severity
were different when the data were collected, and the time
of data collection after the occurrence of emotional events
was also different. Secondly, it might be due to the insuf-
ficient sample size. The sample size of this study was ad-
equate for univariate analysis, but when multiple variables
such as IL-4 and IL-6 were simultaneously included, the
model complexity increased, and the statistical power de-
creased. Beyond analyzing the potential causes for the lack
of significant differences in the levels of IL-6 and IL-4 in the
model, conducting an in-depth exploration of the theoretical
pathophysiological mechanisms of these inflammatory fac-
tors will contribute to a more comprehensive understanding
of the possible roles they play in NSSI.

Studies have shown that elevated levels of inflam-
matory cytokines can exacerbate depressive symptoms and
increase the risk of NSSI through two possible mecha-
nisms [38]. First, inflammation activation can alter the
metabolism of key neurotransmitters in the brain, affecting
frontal lobe function and diminishing the ability to inhibit
responses, thereby leading to an increase in impulsive be-

havior and NSSI [21]. Second, the activation of inflam-
matory cytokines can promote the release of endogenous
opioid peptides [39], reducing pain sensitivity. Notably,
IL-4 can induce macrophages to release endogenous opioid
peptides [40], and this mechanism may underpin the for-
mation and development of NSSI [41]. A study by Li et
al. [14] discovered that the peripheral IL-6 levels in their
185 study participants increased during the stress period
and decreased as the stress period ended, closely mirror-
ing the individual differences in depression susceptibility.
Another study compared adolescents who had experienced
at least five NSSI events over the past year with a healthy
control group, reporting no differences in the levels of IL-6
or C-reactive protein [23]. In future research designs, the
exact time of each emotional event (or the time when the
researcher induces emotional stimuli) and the subsequent
time of blood sample collection should be clearly recorded
to more clearly reveal the independent association between
emotional events and cytokine levels.

Abnormalities in the complement pathway have been
detected in many neurological and neuropsychiatric disor-
ders [42,43]. In the pathophysiology of these diseases, the
complement pathway is inappropriately reactivated, lead-
ing to synaptic defects, disruption of neuronal connections,
and cognitive impairment [44]. The C3 protein is con-
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Fig. 1. SDS, SAS, C3, IL-4, IL-6 and Folate were compared in the three groups. *p < 0.05, **p < 0.01. Notes: The upper whisker
extends from the hinge to the largest value no further than 1.5 × IQR from the hinge (where IQR is the Inter-quartile Range, or distance
between the first and third quartiles). The lower whisker extends from the hinge to the smallest value at most 1.5 × IQR of the hinge.
Data beyond the end of the whiskers are called “outlying” points and are plotted individually.

sidered a hub. Research has found that oligodendrocytes
can express C3 under stress conditions, thereby participat-
ing in the neuroinflammatory cascade reaction and induc-

ing depression [45]. Mechanism studies have shown that
in mouse models, synaptic pruning by microglia can be re-
duced by blocking the HMGB1 (high mobility group box
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Table 2. Results of univariate multinomial logistic regression.
NSSI group Coefficients SE Z Wald χ2 p OR 95% CI

Sex (Ref = Male) 1.04 0.40 2.61 6.86 0.01 2.82 1.30–6.14
Age (years) −0.25 0.12 −2.10 4.43 0.04 0.79 0.62–0.98
Duration of education (years) −0.10 0.12 −0.83 0.68 0.41 0.91 0.73–1.14
SAS 0.20 0.03 6.59 43.37 <0.01 1.23 1.15–1.30
SDS 0.36 0.07 5.32 28.32 <0.01 1.43 1.26–1.64
Folate (nmol/L) −0.09 0.05 −1.78 3.17 0.08 0.92 0.83–1.01
IgG (g/L) −0.05 0.08 −0.59 0.34 0.56 0.95 0.82–1.12
IgA (g/L) 0.10 0.27 0.38 0.15 0.70 1.11 0.65–1.88
IgM (g/L) 0.58 0.33 1.73 3.00 0.08 1.78 0.93–3.43
C3 (g/L) 3.24 1.16 2.81 7.87 0.01 25.63 2.66–247.19
C4 (g/L) 5.47 3.79 1.20 2.88 0.10 32.43 1.38–330.51
IFN-γ (pg/mL) 0.01 0.01 0.81 0.65 0.42 1.01 0.99–1.04
TNF-α (pg/mL) 0.01 0.01 0.84 0.70 0.40 1.01 0.99–1.03
IL-2 (pg/mL) 0.59 0.54 1.09 1.20 0.27 1.79 0.63–5.12
IL-4 (pg/mL) 0.05 0.02 2.52 6.33 0.01 1.05 1.01–1.09
IL-6 (pg/mL) 0.47 0.14 3.25 10.54 <0.01 1.60 1.20–2.12
IL-10 (pg/mL) −0.03 0.10 −0.27 0.07 0.79 0.10 0.81–1.18

