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Abstract 

Background: Suicidal thoughts and behaviors (STBs) are thought to be the result, at least in part, 
of abnormalities in various neural systems. Event-related potentials (ERPs) are a useful method 
for studying neural activity and can be leveraged to study neural deficits related to STBs; 
however, it is unknown how effective ERPs are at differentiating various STB groups. The 
present meta-analysis examined how well ERPs can differentiate (a) those with and without 
suicidal ideation, (b) those with and without suicide attempts, (c) those with different levels of 
suicide risk, and (d) differences between those with suicide attempts versus those with suicidal 
ideation only. 
  
Method: Our meta-analysis included 208 effect sizes from 2,517 participants from 27 studies. 
We used a random-effects meta-analysis using a restricted maximum likelihood estimator with 
robust variance estimation. 
 
Results: Our qualitative review found that for each ERP and STB combination, the literature is 
highly mixed. Our meta-analyses found a small-to-moderate relationship between ERPs and 
suicidal ideation, suicide attempt, suicide risk, and differences in ERPs between those with 
suicide attempts versus those with suicidal ideation only. We also found evidence that the 
literature may be suffering from small-sample bias and poor statistical power.  
 
Conclusions: Our results suggest that ERPs may complement other approaches, such as fMRI, 
in the study of the neurobiology of individuals with STBs. However, the current literature is 
severely underpowered to detect the effect sizes estimated in this meta-analysis. We recommend 
large-scale collaboration and improvements in measurement practices to combat the issues in this 
literature.  

Keywords: suicide, event-related potentials, meta-analysis, suicidal ideation, suicide 
attempt, suicide risk 
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Suicidal Thoughts, Behaviors, and Event-Related Potentials: A Systematic Review and 

Meta-Analysis 

Suicide is a concern around the world. Estimates indicate that well over 800,000 people 

die by suicide annually (World Health Organization, 2014). In the United States alone, over 

47,000 people die by suicide each year, making suicide the 10th leading cause of death (Centers 

for Disease Control, 2017). In contrast to trends in other western countries, suicide rates in the 

United States have been increasing over the last two decades (Hedegaard et al., 2018). This 

increase in the suicide rate has contributed to the decreasing trend in U.S. life expectancy every 

year since 2014 (Woolf & Schoomaker, 2019).  

Many scientists have suggested that suicidal thoughts (i.e., thoughts related to desire for 

death or suicide, regardless of suicidal intent) and behaviors (i.e., suicide attempt with nonzero 

intent; death by suicide; Silverman et al., 2007) are partially the result of differences or 

abnormalities in neurobiological systems (Joiner et al., 2005; Mann, 2003; Van Heeringen & 

Mann, 2014). Specifically, most of these neurobiological models of suicide suggest that suicide 

is the result of an interaction between dynamic, contextual factors (e.g., stress) and static factors 

(e.g., genetic loading for suicidal behavior that is independent of mental disorders; Mann, 2003, 

2003; Mann & Rizk, 2020; Van Heeringen & Mann, 2014). Variations in genetic loading, these 

models argue, play an important role in the development of the structure and function of neural 

circuits, such as in the hypothalamic-pituitary-adrenal axis or in the serotonergic projections 

throughout the brain (Mann & Rizk, 2020). This diathesis-stress model has led to studies 

investigating the brain regions that are predicted to be implicated in suicidal thoughts and 

behaviors (STBs), with most studies using magnetic resonance imaging (MRI) to examine 

structural and functional brain differences between those with and without a history of STBs. 
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These findings, however, have been mixed, as illustrated by two recent, competing reviews of 

this literature. 

The first, a qualitative, systematic review of the neuroimaging literature of STBs, 

concluded that there is tentative but converging evidence for two brain networks implicated in 

STBs (Schmaal et al., 2019). First, the authors proposed that the ventral prefrontal cortex and 

many of its connections are involved in increasing negative and decreasing positive internal 

states, which may lead to suicidal ideation (SI). Second, the authors identified other regions, 

including the dorsomedial prefrontal cortex, the dorsolateral prefrontal cortex, and the inferior 

frontal gyrus, as a separate network that may be important for suicide attempts (SAs) due to 

these regions’ roles in planning and cognitive control. In contrast, a quantitative meta-analysis of 

neuroimaging studies using whole-brain analyses did not find significant associations between 

SAs and any brain region; the study concluded that there were not enough studies to analyze the 

relationship between SI and neural structure and function (Huang et al., 2020). The mixed 

evidence illustrated by these two reviews underscores the need to broaden the methods used to 

examine differences in neural functioning among those experiencing STBs.  

An alternative method to examining the neurobiology of STBs that has been gaining 

more attention is to use event-related potentials (ERPs). ERPs are derived from 

electroencephalographic (EEG) data and reflect neural responses to specific, repeated events 

(Luck, 2014). ERP waveforms are calculated by averaging the electrocortical responses to a 

specific task event (e.g., stimulus presentation, error commission) across multiple trials. 

Although ERPs generally lack the excellent spatial resolution of MRI (i.e., the ability to 

accurately localize neural functions to regions in the brain), this methodology has several 

strengths. First, ERPs are direct measures of brain activity with excellent temporal resolution 
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(i.e., over 1000 samples per second), which allows researchers to examine distinct neural activity 

that might typically overlap with that assessed in MRI (e.g., ERPs can separately index multiple 

distinct processes that occur within hundreds of milliseconds of one another). Many ERPs have 

been shown to have excellent internal consistency with sufficient trial numbers (e.g., Meyer et al., 

2013; Moran et al., 2013). Electrocortical data are also less expensive to collect, relative to other 

forms of neuroimaging, thereby making larger samples sizes more feasible. Importantly, the 

extant literature has demonstrated that many ERPs reflect different neural functions—such as 

emotion regulation, response inhibition, reward processing, reward anticipation, and error 

monitoring (Luck & Kappenman, 2011)—that might be relevant for understanding STBs. 

Because of their potential clinical utility (Hajcak et al., 2019), researchers have begun to 

employ ERPs in the study of STBs. For example, Gibb and Tsypes (2019) suggested that the 

inclusion of ERPs in machine learning algorithms may improve the prediction of STBs. Though 

there have been studies examining differences in ERPs between those with SI or a history of SAs 

and those without SI or SAs (e.g., Albanese et al., 2019a), the literature on the relationship 

between ERPs and STBs is mixed. As an example, we will briefly discuss one ERP, the late 

positive potential (LPP), that reflects processing in neural circuits and how their dysfunction has 

been hypothesized to contribute to STBs. 

The LPP is a sustained positive deflection during the presentation of emotionally 

valanced stimuli, with the LPP demonstrating greater amplitudes in response to emotional stimuli 

(e.g., images of mutilation and sex), relative to neutral stimuli (Cuthbert et al., 2000; Weinberg & 

Hajcak, 2010, 2011). The LPP has been shown to be related to activity in cortical and subcortical 

areas—including areas such as the amygdala, ventrolateral prefrontal cortex, posterior cingulate 

cortex, and orbitofrontal cortex—that form an affective-salience network (Liu et al., 2012). 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 30, 2020. ; https://doi.org/10.1101/2020.04.29.069005doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.29.069005
http://creativecommons.org/licenses/by-nc-nd/4.0/


STB & ERP META-ANALYSIS 6 

Importantly, the blunting of the LPP in response to threatening stimuli has been hypothesized to 

index fearlessness about death, a construct that leading theories of suicide posit is key for 

individuals who experience suicidal thoughts to be able to overcome the instinct of self-

preservation and enact lethal self-injury (Gallyer, Hajcak, et al., 2020; Klonsky & May, 2015; 

O’Connor & Kirtley, 2018; Van Orden et al., 2010). That is, no matter how much a person may 

want to die by suicide, they will be unable to do so unless they also have a reduced fear response 

to the prospect of their own death. Though more research is still needed, preliminary evidence 

has shown that the LPP may be related to self-reported fearlessness about death (Bauer et al., 

2020). Thus, the LPP is a neural measure of affective processing that may be important for the 

transition from (a) thinking about suicide to (b) engaging in suicidal behaviors. The evidence, 

however, is mixed. One study found that a reduced LPP to pleasant pictures was related to 

increased SI (Weinberg et al., 2016). However, a follow-up study did not find a relationship 

between SI and the LPP to rewarding stimuli (Weinberg et al., 2017), and another study found 

such a relationship only when individuals were asked to volitionally increase their reward 

responses (Albanese et al., 2019b). Yet another study found that the LPP to threatening stimuli 

was blunted in patients with a previous SA, compared to patients without a previous SA 

(Weinberg et al., 2017). 

