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Introduction: There is increasing evidence that suicidal individuals exhibit an attentional bias toward negative or suicide-related stimuli, but the underlying neural mechanism remains unclear. This study aimed to investigate the neural mechanism of attentional bias toward emotional stimuli using a modified emotional Stroop task (EST) and to further explore the influencing factor of abnormal attention processing by identifying whether mental disorders or suicidal ideation contributes to attention processing disruptions.

Methods: Fourteen students with suicidal ideation and mental disorders (SIMDs), sixteen students with suicidal ideation but no mental disorders (SINMDs), and fourteen sex- and age-matched healthy controls (HCs) were recruited. Moreover, 64-channel electroencephalography (EEG) data and behavioral responses were recorded simultaneously during the EST. Participants were instructed to respond to the ink color for various types of words (positive, neutral, negative, and suicide) while ignoring their meanings. Event-related potentials (ERPs) were analyzed to evaluate attention to the stimuli. Spearman correlations between clinical psychological assessment scales and ERP signatures were analyzed to determine the risk factors for suicide.

Results: The results showed that the SIMD group exhibited longer early posterior negativity (EPN) latency compared to the SINMD and HC groups, indicating that early attention processing was affected during the EST, and the automatic and rapid processing of emotional information decreased. Furthermore, P300 latency for positive words was positively correlated with current suicidal ideation in the SINMD group, suggesting that delayed responses or additional processing to positive information may lead individuals with suicidal ideation to an incorrect interpretation of external events.

Conclusions: Generally, our findings suggest that the neural characteristics of the SIMD group differed from those of the SINMD and HC groups. EPN latency and P300 latency during the EST may be suicide-related neurophysiological indicators. These results provide neurophysiological signatures of suicidal behavior.
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1. Introduction

Suicide has become a serious global public health issue. According to a World Health Organization survey conducted from 2000 to 2019, an estimated 700,000 individuals worldwide die by suicide annually, and suicide become the fourth leading cause of death in young people aged 15–29 years (1). There are likely to be 20 suicide attempts for every suicide (2). However, our ability to understand, predict, and prevent suicide remains inadequate (3). Suicidal behavior is a continuous spectrum of behaviors, mainly including suicidal ideation, suicide attempt, and suicide death (4). Suicidal ideation, the psychological activity in the early stage of suicide, refers to thoughts of self-harm or death without behaviors that threaten one’s survival (5). During the evolution of psychopathology, patients may move from one type of suicidal behavior to another, and the transition from suicidal ideation to suicide attempt is a common path (6). Suicide attempt is a kind of self-harming behavior with a certain degree of suicidal intention, which may lead to the serious consequence of suicide death (7). One study has shown that suicidal ideation is the most sensitive predictor of suicide attempt (8). The occurrence of suicidal ideation may predict future suicide attempts and even suicide death. Therefore, a better understanding of the risk factors of suicide, particularly in individuals with suicidal ideation, is useful for the early identification of suicide, so as to reduce the incidence of suicide attempts and death.

The traditional assessments of suicide primarily depend on clinical interviews and self-report. However, due to the sensitivity and stigma surrounding suicide, people tend to deny or conceal suicidal thoughts and experiences, or avoid discussing this topic with others (9). This highlights the significance of developing alternative measures for identifying individuals with suicidal thoughts or behaviors.

Several cognitive deficits have been reported in suicidal individuals, including attention deficits (6, 10, 11), impaired memory (12, 13), and decision-making impairments (14, 15). A cognitive model for suicide suggests that individuals with suicidal behaviors show attentional bias toward suicide-related stimuli (e.g., the word “suicide”), possibly due to the activation of suicide schemas. These schemas are relatively stable and durable cognitive templates rooted in the early experience of suicidal individuals, helping people integrate and make sense of stimuli they encounter (16). Suicidal individuals cannot correctly attribute value to external events and often have negative emotions when interpreting social environments, which may activate suicidal behaviors under stress and despair (17). According to the schema theory, once the stimulus is consistent with the schema, the processing of information is easier. Therefore, suicidal individuals preferentially focus on suicide-related stimuli and have difficulty disengaging from these stimuli and allocating attention to other goals (18).

Attentional bias can be measured by an emotional Stroop task (EST) (19–22), during which participants are instructed to respond to the ink color of emotional words. In the EST, emotional interference results from an attentional bias toward emotional stimuli, which manifests as poor performance on the color-naming task (e.g., lower response accuracy and longer reaction time to emotional versus neutral words) (21). Moreover, the emotional interference may be amplified when the meaning of the word is related to the nature of the participant’s psychopathology (19). Some EST studies that included suicide-related stimuli found that compared to non-suicide attempters, suicide attempters showed attentional bias to suicide-related stimuli, exhibited by longer reaction times (23–25). Additional research is needed to explore the characteristics as well as the underlying neural mechanism of attentional bias in individuals with suicidal ideation.

Attention processing occurs within several hundred milliseconds. It is typically studied using methods with high temporal resolution, such as electroencephalography (EEG), to investigate rapid changes in cognitive processes. Event-related potentials (ERPs) are useful to study attention, as they can reflect cognitive processing at the millisecond level (23, 26). Two ERP components, the early posterior negativity (EPN) and P300, can be found in various stages of attention processing during the EST. The EPN is a negative-going deflection over parieto-occipital sites, peaking between 200 and 300 ms after stimulus presentation. It is related to early attentional selection and reflects automatic processing of emotional stimuli (27–31). Previous EST studies have found that the EPN amplitude induced by emotional words or pictures (positive and negative) was larger (i.e., more negative) than that induced by neutral words or pictures (32–35). In a study classifying facial and non-facial stimuli with emotional information, Xin et al. (31) found that EPN was significantly delayed and lower (i.e., more positive) in major depressive disorder (MDD) patients compared to the control group. Their results revealed the dysfunction of early attentional processing of salient emotional faces in MDD. Tavakoli et al. (23) employed an EST including suicide-related words in suicide attempters aged 13–17 but found no significant difference in EPN between groups or across word categories. In addition, no studies have analyzed EPN in suicidal individuals. Another ERP component, the P300 (also called the P3) is a positive peak that occurs approximately 300–500 ms following stimulus onset, with maximum amplitude over centro-parietal electrode sites. The P3 is associated with cognitive activities such as attention, decision-making, and memory (36–40). The results of previous EST studies showed that negative stimuli elicited larger P3 amplitude than neutral stimuli (32, 41). Thomas et al. (42) found larger P3 amplitude to threatening words than neutral words in a modified Stroop task that asked participants to determine whether each word was threatening; however, when the participants were instructed to name the color of the words, P3 amplitude differences between the two word types decreased. Tavakoli et al. (23) observed double-P3 in suicidality, with the early-P3 appearing at approximately 300 ms and the late-P3 appearing at approximately 450–500 ms. Compared to healthy controls (HCs), early- and late-P3 were significantly lower, and late-P3 latency was longer in suicide attempters, suggesting that suicide attempters may adopt different cognitive strategies for the color-naming task.

