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Abstract

Reactive control is the cognitive ability to adjust thoughts and behaviors when encountering

conflict. We investigated how this ability to manage conflict and stress distinguishes suicidal

from nonsuicidal individuals. The hypothesis was that suicidal individuals would show poorer

reactive control when faced with conflict generated by emotional than neutral stimuli.

Hence, individuals with a lifetime history of suicide ideation or attempt and nonsuicidal con-

trols were tested in cognitive and emotional Simon tasks. We examined the congruency

sequence effect (CSE) in the Simon tasks as an indication of the efficiency of reactive con-

trol in resolving conflict. Whereas controls demonstrated significant CSEs in both tasks, sui-

cide attempters showed a significant CSE in the cognitive task but not in the emotional task.

Suicide ideators, on the other hand, displayed marginally significant CSEs in both tasks.

Comparing groups with pairwise comparison demonstrated that the difference in CSE was

significant only in the emotional task between attempters and controls. Our findings of

attempters’ inefficiency in adjusting reactive control during the emotional task reflect cogni-

tive inflexibility in coping with conflicting situations during which suicidal individuals become

vulnerable to suicide attempts in states of negative emotion.

Introduction

Suicide is an outcome of various factors interacting [1, 2], making the study of causes and con-

ditions of suicide highly challenging. Psychological models of suicidal behavior have suggested

various risk factors for suicidal behavior, and an important issue raised is which factor distin-

guishes people who enact suicide from those who only think of it [3–5]. One of the aspects rel-

atively less investigated but may play a critical role in enacting suicide is the cognitive aspect:

How may suicide attempters differ in cognitive processing, especially in stressful situations of

feeling urges to commit suicide? Most suicidal acts are reactive to internal or external stress

[6–8]. According to the cognitive model of suicidal behavior, cognitive processes in high stress
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prompt suicidal acts [8]. Particularly, cognitive inflexibility may increase the risk of commit-

ting suicide through deficits in problem-solving [9, 10]. Suicidal individuals generate fewer

alternatives in solving problems and lack controllability under challenging situations than

nonsuicidal individuals [11]. Accordingly, failing to efficiently react to stress by regulating

thoughts and actions may be one critical cognitive factor of why people may enact suicidal

behavior.

To manage stress, one can focus on goal achievement rather than on intrusive thoughts or

stress-inducing events. However, people become susceptible to distractions when successful

regulation to selectively focus on goals is disturbed [12–14]. Stroop tasks require responding to

task-relevant information (e.g., the color of the word in a color-word Stroop task) while ignor-

ing task-irrelevant information (e.g., the word meaning in a color-word Stroop task). Failing

to inhibit task-irrelevant information results in longer response time (RT) and higher percent

error, which is referred to as the congruency effect [14]. When suicidal individuals were tested

in Stroop tasks and compared with nonsuicidal individuals, they showed larger congruency

effect resulting from being more disturbed by distractions [15–19]. Importantly, human cogni-

tion can actively adapt to stress and conflict instigated by distractions [20–22]; when conflict is

detected due to mismatches between task-relevant and task-irrelevant information, reactive

control resolves the conflict by transiently reactivating goals and inhibiting task-irrelevant

information [22, 23]. As a result, one becomes less interfered by distractions after experiencing

conflict. Accordingly, reactive control facilitates subsequent task performance and enables one

to proceed toward goals even during conflicting situations.

The efficiency of reactive control is indexed by the congruency sequence effect (CSE) or

Gratton effect of congruency tasks (e.g., Stroop task, Simon task) [24]. In Simon tasks, a target

appears on the left or right of central fixation on a computer monitor, and individuals respond

to a nonspatial stimulus feature of the target, such as its color. Despite the irrelevance to the

task of responding to the feature, the target location induces conflict and impairs task perfor-

mance when it is incongruent rather than congruent to the location of the correct response

key associated with the feature [25, 26]. That is, people respond more slowly or inaccurately

when the target appears on the opposite side of the response key. This performance

impairment resulting from the conflict between task-irrelevant and task-relevant dimensions

in Simon tasks is also indicated as the congruency effect and is calculated as the difference in

RT or percent error between incongruent and congruent trials. Interestingly, the congruency

effect is affected by whether a previous trial was incongruent or congruent [27]. If a previous

trial was incongruent, reactive control facilitates the performance of the subsequent trial with

its inhibition of task-irrelevant information [28]. As a result, the size of the congruency effect

is significantly reduced. This phenomenon of the congruency effect decreasing after experienc-

ing conflict is the CSE. It reflects the active adjustment of reactive control in coping with

conflict.

Previous studies using congruency tasks have mostly focused on comparing the size of the

congruency effect and its indication of interference control between suicidal and nonsuicidal

individuals [15, 16, 18, 19]. Those studies have examined if suicidal individuals are more sus-

ceptible to distracting information or display more difficulty selectively focusing on task-rele-

vant information compared to nonsuicidal individuals. In contrast, how interference control

can be dynamically adjusted by reactive control processes with the CSE has been less exam-

ined. Assessing the ability of suicidal individuals to reactively control interfering stimuli in a

conflict-induced task would test if suicidal individuals may experience more difficulty adapt-

ing to interference in conflicting situations compared to nonsuicidal individuals.

Therefore, to investigate if reactive control can distinguish suicidal and nonsuicidal individ-

uals, we examined the adaptation of reactive control using Simon tasks. Among congruency
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tasks, the control to resolve conflict instigated in Simon tasks is exerted on inhibiting task-

irrelevant information rather than on facilitating task-relevant representations [28]. Accord-

ingly, by comparing the CSE in Simon tasks between suicidal and nonsuicidal groups, we

aimed to investigate how actively inhibiting distractors relates to suicidal behaviors.

Previous research suggested that the absence of CSE in a particular group indicates cogni-

tive inflexibility (e.g., [29]). Cognitive flexibility is a construct that encompasses various cogni-

tive functions [30, 31]. However, we focused on the ability to adapt behaviors to changing

situations [30]. Suicidal individuals may experience less efficiency in adapting their cognitive

processing than nonsuicidal individuals in certain circumstances [8]. Failing to flexibly modify

thoughts and behaviors to resolve conflict that interferes with goal achievement can lead to fre-

quent disturbance by distractions. Accordingly, we hypothesized that reactive control may

explain how cognitive processing differs in suicidal individuals from nonsuicidal individuals;

we assumed that poorer adaption of reactive control may increase one’s vulnerability to intru-

sive thoughts or rumination related to suicide [32–34]. We expected that this group difference

would be demonstrated by a significant group difference in CSE, due to a significantly smaller

CSE in suicidal compared to nonsuicidal individuals.