Though there are many reasons for these mixed findings, one possible explanation 

involves the definitions of STBs used across studies. According to ideation-to-action theories of 

suicide (e.g., interpersonal theory of suicide; 3-step theory; Joiner, 2005; Klonsky & May, 2015), 

factors that predict SI do not necessarily predict SAs or death by suicide (Klonsky et al., 2018). 

This finding has been supported by a meta-analysis showing that most risk factors for suicide 

(e.g., depression) have stronger associations with SI than with SAs (May & Klonsky, 2016). 
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Given these findings, Some ERPs may relate to SI, whereas others may relate to SAs or to other 

STB outcomes, depending on the neural process from which the ERPs are derived. For example, 

we previously mentioned that the LPP to threatening stimuli may be a measure of fearlessness 

about death, which may be most relevant for the transition from suicidal thoughts to engaging in 

suicidal behavior. In contrast, the blunting of a separate ERP, called the reward positivity (RewP), 

may be more likely to be related to SI, rather than to SAs, given the RewP’s well-established 

relationship to depressive symptoms (Keren et al., 2018). 

In addition to the above mixed findings, recent meta-analyses have called into question 

the clinical significance of most risk factors for STBs when examined in isolation (Chang et al., 

2016; Franklin et al., 2017; Ribeiro et al., 2018). Researchers have also called into question 

whether the modal study across neural methods (e.g., fMRI and ERPs) is sufficiently powered to 

detect individual differences (Clayson et al., 2019; Elliott et al., 2020; Marek et al., 2020). Thus, 

a general meta-analysis of all ERPs is needed to summarize the current literature’s mixed 

findings and to provide a best estimate of the true effect size of the relationship between STBs 

and ERPs so that researchers in this burgeoning area can ensure that they are using designs that 

are adequately powered. Moreover, given that this research area is gaining momentum, it is 

important to qualitatively review the current literature for individual ERPs and their relationships 

to STBs. Thus, the current systematic review and meta-analysis aims to: (1) review the literature 

to examine how various ERPs are related to STBs; (2) examine whether ERPs, in general, 

differentiate between individuals who have and have not engaged in STBs; (3) examine which 

ERP, if any, is the most effective at differentiating those who have and have not engaged in 

STBs; (4) estimate the statistical power of the current literature, based on the pooled effect size; 

and (5) investigate whether other factors moderate the relationship between ERPs and STBs. We 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 30, 2020. ; https://doi.org/10.1101/2020.04.29.069005doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.29.069005
http://creativecommons.org/licenses/by-nc-nd/4.0/


STB & ERP META-ANALYSIS 8 

examined each of these aims in relation to four separate STBs: (1) between those with and 

without suicidal ideation, (2) between those with and without a suicide attempt history, (3) 

among those with varying degrees of suicide risk, and (4) between those with a previous suicide 

attempt and those with suicidal ideation but without a previous suicide attempt.1 Based on the 

existing risk factor literature of STBs, we hypothesized that ERPs, in general, would have a 

small-to-moderate relationship with STBs. We did not have any specific hypotheses for our other 

aims.  

Method 

Inclusion and Exclusion Criteria 

All of our data, analysis scripts, coding spreadsheets, figures, and supplementary material 

are available on the Open Science Framework 

(https://osf.io/k4cpe/?view_only=612a0952f8834206813d8414a7018606). Our meta-analysis 

was conducted in accordance with the PRISMA Statement (Moher et al., 2009). The following 

criteria were established to select relevant effect sizes. 

Language 

Only articles written in English were included. 

Event-Related Potentials 

Only articles that had an effect size that included an event-related potential (ERP) were 

included. ERPs were defined as measures using EEG responses to specific, time-locked events of 

mental processes. Given these criteria, studies that used cortical recordings or that stimulated the 

brain to produce neural activity were excluded. 

                                                 
 

1 We define what “suicide risk” is more formally in Method, but in short: “suicide risk” is a 
catch-all term for many studies that measure suicidal thoughts and behaviors in a way that does not 
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Suicide-Related Outcomes 

Effect sizes were required to include a measure of suicidal thoughts, suicidal behaviors, 

or suicide risk/suicidality. Measures of suicidal thoughts were defined as any measure of severity 

or history of suicidal ideation. We did not distinguish between death/suicidal ideation or between 

passive/active suicidal ideation. Suicidal behaviors were defined as a history of engaging in a 

self-harm behavior with nonzero intent to die. Importantly, we did not distinguish among aborted, 

interrupted, and actual SAs. Moreover, effect sizes that included SA frequency were not included. 

Suicide risk/suicidality was used when a measure/group with STBs that did not fit in the SI or 

SA categories was obtained. For example, studies that used the Suicidal Behavior 

Questionnaire—Revised (Osman et al., 2001) were categorized as “suicide risk” studies. Given 

these definitions, studies that examined nonsuicidal self-injury or a history of nonsuicidal self-

injury were excluded. Last, we compared studies that included a group that had a history of SAs, 

and a group that had a history of SI but no history of SAs. These four outcome differences were 

chosen to reflect the current ideation-to-action framework that guides most suicide research. 

“Suicide risk” was included as an umbrella term when studies did not cleanly delineate between 

individuals with a history of SAs and those with a history of SI but no history of SAs. 

Published in Print or Online by October 2020 

Our search results were limited to articles published in print or online by October 20, 

2020. We want to note that we first conducted the literature search in October 2019 then updated 

the literature search in October 2020. More details below. 

                                                                                                                                                          
 

differentiate between suicidal ideation and suicidal behaviors such as suicide attempts.  

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 30, 2020. ; https://doi.org/10.1101/2020.04.29.069005doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.29.069005
http://creativecommons.org/licenses/by-nc-nd/4.0/


STB & ERP META-ANALYSIS 10 

Literature Search 

We conducted literature searches across PubMed, PsycInfo, Web of Science, and 

ProQuest Dissertations & Theses to find relevant literature. Full search terms for each database 

are available on an online repository stored on the Open Science Framework 

https://osf.io/k4cpe/?view_only=612a0952f8834206813d8414a7018606). To summarize, search 

terms included different permutations related to ERPs and suicidal thoughts and behaviors, 

including: “event-related potential,” “event-related potentials,” “electroencephalography,” “EEG,” 

“evoked potential,” “evoked potentials,” “late positive potential,” “reward positivity,” “P3a,” 

“P3b,” “error-related negativity,” “suicide,” “suicidal,” “suicidal ideation,” “self-harm,” “self-

injury,” “parasuicide,” “suicide ideation,” “suicide attempt,” “suicide plan,” “suicidality,” 

