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ABSTRACT 

 

COGNITIVE CONTROL AND CONFLICT PROCESSES IN GERIATRIC DEPRESSION 

by 

Theodora Kanellopoulos 

 

Advisor: Dr. Lisa D. Ravdin 

 

Major depressive disorder is often accompanied by disturbances in aspects of 

cognitive control that impair goal-directed behavior.  In particular, depressed 

individuals have been found to have deficits in conflict processing, which manifest as 

inadequate inhibition of maladaptive environmental stimuli and thought patterns. 

Insufficient cognitive inhibition of irrelevant negative information may contribute to, 

and perpetuate the depressive syndrome. Prior studies have hypothesized that the neural 

network that underlies conflict processing consists of the dorsal anterior cingulate and 

dorsolateral prefrontal cortex. This network has been shown to be compromised by 

depression in young adults, as well as by the aging process. However, the temporal 

properties of conflict processing, within this conflict-control network, have not been 

fully examined in geriatric depression.  

In this study, the N2 event-related potential was recorded during a Stroop paradigm 

administered to 44 depressed and 24 healthy older adults. Depressed subjects exhibited 

smaller N2 amplitudes to incongruent relative to congruent stimuli. Among healthy 

non-depressed subjects, there was no difference in N2 amplitudes between conditions. 

Notably, there were no overall differences in task accuracy or reaction time between the 

depressed and non-depressed groups. Larger N2 amplitudes were associated with 

executive dysfunction (i.e., poorer performance on a set-shifting measure) in healthy 
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older adults; however, this relationship was not observed in the depressed group. These 

results suggest that neural processing abnormalities within the conflict-control network 

may exist in geriatric depression, above and beyond those attributable to normal age 

related changes. Furthermore, alternate neural networks may be recruited for successful 

conflict processing in depressed older adults. Additional characterization of 

abnormalities within specific conflict processing networks, as well as examination of 

how these abnormalities relate to the course and treatment of depression can help 

inform pharmacological and psychotherapeutic interventions. 
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Introduction 

Specific Aims 

Geriatric depression is often accompanied by cognitive impairment that improves, 

but is rarely eliminated, during periods of remission (Murphy & Alexopoulos, 2004).  

The persistence of cognitive impairment suggests that geriatric depression occurs in the 

context of dysfunction of brain networks associated with cognitive function. The causes 

of impairment of these networks are heterogeneous and include pronounced age-related 

changes, vascular, inflammatory, and neurodegenerative processes. Impaired functioning 

of the cognitive control network in particular has been implicated in the pathophysiology 

of depression. Deficits in cognitive control are consistently found in samples with 

depression (Butters et al., 2004; Elderkin-Thompson et al., 2003; Lockwood, 

Alexopoulos, & van Gorp, 2002). Geriatric depression lends itself to the study of 

dysfunction in cognitive control processes, due to: the variability in cognitive functioning 

introduced by the aging process; the relative stability of cognitive control impairments in 

late life depression; and the influence of aging on brain structures critical for cognitive 

control. However, the processes underlying cognitive control in geriatric depression have 

not been fully examined.  

Cognitive control is an aspect of executive functioning necessary for individuals 

to carry out goal-directed behavior. Specifically, cognitive control functions by making 

the appropriate adjustments in perceptual selection, response bias, and in the maintenance 

of contextual information, so that individuals can adapt to changing environmental 

demands (Botvinick, Braver, Barch, Carter, & Cohen, 2001). Successful cognitive control 
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requires focused attention to relevant stimuli and inhibition of irrelevant stimuli (Hertel, 

2004).  

Conflict arises when relevant and irrelevant information is simultaneously 

presented and is processed in parallel. The irrelevant information causes cognitive 

conflict, and interferes with goal- directed behavior. Conflict may also arise when an 

internal representation of the correct response to a stimulus does not match an actual 

response (Botvinick et al., 2001; Carter & van Veen, 2007). Conflict processes include 

both the detection and the resolution of conflict. Furthermore, conflict may be detected 

initially at the stimulus perception level, or subsequently at the response preparation 

level. Subsequent to detection, conflict at each of these levels must be resolved through 

either cognitive inhibition (at the stimulus perception level), or by motor response 

inhibition (at the response preparation level), in order for appropriate goal-directed 

behavior to be carried out (Mansouri, Tanaka, & Buckley, 2009). 

Dysfunction of cognitive inhibition may be especially relevant to the behavioral 

manifestations of late life depression (Beats, Sahakian, & Levy, 1996; Elliott et al., 1996; 

Murphy, Michael, Robbins, & Sahakian, 2003). For example, aging related impairment 

of cognitive inhibition (R. West, 2004) is often exacerbated in patients with late-life 

depression (Lockwood et al., 2002). Failure of cognitive inhibition is closely related to 

salient aspects of depressive symptomatology (e.g., rumination) (Joormann & Gotlib, 

2010), and is associated with poor outcomes in elderly depressed individuals (C. F. 

Murphy et al., 2007; Sneed et al., 2007). 

Cognitive symptoms of depression are associated with abnormalities in brain 

networks critical for conflict detection and resolution. Within these networks, the anterior 
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cingulate cortex (ACC) and the dorsolateral prefrontal cortex (DLPFC) are particularly 

relevant structures. The dorsal ACC (dACC) has been implicated in the control of 

cognitive function, while the rostral ACC has been implicated in regulation emotional 

function (Bush, Luu, & Posner, 2000). Reduced activation and hypometabolism of the 

dACC has found in several studies of depression, suggesting that the dACC may have an 

overlapping role (Alexopoulos, Gunning-Dixon, Latoussakis, Kanellopoulos, & Murphy, 

2008; Ochsner & Gross, 2005) in cognitive and affective function. The DLPFC has also 

been found to be hypoactive in functional and metabolic studies of depressed individuals 

(Baxter et al., 1989; Drevets, 2000b). However, the poor temporal resolution of structural 

and functional imaging methods is unsuitable for examining conflict detection and 

resolution processes which often occur within milliseconds. 

Event Related Potential (ERP) waveforms elicited utilizing high conflict 

paradigms can elucidate the functional neuroanatomy of conflict processing both within 

aging and in mood disorders. ERPs provide information about neural changes and 

behavioral actions in response to discrete stimuli with high temporal accuracy (Luck, 

2005), an attribute which allows for examination of rapidly occurring cognitive 

processes.  Moreover, ERP waveforms are believed to be indicators of the functional 

integrity of the underlying brain structures that generate them. Consequently, research 

utilizing ERP methodology in geriatric depression can provide insight into the functional 

integrity of brain structures integral to conflict processes. Furthermore, use of ERP 

methodology can elucidate how disruption of conflict-control processes may produce 

some of the cognitive and mood symptoms often observed in late-life depression. 
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In summary, 1) changes in cognitive control and in the function of brain structures 

that underlie cognitive control have been found in aging and depression; 2) ERP 

methodology is ideal for the study of cognitive control processes, due to its high temporal 

resolution and to the empirical identification of waveforms (i.e., N2) sensitive to high 

conflict tasks and which engage cognitive control; 3) geriatric depression lends itself to 

the study of cognitive control processes because it is a disorder in which compounding 

vulnerabilities from the influence of both aging and depression may a) impact the  

structure and function of neural substrates of conflict processing;  and b) lead to 

measureable behavioral manifestations of cognitive control (e.g., poor cognitive 

inhibition, rumination).  

This study aims to examine conflict processing at the initial level of stimulus 

conflict detection. This specific aspect of conflict processing was selected due to 

literature suggesting a bias towards detection of negative environmental information in 

depressed individuals (Broomfield, Davies, MacMahon, Ali, & Cross, 2007; Gotlib, 

Krasnoperova, Yue, & Joormann, 2004; Joormann & Gotlib, 2006). Inadequate 

suppression of negative yet irrelevant information at the initial perceptual processing 

level may be related to the pathophysiology of depression and to antidepressant treatment 

outcomes in depression (Fales et al., 2009; Fales et al., 2008).  

Attention to deficits of cognitive inhibition processes in geriatric depression is 

therefore important because poor cognitive inhibition may be related to poor treatment 

outcomes in older adults (Murphy et al., 2007; Sneed et al., 2007) particularly when they 

are treated with antidepressants (Sneed et al., 2010). Characterization of the neural 

substrates of cognitive inhibition deficits in older adults with depression may define a 
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subgroup with distinct depression etiologies (e.g., vascular depression 

subtype)(Alexopoulos, Meyers, Young, Campbell et al., 1997; Alexopoulos, Meyers, 

Young, Kakuma et al., 1997; Sneed et al., 2010; Sneed et al., 2007), which may respond 

to unique therapies.   

