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Abstract

Deficits in inhibitory control are common with advancing age and may underlie declines in 

other complex cognitive functions. The inhibitory P300 event-related potential (ERP) generally 

decreases in amplitude with age, reflecting deficits in inhibitory performance evaluation and 

adaptation, with possible generators including precentral and inferior frontal gyri and midcingulate 

and parietal cortex. Exposure to early-life stress (ELS) is also associated with deficits in inhibitory 

control, smaller P300 amplitudes, and dysfunction in regions associated with P300 generation. 

Although biopsychosocial effects of ELS are evident in older adulthood, the influence of ELS 

on neural processes in later life is unknown. In the current study, 13 young adults and 21 

healthy older adults completed a high-accuracy go/no-go task and the Juvenile Victimization 

Questionnaire (JVQ), an indicator of ELS. Regression analyses revealed significant central-

parietal models, with smaller P300 amplitudes predicted by both older age and greater exposure 

to ELS. Age group*ELS interactions moderated P300 prediction at central and centro-parietal 

electrodes, such that older age predicted smaller P300 amplitudes only in those with lower 

to moderate ELS. Amplitudes did not significantly differ by age in those with higher ELS. 

Post-hoc within-age group correlations showed that greater ELS was associated with smaller P300 

amplitudes in young adults. However, greater ELS was modestly associated with larger central 

amplitudes in older adults, potentially suggestive of anterior age-related compensatory recruitment 

to maintain high task performance. These findings suggest long-lasting neural implications of ELS 

that interact with normative neuro-cognitive aging processes, such that ELS may be an important 

risk factor for age-related cognitive decline.
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Complex cognitive processes like those involved in everyday decision-making require 

inhibitory control to suppress irrelevant or non-goal directed information (Miyake et al., 

2000; Munakata et al., 2011). Deficits in inhibitory control may in fact account for more 

global cognitive declines with increasing age (Salthouse et al., 2003; Sweeney et al., 2001). 

Thus, investigation of factors that increase risk of inhibitory deficits, and characterization of 

the neural patterns underlying inhibitory performance, will contribute to better prediction of 

and intervention for age-related cognitive decline (Chen et al., 2021; Lustig et al., 2009).

A relatively large body of research highlights poorer inhibitory control in children and 

adolescents with exposure to early-life stress (ELS; e.g., Bruce and Kim, 2020; Carvalho et 

al., 2020; Cowell et al., 2015; Cross et al., 2017; Lund et al., 2020). ELS is operationalized 

in several ways in these studies, with key experiences including familial instability, direct 

victimization, neglect, or a combination of these factors. Less research has investigated the 

lasting relationship between ELS and inhibitory performance in adulthood, but the existing 

work generally suggests that inhibitory deficits endure at least into early/mid-adulthood 

(Daly et al., 2017; Gould et al., 2012; Marshall et al., 2016; Pechtel and Pizzagalli, 2011). 

In one case, adults exposed to childhood maltreatment performed more accurately than 

the control group specifically on the inhibitory trials with a negative background distractor 

image, suggesting a greater, disproportionate amount of attention to task-irrelevant, negative 

stimuli. Such over-allocation of attentional processes to negative but irrelevant stimuli may 

translate to poor directive attention in real-life, emotive applications (Demers et al., 2021).

Critically, negative biopsychosocial outcomes associated with ELS are evident even in older 

adulthood. Overall, this body of work reveals that those with greater ELS exposure have 

increased risk for accelerated biological aging and cognitive decline, depression and anxiety, 

altered stress responses, and premature mortality (e.g., Brown et al., 2009; Fogelman and 

Canli, 2018; Goldman-Mellor et al., 2012; Kiecolt-Glaser et al., 2011; Korten et al., 2014; 

Lähdepuro et al., 2019; Pechtel and Pizzagalli, 2011; Ritchie et al., 2009; Ritchie et al., 

2011; Savolainen et al., 2014). For example, a large sample of older adult males with a 

history of parental separation in childhood evidenced lower verbal, visuospatial, arithmetic, 

and general cognitive functioning compared to those without such ELS (Fogelman and 

Canli, 2018). Moreover, a large-scale study highlighted impaired stress responses in older 

adults with exposure to ELS compared to their peers, with different trajectories for those 

exposed to ELS based on whether they also had recurrent psychological distress in 

adulthood. Older adults with both ELS and recurrent psychological distress in adulthood 

displayed blunted cortisol reactivity, while those with ELS who did not experience recurrent 

distress in adulthood had elevated baseline cortisol, prolonged cortisol responses, and greater 

overall cortisol production (Goldman-Mellor et al., 2012). This work points to altered stress 

responses in later life that are rooted in ELS, which interact with life course experiences, and 

imply negative outcomes for cognitive function, including the risk of dementia (Comijs et 

al., 2010; Ouanes and Popp, 2019).
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Research aiming to characterize the neural correlates of ELS-related inhibitory deficits has 

largely used functional MRI (fMRI). Overall, those with greater ELS show less efficient 

activation of the inhibitory network, including hyperactivation of dorsomedial and inferior 

prefrontal cortex, pre- and post-central gyri, the anterior cingulate gyrus, and posterior 

insula (Lim et al., 2015; Mueller et al., 2010). One study also showed a lack of differential 

activation for correct versus incorrect no-go trials (typically activation for incorrect > correct 

no-go trials) in the dorsolateral prefrontal cortex. Notably, this finding was evident only 

when accounting for early-life stress, but not stress in adulthood (Harms et al., 2017). 

Hyperactivation accompanied by poorer task performance suggests that the greater resources 

being allocated to completion of the task are not sufficient to attain high-level cognitive 

performance (Reuter-Lorenz and Cappell, 2008). Despite evidence of the enduring effects of 

ELS in later life, research investigating the neural underpinnings of these effects is severely 

limited. If the inhibitory deficits that are evident in early life are indeed long-term effects, 

then older adults with a history of ELS are at an increased risk of compromised inhibitory 

control, increasing the likelihood for poorer overall aging outcomes, including the inability 

to live independently (O’Connor and Boyle, 2007).

While fMRI allows for spatially localizing brain activation during a given task, it 

collapses activation across a period of several seconds (e.g., Slotnick, 2017). This poor 

temporal resolution critically limits interpretation of the specific neural processes underlying 

successful inhibitory control (e.g., conflict monitoring, motor response inhibition, 

performance evaluation), which take place within only ~500 ms after an inhibitory stimulus 

(Pires et al., 2014). Electroencephalography (EEG) and event-related potentials (ERPs), on 

the other hand, have millisecond-level resolution (Luck, 2014), which enables separation 

of distinct subprocesses (Paitel and Nielson, 2021). One such subprocess is evaluation and 

adaptation of inhibitory performance, which is reflected by the P300 component (Huster et 

al., 2013; Huster et al., 2020). The inhibitory P300 is of particular interest in questions of 

age by ELS interactions. First, there is notable overlap in regions associated with generation 

of the inhibitory P300 and those implicated in fMRI studies of children and adolescents with 

ELS exposure (Enriquez-Geppert et al., 2010; Huster et al., 2010; Huster et al., 2013; Huster 

et al., 2020). Furthermore, the inhibitory evaluation and adaptation processes reflected by 

the P300 component may be affected early in the aging process (vs. conflict monitoring), 

making these processes particularly vulnerable to further insult from ELS exposure (e.g., 

Paitel and Nielson, 2021).

