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Background: Non-Suicidal Self-Injury (NSSI) is a primary risk factor for suicide,

but objective biomarkers to assess this risk are urgently needed. The “prefrontal-

limbic dysregulation” model provides a neurobiological framework for self-

injurious behaviors. This study aimed to identify resting-state neural markers of

suicidal ideation severity in adolescents with NSSI and to build a predictive model

for individualized risk assessment.

Methods: We recruited 64 adolescent psychiatric inpatients with NSSI. Suicidal

ideation was measured using the Beck Scale for Suicide Ideation (BSI). Resting-

state functional MRI (rs-fMRI) was used to measure spontaneous brain activity via

the amplitude of low-frequency fluctuation (ALFF). We performed a whole-brain

correlation analysis between ALFF and BSI scores. A support vector regression

(SVR) model was then developed using the identified neural feature to predict

individual BSI scores.

Results: A significant negative correlation was found between BSI scores and

ALFF values in the left Middle Frontal Gyrus (MFG). Lower spontaneous activity in

this region was associated with more severe suicidal ideation. The SVR model,

based on the left MFG ALFF values, successfully predicted individual BSI scores

with significant accuracy (r = 0.492, p < 0.001), a finding confirmed by

permutation testing.
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Conclusion: Diminished resting-state activity in the left MFG is a key neural

correlate of suicidal ideation severity in adolescents with NSSI. The functional

activity of the left MFG is a promising biomarker for suicide risk assessment and

may serve as a potential target for novel neuromodulatory therapies in this high-

risk population.
KEYWORDS
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1 Introduction

Non-Suicidal Self-Injury (NSSI) is defined as the intentional,

self-inflicted destruction of body tissue without suicidal intent (1).

Common manifestations include cutting, burning, hitting, and

scratching the skin (2, 3). Distinguished by its unique intent,

frequency, and lethality, NSSI is formally recognized in the

Diagnostic and Statistical Manual of Mental Disorders, 5th

Edition (DSM-5) as a “Condition for Further Study” (1). With a

lifetime prevalence of 17–23% in community adolescent samples

and as high as 50% in adolescent inpatient populations, NSSI

constitutes a significant public health concern (4–8).

The most severe clinical ramification of NSSI is its robust

association with suicidality (9). A substantial body of evidence

identifies NSSI as one of the most potent and consistent

predictors of future suicide attempts, surpassing other established

risk factors such as depression and hopelessness (10, 11).

Individuals with a history of NSSI face a nearly 30-fold increased

risk of attempting suicide compared to the general population, and

up to 70% of adolescents who engage in NSSI report at least one

lifetime suicide attempt (12, 13). The fluctuating and often

concealed nature of suicidal ideation further complicates timely

identification and intervention (14, 15). Consequently, there is an

urgent need to develop objective, biologically-based markers for

precise risk stratification within this high-risk cohort (16, 17).

Resting-State Functional MRI (rs-fMRI) provides a critical

neurobiological lens for understanding self-injurious behaviors.

The “prefrontal-limbic dysregulation” model is a widely accepted

framework positing a shared underlying mechanism for both NSSI

and Suicidal Thoughts and Behaviors (STBs) (18–20). This model

theorizes that self-injurious behaviors arise from an imbalance

between hyper-responsive subcortical limbic regions implicated in

the generation of intense negative affect (e.g., amygdala, striatum)

and hypo-functional Prefrontal Cortex (PFC) regions responsible

for top-down cognitive control and emotion regulation (19, 21, 22).

Converging evidence of reduced gray matter volume, attenuated

activation, and compromised white matter integrity within this

network in both NSSI and STB populations underscores their

shared neural correlates (19, 21, 23, 24). Within this circuitry, the

PFC serves as the central hub for top-down regulation (25, 26). The
02
lateral PFC, in particular, is integral to emotion regulation strategies

and plays a pivotal role in key cognitive control functions such as

goal-directed thought, behavioral inhibition, and working memory

(22, 27). Therefore, diminished spontaneous activity in this region

may signify attenuated top-down control, thereby facilitating the

intensification of suicidal ideation.

Although previous research has linked abnormal activity in

frontal regions to self-injury and suicidality—observing reduced

spontaneous activity in adults and adolescents with a history of

suicide attempts (28, 29), demonstrating its utility in classification

models (29), and gathering indirect support from meta-analyses

and electroconvulsive therapy studies (30–32)—this body of work

has notable limitations. Studies have often focused on adult

populations or adolescents with a history of suicide attempts,

rather than specifically targeting the high-risk NSSI adolescent

cohort prior to an attempt. Furthermore, the reliance on

classification models, which distinguish between discrete groups,

precludes the ability to predict the severity of suicidal ideation along

a continuum. These shortcomings limit their clinical applicability

for nuanced, prospective risk stratification in adolescents with NSSI.

To address these gaps, the present study recruited a cohort of

adolescents with NSSI to identify alterations in resting-state

spontaneous brain activity associated with the severity of suicidal

ideation and to construct a regression model capable of predicting

individual scores. We hypothesized that, given its critical role in the

pathophysiology of suicide, diminished spontaneous activity in

specific prefrontal cortical regions would be significantly

correlated with suicidal ideation. We further hypothesized that

this neural signature could serve as a robust feature in a

predictive model, enabling a validated estimation of an

individual’s suicidal ideation severity.
2 Materials and methods

2.1 Participants

A total of 64 adolescent psychiatric inpatients were recruited

from the Department of Psychology and Sleep Medicine at the

Second Affiliated Hospital of Anhui Medical University between
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February 2023 and November 2024. The inclusion criteria were as

follows: (1) a primary diagnosis of a mood or behavioral disorder

based on the International Classification of Diseases, 10th Revision

(ICD-10), confirmed independently by two board-certified

psychiatrists; (2) age 18 years or younger; (3) education level of

primary school or higher; (4) right-handedness; and (5) presence of

self-injurious behavior meeting the proposed criteria for NSSI in the

DSM-5. Exclusion criteria were: (1) comorbid neurological or

systemic diseases, a history of head trauma, or other significant

medical conditions; (2) pregnancy or lactation; (3) a history of

alcohol or other psychoactive substance use disorders; (4)

contraindications to MRI, such as the presence of metal implants;

and (5) excessive head motion during MRI scanning (defined as

maximum translation > 3 mm or maximum rotation > 3°); and (6)