“suicide risk,” “attempter,” “attempters,” and “ideators.” We also checked the reference list of 

every article included in the final meta-analysis for additional studies. In addition to these efforts, 

we made several attempts to gather unpublished literature. These efforts included: (1) social 

media announcements on Twitter and (2) contacting researchers who were either a first or last 

author on at least two papers included in the meta-analysis. Of the nine researchers we emailed 

asking for unpublished or yet-to-be-published studies, six responded, with three providing data 

(two of which jointly contributed a dataset) and three indicating that they did not have any other 

unpublished data. The remaining three did not respond. We also had one unpublished paper that 

was included in this meta-analysis. We first conducted this literature search in October 2019 but 

then updated the literature search in October 2020 because enough time had elapsed to make the 

systematic review and meta-analysis outdated. For the updated literature search, we used the 

same process, except we limited the dates on all our databases to only show articles published 

after the date of our initial literature search in October 2019.  
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Data Extraction and Coding 

For each effect size, the following were also coded: mean age of the sample, suicide 

measure, EEG reference, scoring ERP procedure, specific ERP, type of suicidal group, and the 

type of comparison group. All studies were initially coded by the first author (A.J.G.) in an Excel 

spreadsheet. One co-author (S.P.D.) recoded data included in the meta-analysis. We conducted 

reliability analyses for our codings, using agreement rate and Cohen’s kappa for categorical 

variables and using intercoder correlation and two-way random-effects intraclass correlation 

(ICC) for continuous variables. For categorical variables, agreement rate ranged from 88.0% to 

100%, and Cohen’s kappas were excellent (κ = .84–.99). For continuous variables, intercoder 

correlations ranged from .99 to 1.0, and ICCs also ranged from .99 to 1.0. Disagreements for 

categorical variables were resolved through discussion.  

Using our search terms across all our included databases produced 298 papers. Figure 1 

displays an overview of our search process and the number of articles within each search process. 

After accounting for duplicates, we examined the abstracts of 215 papers and excluded studies 

that did not meet inclusion criteria. After examining abstracts, 51 studies entered full-text review. 

After full-text review of the literature from our database search, 23 studies were included. 

Examining citations from these papers added one more study, and our efforts to reach out to 

authors for unpublished data resulted in three more studies. In the end, 27 studies had at least one 

effect size that met inclusion criteria, resulting in 208 total effect sizes. The 29 studies that were 

not included after full-text review (including one study we found through examining citations) 

were excluded for the following reasons: (1) no measure that met our definition of ERP (n = 3), 

(2) no measure that met one of our definitions of STBs (n = 7), (3) no or insufficient information 

to calculate effect sizes, including when access to the full text was inaccessible due to the 
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article’s being a poster or dissertation (n = 17), (4) paper was a review article (n = 1), and (5) 

effect size from paper was a duplicate of that from another paper (n = 1). For articles for which 

the full text was available but for which we did not have enough information to calculate effect 

sizes, we sought to email the corresponding or last author. We emailed four researchers for more 

information to calculate effect sizes from their papers. One responded and indicated that they no 

longer had access to the data. No other researchers responded, and we were unable to locate 

contact information for authors for two studies. See Table 1 for included studies.  

Effect Sizes 

 Information was extracted from each study to calculate Hedges’ g. For most effect sizes, 

means, standard deviations, and sample size were used to calculate effect sizes. However, in 

some cases, existing effect sizes had to be converted to Hedges’ g. Specifically, several studies 

reported Pearson’s r or an F value. For one effect size, Pearson’s r was estimated by using the 

computer program WebPlotDigitizer (Version 4.2; Rohatgi, 2019). All effect sizes were 

calculated using the “compute.es” package (Version 0.2-4; Del Re, 2013). Because the aim of 

this meta-analysis was to examine how well ERPs can differentiate those with and without STBs, 

we converted all Hedges’ g effect sizes to |g| for our analyses in which we grouped together all 

ERPs. This conversion was done because ERPs may have differing relationships with STBs, with 

some studies reporting blunted ERPs in those with STBs and other studies reporting increased 

ERPs in those with STBs. Moreover, we made this change because a smaller or larger ERP could 

be conceptualized as a risk factor, depending on the neural processes reflected in a specific ERP. 

Combining Effect Sizes 

 All of our analyses were conducted in R (Version 3.5.2; R Core Team, 2018) using the 

“metafor” package (Version 2.1; Viechtbauer, 2010). We opted to use a random-effects model 
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that estimated heterogeneity using restricted maximum likelihood. We chose this model for two 

reasons: First, our literature search produced studies with many effect sizes. This dependence 

between effect sizes violates the assumptions of fixed-effects models, which would lead to an 

incorrectly estimated pooled effect size and would increase the probability of a Type I error 

(Hedges et al., 2010). Second, given that we combined many different ERPs that measure 

different neural functions, it is likely that our meta-analysis would result in significant 

heterogeneity in effect sizes. Our random-effects model included two levels: (1) effect size and 

(2) journal article. We also used robust variance estimation to account for the small number of 

clusters (i.e., studies) in our analyses (Hedges et al., 2010). To address outliers for our analyses 

that included all ERPs, we first conducted our meta-analysis using all effect sizes. Then, each 

effect size whose confidence interval did not overlap with the pooled effect size was removed. 

We then reran our analyses with outliers removed. 

Examining Small-Study Bias, Publication Bias, and Statistical Power 

To examine whether publication bias or small-study bias was present in our meta-

analyses, we used three approaches. First, we visually inspected both the traditional funnel plot 

and a contour-enhanced funnel plot for each outcome. Second, we conducted a variant of Egger’s 

regression for detecting funnel plot asymmetry, using the square root of the effect size weight as 

the predictor (i.e., √Wi). Simulation studies have found that this approach balances the Type I 

error rate (i.e., detecting funnel plot asymmetry when there is none) and statistical power in the 

presence of dependent effect sizes and when using standardized means difference effect sizes 

(Pustejovsky & Rodgers, 2019; Rodgers & Pustejovsky, 2020). After conducting these two 

approaches to examine small-study bias, we were concerned that our approaches were not 

detecting publication bias and that our modified Egger’s regression may be underpowered for 
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some STB outcomes (viz., suicide risk and SA vs. SI-only). Thus, we also estimated a three-

parameter selection model (3PSM) and then conducted a likelihood ratio test for each of our 

outcomes using the “weightr” package, with a significant likelihood ratio test indicating evidence 

that selective reporting may be present (Coburn & Vevea, 2019; Vevea & Hedges, 1995). This 

approach allows a more direct assessment of selective reporting and has been shown to be 

significantly more powerful to detect selective reporting than other methods in the presence of 

dependent effect sizes, at the cost of a higher Type I error rate (Rodgers & Pustejovsky, 2020). 

However, because the 3PSM cannot be done with multi-level models and the robust variance 

estimation we used to handle our dependent effect sizes, for this model we averaged effect sizes 

within each study. To calculate statistical power for each effect size, we used the pooled effect 

size as the “true” effect size, α = .05, and used the effect sample size using code by Quintana 

(2020). 

Moderation and Sensitivity Analyses 

 We ran moderation analyses examining whether specific ERPs, ERP scoring method, and 

sample age (continuously measured) moderated the pooled effect size. In line with our second 

aim, we examined which specific ERP best differentiated those with and without each of our four 

STBs. We planned to examine suicide measurement, location of the reference electrode(s), and 

method of quantifying ERPs (e.g., mean, area-around-the-peak) as moderators, but, for each of 

these variables, either there were not enough studies reporting these measures, or there was not 

enough variation in the methods used. We also conducted unplanned sensitivity analyses by 

comparing our results to the results if (a) outlier effect sizes were included and if (b) only 

published studies’ effect sizes were included.  