ERP studies examining the relationship between ELS, inhibitory control, and P300 

amplitudes have reported mixed results. Some studies found no significant group differences 

in children (Bruce and Kim, 2020; Lamm et al., 2018) or adults (Wu et al., 2021; Xue 

et al., 2017). Yet, others reported smaller P300 amplitudes or P300 source activation 

with greater ELS in children (McDermott et al., 2012) and adults (Kim et al., 2018). In 

contrast, another study with adult participants reported larger P300 amplitudes specifically 

in those exposed to childhood physical and sexual abuse (Howells et al., 2012). These 

inconsistent findings across studies are likely attributable to the great variability in age of 

participants, different domains of ELS (e.g., institutionalization, cumulative ELS exposure, 

physical abuse, neglect, etc.), other sample characteristics (e.g., Xue et al., 2017 specifically 

compared groups with high aggression), and inhibitory task parameters.
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The most common approach to assessing ELS in adults is through self-report questionnaires. 

The Juvenile Victimization Questionnaire (JVQ) is a multi-domain assessment of ELS that 

includes appraisal of assault, peer victimization, exposure to family violence, parent-child 

dysfunction, and witnessed violence (Hamby et al., 2011; Hamby et al., 2004). The JVQ 

accounts for the cumulative overlap of negative experiences in different domains, which may 

be particularly important for accurate assessment of the global impact of ELS compared to 

assessments of domain specific ELS. Indeed, those exposed to one domain of ELS often 

also report exposure to other domains, and that cumulative exposure has been shown to be 

a stronger predictor of psychopathology than individual types of ELS (Haahr-Pedersen et 

al., 2020; Wolfe, 2018). The JVQ provides a useful index of ELS, and when paired with 

examination of the P300, may provide new insights into the relationship between ELS, 

inhibitory control performance, and neural processing at different time points in the lifespan.

Specifically, the temporal resolution of ERPs enables targeting of inhibitory P300-related 

processes and networks, which may be particularly sensitive to aging and ELS-related 

deficits (Elverman et al., 2021; Kim et al., 2018; McDermott et al., 2012; Paitel and Nielson, 

2021). Better characterization of the neural patterns associated with both age and ELS may 

provide greater opportunity to identify individuals most likely to experience age-related 

cognitive declines and increase the odds of an appropriate and timely intervention (Chen 

et al., 2021; Lustig et al., 2009). The current study uses a simple, high-accuracy go/no-go 

task to ensure comparable task accuracy between age groups and minimize task difficulty- 

and error-related activation. Based on the existing research focused on the effects of aging 

or ELS, we hypothesized smaller P300 amplitudes during accurate inhibitory control (i.e., 

no-go) trials in older vs. young adults. We expected this relationship to be moderated 

by ELS, such that the predicted effect would be largest (i.e., P300 amplitudes would be 

smallest) in those with greater exposure to ELS. Additionally, we expected that greater 

exposure to ELS across age groups would predict smaller P300 amplitudes.

1. Method

1.1. Participants

Older adult participants (n = 21) were recruited from the community and compensated 

monetarily. Young adult participants (n = 14) were recruited from psychology classes 

offering course credit. A priori power analysis for linear multiple regression recommended 

a total sample size of 32 participants to detect effects with an overall model effect size 

(Cohen’s f2) = 0.40 with three predictors (age group, ELS, and age group*ELS interaction) 

at α = 0.05, power (1- β) = 0.80 (G*Power; Faul et al., 2009). These values were selected 

based on effect sizes from relevant literature (e.g., Ashford et al., 2011; Elverman et al., 

2021; Paitel and Nielson, 2021; van Dinteren et al., 2014).

1.2. Materials

1.2.1. Go/no-go task—The go/no-go task consisted of a serial stream of letters visually 

presented at a rate of 2000 ms per letter with an interstimulus interval of 1000 ms. 

Participants were instructed to press the space bar for every letter presented, except for “x” 

(202 stimuli, 50 no-go trials). Outcome measures included accuracy, target response time 
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(RT), and no-go false alarm (i.e., incorrect) response time. Note that no metric of response 

time can be calculated for the primary trials of interest – accurate no-go trials.

1.2.2. Juvenile Victimization Questionnaire: Key Domains Short Form (JVQ)
—The JVQ short form is a 21-item self-report measure of early-life interpersonal 

victimization in the following domains: assault, peer victimization, exposure to family 

violence, parent-child dysfunction, and witnessed violence (adapted from Finkelhor et al., 

2005). Scores on this metric provide an assessment of exposure to a wide range of stressful 

early-life experiences with good test-retest reliability and construct validity (Hamby et al., 

2011; Hamby et al., 2004). Internal consistency in the current sample was Cronbach ∝ = 

0.73.

1.2.3. EEG data acquisition and ERPs—Continuous EEG data were collected using 

a 32-electrode Brain Products actiCAP arranged according to the International 10–20 

System with ground at AFz and reference at FCz. Data were recorded with a 500 Hz 

sampling rate with impedances kept under 30kΩ using Brain Products actiCHamp and 

BrainVision Pycorder software. Continuous EEG data were processed off-line using Brain 

Products Brain Vision Analyzer 2.0 and EEGLAB (Version 14.1.1; Delorme and Makeig, 

2004) software via MATLAB (Version 9.1, The MathWorks).

Continuous data were visually inspected and channels with extreme artifacts throughout 

the session were interpolated as necessary (using spherical splines) to eliminate channel-

level artifacts. The number of channels interpolated was low and comparable between 

age groups, with Myoung = 0.23 (SDyoung = 0.58; median = 0; range = 0–2) and Molder 

= 0.30 (SDolder = 0.46; median = 0; Range = 0–1). Second-order Butterworth filters 

from 0.2 to 50 Hz and a 60 Hz notch filter were applied. Next, an Adaptive Mixture 

Independent Component Analysis (AMICA; Palmer et al., 2008) was used to decompose 

data into individual components. Components reflecting eye blink, other ocular movements, 

and muscle contraction were removed based on visual inspection. Semi-automatic artifact 

detection was then used to detect voltage steps >40 μV, amplitudes greater than ±150 

μV, and activity below 0.5 μV. The data were re-referenced to a common average of all 

electrodes.

Data from correct no-go trials were segmented from 200 ms prior to stimulus onset to 1500 

ms post-stimulus. Segmented data were baseline corrected using the −200 ms pre-stimulus 

period. Epochs were then examined and rejected as needed based on visual inspection, 

which was guided by the semi-automatic artifact detection step. Artifact rejection was 

conducted on an individual channel level, allowing for an artifact that was limited to a 

particular channel to be removed without discarding the entire epoch. The average number 

of epochs contributing to the average was comparable by age group. In the young adult 

group, all channels used in the current analyses had an average of M = 45.54 (SD = 6.22) 

epochs. The older adult group average by channel ranged nominally from M = 47.35 (SD = 
2.89) to M = 47.50 (SD = 2.97). Thus, both groups had a high and comparable number of 

data segments contributing to their averaged metrics.
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Epochs were averaged and an additional second-order Butterworth low-pass filter at 20 Hz 

was applied to attenuate higher frequency noise. Peak amplitude of the P300 component was 

computed at central-parietal sites (C3, Cz, C4, CP1, CP2, P3, Pz, P4) based on automatic 

detection, which was confirmed by visual inspection to ensure the main peak was selected. 

Amplitudes were then averaged by region (central: C3, Cz, C4; centro-parietal: CP1, CP2; 

parietal: P3, Pz, P4). These sites were chosen given the predominant central-parietal scalp 

distribution of the P300 waveform (e.g., Patel and Azzam, 2005). ERP grand average 

waveforms and scalp maps corresponding with the P300 component can be found in Fig. 1.

1.3. Procedure

EEG data during the go/no-go task were collected as part of a larger study. Participants 

completed one individualized testing session that consisted of surveys, one task without 

EEG, and EEG data collection during two tasks. Participants were seated in front of a 

computer following EEG cap placement and were instructed to limit gross motor movements 

and speech to reduce noise in the EEG signal. The go/no-go task was presented in E-Prime 

2.0, with instructions read aloud as they appeared on the screen and an opportunity for 

questions from participants. No feedback was provided during test blocks. All procedures 

were approved by the college’s Institutional Review Board.