Generally, although few ERP studies have been conducted on individuals with suicidal behaviors using an EST, previous studies have found that individuals with suicidal behaviors exhibited attentional bias toward suicide and/or negative stimuli compared to HCs (17, 23, 43). However, there are several problems that need to be addressed. First, the behavioral responses and neural mechanism of attentional bias in individuals with suicidal behaviors remain unclear. Second, most samples in previous studies were patients with suicidal ideation or suicide attempts with comorbid mental disorders, such as depression and anxiety, leading to difficulty in determining whether attention deficits are a result of suicide behaviors or mental disorders.

This study aimed to investigate behavioral responses and the neural mechanism of attentional bias toward emotional stimuli using a modified EST in a group with suicidal ideation and to further explore the influencing factor of abnormal attention processing. In other words, the current study sought to identify whether mental disorders or suicidal ideation contributes to attention processing disruptions. We hypothesized that, compared to HCs, individuals with suicidal ideation as well as mental disorders (SIMDs) and individuals with suicidal ideation but no mental disorders (SINMDs) would show abnormal attentional bias in response to suicide and/or negative stimuli. Further, we expected that there would be no significant difference in attentional bias between SINMDs and SIMDs, or that SIMDs would show more severe attentional bias than SINMDs due to mental disorders. These analyses have the potential to shed new light on task performance and the underlying neural mechanism of individuals with suicidal ideation during attentional bias.



2. Materials and methods


2.1. Participants

We recruited participants with current or lifetime history of suicidal ideation from the mental health education center at a university in Tianjin and HCs from general university students through fliers and advertisements. All participants were right-handed undergraduate or graduate students, with age ranging from 17 to 24 years. They had normal or corrected-to-normal vision. The exclusion criteria were as follows: (1) history of head injury or diagnosed with chronic somatic diseases, (2) color blindness and color weakness, (3) an inability to read and understand the materials given to him/her, and (4) suicide attempt history. A Chinese version of the Mini-International Neuropsychiatric Interview (MINI) 5.0 (44), a structured interview tool with good reliability and validity, was used in our study to screen mental disorders and history of suicidal behaviors. It was mainly used to screen and diagnose 16 axis I mental disorders and one personality disorder in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) and the International Statistical Classification of Mental Disorders (ICD-10). We excluded one color-impaired student, two left-handed students, and several students with histories of suicide attempts. Another student was unable to complete the experiment because of his/her social phobia. Eventually, we collected data from 14 SIMDs, 16 SINMDs, and 14 sex- and age-matched HCs. Recruiting participants with suicidal ideation posed inherent challenges, making it difficult to obtain an ample sample size. The study’s sample size was determined based on similar studies (23, 34). Nevertheless, according to MorePower 6.0, the current study is considered underpowered. Consequently, the limited sample size may impact the statistical power and generalizability of the findings, making it essential to interpret the results cautiously.

The study was approved by the Ethics Committee of Tianjin University, China. Prior to the study, all participants signed the written informed consent. It should be noted that there was one 17-year-old first-year university student in the study whose parents were not local. As a result, only verbal consent was obtained from his/her guardian. All participants received remuneration and a gift box including a gel pen, notebook, and key chain for their participation. The demographic and clinical psychological characteristics of all groups are listed in Table 1.



TABLE 1 Demographic and clinical psychological characteristics of the HCs, SINMDs, and SIMDs.
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2.2. Clinical psychological assessment


2.2.1. Suicide Behaviors Questionnaire-Revised

The Suicide Behaviors Questionnaire-Revised (SBQ-R) includes four items and is used to assess suicidal intention and behaviors in clinical and non-clinical applications (45). Each item has a different score for its options. The total score of the scale ranges from 3 to 18, with higher scores indicating a greater risk of suicide. The Chinese version of the SBQ-R was used in this study (46), and Cronbach’s α coefficient was 0.85.



2.2.2. Beck Scale for Suicidal Ideation

The Beck Scale for Suicidal Ideation (BSI) is a 19-item inventory, and each item is assessed on a 3-point rating scale from 0 to 2 (47). The intensity of suicidal ideation is measured by items 1–5 for “currently” (BSI-C) or “at one’s worst time” (BSI-W). The higher the score, the stronger the suicidal ideation. This study used the Chinese version of the BSI (48, 49), and Cronbach’s α coefficients for the BSI-C and BSI-W were 0.90 and 0.89, respectively.



2.2.3. Beck Depression Inventory

The severity of depression is measured using the Beck Depression Inventory (BDI), which includes 21 items (50). Each question offers the participants with four answers to choose from (each scoring 0–3 points). The total score of the scale ranges from 0 to 63, and the higher the total score, the more severe the depression. The Chinese version of the BDI was used in this study (51), and Cronbach’s α coefficient was 0.90.



2.2.4. Self-Rating Anxiety Scale

The Self-Rating Anxiety Scale (SAS) is a 20-item self-report inventory measuring the intensity of anxiety (52). Each item is assessed on a 4-point rating scale from 1 to 4, among which the 5th, 9th, 13th, 17th, and 19th items are assessed in reverse. In this study, we used the Chinese version of the SAS (53), and Cronbach’s α coefficient was 0.89. We added the scores of all items to obtain the total score; then, we multiplied the total score by 1.25 and used the whole number to obtain a standard score. The higher the standard score, the more severe the anxiety.




2.3. Procedure and stimuli

After completing the questionnaires, the participants were seated comfortably in a chair approximately 60 cm away from a 23.5-inch LCD screen. The participants performed an adaptation of the EST, and they were instructed to ignore the meaning of the target word and respond only to the ink color. The stimulus coding paradigm of the EST was presented using PSYCHTOOLBOX in MATLAB R2021b. The stimulus words were printed in red, green, or blue ink in a randomized, counter-balanced order. The words for each of the four word types (positive, neutral, negative, and suicide) were chosen from the Affective Norms for English Words (54) and additional relevant documents (43, 55), with 10 words in each type. We translated the words into Chinese according to the Modern Chinese Dictionary (see Table 2 for details), resulting in consistent length, concreteness, and comparable frequency of use between the word categories. At the beginning of each trial, a fixation cross was displayed at the center of the screen (1.5 s), followed by a target word presented at the center of the monitor. The target word remained on the screen until the participants responded or the time limit was reached (3 s). Then, the word disappeared and the next trial beginning with a fixation cross was initiated (Figure 1). The participants were instructed to indicate the color of each word as quickly and accurately as possible by pressing color-stickered keys on a keyboard. The “F”, “J”, and “B” keys corresponded to red, green, and blue, respectively. A 12-trial practice session was completed first to ensure that the participants followed the instructions. Following the practice session, they performed a test session that included four separate and counter-balanced blocks corresponding to different word types. Within each block of trials, the order of words was random, and each word was presented in each of the three colors once, for a total of 30 trials. One block lasted for a maximum of 2 min 15 s. There was a 1–2 min break between blocks. To avoid practice effects, the words in the practice session were all neutral words and did not appear in the test session. The overall experiment lasted for approximately 60 min, and the EEG portion lasted for approximately 20 min.