Results 
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 Our literature search resulted in 27 studies meeting inclusion criteria, with the earliest 

included studies being published in 1994 and with a rising number of papers being published 

every year since 2017 (see Figure 2). Our results will be presented as follows: (1) qualitative 

review of each ERP and its relation to individual STBs; (2) meta-analysis of all ERPs and their 

relations to SI, SA, suicide risk, and SA versus SI-only, respectively, with accompanying 

moderation analyses, publication bias, and statistical power; and (3) sensitivity analyses. 

Qualitative Review of Individual ERPs 

Loudness-Dependent Auditory Evoked Potential (LDAEP) 

 The loudness-dependent auditory evoked potential (LDAEP) is an ERP that is calculated 

as the amplitude change of the N1/P2 component that arises in response to increasingly intense 

auditory stimuli (Hegerl et al., 2001). The LDAEP has been shown to be negatively related to 

serotonergic activity in the central nervous system and has been proposed as a reliable indicator 

of serotonin levels in humans (Hegerl & Juckel, 1993; Juckel et al., 1997). To date, only two 

studies have examined the LDAEP and how it may differ in those with SI. The first, a study of 

college students and community members, did not find a relationship between the LDAEP and 

self-reported SI (Marsic, 2012). The second study recruited two groups of patients: (1) patients 

with depression with atypical features and (2) patients with depression without atypical features 

(Lee et al., 2014). The study found a significant negative relationship between the LDAEP and 

self-reported SI but only in patients with atypical depression; there was no evidence of a 

relationship between the LDAEP and SI in patients with typical depression. Though this pattern 

suggests a potential interaction between LDAEP and atypical versus typical depression, this 

study did not formally test this interaction, so it is an open question whether the LDAEP—and, 

in turn, central serotonergic activity—is related to SI in patients with atypical depression.  
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 The literature examining differences in the LDAEP between those with SA versus those 

without a previous SA is highly mixed. In three independent samples, Juckel and Hegerl (1994) 

found that those with a previous SA had a smaller LDAEP, relative to controls. Though another 

study found similar results, other studies have yielded opposing or null findings (Ashton et al., 

1994). For example, a study in patients with depression did not find differences in the LDAEP 

between patients with a previous SA and patients with no previous SA (Chen et al., 2005). 

Another study similarly did not find any differences between those with a SA and those without 

(Min et al., 2012). Yet another study among patients diagnosed with depression found that 

patients with a previous SA had a larger LDAEP, compared to patients without a previous SA 

(Kim & Park, 2013).  

 Similar to studies of SA and SI, findings from the literature examining suicide risk and 

the LDAEP are mixed. One study among a sample of college undergraduates and community 

members did not find a relationship between the LDAEP and Suicidal Behaviors Questionnaire 

scores (Marsic, 2012; Osman et al., 2001). A study among a patient sample also did find not any 

differences in the LDAEP  between those of varying levels of suicide risk (Graßnickel et al., 

2015). In contrast, one study among a sample of male undergraduates found a positive 

relationship between the LDAEP and Suicidal Behaviors Questionnaire scores (Marsic et al., 

2015).  

Late Positive Potential (LPP) 

 As mentioned in our introduction, the LPP is an ERP that exhibits greater amplitudes to 

stimuli with greater emotional valence, compared to neutral stimuli (Cuthbert et al., 2000; 

Weinberg & Hajcak, 2010, 2011). Specifically, the LPP is thought to reflect a protracted 

orienting response that begins with the P300 (see P300 section below), with both the LPP and 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 30, 2020. ; https://doi.org/10.1101/2020.04.29.069005doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.29.069005
http://creativecommons.org/licenses/by-nc-nd/4.0/


STB & ERP META-ANALYSIS 17 

P300 reflecting activity of both appetitive and aversive motivational systems (Hajcak & Foti, 

2020). So far, only three studies have examined the relationship between the LPP and SI. In one 

study during which participants, who consisted of 40 undergraduate students, were instructed to 

reduce their emotional response to negatively valenced images, those with SI had a greater LPP 

in response to negatively valanced images, compared to students without SI (Kudinova et al., 

2016). However, the study did not find any differences between students with SI and those 

without SI for any other stimulus valence or instruction type (e.g., increased emotional response; 

passive viewing). Another, similar study among community adults presenting to a clinical trial 

found that the LPP was positively associated with self-reported suicidal ideation on the Beck 

Suicide Scale but only in response to positively valanced stimuli during a condition during which 

participants were instructed to increase their emotional response (Albanese et al., 2019b; Beck et 

al., 1988). In a separate, unpublished dataset, Albanese (2020) did not find any relationship 

between the LPP and SI.  

 Regarding SAs, only one study has examined differences in the LPP between those with a 

SA history and those without a SA history. Among a sample of psychiatric outpatients, Weinberg 

and colleagues (2017) found that the LPP in response to threat was significantly blunted among 

patients with a previous SA compared to patients with SI who had no history of SA; furthermore, 

there were no differences in LPP amplitude to positive stimuli between the groups. Finally, two 

studies have examined the relationship between suicide risk and the LPP. One study in a sample 

of psychiatric outpatients found that the LPP to positive and negative stimuli both had a negative 

relationship with suicide risk (Weinberg et al., 2016). Finally, another unpublished study among 

community adults found no relationship between the LPP in response to negatively valanced 

stimuli and suicide risk level (Albanese, 2020).  
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P300 

 The P300 is a positive deflection in the ERP waveform that is classically elicited to the 

presentation of infrequent stimuli during an oddball task (Donchin, 1981). Some evidence 

suggests that the P300 and LPP may both index salience or significance and thus may reflect 

similar underlying neural processes (Bradley, 2009; Hajcak & Foti, 2020). Three studies have 

examined the P300 and how it may relate to SI. The first did not find any relationship between 

the P300 and self-reported SI (Baik et al., 2018). Another study among psychiatric patients found 

a significant, positive relationship between the P300 to a variety of stimuli during an affective 

incentive delay task and SI (Song et al., 2019). Specifically, the study found that SI was 

positively related to the P300 to the target stimulus, to the positive feedback P300 regardless of 

condition, and to the negative feedback P300 during a reward condition (i.e., negative feedback = 

a neutral picture; positive feedback = rewarding picture). Finally, an unpublished study found a 

positive relationship between the P300 to threatening stimuli and SI (Albanese, 2020).  

 For SA history, two early studies in small samples found a reduced auditory P300 in 

patients with a previous SA, compared to patients without a previous SA (Hansenne et al., 1994, 

1996). In contrast, another study found that the auditory P300 was greater in those with a 

previous SA, compared to those without a previous SA but only at Fz (Chen et al., 2005). In line 

with this study, another study found an unrealistically large (viz., Hedges’ g = 3.57) difference in 

the P300 during an oddball task between those with a previous SA and those without a previous 

SA (Jandl et al., 2010). Two more recent studies have also reported conflicting results. Albanese 

and colleagues (2019a) did not find a difference in the P300 between participants with SA and 

those with SI but no history of SA. In contrast, a separate study comparing those with SA to 
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controls found that those with SA had a blunted cue P300 during a monetary incentive delay task 

(Tsypes et al., 2020).  

 In regard to suicide risk, a study in a sample of adolescent inpatients used an auditory 

oddball paradigm and found that those with greater suicide risk (i.e., adolescents with recent SI 

and/or SA) had greater P300 than controls (Tavakoli et al., 2018). A similar study among 

adolescent inpatients using a visual oddball task did not find any differences in the P300 

(Tavakoli et al., 2020). Last, in an unpublished study, Albanese (2020) found that most P300s did 

not correlate with suicide risk measure scores, with one exception: The study found a negative 

correlation (i.e., r = -0.23) between the P300 to neutral stimuli in a visual task and a self-report 

measure of suicide risk.  