1.4. Statistical analysis

Sample demographics and behavioral task performance were compared by age group 

(young, older) using between-subjects analysis of variance (ANOVA), with the exception of 

sex distribution, which was compared using a chi-squared test. Behavioral task performance 

was also compared by a median split of JVQ scores.

Multiple regression (via PROCESS v3.5; Hayes, 2017) was used to investigate whether the 

relationship between age group (young, older) and P300 amplitudes depended on exposure 

to ELS (via JVQ score). Models were structured with age group predicting P300 amplitude, 

with ELS as the moderator, testing also the interaction between age group*-ELS. Significant 

age group*ELS interactions were further examined using the Johnson-Neyman technique 

with conditional values based on −1SD, mean, and + 1SD (Hayes, 2017). To address the 

multiple comparisons, a Bonferroni correction was applied, with the adjusted threshold for 

model significance p < .017 (α 0.05/3 models = 0.017).

2. Results

2.1. Descriptive statistics and excluded data

One young adult participant was excluded from analyses due to low task performance and 

one older adult participant was excluded due to an outlying JVQ score. These exclusions 

resulted in a final sample of 20 older and 13 young adult participants. Sample demographics 

are presented in Table 1. The older adults had, on average, one more year of formal 

education than young adults, which was statistically significant.
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2.2. Task performance analyses

Behavioral performance data are shown in Table 2. Task accuracy did not significantly differ 

by age group. As expected, older adults had slower response times than younger adults to go 

target trials, as well as slower responses on trials with no-go commission errors (i.e., false 

alarms). Based on a median split of JVQ scores, there were no behavioral effects of ELS.

2.3. ERP analyses

Using the Bonferroni-corrected threshold of p < .017, regression models were significant 

in central (R2 = 0.30, p = .015), centro-parietal (R2 = 0.49, p < .001), and parietal regions 

(R2 = 0.50, p < .001), with smaller P300 amplitudes predicted by both older age and higher 

JVQ scores (see Table 3 for regression model statistics, Table 4 for mean P300 amplitude 

by electrode and age group). Additionally, the interaction between age group and JVQ 

score moderated P300 amplitudes in central (Rchange
2 = 0.21; p = .007) and centro-parietal 

regions (Rchange
2 = 0.13; p = .01; see Fig. 2 and Table 3). Specifically, older age predicted 

smaller P300 amplitudes, but only in those with lower to moderate ELS (Johnson-Neyman 

significance region = fewer than 3.35 JVQ endorsements for central models; fewer than 

5.43 endorsements for central-parietal). Internal consistency of P300 amplitude was assessed 

for each age group via split-half reliability of the odd and even trials. Split-half reliability 

corrected using the Spearman-Brown prophecy formula (Nunnally and Bernstein, 1994) at 

all electrodes was ≥0.83, indicating good reliability of P300 amplitude metrics in both age 

groups.

Post-hoc bivariate Pearson correlations were used to further interrogate the relationship 

between ELS and P300 amplitudes within young and older adults, separately (see Table 

5). These correlations were computed at the individual (unaveraged) electrode sites, toward 

a preliminary assessment of midline vs. lateralized contributions. Within the young adult 

group, greater ELS was associated with smaller P300 amplitudes at electrodes C4 (r = −0.65, 

p < .05), CP1 (r = −0.72, p < .01), CP2 (r = −0.69, p < .01), and Pz (r = −0.60, p < .05). 

Non-significant trends also indicated smaller amplitudes in those with higher ELS at Cz (r = 
−0.51, p = .07) and P4 (r = −0.53, p < .07). Within the older adult group, greater ELS was 

associated with larger P300 amplitudes at C3 (r = 0.47, p < .05).

3. Discussion

The current study assessed the impact of age group (young vs. older) and exposure to 

ELS on inhibitory P300 amplitudes during a simple and high-accuracy go/no-go task. 

Regression analyses revealed significant central through parietal models, with smaller P300 

amplitudes predicted by both older age and greater exposure to ELS. Age group*ELS 

interactions moderated P300 prediction in central and centro-parietal regions, such that 

older age predicted smaller P300 amplitudes only in those with lower to moderate ELS. 

Specifically, age group was a significant predictor only in those with fewer than four 

JVQ endorsements at central sites and fewer than six endorsements at centro-parietal sites. 

Post-hoc follow-up correlations within young adults showed that greater ELS was associated 

with smaller central-parietal P300 amplitudes. Thus, even within healthy young adults 

during a high-accuracy task, ELS was associated with deficits in underlying inhibitory 
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control networks. Follow-up correlations within the older adult sample revealed that greater 

ELS was associated with modestly larger central P300 amplitudes, suggesting that anterior 

recruitment may be necessary to maintain high task performance. Indeed, all effects were 

evident despite high task performance across age and exposure to ELS (no-go trial accuracy 

>93 %).

The inhibitory P300 component has a relatively diffuse pattern of activation, with potential 

central-parietal generators including the posterior midcingulate gyrus, pre-supplementary 

motor area, and precentral gyrus (Huster et al., 2010; Overbye et al., 2021; Pires et al., 

2014). P300 activation in these regions tends to be right hemisphere dominant in healthy 

young adults, with greater bilaterality and left hemisphere recruitment in healthy older adults 

(Huster et al., 2010; Paitel and Nielson, 2021). Smaller no-go P300 amplitudes at central-

parietal sites are commonly reported in healthy older adults compared to young adults 

(e.g., Elverman et al., 2021; Kardos et al., 2020; Kropotov et al., 2016). During stop-signal 

inhibitory control tasks, P300 tends to peak after the participant’s estimated stop-signal 

reaction time, suggesting that while the onset of P300 may coincide with the suppression 

and withholding of a motor response, the P300 peak likely better reflects post-motoric 

inhibitory processes. Specifically, P300 peak activity is thought to index evaluation of 

inhibitory performance and behavior adaptation for future trials (Huster et al., 2013; Huster 

et al., 2020). Thus, smaller inhibitory P300 amplitudes in healthy older adults supports 

the idea that these post-motoric, evaluative processes may be particularly vulnerable to the 

normative aging process (Paitel and Nielson, 2021).

During more complex but high-accuracy inhibitory control tasks, smaller central-parietal 

P300 amplitudes are often accompanied by larger frontal P300 amplitudes in older 

adults. Increased anterior activation reflects the greater demand and increased cognitive 

control necessary for successful inhibition (Elverman et al., 2021; Kropotov et al., 2016; 

Paitel and Nielson, 2021). Compensatory theories of cognitive aging (e.g., Cabeza, 2002; 

Reuter-Lorenz and Park, 2014) have shown that increased brain activation in older adults 

compensates for age-related neural deficits and serves a functional role in maintaining 

high cognitive performance despite these deficits. Compensatory recruitment is often 

characterized by recruitment of frontal and non-dominant hemisphere resources. Consistent 

with these models, two recent studies using complex go/no-go and stop-signal tasks with 

comparable group accuracy showed that P300 amplitudes during successful inhibition were 

larger in older adults at frontal and left (non-dominant) hemisphere sites, with larger 

amplitudes in young adults at posterior and right hemisphere sites (Elverman et al., 2021; 

Paitel and Nielson, 2021). Despite the lack of significant frontal P300-related activity in the 

current study, within the older adult group, greater ELS was associated with larger central 

P300 amplitudes. This pattern was primarily driven by activity at the left (non-dominant) 

hemisphere site, most likely corresponding with pre-central and/or post-central gyri (Kim et 

al., 2007; Rich and Gillick, 2019; Rojas et al., 2018). These patterns suggest that greater 

activation in anterior regions, particularly from the non-dominant hemisphere, may be 

necessary to compensate for underlying neural deficits associated with the combination 

of older age and greater exposure to ELS to enable high-level performance even on this 

simple go/no-go task (Reuter-Lorenz and Park, 2014). Thus, using a more demanding 

high-accuracy go/no-go or stop-signal task may reveal important early compensatory 
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activation by increasing frontal-dependent conflict and inhibition processes (Reuter-Lorenz 

and Cappell, 2008).