A crucial question was in which circumstances suicidal individuals would experience ineffi-

cient reactive control. Considering that negative life events and psychosocial stress are closely

associated with suicide attempts [6, 35–37], we hypothesized that suicidal individuals would

experience poor control in conflicting situations when the conflict is caused by emotional sti-

muli, such as human faces. We considered the emotional context of when regulatory functions

are implemented to be critical in explaining suicidal behaviors because previous research dem-

onstrated that the difference between suicidal and nonsuicidal groups depended on emotion

[38, 39]. For example, You et al. [39] showed that compared to nonsuicidal controls, individu-

als with a lifetime history of suicide ideation or attempt were poorer in response inhibition in

a threat context but not in a non-threat context. Their findings demonstrated that emotion

plays a key role in distinguishing between suicidal and nonsuicidal individuals regarding their

ability to regulate behaviors. However, this study did not directly compare cognitive and emo-

tional tasks in explaining how negative emotion affects suicidal behaviors.

Hence, here we tested the hypothesis that suicidal individuals would show poorer reactive

control during a task that displays negative emotional stimuli. We compared the performance

of suicidal and nonsuicidal individuals in a cognitive Simon task and an emotional Simon

task. The cognitive task was to respond to the color of a square, and the emotional task was to

respond to the biological sex of a face whose expressions were sad for half of the blocks.

Responding to the biological sex instead of the facial expression makes task-relevant represen-

tations of the face non-emotional and task-irrelevant representations emotional. This design

intends that the conflict is instigated by task-irrelevant emotional information, assuming that

suicidal behaviors are related to difficulty in dealing with distracting information in negative

emotional states. The two tasks were performed alternatively on a trial-by-trial basis to control

for confounds in CSE (see Methods for details). The prediction was that if suicidal individuals

are impaired in adjusting reactive control by the conflict generated during the processing of

human faces rather than simple geometric shapes, suicidal individuals would show a signifi-

cantly smaller CSE during the emotional task compared to the cognitive task. Furthermore, if

the impairment is particularly due to negative emotion displayed by the faces, the CSE would

be reduced in sad blocks of the emotional task compared to neutral blocks.

We divided our sample into three groups based on clinical interviews that assessed suicidal

behaviors: Suicide ideators, suicide attempters, and nonsuicidal controls. Distinguishing indi-

viduals who have had suicidal thoughts but did not act on them from those who had taken

actions to execute the thoughts were based on the ideation-to-action framework [3–5]. The
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framework suggests that suicidal behaviors exist on a continuum from ideation to action and

cognitive control acts as a moderating factor that facilitates the progression from ideation to

attempt. Our goal was to investigate if the efficiency of reactive control can distinguish attemp-

ters from nonsuicidal controls as well as ideators. The prediction was that if ideators would

display more efficient reactive control than attempters because they do not execute suicidal

thoughts, attempters would perform the poorest reactive control among the three groups.

During the clinical interviews, cognitive flexibility and current depressive symptoms were

assessed using self-report measures [30, 40]. We used the cognitive flexibility measure to inves-

tigate if its subscale of measuring the ability to perceive difficult situations as controllable

would be positively correlated with participants’ actual performance in controlling conflict.

The current depressive severity measure was used as a covariate to examine if differences in

depression severity alternatively explain the hypothesized group effects in the CSE. If the sui-

cidal groups differ from controls in the efficiency of adapting reactive control even when

covarying for the depressive symptom severity, the results exclude the possibility that depres-

sive symptoms contribute to the group effect instead of lifetime suicidal behaviors.

Method

Participants

The target sample size was 40 per group. We decided on this number with a power calculation

using the open-source R package, BUCSS [41]. We used its function for mixed analyses of vari-

ance (ANOVAs) to examine possible group differences in CSE. As the function requires input-

ting the observed F-value and the total sample size of a previous related study, we selected the

numbers from You et al.’s [39] study, which also examined differences in a cognitive control

function across three groups differing in suicidal behaviors. With inputting the F-value of 6.02

and the total sample size of 122, the necessary per-group sample size to achieve a power of 1-β
= .75 at an α = .05 was 42.

We recruited community adults with a lifetime history of suicide ideation or attempt in two

cities in South Korea, Cheongju and Seoul, using flyers and online postings. We placed the fly-

ers at local hospitals and uploaded online postings on university student community websites.

Nonsuicidal community controls were recruited using the same strategy. Among a total of 163

adults, we excluded 26 who reported a history of nonsuicidal self-injury (NSSI) without a his-

tory of suicidal thoughts or attempts. We divided the remaining 137 participants (80 females

57 males; age M = 22.82, SD = 3.03) into three groups based on the clinical interviews, resulting

in 57 with a history of suicide attempt, 40 with a history of suicide ideation but no attempt,

and 40 with no history of suicide ideation and attempt. The majority of participants identified

themselves as college students (74.45%) or college graduates (13.87%). Monthly income ranged

from less than one million KRW (53.28%) to more than five million KRW (16.79%).

Informed consent was obtained from all participants. The study was approved by the insti-

tutional review boards of Chungbuk National University (CBNU-201804-SBETC-615-01) and

Korea University (KU-IRB-17-17-A-1).

Assessment of suicidal behavior

We used the Columbia-Suicide Severity Rating Scale to assess suicidal behaviors during the

clinical interviews (C-SSRS, [42, 43]). We used the version that is translated into Korean [44].

All interviewers had completed the online training provided by the original developer of the

C-SSRS. They also participated in rehearsals and observation sessions led by a doctoral-level

clinical psychologist before performing actual interviews. All interviews were supervised by a

doctoral-level clinical psychologist.
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Based on the interviews, participants were divided into ideators, attempters, and controls.

Participants, who reported a history of suicidal ideation but no attempt, were classified as idea-

tors. This ideation group encompassed participants with at least one positive response to the

question numbers two to five of the C-SSRS severity questions. Participants, who reported a

history of suicide attempt, were classified as attempters. Attempters were subdivided into

actual, interrupted, and aborted attempters as the C-SSRS further specifies suicidal behaviors.

However, we did not use this subdivision in running data analysis because previous findings

indicated that actual, interrupted, and aborted attempters do not significantly differ but

instead share similar suicide risk characteristics [45, 46]. An interrupted attempt is an action

executed with an intent to end one’s life but stopped by someone or something external to the

attempters. An aborted attempt is also executed with an intent to die but stopped by the

attempters themselves. We considered interrupted and aborted attempts also as suicide

attempts according to the broadly accepted definition of a suicide attempt as a self-directed

injurious behavior with the intention to end one’s life [47]. Consistently, prior research dem-

onstrated that individuals reporting interrupted or aborted attempts without a history of actual

attempts do not significantly differ from individuals reporting actual attempts as they show

similar levels of suicidal desires and acquired capability for suicide [45, 46]. Lastly, participants,

who had no lifetime history of suicidal ideation and attempt, were classified as controls. Con-

trols, who reported positively only to the “wish to be dead” question, were not classified into

the suicidal groups. We disregarded passive suicidal ideation because the majority of epidemi-

ological studies of suicide has asked about active suicidal ideation when assessing suicidal idea-

tion [48–50], and research on passive ideation is yet unclear.