Non-NSSI group Coefficients SE Z Wald χ2 p OR 95% CI

Sex (Ref = Male) 0.22 0.39 0.57 0.33 0.57 1.25 0.59–2.65
Age (years) −0.12 0.12 −1.00 1.00 0.32 0.89 0.70–1.12
Duration of education (years) 0.01 0.19 0.10 0.01 0.92 1.01 0.80–1.28
SAS 0.16 0.03 5.52 30.46 <0.01 1.17 1.11–1.24
SDS 0.38 0.07 4.69 22.00 <0.01 1.36 1.20–1.55
Folate (nmol/L) −0.12 0.05 −2.38 5.64 0.02 0.88 0.80–0.98
IgG (g/L) −0.04 0.08 −0.51 0.26 0.61 0.96 0.82–1.13
IgA (g/L) 0.21 0.27 0.77 0.60 0.44 1.23 0.72–2.11
IgM (g/L) 0.37 0.35 1.08 1.16 0.28 1.45 0.74–2.85
C3 (g/L) 1.69 1.18 1.43 2.05 0.15 5.42 0.54–54.62
C4 (g/L) 2.06 3.61 0.57 0.33 0.57 7.86 0.07–632.27
IFN-γ (pg/mL) −0.00 0.01 −0.23 0.05 0.82 1.00 0.97–1.03
TNF-α (pg/mL) 0.00 0.01 0.05 0.00 0.96 1.00 0.98–1.03
IL-2 (pg/mL) 0.65 0.53 1.23 1.50 0.22 1.92 0.68–5.47
IL-4 (pg/mL) 0.02 0.02 0.75 0.56 0.46 1.02 0.974–1.06
IL-6 (pg/mL) 0.16 0.15 1.07 1.14 0.29 1.18 0.87–1.58
IL-10 (pg/mL) −0.06 0.11 −0.57 0.32 0.57 0.94 0.76–1.16
Abbreviation: SE, standard error; OR, odds ratio; CI, confidence interval.

Table 3. NSSI group multivariate multinomial logistic regression results.
Variables Coefficients SE Z Wald χ2 p OR 95% CI

Sex (Ref = Male) 1.18 0.46 2.59 6.71 0.01 3.25 1.33–7.93
Age (years) –0.24 0.14 –1.990 3.9 0.05 0.79 0.60–1.04
Folate (nmol/L) –0.16 0.06 –2.63 6.91 0.01 0.86 0.76–0.96
C3 (g/L) 2.48 1.31 1.90 3.78 0.05 11.92 0.92–155.19
IL-4 (pg/mL) 0.04 0.02 1.80 3.25 0.07 1.04 1.00–1.08
IL-6 (pg/mL) 0.25 0.16 1.53 2.33 0.13 1.28 0.93–1.76

1)/C1q (complement component 1q)/C3 pathway, thereby
improving depressive-like behaviors [46]. Another study
found that by knocking down C3 in the hippocampus, the
downstream C3aR (complement C3a receptor 1)-GSK3β

(glycogen synthase kinase 3 beta) pathway can be inhib-
ited, restoring the activation level of glial cells under in-
flammatory conditions and alleviating anxiety and depres-
sion [47]. In terms of clinical research findings, the levels
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Table 4. Non-NSSI group multivariate multinomial logistic regression results.
Variables Coefficients SE Z Wald χ2 p OR 95% CI

Sex (Ref = Male) 0.47 0.46 1.11 1.23 0.27 1.60 0.70–3.68
Age (years) –0.17 0.13 –1.27 1.62 0.20 0.85 0.65–1.09
Folate (nmol/L) –0.16 0.06 –2.71 7.34 0.01 0.86 0.76–0.96
C3 (g/L) 1.33 1.29 1.04 1.07 0.30 3.78 0.31–46.87
IL-4 (pg/mL) 0.01 0.02 0.50 0.25 0.62 1.01 0.97–1.06
IL-6 (pg/mL) 0.06 0.166 0.35 0.12 0.73 1.06 0.77–1.47

of C3 and C3a in the plasma of patients with depression are
elevated, with higher levels in female patients than in male
patients [48]. A study has reported significantly elevated
C3 levels in the cerebral cortices of mice exposed to chronic
unpredictable stress and mice exhibiting depression-like or
suicide-related behaviors [49]. In our study, the serum level
of C3 in the NSSI group was elevated, consistent with some
previous studies [15,50]. These results suggest that comple-
ment C3 may be a specific biological marker for depression
with comorbid NSSI.