Reward Positivity (RewP) 

 The RewP is a relative positive deflection in the ERP that is maximal approximately 300 

ms after presentation of rewards, compared to nonrewards (Holroyd et al., 2008; Proudfit, 2015). 

A more positive RewP is related to increased BOLD response in the ventral striatum (Becker et 

al., 2014; Carlson et al., 2011). A blunted RewP has been inconsistently related to SI. In a sample 

of children with SI and matched controls, the RewP was smaller in children with recent SI (i.e., 

SI within the last two weeks), compared to controls (Tsypes et al., 2019). However, in a 

conceptual replication using two larger samples of slightly older children, there was no 

difference in the RewP between children with recent SI and controls (Gallyer, Burani, et al., 

2020). Similarly, a study using pictures as the rewarding or unrewarding stimuli in a sample of 

patients with major depressive disorder did not find a relationship between the RewP and SI 

(Song et al., 2019).  
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 Researchers have only recently begun to examine the RewP and its potential relationship 

to SA and suicide risk. One study in a community adult sample found no difference in the RewP 

between those with a previous SA and controls without a previous SA (Tsypes et al., 2020). An 

unpublished study with a similar design by the same group also failed to find a difference in the 

RewP between those with a SA and controls (Tsypes & Gibb, 2020). Last, among a sample of 

adolescents experiencing depression, there was a positive relationship between the RewP and 

having suicide risk (i.e., experiencing any STB; Pegg et al., 2020).  

Contingent Negative Variation (CNV), Post-Imperative Negative Variation (PINV), and 

Stimulus-Preceding Negativity (SPN) 

 The CNV is a negative-going wave that precedes the presentation of an affective cue or 

action initiation, with the CNV demonstrating greater (i.e., more negative) amplitudes during the 

anticipation of more emotionally salient stimuli (Angus et al., 2017; Baas et al., 2002; Tecce, 

1972). Work has shown that, in some circumstances, the CNV can continue for an extended time 

period, resulting in what has been called the PINV (Timsit et al., 1970). Research using 

simultaneous EEG and fMRI found that trial-by-trial variation of the CNV is associated with 

BOLD activity in the thalamus, anterior cingulate, and supplementary motor cortex (Nagai et al., 

2004). There are few studies that have examined the CNV in STBs. The single study that 

examined the CNV in SI found no relationship between the CNV and SI, regardless of the 

condition, during an affective incentive delay task (Song et al., 2019). A series of early studies 

with very small sample sizes consistently found that the CNV was blunted in patients with a 

previous SA, compared to patients without a SA (Ashton et al., 1994; Hansenne et al., 1994, 

1996). Notably, one of these studies also examined the PINV but did not find any differences 

(Ashton et al., 1994). A more recent study, however, failed to find any differences in the CNV 
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between SA groups, and there have yet to be any studies examining suicide risk and the CNV 

(Tsypes et al., 2020). In relation to the SPN (i.e., a slow-wave ERP that precedes anticipation in 

several different tasks; van Boxtel & Böcker, 2004), the single study to examine differences in 

this ERP between those with STBs found no differences in the SPN between participants with a 

previous SA, compared to those without a previous SA (Tsypes et al., 2020).  

N200, P200, and N100 

 The N200 is a negative-deflection ERP that reflects conflict-monitoring processing, with 

the N200 exhibiting more negative amplitudes to no-go cues, relative to go trials, during go/no-

go tasks (Donkers & Boxtel, 2004; Nieuwenhuis et al., 2003). Only two studies have examined 

the N200 and its relation to STBs. The first found that the N200 during a go/no-go task was 

reduced (i.e., less negative) among participants with a previous SA, compared to participants 

experiencing SI without a previous SA (Albanese et al., 2019a). The second study did not find 

any evidence for differences in the N200 between patients hospitalized for acute suicide risk and 

matched healthy controls (Tavakoli et al., 2020). A single study has examined the N100 (an early 

sensory ERP; Pratt, 2011) and STBs. This study failed to find differences in the N100 in a small 

sample of patients with a previous SA versus controls (Hansenne et al., 1996). 

 The P200 is a positive-deflection ERP shortly following stimulus presentation that is 

maximal approximately 180 ms after stimulus onset (Carretié et al., 2006). Research has shown 

that the P200 has the greatest amplitude to novel target stimuli (Luck & Hillyard, 1994). 

Research has also shown that the P200 exhibits greater amplitudes to affective stimuli, relative to 

neutral stimuli (Carretié et al., 2001; Delplanque et al., 2004; Olofsson & Polich, 2007). As with 

the N200, very few studies have examined the P200 and how it may relate to STBs. One study 

found a positive correlation between SI and the P200 during an affective incentive delay task 
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among a sample of psychiatric patients and healthy controls (Song et al., 2019). Lastly, a study 

among a small sample of patients also found that the P200 was reduced in patients with a 

previous SA, compared to controls (Hansenne et al., 1996).  

Meta-Analyses Grouping All ERPs 

Suicidal Ideation 

Pooled Effect Size, Publication Bias, and Statistical Power. After excluding one outlier 

effect size, our SI meta-analysis consisted of nine studies and 113 effect sizes (M = 12.56 effect 

sizes per study; median = 9). The difference in ERPs between those with SI and those without SI 

was significant, with an average weighted Hedges’ g = 0.24 (95% CI [0.14, 0.35]). We did not 

find evidence of significant heterogeneity (Q[112] = 83.75, p = .979, I2 = 18.46%). Regarding 

publication bias, visually inspecting the funnel plot (see Figure 3) revealed small-sample bias, 

with smaller samples more frequently having larger effect sizes. Inspection also revealed that 

most statistically significant effect sizes had p values between .05 and .01. Our modified Egger’s 

regression test for funnel plot asymmetry was significant (F[1, 7] = 16.94, p = .005), revealing a 

negative relationship between our modified study weight and the pooled effect size estimate (b = 

-.39). This result suggests that studies with smaller sample sizes (i.e., smaller weights in our 

meta-analysis) tended to find significantly larger effects than studies with larger sample sizes. 

Though this unstandardized effect appears small, it results in our smallest sample’s having an 

estimated effect size of Hedges’ g = 0.41; in comparison, our largest sample had an estimated 

effect size of Hedges’ g = 0.07 (see Figure 4). Estimating our 3PSM and conducting a likelihood 

ratio test provided evidence that selective reporting is occurring, with significant results being 

more likely to be published than nonsignificant results (χ2[1] = 8.21, p = .004). Regarding 
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statistical power, the mean statistical power was .209 (min. = .094, max. = .400), suggesting most 

studies have a small probability of detecting the estimated effect size of Hedges’ g = 0.24.  

Moderation by Specific ERP. We tested specific ERP as a moderator of the relation 

between ERPs and SI. All ERPs that had 10 or more effect sizes were given their own code; 

ERPs that did not meet this cutoff were grouped together. Thus, ERPs were coded as follows: 

LDAEP = 0; LPP = 1; RewP = 2; P300 = 3; CNV = 4; and P200 = 5. The moderation analysis 

was significant (F[5, 3] = 8.11×1015, p < .001), suggesting that specific ERP contributed to the 

heterogeneity in effect sizes. Individual estimates only found evidence that the P2 (b = .31, p 

= .037) differed from the LDAEP effect (b = .33, p < .001), though we caution readers, given that 

this analysis is based on only two P2 effect sizes.  

Moderation by Scoring Method. We tested whether the ERP scoring method 

contributed to the heterogeneity in effect sizes observed in our meta-analysis. In the end, we only 

had three different scoring methods: (1) raw, (2) difference score, and (3) slope procedure used to 

score the LDAEP. Thus, we coded raw as 0 and both difference score and slope procedure as 1. 