Furthermore, evidence of impairment in a functional marker of conflict 

processing (N2) in depression may help in identify mechanisms of depression. 

Associations between this functional marker and specific tests of executive function may 

help to better characterize executive dysfunction in the context of late life depression.  

Depressed and non-depressed participants underwent an electrophysiological 

recording while completing a computerized Stroop task. An ERP component generated 

by the ACC (Van Veen & Carter, 2002b) and associated with conflict detection at the 

perceptual level, the “anterior N2,” was the focus of this investigation (Folstein & Van 

Petten, 2008; Luck, 2005). The N2 represents the earliest electrophysiological waveform 

related to conflict detection preceding cognitive inhibition (Van Veen & Carter, 2002b).   

The current study evaluated the following hypotheses:  H1. Depressed 

medication-free older adults will have altered N2 amplitudes when compared to non-

depressed older subjects during high interference trials of a cognitive control task; H2. 

Aberrant N2 amplitude in patients with geriatric depression relative to non-depressed 

comparison subjects will be related to poorer performance on neuropsychological tests of 

executive function. 

 Beyond characterizing neural processes associated with poor cognitive control in 

geriatric depression, this study may be the basis for further research leading to treatment 

development. For example, if a subgroup of depressed elders with processing 
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abnormalities is identified by the study they may be targeted with treatments influencing 

neurotransmitters that participate in the regulation of frontolimbic pathways. 

Furthermore, psychosocial interventions aimed at reducing depression by addressing poor 

cognitive control, can aim to address both cognitive and affective symptoms of 

depression.   

Conflict Processing: A closer look 

According to the conflict monitoring hypothesis (Botvinick et al., 2001; Carter & 

van Veen, 2007) when the brain detects conflicting stimuli it recruits cognitive control to 

resolve the conflict and to facilitate adaptive behavior. Within this framework, conflict 

processes are defined as those processes that encompass both the detection of conflict and 

its resolution through upregulation of cognitive control. Subsequent to conflict detection, 

cognitive control systems are engaged to upregulate attention to task-relevant 

information, while inhibiting processing of task-irrelevant information (Botvinick et al., 

2001; Botvinick, Cohen, & Carter, 2004; van Veen & Carter, 2002a, 2006). The 

relationship between conflict detection processes and cognitive control has been termed 

the “Conflict-Control Loop” (Carter & van Veen, 2007).   

Conceptually, conflict processing is necessary for successful inhibition to occur. 

Conflict may arise at two levels of processing according to the conflict monitoring 

hypothesis: 1) the stimulus or sensory level when two sensory features (task-relevant vs. 

task-irrelevant) are processed or 2) at the response level when two behavioral responses 

(correct vs. incorrect representation of a response) compete to gain control over behavior. 

Therefore successful suppression of task-irrelevant stimulus features requires cognitive 



 

7 

 

inhibition, whereas the suppression of an improper motor response requires response 

inhibition. 

If cognitive inhibition and response inhibition fail, an error occurs (Figure 1; 

adapted from (Mansouri et al., 2009). In the case of an error commission, conflict 

processing is engaged in subsequent trials to further up-regulate cognitive control 

towards future goal directed responses (Carter & van Veen, 2007). 

 

Figure 1: Conflict processes as proposed by conflict-monitoring theory (Botvinick et al, 2001, Carter et al, 

2007) using the Stroop Color Word Interference Task (Stroop CW; Golden,1978) as an example. In the 

Stroop CW Interference condition, subjects are presented with color words (e.g., RED, GREEN, BLUE), 

printed in incongruent color ink (e.g., RED, GREEN, BLUE) and asked to name the color of the ink. 

Conflict arises when subjects have to ignore the task irrelevant response (reading the word) in order to 

produce the task relevant response (name the color). Conflict is detected when task relevant (ink color) and 

task irrelevant (word) information is received. Conflict related information (ink color vs. word) is conveyed 

to areas responsible for cognitive control which then adjust the level of cognitive control accordingly.  

Implementation of cognitive control may occur at two stages: when two sensory stimuli are perceived to be 

conflictual (ink color vs. word), or when two behavioral responses compete (correct response: name ink 

color vs. incorrect response: read word).  In either situation, cognitive inhibition is necessary to achieve a 

correct response. If cognitive inhibition fails, and error commission occurs, conflict processing is 

upregulated in subsequent trials to increase cognitive control. The anterior cingulate cortex (ACC) is 

thought to be involved in conflict processing during cognitive inhibition and error commission. The ACC 

therefore is thought to be a conflict monitor that identifies interference between task irrelevant and task 

relevant information or between correct and incorrect response tendencies. The ACC is then thought to 

signal the DLPFC of the need for recruitment of cognitive control in order to improving subsequent 

performance by suppressing irrelevant task information or incorrect response tendencies (Botvinick et al, 
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2001, Carter et al, 2007). The N2 event related potential (ERP) waveform component is a negative 

deflection elicited by interference tasks and associated with conflict detection, at the sensory input stage. 

The N450 is a negative deflection that occurs following the presentation of an incongruent trial. This 

component is thought to index the detection of conflict at the behavioral response preparation stage. The 

ERN is a negative deflection that occurs after an error commission. This component is thought to index 

error monitoring. 

 

Evidence for impairments of both cognitive inhibition and response inhibition 

exists in mixed-age depression (Compton et al., 2008; Feil, Razani, Boone, & Lesser, 

2003; Gohier et al., 2009; Holmes & Pizzagalli, 2008; Nakano et al., 2008; Porter, 

Gallagher, Thompson, & Young, 2003) and in late life depression (Broomfield et al., 

2007; Kindermann, Kalayam, Brown, Burdick, & Alexopoulos, 2000; C. Murphy et al., 

2007; Pisljar, Pirtosek, Repovs, & Grgic, 2008; Sneed et al., 2007).  

Failure of cognitive inhibition has been linked to emotional processing 

dysfunction in depression (Broomfield et al., 2007; Fales et al., 2008; Gotlib et al., 2004; 

Joormann & Gotlib, 2006). Inability to properly inhibit irrelevant negative environmental 

information results in a “negativity bias” among depressed individuals whereby negative 

cues become more salient and neutral environmental cues are interpreted as negative (Dai 

& Feng, 2011; Watters & Williams, 2011). Inadequate cognitive suppression of negative 

irrelevant information may be related to the pathophysiology and treatment of depression 

(Fales et al., 2009; Fales et al., 2008). The mechanism by which cognitive inhibition 

failure occurs in geriatric depression is of primary interest in the current investigation, as 

conflict processes within this illness have not been fully examined. 

Inhibition Paradigms 

Several cognitive paradigms have been developed and empirically tested to elicit, 

engage, and evaluate conflict processes in cognitive and response inhibition. Most 

frequently these paradigms require the participant to inhibit relatively automatic, but task-
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inappropriate responses. Examples of such paradigms include the Stroop Color Word 

Interference Test, the Flanker task and the Go/No-Go task. Each of these paradigms is 

briefly described. 

Stroop Color Word Interference Test 

An adaptation of the classic Stroop Color Word Interference Test (Golden, 1978) 

consists of 3 words (green, red, blue) printed in 1 of 3 different colors of ink (green, red, 

blue). Trials of this task are either congruent (e.g., the word GREEN, printed in green 

ink), or incongruent (e.g., the word GREEN, printed in red ink). Participants are asked to 

respond as quickly and accurately as possible to the ink color. The incongruent condition 

is presented less frequently than the congruent condition. Incongruent trials elicit conflict 

between reading the word (task-irrelevant response) and naming the color ink (task-

relevant response). The task-irrelevant response (reading the word) is imbedded in the 

stimulus, and must be cognitively overridden to achieve the task-relevant response 

(naming the ink color). Although a motor response is required for this task, it is not 

specifically designed to elicit motor response inhibition. 

Flanker Task 

In a typical Flanker paradigm (Eriksen & Eriksen, 1974), subjects are presented 

with rows of letters and instructed to respond to the middle letter (target). Flanker letters 

(non-targets) are presented on either side of the target letter; subjects are instructed to 

ignore these letters. Target letters are assigned to one of two response keys. In congruent 

trials, flanker letters are the same as the target letter (e.g., HHHHH) in incongruent trials 

flanker letters are not the same as the target letter (e.g., SSHSS). Incongruent trials elicit 

conflict between responding to the flanker letter (task-irrelevant response) and 
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responding to the target letter (task-relevant response). The task-irrelevant response 

(responding to the non-target letters) is not embedded in the stimulus but still must be 

overridden to achieve the task-relevant response (responding to the central target letter). 