TABLE 2 Positive, neutral, negative, and suicide words (Chinese and English translation) used in the emotional Stroop task.
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FIGURE 1
 Sequence of trials in the emotional Stroop task. At the beginning of each trial, a fixation cross was displayed at the center of the screen (1.5 s), followed by a target word printed in red, green, or blue ink in a randomized, counterbalanced order. Following the response completion or time limit (3 s), the target word disappeared and the next trial beginning with a fixation cross was initiated.




2.4. EEG recording and preprocessing

EEG data were acquired by a SynAmps2 amplifier and a Scan4.5 acquisition system (both Neuroscan, Charlotte, NC 28269, United States) with standard 64-channel Ag/AgCl electrodes (Neuroscan, Charlotte, NC 28269, United States) placed on the scalp according to the International 10–20 system. The reference electrode was located at the right mastoid, and the ground electrode was placed on the forehead. Inter-electrode impedances were kept below 5 kΩ. EEG data were digitized continuously at a 1,000 Hz sampling rate.

The preprocessing for EEG data was conducted offline using the EEGLAB toolbox (v2021.1) in MATLAB R2021b. EEG raw data were re-referenced to bilateral mastoid and band-pass filtered between 0.1 and 30 Hz (24 dB/octave slope), followed by down-sampling to 200 Hz. Independent component analysis was employed to identify and remove eye movements, blinks, and muscle-related artifacts. EEG data were segmented into 1,200 ms epochs beginning 200 ms before word onset (with word onset as time 0). We aligned all trials to a common baseline for each channel by subtracting the average of the 200 ms pre-stimulus interval from each trial’s waveform. The epochs in which EEG voltage exceeded ±100 μV relative to the baseline were discarded. Approximately 29 trials remained in each condition (positive, neutral, negative, and suicide). The epochs of each word type were averaged separately per participant at each electrode site.



2.5. ERP analyses

All ERPs were initially identified using the grand average (the average of each group of participants) at site Pz, where ERPs tend to obtain high signal to noise ratio (SNR). The EPN and P300 were observed in every group across all word types, with the EPN appearing at approximately 200 ms and the P300 appearing at approximately 360 ms. Based on previous studies (23), the EPN amplitude was quantified using the mean of all the data points within ±25 ms of the peak amplitude, and its latency was identified using the peak latency in the latency window of 150–280 ms for each participant. Because the P300 tends to occupy a wide latency window, its amplitude was quantified using the mean of all the data points in the latency window of 250–500 ms. P300 latency was identified using the 50% area latency measurement, that is, the time point at which the area under the ERP curve within a certain time window can be divided equally.

Electrode sites were grouped into regions of interest (ROIs) based on where the ERP components have been quantified in previous studies (23, 32, 56–61). The ROIs for the EPN were at parieto-occipital sites, whereas the ROIs for the P300 were at centro-parietal sites. Therefore, the EPN was measured at parietal (P3, Pz, P4), parieto-occipital (PO3, POz, PO4), and occipital (O1, Oz, O2) clusters, and the P300 was quantified at central (C1, Cz, C2), centro-parietal (CP1, CPz, CP2), and parietal (P1, Pz, P2) clusters.



2.6. Statistical analyses

Demographic and clinical psychological characteristics among groups were compared using one-way analysis of variance (ANOVA). The Chi-square test was used for sex comparison. We used the Kruskal-Wallis H test when data showed a non-normal distribution. Behavioral performance data (response accuracy and reaction time) and ERP features (amplitude and latency) were analyzed separately using a mixed-model ANOVA with group (HC, SINMD, SIMD) as a between-subject factor and word type (positive, neutral, negative, and suicide) as a within-subject factor. A generalized estimating equation (GEE) was used when data did not satisfy the normal distribution or homogeneity of variance assumptions. For violations of the sphericity assumption, the Greenhouse–Geisser correction was applied to correct the degrees of freedom. Simple effects were explored when decomposing significant interactions, and Bonferroni corrected probability values (p-values) were used for post-hoc comparisons. We further performed Spearman correlation analyses between ERP characteristics and clinical psychological variables to identify risk factors associated with suicide. Bonferroni corrections for multiple comparisons were applied for the correlations. All the statistical analyses were performed with SPSS 26.0. The alpha level of significance was set at 0.05.




3. Results


3.1. Demographic and clinical psychological characteristics

The participants in this study consisted of undergraduates and postgraduates. The MINI found that the main mental disorders of the sample were depression and anxiety. Therefore, we calculated the severity of depression and anxiety to evaluate the level of mental disorders in the sample. The demographic and clinical psychological characteristics of the HC, SINMD, and SIMD groups are presented in Table 1. There were no significant differences in sex or age across groups (p > 0.05 in all cases). A one-way ANOVA revealed significant differences in SAS across groups (F = 4.292, p = 0.025). A Kruskal-Wallis H test showed that the scores of other clinical psychological scales significantly differed among groups (BDI: H = 12.138, p = 0.002; SBQ-R: H = 29.483, p < 0.001; BSI-C: H = 10.168, p = 0.006; BSI-W: H = 28.315, p < 0.001). Post-hoc comparisons revealed that the SIMD group had significantly larger scores of BDI, SAS, SBQ-R, BSI-C, and BSI-W than the HC group (BDI: p = 0.002; SAS: p = 0.007; SBQ-R: p < 0.001; BSI-C: p = 0.013; BSI-W: p < 0.001) and significantly larger SAS and BSI-C scores than the SINMD group (SAS: p = 0.036; BSI-C: p = 0.022). The SBQ-R and BSI-W scores of the SINMD group were also greater than those of the HC group (both p < 0.001). The results demonstrated that the SIMD group had more severe depression, anxiety, suicide risk, and suicidal ideation compared to the HC group. There was a significant difference in suicide risk and suicidal ideation between the SINMD and HC groups, but not in depression and anxiety. The significant differences of clinical psychological characteristics between the SIMD and SINMD groups were shown in the levels of anxiety and suicidal ideation.



3.2. Behavioral results

Response accuracy and reaction time are presented in Figure 2. The average response accuracy values for each word type were above 0.9 in each group. Further analysis showed that response accuracy was not significantly different across groups, Wald χ2 (2) = 0.137, p = 0.934. Similarly, there was no significant effect of word type, Wald χ2 (3) = 1.622, p = 0.654, or interaction between group and word type, Wald χ2 (6) = 6.826, p = 0.337.

[image: Figure 2]

FIGURE 2
 Behavioral performance on the emotional Stroop task. (A) Response accuracy. (B) Reaction time. Error bars represent standard deviation of the mean. The gray, solid points reflect individual participant data. Asterisk (*) depicts significant differences (p < 0.05). SIMD, individuals with suicidal ideation as well as mental disorders; SINMD, individuals with suicidal ideation but no mental disorders; HC, healthy controls.


For reaction time, an ANOVA showed that the main effect of group failed to reach significance, F(2, 41) = 0.639, p = 0.533, [image: image] = 0.030. There was a significant effect of word type, F(3, 123) = 4.992, p = 0.006, [image: image]= 0.109. Post-hoc comparisons revealed that reaction time was significantly longer for suicide words compared to neutral words (p = 0.017). There were no other significant differences across word types (p > 0.05 in all cases). The interaction between group and word type was not significant, F(6, 123) = 0.324, p = 0.886, [image: image] = 0.016.