Some studies have reported larger central P300 amplitudes in older compared to younger 

adults during a go/no-go task with equi-probable stimuli (i.e., 50 % go, 50 % no-go; Hong 

et al., 2014; Vallesi, 2011) and on no-go trials with low conflict only (Vallesi and Stuss, 

2010; Vallesi et al., 2009). Larger central P300 amplitudes are most evident in older adults 

during very low-demand tasks, such as those with equi-probable stimuli, which create a 

weaker prepotent response. As task demand increases, central P300 resources are depleted, 

resulting in smaller central P300 amplitudes, and more resources are recruited from frontal 

and bilateral regions (Elverman et al., 2021; Paitel and Nielson, 2021; Reuter-Lorenz and 

Cappell, 2008). Importantly, when task demand surpasses a given threshold, decreased 

activation is evident across sites, concurrent with behavioral performance deficits, indicating 

that these compensatory resources are finite (Reuter-Lorenz and Cappell, 2008).

Beyond the effects of age group, smaller inhibitory P300 amplitudes in central-parietal 

regions were predicted by greater exposure to ELS. The few existing ERP studies assessing 

ELS with inhibitory control tasks primarily investigated these processes in childhood and 

adolescence. While findings were inconsistent overall, some studies showed that youth 

exposed to early-life stress had smaller N200 (Bruce and Kim, 2020; Loman et al., 

2013), error-related negativity (ERN; Loman et al., 2013), and P300 (McDermott et al., 

2012) amplitudes during go/no-go and Flanker tasks, highlighting early effects of ELS on 

inhibitory control networks. ERP research on the neural effects of ELS in adulthood is 

notably sparse, despite evidence of lasting biopsychosocial effects of ELS into later life 

(e.g., Fogelman and Canli, 2018; Korten et al., 2014; Levine et al., 2015; Pechtel and 

Pizzagalli, 2011; Ritchie et al., 2009). Consistent with the current findings, one ERP study 

with young and middle-adult participants revealed smaller no-go P300 activation localized 

to right anterior cingulate cortex and precentral gyri as well as bilateral medial frontal cortex 

and superior frontal gyri in participants with childhood trauma (Kim et al., 2018). During 

an equi-probable go/no-go task, early-life physical and sexual abuse correlated with delayed 

P300 latency and larger P300 amplitudes. Larger amplitudes in those with greater ELS 

suggests compensatory activation akin to the patterns found in healthy older versus younger 

adults during equi-probable no-go tasks (Howells et al., 2012; Vallesi, 2011).

To our knowledge, the only other study to investigate ERPs in older adults with exposure 

to ELS used a combined sample of healthy older adults and those with mild cognitive 

impairment (Wang et al., 2016). This study showed that physical neglect was associated 

with later P300 latencies and smaller P300 amplitudes during a simple auditory oddball 

task (Wang et al., 2016). The current findings address an important gap by examining 

P300 patterns within a group of healthy adults, using a more robust regression analysis, 

and analyzing ERP activation during a simple and high-accuracy inhibitory control task. 

The domain of inhibitory control is particularly important for investigating age by ELS 

interactions given that poorer accuracy and slower reaction time during inhibitory control 

tasks are well-established in children with exposure to ELS (e.g., Bruce and Kim, 2020; 

Carvalho et al., 2020; Cowell et al., 2015; Giuliano et al., 2018), and have also been 

described in adolescents (Kirke-Smith et al., 2014) and adults (Daly et al., 2017; Marshall 
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et al., 2016). The impact of inhibitory deficits with age is likely critical, with evidence that 

inhibitory deficits may in fact mediate more global age-related cognitive decline (Sweeney 

et al., 2001), and that they are a primary predictor of deficits in activities of daily living (i.e., 

ADLs), a critical requirement for independent living (O’Connor and Boyle, 2007).

The current findings suggest that exposure to ELS has long-lasting and dynamic 

neural implications that interact with normative neurocognitive aging processes. Whereas 

participants with lower to moderate ELS demonstrated the expected pattern of smaller 

central-parietal P300 amplitudes in older vs. young adults, amplitudes in those with 

higher ELS did not significantly differ by age group. Within young adults, greater ELS 

was associated with smaller central-parietal P300 amplitudes, indicative of potential early 

deficits in underlying inhibitory networks (e.g., Harms et al., 2017; Lim et al., 2015; 

Mueller et al., 2010). Notably, despite this association between greater ELS and lower P300 

amplitudes, young adults were able to maintain high task performance without needing to 

recruit additional brain regions. However, within older adults, greater ELS was associated 

with modestly larger central P300 amplitudes, suggesting a greater demand on anterior 

resources for high-accuracy task performance in older adults with greater ELS exposure 

(Reuter-Lorenz and Park, 2014). Importantly, compensatory resources are finite, and while 

greater reliance on compensatory neural resources may be successful with low to moderate 

cognitive demands, they will likely become insufficient when faced with a higher cognitive 

load and/or advanced neurological aging (Reuter-Lorenz and Cappell, 2008; Reuter-Lorenz 

and Park, 2014). Thus, greater ELS may confer a heightened risk for earlier signs of 

age-related cognitive decline and greater risk for pathological aging (Reuter-Lorenz and 

Cappell, 2008; Reuter-Lorenz and Park, 2014; Wang et al., 2016).

3.1. Limitations and future directions

The current study included relatively small samples, and thus should be interpreted with 

caution. We hope that these findings will be used to guide future research with larger 

samples and thus, more statistical power, to validate and further tease apart the interactions 

between ELS and aging. Studies with larger samples will also provide an opportunity 

to explore the impact of varying degrees of task demand on the effect of age*ELS 

interactions on inhibitory ERPs. The current study used a high-accuracy task, which indeed 

is particularly well-suited to capture potential compensatory recruitment patterns compared 

to higher-demand tasks where such resources are expected to be depleted, concurrent with 

deficits in task performance (for review see Reuter-Lorenz and Cappell, 2008). Yet, higher-

demand inhibitory control tasks that control for working memory load (e.g., stop-signal 

paradigm) may be particularly useful for examining contributions of frontal lobe activity 

(Elverman et al., 2021; Paitel and Nielson, 2021) and may furthermore reveal similar 

compensatory patterns in young adults with high ELS at a higher cognitive load (Reuter-

Lorenz and Cappell, 2008). The role of conflict monitoring, detection, and resolution, for 

which the N200 component may be particularly important, would also be better examined 

with a more complex task (Elverman et al., 2021; Huster et al., 2010; Paitel and Nielson, 

2021; Paitel et al., 2021).
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While the current findings fit within the framework of compensatory recruitment 

(Reuter-Lorenz and Park, 2014), it is also possible that these results reflect alternative 

interpretations, such as neural dedifferentiation. The argument for dedifferentiation suggests 

that increasing age is associated with decreased activation in functionally specialized neural 

networks and increased activation in more general networks (for review see Koen and Rugg, 

2019). Future studies with sufficient sample sizes may be able to address these theories 

by assessing the impact of age and ELS on the relationship between neural activation in 

different networks and at varying levels of task performance.