This study sheds light on the association between fo-
late levels and depressive disorders. Folate levels exhib-
ited a gradient decline in patients with depressive disor-
ders (non-NSSI group < control group). Further, multi-
variate regression analysis confirmed folate level as an in-
dependent protective factor for depressive disorders. How-
ever, the direct association between folate levels and NSSI
was weak, with no significant difference between the NSSI
and non-NSSI groups. Folic acid may regulate inflam-
matory responses through DNA methylation and synthe-
sis processes. Insufficient folate supply may be related
to the progression of inflammation, or chronic inflamma-
tion may lead to increased folate demand. Supplementation
of folate may have anti-inflammatory benefits by reducing
CRP (C-reactive protein) levels [24,51]. Previous studies
have shown that folate deficiency can lead to depressive
symptoms [24,52,53] and supplementation of active folate
can synergistically enhance the efficacy of antidepressants
[54,55]. This further indicates the complex potential mech-
anism of multi-factor interaction in the pathophysiology of
depression. However, further research on larger and more
diverse populations is needed to verify and expand these
findings. Moreover, a recent study conducted in South Ko-
rea found a significant association between folate levels and
fatal and non-fatal suicide attempts during follow-up, sug-
gesting that folate levels can serve as an auxiliary means
for predicting suicidal behavior in patients with depression
[56]. Overall, folate status assessment is suggested to be in-
corporated into clinical practice for treating depression and
NSSI. This study found no significant differences in Ig lev-
els among the three groups, implying that humoral immune
dysfunction is not the core pathophysiological mechanism
of NSSI. However, the potential effects of limited sample

size on statistical power must be considered before drawing
any strong conclusions.

5. Conclusion
This comparative study revealed significant differ-

ences in clinical profiles and serum biomarkers among de-
pressive adolescents with NSSI, without NSSI, and healthy
controls. Female sex and elevated complement C3 levels
were identified as significant positive correlates of NSSI
comorbidity. Conversely, older age and higher serum fo-
late levels were significant negative correlates of NSSI. A
higher folate level was also a protective correlate in de-
pressed adolescents without NSSI. Given the increasing in-
cidence and substantial public health burden of adolescent
depression and NSSI, and the current limitations in pre-
vention and treatment, our findings underscore the poten-
tial role of immune-inflammatory pathways and metabolic
factors in the pathophysiology of NSSI. To advance this
field, future research should prioritize multicenter longi-
tudinal studies to elucidate the spatiotemporal dynamics
of these biomarkers. The ultimate goal is to develop ar-
tificial intelligence-powered, multi-omics prediction mod-
els, facilitating a shift in the diagnostic and therapeutic ap-
proach for depression with NSSI from a “symptom-driven”
paradigm to a more precise “mechanism-targeted” one.

This study has some limitations. First, the cross-
sectional design of this study precludes observations of the
trends in various factors at different stages of the disease.
Second, the sample size was relatively small, preventing
the stratification of depression and anxiety by severity and
duration. Third, the recruitment of participants from a sin-
gle center and the local community may introduce selection
bias and limit the generalizability of our findings to other
regions or healthcare settings. Future studies should re-
cruit a larger andmore diverse sample frommultiple centers
to enhance representativeness and investigate more related
factors, especially objective evaluation indicators such as
magnetic resonance imaging scans, biochemical tests, and
genetic assessments, to further elucidate the mechanisms
underlying NSSI behaviors. Such research will eventually
result in the formulation of more effective prevention and
intervention measures.

8

https://www.imrpress.com


Availability of Data and Materials
The data that support the findings of this study are

available from the corresponding author upon reasonable
request.

Author Contributions
HYX: Data curation, Investigation, Project adminis-

tration, Resources, Writing-original draft, Writing-review
& editing. SJZ: Data curation, Investigation, Methodol-
ogy, Validation, Supervision, Writing-review & editing.
XDD: Validation, Supervision, Writing-review & editing,
Reorganize and recalculate the data. JHL: Conceptualiza-
tion, Formal Analysis, Methodology, Software, Supervi-
sion, Writing-review & editing. PF: Data curation, Investi-
gation, Writing-review & editing. YYW: Data curation, In-
vestigation, Writing-review & editing. YZ: Data curation,
Investigation, Writing-original draft. YJM: Data curation,
Investigation, Writing-review & editing. All authors read
and approved the final manuscript. All authors have partic-
ipated sufficiently in the work and agreed to be accountable
for all aspects of the work.

Ethics Approval and Consent to Participate
Informed consent was obtained from all subjects in-

volved in the study. This study was approved by the
Ethics Committee of the Fourth Affiliated Hospital of Zhe-
jiang University School of Medicine (Approval Number:
k2022003). The study was conducted according to the Dec-
laration of Helsinki.