Go/no-go Task 

In the Go/No-go paradigm (Aron, 2007; Dillon & Pizzagalli, 2007), subjects are 

asked to respond to a target letter (e.g., X), and withhold responses to a non-target letter 

(e.g., Y). The non-target letters appear less frequently. Due to the frequency of Go trials, 

participants tend to prepare the target response to each stimulus (pre-potent response), 

and activate that response during each trial, including No-go trials. In No-go trials, there 

is conflict between the pre-potent but now incorrect response (Go) and the correct 

response (No-go). Error commission occurs when a participant fails to withhold a 

response. Notably, this task requires active inhibition of a motor response. 

Erroneous responding during high cognitive interference trials may occur due to 

insufficient cognitive inhibition which results in responding to the task-irrelevant 

stimulus (e.g., in the Stroop task, responding to the word rather than the ink color; in the 

Flanker task, responding to the flankers and not the central letter), or failing to withhold a 

response (e.g., pressing the button in a No-go trial of the Go/No-go task).  

Conflict Processing: ERP studies 

Prior studies investigating the Stroop task and related tasks have described two 

ERP components, the N2 and N450, which appear to be related to cognitive inhibition 

(Figure 1). The N2 is a negative fronto-central deflection typically found between 200ms 

and 350ms of stimulus presentation. During high cognitive interference trials (e.g., 

incongruent rather than congruent trials) the N2 amplitude is typically greater (Gehring, 
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Gratton, Coles, & Donchin, 1992; Kopp, Mattler, Goertz, & Rist, 1996; Kopp, Rist, & 

Mattler, 1996). The N2 has been associated with conflict detection in the Stroop, Flanker 

and Go/No-go paradigms, and is believed to be related to the sensory processing stage 

(Van Veen & Carter, 2002b) of conflict processing, although some controversy exists (R. 

West, Jakubek, Wymbs, Perry, & Moore, 2005; R. West, Krompinger, Bowry, & Doll, 

2004). The N450 component is a negative deflection beginning approximately 400 

milliseconds following the presentation of an incongruent trial. This component has been 

consistently linked to the Stroop Interference effect in particular and is thought to index 

the detection of conflict at the response preparation stage (Hanslmayr et al., 2008; R. 

West, 2003; R. West et al., 2005).  The anterior cingulate cortex has been identified as 

the potential generator of both the N2 (Van Veen & Carter, 2002b) and the N450 (R. 

West & Alain, 2000b).  

Neural Networks Underlying the Conflict-Control Loop 

The cerebral network thought to be responsible for conflict processing includes 

the anterior cingulate cortex (ACC) and the dorsolateral prefrontal cortex (DLPFC).  

These two structures are the hypothesized neural substrates of the conflict-control loop 

(Figure 1). The dorsal portion of the ACC (dACC) (Ridderinkhof, Ullsperger, Crone, & 

Nieuwenhuis, 2004) is thought to detect conflict between competing, simultaneously 

active representations. Subsequently, the dACC engages the DLPFC (Friedman, Nessler, 

Johnson, Ritter, & Bersick, 2008; van Veen & Carter, 2006), which reduces or resolves 

such conflict by selectively orienting attention towards task-relevant information and 

facilitating engagement of appropriate sensory cortices towards goal attainment (Carter & 

van Veen, 2007).   
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The dACC and DLPFC were identified as central to conflict-control processes 

based on neuroimaging evidence. Activation of the dACC was found during information 

processing conflicts on various versions of the Stroop, Flanker, and Go/No-go tasks 

(Botvinick et al., 2001; Botvinick et al., 2004; Ridderinkhof et al., 2004). The DLPFC 

has been implicated in the allocation of top-down attention to task-relevant stimuli and in 

inhibition of task-irrelevant stimuli features so that behavioral goals can be carried out 

(Botvinick et al., 2001; Botvinick et al., 2004; Carter & van Veen, 2007; Kerns et al., 

2004; Mansouri et al., 2009). Furthermore, some ERP studies report functional coupling 

in the activation of ACC and prefrontal cortex (PFC) regions during cognitive inhibition 

(Hanslmayr et al., 2008; Markela-Lerenc et al., 2004). 

Additional support for the role of the dACC and DLPFC in the conflict-control 

loop also comes from neuroimaging studies. Greater ACC activation has been observed 

on incongruent compared to congruent Stroop trials (Hanslmayr et al., 2008; MacDonald, 

Cohen, Stenger, & Carter, 2000); on conflict trials of the Flanker task (Botvinick, 

Nystrom, Fissell, Carter, & Cohen, 1999; Bunge, Hazeltine, Scanlon, Rosen, & Gabrieli, 

2002; Durston et al., 2003); and on No-go trials of the Go/no-go task (Braver, Barch, 

Gray, Molfese, & Snyder, 2001; de Zubicaray, Andrew, Zelaya, Williams, & Dumanoir, 

2000; Durston, Thomas, Worden, Yang, & Casey, 2002). Furthermore, dipole source 

modeling of ERP components believed to be related to conflict processing (N2, N450) 

were generated by the ACC, the conflict detector within this framework (Carter & van 

Veen, 2007; Van Veen & Carter, 2002b; Yeung, Botvinick, & Cohen, 2004). Increased 

interference was linked to increased activity in both the lateral PFC and the ACC during a 

Stroop task (Roberts & Hall, 2008).  Specifically, DLPFC activation was observed 



 

13 

 

(Kerns et al., 2004) following high conflict trials in which ACC activation was 

demonstrated. In sum, this research provides evidence that the dACC plays a role in 

detecting conflict, and then conveying conflict related information to the DLPFC, which 

up-regulates attention to task-relevant responses thereby improving task performance 

(Figure 1).  

Conflict-Control Processes in Aging 

Advancing age is characterized by behavioral and neural manifestations of 

changes to the cognitive control network. Studies of neuropsychological function in aging 

indicate that older adults experience greater difficulty than younger adults in performing 

tasks requiring cognitive control (Hedden & Gabrieli, 2004; Treitz, Heyder, & Daum, 

2007; R. L. West, 1996). Cognitive control functions show early declines with age 

(Mittenberg, Seidenberg, O'Leary, & DiGiulio, 1989) relative to other 

neuropsychological functions, and older adults perform poorly on tasks that necessitate 

conflict resolution (Andres, Guerrini, Phillips, & Perfect, 2008; Cohn, Dustman, & 

Bradford, 1984; Waszak, Li, & Hommel, ; West & Alain, 2000a; West & Baylis, 1998)   

relative to their younger counterparts. 

Cognitive Inhibition in Aging 

Theories of cognitive aging suggest that older adults may have intact attentional 

mechanisms relative to younger adults, but less efficient inhibition of irrelevant 

information (Hasher, Stoltzfus, Zacks, & Rypma, 1991; Hasher & Zacks, 1988). Several 

reasons for this inefficiency have been proposed, including a failure of executive control 

over inhibition of irrelevant information, resulting in an inability to suppress this 

information from working memory (Andres et al., 2008). Another possible explanation is 
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that inhibitory deficits may arise due to abnormal detection of a need to implement 

additional inhibitory control in service of goal attainment. In either case, a consequence 

of deficient inhibition may include increased availability of distracters and therefore, 

greater interference effects. Indeed, empirical investigations indicate that healthy older 

adults exhibit greater interference effects when compared to younger adults on the color-

word interference trial of the Stroop task (e.g., older adults are more susceptible to 

reading the word rather than naming the color) (Treitz et al., 2007; R. West, 1999). 

The decline in inhibition processing observed in aging may be related to structural 

and functional abnormalities in aspects of the conflict-control network. For instance, 

under-recruitment of the PFC during high conflict tasks has been found in normal aging 

relative to younger adults (Milham et al., 2002; Schulte et al., 2011), absent performance 

differences. Additionally, under-recruitment of the dACC in older relative to younger 

adults has been demonstrated in studies of conflict processing examining the  N2 and 

N450 responses (West & Alain, 2000a; West et al., 2004).  Furthermore, the N2 response 

declines with age, and the N2 latency is delayed in older relative to younger adults 

(Falkenstein, Hoormann, & Hohnsbein, 2001; Mager et al., 2007).  The attenuation of 

response within the DLPFC and dACC suggests dysfunction in neural processing within 

structures of the conflict-control loop in aging. 