3.3. ERP results

Figure 3 shows the grand average ERPs. The EPN and P300 were observed in three groups across all word types, with the EPN appearing at approximately 200 ms (white arrow) and the P300 appearing at approximately 360 ms (black arrow). As depicted in Figures 4 5, the amplitude and latency values of the ERP components were quantified at their ROIs.

[image: Figure 3]

FIGURE 3
 Grand average ERPs. Left: ERP courses of the ROIs for EPN following (A) positive, (B) neutral, (C) negative, and (D) suicide words. The white upward arrow reflects the EPN. Right: ERP courses of the ROIs for P300 following (E) positive, (F) neutral, (G) negative, and (H) suicide words. The black downward arrow reflects the P300. SIMD, individuals with suicidal ideation as well as mental disorders; SINMD, individuals with suicidal ideation but no mental disorders; HC, healthy controls; EPN, early posterior negativity.


[image: Figure 4]

FIGURE 4
 EPN characteristics quantified at parieto-occipital sites. (A) EPN amplitude. (B) EPN latency. Error bars represent standard deviation of the mean. The gray, solid points reflect individual participant data. Asterisks (**) depict significant differences (p < 0.01). SIMD, individuals with suicidal ideation as well as mental disorders; SINMD, individuals with suicidal ideation but no mental disorders; HC, healthy controls.


[image: Figure 5]

FIGURE 5
 P300 characteristics quantified at centro-parietal sites. (A) P300 amplitude. (B) P300 latency. Error bars represent standard deviation of the mean. The gray, solid points reflect individual participant data. Asterisks (**) and (***) depict significant differences (p < 0.01, p < 0.001, respectively). SIMD, individuals with suicidal ideation as well as mental disorders; SINMD, individuals with suicidal ideation but no mental disorders; HC, healthy controls.



3.3.1. EPN

For EPN amplitude, an ANOVA revealed that there was no significant effect of group, F(2, 41) = 2.068, p = 0.139, [image: image] = 0.092, or word type, F(3, 123) = 2.324, p = 0.078, [image: image] = 0.054. The interaction between group and word type was also not significant, F(6, 123) = 0.385, p = 0.888, [image: image] = 0.018.

For EPN latency, a GEE analysis showed a significant effect of group, Wald χ2 (2) = 12.299, p = 0.002. Post-hoc comparisons indicated that the EPN latency was significantly longer in the SIMD group than in the HC group (p = 0.007) and the SINMD group (p = 0.001). There was also a significant effect of word type, Wald χ2 (3) = 10.186, p = 0.017, with earlier EPN latency to neutral words compared to negative words (p = 0.049). The interaction between group and word type was not significant, Wald χ2 (6) = 10.937, p = 0.090.



3.3.2. P300

For P300 amplitude, there was no significant difference across groups, F(2, 41) = 0.484, p = 0.620, [image: image] = 0.023. The main effect of word type was significant, F(3, 123) = 6.430, p < 0.001, [image: image]= 0.136. Post-hoc comparisons indicated that P300 amplitude was greater to negative (p = 0.001) and suicide (p = 0.002) words than to neutral words. There was no significant interaction between group and word type, F(6, 123) = 1.245, p = 0.288, [image: image]= 0.057.

For P300 latency, an ANOVA revealed that latency was not significantly different across groups, F(2, 41) = 2.893, p = 0.067, [image: image] = 0.124. The main effect of word type was significant, F(3, 123) = 5.570, p = 0.001, [image: image] = 0.120. Post-hoc comparisons showed that P300 latency was significantly earlier to positive words compared to suicide words (p = 0.001). There was no significant interaction between group and word type, F(6, 123) = 1.072, p = 0.383, [image: image] = 0.050.




3.4. Correlations

We found between-group differences in EPN latency, so the correlation analyses were first conducted between scores of clinical psychological scales (assessing the severity of mental disorders and suicidal ideation) and EPN latencies of the four word types for individuals with suicidal ideation. As depicted in Table 3, the pooled correlation showed a positive correlation between EPN latency for neutral words and BSI-C score (r = 0.423, Bonferroni-p = 0.049 < 0.05). However, the correlations measured within the groups were not significant (SINMD and SIMD).



TABLE 3 Correlation coefficients between the scores of clinical psychological scales and the EPN latency of each word type for individuals with suicidal ideation (r).
[image: Table3]

We also analyzed the correlations between scores of clinical psychological scales (assessing the severity of mental disorders and suicidal ideation) and other ERP signatures of the four word types for individuals with suicidal ideation. As depicted in Table 4, P300 latency for positive words was positively correlated with BSI-C score (r = 0.690, Bonferroni-p = 0.008 < 0.01) in the SINMD group. The higher the BSI-C score, the longer the P300 latency for positive words. Correlations for the other ERP signatures are not shown as they were not significant.



TABLE 4 Correlation coefficients between the scores of clinical psychological scales and the P300 latency of each word type for individuals with suicidal ideation (r).
[image: Table4]




4. Discussion

The present study explored the behavioral responses and electrophysiological bases of attentional bias to emotional stimuli in individuals with suicidal ideation during a modified EST. Response accuracy to word color among groups was not affected by word type, which is consistent with previous literature (23). There was an emotional Stroop effect for reaction time such that reaction times were significantly slower for suicide words than for neutral words. However, the results are inconsistent with previous findings that show significantly longer response times in suicide attempters for suicide words and no differences for HCs (23, 24). The samples in previous studies were clinical suicide attempters, whereas this study analyzed non-clinical individuals with suicidal ideation. The discrepancies between the present results and those of previous studies may be attributable to the differences in participant populations, suggesting that early identification of suicidal ideation requires a more sensitive method than behavioral measures.

Two ERP components (EPN and P300) were examined to reveal group differences in attention processing. The EPN component represents early attentional selection and automatic emotional processing (27–31), which is related to the processing of semantic information (e.g., positive, neutral, negative, and suicide words). In this study, the SIMD group exhibited longer EPN latency compared to the SINMD and HC groups, suggesting that the early attention processing of the SIMD group was affected during the EST, and the automatic and rapid processing of emotional information decreased. However, between-group differences in EPN across all word types did not support the hypothesis of attentional bias in the SINMD group compared to the HC group, as there was no significant difference in EPN. One possible reason for this is that in our study, we used suicidal ideation at one’s worst time, but not current suicidal ideation, to meet the requirements (i.e., significantly more severe suicidal ideation in SIMDs and SINMDs than in HCs and no significant difference in suicidal ideation between SIMDs and SINMDs). Current suicidal ideation was slightly higher (but not significantly) in the SINMD group than in the HC group and significantly lower in the SINMD group than in the SIMD group. Therefore, we speculate that the slightly higher current suicidal ideation in SINMDs did not significantly affect the early stage of attention processing in the context of the EST. Furthermore, the SIMD group differed from the SINMD and HC groups in terms of mental disorders and current suicidal ideation. Therefore, the influence of mental disorders on the prolonged EPN latency in the SIMD group cannot be ruled out. The P300 component is related to attention and reflects the speed and efficiency of processing during stimulus evaluation. P300 amplitude was greater for negative and suicide words than for neutral words, which is consistent with previous studies (32, 41, 42), indicating enhanced processing of (or an attentional bias toward) negative information. We did not find a difference in P300 in the SINMD or SIMD groups, suggesting that there was no difference in attentional resource distribution and stimuli assessment during the conflict between word-reading and color-naming.