incomplete clinical data. The study was conducted in accordance

with the Declaration of Helsinki and was approved by the Ethics

Committee of Anhui Medical University (No. 83230422). Written

informed consent was obtained from all participants and their legal

guardians prior to their inclusion in the study.
2.2 Clinical assessments

General demographic information, including sex, age, years of

education, and duration of illness, was collected for all participants. The

severity of depression and anxiety was assessed using the 24-item

Hamilton Depression Rating Scale (HAMD-24) (33) and the Hamilton

Anxiety Rating Scale (HAMA) (34), respectively. The Adolescent Non-

Suicidal Self-Injury Assessment Questionnaire (ANSAQ) was

administered to evaluate the functions and underlying motivations of

self-injurious behaviors. We further collected information on the total

number of self-injury episodes within the preceding two weeks. Suicidal

ideation was evaluated using the Chinese version of the Beck Scale for

Suicide Ideation (BSI) (35). Originally developed by Beck in 1979 based

on clinical experience and theoretical research (36), the BSI is one of the

most widely used tools for assessing suicidal ideation in clinical and

research settings worldwide (36). The Chinese version was adapted by

Li et al. to better suit the local cultural context, and its reliability and

validity were subsequently tested (37). The BSI is a 19-item self-report

scale that evaluates the severity of suicidal ideation, with total scores

ranging from 0 to 38. The scale assesses various aspects of suicidality,

including the intensity of active and passive suicidal desires, specific

characteristics of the ideation (such as frequency and duration), the

extent of preparation for a potential attempt, and deterrents to

suicide (38).
2.3 MRI data acquisition

All MRI scans were performed on the same 3.0 Tesla Siemens

Verio scanner at the Department of Radiology, the Second Affiliated

Hospital of Anhui Medical University. Participants were positioned

supine in the scanner and instructed to keep their eyes closed, remain

awake, and minimize head movements. To attenuate scanner noise,

all participants were provided with earplugs. Resting-state fMRI data
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were acquired using 250 echo-planar imaging (EPI) sequences,

yielding a total scan duration of 10 minutes and 9 seconds. The

imaging parameters were as follows: repetition time (TR) = 2400 ms,

echo time (TE) = 25 ms, flip angle = 90°, matrix size = 64 × 64, field of

view (FOV) = 192 × 192 mm², slice thickness = 3 mm, 48 slices in

total, and voxel size = 3 × 3 × 3 mm³. High-resolution structural

images were obtained using T1-weighted anatomical scans across 176

sagittal slices, with the following parameters: TR = 1900ms, TE = 2.98

ms, flip angle = 12°, FOV = 256 × 256 mm², slice thickness = 1 mm,

and voxel size = 1 × 1 × 1 mm³.
2.4 fMRI data preprocessing

Image preprocessing and ALFF calculation were performed

using the Resting-State fMRI Data Analysis Toolkit plus

(RESTplus, v1.28; http://www.restfmri.net) (39), which is based

on Statistical Parametric Mapping (SPM12; www.fil.ion.ucl.ac.uk/

spm) (40) software. The preprocessing pipeline included the

following steps (1): discarding the first 10 time points to allow for

scanner stabilization; (2) slice timing correction and head motion

correction; (3) spatial normalization of functional and structural

images to the Montreal Neurological Institute (MNI) standard

space using the DARTEL algorithm; (4) spatial smoothing with a

6 × 6 × 6 mm Gaussian kernel; (5) removal of linear trends; (6)

regression of nuisance covariates, including white matter signals,

cerebrospinal fluid signals, global mean signals, and head

motion parameters.
2.5 ALFF calculation

Following preprocessing, the whole-brain ALFF map was

calculated for each participant. For each voxel, the time series was

first filtered (0.01–0.08 Hz) and then transformed into the

frequency domain using a Fast Fourier Transform to obtain the

power spectrum. The square root of the power spectrum was

calculated at each frequency, and the average square root across

the 0.01–0.08 Hz band was taken as the ALFF value. Finally, each

individual’s ALFF map was standardized by dividing it by the mean

ALFF value within the whole-brain gray matter mask.
2.6 Statistical analysis

Descriptive statistics for demographic and clinical data were

calculated using SPSS (Version 25.0). A multiple regression analysis

was performed using the General Linear Model (GLM) in SPM12 to

investigate the relationship between ALFF values and BSI scores within

a whole-brain gray matter mask (excluding the cerebellum). The

statistical maps were corrected for multiple comparisons using a

False Discovery Rate (FDR) correction at the voxel level with a

threshold of p < 0.05, which was based on an initial voxel-level

cluster-forming threshold of p < 0.001 and a minimum cluster size

of 20 voxels. The xjView toolbox (https://www.alivelearn.net/xjview)
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(41) was used to identify and report the anatomical locations and

peak coordinates of significant clusters. For post-hoc analysis, the

mean ALFF values were extracted from the significant cluster. The

normality of the data distribution was assessed using a Lilliefors test.

Based on the test results, a Spearman correlation was conducted to

further examine the relationship between the extracted ALFF values

and BSI scores. The resulting correlation coefficient (r) also serves

as an indicator of the effect size. A p-value < 0.05 was considered

statistically significant.
2.7 Machine learning prediction

A machine learning model was developed in MATLAB 2021b

(MathWorks Inc.) using the LIBSVM toolbox (42) to estimate BSI

scores from the extracted neural signatures. The mean ALFF values

from the significant cluster identified in the whole-brain analysis

(i.e., the left MFG) were extracted to serve as the single feature for

the prediction model. A support vector regression (SVR) model

with a linear kernel was employed to build the predictive model. A

Leave-One-Out Cross-Validation (LOOCV) scheme was

implemented. In each fold of the LOOCV, one participant was

held out as the test set, while the remaining participants constituted

the training set. Within each fold, a grid-search approach combined

with a 5-fold inner cross-validation was used on the training set to

optimize the SVR hyperparameters C (BoxConstraint) and e
(Epsilon). The model’s predictive performance was evaluated by

calculating the Pearson correlation coefficient (r) and the Root

Mean Squared Error (RMSE) between the LOOCV-predicted BSI

scores and the actual scores. To test the robustness of our findings,

we also explored alternative models and cross-validation schemes

(Detailed in Supplementary Methods).
2.8 Permutation test

To assess the statistical significance of the SVR model’s

predictive accuracy, a non-parametric permutation test (5,000

iterations) was performed. In each iteration, the BSI scores

(labels) were randomly shuffled among the participants, and the

entire LOOCV and prediction process was repeated. This procedure

generated a null distribution of correlation coefficients. The p-value

was then calculated as the proportion of permutations in which the

correlation coefficient was greater than or equal to the one obtained

from the real, unshuffled data.
3 Results

3.1 Demographic and clinical
characteristics

The study included 64 adolescents with NSSI. The demographic

and clinical characteristics of the participants are summarized in
Frontiers in Psychiatry 04
Table 1. The mean age of the participants was 14.42 ± 1.65 years,

and the sample was predominantly female (79.7%). The average

duration of illness was 24.23 ± 20.53 months. Participants reported

moderate levels of depression, anxiety, and suicidal ideation, with

mean scores for the HAMD-24, HAMA, and BSI being 23.17 ± 11.18,

19.00 ± 8.79, and 20.73 ± 8.32, respectively. Participants engaged in an

average of 4.92 ± 2.90 self-injurious behaviors in the two weeks prior to

assessment. The majority of participants were receiving psychotropic

medication, with SSRIs being the most common treatment (n = 58).
3.2 Voxel-wise correlation between ALFF
and BSI scores

