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There was a 24% increase in suicide rates between 1999 
and 2014 in the United States, and those ages 10 to 14 
had the greatest increase (National Center for Health 
Statistics, 2016), highlighting the importance of identify-
ing early correlates of suicide risk. However, despite 
the efforts of past research, the field’s progress in the 
understanding (Franklin et  al., 2017) and prevention 
(Zalsman et  al., 2016) of suicide remains limited. 
According to the conclusions of a recent meta-analytic 
review, this progress has been stunted largely as a result 
of a failure to identify and examine novel risk factors 
in a transdiagnostic manner (Glenn et al., 2018). To this 
end, the Research Domain Criteria (RDoC) project of 
the National Institute of Mental Health (NIMH; Cuthbert, 
2014) has been suggested as a promising framework 
capable of addressing these important limitations of 
prior research (Glenn, Cha, Kleiman, & Nock, 2017; 
Glenn et al., 2018). Indeed, because of its focus on an 
integrative dimensional understanding of disordered 
behavior across traditional diagnostic boundaries, the 
RDoC is well-suited to advancing our understanding of 
suicide risk.

Most studies to date have focused on correlates and 
predictors of suicidal thoughts and behaviors (STBs) 
that fall within the Negative Valence Systems domain 
of the RDoC, with significantly fewer studies focusing 
on other RDoC domains, including the Positive Valence 
Systems domain, which includes a number of subdo-
mains related to reward processing. This represents an 
important gap in the literature because the predominant 
focus on only one RDoC domain limits the field’s ability 
to identify novel correlates and risk factors of STBs. 
Indeed, a recent meta-analysis demonstrates the pres-
ence of a robust link between anhedonia, the most 
frequently investigated proxy of reward responsiveness 
in individuals with STBs, and current suicidal ideation 
(SI; Ducasse et al., 2018). Note that this association was 
found to be at least partially independent of the pres-
ence of psychiatric disorders, including depression 
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Abstract
Individuals with suicidal thoughts and behaviors experience abnormalities in reward-related processes, yet little is 
known about specific components or stages of reward processing that are impaired, especially in children. The primary 
aim of this study was to conduct an investigation of the Initial Response to Reward subconstruct of the National 
Institute of Mental Health’s Research Domain Criteria in relation to recent suicidal ideation (SI) in children. Participants 
were 23 children between the ages of 7 and 11 with a history of recent SI and 46 demographically and clinically 
matched children with no recent SI. Children completed a simple guessing task during which electroencephalographic 
signals were continuously recorded to isolate the reward positivity (RewP) event-related potential; specifically, we 
examined change in RewP (∆RewP), quantified as the difference between neural responses to monetary gains and 
neural responses to monetary losses. Children with recent SI exhibited significantly smaller (i.e., blunted) ∆RewP, 
providing initial evidence for blunted initial responses to reward in these children.
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(Ducasse et al., 2018), which further highlights the need 
to focus on suicidal thinking transdiagnostically.

A recent review suggested that numerous reward 
processing deficits in suicide attempters (including 
impairments in reward learning and valuation) contrib-
ute to impaired decision making in these individuals 
(Dombrovski & Hallquist, 2017), which may further 
heighten suicide risk. More specifically, extant evidence 
suggests that these individuals, particularly those who 
engage in unplanned suicidal acts, might tend to over-
value their current state, including reward-related infor-
mation in their environment, in making decisions 
(Dombrovski & Hallquist, 2017). Further, suicidal indi-
viduals might exhibit impairments in the ability to men-
tally represent the future, including difficulties estimating 
the expected value of actions and events (Dombrovski 
& Hallquist, 2017). Consequently, one could argue that 
suicidal crises stem, at least in part, from the tendency 
to overvalue current aversive emotional state coupled 
with the preference for immediate rewards (i.e., escape 
from such state) and beliefs that the desired outcomes 
would fail to occur in the future. This argument is in 
line with extant suicide theories (for reviews, see 
Abramson et al., 2000; Klonsky & May, 2015) and ample 
empirical evidence (O’Connor & Nock, 2014) support-
ing a link between the construct of hopelessness (i.e., 
a cognitive state that involves a belief that highly 
expected outcomes will not occur and negative out-
comes will occur in the future) and STBs. However, 
despite the centrality of reward-related disruptions in 
STBs, additional research is needed to achieve an accu-
rate and theoretically sound understanding of reward 
functioning abnormalities in individuals with STBs and 
their specific contributions to suicidal ideation and sui-
cide attempts.