Correlation analyses were conducted to explore the relationships between clinical variables and ERP characteristics. Our results showed that the prolonged EPN latencies to neutral words were positively correlated with BSI-C scores in individuals with suicidal ideation. However, the correlations measured within the groups (SINMD and SIMD) were not significant. Therefore, the pooled correlation between EPN latency for neutral words and BSI-C score resulted from the heterogeneity of groups. In the SINMD group, P300 latency for positive words was positively correlated with BSI-C score. These results may reflect that delayed responses or additional processing to positive information may lead individuals with suicidal ideation to an incorrect interpretation of external events. Overall, our findings contribute to a more comprehensive understanding of the factors influencing suicide behavior.

The present study has several limitations to consider. First, due to the limited sample size, the current study is underpowered. The findings need to be further validated, preferably with a larger sample size. Second, the number, or ratio, of word attributes (such as adjectives:nouns:verbs) was not consistent across positive, neutral, negative, and suicide words. Different mental disorders lead to inherent heterogeneity in the SIMD group. It cannot be ruled out that different mental disorders may lead to opposite trends in neural responses, which may cancel out, reducing the overall effect. Future studies should strictly control the experimental conditions, using a standardized approach when exploring the attentional bias of individuals with suicidal ideation. Third, this study enrolled individuals with lifetime suicidal ideation, rather than those with current suicidal ideation, resulting in BSI-C differences between the SIMD and SINMD groups, but not between the SINMD and HC groups. Therefore, our findings do not allow ascribing group differences to the presence or absence of mental disorders. Subsequent studies should keep current suicidal ideation comparable across groups to make the conclusions more robust. Finally, future research can broaden the study sample by including suicide attempters. In addition, analyses of frequency and time-frequency domain may be helpful to obtain a more integrated understanding.



5. Conclusion

To the best of our knowledge, this is the first study to assess attentional bias to emotional stimuli in a non-clinical sample of university students with suicidal ideation by recording ERPs during the EST. In summary, we explored the possible suicide-related neurophysiological indicators during the EST, and our results suggest that the neural characteristics in the SIMD group differ from those in the SINMD and HC groups. The present findings offer a new understanding of the neural mechanism of attention processing in individuals with suicidal ideation and provide a reference for subsequent research and clinical suicide prevention.



Data availability statement

The datasets presented in this article are not readily available because we promised participants that their data would not be disclosed in the informed consent form, even if they were anonymous and unidentifiable. Requests to access the datasets should be directed to SL, shuangliu@tju.edu.cn.



Ethics statement

The studies involving humans were approved by the Ethics Committee of Tianjin University, China. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

YS and MD contributed to the rationale as well as the design of the study and recruited the participants. MD gained ethical approval. YS collected and analyzed the EEG data. The manuscript was written by YS. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the National Natural Science Foundation of China (Grant ID: 81925020).



Acknowledgments

Special thanks and appreciation of gratitude to my supervisor, SL and DM, Academy of Medical Engineering and Translational Medicine and School of Education for giving us the golden opportunity to conduct this wonderful project and guiding us from the beginning to the end, including each of the participants for their support during the data collection.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

SIMD, individuals with suicidal ideation as well as mental disorders; SINMD, individuals with suicidal ideation but no mental disorders; BSI-C, current suicidal ideation from Beck Scale for Suicidal Ideation; BSI-W, suicidal ideation at one’s worst time from Beck Scale for Suicidal Ideation.


References

 1. World Health Organization. Suicide worldwide in 2019: global Health estimates. Geneva: World Health Organization (2021).


 2. World Health Organization. Preventing suicide: a global imperative. Geneva: World Health Organization (2014).


 3. Bredemeier,K, and Miller,IW. Executive function and suicidality: a systematic qualitative review. Clin Psychol Rev. (2015) 40:170–83. doi: 10.1016/j.cpr.2015.06.005 

 4. Silverman,MM, Berman,AL, Sanddal,ND, O'carroll,PW, and Joiner,TE. Rebuilding the tower of babel: a revised nomenclature for the study of suicide and suicidal behaviors part 1: background, rationale, and methodology. Suicide Life Threat Behav. (2007) 37:248–63. doi: 10.1521/suli.2007.37.3.248 

 5. Beck,AT, Davis,JH, Frederick,CJ, Perlin,S, Pokorny,AD, Schulman,RE , et al. Classification and nomenclature In: HLP Resnik and BC Hathorne, editors. Suicide prevention in the seventies. Washington, DC: US Government Printing Office (1972). 7–12.


 6. Septier,M, Stordeur,C, Zhang,J, Delorme,R, and Cortese,S. Association between suicidal Spectrum behaviors and attention-deficit/hyperactivity disorder: a systematic review and meta-analysis. Neurosci Biobehav Rev. (2019) 103:109–18. doi: 10.1016/j.neubiorev.2019.05.022 

 7. Crosby,AE, Ortega,L, and Melanson,C. Self-directed violence surveillance: uniform definitions and recommended data elements. Centers for disease control and prevention. In: National center for injury prevention and control, division of violence prevention. (2011).


 8. Deykin,EY, and Buka,SL. Suicidal ideation and attempts among chemically dependent adolescents. Am J Public Health. (1994) 84:634–9. doi: 10.2105/ajph.84.4.634 

 9. World Health Organization. Live life: preventing suicide: implementation. Geneva: World Health Organization (2022).


 10. Keilp,JG, Gorlyn,M, Oquendo,MA, Burke,AK, and Mann,JJ. Attention deficit in depressed suicide attempters. Psychiatry Res. (2008) 159:7–17. doi: 10.1016/j.psychres.2007.08.020 

 11. Kim,SJ, Kang,S-G, Cho,IH, Lee,Y-JG, Hong,JP, Park,J , et al. The relationship between poor performance on attention tasks and increased suicidal ideation in adolescents. Eur Child Adolesc Psychiatry. (2015) 24:1361–8. doi: 10.1007/s00787-015-0687-3 

 12. Richard-Devantoy,S, Berlim,MT, and Jollant,F. Suicidal behaviour and memory: a systematic review and meta-analysis. World J Biol Psychiatry. (2015) 16:544–66. doi: 10.3109/15622975.2014.925584 

 13. Kim,Y, Kwon,J, Yongtawee,A, Woo,J, and Woo,M. What does electroencephalography coherence tell us about memory encoding in adolescents at high risk of suicide? Psychopathology. (2019) 52:265–70. doi: 10.1159/000503374 

 14. Horat,SK, Favre,G, Prévot,A, Ventura,J, Herrmann,FR, Gothuey,I , et al. Impaired social cognition in schizophrenia during the ultimatum game: an EEG study. Schizophr Res. (2018) 192:308–16. doi: 10.1016/j.schres.2017.05.037 