Cognitive and emotional Simon tasks

Apparatus. Participants were unrestrainedly seated 60 cm away from a 22-inch LCD

monitor of 1,024 x 768 pixels and a 60-Hz refresh rate. Responses were collected using a stan-

dard computer keyboard. The experiment was programmed with MATLAB (www.mathworks.

com) and Psychtoolbox 3.0.11.

Stimuli. The target stimulus was either a colored square or a face image. The square

(approximately 3.33˚ x 3.33˚ in visual angle) was either red or yellow. We selected the face

images (approximately 8.3˚ x 10.3˚) from the Korea University Facial Expression Collection

2nd edition (KUFEC-II, [51]), a stimulus set of facial expressions displaying neutral and six

basic emotions of Korean young adults (age M = 24.72). We selected 16 sad faces (eight females

and eight males) and 16 neutral faces (eight females and eight males) from the set. We chose

sad expressions because depression is strongly associated with suicidal behavior [1].

Task procedure. Experimenters made sure that the midline of a participant’s body was

aligned centrally across the midpoint of the monitor. After participants performed a practice

block of 34 trials, they performed the main experiment, composed of eight blocks of 66 trials.

Each trial started with a white fixation cross appearing for 500 ms in the center of the monitor.

Participants performed two tasks: a color Simon task (cognitive task) and a face Simon task

(emotional task). Hence, the target stimulus was either a colored square or a face image,

depending on the required task. The target appeared either at the left or right of the fixation

cross. While our focus was to compare performance between the two Simon tasks, we adopted

an experimental design of alternatively performing two tasks on a trial-by-trial basis instead of

presenting two tasks in separate blocks. Participants also performed the two tasks in turn with

distinguished response keys for each task; participants responded to the color of a square for

the cognitive task by pressing the “f” key for red and the “j” key for yellow with their index fin-

gers and responded to the biological sex of a face by pressing the “d” key for males and the “k”
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key for females with their middle fingers for the emotional task. As a result, the two tasks,

which were performed alternatively, had distinguished stimulus and response features. With

this design, the CSE observed in our experiment could not be attributed to feature integration

or contingency learning, which are bottom-up confounds that could yield the CSE pattern

[52]. Lim and Cho [53] demonstrated by presenting two Simon tasks in this design that the

CSE can occur without feature integration and contingency learning. A trial was categorized

as congruent if the target appeared on the same side of the response location and incongruent

if it appeared on the opposite side. The faces displayed sad expressions for half of the blocks

and neutral expressions for the other half. The sad and neutral blocks were given in turn with

their order counterbalanced across participants. The target stimulus appeared for 250 ms. Par-

ticipants were required to respond within 2,000 ms from the target onset. Trials were separated

with an interval of 1,000 ms (Fig 1).

For each task, trial sequence was generated such that each congruency sequence [cC, cI, iC,

iI; the combination of lowercase and uppercase letters indicates current trial congruency (C:

congruent, I: incongruent) preceded by either a congruent (c) or an incongruent (i) previous

trial] occurred for the same number of times. The CSE was calculated as the difference in con-

gruency effect between trials whose previous trials were congruent and trials whose previous

trials were incongruent [(cI-cC)-(iI-iC)]. While the two tasks were distinguished in that they

did not share stimulus and response features, the CSE across the two tasks could be calculated

as they shared task-irrelevant spatial dimensions [53]. This was addressed in previous studies

that two different tasks could yield a cross-task CSE as long as the tasks share the same task-

irrelevant stimulus dimension and response dimension [53, 54].

Self-report measures

Cognitive Flexibility Inventory (CFI). We assessed cognitive flexibility using the CFI

[30]. The CFI measures cognitive flexibility in two subscales, the Alternatives and Control. The

Alternatives subscale measures the ability to perceive and generate alternative solutions to dif-

ficult situations, and the Control subscale measures the tendency to perceive difficult situations

as controllable. The psychometric properties of the two subscales indexed by Cronbach’s alpha

Fig 1. The trial sequence of the Simon tasks. The cognitive Simon task, responding to the color of a square, and the emotional Simon task, responding to the

biological sex of a face, were given in turn. The faces displayed sad expressions for half of the blocks and neutral for the other half. A trial was congruent when

the location of the target stimulus from the fixation cross and the hand position of the correct response key were aligned on the same side but incongruent

when they were in opposite positions. The example face image is from KUFEC-II, an emotional and neutral face image set of Korean young adults and was

authorized to be used and published [51].

https://doi.org/10.1371/journal.pone.0295041.g001
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ranged from good to excellent [30]. The version translated into Korean also showed consistent

reliability levels with Cronbach’s alpha of .86 for the total, .87 for the Alternatives subscale, and

.84 for the Control subscale. We used this translated version during the clinical interviews.

Patient Health Questionnaire-9 (PHQ-9). Current depressive symptoms were measured

using the PHQ-9 [40]. We used the version that is translated into Korean [55]. Its reliability

indexed by Cronbach’s alpha is .95 [55]. Participants were asked how much they have experi-

enced depressive symptoms for the past two weeks on a 4-Likert scale from 0 (none) to 3

(almost every day). We used the sum score as a covariate when conducting statistical tests on

Simon task measures.

Results

Preliminary analyses

No significant group differences were present in age, F(2, 134) = .38, p = .68, gender, χ2(2) =

.91, p = .63, educational level, χ2(8) = 12.75, p = .12, and income, χ2(10) = 10.43, p = .40. The

C-SSRS scores indicated a significant group difference in the suicide ideation severity, F(2,

134) = 497.86, p< .001, in which attempters scored higher than ideators and controls, and

ideators than controls, all ps< .001. Furthermore, the PHQ-9 scores indicated a significant

group difference, F(2, 134) = 497.86, p< .001, in which attempters scored higher than ideators,

p< .05 and controls, p< .001 and ideators than controls, p< .001. We identified 57 attemp-

ters as 45.6% (n = 26) multiple attempters, 45.6% (n = 26) actual attempters, 22.8% (n = 13)

interrupted attempters, and 56.1% (n = 32) aborted attempters. In addition, 47.4% (n = 27)

reported histories of NSSI (see Table 1).

Group differences in cognitive and emotional Simon tasks

RT data. We measured RT and accuracy. We report ANOVA results separately conducted

on RT and percent error [(1-accuracy)*100] data. For preprocessing data, we excluded the first

two trials of every block, trials whose mean RTs were three SDs away from conditional means,

and trials following outliers or incorrect trials. Mean correct RT was calculated for each partic-

ipant as a function of task (cognitive or emotional tasks), block (sad or neutral blocks), previ-

ous trial congruency (congruent or incongruent), and current trial congruency (congruent or

incongruent). A mixed ANOVA was conducted with the four factors as within-subject vari-

ables and group (ideators, attempters, or controls) as a between-subject variable (see Table 2).