The whole-brain voxel-wise analysis revealed a significant negative

correlation between ALFF values and BSI scores in a single brain

cluster. This cluster was located in the left Middle Frontal Gyrus

(MFG). The detailed statistical information for this cluster is presented

in Table 2. The anatomical location of this cluster is visualized in

Figure 1. To further investigate this relationship, the mean ALFF values

were extracted from the left MFG cluster for post-hoc analysis. A

Spearman correlation analysis confirmed a significant negative

relationship between the ALFF values of the left MFG and the BSI

scores (r = -0.42, p < 0.001), as illustrated in Figure 2. This indicates

that lower spontaneous brain activity in the left MFG is associated with

higher levels of suicidal ideation in adolescents with NSSI.
3.3 SVR prediction performance

Using the mean ALFF values from the left MFG as the sole

feature, the SVR model successfully predicted individual BSI scores.

The cross-validated prediction achieved a significant correlation

with the actual scores (r = 0.492, p < 0.001), with a RMSE of 7.225

(Figure 3A). The model fit demonstrated a clear negative linear

relationship between the ALFF feature and BSI scores (Figure 3B).

Furthermore, the residual plot showed a random distribution of

errors around the zero line, indicating no systematic bias in the

model’s predictions (Figure 3C). The model showed stable

performance under 5-fold cross-validation (Supplementary

Figure 1), with comparable predictive accuracy achieved by

alternative linear models, including Linear, Ridge, and Lasso

regression (Supplementary Figure 2).
3.4 Permutation test

The statistical significance of the SVR model’s performance was

confirmed by a permutation test with 5,000 iterations. The test

revealed that the correlation coefficient obtained from the actual

data (r = 0.492) was significantly higher than those generated from

the null distribution of randomly shuffled labels (p <0.001). This

result demonstrates that the predictive relationship identified by the

model is unlikely to be due to chance (Figure 3D).
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4 Discussion

This study aimed to investigate the neurobiological underpinnings

of suicidal ideation in adolescents with NSSI and to test the potential of

an rs-fMRI-based model for individualized risk prediction. By

integrating a voxel-wise whole-brain analysis with a machine learning

approach, we identified two core findings. First, within our cohort of

adolescents with NSSI, the intensity of resting-state spontaneous brain
Frontiers in Psychiatry 05
activity (measured by ALFF) in the left MFG was significantly and

negatively correlated with the severity of suicidal ideation (measured by

BSI). Second, an SVR model, built upon this neural feature, successfully

predicted individual BSI scores with statistically significant accuracy.

These findings provide novel neurocircuitry-level evidence for

understanding the critical clinical link from NSSI to suicidality and

offer a preliminary yet robust foundation for developing objective,

interpretable biomarkers for precise risk stratification.

Elucidating the complex clinical relationship between NSSI and

suicidal ideation is crucial. Epidemiological and prospective studies

have found that up to 70% of adolescents with a history of NSSI

report at least one suicide attempt (43). NSSI may be one of the

most powerful single predictors of future suicide attempts, with a

predictive utility that can exceed traditionally recognized risk

factors such as depression and hopelessness (12, 44, 45). The

Acquired Capability for Suicide model offers an influential

framework for understanding why NSSI may lead to more severe

suicidal behaviors (46). According to this theory, an individual must

not only desire to end their life but also overcome the fear and pain

associated with self-injury, thereby increasing their capacity to

engage in suicidal acts (16). NSSI is often used as a strategy to

cope with unbearable negative emotions, and this underlying

emotional dysregulation is a key factor that may drive suicidal

ideation (47). Furthermore, repeated acts of self-injury may reduce

an individual’s sensitivity to the pain they cause (48). Over time, this

process may normalize self-harm, potentially making it easier to

perform more severe or lethal acts (16). Indeed, research suggests a

correlation between a higher frequency and longer duration of NSSI

and more lethal and frequent suicide attempts (16).

Our central finding is that greater suicidal ideation severity in

adolescents with NSSI is associated with diminished resting-state

activity in the left MFG. As a metric of spontaneous fluctuations in

the BOLD signal, ALFF values directly reflect the intensity of

baseline neuronal activity or energy consumption in a given brain

region during a task-free state (49, 50). The left MFG is a key

component of the dorsolateral prefrontal cortex (DLPFC) (51),

which is widely regarded as the “command center” of the cognitive

control network (52). This network is responsible for a range of

“cold” executive functions, including working memory, planning

and execution of goal-directed behavior, attentional allocation, and,

critically, the top-down inhibition of maladaptive thoughts and

impulses (53–56). The “prefrontal-limbic dysregulation” hypothesis

is a cornerstone of neurocircuitry models of psychopathology,

positing that symptoms of depression, anxiety, and suicidal

behavior arise from impaired regulation of limbic emotion

centers, such as the amygdala, by the PFC (18–22). When

confronted with negative affect or stress, the prefrontal cognitive
TABLE 1 Demographic and clinical characteristics of the participants
(N = 64).

Characteristic Value

Demographics

Sex (male/female), n (%) 13/51 (20.3/79.7)

Age (years) 14.42 (1.65)

Education (years) 8.45 (1.47)

Clinical characteristics

Duration of illness (months) 24.23 (20.53)

HAMD-24 score 23.17 (11.18)

HAMA score 19.00 (8.79)

BSI score 20.73 (8.32)

ANSAQ

Selfish social 25.34 (6.92)

Negative reinforcement 19.06 (3.09)

Emotional expression 13.84 (3.59)

NSSI frequency 4.92 (2.90)

Medication status, n

SSRI 58

SNRI 4

NaSSA 2

Antipsychotics 21

Benzodiazepines 6

Non-Benzodiazepines 4

Mood stabilizers 2
Values are presented as mean (SD) for continuous variables and n (%) for categorical
variables. NSSI frequency represents the number of self-injurious behaviors in the past two
weeks. ANSAQ, Adolescent Non-suicidal Self-injury Assessment Questionnaire. BSI, Beck
Scale for Suicide Ideation; HAMD-24, 24-item Hamilton Depression Rating Scale; HAMA,
Hamilton Anxiety Rating Scale; NaSSA, Noradrenergic and Specific Serotonergic
Antidepressant; SD, Standard Deviation; SNRI, Serotonin-Norepinephrine Reuptake
Inhibitor; SSRI, Selective Serotonin Reuptake Inhibitor.
TABLE 2 Brain region showing a significant correlation between ALFF and BSI scores in adolescents with NSSI.