The moderation analysis was not statistically significant (F[1, 7] = 4.10, p = .083). Thus, we did 

not find evidence that ERP scoring method contributed to the heterogeneity observed in our 

effect sizes. 

Moderation by Sample Age. Our analysis examining age as a moderator did not find 

evidence of age as a significant contributor to the heterogeneity in our effect sizes for SI (F[1, 6] 

= 0.09, p = .770). 

Suicide Attempt 

Pooled Effect Size, Publication Bias, and Statistical Power. After excluding three 

outlier effect sizes, our SA meta-analysis consisted of 12 studies with 46 effect sizes (M = 3.83 
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effect sizes per study). The difference in ERPs between those with a previous SA and those 

without a previous SA was significant, with an average weighted Hedges’ g = 0.40 (95% CI 

[0.26, 0.54]). Our model did not find evidence of significant heterogeneity in effect sizes (Q[45] 

= 42.93, p = .560, I2 = 19.91%). For a forest plot of our SA results, see Figure 5. Visually 

inspecting the funnel plot (see Figure 3) revealed small-sample bias, with smaller samples more 

frequently having larger effect sizes. Inspection also revealed that most statistically significant 

effect sizes had p values between .05 and .01. Our modified Egger’s regression test for funnel 

plot asymmetry was not significant (F[1, 10] = 3.36, p = .097). Estimating our 3PSM and 

conducting a likelihood ratio test also failed to find evidence that selective reporting is occurring 

(χ2[1] = 2.67, p = .102). Regarding statistical power, the mean statistical power was .303 (min. 

= .103, max. = .810), suggesting most studies have a small probability of detecting the estimated 

effect size of Hedges’ g = 0.40.  

Moderation by Specific ERP. We tested specific ERPs as a moderator of the relation 

between ERPs and SI. Again, all ERPs that had 10 or more effect sizes were given their own 

code; ERPs that did not meet this cutoff were grouped together. Thus, ERPs were coded as 

follows: LDAEP = 0; LPP = 1; RewP = 2; P300 = 3; CNV = 4; N200 = 5; and N100, PINV, and 

SPN were coded as 6. The moderation analysis was significant (F[6, 5] = 4.54×1014, p < .001), 

suggesting that specific ERP contributed to the heterogeneity in effect sizes. Individual estimates, 

however, did not find evidence that any effect size differed from the LDAEP effect (b = .55, p 

< .001), suggesting that, while specific ERPs contributed to significant heterogeneity in effect 

sizes, no specific ERP has a significantly different effect size estimate than the LDAEP for SA.  

Moderation by Scoring Method. Our analysis did not find evidence that ERP scoring 

method contributed to the heterogeneity in effect sizes (F[1, 6] = 4.10, p = .089). 
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Moderation by Sample Age. Our analysis examining whether age moderated the relation 

between ERPs and SA did not converge. After changing the optimizer to “optim” and the 

optimizer method to “Nelder-Mead,” the analysis converged and was not statistically significant 

(F[1, 7] = 0.515, p = .496). 

Suicide Risk 

Pooled Effect Size, Publication Bias, and Statistical Power. We did not find any 

outliers for our suicide risk meta-analysis, resulting in eight studies with 45 effect sizes (M = 

5.62 effect sizes per study). The difference in ERPs between those with higher suicide 

risk/suicidality and those with lower suicide risk/suicidality was significant, with an average 

weighted Hedges’ g = 0.33 (95% CI [0.22, 0.44]). Our model did not find evidence of significant 

heterogeneity in effect sizes (Q[44] = 25.26, p = .990, I2 = 6.74%). Visually inspecting the funnel 

plot (see Figure 3) revealed small-sample bias, with smaller samples more frequently having 

larger effect sizes. Inspection also revealed that most statistically significant effect sizes had p 

values between .05 and .01. Our modified Egger’s regression test for funnel plot asymmetry was 

not significant (F[1, 6] = 0.55, p = .487). Estimating our 3PSM and conducting a likelihood ratio 

test also failed to find evidence that selective reporting is occurring (χ2[1] = 2.25, p = .133). 

Regarding statistical power, the mean statistical power was .286 (min. = .119, max. = .649), 

again suggesting most studies have a small probability of detecting the estimated effect size of 

Hedges’ g = 0.33.  

Moderation by Specific ERP. For this analysis, ERPs were coded as follows: LDAEP = 

0; LPP = 1; RewP = 2; P300 = 3; and N200 = 4. The moderation analysis was not significant 

(Q[4] = 0.93, p = 0.929), suggesting that specific ERP did not contribute to the heterogeneity in 

effect sizes for suicide risk. 
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Moderation by Scoring Method. Our analysis did not find evidence that ERP scoring 

method contributed to the heterogeneity in effect sizes for suicide risk (F[1, 4] = 0.13, p = .738). 

Moderation by Sample Age. Our analysis examining whether age moderated the relation 

between ERPs and suicide risk was not statistically significant (F[1, 5] = 1.42, p = .287); 

therefore, we did not find evidence that the relation between ERPs and suicide risk differs as a 

function of the study sample age. 

Suicide Attempt Versus Suicidal Ideation-Only 

Pooled Effect Size, Publication Bias, and Statistical Power. We excluded two outlier 

effect sizes, resulting in seven studies with 31 effect sizes (M = 4.43 effect sizes per study). The 

difference in ERPs between those with SA and those with only SI was significant, with an 

average weighted Hedges’ g = 0.43 (95% CI [0.23, 0.64]). Our model did not find evidence of 

significant heterogeneity in effect sizes (Q[30] = 28.98, p = .519, I2 = 24.39%). Visually 

inspecting the funnel plot (see Figure 3) revealed small-sample bias, with smaller samples more 

frequently having larger effect sizes. Inspection also revealed that most statistically significant 

effect sizes had p values between .05 and .01. Our modified Egger’s regression test for funnel 

plot asymmetry was not significant (F[1, 5] = 6.15, p = .056). Estimating our 3PSM and 

conducting a likelihood ratio test also failed to find evidence that selective reporting is occurring 

(χ2[1] = 1.26, p = .262). Regarding statistical power, the mean statistical power was .231 (min. 

= .086, max. = .648), suggesting most studies have a small probability of detecting the estimated 

effect size of Hedges’ g = 0.43.  

Moderation by Specific ERP. For this analysis, ERPs were coded as follows: LDAEP = 

0; LPP = 1; P300 = 2; N200 = 3; and both CNV and N100 were coded as 4. The moderation 

analysis was significant (F[4, 2] = 5.31×1015, p < .001), suggesting that specific ERP contributed 
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to the heterogeneity in effect sizes. However, no ERPs demonstrated significant differences from 

the LDAEP.  

Moderation by Scoring Method. Our analysis did not find evidence that ERP scoring 

method contributed to the heterogeneity in effect sizes (F[1, 4] = 0.67, p = .460). 

Moderation by Sample Age. Our analysis examining whether age moderated the relation 

between ERPs and suicide risk was statistically significant (F[1, 4] = 7.88, p = .048), suggesting 

that older samples had significantly smaller effect sizes (b = -.02; see Figure 8).  

Sensitivity Analyses 

Suicidal Ideation Sensitivity Analyses. In our SI meta-analysis without outlier exclusion, 

the pooled effect size increased slightly to Hedges’ g = 0.25 (95% CI [0.14, 0.37]). In our SI 

meta-analysis excluding effect sizes from unpublished studies, the pooled effect size estimate 

increased slightly to Hedges’ g = 0.30 (95% CI [0.13, 0.47]). 