The main effect of task was significant, F(1, 134) = 696.74, p< .001, MSe = 16,426, Z2
p = .84,

with the cognitive task (M = 555 ms) performed faster than the emotional task (M = 702 ms).

The main effect of block was also significant, F(1, 134) = 6.21, p = .01, MSe = 2,381, Z2
p = .04,

with sad blocks (M = 626 ms) performed faster than neutral blocks (M = 631 ms). Finally, the

main effect of current trial congruency was significant, F(1, 134) = 127.00, p< .001,

MSe = 2,324, Z2
p = .49. A significantly longer mean RT on incongruent trials (M = 641 ms) than

congruent trials (M = 617 ms) indicates a congruency effect [26].

The interaction between task and current trial congruency was significant, F(1, 134) =

16.59, p< .001, MSe = 1,075, Z2
p = .11. To observe how the size of the congruency effect differs

between the two tasks, separate analyses were conducted for each task with current trial con-

gruency as a factor. Results showed that both the difference between incongruent (M = 570

ms) and congruent (M = 541 ms) trials for the cognitive task, F(1, 136) = 146.00, p< .001,

MSe = 392, Z2
p = .52, and the difference between incongruent (M = 711 ms) and congruent

(M = 693 ms) trials for the emotional task, F(1, 136) = 47.09, p< .001, MSe = 452, Z2
p = .26,

were significant, but the difference was larger for the cognitive task resulting in a significant
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interaction. Unlike other congruency tasks, the size of the congruency effect in Simon tasks

tends to increase with faster RTs [56]. The cognitive task was performed significantly faster

than the emotional task. Accordingly, the congruency effect was larger for the cognitive task

possibly due to its faster RT. Consistently, an additional correlation analysis between the RTs

of cognitive and emotional tasks and the congruency effects of cognitive and emotional tasks

showed a significant negative correlation, r(272) = -.16, p = .003, supporting that the cognitive

task had a larger congruency effect in association with its faster RT.

The interaction between previous and current trial congruency was also significant, F(1,

134) = 24.90, p< .001, MSe = 772, Z2
p = .16. It indicates a CSE when the interaction is signifi-

cant due to the magnitude of the congruency effect being significantly smaller for current trials

Table 1. Sociodemographic and clinical characteristics of the sample by group.

Attempters

(n = 57)

Ideators

(n = 40)

Controls

(n = 40) Statistics
Variable n % n % n % F / χ2 p

Age in years (M, SD) 23.09 2.99 22.58 3.21 22.70 2.95 F = .38 .68

Gender (% Female) 36 63.16 22 55.0 22 55.0 χ2 = .91 .63

Education χ2 = 12.75 .12

High school or below 5 8.77 0 0 0 0

University attending 35 61.40 35 87.5 32 80

University graduates 11 19.30 3 7.5 5 12.5

Graduate school and above 6 10.53 2 5 3 7.5

Income χ2 = 10.43 .40

Under 1 million KRW 27 47.37 21 52.5 25 62.5

1–2 million KRW 6 10.53 2 5 2 5

2–3 million KRW 5 8.77 1 2.5 4 10

3–4 million KRW 5 8.77 6 15 0 0

4–5 million KRW 5 8.77 3 7.5 2 5

5 million KRW and over 9 15.79 7 17.5 7 17.5

C-SSRS

Suicide ideation

Wish to be dead 57 100 38 95 10 25

Active suicidal thoughts 57 100 40 100 0 0

Active ideation with any method 57 100 34 85.5 0 0

Active ideation with intent 52 91.2 16 40.0 0 0

Active ideation with plan and intent 17 29.8 3 7.5 0 0

Suicide ideation severity (M, SD) 4.21 .56 3.32 .83 0.25 .44 F = 497.86 .00

Suicide attempt subtypes

Actual 26 45.6

Interrupted 13 22.8

Aborted 32 56.1

Suicide attempt frequency

Single 31 54.4

Multiple 26 45.6

NSSI history 27 47.4 0 0 0 0

PHQ-9 (M, SD) 13.14 6.17 9.90 5.78 3.75 3.73 F = 35.14 .00

Note. C-SSRS = Columbia-Suicide Severity Rating Scale; NSSI = Nonsuicidal Self Injury. PHQ-9 = Patient Health Questionnaire-9.

1 million KRW� 840.15 USD. The percentage of suicide attempt subtypes sums over 100% because our sample includes individuals with multiple attempters.

https://doi.org/10.1371/journal.pone.0295041.t001
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whose previous trial was incongruent rather than congruent [27]. Thus, the congruency effect

was compared for each previous trial congruency. The size of the congruency effect was

reduced after incongruent trials (17 ms), F(1, 136) = 54.10, p< .001, MSe = 377, Z2
p = .29, com-

pared to after congruent trials (29 ms), F(1, 136) = 149.95, p< .001, MSe = 392, Z2
p = .52, indi-

cating a CSE.

In evaluating our hypothesis that the CSEs in the cognitive task and the emotional task

would differ between suicidal and nonsuicidal individuals, we examined the four-way interac-

tion of group, task, previous and current trial congruency. Its significance implies that the CSE

for each task differs across the groups. The interaction was marginally significant, F(2, 134) =

2.84, p = .06, MSe = 662, Z2
p = .04. This was also the case when the sum score of PHQ-9 was

incorporated as a covariate, F(2, 133) = 2.55, p = .08, MSe = 666, Z2
p = .04. Further analyses on

the mixed ANOVA results of the marginally significant four-way interaction were conducted

separately for each group with task, previous trial congruency, and current trial congruency as

three variables to examine differences across the groups. For controls, as expected, a significant

CSE was observed, F(1, 39) = 13.06, p = .001, MSe = 299, Z2
p = .25, and the three-way interac-

tion was not significant, F(1, 39) < 1, indicating that comparable sizes of the CSE were

obtained between the cognitive and emotional tasks. For ideators, the CSE was marginally sig-

nificant, F(1, 39) = 3.37, p = .07, MSe = 567, Z2
p = .08, and the three-way interaction was not sig-

nificant, F(1, 39) < 1, indicating marginally significant CSEs in both tasks. Finally for

attempters, the CSE was significant, F(1, 56) = 13.42, p = .001, MSe = 320, Z2
p = .19, with the

three-way interaction also being significant, F(1, 56) = 6.18, p = .02, MSe = 291, Z2
p = .10. As

predicted, the CSE was significant for the cognitive task, F(1, 56) = 22.38, p< .001, MSe = 260,

Z2
p = .29, whereas it was not for the emotional task, F(1, 56) < 1, indicating that attempters dif-

fered in reactive control between the cognitive task and the emotional task (Fig 2).