Although numerous studies have attempted to elu-
cidate the link between self-reported anhedonia and 
STBs, anticipatory and consummatory stages of reward 
processing are distinct and have separable neural cor-
relates (Liu, Hairston, Schrier, & Fan, 2011). Indeed, the 
RDoC construct of Reward Responsiveness includes 
specific subconstructs for Reward Anticipation versus 
Initial Response to Reward. Because self-reports likely 
pick up on impairments in multiple subconstructs 
related to reward responsiveness and do not necessarily 
provide objective data on these impairments, research 
is needed that uses tasks specifically designed to assess 
initial responses to reward if we are to gain a better 
understanding of how impairments in these processes 
may be linked to STBs.

The primary aim of the present study was to begin 
addressing these prominent gaps in the literature by 
conducting an investigation of initial response to reward 
in children with recent SI compared with children with 

no recent history of SI. Event-related potentials (ERPs) 
are well-suited for the assessment of this subconstruct 
because of their millisecond-level resolution of cogni-
tive processes. In the current study, we focused on the 
reward positivity (RewP; also referred to in the litera-
ture as feedback-related negativity or feedback negativ-
ity), specifically change in RewP (∆RewP), quantified 
as the difference between neural responses to monetary 
gains (RewP-gain) and neural responses to monetary 
losses (RewP-loss). The ∆RewP is maximal over fron-
tocentral recording sites and peaks approximately 250 
to 300 ms after feedback stimulus presentation (Gehring 
& Willoughby, 2002; Miltner, Braun, & Coles, 1997; 
Proudfit, 2015). This component is associated with mul-
tiple neuronal generators, including the anterior cingu-
late cortex (ACC; e.g., Gehring & Willoughby, 2002; 
Hauser et al., 2014; Miltner et al., 1997; Smith et al., 2015; 
Warren, Hyman, Seamans, & Holroyd, 2015), which, 
among other functions, has been linked with traits 
related to reward sensitivity (for review, see Holroyd & 
Umemoto, 2016). The ∆RewP is also associated with 
reward-related activation in the ventral striatum and 
medial prefrontal cortex (Carlson, Foti, Mujica-Parodi, 
Harmon-Jones, & Hajcak, 2011). Studies have shown that 
the ∆RewP is positively correlated with self-report and 
behavioral measures of reward sensitivity (e.g., Bress & 
Hajcak, 2013; Lange, Leue, & Beauducel, 2012) and is 
thought to represent an objective psychophysiological 
quantifier of initial response to reward in the form of a 
binary evaluation of outcomes as either favorable or 
unfavorable (Hajcak, Moser, Holroyd, & Simons, 2006).

The ∆RewP is commonly elicited and assessed via a 
computer-based simple guessing task known as the doors 
task (e.g., Bress, Meyer, & Hajcak, 2015; Bress, Smith, 
Foti, Klein, & Hajcak, 2012; Foti, Weinberg, Dien, & 
Hajcak, 2011; Kujawa, Proudfit, & Klein, 2014; Nelson, 
Perlman, Klein, Kotov, & Hajcak, 2016; Tsypes, Owens, 
Hajcak, & Gibb, 2017; Weinberg, Liu, Hajcak, & Shankman, 
2015), which has been highlighted for the assessment 
of Initial Response to Reward by the NIMH report on 
behavioral assessment methods for RDoC constructs 
(National Advisory Mental Health Council Workgroup 
on Tasks and Measures for RDoC, 2016). In our previ-
ous research, we found preliminary evidence of abnor-
malities in initial responses to reward using this task in 
children of suicide attempters (Tsypes et al., 2017) and 
children with a history of nonsuicidal self-injury (NSSI; 
Tsypes, Owens, Hajcak, & Gibb, 2018). However, no 
studies of which we are aware have examined the 
∆RewP in children with suicidal ideation, and it is not 
clear whether similar results would be observed. This 
said, based on the robust link observed between self-
reported anhedonia and SI (Ducasse et al., 2018), we 
hypothesized that children with a history of recent SI, 
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compared with children with no recent SI, would 
exhibit significantly smaller (i.e., blunted) ∆RewP.