Brain region Abbreviation
Peak MNI coordinate

Number of voxels Peak T value
x y z

Left Middle Frontal Gyrus L-MFG -39 27 36 25 -4.940
Results were corrected for multiple comparisons using FDR correction (p < 0.05, cluster size > 20 voxels). ALFF, Amplitude of Low-Frequency Fluctuation; BSI, Beck Scale for Suicide Ideation;
MNI, Montreal Neurological Institute; FDR, False Discovery Rate.
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FIGURE 1

Brain region showing a significant negative correlation between ALFF values and BSI scores in adolescents with NSSI. The significant cluster in the
left middle frontal gyrus is overlaid on a standard MNI template brain. The color bar indicates the T-values of the correlation. Statistical maps were
set at a threshold of FDR correction (p < 0.05, cluster size > 20 voxels). ALFF, Amplitude of Low-Frequency Fluctuation; BSI, Beck Scale for Suicide
Ideation; FDR, False Discovery Rate; L, Left; R, Right.
FIGURE 2

Correlation between ALFF values in the left MFG and BSI scores. Scatter plot illustrating the significant negative correlation between the ALFF values
extracted from the left MFG and the BSI scores across all participants. The solid black line represents the linear regression fit, and the shaded gray
area indicates the 95% confidence interval. The Spearman correlation coefficient (r) and p-value are displayed in the upper right corner. ALFF,
Amplitude of Low-Frequency Fluctuation; MFG, middle frontal gyrus; BSI, Beck Scale for Suicide Ideation.
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control system applies “brakes” to limbic hyperactivity through

strategies like cognitive reappraisal, thereby maintaining emotional

homeostasis (57, 58). The reduced resting-state activity in the left

MFG observed in our study can be interpreted as a marker of

compromised functional integrity within this top-down regulatory

system. At a behavioral level, this functional deficit may manifest as

an inability to effectively suppress intrusive suicidal thoughts (59–

61), disengage from negative rumination (62, 63), or successfully

reappraise negative cognitions such as hopelessness (64, 65)—all of

which are core psychological processes in a suicidal crisis.

This finding converges with a body of prior research, despite some

heterogeneity in findings. Previous studies have reported reduced

resting-state ALFF associated with suicidal behavior or ideation in

other DLPFC subregions, including the medial superior frontal gyrus

and precuneus (28, 29). Structural imaging studies have also

documented reduced gray matter volume in the DLPFC (66) and

weakened functional connectivity (67, 68) in individuals with suicidal

ideation. Furthermore, task-based fMRI and fNIRS studies have reported

enhanced left DLPFC activation and reduced right DLPFC activation
Frontiers in Psychiatry 07
during emotion regulation tasks (65, 69). This may reflect a hemispheric

lateralization of DLPFC function in emotion regulation, with the left

hemisphere being more involved in cognitive control and approach

motivation, while the right is more associated with negative affect and

avoidance motivation (70, 71). Collectively, our study contributes

specific evidence that diminished intrinsic function of the left MFG

may be a core feature of the neurobiological substrate of suicidal ideation

within the high-risk population of adolescents with NSSI.

A central goal in psychiatry is the transition from research

paradigms based on group-level mean differences to a precision

medicine model enabling individualized prediction (72). By

employing an SVR model, we successfully predicted the severity of

an individual’s suicidal ideation using ALFF values from the left MFG.

The model demonstrated not only a significant predictive accuracy

(r=0.492) but also a high degree of reliability and interpretability. The

use of a LOOCV scheme minimizes model bias, and the permutation

test confirmed the robustness of the predictive relationship. This work

demonstrates the promise of using functional activity from a specific,

theoretically-grounded brain region as a potential biomarker (73).
FIGURE 3

Performance and validation of the SVR model for predicting BSI scores from ALFF values. (A) Scatter plot of the SVR model’s predicted BSI scores
versus the actual BSI scores. The solid black line represents the linear regression fit, while the dashed red line indicates a perfect prediction (y=x).
The Pearson correlation coefficient (R) and RMSE are shown. (B) Visualization of the SVR model fit, illustrating the negative linear relationship learned
between the ALFF feature and the BSI scores. (C) Residual plot showing the difference between actual and predicted BSI scores plotted against the
predicted scores. The random distribution of residuals around the zero line indicates no systematic model bias. (D) Null distribution of the
correlation coefficient from 5,000 permutation tests. The red dashed line indicates the actual correlation coefficient (R = 0.492), which falls far
outside the null distribution, demonstrating the statistical significance of the prediction. SVR, Support Vector Regression; BSI, Beck Scale for Suicide
Ideation; RMSE, Root Mean Squared Error.
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Several limitations of this study warrant consideration. First, the