Suicide Attempt Sensitivity Analyses. In our SA meta-analysis without outlier exclusion, 

the pooled effect size increased significantly to Hedges’ g = 0.53 (95% CI [0.32, 0.75]), which is 

nearly outside the 95% CI of our meta-analysis that excluded these outliers. Excluding these 

outliers but only using published studies also resulted in a larger pooled effect size of Hedges’ g 

= 0.42 (95% CI [0.27, 0.57]). 

Suicide Risk Sensitivity Analysis. Because we did not find any outliers for the suicide 

risk variable, we did not conduct a sensitivity analysis reintroducing outliers. A meta-analysis 

using only published studies resulted in a much larger pooled effect size of Hedges’ g = 0.39 

(95% CI [0.30, 0.49]). 

Suicide Attempt Versus Suicidal Ideation-Only Sensitivity Analysis. Reintroducing 

outliers to our SA-versus-SI-only meta-analysis revealed a larger pooled effect size of Hedges’ g 
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= 0.54 (95% CI [0.22, 0.85]). Because all studies for our original SA-versus-SI-only meta-

analysis were published, we were unable to perform a sensitivity analysis excluding unpublished 

studies.  

Discussion 

 Scientists have proposed that suicidal thoughts and behaviors (STBs) are at least in part 

the result of differences in neural architecture and functioning (Mann, 2003; Van Heeringen & 

Mann, 2014). Evidence from fMRI studies has led to divergent conclusions, with some papers 

concluding that there are neural differences between those with and without STBs while other 

papers suggest that there is not yet enough evidence to conclude that there are differences in 

neural functioning between individuals with and without STBs (Huang et al., 2020; Schmaal et 

al., 2019). Event-related potentials (ERPs) offer an alternative approach to quantifying neural 

functioning in those with STBs that is more cost-effective, provides excellent temporal 

resolution, and directly measures neurophysiological processes. However, the effectiveness of 

ERPs at differentiating individuals with versus without STBs was unknown.  

 Our qualitative review of specific ERPs and their relations to ERPs revealed that, across 

ERPs and STB combinations, the literature is highly mixed. Though there are many possible 

explanations for these equivocal findings, one problem may be that studies use vastly different 

behavioral tasks to elicit purportedly similar ERPs. Though doing so may be good in theory for 

generalizability purposes, doing so may introduce validity issues if similar ERPs from different 

tasks are elicited by slightly different neural processes. For example, is the RewP to the monetary 

reward task the same as a task during which the reward is a pleasant affective image? Data are 

lacking on this question and on many other task comparisons we reviewed. However, some 
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evidence suggests that the ostensibly same ERP elicited from different tasks are only modestly 

correlated with one another (i.e., r = 0.33–0.43; Riesel et al., 2013).  

We also found that many studies used a single-item assessment or other problematic 

measurement approaches (e.g., combining measures without previous evidence of combined-

measure validity) to measure STBs. Single-item assessments are particularly problematic, as 

participants may endorse SI or SA history but not meet standardized criteria for SI or SA when 

probed for more information (cf. Hom et al., 2016; Millner et al., 2015). Moreover, combining 

measures without sufficient justification and without establishing validity may attenuate effect 

sizes and make results less replicable (Flake & Fried, 2019). Finally, we found that many studies 

dichotomized continuous measures of STBs. On one hand, this practice is understandable, given 

the difficulty in collecting samples of individuals experiencing STBs. With the sample sizes 

typically seen in these studies, there may simply not be many participants with varied scores on a 

STB measure. On the other hand, dichotomizing continuous variables may reduce statistical 

power and increase the false positive rate (Altman & Royston, 2006). Dichotomizing between 

presence versus absence of STBs may be particularly problematic, given evidence that suicide 

risk may be a rare instance of a construct that is categorical, with high suicide risk being 

categorically distinct from low suicide risk (Rufino et al., 2018; Witte et al., 2017). In addition to 

the extant literature’s highly mixed results, we found no longitudinal studies examining the 

ability of ERPs to predict changes in STBs. Because of this limitation, it is plausible that any 

differences observed between STB groups is caused by other factors associated with STBs, 

rather than ERPs’ predicting the STBs themselves.  

 In addition to our qualitative review, we grouped all ERPs and meta-analyzed their 

relationship to various STBs. These analyses revealed a significant, small-to-moderate 
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relationship between ERPs and STBs. Thus, on average, those with STBs exhibit differences in 

neural functioning that can be measured using ERPs. Which networks or functions specifically 

may be affected remains an open question, given the mixed results of our qualitative review. 

Moreover, though these effects were significant, the potential clinical utility of ERPs to predict 

SI or SA is unknown. In light of recent STB risk factor meta-analyses and the size of the cross-

sectional effects in our study, it is unlikely that ERPs used in isolation can provide enough 

clinically meaningful information to predict STBs (Franklin et al., 2017). However, ERPs may 

provide useful and, importantly, unique information that can increase the predictive value of 

machine-learning algorithms (Gibb & Tsypes, 2019). This concept is supported by work that has 

shown that adding self-report measures to administrative data can increase prediction accuracy of 

perpetrating violence or being a victim of violence among United States Army personnel 

(Bernecker et al., 2018). Moreover, ERPs may be used in conjunction with other measures to 

improve the predictive ability of linear models (Hajcak et al., 2019). For example, combining 

ERPs and self-report measures has been used successfully to predict the development of 

depression and anxiety (Meyer et al., 2018; Nelson et al., 2016). Nevertheless, because no 

studies used a longitudinal design, the causal relationship between ERPs and STBs is unclear. 

Moreover, though we examined many effect sizes, there were relatively few studies within each 

meta-analysis. Thus, the estimates found in our results should be considered preliminary, and 

more meta-analyses (ideally examining individual ERPs) will be needed as this literature grows.  

 This meta-analysis sought to examine whether specific ERPs had stronger effects for 

different STBs. For our SA, suicide risk, and SA-versus-SI-only meta-analyses, we found no 

evidence that any specific ERP was significantly better at differentiating between STB groups 

and comparison groups. For our SI meta-analysis, we did find evidence that the P200 had a much 
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stronger effect size than the LDAEP. However, because the relationship between the P200 and SI 

has only been examined in one study that found a very large effect size (i.e., Hedges’ g = 0.74), 

these results require replication. We also found that the mean age of the sample moderated the 

relation between ERPs and SA history in our SA-versus-SI-only meta-analysis, such that older 

samples corresponded with smaller effect sizes. One explanation for this result is that large 

differences in neural functioning early in life are markers of particularly high risk for suicide. 

Over time, these differences may diminish as those with the largest neural differences die by 

suicide, restricting the range of ERPs in older samples with STBs2. However, given that death by 

suicide is relatively rare, this effect, if it exists, may be relatively small. Another possibility is 

that being younger generally serves as a protective factor that can only be overridden by large 

perturbations in neural functioning, leading to increased risk for SAs. Indeed, while suicide rates 

see a large increase in late childhood and early adolescence, even very young children can 

exhibit STBs (Centers for Disease Control, 2017; Luby et al., 2019; Rosenthal & Rosenthal, 

1984). 

Our enthusiasm for our results is tempered by evidence of publication bias and that the 

extant studies examining STBs and ERPs are severely underpowered. Specifically, across our 

STB outcome types, the asymmetry of our funnel plots suggested small-sample bias. While 

funnel plot asymmetry can be the result of more than selective reporting, we also found evidence 

of selective reporting in our best-powered 3PSM analysis (i.e., SI). Though neither our Egger’s 

regression nor our 3PSM was significant for any other STB, and though the 3PSM is one of the 

best-powered to detect publication bias, our methods for detecting publication bias still may have 

been underpowered to detect selective reporting. Moreover, using our pooled meta-analytic 

                                                 
 

2 The authors thank Keanan Joyner for making us aware of this possibility. 
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effect size as the “true” effect size, we found that nearly every study to date that has used ERPs 

to examine neural differences in STBs has been significantly underpowered. Specifically, the 

average statistical power across STB outcomes ranged from .208 to .303, and the maximum 

statistical power (except for in the case of SA) was much lower than the typically accepted 

criteria of .80. 