Method

Participants

Participants for this study were drawn from a larger 
sample of children recruited from the community. Using 
a 1:2 matching ratio, we had 23 children with a history 
of recent SI and 46 children with no recent SI. The two 
groups were equated on (a) age, (b), sex, (c) race, (d) 
household income, (e) lifetime history of a major 
depressive disorder (MDD), (f) lifetime history of any 
anxiety disorder, and (g) mean current depressive, anx-
ious, and externalizing symptoms. To be eligible to 
participate in the larger study, children had to be 
between the ages of 7 and 11 and have no learning or 
developmental disorders that would make it difficult 
for them to complete the study. The presence of recent 
(i.e., in the past 2 weeks) SI in children was assessed 
using questions about SI from the Schedule for Affective 
Disorders and Schizophrenia for School-Age Children–
Present and Lifetime Version (K-SADS-PL; Kaufman 
et al., 1997) and the Children’s Depression Inventory 
(CDI; Kovacs, 1981). Specifically, as part of the K-SADS-
PL diagnostic interview, both parents and children were 
asked, “Sometimes children who get upset or feel bad 
think about dying or even killing themselves. Have you/
your child ever had these types of thoughts?” The inter-
rater reliability of the K-SADS-PL item assessing suicidal 
ideation in our sample was good (κ = .77). On the CDI, 
which was administered verbally by a research assis-
tant, children were asked

From each group of three sentences, pick one that 
describes you best for the past two weeks: (1) I 
do not think about killing myself; (2) I think about 
killing myself but I would not do it; (3) I want to 
kill myself (Item 9).

The children who endorsed answer 2 or 3 on the 
CDI and/or the presence of suicidal ideation during the 
KSADS-PL interview in the past 2 weeks were classified 
as having had recent SI. We chose to use this multi-
method assessment approach to maximize the disclo-
sure of child SI on the basis of previous research 
suggesting that individuals might vary in their degree 
of comfort when reporting on their SI depending on 
the assessment format (“as patients sometimes deny 
suicidal ideation in interviews but endorse it on self-
report questionnaires”; Koplin & Agathen, 2002, p. 715). 
In our sample, out of 23 children who were classified 
into the recent-SI group, a total of 15 endorsed recent 

SI on both the K-SADS-PL and CDI, and 8 children 
reported recent SI on CDI but not on the K-SADS-PL.1 
The average age of the children in our study was 9.50 
years (SD = 1.29), and 49.3% were female. In terms of 
race, 68.1% of the children were White, 21.7% were 
African American, 8.7% were biracial, and 1.4% were 
Asian/Pacific Islander. In terms of ethnicity, 8.7% of the 
children were Hispanic. The demographic and clinical 
characteristics of the recent-SI and no-recent-SI groups 
are presented in Table 1.

Measures

Diagnoses and symptoms.  The K-SADS-PL was also 
used to assess for current and past MDD and anxiety 
disorders in children (according to the fourth edition of 
the Diagnostic and Statistical Manual of Mental Disor-
ders, or DSM–IV; American Psychiatric Association, 1994). 
In our sample, a total of 6 children (2 girls, 4 boys) met 
criteria for a lifetime history of MDD, and a total of 9 
children (5 girls, 4 boys) met criteria for a lifetime history 
of an anxiety disorder. To assess interrater reliability, we 
had a subset of 20 diagnostic interviews from this project 
coded by a second interviewer, and κ coefficients for 
diagnoses of MDD and anxiety disorders were good (all 
κs ≥ .86). In addition to lifetime diagnoses, children’s cur-
rent symptoms of depression, anxiety, and externalizing 
problems were assessed using the Children’s Depression 
Inventory 2 (Kovacs, 1981), the Multidimensional Anxiety 
Scale for Children (MASC; March, Parker, Sullivan, Stallings, 
& Conners, 1997), and the Child Behavior Checklist (CBCL; 
Achenbach & Rescorla, 2000) externalizing subscale, 
respectively. The internal consistency values for the CDI 
and MASC scales and the CBCL externalizing subscale 
were .81, .89, and .91, respectively.