In contrast, the five-way interaction of group, task, block, previous and current trial con-

gruency was not significant, F(2, 134) < 1, indicating that facial expressions did not modulate

Table 2. Mean RTs and percent error (SDs in parentheses) as a function of task, block, previous trial congruency (c: Congruent, i: Incongruent), current trial con-

gruency (C: Congruent, I: Incongruent), and group. The combination of lowercase and uppercase letters (e.g., cC) indicates current trial congruency (C: congruent, I:

incongruent) preceded by a congruent (c) or an incongruent (i) previous trial.

RT Cognitive Simon task Emotional Simon task

Sad face block Neutral face block Sad face block Neutral face block

cC cI iC iI cC cI iC iI cC cI iC iI cC cI iC iI

Ideators 557.69

(117)

584.44

(102)

551.47

(101)

578.89

(98)

556.38

(100)

593.78

(107)

565.31

(109)

585.24

(99)

689.99

(97)

723.41

(104)

697.91

(106)

715.69

(90)

706.66

(113)

717.35

(95)

707.12

(99)

711.11

(95)

Attempters 540.75

(116)

575.82

(121)

545.39

(110)

563.89

(114)

541.39

(112)

578.68

(118)

553.11

(116)

566.55

(115)

688.55

(114)

707.15

(98)

688.17

(109)

707.30

(103)

699.67

(106)

719.03

(103)

705.69

(107)

715.88

(98)

Controls 518.48

(77)

556.75

(81)

521.13

(70)

550.03

(76)

517.49

(81)

557.51

(85)

521.96

(77)

550.78

(84)

675.14

(95)

699.45

(97)

692.43

(95)

698.23

(96)

679.07

(92)

712.32

(96)

688.04

(96)

704.48

(99)

Percent

error

Cognitive Simon task Emotional Simon task

Sad face block Neutral face block Sad face block Neutral face block

cC cI iC iI cC cI iC iI cC cI iC iI cC cI iC iI

Ideators 4.46

(6)

6.37

(7)

5.76

(6)

4.76

(5)

3.86

(4)

5.73

(6)

4.95

(6)

6.19

(8)

10.13

(8)

10.36

(8)

8.49

(7)

8.42

(7)

11.03

(7)

12.95

(9)

12.02

(8)

13.75

(11)

Attempters 3.92

(4)

6.26

(6)

3.65

(4)

5.01

(5)

3.47

(5)

6.16

(6)

4.22

(5)

4.01

(5)

7.48

(8)

12.19

(11)

8.18

(8)

12.00

(11)

10.84

(8)

15.86

(9)

12.08

(7)

14.24

(10)

Controls 3.01

(5)

7.41

(7)

2.43

(4)

5.65

(5)

4.02

(5)

8.53

(6)

3.19

(4)

6.32

(6)

8.27

(7)

10.32

(9)

7.64

(8)

9.93

(8)

10.26

(7)

12.88

(8)

14.16

(9)

11.35

(8)

https://doi.org/10.1371/journal.pone.0295041.t002
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how the CSEs of the cognitive and emotional tasks differed across the groups. The four-way

interaction of group, task, block, and current trial congruency was marginally significant, F(2,

134) = 2.93, p = .06, MSe = 719, Z2
p = .04. No other main effects and interactions were signifi-

cant or marginally significant (see Table 3).

Fig 2. Mean RTs as a function of previous and current trial congruency for the cognitive and emotional Simon tasks across the three groups. When the

interaction between previous trial congruency and current trial congruency is significant because the difference in mean RTs between incongruent and

congruent trials (i.e., congruency effect) is significantly smaller following incongruent than congruent trials, the results demonstrate a CSE. The graphs

outlined with dashed lines indicate the groups that showed a statistically significant CSE. Controls displayed significant CSE in both cognitive and emotional

Simon tasks, whereas attempters showed only a significant CSE in the cognitive Simon task. Ideators showed a marginally significant CSE in both tasks.

Pairwise comparisons between two groups showed that only between attempters and controls did the CSE between the two tasks significantly differ because the

CSE was significantly smaller in the emotional compared to cognitive task for attempters, but the CSEs did not differ between the tasks for controls. Error bars

show standard error of the mean across participants.

https://doi.org/10.1371/journal.pone.0295041.g002
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We conducted pairwise comparisons between two groups to understand better how the

CSEs differed between the two tasks across the groups. That is, ANOVAs were rerun with two

groups instead of three. This additional analysis was to investigate how suicidal (attempters or

ideators) and nonsuicidal controls may differ and how attempters and ideators may differ. In

particular, comparing attempters and ideators is of import to investigate what risk factors dis-

tinguish people who enact suicide from people who only think of it, considering the ideation-

to-action framework of identifying moderating factors in the progression of ideation to action

[3–5]. Results indicated that the interaction of task, previous trial congruency, current trial

congruency, and group was significant in the comparison between attempters and controls, F
(1, 95) = 5.02, p = .03, MSe = 633, Z2

p = .05, marginally significant in the comparison between

attempters and ideators, F(1, 95) = 3.18, p = .08, MSe = 643, Z2
p = .03, but not in the comparison

between ideators and controls, F(1, 78)< 1 (see Table 4).

We also conducted pairwise comparisons between two groups with the sum score of PHQ-

9 as a covariant. Results showed that the three-way interaction was significant between attemp-

ters and controls, F(1, 94) = 4.29, p = .04, MSe = 638, Z2
p = .05, marginally significant between

Table 3. Statistics of the ANOVA results as a function of group, task, block, previous trial congruency (n1cong), and current trial congruency (n0cong).

Statistics Statistics

F p ηp
2 F p ηp

2

Group .77 .47 .01 Group×Task×Block×n1cong .23 .79 .003

Task 696.7 .000 .84 Task×n0cong 16.59 .000 .11

Block 6.21 .01 .04 Group×Task×n0cong .25 .78 .004

n1cong .10 .76 .00 Block×n0cong .46 .50 .003

n0cong 127.0 .000 .49 Group×Block×n0cong 1.75 .18 .03

Group×Task .97 .38 .01 Task×Block×n0cong .94 .33 .007

Group×Block .57 .57 .01 Group×Task×Block×n0cong 2.93 .06 .04

Group×n1cong .41 .66 .01 n1cong×n0cong 24.9 .000 .16

Group×n0cong .68 .51 .01 Group×n1cong×n0cong .23 .79 .003

Task×Block 1.29 .26 .01 Task×n1cong×n0cong .19 .67 .001

Group×Task×Block 1.52 .22 .02 Group×Task×n1cong×n0cong 2.84 .06 .04

Task×n1cong 1.57 .21 .01 Block×n1cong×n0cong .93 .34 .007

Group×Task×n1cong .23 .79 .003 Group×Block×n1cong×n0cong .30 .74 .004

Block×n1cong .01 .91 .00 Task×Block×n1cong×n0cong .67 .42 .005

Group×Block×n1cong .59 .56 .009 Group×Task×Block×n1cong×n0cong .61 .54 .009

Task×Block×n1cong 1.65 .20 .01

Note. dfs: (1, 134) for within-subject effects and (2, 134) for between-subject effects

https://doi.org/10.1371/journal.pone.0295041.t003

Table 4. Statistics of the pairwise comparison of the CSE.