 15. Sastre-Buades,A, Alacreu-Crespo,A, Courtet,P, Baca-Garcia,E, and Barrigon,ML. Decision-making in suicidal behavior: a systematic review and meta-analysis. Neurosci Biobehav Rev. (2021) 131:642–62. doi: 10.1016/j.neubiorev.2021.10.005 

 16. Wenzel,A, and Beck,AT. A cognitive model of suicidal behavior: theory and treatment. Appl Prev Psychol. (2008) 12:189–201. doi: 10.1016/j.appsy.2008.05.001


 17. Lin,L, Liu,Y, Mo,J, Wang,C, Liu,T, Xu,Z , et al. Attentional bias to emotional facial expressions in undergraduates with suicidal ideation: an ERP study. Arch Suicide Res. (2022) 27:938–55. doi: 10.1080/13811118.2022.2096518 

 18. Bowler,JO, Mackintosh,B, Dunn,BD, Mathews,A, Dalgleish,T, and Hoppitt,L. A comparison of cognitive bias modification for interpretation and computerized cognitive behavior therapy: effects on anxiety, depression, attentional control, and interpretive bias. J Consult Clin Psychol. (2012) 80:1021–33. doi: 10.1037/a0029932 

 19. Kappes,C, and Bermeitinger,C. The emotional Stroop as an emotion regulation task. Exp Aging Res. (2016) 42:161–94. doi: 10.1080/0361073X.2016.1132890


 20. Wells,A, and Matthews,G. Modelling cognition in emotional disorder: the S-ref model. Behav Res Ther. (1996) 34:881–8. doi: 10.1016/S0005-7967(96)00050-2 

 21. Stroop,JR
. Studies of interference in serial verbal reactions. J Exp Psychol. (1935) 18:643–62. doi: 10.1037/h0054651


 22. Imbir,KK, Pastwa,M, Duda-Goławska,J, Sobieszek,A, Jankowska,M, Modzelewska,A , et al. Electrophysiological correlates of interference control in the modified emotional Stroop task with emotional stimuli differing in valence, arousal, and subjective significance. PLoS One. (2021) 16:e0258177. doi: 10.1371/journal.pone.0258177 

 23. Tavakoli,P, Jerome,E, Boafo,A, and Campbell,K. Attentional bias deficits in adolescent suicide attempters during an emotional Stroop task: an ERP study. Front Psych. (2021) 12:1695. doi: 10.3389/fpsyt.2021.694147 

 24. Cha,CB, Najmi,S, Park,JM, Finn,CT, and Nock,MK. Attentional bias toward suicide-related stimuli predicts suicidal behavior. J Abnorm Psychol. (2010) 119:616–22. doi: 10.1037/a0019710 

 25. Chung,Y, and Jeglic,EL. Use of the modified emotional Stroop task to detect suicidality in college population. Suicide Life Threat Behav. (2016) 46:55–66. doi: 10.1111/sltb.12174 

 26. Kaiser,A, Aggensteiner,P-M, Baumeister,S, Holz,NE, Banaschewski,T, and Brandeis,D. Earlier versus later cognitive event-related potentials (ERPs) in attention-deficit/hyperactivity disorder (ADHD): a meta-analysis. Neurosci Biobehav Rev. (2020) 112:117–34. doi: 10.1016/j.neubiorev.2020.01.019 

 27. Imbir,KK, Duda-Goławska,J, Pastwa,M, Jankowska,M, and Żygierewicz,J. Event-related potential correlates of valence, arousal, and subjective significance in processing of an emotional Stroop task. Front Hum Neurosci. (2021) 15:617861. doi: 10.3389/fnhum.2021.617861 

 28. Schupp,HT, Junghöfer,M, Weike,AI, and Hamm,AO. Attention and emotion: an ERP analysis of facilitated emotional stimulus processing. Neuroreport. (2003) 14:1107–10. doi: 10.1097/00001756-200306110-00002 

 29. Schupp,HT, Öhman,A, Junghöfer,M, Weike,AI, Stockburger,J, and Hamm,AO. The facilitated processing of threatening faces: an ERP analysis. Emotion. (2004) 4:189–200. doi: 10.1037/1528-3542.4.2.189 

 30. Schindler,S, Richter,TS, Bruchmann,M, Busch,NA, and Straube,T. Effects of task load, spatial attention, and trait anxiety on neuronal responses to fearful and neutral faces. Psychophysiology. (2022) 59:e14114. doi: 10.1111/psyp.14114 

 31. Xin,W, Yu,R, and Zhao,L. Event-related-potential based evidence of cognitive dysfunction of processing emotional faces in major depressive disorder patients. Neurosci Lett. (2021) 742:135545. doi: 10.1016/j.neulet.2020.135545 

 32. Franken,IH, Gootjes,L, and van Strien,JW. Automatic processing of emotional words during an emotional Stroop task. Neuroreport. (2009) 20:776–81. doi: 10.1097/WNR.0b013e32832b02fe


 33. Flaisch,T, Steinhauser,M, and Schupp,HT. Adaptive cognitive control attenuates the late positive potential to emotional distractors. NeuroImage. (2019) 200:51–8. doi: 10.1016/j.neuroimage.2019.06.040 

 34. Yang,L, Zhang,J, and Zhao,X. Implicit processing of heroin and emotional cues in abstinent heroin users: early and late event-related potential effects. Am J Drug Alcohol Abuse. (2015) 41:237–45. doi: 10.3109/00952990.2015.1020383 

 35. Munk,AJ, Wielpuetz,C, Osinsky,R, Müller,EM, Grant,P, and Hennig,J. Specific reaction patterns to distinct positive emotional cues related to incentive motivation in dependence of the Taq1a-polymorphism: molecular genetic associations of early and late event-related potentials. Neuropsychobiology. (2016) 73:23–34. doi: 10.1159/000441658 

 36. Picton,TW
. The P300 wave of the human event-related potential. J Clin Neurophysiol. (1992) 9:456–79. doi: 10.1097/00004691-199210000-00002


 37. Johnson,R
. The amplitude of the P300 component of the event-related potential: review and synthesis. Adv psychophysiol. (1988) 3:69–137.