Reward task.  The reward task was a simple guessing 
doors task that is commonly used in studies of reward 
processing (e.g., Bress et al., 2012, 2015; Foti et al., 2011; 
Kujawa et  al., 2014; Nelson et  al., 2016; Tsypes et  al., 
2017; Weinberg et al., 2015). The task consisted of 50 tri-
als, presented in two blocks of 25 trials. Participants were 
shown an image of two doors at the beginning of each 
trial and instructed to guess which door had a monetary 
prize behind it by pressing either the left or right button 
on a game controller. They were informed that on each 
trial, they could either win $0.50, as indicated by a green 
up arrow, or lose $0.25, as indicated by a red down 
arrow. Feedback about having chosen correctly or incor-
rectly was presented for 2,000 ms and then followed by 
the message “Click for the next round.” This message 
remained on the screen until the participant responded 
and the next trial began. Across the task, 25 gain and 25 
loss trials were presented in a random order.
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EEG data acquisition and processing.  During the task, 
electroencephalographic (EEG) signals were recorded con-
tinuously using a custom cap and the ActiveTwo system 
(BioSemi BV, Amsterdam, The Netherlands). The EEG was 
digitized at 24-bit resolution with a sampling rate of 512 
Hz. Recordings were taken from 34 scalp electrodes based 
on the 10-20 system. The electrooculogram was recorded 
from four facial electrodes. Off-line analysis was per-
formed using the extension EEGLAB (Delorme & Makeig, 
2004) for MATLAB (The MathWorks, Natick, MA) and the 
EEGLAB plug-in ERPLAB (Lopez-Calderon & Luck, 2010). 
All data were rereferenced to the average of the left and 
right mastoid electrodes and band-pass filtered with cut-
offs of 0.1 Hz and 30 Hz. EEG data were processed using 
both artifact rejection and correction. Large and stereo-
typical ocular components were identified and removed 
using independent component analysis (ICA) scalp maps 
(Jung et  al., 2001). Epochs with large artifacts (greater 
than 100 μV) were excluded from analysis. EEG was seg-
mented for each trial, beginning 200 ms before onset of 
the feedback stimulus and ending 1,000 ms after onset of 
the feedback stimulus. On the basis of findings of a recent 
comprehensive study on internal consistency of func-
tional MRI (fMRI) and EEG measures of reward in late 
childhood and early adolescence demonstrating that 
internally consistent measure of response to gain and loss 
can be obtained using just 14 gain and 14 loss trials of the 
doors task (Luking, Nelson, Infantolino, Sauder, & Hajcak, 
2017), we focused only on children who had at least 14 
trials per condition.

In our sample, the average number of gain trials 
remaining following artifact rejection was 22.54 (SD = 
2.42, range = 15–25), and the average number of loss 
trials was 22.74 (SD = 2.40 range = 14–25). ERPs were 
separately averaged across gain and loss trials, and the 
activity 200 ms before feedback onset served as the 