An important methodological point for future research is the advantages of using interviews 

to assess life stress (vs. self-report metrics). This approach allows for gathering of more 

detailed and precise information surrounding ELS, including distinguishing between acute 

events vs. chronic stressors and major vs. minor stressors as well as creating the opportunity 

for clarification and elaboration (Harkness and Monroe, 2016).

Finally, because using ERPs to assess interactions between ELS and age is relatively 

novel, immediate work characterizing healthy, normative cognitive aging is important. Given 

the relevance of inhibitory control and the P300 component to pathological aging, future 

research examining how these relate to mild cognitive impairment, Alzheimer’s disease, and 

healthy adults with genetic risk for Alzheimer’s may be particularly important (see Paitel et 

al., 2021).

4. Conclusions

Given the well-established effects of ELS on inhibitory control in children (e.g., Bruce and 

Kim, 2020; Carvalho et al., 2020; Cowell et al., 2015; Lund et al., 2020), knowledge of 

neural effects of ELS in earlier life (e.g., Lim et al., 2015; Mueller et al., 2010), and the 

critical role of inhibitory control in healthy cognitive aging (e.g., O’Connor and Boyle, 

2007; Salthouse et al., 2003; Sweeney et al., 2001), the current study sought to address 

the impact of ELS on neural activation during successful no-go inhibition in young adults 

and healthy older adults. Our findings showed the typical pattern of smaller central-parietal 

P300 amplitude in older vs. young adults (Elverman et al., 2021; Paitel and Nielson, 2021; 

Patel and Azzam, 2005), but this pattern was consistent only in those with low to moderate 

exposure to ELS. Greater ELS was associated with smaller central-parietal P300 amplitudes 

within young adults but larger central P300 amplitudes within older adults. Given very high 

task accuracy across participants, these patterns suggest that older adults with greater ELS 

exposure recruited more neural resources to support inhibitory performance evaluation and 

adaptation (Park and Reuter-Lorenz, 2009; Reuter-Lorenz and Park, 2014). Because the 

current task uses a simple, high-accuracy paradigm, it is likely these differences would be 

more pronounced during tasks with a greater demand on working memory, with concurrent 

deficits more likely to be seen in behavioral performance as these compensatory resources 

are depleted (Reuter-Lorenz and Cappell, 2008). Thus, the current study indicates that older 

adults with greater exposure to ELS may be at greater risk for age-related cognitive declines. 

With this in mind, we advocate for inclusion of a simple screening measure for ELS in 

neuroimaging research, particularly in work with older adults.

Paitel et al. Page 11

Int J Psychophysiol. Author manuscript; available in PMC 2023 January 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Data availability

Data will be made available on request.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

The authors wish to gratefully acknowledge contributions to study recruitment and data collection from 
Developmental Decision-Making Lab research assistants: Jonathan Carroll, Christine Chen, Corinna Jauregui, 
Sarah Jensen, Claire Rosenberger, Gretchen Stutz, Jessica Tooley, Shelby VanRossum, Stephanie Weigman, and 
Max Whealon.

Funding

This study was supported in part by the Ronald E. McNair Post-Baccalaureate Achievement Scholars Program 
(ERP & RAL; CFDA Number 84.217A), a Collaborative Research Grant from the Center for Undergraduate 
Research at St. Norbert College (ERP), and the National Center for Advancing Translational Sciences, National 
Institutes of Health (UL1TR001436, TL1TR001437; the study contents are solely the responsibility of the authors 
and do not necessarily represent the official views of the NIH).

References

Ashford JW, Coburn KL, Rose TL, Bayley PJ, 2011. P300 energy loss in aging and Alzheimer’s 
disease. J. Alzheimers Dis 26 (s3), 229–238. 10.3233/JAD-2011-0061. [PubMed: 21971463] 

Brown DW, Anda RF, Tiemeier H, Felitti VJ, Edwards VJ, Croft JB, Giles WH, 2009. Adverse 
childhood experiences and the risk of premature mortality. Am. J. Prev. Med 37 (5), 389–396. 
10.1016/j.amepre.2009.06.021. [PubMed: 19840693] 

Bruce J, Kim HK, 2020. Behavioral and electrophysiological indices of inhibitory control 
in maltreated adolescents and nonmaltreated adolescents. Dev. Psychopathol 1–10 10.1017/
S0954579420001819.

Cabeza R, 2002. Hemispheric asymmetry reduction in older adults: the HAROLD model. Psychol. 
Aging 17 (1), 85. 10.1037/0882-7974.17.1.85. [PubMed: 11931290] 

Carvalho JN, Renner AM, Donat JC, de Moura TC, Fonseca RP, Kristensen CH, 2020. Executive 
functions and clinical symptoms in children exposed to maltreatment. Appl. Neuropsychol. Child 9 
(1), 1–12. 10.1080/21622965.2018.1497989. [PubMed: 30295547] 

Chen Y, Zhou W, Hong Z, Hu R, Guo Z, Liu S, Zhang L, 2021. The effects of combined cognitive 
training on prospective memory in older adults with mild cognitive impairment. Sci. Rep 11 (1), 
1–11. 10.1038/s41598-021-95126-z. [PubMed: 33414495] 

Comijs HC, Gerritsen L, Penninx BW, Bremmer MA, Deeg DJ, Geerlings MI, 2010. The association 
between serum cortisol and cognitive decline in older persons. Am. J. Geriatr. Psychiatry 18 (1), 
42–50. 10.1097/JGP.0b013e3181b970ae. [PubMed: 20094017] 

Cowell RA, Cicchetti D, Rogosch FA, Toth SL, 2015. Childhood maltreatment and its effect on 
neurocognitive functioning: timing and chronicity matter. Dev. Psychopathol 27 (2), 521–533. 
10.1017/S0954579415000139. [PubMed: 25997769] 

Cross D, Fani N, Powers A, Bradley B, 2017. Neurobiological development in the context of childhood 
trauma. Clin. Psychol. Sci. Pract 24 (2), 111. 10.1111/cpsp.12198.

Daly BP, Hildenbrand AK, Turner E, Berkowitz S, Tarazi RA, 2017. Executive functioning among 
college students with and without history of childhood maltreatment. J. Aggress. Maltreat. Trauma 
26 (7), 717–735. 10.1080/10926771.2017.1317685.

Delorme A, Makeig S, 2004. EEGLAB: an open source toolbox for analysis of single-trial EEG 
dynamics including independent component analysis. J. Neurosci. Methods 134 (1), 9–21. 
10.1016/j.jneumeth.2003.10.009. [PubMed: 15102499] 

Paitel et al. Page 12

Int J Psychophysiol. Author manuscript; available in PMC 2023 January 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Demers LA, Hunt RH, Cicchetti D, Cohen-Gilbert JE, Rogosch FA, Toth SL, Thomas KM, 2021. 
Impact of childhood maltreatment and resilience on behavioral and neural patterns of inhibitory 
control during emotional distraction. Dev. Psychopathol 1–12 10.1017/S0954579421000055.

van Dinteren R, Arns M, Jongsma ML, Kessels RP, 2014. P300 development across the lifespan: 
a systematic review and meta-analysis. PLoS One 9 (2), e87347. 10.1371/journal.pone.0087347. 
[PubMed: 24551055] 

Elverman KH, Paitel ER, Figueroa CM, McKindles RJ, Nielson KA, 2021. Event-related potentials, 
inhibition and risk for Alzheimer’s disease among cognitively intact elders. J. Alzheimers Dis 80 
(4), 1413–1428. 10.3233/JAD-201559. [PubMed: 33682720] 

Enriquez-Geppert S, Konrad C, Pantev C, Huster RJ, 2010. Conflict and inhibition differentially affect 
the N200/P300 complex in a combined go/nogo and stop-signal task. NeuroImage 51 (2), 877–
887. 10.1016/j.neuroimage.2010.02.043. [PubMed: 20188191] 