Notably, commensurate task accuracy between young and older adults in the 

context of neural activation differences may reflect a shift towards compensatory 

processing mechanisms in aging (Paxton, Barch, Racine, & Braver, 2008). For instance, 

under-activation of LPFC in aging may be related to implementation of an accurate but 

less efficient strategy that depends more on attentional processes (Paxton et al., 2008).  
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Reports of activation in alternative networks relative to younger adults support the claim 

that attentional rather than conflict-resolution processes compensate for poor neural 

recruitment (Cabeza, Anderson, Locantore, & McIntosh, 2002; DiGirolamo et al., 2001). 

Therefore, differential activation of structures within the conflict-control loop in aging, 

absent performance differences, may be related to compensatory neural mechanisms that 

may result in accurate but neurally distinct performance than is observed in younger 

adults. 

Cognitive Control and Depression: Focus on Late-life 

A prominent feature of depression is difficulty focusing on goal-directed behavior 

while ignoring irrelevant stimuli and thoughts. Cognitive control is crucial for the 

successful cognitive inhibition of irrelevant thoughts, and therefore dysfunction of 

conflict-control processes may be relevant to the pathophysiology of depression.  

Cognitive Inhibition in Depression 

Patients with depression perform poorly relative to non-depressed comparison 

subjects on tasks engaging cognitive control and particularly, cognitive inhibition 

(Goeleven, De Raedt, Baert, & Koster, 2006; Gotlib et al., 2004; Joormann, Nee, 

Berman, Jonides, & Gotlib, 2010; Rogers et al., 2004). Greater interference effects on the 

Stroop task are frequently found in depressed patients when compared to healthy controls 

(Lemelin, Baruch, Vincent, Everett, & Vincent, 1997; Moritz et al., 2004; Ravnkilde et 

al., 2002). Depressed patients may not be more likely to commit errors in behavioral 

tasks recruiting cognitive inhibition (Elliott et al., 1996); however they display behavioral 

impairments in trials following error commission (Elliott et al., 1996).   
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There may be an association between poor cognitive inhibition and clinical 

symptoms of depression. Deficits in cognitive inhibition may be associated with the 

tendency of depressed individuals to ruminate, or engage in uncontrollable thinking about 

the causes and consequences of depressive symptoms (Nolen-Hoeksema, 1991; Nolen-

Hoeksema, Wisco, & Lyubomirsky, 2008; Vanderhasselt & De Raedt, 2009). Increased 

interference effects during a high conflict task were strongly correlated to rumination, 

and reduced inhibition of negative material among depressed participants was associated 

with greater rumination (Levens, Muhtadie, & Gotlib, 2009).  

Older depressed adults have even greater deficits in cognitive control than young 

adults with depression (Gualtieri & Johnson, 2008; Lockwood et al., 2002). Among 

elderly depressed subjects, deficits in cognitive inhibition have been found across several 

studies (Elderkin-Thompson et al., 2003; Fallgatter et al., 2004; Lockwood et al., 2002; 

Pisljar et al., 2008). Depressed older adults suffer performance decrements in interference 

trials of the Stroop Color Word Test (Pisljar et al., 2008), and on certain versions of the 

Go/No-go and Flanker tasks relative to non-depressed elderly controls (Katz et al., 2010).  

Cognitive impairment in late life depression may represent trait and not state 

abnormalities. Observations from acute treatment trials (Butters et al., 2000; Nebes et al., 

2001) and from longer-term follow-up of depressed elders receiving uncontrolled 

treatment (Murphy & Alexopoulos, 2004) suggest persistent, although milder, cognitive 

control impairments even after depressive symptoms subside. Further, deficits in 

cognitive inhibition processes may be related to poor treatment outcomes in older adults 

(Sneed et al., 2007) particularly when treated with pharmacotherapy (Sneed et al., 2010).  

Furthermore, geriatric depression with prominent cognitive control deficits may represent 
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a recently validated depression subtype with vascular etiology (Alexopoulos, Meyers, 

Young, Campbell et al., 1997; Krishnan, Hays, & Blazer, 1997; Sneed, Rindskopf, 

Steffens, Krishnan, & Roose, 2008).  

Functional and Structural anomalies of the Conflict-Control Loop in Depression 

Depression may be associated with dysfunction of frontolimbic brain structures. 

Among these structures, the dACC and DLPFC have also been linked to cognitive 

impairment (Drevets, 2000a, 2000b, 2001). Neuroimaging studies provide evidence of 

structural and functional anomalies of the dACC in young adults (Drevets, 2000b; Rogers 

et al., 2004) as well as in older adults (Alexopoulos et al., 2008; Murphy et al., 2007) 

with depression. Hypoactivity of the DLPFC in major depression has been found in 

younger as well as older adults performing cognitive control tasks (Elliott et al., 1996; 

Siegle, Thompson, Carter, Steinhauer, & Thase, 2007). Further, hypoactivation of the 

dACC, and reduced functional coupling of the dACC and DLPFC have been reported in 

geriatric depression (Aizenstein et al., 2009). Taken together, these findings suggest that 

the very structures that comprise integral aspects of the conflict-control loop are 

hypoactive in depressed individuals. 

Processing Dysfunction of the Conflict-Control Loop in Depression 

Although structural and functional investigations have reported dysfunction in the 

conflict-control network in depression, the temporal resolution of these methods does not 

allow for dissociation of the specific aspects of conflict processing. Therefore, although 

we have answered the “where?”, we have yet to clarify the “how?” of conflict processing 

dysfunction. 
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Abnormalities in conflict processes and specifically conflict detection, as reflected 

by the N2 and N450 components, have been found in depressed relative to non-depressed 

individuals. Relatively few studies examining conflict processes utilizing ERP 

methodology have been conducted in geriatric depression. Furthermore, the majority of 

studies to date have focused on conflict processes related to response inhibition, rather 

than cognitive inhibition.    

Electrophysiological studies of cognitive inhibition thus far are equivocal. In 

young adults, studies have found larger and smaller amplitudes of conflict process 

components, or no differences between depressed and non-depressed subjects. In one 

study utilizing the Stroop paradigm, depressed subjects exhibited a larger Stroop 

interference effect and reduced N2 amplitudes relative to healthy controls in incongruent 

compared to congruent trials (Holmes & Pizzagalli, 2008). Furthermore, in the same 

study, depressed subjects with stronger dACC recruitment did not differ from controls in 

interference effects, indicating that increased engagement of the dACC may reduce 

competition among different response options and facilitate cognitive inhibition. In one 

study, no differences were observed in N2 amplitude during No-go trials in depressed 

relative to non-depressed subjects. This study used  a combined Flanker Go/No-go task 

where subjects had to press a key to a central target letter flanked by distracter letters, and 

suppress that response when presented with a central non-target letter (Ruchsow et al., 

2008). The added complexity of stimulus discrimination in this task may have involved 

recruitment of other sensory processes, making conclusions about the meaning of the N2 

in this task unclear. In another study, the N450  in remitted depressed patients was 
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significantly reduced relative to healthy controls, and was related to number of prior 

depressive episodes (Vanderhasselt & De Raedt, 2009).  

In late life depression, two studies have examined differences in the N2 

amplitudes between depressed and healthy participants. Both of these studies utilized the 

Go/No-go task.  Larger N2 in depressed relative to non-depressed older adults was 

observed during No-go trials, when response inhibition was implemented (Zhang, Zhao, 

& Xu, 2007). Severity of depression in the patient group was also significantly correlated 

to the N2 component. The authors suggested that depressed elderly patients over-recruit 

ACC function to bolster response inhibition during conflict trials relative to healthy 

comparison subjects. The second study examined the difference in N2 between Go and 

No-go trials in a small sample of elderly depressed and healthy control subjects. The 

authors reported that the N2 effect (difference between Go and No-Go in N2 amplitude), 

was attenuated in depressed subjects. Furthermore, the depressed subjects had greater 

commission errors, suggesting that that reduced motor response inhibition is related to a 

smaller N2 effect these subjects. 

With the exception of one study (Holmes & Pizzagalli, 2008), most of the ERP 

studies in examining conflict processing in depression have utilized a version of the 

Go/No-go task, thus limiting conclusions regarding conflict processes to this paradigm. 

The present study utilized a Stroop task in order to examine conflict processing at the 

cognitive inhibition level. 