baseline. These averages were then exported for tem-
porospatial principal component analysis (PCA), which 
allows for the isolation of the RewP-gain and RewP-loss 
from the overlapping components. The key strength of 
PCA, therefore, is that it allows the isolation of the 
∆RewP from other temporally or spatially overlapping 
components, allowing a specific assessment of neural 
reactivity to gains and losses. The PCA was conducted 
using the ERP PCA Toolkit (Version 2.69; Dien, 2010a). 
Consistent with the published guidelines for the use of 
PCA with ERP data (Dien, 2010b), a temporal Promax 
rotation was performed first to rotate to simple structure 
in the temporal domain. The temporal PCA used all 
time points as variables, including all 69 participants, 
two conditions (i.e., gains and losses), and 34 recording 
sites as observations. On the basis of a parallel test 
(Horn, 1965), eight temporal factors were extracted for 
rotation, which accounted for 94.5% variance in the 
ERP signal. Following the temporal PCA, a spatial Info-
max rotation was performed on each temporal factor 
to reduce the spatial dimensions of the data sets. The 
spatial PCA used recording sites as variables and all 
participants, conditions, and temporal factor scores as 
observations. Based on a parallel test (Horn, 1965), two 
spatial factors were extracted from each temporal fac-
tor, which resulted in a total of 16 temporospatial factor 
combinations. Eight virtual PCA-derived factor combi-
nations accounted for at least 1% of variance each and 
are presented in Figure 1, along with the raw ERPs for 
the full sample at FCz electrode.

To facilitate interpretation of the PCA solutions, after 
analysis, the ERP PCA Toolkit automatically reproduces 
the original data, recreating the waveform (in micro-
volts) of each factor loading by multiplying the correla-
tion factor loadings with the standard deviations of the 
variables (Dien, 2006). The toolkit then reports the peak 

Table 1.  Descriptive Statistics for Children in Each of the Two Groups

Measure Recent SI (n = 23) No recent SI (n = 46) Effect size (r)

Demographics  
  Age M = 9.23, SD = 1.33 M = 9.64, SD = 1.25 −.15
  Sex (% female) 9 (39.1%) 25 (54.3%) −.14
  Race (% White) 17 (73.9%) 30 (65.2%) .09
  Household Income (median) $20,001–$25,000 $15,001–$20,000 −.04
Diagnoses  
  Child lifetime MDD 2 (8.7%) 4 (8.7%) .00
  Child lifetime anxiety diagnosis 3 (13.0%) 6 (13.0%) .00
Symptoms  
  CDI score M = 5.71, SD = 3.36 M = 6.37, SD = 5.16 −.04
  MASC score M = 45.13, SD = 16.52 M = 49.19, SD = 16.71 −.11
  CBCL externalizing score M = 8.37, SD = 7.65 M = 7.70, SD = 7.65 .64

Note: SI = suicidal ideation; MDD = major depressive disorder; CDI = Children’s Depression Inventory (without Item 
9); MASC = Multidimensional Anxiety Scale for Children; CBCL = Child Behavior Checklist.
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channel and peak time point for each factor (Dien, 
2010a, 2010b). The PCA-derived factor TF5SF1, which 
accounted for 3% of total variance and resembled the 
∆RewP in its temporal and spatial distribution, was 
used in the statistical analyses reported below.3 Figure 
1 shows mean ERPs and virtual PCA factor waveforms. 
Consistent with previous research (e.g., Bress et  al., 
2012, 2015; Kujawa et al., 2014; Tsypes et al., 2017) and 
visual inspection of the waveforms, the ∆RewP was 
scored as the mean amplitude 275 to 375 ms following 
feedback. It was quantified as a difference score 
between the averaged neural responses following feed-
back about monetary gains (RewP-gain) and the aver-
aged neural responses following feedback about 
monetary losses (RewP-loss). The FCz electrode was 
selected for the primary sets of analyses to be consistent 

with prior research and facilitate the raw data and PCA-
derived factor presentations.

Procedure

After arrival at the laboratory, parents were asked to 
provide informed consent, and children were asked to 
provide assent to be in the study. Next, the child com-
pleted the reward task. During this time, the K-SADS-PL 
(Kaufman et al., 1997) was administered to the parent 
by a trained interviewer. Following this, the same inter-
viewer who had administered the K-SADS-PL to the 
parent also administered it to the child. Self-report 
questionnaires were also administered to children by a 
trained interviewer. The institutional review board 
approved all procedures. Families were compensated 
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Fig. 1.  Event-related potentials (ERPs). Top graph shows stimulus-locked mean ERPs at FCz in response to feedback 
indicating monetary loss (red) and monetary gain (green) as well as the difference waveform (blue) for gain minus 
loss trials for the full sample. Bottom graph shows eight virtual ERPs (i.e., PCA factor combinations) that accounted 
for at least 1% of variance each (L = loss condition; G = gain condition, SF = spatial factor; TF = temporal factor). The 
PCA-derived factor TF5SF1 (indicated by red arrow), which resembled the reward positivity (RewP) in its temporal 
and spatial distribution, was extracted at FCz and used in the statistical analyses.
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a total of $80 for their participation. All children also 
received a bonus of $5 for completing the reward task.