Attempters vs. Controls Ideators vs. Controls Attempters vs. Ideators

F p ηp
2 F p ηp

2 F p ηp
2

Group×CSE .11 .74 .001 .41 .53 .005 .17 .68 .002

Group×task×CSE 5.02 .03 .50 .15 .70 .002 3.18 .08 .03

Group×CSE in Emotional task 2.69 .10 .03 .50 .48 .006 .74 .39 .008

Group×CSE in Cognitive task 2.42 .12 .03 .05 .83 .001 2.22 .14 .02

Note. CSE indicates the interaction between previous and current trial congruency. [dfs: (1, 95) for comparison between attempters and controls; (1, 78) for comparison

between ideators and controls; (1, 95) for comparison between attempters and ideators]

https://doi.org/10.1371/journal.pone.0295041.t004
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attempters and ideators, F(1, 94) = 3.61, p = .06, MSe = 647, Z2
p = .04, and not significant

between ideators and controls, F(1, 77)< 1.

Percent error data. We also conducted a mixed ANOVA on the percent error data with

task, block, previous trial congruency, and current trial congruency as within-subject variables

and group as a between-subject variable. The RT and percent error results were not consistent

as we did not observe a significant or a marginally significant four-way interaction of group,

task, previous trial congruency, and current trial congruency in the percent error data. How-

ever, it is often the case that CSE analyses focus on mean RTs whereas error rates are only con-

sidered for ruling out speed-accuracy trade-offs due to accuracy results displaying ceiling

effects [e.g., 57]. We did not observe a significant positive correlation between RT and accu-

racy in any of the experimental conditions (-.31� Spearman’s r(135)� .07), and the overall

mean accuracy was .92.

Although we did not observe a significant group difference between the two tasks in CSE,

we observed a significant group difference between the two tasks in congruency effect in the

percent error data, which consistently support our main hypothesis that suicidal group shows

poorer control in the emotional task but not in the cognitive task.

The main effect of task was significant, F(1, 134) = 155.24, p< .0001, MSe = 126.11, Z2
p =

.54, as the cognitive task was performed with lower percent error (5%) than the emotional task

(11%). The main effect of block was also significant, F(1, 134) = 57.85, p< .001, MSe = 25.61,

Z2
p = .30, as sad face blocks were performed with lower percent error (7%) than the neutral face

blocks (9%). Finally, the main effect of current trial congruency was significant, F(1, 134) =

45.28, p< .001, MSe = 49.42, Z2
p = .25, as congruent trials were performed with lower percent

error (7%) than incongruent trials (9%), indicating a congruency effect. No other main effects

were significant.

The three-way interaction of group, task, and current trial congruency was significant, indi-

cating that the groups differed in how much interference participants experienced (i.e., con-

gruency effect) in the two tasks, F(1, 134) = 9.47, p< .001, MSe = 33.20, Z2
p = .12. Further

analyses conducted for each group with task and current trial congruency as variables showed

that the interaction was significant for the attempters, F(1, 56) = 8.76, p = .005, MSe = 9.23, Z2
p

= .14, and for the controls, F(1, 39) = 12.41, p = .001, MSe = 6.24, Z2
p = .24, but not for the idea-

tors, F (1, 39) < 1, indicating that the congruency effect did not differ between the two tasks

for ideators. Separate analysis conducted for attempters with current trial congruency as a vari-

able showed that the congruency effect was significant in the cognitive Simon task, F(1, 56) =

12.29, p< .001, MSe = 5.56, Z2
p = .18. The congruency effect was also significant in the emo-

tional Simon task but the effect was significantly larger, F(1, 56) = 20.68, p< .001,

MSe = 14.83, Z2
p = .35. For controls, the congruency effect was significant in the cognitive task,

F(1, 39) = 32.02, p< .001, MSe = 9.10, Z2
p = .45, but not in the emotional task, F(1, 39) = 2.16, p

= .15. In sum, ideators were less affected by distractor interference in both cognitive and emo-

tional tasks, whereas attempters showed distractor interference in both tasks. Interestingly,

attempters were more affected by distractor interference in emotional task than in cognitive

task. By contrast, controls showed distractor interference only in the cognitive task but not in

the emotional task (Fig 3).

Group differences in self-reported cognitive flexibility

Significant group differences were observed in the CFI total, F(2, 134) = 15.26, p< .001,

MSe = 203, Z2
p = .186, the Alternatives subscale, F(2, 134) = 5.82, p = .004, MSe = 82, Z2

p = .080,

and the Control subscale, F(2, 134) = 19.27, p< .001, MSe = 60, Z2
p = .223. With higher scores
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indicating greater cognitive flexibility, both attempters and ideators had significantly lower

scores than controls. Post-hoc Tukey HSD tests showed that the difference in the CFI total

between controls and attempters, p< .001, Cohen’s d = .95, and between controls and ideators

were significant, p< .001, Cohen’s d = 1.28, but not between attempters and ideators, p = .88,

Cohen’s d = .10. Post-hoc Tukey HSD results on the CFI subscales consistently showed that

the difference was significant between controls and attempters (Alternatives: p = .02, Cohen’s

Fig 3. Mean percent error as a function of current trial congruency for the cognitive and emotional Simon tasks across the three groups. The congruency

effect (CE) is calculated as the difference in percent error between incongruent trials and congruent trials. The larger the magnitude of the CE is, the greater the

interference by task-irrelevant information is. The graphs outlined with dashed lines indicate the groups that showed a statistically significant CE. Whereas the

CE was not significant in both tasks for ideators, it was for attempters. The CE was also significantly larger in the emotional Simon task than in the cognitive

Simon task for attempters. The CE was only significant in the cognitive Simon task for nonsuicidal controls. Error bars show standard error of the mean across

participants.

https://doi.org/10.1371/journal.pone.0295041.g003
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d = .56; Control: p< .001, Cohen’s d = 1.11) and between controls and ideators (Alternatives:

p< .001, Cohen’s d = .82; Control: p< .001, Cohen’s d = 1.35) but not between attempters

and ideators (Alternatives: p = .81, Cohen’s d = .13; Control: p = .99, Cohen’s d = .03).