cross-sectional design precludes causal inferences; it is not possible to

determine whether reduced MFG function is a pre-existing trait marker

of risk for suicidal ideation or a state-dependent correlate of an acute

suicidal episode. Longitudinal studies tracking high-risk adolescents

over time are needed to disentangle this relationship (74). Second, our

sample size is relatively small and has limited representativeness. This

may affect the robustness of the findings and increase the risk of

overfitting in the machine learning model. The predominantly female

sample limits generalizability to male adolescents, and the recruitment

of only inpatients may not represent community-dwelling adolescents

with NSSI. Third, the whole-brain correlation analysis did not control

for potential confounding variables such as age, sex, illness duration, and

medication use. For instance, the female predominance and widespread

use of antidepressants in our sample may have altered prefrontal

activity, potentially confounding the observed association between

ALFF and suicidal ideation. Fourth, the vast majority of our

participants were receiving psychotropic medication, which represents

a potential confounding factor. Future research should aim to replicate

these findings in a medication-naïve sample and incorporate relevant

covariates into the statistical model. Fifth, this study lacks a clinical

control group, which limits our ability to determine the diagnostic

specificity of our findings. The observed alteration in the left MFG’s

spontaneous activity might not be specific to suicidal ideation within the

NSSI context but could represent a transdiagnostic marker shared with

other psychiatric conditions highly comorbid with NSSI, such as major

depressive disorder. This potentially overstates the immediate clinical

translatability of this finding as a specific biomarker for the NSSI

population. Future research should include comparative clinical

groups (e.g., major depression patients without NSSI) to clarify the

specificity of this neural signature. Finally, this study relied on a single

neuroimaging metric, which consequently limited our machine learning

model to a single predictive feature. Future investigations should

incorporate multimodal imaging approaches to provide a more

comprehensive characterization of brain pathology, which may in

turn yield higher predictive accuracy (75, 76).
5 Conclusion

In conclusion, this study demonstrates that among adolescents

with NSSI, a high-risk population for suicide, the resting-state neural

activity level of the left MFG is significantly and negatively correlated

with the severity of suicidal ideation. We further successfully validated

that a machine learning model based on this neural feature can predict

individualized suicide risk. Therefore, the resting-state activity of the

left MFG not only emerges as a promising potential biomarker but

also provides a putative target for the development of more precise

neuromodulatory therapeutic strategies.
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5. Farkas BF, Takacs ZK, Kollárovics N, Balázs J. The prevalence of self-injury in
adolescence: a systematic review and meta-analysis. Eur Child Adolesc Psychiatry.
(2024) 33:3439–58. doi: 10.1007/s00787-023-02264-y

6. Plener PL, Schumacher TS, Munz LM, Groschwitz RC. The longitudinal course of
non-suicidal self-injury and deliberate self-harm: a systematic review of the literature.
Borderline Pers Disord Emot Dysregul. (2015) 2:2. doi: 10.1186/s40479-014-0024-3

7. Barker CH, Gibson J, Tusa R, Pearson C, Mack A, Sukhdeo S, et al. A systematic
review and meta-analysis of non-suicidal self-injury among incarcerated juveniles.
Academia Ment Health Well-Being. (2024) 1. doi: 10.20935/mhealthwellb7334

8. Xiao Q, Song X, Huang L, Hou D, Huang X. Global prevalence and characteristics
of non-suicidal self-injury between 2010 and 2021 among a non-clinical sample of
adolescents: A meta-analysis. Front Psychiatry. (2022) 13:912441. doi: 10.3389/
fpsyt.2022.912441

9. Herzog S, Choo T-H, Galfalvy H, Mann JJ, Stanley B. The effect of non-suicidal
self-injury on suicidal ideation: A real-time monitoring study. Br J Psychiatry. (2022)
221:485–7. doi: 10.1192/bjp.2021.225

10. Kothadia. Risk factors for nonsuicidal self-injury: A review of the evidence. CP.
(2022) 21. doi: 10.12788/cp.0251

11. Yan H, Yue W. Risk factors, theoretical models, and biological mechanisms of
nonsuicidal self-injury: a brief review. Interdiscip Nurs Res. (2023) 2:112–20.
doi: 10.1097/NR9.0000000000000023

12. Wang Y-J, Li X, Ng CH, Xu D-W, Hu S, Yuan T-F. Risk factors for non-suicidal
self-injury (NSSI) in adolescents: A meta-analysis. EClinicalMedicine. (2022)
46:101350. doi: 10.1016/j.eclinm.2022.101350

13. Zhou Y, Yu R, Ai M, Cao J, Li X, Hong S, et al. A resting state functional
magnetic resonance imaging study of unmedicated adolescents with non-suicidal self-
injury behaviors: evidence from the amplitude of low-frequency fluctuation and
regional homogeneity indicator. Front Psychiatry. (2022) 13:925672. doi: 10.3389/
fpsyt.2022.925672

14. Friedlander A, Nazem S, Fiske A, Nadorff MR, Smith MD. Self-concealment and
suicidal behaviors. Suicide Life Threat Behav. (2012) 42:332–40. doi: 10.1111/j.1943-
278X.2012.00094.x

15. Hogge I, Blankenship P. Self-concealment and suicidality: Mediating roles of
unmet interpersonal needs and attitudes toward help-seeking. J Clin Psychol. (2020)
76:1893–903. doi: 10.1002/jclp.22964

16. Scott LN, Pilkonis PA, Hipwell AE, Keenan K, Stepp SD. Non-suicidal self-injury and
suicidal ideation as predictors of suicide attempts in adolescent girls: A multi-wave
prospective study. Compr Psychiatry. (2015) 58:1–10. doi: 10.1016/j.comppsych.2014.12.011

17. Wolff B, Franco VR, Magiati I, Pestell CF, Glasson EJ. Psychosocial and
neurocognitive correlates of suicidal thoughts and behaviours amongst siblings of
persons with and without neurodevelopmental conditions. Res Dev Disabil. (2023)
139:104566. doi: 10.1016/j.ridd.2023.104566
18. Kovner R, Oler JA, Kalin NH. Cortico-limbic interactions mediate adaptive and
maladaptive responses relevant to psychopathology. Am J Psychiatry. (2019) 176:987–
99. doi: 10.1176/appi.ajp.2019.19101064

19. Auerbach RP, Pagliaccio D, Allison GO, Alqueza KL, Alonso MF. Neural
correlates associated with suicide and non-suicidal self-injury in youth. Biol
Psychiatry. (2021) 89:119–33. doi: 10.1016/j.biopsych.2020.06.002

20. Schreiner MW, Klimes-Dougan B, Begnel ED, Cullen KR. Conceptualizing the
neurobiology of non-suicidal self-injury from the perspective of the Research Domain
Criteria Project. Neurosci Biobehav Rev. (2015) 57:381–91. doi: 10.1016/
j.neubiorev.2015.09.011

21. Brañas MJAA, Croci MS, Ravagnani Salto AB, Doretto VF, Martinho E, Macedo
M, et al. Neuroimaging studies of nonsuicidal self-injury in youth: A systematic review.
Life (Basel). (2021) 11:729. doi: 10.3390/life11080729

22. Ray R, Zald DH. Anatomical insights into the interaction of emotion and
cognition in the prefrontal cortex. Neurosci Biobehav Rev. (2012) 36:479–501.
doi: 10.1016/j.neubiorev.2011.08.005

23. Zanghì E, Corallo F, Lo Buono V. Diffusion tensor imaging studies on subjects
with suicidal thoughts and behaviors: A descriptive literature review. Brain Behav.
(2022) 12:e2711. doi: 10.1002/brb3.2711

24. Case JAC, Mattoni M, Olino TM. Examining the neurobiology of non-suicidal
self-injury in children and adolescents: the role of reward responsivity. J Clin Med.
(2021) 10:3561. doi: 10.3390/jcm10163561

25. Rossi AF, Pessoa L, Desimone R, Ungerleider LG. The prefrontal cortex and the
executive control of attention. Exp Brain Res. (2009) 192:489–97. doi: 10.1007/s00221-
008-1642-z