Acknowledgment
We would like to express our deep appreciation to all

non-author contributors who supported this study.

Funding
This study was supported by The Basic Public Wel-

fare Research Program of Zhejiang Province (Grant No.
LGF20H090013).

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Wen Y, Zhang X, Xu Y, Qiao D, Guo S, Sun N, et al. Cogni-

tive Impairment in Adolescent Major Depressive Disorder With
Nonsuicidal Self-Injury: Evidence Based on Multi-indicator
ERPs. Frontiers in Human Neuroscience. 2021; 15: 637407.
https://doi.org/10.3389/fnhum.2021.637407.

[2] Gillies D, Christou MA, Dixon AC, Featherston OJ, Rapti I,
Garcia-Anguita A, et al. Prevalence and Characteristics of Self-
Harm in Adolescents: Meta-Analyses of Community-Based
Studies 1990-2015. Journal of the American Academy of Child
and Adolescent Psychiatry. 2018; 57: 733–741. https://doi.org/
10.1016/j.jaac.2018.06.018.

[3] Suhail Usmani S, Mehendale M, Yousif Shaikh M, Sudan S,

Guntipalli P, Ouellette L, et al. Understanding the Impact of
Adverse Childhood Experiences on Non-suicidal Self-Injury in
Youth: A Systematic Review. Alpha Psychiatry. 2024; 25: 150–
164. https://doi.org/10.5152/alphapsychiatry.2024.231139.

[4] Mannekote Thippaiah S, Shankarapura Nanjappa M, Gude JG,
Voyiaziakis E, Patwa S, Birur B, et al. Non-suicidal self-injury
in developing countries: A review. The International Journal of
Social Psychiatry. 2021; 67: 472–482. https://doi.org/10.1177/
0020764020943627.

[5] Tao M, Feng L, Guo F, Hai F, Yang S. Meta-analysis on the de-
tection rate and influencing factors of non-suicidal self-injury
among adolescents in China. Journal of Guangxi Medical Uni-
versity. 2023; 40: 1627–1634. https://doi.org/10.16190/j.cnki
.45-1211/r.2023.10.005. (In Chinese)

[6] Chen H, Hong L, Tong S, Li M, Sun S, Xu Y, et al. Cogni-
tive impairment and factors influencing depression in adoles-
cents with suicidal and self-injury behaviors: a cross-sectional
study. BMC Psychiatry. 2023; 23: 247. https://doi.org/10.1186/
s12888-023-04726-8.

[7] He Q, Wang K, Yang Y, Liu S, Jiang Z, Wang Z, et al. Non-
suicidal self-injury behavior and function and related factors
in adolescents with depression. Chinese Mental Health Jour-
nal. 2023. 37: 41–46. https://doi.org/10.3969/j.issn.1000-6729.
2023.01.008. (In Chinese)

[8] Valencia-Agudo F, Burcher GC, Ezpeleta L, Kramer T. Nonsui-
cidal self-injury in community adolescents: A systematic review
of prospective predictors, mediators and moderators. Journal of
Adolescence. 2018; 65: 25–38. https://doi.org/10.1016/j.adoles
cence.2018.02.012.

[9] Harsanyi S, Kupcova I, Danisovic L, Klein M. Selected
Biomarkers of Depression: What Are the Effects of Cytokines
and Inflammation? International Journal of Molecular Sciences.
2022; 24: 578. https://doi.org/10.3390/ijms24010578.

[10] Tao H, Chen X, Zhou H, Fu J, Yu Q, Liu Y. Changes of Serum
Melatonin, Interleukin-6, Homocysteine, and Complement C3
and C4 Levels in PatientsWith Depression. Frontiers in Psychol-
ogy. 2020; 11: 1271. https://doi.org/10.3389/fpsyg.2020.01271.

[11] Farooq RK, Asghar K, Kanwal S, Zulqernain A. Role of in-
flammatory cytokines in depression: Focus on interleukin-1β.
Biomedical Reports. 2017; 6: 15–20. https://doi.org/10.3892/br
.2016.807.

[12] Maes M, Berk M, Goehler L, Song C, Anderson G, Gałecki P, et
al. Depression and sickness behavior are Janus-faced responses
to shared inflammatory pathways. BMCMedicine. 2012; 10: 66.
https://doi.org/10.1186/1741-7015-10-66.

[13] Colasanto M, Madigan S, Korczak DJ. Depression and inflam-
mation among children and adolescents: A meta-analysis. Jour-
nal of Affective Disorders. 2020; 277: 940–948. https://doi.org/
10.1016/j.jad.2020.09.025.

[14] Li Y, Xie Y, Xu Y, Xian X, Wang R, Cai L, et al. Interleukin-6-
white matter network differences explained the susceptibility to
depression after stressful life events. Journal of Affective Dis-
orders. 2022; 305: 122–132. https://doi.org/10.1016/j.jad.2022.
03.003.