Results

Focusing first on the ∆RewP, we conducted a one-way 
ANOVA with SI group (recent SI, no recent SI) serving 
as the independent variable and the ∆RewP magnitude 
serving as the dependent variable. We found a signifi-
cant group difference in the ∆RewP, F(1, 67) = 5.63,  
p = .02, ηp

2 = .08, with children with a history of recent 
SI exhibiting significantly smaller ∆RewP than children 
with no recent SI (see Figs. 2 and 3).4 Follow-up analy-
ses were then conducted to determine whether the 
group difference would be maintained after statistically 
controlling for the influence of several clinical variables. 
The group difference in the ∆RewP was maintained 
when we statistically controlled for the influence of 
children’s current symptoms of depression, F(1, 66) = 
5.42, p = .02, ηp

2 = .08; anxiety, F(1, 66) = 5.93, p = .02, 
ηp

2 = .08; or externalizing symptoms, F(1, 66) = 5.56,  
p = .02, ηp

2 = .08, suggesting that the results are not 
due simply to the presence of current internalizing or 
externalizing symptoms in children. The group difference 
in the ∆RewP was also maintained when we controlled 

for children’s lifetime history of MDD or any anxiety 
disorder, F(1, 65) = 5.67, p = .02, ηp

2 = .08.5

Despite the primary focus in this study on the ∆RewP, 
we also conducted a 2 (group: recent SI, no recent SI) × 
2 (condition: gain, loss) repeated measures analysis of 
variance with children’s RewP-gain and RewP-loss 
amplitudes serving as the dependent variable. Although 
there was no significant main effect of child SI group, 
F(1, 67) = 1.48, p = .23, ηp

2 = .02, there was a significant 
main effect of condition, F(1, 67) = 16.39, p < .001, ηp

2 = 
.20. There was also a significant Group × Condition 
interaction, F(1, 67) = 5.63, p = .02, ηp

2 = .08. Follow-up 
tests revealed that children with a history of recent SI 
(M = 4.98, SD = 6.60) exhibited significantly larger 
RewP-loss amplitudes than children with no recent SI 
(M = 1.62, SD = 5.88), F(1, 67) = 4.62, p = .04, ηp

2 = .07. 
The group difference in the RewP-loss was maintained 
when we statistically controlled for the influence of 
children’s current symptoms of depression, F(1, 66) = 
4.45, p = .04, ηp

2 = .06; anxiety, F(1, 66) = 4.45, p = .04, 
ηp

2 = .06; or externalizing symptoms, F(1, 66) = 4.48,  
p = .04, ηp

2 = .06, which suggests that the results are 
not due simply to the presence of current internalizing 
or externalizing symptoms in children. The group dif-
ference in the RewP-loss was also maintained when we 
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controlled for children’s lifetime history of MDD or any 
anxiety disorder, F(1, 65) = 4.49, p = .04, ηp

2 = .07. In 
contrast, the groups did not differ in their RewP-gain 
amplitudes, F(1, 67) < 0.001, p = .99, ηp

2 < .001.