Correlation of CSE and self-reported cognitive flexibility. To examine linkages between

reactive control and cognitive flexibility, we performed correlation analyses between each par-

ticipant’s RT CSE and their CFI scores (Total, Alternatives, and Control). The analyses were

first performed including all participants regardless of their assigned groups and then for each

group. We ran Spearman’s correlation coefficient, right sided, expecting a positive correlation.

We first calculated correlation coefficients between the total CSE scores (across all tasks and

blocks) and CFI. Only the attempters showed a significant correlation between the CSE and

the CFI Control subscale, r(55) = .31, p = .001. However, this did not survive false discovery

rate (FDR) multiple comparison correction. We next calculated Spearman’s correlation

between each task’s CSE and CFI. Again, only attempters showed a significant correlation

between cognitive Simon task CSEs and Control subscales, r(55) = .31, p = .01, which also did

not survive FDR correction. Finally, the correlation coefficients between CSEs, calculated as a

function of task and block, and CFI scores were calculated. No significant correlations were

found.

Discussion

We investigated the cognitive ability to control interference in suicidal and nonsuicidal indi-

viduals. We focused on their ability to inhibit distractions in conflicting situations because we

hypothesized that failing to manage distractions upon facing conflict may explain the cognitive

processing of why suicidal individuals would feel urges to attempt suicide in stressful and con-

flicting situations. We expected that the control of interference would be poorer in suicidal

individuals when the interference is instigated by task-irrelevant negative emotional stimuli.

Our main findings from behavioral and self-reported measures are as follows: (a) Attempters

showed differences from controls in adjusting reactive control during the emotional Simon

task but not during the cognitive Simon task. (b) Attempters were more interrupted by task-

irrelevant information in emotional Simon task than in the cognitive Simon task, contrastingly

to controls and ideators. (c) Ideators were not interrupted by task-irrelevant information in

both Simon tasks. (d) Ideators and attempters showed impaired cognitive flexibility compared

to controls in the self-report measure. (e) The group difference in the Simon tasks persisted

even when covarying for depressive severity symptoms.

Our main hypothesis was that suicidal individuals would experience susceptibility to inter-

ference and difficulty in reinforcing reactive control to deal with conflict. Accordingly, it was

predicted that suicidal and nonsuicidal individuals would show a significant group difference

in CSE as suicidal individuals would show a significantly smaller CSE in a Simon task. To

examine in which circumstances this group difference would be displayed, we hypothesized

that the conflict generated by human faces rather than simple squares would impair reactive

control. We predicted that if suicidal individuals would be more impaired in resolving conflict

generated by negative emotional faces than by neutral faces, their CSE would be smaller in sad

compared to neutral blocks. Our hypotheses were partially supported because while attempters

showed non-significant CSE only in the emotional task, their performance did not differ

between sad and neutral blocks.

Even though we predicted that negative emotion would affect the impairment of reactive

control for suicidal individuals, the variable, block, did not modulate the difference in CSEs

between the two tasks. Nonetheless, it is possible that the neutral faces were perceived nega-

tively in a biased manner due to the sad faces. Whereas the discrete-category view of emotion

PLOS ONE Reactive control in suicide ideators and attempters

PLOS ONE | https://doi.org/10.1371/journal.pone.0295041 November 30, 2023 14 / 22

https://doi.org/10.1371/journal.pone.0295041


suggests that a face displays an expression that belongs to a single emotional category [58], the

dimensional view suggests that facial expressions are dimensional and cannot be divided into

discrete categories [59]. Therefore, individuals can perceive a facial expression more or less

positively or negatively depending on the face’s embedded emotional contexts [60]. Even

though only half of the faces were sad during the emotional task, participants possibly per-

ceived the neutral faces more negatively because of the sad faces. Instead, the red and yellow

squares may have been perceived more explicitly as neutral stimuli compared to the faces.

We do not suggest directionality that emotion caused impairment of reactive control in

attempters. Future studies are necessary to directly manipulate mood or emotional contexts to

suggest causal relationships of how emotion changes reactive control. In manipulating emo-

tional contexts, their relevance to the task may play a critical role. In our study, as participants

responded to the biological sex of the faces rather than to the facial expressions, emotional

information was task-irrelevant. Examining reactive control when emotional information is

task-irrelevant was based on our assumption that suicidal individuals would be vulnerable to

distractions upon facing conflict instigated by negative emotional stimuli. However, a context

when emotional information is task-relevant should also be considered as previous research

demonstrated that relevance determines the extent of influence emotion has on information

processing; the extent is limited to early perceptual stages when emotional information is task-

irrelevant [61]. Therefore, future studies manipulating emotional contexts should consider the

relevance of emotional information to task goals.

The congruency effect results from distractor interference [14, 26], and the CSE is the sig-

nificant reduction of the congruency effect after experiencing conflict [27]. Our results showed

that emotion was critical in both the congruency effect and the CSE to distinguish attempters

from the two groups. Attempters showed a significantly larger congruency effect in the emo-

tional Simon task compared to the cognitive Simon task, indicating that attempters experi-

enced more interference in the emotional compared to the cognitive task. They also did not

display a CSE only in the emotional task, resulting in a significant group effect that distin-

guished attempters from controls. This indicates that attempters experienced more difficulty

to adjust reactive control in the emotional task contrary to controls, supporting our hypothesis

that reactive control in negative emotional context can distinguish attempters from nonsuici-

dal controls. This group difference was retained even after controlling for current depressive

symptoms.

Attempters not displaying a CSE during the processing of human faces, contrary to con-

trols, imply that they were more disturbed by conflict with less efficiency in resolving conflict.

This interpretation is based on our examination of how task-irrelevant representations of a

face disturbed the goal of successfully performing the task. On the other hand, a scenario in

which suicidal behavior is the goal can be considered. In this case, inefficient reactive control

in contexts with strong emotion can be an adaptive strategy for suicidal individuals, because

reinforcing reactive control to facilitate goal achievement could encourage suicidal behaviors.

If inflexibility to respond to interfering information in negative emotional states is an adaptive

strategy for suicidal individuals, how it is developed and how it progresses with the severity of

suicidal behaviors would be interesting research topics to investigate in future studies.