Faul F, Erdfelder E, Buchner A, Lang A-G, 2009. Statistical power analyses using G* power 3.1: 
tests for correlation and regression analyses. Behav. Res. Methods 41 (4), 1149–1160. 10.3758/
BRM.41.4.1149. [PubMed: 19897823] 

Finkelhor D, Hamby SL, Ormrod R, Turner H, 2005. The juvenile victimization questionnaire: 
reliability, validity, and national norms. Child Abuse Negl 29 (4), 383–412. 10.1016/
j.chiabu.2004.11.001. [PubMed: 15917079] 

Fogelman N, Canli T, 2018. Early life stress and cortisol: a meta-analysis. Horm. Behav 98, 63–76. 
10.1016/j.yhbeh.2017.12.014. [PubMed: 29289660] 

Giuliano RJ, Roos LE, Farrar JD, Skowron EA, 2018. Cumulative risk exposure moderates the 
association between parasympathetic reactivity and inhibitory control in preschool-age children. 
Dev. Psychobiol 60 (3), 324–332. 10.1002/dev.21608. [PubMed: 29344945] 

Goldman-Mellor S, Hamer M, Steptoe A, 2012. Early-life stress and recurrent psychological 
distress over the lifecourse predict divergent cortisol reactivity patterns in adulthood. 
Psychoneuroendocrinology 37 (11), 1755–1768. 10.1016/j.psyneuen.2012.03.010. [PubMed: 
22475549] 

Gould F, Clarke J, Heim C, Harvey PD, Majer M, Nemeroff CB, 2012. The effects of child abuse 
and neglect on cognitive functioning in adulthood. J. Psychiatr. Res 46 (4), 500–506. 10.1016/
j.jpsychires.2012.01.005. [PubMed: 22336639] 

Haahr-Pedersen I, Ershadi A, Hyland P, Hansen M, Perera C, Sheaf G, Vallières F, 2020. 
Polyvictimization and psychopathology among children and adolescents: a systematic review of 
studies using the juvenile victimization questionnaire. Child Abuse Negl 107, 104589 10.1016/
j.chiabu.2020.104589. [PubMed: 32562962] 

Hamby SL, Finkelhor D, Ormrod RK, Turner HA, 2004. The Juvenile Victimization Questionnaire 
(JVQ): Administration and Scoring Manual Crimes Against Children Research Center, Durham, 
NH.

Hamby S, Finkelhor D, Turner H, Kracke K, 2011. The juvenile victimization questionnaire toolkit 
Retrieved from. http://www.unh.edu/ccrc/jvq/index_new.html.

Harkness KL, Monroe SM, 2016. The assessment and measurement of adult life stress: basic 
premises, operational principles, and design requirements. J. Abnorm. Psychol 125 (5), 727. 
10.1037/abn0000178. [PubMed: 27254487] 

Harms MB, Birn R, Provencal N, Wiechmann T, Binder EB, Giakas SW, Pollak SD, 2017. 
Early life stress, FK506 binding protein 5 gene (FKBP5) methylation, and inhibition-related 
prefrontal function: a prospective longitudinal study. Dev. Psychopathol 29 (5), 1895–1903. 
10.1017/S095457941700147X. [PubMed: 29162190] 

Hayes AF, 2017. Introduction to mediation, moderation, and conditional process analysis: a regression-
based approach Guilford Publications.

Hong X, Sun J, Bengson JJ, Tong S, 2014. Age-related spatiotemporal reorganization during response 
inhibition. Int. J. Psychophysiol 93 (3), 371–380. 10.1016/j.ijpsycho.2014.05.013. [PubMed: 
24905017] 

Howells FM, Stein DJ, Russell VA, 2012. Childhood trauma is associated with altered cortical arousal: 
insights from an EEG study. Front. Integr. Neurosci 6, 120. 10.3389/fnint.2012.00120. [PubMed: 
23269916] 

Paitel et al. Page 13

Int J Psychophysiol. Author manuscript; available in PMC 2023 January 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.unh.edu/ccrc/jvq/index_new.html


Huster R, Westerhausen R, Pantev C, Konrad C, 2010. The role of the cingulate cortex as neural 
generator of the N200 and P300 in a tactile response inhibition task. Hum. Brain Mapp 31 (8), 
1260–1271. 10.1002/hbm.20933. [PubMed: 20063362] 

Huster RJ, Enriquez-Geppert S, Lavallee CF, Falkenstein M, Herrmann CS, 2013. 
Electroencephalography of response inhibition tasks: functional networks and cognitive 
contributions. Int. J. Psychophysiol 87 (3), 217–233. 10.1016/j.ijpsycho.2012.08.001. [PubMed: 
22906815] 

Huster RJ, Messel MS, Thunberg C, Raud L, 2020. The P300 as marker of inhibitory control–fact or 
fiction? Cortex 132, 334–348. 10.1016/j.cortex.2020.05.021. [PubMed: 33017748] 

Kardos Z, Kóbor A, Molnár M, 2020. Accurate response selection and inhibition in healthy aging: 
an event-related potential study. Psychol. Aging 35 (5), 720. 10.1037/pag0000466. [PubMed: 
32744853] 

Kiecolt-Glaser JK, Gouin J-P, Weng N-P, Malarkey WB, Beversdorf DQ, Glaser R, 2011. Childhood 
adversity heightens the impact of later-life caregiving stress on telomere length and inflammation. 
Psychosom. Med 73 (1), 16. 10.1097/PSY.0b013e31820573b6. [PubMed: 21148804] 

Kim D, Joo EY, Tae WS, Han SJ, Cho JW, Seo DW, Hong SB, 2007. Cortical localization of scalp 
electrodes on three-dimensional brain surface using frameless stereotactic image guidance system. 
J. Korean Neurol. Assoc 155–160.

Kim S, Kim JS, Jin MJ, Im C-H, Lee S-H, 2018. Dysfunctional frontal lobe activity during inhibitory 
tasks in individuals with childhood trauma: an event-related potential study. Neuroimage: Clinical 
17, 935–942. 10.1016/j.nicl.2017.12.034. [PubMed: 29527497] 

Kirke-Smith M, Henry L, Messer D, 2014. Executive functioning: developmental consequences 
on adolescents with histories of maltreatment. Br. J. Dev. Psychol 32 (3), 305–319. 10.1111/
bjdp.12041. [PubMed: 24684281] 

Koen JD, Rugg MD, 2019. Neural dedifferentiation in the aging brain. Trends Cogn. Sci 23 (7), 
547–559. 10.1016/j.tics.2019.04.012. [PubMed: 31174975] 

Korten NC, Penninx BW, Pot AM, Deeg DJ, Comijs HC, 2014. Adverse childhood and recent negative 
life events: contrasting associations with cognitive decline in older persons. J. Geriatr. Psychiatry 
Neurol 27 (2), 128–138. 10.1177/0891988714522696. [PubMed: 24578461] 

Kropotov J, Ponomarev V, Tereshchenko EP, Müller A, Jäncke L, 2016. Effect of aging on 
ERP components of cognitive control. Front. Aging Neurosci 8, 69. 10.3389/fnagi.2016.00069. 
[PubMed: 27092074] 

Lähdepuro A, Savolainen K, Lahti-Pulkkinen M, Eriksson JG, Lahti J, Tuovinen S, Räikkönen K, 
2019. The impact of early life stress on anxiety symptoms in late adulthood. Sci. Rep 9 (1), 1–13. 
10.1038/s41598-019-40698-0. [PubMed: 30626917] 