Discussion

The goal of this study was to examine the RDoC Initial 
Response to Reward subconstruct in children with a 
history of recent SI and children with no recent SI. We 
found that children with a history of recent SI exhibited 
significantly smaller (i.e., blunted) ∆RewP. These find-
ings suggesting reduced differentiation between gains 
versus losses among children with a history of recent 
suicidal thinking are similar to those often observed 
in children with current depressive symptoms (e.g., 
Bress et  al., 2012, 2015). However, the fact that our 
findings appeared to be at least partially independent 

of children’s history of depression or anxiety disorders 
and current internalizing and externalizing symptoms 
suggests they are not due simply to children’s current 
symptom levels and exhibit some specificity to chil-
dren’s recent SI. Further, the blunted ∆RewP observed 
in children with a history of recent SI appeared to be 
driven specifically by their responses to losses. Although 
we previously found that children of parents with a 
history of attempting suicide exhibited the opposite 
pattern of reward responsiveness (i.e., heightened neu-
ral differentiation between losses and gains), this pat-
tern also appeared to be driven by children’s loss 
responsiveness specifically (Tsypes et  al., 2017). 
Although caution is needed when interpreting the find-
ings from an individual task condition (i.e., loss trials), 
it is possible that losses might be more motivationally 
salient for children who think about suicide and/or are 
at a familial risk for negative future outcomes.
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Likewise, in the context of depression, anhedonia 
levels have been shown to affect feedback-related nega-
tivity responsiveness to negative feedback (Mueller, 
Pechtel, Cohen, Douglas, & Pizzagalli, 2015). This sug-
gests some fruitful directions for future studies, such as 
the potential importance of also examining the charac-
teristics of anhedonia (e.g., recency, severity, chronic-
ity) rather than simply its presence or absence. However, 
because parental history of a suicide attempt represents 
a risk factor for a broad range of outcomes in their 
offspring and not all children of suicide attempters will 
develop suicidal thoughts themselves, it is possible that 
heightened neural differentiation between losses versus 
gains represents one (out of many) pathways of risk 
for children of suicide attempters. For example, it might 
be indicative of risk for nonsuicidal self-injury because 
we also previously found heightened differentiation 
between gains versus losses in children with a history 
of NSSI (Tsypes et al., 2018). It is important to note, 
however, that these conclusions remain speculative 
until greater advances in the understanding of reward-
related abnormalities in relation to different forms of 
STBs and familial risk for STBs are made.

The present study exhibited a number of strengths 
and represents an important step in obtaining a more 
precise understanding of reward-related processes in 
STBs. Although consistent with ample evidence that 
links self-reported anhedonia with recent suicidal think-
ing independently of psychopathology (Ducasse et al., 
2018), the present study provides initial evidence that 
these impairments might also be observed on neural 
level of analysis. Specifically, this is the first study of 
which we are aware that specifically examines a neural 
index of initial response to reward in children with 
recent SI. Indeed, whereas self-reports are unable to 
differentiate between different constructs and subcon-
structs within the Positive Valence Systems domain of 
the RDoC, the high temporal resolution of ERPs allows 
for a demonstration of reward-related impairments that 
are specific to consummatory (i.e., Initial Response to 
Reward) reward processing. Building on our findings, 
it will be important for future research to investigate 
whether similar impairments are observed when other 
constructs and subconstructs within the Positive Valence 
Systems domain of the RDoC are examined. In addition, 
the use of PCA by the present study allowed for the 
isolation of the ∆RewP from the overlapping ERP com-
ponents. Further strengths of this study include the use 
of a demographically and clinically matched sample of 
children and the tests of robustness to rule out other 
potential factors that might account for the differences 
in the ∆RewP amplitude.

Despite these important contributions of the present 
study, there were also some limitations that provide 

directions for future research. First, because of the 
cross-sectional nature of our study, it will be important 
for future work to establish whether neural reward 
responsiveness constitutes an antecedent, consequence, 
or merely correlate of recent SI and whether our find-
ings generalize to other age groups and other forms of 
STBs. Relatedly, future research should also examine 
the potential impact of STB characteristics (e.g., recency, 
severity, frequency, chronicity) on reward responsive-
ness. Second, it will also be important for future 
research to examine the potential moderating effects 
of participant characteristics (e.g., age, race/ethnicity, 
sex, sexual orientation, cognitive ability) and types of 
rewarding stimuli experienced by these individuals 
(e.g., money, social bonds and interactions, sex, food, 
music, and art). Third, because of the focus of the pres-
ent study on the RewP as an index of Initial Response 
to Reward RDoC subconstruct, it will be important for 
future research to examine the links between other con-
structs and subconstructs of reward processing delin-
eated within the RDoC Positive Valence Systems domain 
in relation to STBs. Finally, despite the focus of the 
present study on the RewP as a result of the extensive 
empirical support for the meaning of this component 
in the context of the doors task, our exploratory analy-
ses showing the presence of between-group differences 
in the PCA factors that resembled P2 and P3 suggest 
that it might be fruitful for future work to also examine 
potential links between these components and STBs.