 38. Higuchi,Y, Sumiyoshi,T, Tateno,T, Nakajima,S, Sasabayashi,D, Nishiyama,S , et al. Prolonged P300 latency in antipsychotic-free subjects with at-risk mental states who later developed schizophrenia. J Pers Med. (2021) 11:327. doi: 10.3390/jpm11050327 

 39. Bourisly,AK
. Effects of aging on P300 between late young-age and early middle-age adulthood: an electroencephalogram event-related potential study. Neuroreport. (2016) 27:999–1003. doi: 10.1097/WNR.0000000000000644 

 40. Pinto,NFC, Duarte,M, Gonçalves,H, Silva,R, Gama,J, and Pato,MV. Theta-burst stimulation is able to impact cognitive processing: a P300 and neuropsychological test study. Neuropsychobiology. (2021) 80:288–98. doi: 10.1159/000511605 

 41. Stewart,JL, Silton,RL, Sass,SM, Fisher,JE, Edgar,JC, Heller,W , et al. Attentional bias to negative emotion as a function of approach and withdrawal anger styles: an ERP investigation. Int J Psychophysiol. (2010) 76:9–18. doi: 10.1016/j.ijpsycho.2010.01.008 

 42. Thomas,SJ, Johnstone,SJ, and Gonsalvez,CJ. Event-related potentials during an emotional Stroop task. Int J Psychophysiol. (2007) 63:221–31. doi: 10.1016/j.ijpsycho.2006.10.002


 43. Just,MA, Pan,L, Cherkassky,VL, McMakin,DL, Cha,C, Nock,MK , et al. Machine learning of neural representations of suicide and emotion concepts identifies suicidal youth. Nat Hum Behav. (2017) 1:911–9. doi: 10.1038/s41562-017-0234-y 

 44. Si,T, Shu,L, Dang,W, Su,Y, Chen,J, Dong,W , et al. Evaluation of the reliability and validity of Chinese version of the mini-international neuropsychiatric interview in patients with mental disorders. Chin Ment Health J. (2009) 23:493–503. doi: 10.3969/j.issn.1000-6729.2009.07.011


 45. Osman,A, Bagge,CL, Gutierrez,PM, Konick,LC, Kopper,BA, and Barrios,FX. The suicidal behaviors questionnaire-revised (Sbq-R): validation with clinical and nonclinical samples. Assessment. (2001) 8:443–54. doi: 10.1177/107319110100800409 

 46. Shi,X, Zhu,Y, Dong,J, Wang,S, Xu,L, Cai,Y , et al. Reliability and validity of the suicidal behaviors questionnaire-revised (SBQ-R) in Chinese college students. China J Health Psychol. (2020) 29:593–7. doi: 10.13342/j.cnki.cjhp.2021.04.025


 47. Beck,AT, Kovacs,M, and 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


 48. Li,X, Phillips,M, Tong,Y, Li,K, Zhang,Y, Zhang,Y , et al. Reliability and validity of the Chinese version of Beck suicide ideation scale (BSI-CV) in adult community residents. Chin Ment Health J. (2010) 24:250–5. doi: 10.3969/j.issn.1000-6729.2010.04.003


 49. Li,X, Phillips,M, Zhang,Y, Xu,D, Tong,Y, Yang,F , 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. doi: 10.3969/j.issn.1000-6729.2011.11.013


 50. Beck,AT, Steer,RA, and Brown,GK. Manual for the Beck depression inventory-II. San Antonio, TX: Psychological Corporation (1996) 1.


 51. Wang,Z, Yuan,C, Huang,J, Li,Z, Chen,J, Zhang,H , et al. Reliability and validity of the Chinese version of Beck depression inventory-ii among depression patients. Chin Ment Health J. (2011) 25:476–80. doi: 10.3969/j.issn.1000-6729.2011.06.014


 52. Zung,WW
. A rating instrument for anxiety disorders. J Acad Consult-Liaison Psychiatry. (1971) 12:371–9. doi: 10.1016/S0033-3182(71)71479-0


 53. Duan,Q, and Sheng,L. Differential validity of SAS and SDS among psychiatric non-psychotic outpatients and their partners. Chin Ment Health J. (2012) 26:676–9. doi: 10.3969/j.issn.1000-6729.2012.09.007


 54. Bradley,MM, and Lang,PJ. Affective norms for English words (anew): instruction manual and affective ratings. Gainesville: Technical report C-1, the center for research in psychophysiology (1999).


 55. Liu,X, Shi,Z, Ma,Y, Qin,J, and Han,S. Dynamic neural processing of linguistic cues related to death. PLoS One. (2013) 8:e67905. doi: 10.1371/journal.pone.0067905 

 56. Farkas,AH, Oliver,KI, and Sabatinelli,D. Emotional and feature-based modulation of the early posterior negativity. Psychophysiology. (2020) 57:e13484. doi: 10.1111/psyp.13484 

 57. Schindler,S, Bruchmann,M, and Straube,T. Feature-based attention interacts with emotional picture content during mid-latency and late ERP processing stages. Biol Psychol. (2022) 170:108310. doi: 10.1016/j.biopsycho.2022.108310 

 58. Langeslag,SJ, and Van Strien,JW. Early visual processing of snakes and angry faces: an ERP study. Brain Res. (2018) 1678:297–303. doi: 10.1016/j.brainres.2017.10.031 

 59. Putkinen,V, Saarikivi,K, Chan,TMV, and Tervaniemi,M. Faster maturation of selective attention in musically trained children and adolescents: converging behavioral and event-related potential evidence. Eur J Neurosci. (2021) 54:4246–57. doi: 10.1111/ejn.15262 

 60. Catalano,LT, Wynn,JK, Lee,J, and Green,MF. A comparison of stages of attention for social and nonsocial stimuli in schizophrenia: an ERP study. Schizophr Res. (2021) 238:128–36. doi: 10.1016/j.schres.2021.10.008 

 61. Sanada,M, Kuwamoto,T, and Ji,K. Deviant consonance and dissonance capture attention differently only when task demand is high: an ERP study with three-stimulus oddball paradigm. Int J Psychophysiol. (2021) 166:1–8. doi: 10.1016/j.ijpsycho.2021.04.008 



OPS/images/fpsyt-14-1118602-g001.jpg
time line





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Abnormal attentional bias in individuals with suicidal ideation during an emotional Stroop task: an event-related potential study



		1. Introduction



		2. Materials and methods



		2.1. Participants



		2.2. Clinical psychological assessment



		2.2.1. Suicide Behaviors Questionnaire-Revised



		2.2.2. Beck Scale for Suicidal Ideation



		2.2.3. Beck Depression Inventory



		2.2.4. Self-Rating Anxiety Scale









		2.3. Procedure and stimuli



		2.4. EEG recording and preprocessing



		2.5. ERP analyses



		2.6. Statistical analyses









		3. Results



		3.1. Demographic and clinical psychological characteristics



		3.2. Behavioral results



		3.3. ERP results



		3.3.1. EPN



		3.3.2. P300









		3.4. Correlations









		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Abbreviations



		References



















OPS/images/fpsyt-14-1118602-e012.jpg
p





OPS/images/fpsyt-14-1118602-g003.jpg
positive

neutral

negative

suicide

Amplitude (V)

Amplitude (uV)

Amplitude (4V)

16
12

16

4

EPN E P300
16 v
3 12
S
s 8
3
% 4
\4—.=5(V £ ohvmand
A -
200 0 200 400 600 800 1000 200 0 200 400 600 800 1000
Time (ms) & Time (ms)
16
g 12
- %
E]
3z 4
- & opaoesy
-4
00 o 200 400 600 800 1000 -200 o 200 400 600 800 1000
Time (ms Time (ms
(ms) G (ms)
16
g g 12
\ F
\ k|
o {: \
.4,\/ £ olomand =
-4
200 0 200 400 600 800 1000 200 0 200 400 600 800 1000
Time (ms) N Time (ms)
16
S 12
2 \or
A s 8 \
2 4 1
g g
»‘C;Q«J\/'J £ ojeme g
4
200 0 200 400 600 800 1000 200 0 200 400 600 800 1000
Time (ms) Time (ms)
— He SIN\MD ~ — SIMD