[15] Shin C, Ham BJ, Ko YH, Pae CU, Park MH, Steffens DC, et al.
Increased plasma complement factor H is associated with geri-
atric depression. International Psychogeriatrics. 2019; 31: 101–
108. https://doi.org/10.1017/S1041610218000558.

[16] Manfro PH, Anselmi L, Barros F, Gonçalves H, Murray J,
Oliveira IO, et al. Youth depression and inflammation: Cross-
sectional network analyses of C-Reactive protein, interleukin-6
and symptoms in a population-based sample. Journal of Psychi-
atric Research. 2022; 150: 197–201. https://doi.org/10.1016/j.jp
sychires.2022.03.065.

[17] Wachholz S, Knorr A, Mengert L, Plümper J, Sommer R,
Juckel G, et al. Interleukin-4 is a participant in the regulation

9

https://doi.org/10.3389/fnhum.2021.637407
https://doi.org/10.1016/j.jaac.2018.06.018
https://doi.org/10.1016/j.jaac.2018.06.018
https://doi.org/10.5152/alphapsychiatry.2024.231139
https://doi.org/10.1177/0020764020943627
https://doi.org/10.1177/0020764020943627
https://doi.org/10.16190/j.cnki.45-1211/r.2023.10.005
https://doi.org/10.16190/j.cnki.45-1211/r.2023.10.005
https://doi.org/10.1186/s12888-023-04726-8
https://doi.org/10.1186/s12888-023-04726-8
https://doi.org/10.3969/j.issn.1000-6729.2023.01.008
https://doi.org/10.3969/j.issn.1000-6729.2023.01.008
https://doi.org/10.1016/j.adolescence.2018.02.012
https://doi.org/10.1016/j.adolescence.2018.02.012
https://doi.org/10.3390/ijms24010578
https://doi.org/10.3389/fpsyg.2020.01271
https://doi.org/10.3892/br.2016.807
https://doi.org/10.3892/br.2016.807
https://doi.org/10.1186/1741-7015-10-66
https://doi.org/10.1016/j.jad.2020.09.025
https://doi.org/10.1016/j.jad.2020.09.025
https://doi.org/10.1016/j.jad.2022.03.003
https://doi.org/10.1016/j.jad.2022.03.003
https://doi.org/10.1017/S1041610218000558
https://doi.org/10.1016/j.jpsychires.2022.03.065
https://doi.org/10.1016/j.jpsychires.2022.03.065
https://www.imrpress.com


of depressive-like behavior. Behavioural Brain Research. 2017;
326: 165–172. https://doi.org/10.1016/j.bbr.2017.03.020.

[18] Cavanagh JT. Anti-inflammatory Drugs in the Treatment of De-
pression. Current Topics in Behavioral Neurosciences. 2024; 66:
217–231. https://doi.org/10.1007/7854_2023_459.

[19] Woo JJ, Pouget JG, Zai CC, Kennedy JL. The complement
system in schizophrenia: where are we now and what’s next?
Molecular Psychiatry. 2020; 25: 114–130. https://doi.org/10.
1038/s41380-019-0479-0.

[20] Quintanilla B, Zarate C A Jr, Pillai A. Ketamine’s mechanism
of action with an emphasis on neuroimmune regulation: can
the complement system complement ketamine’s antidepressant
effects? Molecular Psychiatry. 2024; 29: 2849–2858. https:
//doi.org/10.1038/s41380-024-02507-7.

[21] Kim JS, Kang ES, Bahk YC, Jang S, Hong KS, Baek JH. Ex-
ploratory Analysis of Behavioral Impulsivity, Pro-inflammatory
Cytokines, and Resting-State Frontal EEG Activity Associated
With Non-suicidal Self-Injury in Patients With Mood Disorder.
Frontiers in Psychiatry. 2020; 11: 124. https://doi.org/10.3389/
fpsyt.2020.00124.

[22] Liu J, Guan J, Xiong J, Wang F. Effects of Transcranial Mag-
netic Stimulation Combined with Sertraline on Cognitive Level,
Inflammatory Response and Neurological Function in Depres-
sive Disorder Patients with Non-suicidal Self-injury Behavior.
Actas Espanolas De Psiquiatria. 2024; 52: 28–36.

[23] Kindler J, Koenig J, Lerch S, van der Venne P, Resch F, Kaess
M. Increased immunological markers in female adolescents with
non-suicidal self-injury. Journal of Affective Disorders. 2022;
318: 191–195. https://doi.org/10.1016/j.jad.2022.08.125.