Summary 

Structures that underlie the conflict-control loop are functionally impaired in 

aging and in depression. Although fMRI studies have provided some evidence of 
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abnormal processing within the conflict-control loop in older depressed adults, the poor 

temporal resolution of this method makes it less than ideal for investigating rapidly 

changing neural responses to stimuli. Studies utilizing ERP methodology, a more 

temporally precise alternative, reveal that there is a burgeoning area of empirical research 

beginning to outline the role of the conflict-control system in an important and prevalent 

psychopathology: Major depressive disorder. Geriatric depression lends itself to the study 

of cognitive control processes for several reasons, including the influence of depression 

and advancing age on brain structures implicated in conflict-control processes.  

However, very few studies have yet examined conflict-control processes in this 

population. Furthermore, the few existing studies focused on conflict processing related 

to response inhibition, rather than to cognitive inhibition. The present study aims to 

characterize conflict processes related to cognitive inhibition in late life depression and in 

normal aging. Differences in conflict processing between these groups will be examined 

by evaluating the N2 waveform elicited by a computerized Stroop Color Word paradigm. 

Furthermore, the functional significance of the N2 will be evaluated by examining its 

relationship to neuropsychological measures of cognitive control. Identification of an 

association between N2 dysfunction and depression in late life may provide evidence that 

will help in clarifying the mechanisms of depression in this cohort. Further, associations 

between the N2 and specific measures of executive function may help characterize 

cognitive symptoms of depression, related to conflict-control processing.  
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Methods 

Participants 

Participants were 75 individuals recruited from the Westchester, NY community 

as part of a larger treatment study.  All individuals were right-handed (Chapman & 

Chapman, 1987) and were sixty years of age or older. Subjects provided written informed 

consent to a research protocol approved by the Weill Cornell Medical College 

Institutional Review Board (IRB). The data obtained from this experiment for was 

approved for analysis for the current study by the City University of New York Graduate 

School IRB. 

Patients with depression were included if they had unipolar, non-psychotic 

depression without dementia or mild cognitive impairment. Inclusion criteria for 

depressed subjects included 1) Age >60 years old, 2) Unipolar Major Depression by 

DSM-IV criteria, as established by the Structured Clinical Interview for DSM-IV, Patient 

Edition (SCID-P; First, 2002), 3) At least mild severity of depression (Hamilton 

Depression Rating Scale-24 items score ≥ 17). Exclusion criteria for depressed subjects 

included: 1) Psychotic Depression by DSM-IV criteria, 2) High suicide risk, 3) Presence 

of any other Axis I disorder or substance abuse, 4) Axis II diagnosis of antisocial 

personality, 5) History of psychiatric disorders other than unipolar major depression or 

generalized anxiety disorder or electroconvulsive treatment, 6) Dementia, 7) Medical or 

neurological illness, 8) Inability to perform any ADLs even with assistance, 9) Inability 

to speak English,10) Aphasia, 11) corrected visual acuity <20/70 or color blindness.  

Seven participants (3 depressed, 4 non-depressed) were excluded due to poor 

quality of EEG recording. The final sample consisted of 44 depressed subjects (ranging in 
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age from 62 - 92 years old) with unipolar, non-psychotic major depression without 

dementia or mild cognitive impairment and 24 non-depressed comparison subjects within 

the same age range (61-85 years old).  

Procedure 

Upon study entry, subjects participated in an ERP session during which 

behavioral task data and EEG recordings were obtained. A corresponding baseline 

clinical assessment was conducted on the same date which included collection of 

affective and neuropsychological data. All participants in the depressed group were 

determined to have an HDRS-24 total score of ≥17 within a week of the EEG recording 

session. In order to ensure that depressed subjects were antidepressant-free at the time of 

the ERP recording, they underwent a 2-week placebo wash out period and were re-

assessed for depression severity at the end of that period. Those that continued to meet 

the depression severity eligibility criterion (Hamilton Depression Rating Scale-24 items 

score ≥ 17) after the placebo phase underwent ERP recording. Participants were 

compensated 45$ for the EEG administration, and 50$ for the baseline assessment 

battery. ERP recording and clinical research assessments occurred at the 

Electrophysiology Laboratory of Weill-Cornell Medical College Institute of Geriatric 

Psychiatry. 

ERP Recording 

The task was presented on a Dell 3.1 Ghz computer using E-prime software 

(Psychology Software Tools, Inc., Pittsburgh, Pennsylvania) integrated with the EGI GES 

200 high-density event-related potential (ERP) system. The system includes the Net 

Amps 200 high input impedance dense array amplifier that is capable of processing and 
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digitizing 128 channels at up to 1000 samples per second and the 128-lead HydroCell 

Geodesic Sensor Net (HCGSN; Electrical Geodesic, Inc. Oregon, WA) which allows for 

recordings at high impedance levels. Participant responses were collected via a three-

button box. The study task was presented in counterbalanced order on a 17-inch LCD 

screen. Participants were seated two feet from an LCD screen which presented the stimuli 

and were instructed to remain still and to minimize their eye blinks. Impedances of all 

channels were maintained below 70 kΩ before recording. All channels were referenced to 

the Cz lead during recording, digitized at 500 Hz, with a 0.1 to 100 Hz bandwidth filter. 

Horizontal extra-occular movements were recorded using electrodes to the left and right 

of each eye. Vertical extra-occular movements were recorded using electrodes above and 

below the orbital regions of each eye.  

Computerized Stroop Task 

A computerized variant of the Stroop Color Word Interference Task consisting of 

equal numbers of the words RED, BLUE, and GREEN (420 words) printed in one of 

three different colors of ink (RED, BLUE and GREEN). Trials were either congruent 

(i.e., the word matched the color of ink) or incongruent.  

The subjects were familiarized with the task before recording of EEG in the 

following manner: Verbal instructions and manual training was provided. A practice 

session with a total of 87 stimuli was used and included a feedback signal delivered each 

time subjects made an erroneous response, or failed to generate a response within 1.8 sec 

from the stimulus.  The initial practice block consisted of 50 untimed trials of color words 

printed in white ink, and the participant was asked to read and respond to the word. This 

initial trial was meant to familiarize participants with the three button response pad. The 
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second practice block consisted of 12 untimed incongruent color words and the 

participants were instructed to respond to the color of ink presented rather than read the 

word. The final practice block consisted of 25 trials that determined the level of difficulty 

(Easy, Medium, Difficult) for the rest of the experiment. During the final practice block 

the stimulus was presented for 741ms followed by a fixation cross for 1053ms and a 

jittered inter stimulus interval (ITI) of 403, 702, or 1001ms (Figure 2). Participants could 

respond at any point during stimulus presentation or during the fixation cross. At the 

conclusion of the practice session, the difficulty level (easy – total stimulus response 

time=2041ms, medium- total stimulus response time=1800ms, difficult – total stimulus 

response time=1248ms) of the subsequent experiment was determined by assessing the 

accuracy and speed of reaction time of each participant to ensure that participants were 

completing a task that was of adequate difficulty to elicit waveform responses. For each 

of the difficulty levels in the experiment proper, the Stroop stimulus was presented for 

741ms. However, to increase or decrease the difficulty, the time window within which 

the participant could respond following stimulus presentation was 1300ms in the “easy” 

condition, 1053ms in the “medium” condition and 507ms in the “difficult” condition.  All 

conditions had the same jittered inter-trial interval (ITI; 403-1001ms). Participants 

performed six blocks in total separated by a brief rest period. Reaction time and accuracy 

measures were collected throughout the experiment. 
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Feedback was not provided during the experiment proper. The color words were 

presented in 6 blocks of 70 stimuli per block. In each block, the ratio of color-

incongruent (word ‘BLUE’ displayed in red) to color-congruent (word ‘BLUE’ in blue) 

words was approximately 1:1.The range of congruent stimuli per block varied from 37% 

to 59%, so as to prevent expectancy of incongruent stimuli, as there is some evidence that 

increased expectancy of conflict may reduce the experience of conflict during the task 

(Gratton, Coles, & Donchin, 1992). The order of stimulus presentation in each block was 

randomized for each experiment.  Participants were instructed to respond, as quickly and 

as accurately as possible to the color of the stimulus, and to respond with a key-press on a 

color-coded keypad corresponding to the color they saw. Prior to the onset of a new 

block, a reminder screen with the task instructions and the order of the keys to be pressed 

was presented to the participants.  