Lamm C, Troller-Renfree SV, Zeanah CH, Nelson CA, Fox NA, 2018. Impact of early 
institutionalization on attention mechanisms underlying the inhibition of a planned action. 
Neuropsychologia 117, 339–346. 10.1016/j.neuropsychologia.2018.06.008. [PubMed: 29908954] 

Levine M, Cole S, Weir D, Crimmins E, 2015. Childhood and later life stressors and 
increased inflammatory gene expression at older ages. Soc. Sci. Med 130, 16–22. 10.1016/
j.socscimed.2015.01.030. [PubMed: 25658624] 

Lim L, Hart H, Mehta MA, Simmons A, Mirza K, Rubia K, 2015. Neural correlates of error processing 
in young people with a history of severe childhood abuse: an fMRI study. Am. J. Psychiatr 172 (9), 
892–900. 10.1176/appi.ajp.2015.14081042. [PubMed: 25882324] 

Loman MM, Johnson AE, Westerlund A, Pollak SD, Nelson CA, Gunnar MR, 2013. The effect of 
early deprivation on executive attention in middle childhood. J. Child Psychol. Psychiatry 54 (1), 
37–45. 10.1111/j.1469-7610.2012.02602.x. [PubMed: 22924462] 

Luck SJ, 2014. An Introduction to the Event-related Potential Technique MIT Press.

Lund JI, Toombs E, Radford A, Boles K, Mushquash C, 2020. Adverse childhood experiences and 
executive function difficulties in children: a systematic review. Child Abuse Negl 106, 104485 
10.1016/j.chiabu.2020.104485. [PubMed: 32388225] 

Lustig C, Shah P, Seidler R, Reuter-Lorenz PA, 2009. Aging, training, and the brain: a review and 
future directions. Neuropsychol. Rev 19 (4), 504–522. 10.1007/s11065-009-9119-9. [PubMed: 
19876740] 

Paitel et al. Page 14

Int J Psychophysiol. Author manuscript; available in PMC 2023 January 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Marshall DF, Passarotti AM, Ryan KA, Kamali M, Saunders EF, Pester B, Langenecker SA, 2016. 
Deficient inhibitory control as an outcome of childhood trauma. Psychiatry Res 235, 7–12. 
10.1016/j.psychres.2015.12.013. [PubMed: 26707783] 

McDermott JM, Westerlund A, Zeanah CH, Nelson CA, Fox NA, 2012. Early adversity and neural 
correlates of executive function: implications for academic adjustment. Dev. Cogn. Neurosci 2, 
S59–S66. 10.1016/j.dcn.2011.09.008. [PubMed: 22682911] 

Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD, 2000. The unity and 
diversity of executive functions and their contributions to complex “frontal lobe” tasks: a latent 
variable analysis. Cogn. Psychol 41 (1), 49–100. 10.1006/cogp.1999.0734. [PubMed: 10945922] 

Mueller SC, Maheu FS, Dozier M, Peloso E, Mandell D, Leibenluft E, Ernst M, 2010. Early-
life stress is associated with impairment in cognitive control in adolescence: an fMRI 
study. Neuropsychologia 48 (10), 3037–3044. 10.1016/j.neuropsychologia.2010.06.013. [PubMed: 
20561537] 

Munakata Y, Herd SA, Chatham CH, Depue BE, Banich MT, O’Reilly RC, 2011. A unified framework 
for inhibitory control. Trends Cogn. Sci 15 (10), 453–459. 10.1016/j.tics.2011.07.011. [PubMed: 
21889391] 

Nunnally JC, Bernstein IH, 1994. Psychometric Theory, 3rd ed. McGraw-Hill, New York.

O’Connor MK, Boyle PA, 2007. Executive dysfunction in Alzheimer’s disease. In: Sun M-K (Ed.), 
Research Progress in Alzheimer’s Disease and Dementia, Vol. 1. Nova Science Publishers Inc., pp. 
25–38

Ouanes S, Popp J, 2019. High cortisol and the risk of dementia and Alzheimer’s disease: a review of 
the literature. Front. Aging Neurosci 11, 43. 10.3389/fnagi.2019.00043. [PubMed: 30881301] 

Overbye K, Walhovd KB, Fjell AM, Tamnes CK, Huster R, 2021. Electrophysiological and behavioral 
indices of cognitive conflict processing across adolescence. Dev. Cognit. Neurosci 48 10.1016/
j.dcn.2021.100929.

Paitel ER, Nielson KA, 2021. Temporal dynamics of event-related potentials during inhibitory control 
characterize age-related neural compensation. Symmetry 13 (12), 2323. 10.3390/sym13122323. 
[PubMed: 35923222] 

Paitel ER, Samii MR, Nielson KA, 2021. A systematic review of cognitive event-related potentials in 
mild cognitive impairment and Alzheimer’s disease. Behav. Brain Res 10.1016/j.bbr.2020.112904.

Palmer JA, Makeig S, Kreutz-Delgado K, Rao BD, 2008. Newton method for the ICA mixture model 
In: 2008 IEEE International Conference on Acoustics, Speech and Signal Processing, pp. 1805–
1808. 10.1109/ICASSP.2008.4517982.

Park DC, Reuter-Lorenz P, 2009. The adaptive brain: aging and neurocognitive scaffolding. Annu. Rev. 
Psychol 60, 173–196. 10.1146/annurev.psych.59.103006.093656. [PubMed: 19035823] 

Patel SH, Azzam PN, 2005. Characterization of N200 and P300: selected studies of the event-related 
potential. Int. J. Med. Sci 2 (4), 147–154. 10.7150/ijms.2.147. [PubMed: 16239953] 

Pechtel P, Pizzagalli DA, 2011. Effects of early life stress on cognitive and affective function: 
an integrated review of human literature. Psychopharmacology 214 (1), 55–70. 10.1007/
s00213-010-2009-2. [PubMed: 20865251] 

Pires L, Leitão J, Guerrini C, Simões MR, 2014. Event-related brain potentials in the study of 
inhibition: cognitive control, source localization and age-related modulations. Neuropsychol. Rev 
24 (4), 461–490. 10.1007/s11065-014-9275-4. [PubMed: 25407470] 

Reuter-Lorenz PA, Cappell KA, 2008. Neurocognitive aging and the compensation hypothesis. Curr. 
Dir. Psychol. Sci 17 (3), 177–182. 10.1111/j.1467-8721.2008.00570.x.

Reuter-Lorenz PA, Park DC, 2014. How does it STAC up? Revisiting the scaffolding theory of 
aging and cognition. Neuropsychol. Rev 24 (3), 355–370. 10.1007/s11065-014-9270-9. [PubMed: 
25143069] 

Rich TL, Gillick BT, 2019. Electrode placement in transcranial direct current stimulation—how 
reliable is the determination of C3/C4? Brain Sci 9 (3), 69. 10.3390/brainsci9030069. [PubMed: 
30909374] 

Ritchie K, Jaussent I, Stewart R, Dupuy A-M, Courtet P, Ancelin M-L, Malafosse A, 2009. 
Association of adverse childhood environment and 5-HTTLPR genotype with late-life depression. 
J. Clin. Psychiatry 70 (9), 1281–1288. 10.4088/JCP.08m04510. [PubMed: 19573496] 

Paitel et al. Page 15

Int J Psychophysiol. Author manuscript; available in PMC 2023 January 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Ritchie K, Jaussent I, Stewart R, Dupuy AM, Courtet P, Malafosse A, Ancelin ML, 2011. Adverse 
childhood environment and late-life cognitive functioning. Int. J. Geriatr. Psychiatry 26 (5), 503–
510. 10.1002/gps.2553. [PubMed: 21445999] 

Rojas GM, Alvarez C, Montoya CE, De la Iglesia-Vaya M, Cisternas JE, Gálvez M, 2018. Study 
of resting-state functional connectivity networks using EEG electrodes position as seed. Front. 
Neurosci 12, 235. 10.3389/fnins.2018.00235. [PubMed: 29740268] 

Salthouse TA, Atkinson TM, Berish DE, 2003. Executive functioning as a potential mediator 
of age-related cognitive decline in normal adults. J. Exp. Psychol. Gen 132 (4), 566. 
10.1037/0096-3445.132.4.566. [PubMed: 14640849] 

Savolainen K, Eriksson JG, Kananen L, Kajantie E, Pesonen A-K, Heinonen K, Räikkönen K, 
2014. Associations between early life stress, self-reported traumatic experiences across the 
lifespan and leukocyte telomere length in elderly adults. Biol. Psychol 97, 35–42. 10.1016/
j.biopsycho.2014.02.002. [PubMed: 24530884] 

Slotnick SD, 2017. fMRI versus ERPs. In: Cognitive Neuroscience of Memory Cambridge University 
Press.