[24] Fries GR, Saldana VA, Finnstein J, Rein T. Molecular pathways
of major depressive disorder converge on the synapse. Molec-
ular Psychiatry. 2023; 28: 284–297. https://doi.org/10.1038/
s41380-022-01806-1.

[25] Lam NSK, Long XX, Li X, Saad M, Lim F, Doery JC, et al. The
potential use of folate and its derivatives in treating psychiatric
disorders: A systematic review. Biomedicine & Pharmacother-
apy. 2022; 146: 112541. https://doi.org/10.1016/j.biopha.2021.
112541.

[26] Carboni L, Delafont B, Ivanchenko E, Ratti E, Learned SM,
Alexander R, et al. Folate metabolism biomarkers from two ran-
domised placebo-controlled clinical studies with paroxetine and
venlafaxine. The World Journal of Biological Psychiatry: the
Official Journal of the World Federation of Societies of Bio-
logical Psychiatry. 2021; 22: 315–321. https://doi.org/10.1080/
15622975.2020.1805509.

[27] Farnam A, Majidi J, Nourazar SG, Ghojazadeh M, Movassagh-
pour A, Zolbanin SM. Effect of Anger Patterns and Depression
on Serum IgA and NK Cell Frequency. Iranian Journal of Im-
munology: IJI. 2016; 13: 37–44.

[28] Grover S, Dutt A, Avasthi A. An overview of Indian research in
depression. Indian Journal of Psychiatry. 2010; 52: S178–S188.
https://doi.org/10.4103/0019-5545.69231.

[29] ZUNG WW. A SELF-RATING DEPRESSION SCALE.
Archives of General Psychiatry. 1965; 12: 63–70. https://doi.
org/10.1001/archpsyc.1965.01720310065008.

[30] Zung WW. A rating instrument for anxiety disorders. Psy-
chosomatics. 1971; 12: 371–379. https://doi.org/10.1016/
S0033-3182(71)71479-0.

[31] Sun K, Li A, Li Y, Xie J, Tong Y, Ma J, et al. A cross-sectional
study of non-suicidal self-injury in a Chinese adolescent inpa-
tient cohort. Frontiers in Psychiatry. 2023; 14: 1109334. https:
//doi.org/10.3389/fpsyt.2023.1109334.

[32] Kentopp SD, Conner BT, Fetterling TJ, Delgadillo AA, Rebecca
RA. Sensation seeking and nonsuicidal self-injurious behavior
among adolescent psychiatric patients. Clinical Child Psychol-
ogy and Psychiatry. 2021; 26: 430–442. https://doi.org/10.1177/

1359104521994627.
[33] Wang B, You J, Lin MP, Xu S, Leung F. Developmental Trajec-

tories of Nonsuicidal Self-Injury in Adolescence and Intraper-
sonal/Interpersonal Risk Factors. Journal of Research on Ado-
lescence: the Official Journal of the Society for Research on
Adolescence. 2017; 27: 392–406. https://doi.org/10.1111/jora
.12273.

[34] Casey BJ, Jones RM, Hare TA. The adolescent brain. Annals
of the New York Academy of Sciences. 2008; 1124: 111–126.
https://doi.org/10.1196/annals.1440.010.

[35] Zhu J, Chen Y, Su B. Non-suicidal self-injury in adolescence:
Longitudinal evidence of recursive associations with adolescent
depression and parental rejection. Journal of Adolescence. 2020;
84: 36–44. https://doi.org/10.1016/j.adolescence.2020.08.002.

[36] Kim M, Yu J. Factors Contributing to Non-suicidal Self Injury
in Korean Adolescents. Journal of Korean Academy of Com-
munity Health Nursing. 2017; 28: 271–279. https://doi.org/10.
12799/jkachn.2017.28.3.271.

[37] Baker AC, Wallander JL, Elliott MN, Schuster MA. Non-
Suicidal Self-Injury Among Adolescents: A Structural Model
with Socioecological Connectedness, Bullying Victimiza-
tion, and Depression. Child Psychiatry and Human De-
velopment. 2023; 54: 1190–1208. https://doi.org/10.1007/
s10578-022-01319-6.

[38] Liu JJ, Wei YB, Strawbridge R, Bao Y, Chang S, Shi L, et al. Pe-
ripheral cytokine levels and response to antidepressant treatment
in depression: a systematic review and meta-analysis. Molec-
ular Psychiatry. 2020; 25: 339–350. https://doi.org/10.1038/
s41380-019-0474-5.

[39] Dias Quintão JL, Reis Gonzaga AC, Galdino G, Lima Romero
TR, Silva J, Lemos V, et al. TNF-α, CXCL-1 and IL-1 β as
activators of the opioid system involved in peripheral analgesic
control in mice. European Journal of Pharmacology. 2021; 896:
173900. https://doi.org/10.1016/j.ejphar.2021.173900.