Clinical Assessment 

An initial screening assessment to evaluate depression severity and cognitive status 

(HDRS, MADRS, MMSE, DRS) was conducted. Following the 2-week placebo lead in 

period, a longer baseline evaluation was conducted which included a re-evaluation of 

affective status to ensure that subjects were depressed as ERP administration was 

conducted during depressed state. Executive function instruments administered at this 

time-point consisted of the Stroop Color Word Interference Test (Stroop CW), and the 

Trail Making Test (TMT).The Hopkins Verbal Learning Test- revised (HVLT-R) was 

administered at this time as well, and was chosen as an instrument in the analysis as a 

comparator scale for specificity analyses as this is a measure of learning and memory.  
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Data Reduction 

Behavioral Data 

Behavioral performance patterns were evaluated to ensure participant adherence 

to task instructions. Outlier response trials, defined as responses that occur less than 

100ms after stimulus presentation or that have a reaction time of ≤ or ≥ 3 standard 

deviations of the mean of correct responses by trial type within each block, were 

excluded.  

Electrophysiological Data 

Data were processed using Net Station 5.1 software (EGI, Oregon). Waveform 

data was re-referenced to an average reference. The ERP data were then bandpass filtered 

(0.03–30 Hz). Stimulus locked data was then epoched from 100ms before, to 500ms post-

stimulus presentation for correct congruent and incongruent response trials to allow for 

extraction of the N2 waveform. Semiautomatic artifact detection was performed to 

identify and remove remaining artifacts (within segment absolute amplitude difference, 

150 µv). Channels were marked bad if they exceeded this threshold for more than 20 

percent of the recording. Bad channels were automatically interpolated from surrounding 

leads. Segments were marked bad if they contained more than 10 bad channels. Similarly, 

segments that included outlier trials, eye blinks and eye movement artifacts (threshold 55 

µV), signals exceeding 140 µV were excluded. ERPs to correct responses were computed 

for incongruent and congruent trials. A baseline derived from the 100ms prior to response 

was calculated and subtracted from each channel.  Artifact free segments from each 

subject were averaged for the correct congruent and incongruent stimulus response type 

for each subject. A minimum of 30 artifact-free segments were required for individual 
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average waveforms. Grand mean ERP waveforms were calculated by averaging ERPs 

across conditions and groups.  The mean number of segments available for the ERP 

analysis did not statistically differ between patients with depression (Congruent Mean 

Segments= 137, Standard Deviation=39; Incongruent Mean Segments=125, Standard 

Deviation=40) and comparison subjects (Congruent Mean Segments=129, Standard 

Deviation =49; Incongruent Mean Segments=112, Standard Deviation=49). 

The ERP analyses focused on the N2 waveform which was obtained by extracting 

the N2 amplitudes and latencies within 200ms-310ms after stimulus presentation from 

midline (11, 6, Cz) lead sites. The peak amplitude was obtained across the three lead sites 

to improve the accuracy of the signal to noise ratio. Selection of this frontocentral lead 

group was based on the orientation of the dipole source (Luck, 2005) of the theoretical 

generator of the N2, the ACC (Van Veen & Carter, 2002b).  The N2 was quantified as the 

second peak waveform of lowest amplitude within 310ms after the stimulus presentation 

of correct response trials.  

Latency and amplitude were quantified with Netstation 5.1 software. Minimum 

peaks were extracted from each lead within the time frame (200-310 ms post-stimulus 

presentation) where the N2 was expected to appear. The presence of the N2 peak within 

this timeframe was confirmed by visual inspection for each individual participant as well 

as for the grand-averaged waveform within each subject group. Finally, the average N2 

minimum peak amplitude was obtained by calculating the arithmetic mean of minimum 

peaks of the midline lead group.  

 

 



 

28 

 

Statistical Analysis 

ERP Experiment Reaction Time and Accuracy 

Exploratory analyses found no significant differences between groups in ethnicity, 

education, gender, or age (Table 1). Furthermore, there were no between-group 

differences in task difficulty level (Table 2) Easy/Medium/Difficult Stroop Task by 

Group 
2
 =3.5, df=2, p=0.18). These variables were therefore not included in subsequent 

analyses. For reaction time and accuracy scores, separate repeated analysis of variance 

(ANOVA) with group (patients with depression vs. comparison subjects) as the between-

subject factor and condition (congruent vs. incongruent) as the repeated measure were 

conducted. 

 

Table 1. Baseline Characteristics of Older Patients with Major Depression and Non-

Depressed Older Adults 

  
Depressed 

(N=44) 

Non-

Depressed 

(N=24) 

  

  

 

Mean SD Mean SD 

Gender (F:M) 1.9:1 1.2:1 

Age 72.5 8.0 73.1 6.2 

Education 16.4 2.7 16.3 2.3 

24-item HDRS Total 24.4 5.7 0.5 0.9 

Mini-Mental State Exam Total 28.7 1.4 28.6 0.8 

DRS Total 136.4 3.9 137.8 3.8 

Trails A 36.3 11.2 33.8 9.4 

Trails B 97.0 48.4 95.6 57.0 

Trails B-A 60.7 42.7 61.8 52.1 

Stroop Interference -2.9 6.5 -4.0 8.1 

Stroop Word 95.8 13.9 90.5 13.9 

Stroop Color 63.4 9.7 65.7 10.8 

Stroop Color- Word 35.1 7.9 33.9 8.1 

HVLT-R Immediate Recall 23.4 5.5 25.6 4.7 

HVLT-R Delayed Recall 8.7 2.1 9.7 1.9 

Age of Onset of First Depressive Episode 48.3 24.9 - - 
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Table 2. Frequency of Tasks Administered by Difficulty Level and Group. 

Task         

Difficulty 

Non-

Depressed 

% of 

Total Depressed 

% of 

Total 

Easy  2 8.3 5 11.4 

Medium 5 20.8 18 40.9 

Difficult 17 70.8 21 47.7 

2
=3.5, df=2, p=0.18 

    

  

Scalp ERP Waveform Latency 

The N2 latency was examined using repeated measures ANOVAs with group 

(patients with depression vs. non-depressed subjects) as the between subjects factor and 

condition (congruent vs. incongruent) as the repeated measure. The Bonferroni correction 

was applied where applicable. Post hoc paired t-tests were performed in case of 

significant ANOVA findings.  

Scalp ERP Waveform Peak Amplitude 

The N2 waveform peak amplitude was examined using repeated measures 

ANOVAs with group (patients with depression vs. comparison subjects) as the between 

subjects factor and condition (congruent vs. incongruent) as the repeated measure. The 

Bonferroni correction was applied where applicable. Post hoc paired t-tests were 

performed in case of significant ANOVA findings.  

Tests of Specificity- Analysis of Occipital Lead groups: 

In order to examine the specificity of the N2 to the selected sites, a theoretically 

unrelated generator site, the occipital lobe, was selected. The analyses that were 

implemented on midline sites were repeated for left (65,66,70,71,72,74,75) and right 

(77,83,84,85,89,90,91) occipital lobe leads. The minimum negative peak amplitude 
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during the time window within which the N2 waveform amplitude was expected (200-

310ms) was examined using repeated measures ANOVAs with group (patients with 

depressed vs. comparison subjects) as the between subjects factor and condition 

(congruent vs. incongruent) as the repeated measure. Separate analyses were run on 

amplitude for the average of each set of sites (left occipital, right occipital). The 

Bonferroni correction was applied where applicable. Post hoc paired t-tests were 

performed in case of significant ANOVA findings.  

Relationship of N2 to Neuropsychological Measures 

Hierarchical (sequential) multiple regressions were conducted to assess the predictive 

contribution of N2 peak amplitude, over and above demographic and clinical variables, to 

measures of neuropsychological functioning. According to the study hypotheses, it was 

expected that N2 peak amplitude to incongruent stimuli would be related to measures of 

executive function. In order to ascertain the specificity of any findings, measures not 

exclusively related to executive functions including processing speed and memory were 

also included as dependent variables in separate models. Hierarchical multiple regression 

was chosen due to the cumulative explanatory power of the model as additional sets of 

predictor variables are entered. In order to investigate the predictors neuropsychological 

functioning within each subject group, separate regressions were conducted by 

participant group (depressed vs. non-depressed). These analyses were conducted using 

the IBM Regression procedure. 

Within the hierarchical regression, the neuropsychological measures were used as 

dependent variables individually. The predictor variables were grouped according to 

categories at each step of entry into the model. In the initial step clinical and demographic 
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variables were entered into the model. In the second step, N2 elicited by congruent 

stimuli was entered, and in the third and final step, N2 elicited by incongruent stimuli 

was entered last as the last position in a hierarchical regression constitutes the most 

conservative place for a predictor variable.  To reduce the possibility of Type I error due 

to multiple analyses, p<0.01 was applied to test statistical significance at each step of the 

model.  