26. Chang WH, Lee IH, Chi MH, Lin S-H, Chen KC, Chen PS, et al. Prefrontal
cortex modulates the correlations between brain-derived neurotrophic factor level,
serotonin, and the autonomic nervous system. Sci Rep. (2018) 8:2558. doi: 10.1038/
s41598-018-20923-y

27. Dixon ML. Cognitive control, emotional value, and the lateral prefrontal cortex.
Front Psychol. (2015) 6:758. doi: 10.3389/fpsyg.2015.00758

28. Wagner G, Li M, Sacchet MD, Richard-Devantoy S, Turecki G, Bär K-J, et al.
Functional network alterations differently associated with suicidal ideas and acts in
depressed patients: an indirect support to the transition model. Transl Psychiatry.
(2021) 11:100. doi: 10.1038/s41398-021-01232-x

29. Zhou Y, Song Y, Chen C, Yan S, Chen M, Liu T. Abnormal amplitude of low-
frequency fluctuation values as a neuroimaging biomarker for major depressive disorder
with suicidal attempts in adolescents: A resting-state fMRI and support vector machine
analysis. Front Psychol. (2023) 14:1146944. doi: 10.3389/fpsyg.2023.1146944

30. Wang X, Wu H, Wang D, Wang W, Wang W, Jin W, et al. Reduced suicidality
after electroconvulsive therapy is linked to increased frontal brain activity in depressed
patients: a resting-state fMRI study. Front Psychiatry. (2023) 14:1224914. doi: 10.3389/
fpsyt.2023.1224914

31. Li X, Yu R, Huang Q, Chen X, Ai M, Zhou Y, et al. Alteration of whole brain
ALFF/fALFF and degree centrality in adolescents with depression and suicidal ideation
after electroconvulsive therapy: A resting-state fMRI study. Front Hum Neurosci.
(2021) 15:762343. doi: 10.3389/fnhum.2021.762343

32. Hu C, Jiang W, Huang J, Lin J, Huang J, Wang M, et al. The amplitude of low-
frequency fluctuation characteristics in depressed adolescents with suicide attempts: a
resting-state fMRI study. Front Psychiatry. (2023) 14:1228260. doi: 10.3389/
fpsyt.2023.1228260

33. Zheng YP, Zhao JP, Phillips M, Liu JB, Cai MF, Sun SQ, et al. Validity and
reliability of the chinese hamilton depression rating scale. Br J Psychiatry. (1988)
152:660–4. doi: 10.1192/bjp.152.5.660
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1671813/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1671813/full#supplementary-material
https://doi.org/10.1177/070674371405901101
https://doi.org/10.3389/fpsyt.2020.00008
https://doi.org/10.3389/fpsyt.2020.00008
https://doi.org/10.3389/fpsyt.2021.681985
https://doi.org/10.1007/s00787-023-02264-y
https://doi.org/10.1186/s40479-014-0024-3
https://doi.org/10.20935/mhealthwellb7334
https://doi.org/10.3389/fpsyt.2022.912441
https://doi.org/10.3389/fpsyt.2022.912441
https://doi.org/10.1192/bjp.2021.225
https://doi.org/10.12788/cp.0251
https://doi.org/10.1097/NR9.0000000000000023
https://doi.org/10.1016/j.eclinm.2022.101350
https://doi.org/10.3389/fpsyt.2022.925672
https://doi.org/10.3389/fpsyt.2022.925672
https://doi.org/10.1111/j.1943-278X.2012.00094.x
https://doi.org/10.1111/j.1943-278X.2012.00094.x
https://doi.org/10.1002/jclp.22964
https://doi.org/10.1016/j.comppsych.2014.12.011
https://doi.org/10.1016/j.ridd.2023.104566
https://doi.org/10.1176/appi.ajp.2019.19101064
https://doi.org/10.1016/j.biopsych.2020.06.002
https://doi.org/10.1016/j.neubiorev.2015.09.011
https://doi.org/10.1016/j.neubiorev.2015.09.011
https://doi.org/10.3390/life11080729
https://doi.org/10.1016/j.neubiorev.2011.08.005
https://doi.org/10.1002/brb3.2711
https://doi.org/10.3390/jcm10163561
https://doi.org/10.1007/s00221-008-1642-z
https://doi.org/10.1007/s00221-008-1642-z
https://doi.org/10.1038/s41598-018-20923-y
https://doi.org/10.1038/s41598-018-20923-y
https://doi.org/10.3389/fpsyg.2015.00758
https://doi.org/10.1038/s41398-021-01232-x
https://doi.org/10.3389/fpsyg.2023.1146944
https://doi.org/10.3389/fpsyt.2023.1224914
https://doi.org/10.3389/fpsyt.2023.1224914
https://doi.org/10.3389/fnhum.2021.762343
https://doi.org/10.3389/fpsyt.2023.1228260
https://doi.org/10.3389/fpsyt.2023.1228260
https://doi.org/10.1192/bjp.152.5.660
https://doi.org/10.3389/fpsyt.2025.1671813
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Li et al. 10.3389/fpsyt.2025.1671813
34. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. (1959)
32:50–5. doi: 10.1111/j.2044-8341.1959.tb00467.x

35. Beck AT, Kovacs M, Weissman A. Assessment of suicidal intention: the Scale for
Suicide Ideation. J Consult Clin Psychol. (1979) 47:343–52. doi: 10.1037//0022-006x.47.2.343

36. Andreotti ET, Ipuchima JR, Cazella SC, Beria P, Bortoncello CF, Silveira RC,
et al. Instruments to assess suicide risk: a systematic review. Trends Psychiatry
Psychother. (2020) 42:276–83. doi: 10.1590/2237-6089-2019-0092

37. Li X-Y, Phillips MR, Zhang Y-L, Xu D, Tong Y-S, Yang F-D, et al. Reliability and
validity of the Chinese version of Beck Scale for Suicide Ideation (BSI-CV) among
university students. Chin Ment Health J. (2011) 25:862–6.

38. Liu J, Zhao K, Zhou S, Hong L, Xu Y, Sun S, et al. Suicidal ideation in Chinese
adults with schizophrenia: associations with neurocognitive function and empathy.
BMC Psychiatry. (2023) 23:311. doi: 10.1186/s12888-023-04739-3

39. Jia X-Z, Wang J, Sun H-Y, Zhang H, Liao W, Wang Z, et al. RESTplus: an
improved toolkit for resting-state functional magnetic resonance imaging data
processing. Sci Bull (Beijing). (2019) 64:953–4. doi: 10.1016/j.scib.2019.05.008

40. Penny WD, Friston KJ, Ashburner JT, Kiebel SJ, Nichols TE. Statistical
parametric mapping: the analysis of functional brain images. Elsevier. (2011) 689.