Future of the Study of STBs Using ERPs 

The results of our meta-analysis suggest that ERPs may aid our understanding of the 

neural functioning of those with STBs. ERPs are relatively inexpensive to collect and can be 

used in myriad settings, increasing the possibility of measuring ERPs in more ecologically valid 

settings (Shamay-Tsoory & Mendelsohn, 2019). Capitalizing on the strengths of ERPs can 

complement the spatial resolution of fMRI to give a fuller picture of the neural functioning of 

those with STBs. However, as with the fMRI literature, in which a meta-analysis found a median 

sample size of 45 (Huang et al., 2020), the majority of studies using ERPs to study STBs are 

severely underpowered. That is, most studies to date are too underpowered to provide 

meaningful information about the neurobiology of STBs. This is because low statistical power 

increases the frequency of both false negatives and false positives, which limits the replicability 

of studies of STBs (Button et al., 2013). There are likely many factors contributing to low 

statistical power in the neuroimaging, ERP, and STB literatures, including institutional incentives 

(Smaldino & McElreath, 2016), the high financial cost to conduct neuroimaging studies, and the 

relatively low base rate of STBs (Fazel & Runeson, 2020). To combat low statistical power in the 

field of neuroimaging, consortia have been developed to construct large neuroimaging datasets 

(e.g., Thompson et al., 2014). We believe that a similar consortium focused on using ERPs to 
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study STBs, as well as greater collaboration in general, will be necessary to determine whether 

neurobiological differences play a role in the etiology of STBs.  

We also encountered poor measurement practices, with most studies using single-item 

assessments. To combat this issue, researchers should prioritize using multi-item assessments and 

should, ideally, use interview-based measures that allow the researcher to ask clarifying 

questions (e.g., Chu et al., 2015; Fox et al., 2020; Gallyer, Chu, et al., 2020; Joiner et al., 1999; 

Nock et al., 2007). Though research in military samples suggests that suicide risk measures are 

inaccurate in making absolute determinations of who is at risk, this work has also suggested that 

some of the most popular measures of suicide risk are equally effective (Gutierrez et al., 2020). 

Thus, researchers should focus on using any multi-item measure, rather than exerting too much 

effort determining which is the best or combining different measures. We also found that ERPs 

were elicited using very different tasks that may not reflect the same neural processes. 

Researchers may consider creating a standardized battery of tasks that are shown to produce 

ERPs with high internal consistency. This recommendation, in combination with our call for 

greater collaboration and/or a consortium dedicated to studying STBs using ERPs, would be 

particularly beneficial for the field. Doing so would make results across studies more comparable, 

and maximizing internal consistency would increase the ability to relate ERPs to individual 

differences such as STBs (Hajcak et al., 2017). By improving statistical power, measurement 

practices, and the consistency of behavioral tasks, we are confident that ERPs will have much to 

contribute to the understanding of whether neurobiology plays a role in STBs. 
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Table 1 

Included Studies and Study Characteristics 

Author, Year # Effect 
Sizes 

Sample Size Mean Age STBs 
Included 

ERPs ERP 
Scoring 
Method 

Albanese et al., 2019a 12 68 36.63 SA N200; P300 Difference; 
Raw 

Albanese et al., 2019b 13 247 35.29 SI LPP Difference; 
Raw 

Albanese, 2020 78 86–91 - SI, SR P300; LPP Raw 

Ashton et al., 1994 3 67 31.35 SA CNV; LDAEP - 

Baik et al., 2018 1 44 42.45 SI P300 Raw 

Chen et al., 2005 4 66 27.40 SA LDAEP; P300 Slope; 
Raw 

Gallyer et al., 2020 9 255–311 12.42–
14.41 

SI RewP Difference; 
Raw 

Graßnickel et al., 2015 1 40 43.20 SR LDAEP Slope 

Hansenne et al., 1994 2 14 - SA P300; CNV Difference 

Hansenne et al., 1996 4 20 39.93 SA N100; P200; P300; CNV Raw 

Jandl et al., 2010 3 50 48.32 SA P300 Difference 

Juckel & Hegerl, 1994 8 13–25 - SA LDAEP - 

Kim & Park, 2013 1 38 40.79 SA LDAEP Slope 

Kudinova et al., 2016 9 33 19.76 SI LPP Raw 

Lee et al., 2014 2 53–68 39.55–
44.18 

SI LDAEP Slope 

.
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Author, Year # Effect 
Sizes 

Sample Size Mean Age STBs 
Included 

ERPs ERP 
Scoring 
Method 

Marsic et al., 2015 1 41 20.69 SR LDAEP Slope 

Marsic, 2012 2 41 25.15 SI, SR LDAEP Slope 

Min et al., 2012 1 143 46.13 SA LDAEP Slope 

Pegg et al., 2020 3 58 15.90 SR RewP Difference; 
Raw 

Song et al., 2019 24 56 22.73 SI P200; P300; CNV Raw 

Tavakoli et al., 2018 6 24 14.90 SR P300 Difference 

Tavakoli et al., 2020 4 28 15.70 SR N200; P300 Difference 

Tsypes & Gibb, 2020 3 51 - SA RewP Difference; 
Raw 

Tsypes et al., 2019 3 69 9.50 SI RewP Difference; 
Raw 

Tsypes et al., 2020 5 60 24.92 SA RewP; P300; CNV; SPN Difference 

Weinberg et al., 2016 3 177 42.93 SR LPP Raw 

Weinberg et al., 2017 3 235 41.18 SA LPP Raw 

Note. SI = Suicidal Ideation, SA = Suicide Attempt, SR = Suicide Risk. .
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Figure 1 

PRISMA Diagram 
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Figure 2 

Number of Studies Included by Publication Year 

  

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 30, 2020. ; https://doi.org/10.1101/2020.04.29.069005doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.29.069005
http://creativecommons.org/licenses/by-nc-nd/4.0/


STB & ERP META-ANALYSIS 56

Figure 3 

Classic and Contour-Enhanced Sunset Funnel Plots

56 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 30, 2020. ; https://doi.org/10.1101/2020.04.29.069005doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.29.069005
http://creativecommons.org/licenses/by-nc-nd/4.0/


STB & ERP META-ANALYSIS 57 

Note. Each plot contains two funnel plots: (1) classic funnel plot, centered at effect size estimate, 

and (2) contour-enhanced funnel plot, centered at 0. Shaded region of contour-enhanced funnel 

represents region where p values are between .01 and .05. Power on right y-axis represents 

statistical power of each individual study to detect the estimated effect size from the meta-

analysis. (A) Suicidal ideation meta-analysis; (B) Suicide attempt meta-analysis; (C) Suicide risk 

meta-analysis; (D) Meta-analysis of individuals with a previous suicide attempt versus those with 

suicidal ideation only.
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Figure 3 

Modified Egger’s Regression for Suicidal Ideation Meta-Analysis 

 

Note. Larger √Wi reflects larger sample sizes and greater statistical power.  
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Figure 5 

Suicide Attempt Forest Plot 
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Figure 6 

Suicide Risk Forest Plot 
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Figure 7 

Suicide Attempt Versus Suicidal Ideation-Only Forest Plot 
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Figure 8 

Moderation by Age of Suicide-Attempt-Versus-Suicidal-Ideation-Only Effect 
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