Demographic variables were defined as age (in years), education (in years), and 

gender (male, female). Clinical variables included 24-item HDRS total at the time of the 

EEG recording for non-depressed subjects, whereas the variables of age of onset of first 

depressive episode (in years), and number of previous depressive episodes were also 

included for depressed subjects.  

Neuropsychological measures included a) Executive function measures of Stroop 

Color Word Interference and Trails B- Trails A from the TMT. These measures were 

calculated so as to control for the influence of processing speed on executive function; b) 

processing speed measures of Trails A from the TMT, and Stroop Color and Word Total 

Correct score; c) Memory measures of HVLT-R Immediate Recall Total and Delayed 

Recall Total. 

Power Analysis 

To ensure that the sample size of the current study was adequate for rejection of 

the null hypothesis, a power analysis was conducted. With  set at 0.05 and using data 

from 68 participants, a two level repeated measures within-between interaction ANOVA 

with a 2 level within variable (congruency), and a 2 level between variable (group), if a 

small effect (f= 0.1) is expected, power would be  0.71. If a medium effect (f= 0.25) is 
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expected, power would be 0 .97, which is sufficient to undertake the present analysis. If a 

large effect size (f= 0.4) is expected, statistical power would reach 0.99. Based on this 

power analysis and review of the literature, in order to have adequate power (0.25) a total 

of 68 participants would be sufficient for repeated measures within-between interaction 

ANOVA. A medium to large effect size was expected for this study (Cohen, 1988).  
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Results 

Demographic and clinical characteristics of the sample 

Sixty-eight individuals participated in the study. All individuals were right-

handed. Of these, 44 subjects (ranging in age from 62 - 92 years old) had unipolar, non-

psychotic major depression without dementia or mild cognitive impairment. The 

remaining 24 subjects were non-depressed individuals within the same age range (61-85 

years old). Groups did not differ with respect to ethnicity, sex, age or educational level 

(Table 1). Depressed subjects reported significantly increased levels of depressive 

symptoms on the HAMD-24.  

ERP Experiment Accuracy and Reaction Time 

Higher task accuracy for congruent than for incongruent trials was found across 

both groups. There was a significant main effect of condition (congruent vs. incongruent, 

F(1,63)=99.43, p=0.000, partial η
2
=0.61) due to higher accuracy for congruent 

(Mean=92.9, Standard Deviation= 5.38) as compared to incongruent (Mean=83.6, 

Standard Deviation= 7.9) stimuli (Figure 3). There was no main effect of group 

(F(1,63)=0.023, p=0.88) as depressed subjects (Mean=88.3, Standard Deviation=6.4) and 

comparison subjects (mean=87.9, SD=4.8) did not differ in overall accuracy. 

Furthermore, the condition x group interaction (F(1,63)=0.001, p=0.975) was not 

statistically significant. 
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Reaction time was faster for congruent than for incongruent stimuli across both 

groups. There was a significant main effect of condition (congruent vs. incongruent 

F(1,63)=167.05, p=0.000, partial η
2
=0.73) due to a faster mean reaction time for congruent 

stimuli (Mean=649.6, Standard Deviation =122.22) when compared to incongruent 

stimuli (Mean=784.6, Standard Deviation=185.0). The main effect of group 

(F(1,63)=0.441, p=0.51) and the condition x group interaction (F(1,63)=0.22, p=0.64) were 

not statistically significant. Depressed subjects (Mean=723.66, Standard Deviation 

=144.9) did not differ significantly from comparison subjects (Mean=698.66, Standard 

Deviation =128.4) in overall reaction time to correct trials (Figure 4). 
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Scalp Waveform Latency 

There was no significant difference in the latency of the N2 waveform between 

groups or across conditions. There was no main effect of group (depressed vs. non-

depressed: F(1,66) =0.002, p=0.965) or condition (congruent vs. incongruent: F(1,66) =0.64, 

p=0.427) on N2 latency.  Furthermore, the interaction (F(1.66) =3.95, p=0.051) between 

group (depressed vs. non-depressed) and condition (congruent vs. incongruent) on N2 

latency did not reach statistical significance.  It should be noted however, that although 

the interaction did not reach statistical significance, the data suggest that non-depressed 

subjects had a longer latency for incongruent stimuli (Mean =251.00, Standard Deviation 

=8.0) than for congruent stimuli (Mean= 244.22, Standard Deviation =7.7) when 

compared with depressed subjects who did not differ in latency of incongruent (Mean 
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=248.64, Standard Deviation =5.7) as opposed to congruent (Mean =245.74, Standard 

Deviation =5.9) stimuli (Figure 5). 

 

 

Scalp N2 Waveform Minimum Peak Amplitude 

N2 Peak Amplitude at Midline Sites 

Depressed subjects exhibited a smaller N2 peak amplitude in response to 

incongruent compared to congruent conditions of the Stroop task, whereas there was no 

difference by condition in normal subjects (Figure 6). In a repeated measures ANOVA 

there was no main effect of group (depressed vs. non-depressed) or condition (congruent 
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vs. incongruent) on N2 peak amplitude.  However, there was a significant interaction 

(F(1.66) =10.2, p=0.002, η
2
=0.13) between group (depressed vs. non-depressed) and 

condition (congruent vs. incongruent). Post-hoc paired t-tests were conducted to 

investigate the relationship of variables within the interaction. Within the non-depressed 

group, there was no difference in N2 minimum amplitude of the congruent (Mean=-0.20, 

Standard Deviation= 1.6) and incongruent (Mean=-0.40, Standard Deviation= 1.9) 

conditions (paired t=1.0, df = 23, p=0.32). However, within the depressed group, the N2 

minimum peak amplitude was smaller for the incongruent condition (Mean: 0.24, SD: 

1.3) than for the congruent condition (Mean=-0.28, Standard Deviation= 1.0; paired t=-

4.1, df =43, p=0.00).  
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Tests of Specificity- Analysis of Occipital Lead Sites 

In order to test the specificity of the above findings, the N2 minimum amplitude 

from two sets of leads unrelated to the location of the anterior cingulate cortex, the 

hypothesized generator of the N2, were selected and the analysis was repeated. 

Specificity analyses indicated that the above findings were specific to midline (11, 6, Cz) 

sites as repeating the analyses utilizing occipital leads did not yield a similar pattern.  
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Left Occipital Lobe Leads (65,66,70,71,72,74,75) 

The average of the peak minimum amplitude of the left occipital lobe leads was 

computed and there was no evidence of difference in N2 peak amplitude at these lead 

sites by condition or group. There were no main effects of condition (F(1,66) = 0.316, 

p=0.58), group (F(1,66) = 0.054, p=0.82), and there was no significant interaction of 

condition and group in the left occipital lobe (F(1,66) = 0.060, p=0.81).   

Right Occipital Lobe Leads (77,83,84,85,89,90,91) 

The average of the peak minimum amplitude of the right occipital lobe leads was 

computed and there was no evidence of difference in N2 peak amplitude at these lead 

sites by condition or group.  There were no main effects of condition (F(1,66) = 0.003, 

p=0.96), group (F(1,66) = 0.000, p=0.98), and there was no significant interaction of 

condition and group in the right occipital lobe (F(1,66) = 0.020, p=0.89).   

 

N2 Relationship with Demographic, Clinical and Neuropsychological Measures 

The results of the hierarchical (sequential) multiple regression showing the 

predictive contribution of the N2 peak amplitude elicited by incongruent stimuli to 

neuropsychological variables over and above the influence of demographic and clinical 

variables are given in Table 3.  

Among non-depressed subjects, the overall model predicting Trails B-Trails A 

performance was significant when the N2 peak amplitude to incongruent stimuli was 

added as a predictor (F(6,23)=8.86, p=0.000). N2 peak amplitude to incongruent stimuli 

( =-1.74, p=0.000) added 68.4% to the explanatory variance of the previous step in the 

model which included age, education, gender, depression severity, and N2 peak 
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amplitude to congruent stimuli (change in R
2
=0.684, Fchange=47.97, p=0.000).  No other 

regression models were significant among non-depressed individuals. 

Among depressed subjects, clinical and demographic factors were predictive of 

Trails A, and HVLT-R Immediate and Delayed recall (Table 3). However, N2 peak 

amplitude (congruent or incongruent) did not significantly add to the predictive variance 

of these models over and above the influence of clinical and demographic factors. 