Taken together, the current study contributes to the 
literature on the nature of reward processing abnormali-
ties in STBs by providing initial evidence that children 
with a history of recent SI demonstrate blunted neural 
responsiveness to gains versus losses. In the current 
study, we used a demographically and clinically matched 
sample and we statistically controlled for the potential 
influence of a range of demographic and clinical vari-
ables, which suggests that this pattern of blunted initial 
response to reward is at least partially independent of 
children’s history of depression or anxiety disorders and 
current internalizing and externalizing symptoms. Pend-
ing replications and longitudinal investigations, consis-
tent with the precision medicine movement in psychiatry 
aimed at moving away from the one-size-fits-all approach 
to more targeted treatment (Cuthbert, 2014; Williams, 
2016), these findings might contribute to improved iden-
tification, treatment, and prevention of STBs. For exam-
ple, consistent with the urgent need to identify and 
examine novel risk factors in a transdiagnostic manner 
to make significant progress in the field of suicide 
research (Glenn et al., 2018), neural markers of reward 
processing might constitute additional variables to be 
analyzed in machine learning algorithms to more accu-
rately predict suicide risk (Franklin et al., 2017).
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Notes

1. We repeated our primary analysis with only 15 participants 
endorsing recent SI on both the CDI and K-SADS. Similarly to 
the results with the full sample, there was a significant group 
difference in the ∆RewP, F(1, 59) = 6.53, p = .01, ηp

2 = .10, 
with children with a history of recent SI exhibiting significantly 
smaller ∆RewP than children with no recent SI.
2. To avoid overlap with Item 9 on the CDI, we calculated the 
total score for the CDI excluding Item 9.
3. The same statistical analyses were also conducted on raw 
ERPs scored as the mean amplitude 275 to 375 ms following 
feedback at FCz as well as at the PCA-selected peak channel 
(i.e., FC2) and peak time point (i.e., one sample of voltage at 
334–336 ms). The pattern of the findings was identical to those 
described in the results section. Details of these analyses are 
available from the first author on request.
4. In line with recommendations to analyze and report compo-
nents beyond the RewP (Glazer, Kelley, Pornpattananangkul, 
Mittal, & Nusslock, 2018), we also conducted exploratory between- 
group analyses focused on two additional PCA-derived fac-
tors, the TF2SF1, which resembled a P2, and the TF4SF1, which  
resembled a P3, at the PCA-selected peak channels and peak 
time points for each factor. We found significant Group × Con
dition interactions for the TF2SF1, F(1, 67) = 4.17, p = .045, ηp

2 = 
.06, and TF4SF1, F(1, 67) = 15.06, p < .01, ηp

2 = .18. Specifically, 
children with a history of recent SI (M = −4.14, SD = 12.06) 
exhibited significantly smaller TF2SF1 difference score (i.e., less 
differentiation between gains and losses) than children with no 

recent SI (M = 0.13, SD = 5.36). Likewise, children with a history 
of recent SI (M = −5.45, SD = 8.47) exhibited significantly smaller 
TF4SF1 difference score (i.e., less differentiation between gains 
and losses) than children with no recent SI (M = 0.72, SD = 4.76).
5. Given our prior work demonstrating a link between parental 
history of a suicide attempt (SA; Tsypes et al., 2017) and child’s 
history of nonsuicidal self-injury (NSSI; Tsypes et al., 2018) and 
neural differentiation between losses versus gains in children, 
we also examined whether the findings would be maintained if 
children of parents with an SA attempt history or children with 
NSSI history were excluded from the analyses. The group differ-
ence in the ∆RewP was maintained when these children were 
excluded, F(1, 50) = 4.75, p = .03, ηp

2 = .09.
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