41. Yoon HJ, Park KW, Jeong YJ, Kang D-Y. Correlation between
neuropsychological tests and hypoperfusion in MCI patients: anatomical labeling
using xjView and Talairach Daemon software. Ann Nucl Med. (2012) 26:656–64.
doi: 10.1007/s12149-012-0625-0

42. Chang C-C, Lin C-J. LIBSVM: A library for support vector machines. ACM
Trans Intell Syst Technol. (2011) 2:1–27. doi: 10.1145/1961189.1961199

43. Duarte TA, Paulino S, Almeida C, Gomes HS, Santos N, Gouveia-Pereira M.
Self-harm as a predisposition for suicide attempts: A study of adolescents’ deliberate
self-harm, suicidal ideation, and suicide attempts. Psychiatry Res. (2020) 287:112553.
doi: 10.1016/j.psychres.2019.112553

44. Kim KL, Cushman GK, Weissman AB, Puzia ME, Wegbreit E, Tone EB, et al.
Behavioral and emotional responses to interpersonal stress: A comparison of
adolescents engaged in non-suicidal self-injury to adolescent suicide attempters.
Psychiatry Res. (2015) 228:899–906. doi: 10.1016/j.psychres.2015.05.001

45. Ammerman BA, Burke TA, O’Loughlin CM, Hammond R. The association
between nonsuicidal and suicidal self-injurious behaviors: A systematic review and
expanded conceptual model. Dev Psychopathol. (2025), 1–16. doi: 10.1017/
S095457942500001X

46. Smith PN, Cukrowicz KC. Capable of suicide: A functional model of the
acquired capability component of the interpersonal-psychological theory of suicide.
Suicide Life Threat Behav. (2010) 40:266–75. doi: 10.1521/suli.2010.40.3.266

47. Thomas D, Bonnaire C. Non-suicidal self-injury and emotional dysregulation in
male and female young adults: A qualitative study. J Korean Acad Child Adolesc
Psychiatry. (2023) 34:159–68. doi: 10.5765/jkacap.230033

48. McCoy K, Fremouw W, McNeil DW. Thresholds and tolerance of physical pain
among young adults who self-injure. Pain Res Manag. (2010) 15:371–7. doi: 10.1155/
2010/326507

49. Jia X-Z, Sun J-W, Ji G-J, Liao W, Lv Y-T, Wang J, et al. Percent amplitude of
fluctuation: A simple measure for resting-state fMRI signal at single voxel level. PloS
One. (2020) 15:e0227021. doi: 10.1371/journal.pone.0227021

50. Mao D, Ding Z, Jia W, Liao W, Li X, Huang H, et al. Low-frequency fluctuations
of the resting brain: high magnitude does not equal high reliability. PloS One. (2015) 10:
e0128117. doi: 10.1371/journal.pone.0128117

51. Jung J, Lambon Ralph MA, Jackson RL. Subregions of DLPFC display graded yet
distinct structural and functional connectivity. J Neurosci. (2022) 42:3241–52.
doi: 10.1523/JNEUROSCI.1216-21.2022

52. Hertrich I, Dietrich S, Blum C, Ackermann H. The role of the dorsolateral
prefrontal cortex for speech and language processing. Front Hum Neurosci. (2021)
15:645209. doi: 10.3389/fnhum.2021.645209

53. Salehinejad MA, Ghanavati E, Rashid MHA, Nitsche MA. Hot and cold
executive functions in the brain: A prefrontal-cingular network. Brain Neurosci Adv.
(2021) 5:23982128211007769. doi: 10.1177/23982128211007769

54. Nejati V, Salehinejad MA, Nitsche MA. Interaction of the left dorsolateral
prefrontal cortex (l-DLPFC) and right orbitofrontal cortex (OFC) in hot and cold
executive functions: evidence from transcranial direct current stimulation (tDCS).
Neuroscience. (2018) 369:109–23. doi: 10.1016/j.neuroscience.2017.10.042

55. Bigliassi M, Filho E. Functional significance of the dorsolateral prefrontal cortex
during exhaustive exercise. Biol Psychol. (2022) 175:108442. doi: 10.1016/
j.biopsycho.2022.108442
Frontiers in Psychiatry 10
56. Jobson DD, Hase Y, Clarkson AN, Kalaria RN. The role of the medial prefrontal
cortex in cognition, ageing and dementia. Brain Commun. (2021) 3:fcab125.
doi: 10.1093/braincomms/fcab125

57. Goldin PR, McRae K, Ramel W, Gross JJ. The neural bases of emotion
regulation: reappraisal and suppression of negative emotion. Biol Psychiatry. (2008)
63:577–86. doi: 10.1016/j.biopsych.2007.05.031

58. Nelson BD, Fitzgerald DA, Klumpp H, Shankman SA, Phan KL. Prefrontal
engagement by cognitive reappraisal of negative faces. Behav Brain Res. (2015) 0:218–
25. doi: 10.1016/j.bbr.2014.11.034

59. Kim K, Jeon HJ. Frontal lobe dysfunction in a depressed patient who survived a
suicide attempt by jumping from the bridge on the han river. Psychiatry Investig. (2017)
14:904–8. doi: 10.4306/pi.2017.14.6.904

60. Schmaal L, van Harmelen A-L, Chatzi V, Lippard ETC, Toenders YJ, Averill LA,
et al. Imaging suicidal thoughts and behaviors: a comprehensive review of 2 decades of
neuroimaging studies.Mol Psychiatry. (2020) 25:408–27. doi: 10.1038/s41380-019-0587-x

61. Bajaj S, Raikes AC, Smith R, Vanuk JR, Killgore WDS. The role of prefrontal
cortical surface area and volume in preclinical suicidal ideation in a non-clinical
sample. Front Psychiatry. (2019) 10:445. doi: 10.3389/fpsyt.2019.00445

62. Chao ZC, Dillon DG, Liu Y-H, Barrick EM, Wu C-T. Altered coordination
between frontal delta and parietal alpha networks underlies anhedonia and depressive
rumination in major depressive disorder. J Psychiatry neuroscience : JPN. (2022) 47:
E367–E378. doi: 10.1503/jpn.220046

63. Ghaznavi S, Deckersbach T. Rumination in bipolar disorder: evidence for an
unquiet mind. Biol Mood Anxiety Disord. (2012) 2:2. doi: 10.1186/2045-5380-2-2

64. Price RB, Duman R. Neuroplasticity in cognitive and psychological mechanisms
of depression: An integrative model. Mol Psychiatry. (2020) 25:530–43. doi: 10.1038/
s41380-019-0615-x