OPS/images/fpsyt-14-1118602-g002.jpg
Response Accuracy

0.5

0.0

1600

positive

neutral

negative  suicide

- HC

1200

800

Reaction Time (ms)

SINMD

positive

== SIMD

neutral

negative

suicide





OPS/images/fpsyt-14-1118602-e011.jpg
p





OPS/images/fpsyt-14-1118602-e010.jpg
p





OPS/images/cover.jpg
’ frontiers | Frontiers in Psychiatry

Abnormal attentional bias in
individuals with suicidal ideation
during an emotional Stroop task:
an event-related potential study












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry






OPS/images/fpsyt-14-1118602-e005.jpg
p





OPS/images/fpsyt-14-1118602-e006.jpg
p





OPS/images/fpsyt-14-1118602-e003.jpg
p





OPS/images/fpsyt-14-1118602-e004.jpg
p





OPS/images/fpsyt-14-1118602-e009.jpg
p





OPS/images/fpsyt-14-1118602-e007.jpg
p





OPS/images/fpsyt-14-1118602-e008.jpg
p





OPS/images/fpsyt-14-1118602-e001.jpg
p





OPS/images/fpsyt-14-1118602-t003.jpg
Clinical EPN latency
scales

Positive  Neutral  Negative  Suicide

SINMD+SIMD

BDI score 0.201 0,048 0.366 0131
SAS score 0.228 0035 0310 0222
SBQ-R score 0.207 0223 0.155 0369
BSI-C score 0.242 0423% 0.260 0388
BSI-W score 0033 0,027 ~0.091 0329
SINMD

BDI score ~0329 -0209 ~0.108 -0.376
SAS score ~0445 0295 ~0.192 0218
SBQ-R score ~0.155 0373 ~0.085 0024
BSI-C score 0,005 0473 -0.223 -0.232
BSI-W score 0228 0393 ~0.037 0133
SIMD

BDI score 0.188 ~0.063 0328 ~0.037
SAS score 0.246 ~0.169 0272 ~0.037
SBQ-R score 0413 0.080 ~0.049 0270
BSI-C score 0.116 0426 0072 0261
BSI-W score ~0.165 ~0.198 ~0426 0268

p<0.05. SIMD, individuals with suicidal ideation as well as mental disorders; SINMD,
individuals with suicidal ideation but no mental disorders; EPN, early posterior negativity;
BDI, Beck Depression Inventory; SAS, Self-Rating Anxiety Scale; SBQ-R, Suicide Behaviors
Questionnaire-Revised; BSI-C, current suicidal ideation from Beck Scale for Suicidal
Ideation; BSI-W, suicidal ideation at one’ worst time from Beck Scale for Suicidal Ideation,





OPS/images/fpsyt-14-1118602-e002.jpg
p





OPS/images/fpsyt-14-1118602-t004.jpg
Clinical P300 latency
scales

Positive  Neutral  Negative  Suicide

SINMD+SIMD

BDI score 0032 ~0011 ~0.159 0034
SAS score 0.008 ~0.110 ~0.119 0010
SBQ-R score 0.067 ~0.064 ~0.147 0051
BSI-C score 0223 0079 ~0.166 0247
BSI-W score 0112 0.104 0.066 0.003
SINMD

BDI score 0.093 0.400 0349 0210
SAS score 0.082 0076 0355 0218
SBQ-R score —0.151 ~0.090 ~0.131 ~0.150
BSI-C score 0.690%* 0541 0.430 0353
BSI-W score —0.119 —0.028 ~0.070 —0.132
SIMD

BDI score 0.038 ~0.007 ~0.414 0.149
SAS score 0.108 0032 ~0.261 0073
SBQ-R score 0377 0266 0.087 0351
BSI-C score 0.383 0378 -0.155 0535
BSI-W score 0462 0553 0511 0248

##p<0.01. SIMD, individuals with suicidal ideation as well as mental disorders; SINMD,
individuals with suicidal ideation but no mental disorders; BDI, Beck Depression Inventory;
SAS, Self-Rating Anxiety Scale; SBQ-R, Suicide Behaviors Questionnaire-Revised: BSI-C,
current suicidal ideation from Beck Scale for Suicidal Ideation; BSI-W, suicidal ideation at
one’s worst time from Beck Scale for Suicidal Ideation.





OPS/images/fpsyt-14-1118602-g005.jpg
Amplitude (4V)

*

positive

neutral

negative  suicide

- HC

Latency (ms)

SINMD

positive

== SIMD

neutral

negative

suicide





OPS/images/fpsyt-14-1118602-g004.jpg
o o >

(Ar) epnydury

o
o

neutral negative suicide

positive

SINMD == SIMD

- HC





OPS/images/fpsyt-14-1118602-t002.jpg
Positive Neutral Negative Suicide

i Happy [ Book Fraud i Hold a funeral
procession

#R Kindness gk Paper Eif Idiot *E Suffer death

p.s7) Praise 51% Engine Tk Shamed L ‘Hang oneself

i Surprised T Glass Lie §-iE Die young.

WA Excellence 1 Forbidden city Bk Harass M Ingest poison

Rt Tnnocent el Tire fiyig Humiliate Rty Burial

I Success i34 Carton el Jealousy JEr: Death
Pleasure ESL] Swan it Trick ey Grave

PR Joy LY Photograph b2 Adverse circumstance EES Suicide

& Perfection Fist Toy K ‘Tough obstacle &H Death anniversary





OPS/images/fpsyt-14-1118602-t001.jpg
SIMDs SINMDs HCs Statistics p value Post-hoc
Demographics
Sample size 14 16 14
Sex (male/female) 6/8 511 7 0572 i
Age (year) 2036 (2.44) 18.94 (1.57) 21.00 (2.11) H=5.092 0.078 i
Clinical scales
BDI score 14.71 (8.35) 7.19(632) 2.93(2.90) H=12138 0.002 SIMD>HC
SAS score 47.93 (13.93) 38.75 (7.46) 36.21(5.38) 0.025 SIMD>SINMD, HC
SBQ-R score 857 (3.67) 6.19(1.87) 3.14(0.36) H=29.483 <0.001 SIMD, SINMD>HC
BSI-C score 200 (251) 0.19(0.54) 0.14 (0.54) H=10.168 0.006 SIMD>SINMD, HC
BSI-W score 5.71(2.81) 431(2.09) 0.21(0.58) H=28315 <0.001 SIMD, SINMD>HC

Data are presented as mean (SD). SIMDs, individuals with suicidal ideation as well as mental disorders; SINMDs, individuals with suicidal ideation but no mental disorders; HCs, healthy
controls; BDI, Beck Depression Inventory; SAS, Self-Rating Anxiety Scale; SBQ-R, Suicide Behaviors Questionnaire-Revised; BSI-C, current suicidal ideation from Beck Scale for Suicidal
Ideation; BSI-W, suicidal ideation at one’s worst time from Beck Scale for Suicidal Ideation; SD, standard deviation.