While attempters and controls significantly differed in CSE during the emotional Simon

task, one may question if the non-significant CSE in attempters can truly be considered a defi-

cit compared to controls. Studies exist which interpret larger CSEs as flexibility and improved

deployment of control [24, 62], but a larger CSE can be alternatively considered a neglect or

inefficiency of proactive control [63]. Whereas reactive control is transient reactivation of a

goal to resolve interference upon detecting conflict, proactive control is sustained maintenance

of goal representations [22]. If the CSE is large, it could indicate that participants were not
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actively engaged in maintaining task sets and thus were unprepared for conflict. In this case, a

significantly larger CSE for controls compared to attempters in our findings can be interpreted

as controls implementing attentional control when triggered upon facing conflict as they were

less proactive about task sets. For attempters, on the other hand, a non-significant CSE could

be interpreted as relying more on proactive instead of reactive control. However, we view

attempters’ non-significant CSE as an inefficiency in reactive control considering their con-

gruency effect results. Attempters showed a significantly larger congruency effect during the

emotional compared to the cognitive task. This suggests that attempters were more interrupted

by distractions during the emotional task. This interruption was not efficiently resolved as the

CSE was not significant in the emotional task. In contrast, the congruency effect was signifi-

cant in the cognitive task but not in the emotional task for controls, yielding a significant dif-

ference between the two tasks. This indicates that they were less interrupted by distractions

during the emotional task with successful implementation of the task goal. Thus, the relatively

larger CSE of controls in the emotional task is less likely to be interpreted that they were not

actively engaged in maintaining task sets and inhibiting distractions. Still, to investigate

whether the significant group difference is due to poorer reactive control in attempters or

poorer proactive control in controls, a task design that manipulates the proportion of the con-

gruent items in future studies would be necessary [64].

We categorized suicidal individuals into ideators and attempters to examine if the severity

of adjusting reactive control differentiates the two groups. Interestingly, only the ideators

showed non-significant congruency effects in both tasks. This indicates that ideators were less

interfered by distractions. While ideators did not differ significantly from attempters or con-

trols in CSE, ideators could be considered more similar to controls than attempters because of

the non-significant difference between ideators and controls in the pairwise comparisons. In

addition, the ANOVA results of ideators indicated marginally significant CSEs in both tasks.

Accordingly, our findings can be interpreted as ideators being good at controlling interference

and only weakly impaired in adjusting reactive control in contrast to attempters. This possibil-

ity may explain why ideators think of suicide but do not enact suicide. Nonetheless, the self-

report results indicated that ideators and attempters both scored more poorly on cognitive

flexibility than controls. Accordingly, if ideators are considered more similar to attempters

than controls, the task results imply more inadequate reactive control for ideators than attemp-

ters as they showed a marginally significant CSE even in the cognitive task. Our data are insuf-

ficient to test these possibilities. Rather, considering the pairwise comparison results that

ideators did not significantly differ from either group, ideators possibly share characteristics

with attempters and controls, indicating their stronger heterogeneity than the other groups.

You et al. [39] also reported that ideators and attempters did not differ significantly in imple-

menting inhibitory regulation during a stop-signal task. While the severity of suicidal behav-

iors may exist on a continuum from ideation to action [3–5], participants are assigned into

discrete groups in research studies that examine group effects. During this assignment, a par-

ticipant, for example, who has never made an attempt but is in a preliminary stage, would be

categorized as an ideator, while the person may share more characteristics with attempters

than ideators. Accordingly, although distinguishing ideators from attempters to compare their

regulatory functions is a necessary step to examine factors that moderate the progression from

ideation to attempt, empirical evidence is yet unclear.

As examining the CSE has demonstrated significant group differences between attempters

and controls, one may question if it provides a reliable index to be used as a clinical measure to

determine potential suicidal risk. The CSE is a reliable experimental effect that is highly repli-

cated with most participants within an experiment showing the effect [65]. This index of con-

flict adaptation is also stable as demonstrated by reliable internal consistency and 2-week test-
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retest stability [66, 67]. However, correlational research that examined if individual differences

in laboratory measures of cognitive control predict self-control success outside the lab has

shown inconsistency [68, 69]. Especially, recent studies demonstrated that the difference score

metrics used in congruency tasks contain large error variance, which leads to poor reliability

in correlational research [70, 71]. Accordingly, we expect the use of CSE to predict individual

differences in suicidal risks to be reliable only when precise individual-level estimates of the

effect can be obtained, such as by having a larger number of trials to reduce within-subject var-

iance [72, 73]. There have also been many approaches to improve the reliability of difference

score measures of cognitive control, such as Bayesian hierarchical modeling [74] and genera-

tive modeling [75]. We expect further examination is necessary in deciding on using the CSE

for clinical applications.

A couple of differences existed between the self-report and behavioral results. The correla-

tion analyses between the CFI scores and the CSE did not show significant positive correla-

tions. Inconsistency also existed particularly for ideators between their self-report and task

performance. Whereas they reported poorer cognitive flexibility than controls, their task per-

formance did not differ significantly from controls. You et al. [39] also reported that self-report

and task-based measures of regulatory functions were not significantly correlated. Brokke

et al. [15] also reported that whereas attention control was worse for attempters than ideators,

self-report results did not differ between the two groups. These findings suggest that the per-

ception of themselves does not necessarily correspond to their actual performance. Another

explanation for the inconsistency between task and self-report measures is that experimental

effects, including the CSE, require more precise individual estimates for correlational research

than for experimental research [71, 72, 74]. The CSE is reliable in experimental research,

which manipulates within-subject effects and compares across conditions of group averaged

scores, but for conducting correlational research to characterize individual differences and to

find relations across multiple measures, more precise individual estimates are required [71].

Limits on the generalizability of our findings exist owing to a narrow age range from 19 to

32. As much as young adults, the elderly above 70 have high suicide rates [76], and aging is

associated with impairment in regulatory functions [77]. Hence, the elderly may display differ-

ences from young adults. Our sample is also limited in that a high proportion of the partici-

pants were university attending when the level of education is a known factor related to

suicide [78, 79] and cognitive control [80–82]. Considering that higher educational attainment

positively affects cognitive control [81], suicidal individuals with lower levels of education may

display differences in reactive control compared to our sample. Our study also failed to include

information about the recency of suicidal behavior. We assigned participants into groups

based on their lifetime histories of suicidal ideation or attempt but did not include the infor-

mation on their recency in the assessment. To capture what is present during or proximal to

suicidal episodes, limiting to more recently conducted behaviors would be necessary for future

research. Finally, our study is limited for not comparing with a nonsuicidal clinical group,

such as individuals with major depressive disorder. Depression is known to be one of the high-

est risk factors for suicide ideation [83]. The current findings should be cautiously interpreted

considering these limitations.

Conclusion

By comparing performance between the cognitive and emotional tasks, we demonstrated a

clear difference in attempters from controls: attempters showed more interference by distrac-

tions and poorer adjustment of reactive control in the emotional than in the cognitive task.

This impairment, restricted to the task that used human faces as task stimuli, implies suicide
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attempts are likely associated with difficulty in managing conflict in dealing with distractions

related to people and psychosocial stress. Furthermore, our self-report results consistently

indicated impaired cognitive flexibility in attempters compared to controls. In conclusion, our

findings suggest that the inefficiency in controlling interference and resolving conflict may be

a key cognitive factor that distinguishes suicide attempters from nonsuicidal controls.
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