Sweeney JA, Rosano C, Berman RA, Luna B, 2001. Inhibitory control of attention declines 
more than working memory during normal aging. Neurobiol. Aging 22 (1), 39–47. 10.1016/
S0197-4580(00)00175-5. [PubMed: 11164275] 

Vallesi A, 2011. Targets and non-targets in the aging brain: a go/nogo event-related potential study. 
Neurosci. Lett 487 (3), 313–317. 10.1016/j.neulet.2010.10.046. [PubMed: 20974222] 

Vallesi A, Stuss DT, 2010. Excessive sub-threshold motor preparation for non-target stimuli in normal 
aging. NeuroImage 50 (3), 1251–1257. 10.1016/j.neuroimage.2010.01.022. [PubMed: 20079449] 

Vallesi A, Stuss DT, McIntosh AR, Picton TW, 2009. Age-related differences in processing irrelevant 
information: evidence from event-related potentials. Neuropsychologia 47 (2), 577–586. 10.1016/
j.neuropsychologia.2008.10.018. [PubMed: 19022270] 

Wang L, Yang L, Yu L, Song M, Zhao X, Gao Y, Wang X, 2016. Childhood physical neglect promotes 
development of mild cognitive impairment in old age–a case-control study. Psychiatry Res 242, 
13–18. 10.1016/j.psychres.2016.04.090. [PubMed: 27236588] 

Wolfe DA, 2018. Why polyvictimization matters. J. Interpers. Violence 33 (5), 832–837. 
10.1177/0886260517752215. [PubMed: 29411694] 

Wu J, Liu Y, Fang H, Qin S, Kohn N, Duan H, 2021. The relationship between childhood stress and 
distinct stages of dynamic behavior monitoring in adults: neural and behavioral correlates. Soc. 
Cogn. Affect. Neurosci 10.1093/scan/nsab041.

Xue J-M, Lin P-Z, Sun J-W, Cao F-L, 2017. Disrupted executive function and aggression in 
individuals with a history of adverse childhood experiences: an event-related potential study. J. 
Nerv. Ment. Dis 205 (12), 942–951. 10.1097/NMD.0000000000000743. [PubMed: 28976406] 

Paitel et al. Page 16

Int J Psychophysiol. Author manuscript; available in PMC 2023 January 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Correct no-go trial grand average waveforms by age group (black = young; red = older). 

x-axis = ms; y-axis = μv. Current source density maps show activity in the 100 ms 

window surrounding P300 peak by age group, both scaled to +/−55μv/m2. Both groups 

had a posterior P300 maxima, with largest magnitude in young. (For interpretation of the 

references to colour in this figure legend, the reader is referred to the web version of this 

article.)
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Fig. 2. 
Plots showing the Johnson-Neyman technique for models with significant age group*ELS 

interaction terms. Red dots = older adults; black = young. Dots are positioned along the 

x-axis corresponding with JVQ scores −1 SD below the mean (left), at the mean (center), 

and +1 SD above the mean (right). Older age predicted smaller P300 amplitudes, only in 

those with lower (left; −1 SD) and moderate (middle; mean) JVQ scores. P300 amplitudes 

were not significantly predicted by age in those with higher ELS (right; +1 SD). See Table 

3 for statistics, Table 4 for P300 values by age group. (For interpretation of the references to 

colour in this figure legend, the reader is referred to the web version of this article.)
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Table 1

Demographics by age group (mean (±SD)).

Older adults Young adults

Age (years) 72.2 (8.6)*** 19.9 (1.0)***

Education (years) 15.5 (2.2)* 14.1 (0.6)*

Sex (% female) 38 % 55 %

Note: Significant age group difference (older > young).

*
p < .05.

***
p < .001.
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Table 2

Behavioral statistics for the go/no-go task.

Older adults
(n = 20)

Young adults
(n = 13)

Lower JVQ
(n = 18)

Higher JVQ
(n = 15)

Overall accuracy (%correct) 98.35 % 98.69 % 98.61 % 98.33 %

No-go accuracy (%correct) 94.30 % 93.69 % 94.78 % 93.20 %

Go target RT (ms) 548.92* 465.98* 526.83 503.55

No-go commission RT (ms) 440.00* 338.99* 398.82 392.84

Note: JVQ groups are based on a median split, with those endorsing three or fewer items in the “lower” group and those endorsing four or more 
items in the “higher” group. Note that the paper’s primary analyses analyzed JVQ score as a continuous metric. This arbitrary grouping was used 
only to check for an effect of JVQ score on behavioral task performance. Go/no-go task accuracy did not differ by age group or JVQ score. Older 
adults had slower response time (RT). Significant age group difference (older > young).

*
p < .05.
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Table 3

Multiple regression models predicting P300 amplitude by region.

    Contribution of each variable

Coefficient SE t p

Central

Age −4.24 1.22 −3.46 0.002

JVQ −1.28 0.44 −2.92 0.007

Age*JVQ 0.82 0.28 2.92 0.007

Model: R2 = 0.30; MSE = 3.19; F = 4.10; p = .015

Central-parietal

Age −7.53 1.55 −4.85 0.000

JVQ −1.84 0.56 −3.31 0.003

Age*JVQ 0.95 0.35 2.70 0.012

Model: R2 = 0.49; MSE = 5.11; F = 9.18; p < . 001

Parietal

Age −6.55 1.54 −4.25 0.000

JVQ −1.13 0.55 −2.04 0.051

Age*JVQ 0.50 0.35 1.41 0.170

Model: R2 = 0.50; MSE = 5.05; F = 9.79; p < .001

Note: Bonferroni correction was applied to adjust for multiple comparisons. Models with p < .017 (bolded) met the adjusted threshold.
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Table 4

P300 amplitude (μV) during accurate no-go trials.

Region Young adults Older adults

Mean SD Mean SD

Central 6.22 2.05 5.02 1.93

Centro-Parietal 8.24 3.25 5.15 2.14

Parietal 7.76 2.96 3.96 2.00

Note: SD = standard deviation; Central = C3, Cz, C4; Centro-parietal = CP1, CP2; Parietal = P3, Pz, P4.
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Table 5

Pearson bivariate correlations between ELS and P300 amplitudes by age group.

Young adults Older adults

Site

C3 −0.30 0.47*

Cz −0.51^ 0.15

C4 −0.65* 0.35

CP1 −0.72** 0.17

CP2 −0.69** −0.08

P3 −0.36 −0.04

Pz −0.60* −0.23

P4 −0.53^ −0.11

C = central; CP = centro-parietal; P = parietal; odd numbers (i.e., 1, 3) = left hemisphere; z = midline; even numbers (i.e., 2, 4) = right hemisphere.

*
p < .05.

**
p < .01.

^
p = .06–.08.
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