[40] Labuz D, Celik MÖ, Seitz V, Machelska H. Interleukin-4 In-
duces the Release of Opioid Peptides from M1 Macrophages
in Pathological Pain. The Journal of Neuroscience: the Official
Journal of the Society for Neuroscience. 2021; 41: 2870–2882.
https://doi.org/10.1523/JNEUROSCI.3040-20.2021.

[41] Mürner-Lavanchy I, Koenig J, Reichl C, Josi J, Cavelti M,
Kaess M. The quest for a biological phenotype of adoles-
cent non-suicidal self-injury: a machine-learning approach.
Translational Psychiatry. 2024; 14: 56. https://doi.org/10.1038/
s41398-024-02776-4.

[42] Wu T, Dejanovic B, Gandham VD, Gogineni A, Edmonds R,
Schauer S, et al. Complement C3 Is Activated in Human AD
Brain and Is Required for Neurodegeneration in Mouse Models
of Amyloidosis and Tauopathy. Cell Reports. 2019; 28: 2111–
2123.e6. https://doi.org/10.1016/j.celrep.2019.07.060.

[43] Gedam M, Zheng H. Complement C3aR signaling: Immune
and metabolic modulation and its impact on Alzheimer’s dis-
ease. European Journal of Immunology. 2024; 54: e2350815.
https://doi.org/10.1002/eji.202350815.

[44] Hajishengallis G, Reis ES, Mastellos DC, Ricklin D, Lambris
JD. Novel mechanisms and functions of complement. Nature
Immunology. 2017; 18: 1288–1298. https://doi.org/10.1038/ni
.3858.

[45] Zhu W, Shi R, Li Y, Zhang G, Feng X, Cong J, et al. Stress-
Induced Cholesterol Metabolic Dysregulation and Differentia-
tion Trajectory Shift in Oligodendrocytes Synergistically Drive
Demyelination. International Journal of Molecular Sciences.
2025; 26: 3517. https://doi.org/10.3390/ijms26083517.

[46] ZhaoQ, Zeng C, Luo F, Xian Z,WenH, TuX, et al. PDE4 inhibi-
tion alleviates HMGB1/C1q/C3-mediated excessive phagocytic
pruning of synapses by microglia and depressive-like behaviors
in mice. Brain, Behavior, and Immunity. 2025; 126: 126–143.

10

https://doi.org/10.1016/j.bbr.2017.03.020
https://doi.org/10.1007/7854_2023_459
https://doi.org/10.1038/s41380-019-0479-0
https://doi.org/10.1038/s41380-019-0479-0
https://doi.org/10.1038/s41380-024-02507-7
https://doi.org/10.1038/s41380-024-02507-7
https://doi.org/10.3389/fpsyt.2020.00124
https://doi.org/10.3389/fpsyt.2020.00124
https://doi.org/10.1016/j.jad.2022.08.125
https://doi.org/10.1038/s41380-022-01806-1
https://doi.org/10.1038/s41380-022-01806-1
https://doi.org/10.1016/j.biopha.2021.112541
https://doi.org/10.1016/j.biopha.2021.112541
https://doi.org/10.1080/15622975.2020.1805509
https://doi.org/10.1080/15622975.2020.1805509
https://doi.org/10.4103/0019-5545.69231
https://doi.org/10.1001/archpsyc.1965.01720310065008
https://doi.org/10.1001/archpsyc.1965.01720310065008
https://doi.org/10.1016/S0033-3182(71)71479-0
https://doi.org/10.1016/S0033-3182(71)71479-0
https://doi.org/10.3389/fpsyt.2023.1109334
https://doi.org/10.3389/fpsyt.2023.1109334
https://doi.org/10.1177/1359104521994627
https://doi.org/10.1177/1359104521994627
https://doi.org/10.1111/jora.12273
https://doi.org/10.1111/jora.12273
https://doi.org/10.1196/annals.1440.010
https://doi.org/10.1016/j.adolescence.2020.08.002
https://doi.org/10.12799/jkachn.2017.28.3.271
https://doi.org/10.12799/jkachn.2017.28.3.271
https://doi.org/10.1007/s10578-022-01319-6
https://doi.org/10.1007/s10578-022-01319-6
https://doi.org/10.1038/s41380-019-0474-5
https://doi.org/10.1038/s41380-019-0474-5
https://doi.org/10.1016/j.ejphar.2021.173900
https://doi.org/10.1523/JNEUROSCI.3040-20.2021
https://doi.org/10.1038/s41398-024-02776-4
https://doi.org/10.1038/s41398-024-02776-4
https://doi.org/10.1016/j.celrep.2019.07.060
https://doi.org/10.1002/eji.202350815
https://doi.org/10.1038/ni.3858
https://doi.org/10.1038/ni.3858
https://doi.org/10.3390/ijms26083517
https://www.imrpress.com


https://doi.org/10.1016/j.bbi.2025.02.007.
[47] Zhang A, Zhang X, Tang X, Liu M, Xie J, Li S, et al. Activa-

tion of the C3 Complement Pathway in the Hippocampus Pro-
duces Anxiodepressive Effects in a Mouse Model of Inflamma-
tion Pain. Molecular Neurobiology. 2025; 62: 14032–14049.
https://doi.org/10.1007/s12035-025-05187-8.