65. Li Y, Grabell AS, Perlman SB. Irritability moderates the association between
cognitive flexibility task performance and related prefrontal cortex activation in young
children. Brain Sci. (2023) 13:882. doi: 10.3390/brainsci13060882

66. Zhang R, Wei S, Chang M, Jiang X, Tang Y, Wang F. Dorsolateral and
ventrolateral prefrontal cortex structural changes relative to suicidal ideation in
patients with depression. Acta Neuropsychiatr. (2020) 32:84–91. doi: 10.1017/
neu.2019.45

67. Johnston JAY, Wang F, Liu J, Blond BN, Wallace A, Liu J, et al. Multimodal
neuroimaging of frontolimbic structure and function associated with suicide attempts
in adolescents and young adults with bipolar disorder. Am J Psychiatry. (2017)
174:667–75. doi: 10.1176/appi.ajp.2016.15050652

68. Fan S, Lippard ETC, Sankar A,Wallace A, Johnston JAY,Wang F, et al. Gray and
white matter differences in adolescents and young adults with prior suicide attempts
across bipolar and major depressive disorders. J Affect Disord. (2019) 245:1089–97.
doi: 10.1016/j.jad.2018.11.095

69. Pan LA, Hassel S, Segreti AM, Nau SA, Brent DA, Phillips ML. Differential
patterns of activity and functional connectivity in emotion processing neural circuitry
to angry and happy faces in adolescents with and without suicide attempt. Psychol Med.
(2013) 43:2129–42. doi: 10.1017/S0033291712002966

70. Spielberg JM, Miller GA, Warren SL, Engels AS, Crocker LD, Banich MT, et al. A
brain network instantiating approach and avoidance motivation. Psychophysiology.
(2012) 49:1200–14. doi: 10.1111/j.1469-8986.2012.01443.x

71. Spielberg JM, Miller GA, Warren SL, Engels AS, Crocker LD, Sutton BP, et al.
Trait motivation moderates neural activation associated with goal pursuit. Cognit Affect
Behav Neurosci. (2012) 12:308–22. doi: 10.3758/s13415-012-0088-8

72. Stein DJ, Shoptaw SJ, Vigo DV, Lund C, Cuijpers P, Bantjes J, et al. Psychiatric
diagnosis and treatment in the 21st century: paradigm shifts versus incremental
integration. World Psychiatry. (2022) 21:393–414. doi: 10.1002/wps.20998

73. Jollans L, Whelan R. Neuromarkers for mental disorders: harnessing population
neuroscience. Front Psychiatry. (2018) 9:242. doi: 10.3389/fpsyt.2018.00242

74. University of Minnesota. A longitudinal study examining three RDoC constructs
in adolescents with non-suicidal self-injury (2025). clinicaltrials.gov. Available online
at: https://clinicaltrials.gov/study/NCT02947308 (Accessed July 23, 2025).

75. Porter A, Fei S, Damme KSF, Nusslock R, Gratton C, Mittal VA. A meta-analysis
and systematic review of single vs. multimodal neuroimaging techniques in the
classification of psychosis. Mol Psychiatry. (2023) 28:3278–92. doi: 10.1038/s41380-
023-02195-9

76. Calhoun VD, Pearlson GD, Sui J. Data-driven approaches to neuroimaging
biomarkers for neurological and psychiatric disorders: emerging approaches and
examples. Curr Opin Neurol. (2021) 34:469–79. doi: 10.1097/WCO.0000000000000967
frontiersin.org

https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
https://doi.org/10.1037//0022-006x.47.2.343
https://doi.org/10.1590/2237-6089-2019-0092
https://doi.org/10.1186/s12888-023-04739-3
https://doi.org/10.1016/j.scib.2019.05.008
https://doi.org/10.1007/s12149-012-0625-0
https://doi.org/10.1145/1961189.1961199
https://doi.org/10.1016/j.psychres.2019.112553
https://doi.org/10.1016/j.psychres.2015.05.001
https://doi.org/10.1017/S095457942500001X
https://doi.org/10.1017/S095457942500001X
https://doi.org/10.1521/suli.2010.40.3.266
https://doi.org/10.5765/jkacap.230033
https://doi.org/10.1155/2010/326507
https://doi.org/10.1155/2010/326507
https://doi.org/10.1371/journal.pone.0227021
https://doi.org/10.1371/journal.pone.0128117
https://doi.org/10.1523/JNEUROSCI.1216-21.2022
https://doi.org/10.3389/fnhum.2021.645209
https://doi.org/10.1177/23982128211007769
https://doi.org/10.1016/j.neuroscience.2017.10.042
https://doi.org/10.1016/j.biopsycho.2022.108442
https://doi.org/10.1016/j.biopsycho.2022.108442
https://doi.org/10.1093/braincomms/fcab125
https://doi.org/10.1016/j.biopsych.2007.05.031
https://doi.org/10.1016/j.bbr.2014.11.034
https://doi.org/10.4306/pi.2017.14.6.904
https://doi.org/10.1038/s41380-019-0587-x
https://doi.org/10.3389/fpsyt.2019.00445
https://doi.org/10.1503/jpn.220046
https://doi.org/10.1186/2045-5380-2-2
https://doi.org/10.1038/s41380-019-0615-x
https://doi.org/10.1038/s41380-019-0615-x
https://doi.org/10.3390/brainsci13060882
https://doi.org/10.1017/neu.2019.45
https://doi.org/10.1017/neu.2019.45
https://doi.org/10.1176/appi.ajp.2016.15050652
https://doi.org/10.1016/j.jad.2018.11.095
https://doi.org/10.1017/S0033291712002966
https://doi.org/10.1111/j.1469-8986.2012.01443.x
https://doi.org/10.3758/s13415-012-0088-8
https://doi.org/10.1002/wps.20998
https://doi.org/10.3389/fpsyt.2018.00242
https://clinicaltrials.gov/study/NCT02947308
https://doi.org/10.1038/s41380-023-02195-9
https://doi.org/10.1038/s41380-023-02195-9
https://doi.org/10.1097/WCO.0000000000000967
https://doi.org/10.3389/fpsyt.2025.1671813
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Resting-state spontaneous brain activity as a neural marker for suicidal ideation in adolescents with non-suicidal self-injury: a voxel-wise and machine learning study
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Clinical assessments
	2.3 MRI data acquisition
	2.4 fMRI data preprocessing
	2.5 ALFF calculation
	2.6 Statistical analysis
	2.7 Machine learning prediction
	2.8 Permutation test

	3 Results
	3.1 Demographic and clinical characteristics
	3.2 Voxel-wise correlation between ALFF and BSI scores
	3.3 SVR prediction performance
	3.4 Permutation test

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