[48] Quintanilla B, Greenstein D, Tripathi A, Bartosh A, Yuan P,
Zarate CA, et al. Assessment of complement cascade compo-
nents in patients with major depressive disorder. Brain, Be-
havior, and Immunity. 2025; 127: 229–237. https://doi.org/10.
1016/j.bbi.2025.03.009.

[49] Crider A, Feng T, Pandya CD, Davis T, Nair A, Ahmed AO,
et al. Complement component 3a receptor deficiency attenuates
chronic stress-induced monocyte infiltration and depressive-like
behavior. Brain, Behavior, and Immunity. 2018; 70: 246–256.
https://doi.org/10.1016/j.bbi.2018.03.004.

[50] Yu H, Ni P, Tian Y, Zhao L, Li M, Li X, et al. Association of the
plasma complement systemwith brain volume deficits in bipolar
and major depressive disorders. Psychological Medicine. 2023;
53: 6102–6112. https://doi.org/10.1017/S0033291722003282.

[51] Liwinski T, Lang UE. Folate and Its Significance in Depressive
Disorders and Suicidality: A Comprehensive Narrative Review.
Nutrients. 2023; 15: 3859. https://doi.org/10.3390/nu15173859.

[52] Kunugi H. Depression and lifestyle: Focusing on nutrition, ex-
ercise, and their possible relevance to molecular mechanisms.
Psychiatry and Clinical Neurosciences. 2023; 77: 420–433.
https://doi.org/10.1111/pcn.13551.

[53] Bender A, Hagan KE, Kingston N. The association of folate and
depression: A meta-analysis. Journal of Psychiatric Research.
2017; 95: 9–18. https://doi.org/10.1016/j.jpsychires.2017.07.
019.

[54] Bedson E, Bell D, Carr D, Carter B, Hughes D, Jorgensen A,
et al. Folate Augmentation of Treatment–Evaluation for De-
pression (FolATED): randomised trial and economic evaluation.
Health Technology Assessment (Winchester, England). 2014;
18: vii–viii, 1–159. https://doi.org/10.3310/hta18480.

[55] Borges-Vieira JG, Cardoso CKS. Efficacy of B-vitamins and
vitamin D therapy in improving depressive and anxiety disor-
ders: a systematic review of randomized controlled trials. Nu-
tritional Neuroscience. 2023; 26: 187–207. https://doi.org/10.
1080/1028415X.2022.2031494.

[56] Kim JM, Kim HY, Lee HJ, Kim JW, Kang HJ, Kim SW, et
al. Prediction of Suicidality According to Serum Folate Lev-
els in Depressive Patients Receiving Stepwise Pharmacother-
apy. Frontiers in Psychiatry. 2021; 12: 747228. https://doi.org/
10.3389/fpsyt.2021.747228.

11

https://doi.org/10.1016/j.bbi.2025.02.007
https://doi.org/10.1007/s12035-025-05187-8
https://doi.org/10.1016/j.bbi.2025.03.009
https://doi.org/10.1016/j.bbi.2025.03.009
https://doi.org/10.1016/j.bbi.2018.03.004
https://doi.org/10.1017/S0033291722003282
https://doi.org/10.3390/nu15173859
https://doi.org/10.1111/pcn.13551
https://doi.org/10.1016/j.jpsychires.2017.07.019
https://doi.org/10.1016/j.jpsychires.2017.07.019
https://doi.org/10.3310/hta18480
https://doi.org/10.1080/1028415X.2022.2031494
https://doi.org/10.1080/1028415X.2022.2031494
https://doi.org/10.3389/fpsyt.2021.747228
https://doi.org/10.3389/fpsyt.2021.747228
https://www.imrpress.com

	Main Points
	1. Introduction
	2. Subjects and Methods
	2.1 Research Subjects
	2.2 Research Tools
	2.2.1 General Information Questionnaire
	2.2.2 Psychological Assessment Scales
	2.2.3 Blood Sample Collection

	2.3 Data Analysis

	3. Results
	3.1 General Information and Clinical Characteristics
	3.2 Factors Influencing Depression With and Without NSSI

	4. Discussion
	5. Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