Specifically, age ( =0.64, p=0.000) and baseline 24-item HDRS total ( =0.33, p=0.025) 

were predictive of 45.6% of the variance in Trails A performance (F(5,37)=5.37, p=0.001) 

in a model which also included age, education, and age of depression onset. Although the 

overall model remained significant when N2 peak amplitude to congruent stimuli 

(F(6,37)=4.82, p=0.001) and to incongruent stimuli (F(7,37)=4.25, p=0.002) were added, the 

additional variance explained by either of these variables was not significant (Change in 

R
2
 due to N2 congruent=0.027, Fchange=1.60, p=0.216; Change in R

2
 due to N2 

incongruent=0.015, Fchange=0.90, p=0.350). No additional variables were predictive of 

performance on neuropsychological variables amongst depressed patients. 
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Table 3. Hierarchical Regression Analyses with Neuropsychological Measures as 

Individual Dependent Variables. 

 

 
Non-Depressed Depressed 

 
Predictor Variables 

 
Step 1 Step 2 Step 3 Step 1 Step 2 Step 3 

ependent Variables 

Age, 

Gender, 

Education, 

Depression 

Rating
1
 

N2 Peak 

Amplitude 

-

Congruent 

Stimuli 

N2 Peak 

Amplitude 

-

Incongruen

t Stimuli 

Age, 

Gender, 

Education,  

Depression 

Rating
1
, 

Age of  

Onset
2
 

N2 Peak 

Amplitude 

-

Congruent 

Stimuli 

N2 Peak 

Amplitude 

-

Incongruen

t Stimuli 

Executive Function 
   

  
  Stroop Color Word 

Interference 0.032 0.032 0.224 0.137 0.381 0.395 

Trails B - Trails A 0.072 0.072 0.758
+ 0.254 0.254 0.273 

Processing Speed 
   

  
  Trails A 0.059 0.06 0.107 0.456

+ 0.483
+ 0.498 

Stroop Color Total  0.184 0.184 0.216 0.211 0.222 0.233 

Stroop Word Total  0.372 0.426 0.447 0.095 0.199 0.201 

Memory 
  

  
   HVLT-R Immediate 

Recall 0.257 0.309 0.48 0.325 0.325 0.365 
HVLT-R Delayed 

Recall 0.244 0.306 0.429 0.319 0.319 0.347 

       

       The results are expressed as proportions of total variance R
2
 explained by the regression 

models. 

 

 + Statistical Significance p<0.001 represents the incremental explanatory power at each 

step. 
 1. 24 - Item Hamilton Depression Scale Total 

     2. Age of Onset of First Depressive Episode 
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Discussion 

The principal finding of this study is that depressed subjects exhibit a smaller N2 

when responding to incongruent as compared to congruent stimuli, and this difference in 

N2 amplitude was not observed in non-depressed subjects. These results may suggest that 

deficient neural recruitment of conflict processing could manifest in non-depressed older 

adults, and may be exaggerated in geriatric depression. These findings build on the 

available functional neuroimaging literature by providing a time point at which neural 

processing within the conflict-control network deteriorates; that is, degradation begins 

early on at the point where discrimination of relevant and irrelevant features of the 

stimulus are being processed. However, these findings were not accompanied by 

differences in behavioral performance between groups, limiting the conclusions that can 

be drawn to the characterization of neural aspects of conflict processing. 

Abnormalities in cognitive inhibition of both depressed and non-depressed older 

adults are well documented. When compared to younger adults, older adults exhibit 

impairments in conflict processing tasks (West, 2003). Depressed older adults exhibit 

greater interference effects across a variety of cognitive control tasks, including tasks 

eliciting cognitive inhibition (Gualtieri & Johnson, 2008; Lockwood et al., 2002; Pisljar 

et al., 2008), when compared to their non-depressed peers. The current study presents a 

possible mechanism by which cognitive inhibition is affected in both depressed and non-

depressed older adults. 

Healthy older adults exhibit neural conflict processing abnormalities relative to 

their younger counterparts. Aging may impact conflict processing, as smaller N2 

amplitudes and longer N2 latencies have been observed in older as compared to younger 
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adults (Falkenstein, 2003). The results of this study are consistent with observations of 

smaller N2 amplitude in older adults, as there was no difference between congruent and 

incongruent N2 amplitudes within this group. 

Depressed individuals across the lifespan may under-recruit neural resources 

required for conflict processing. For instance, depressed younger adults exhibit smaller 

N2 amplitudes during cognitive inhibition (Holmes & Pizzagalli, 2008), and response 

inhibition paradigms (Kaiser et al., 2003) when compared to controls. Furthermore, 

smaller N2 amplitudes have also been observed during response inhibition in geriatric 

depression (Katz et al., 2010; Zhang et al., 2007). The present study provides evidence of 

neural under-recruitment during a cognitive inhibition task. Taken together, these 

findings suggest that depressed individuals may not adequately activate aspects of the 

neural network underlying cognitive control. However, these neural differences may not 

manifest in behavioral performance discrepancies. 

In the current study, older depressed subjects performed as accurately as non-

depressed subjects, suggesting perhaps that an alternate neural network may underlie 

successful performance. Recent investigations have posited that aspects of the DLPFC 

may be connected to a posterior parietal network, and that this posterior network is also 

involved in upregulation of cognitive control (Shomstein, 2012). These studies suggest 

that while frontal cognitive control networks are associated with cognitive inhibition and 

attention, posterior networks are involved in working memory and action execution 

(Cieslik et al., 2012). Although the current study did not examine processing within the 

posterior network, it is possible that under-recruitment of the frontal conflict-control 

network may have corresponded to up-regulation of the posterior networks for regulation 
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of behavioral responses to conflict. Overall the lack of difference in behavioral 

performance between groups may point towards implementation of possible 

compensatory mechanisms to assist performance. 

Smaller N2 is related to poor conflict detection 

Smaller N2 amplitude has been found to be related to dysfunction of the dorsal 

anterior cingulate (dACC), the structure thought to underlie conflict detection. Once the 

dACC is activated by cognitive interference, it signals structures such as the dorsolateral 

prefrontal cortex (DLPFC) that there is a need for increased neural resources for goal 

attainment. Dysfunction of the dACC may result in poor conflict detection, and thereby 

poor signaling for additional neural resources (Carter & vanVeen, 2007). 

The results of the current study suggest that aging may be related to abnormal 

activation of conflict detection mechanisms. Our findings are inconsistent with the 

younger adult literature citing differences in N2 magnitude according to conflict 

condition. In the current study, there were no significant differences in amplitude 

between high and low conflict conditions. However, some studies suggest that the N2 

response to incongruent stimuli declines with age (Falkenstein, 2003). Therefore one 

possible explanation for the lack of differentiation in amplitude by congruency in the 

non-depressed group is that aging reduces the N2 response to conflict. However, this 

claim cannot be fully examined in the current study due to the lack of a younger non-

depressed comparison group. Nonetheless, the influence of aging on conflict processing 

and conflict detection in particular is an intriguing prospect for future research.  

Depressed individuals exhibit decreased activation of the dACC and the DLPFC 

during fMRI cognitive control tasks (Fitzgerald, Laird, Maller, & Daskalakis, 2008). 
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Relative to controls, older depressed individuals exhibit decreased activation of the 

dACC (Aizenstein et al., 2009). The findings of the current study may suggest reduced 

engagement of the dACC in depressed adults on high conflict trials above and beyond 

that seen in non-depressed older adults.  Since the dACC is useful in resolving 

interference caused by competing stimuli (Holmes & Pizzagalli, 2008), decreased activity 

in the dACC may lead to increased interference effects. In turn, increased interference 

caused by poor conflict detection may lead to abnormal cognitive inhibition in depressed 

older adults. However, this relationship was not fully supported by our data, as neural 

processing abnormalities did not manifest into behavioral performance differences. 

Hypoactivation of the dACC may be related to some of the clinical and affective 

symptoms of geriatric depression. Dysfunction of the dACC may lead to enhanced 

attention to negative emotional stimuli or inability to suppress emotionally valenced 

distractions (Ochsner & Gross, 2005). Symptoms such as reduced concentration, 

rumination, and suicidal ideation may reflect a failure of cognitive inhibition processes 

leading to uncontrolled and maladaptive thinking. Increased processing of irrelevant or 

negative stimuli, may predispose and perpetuate depressive syndromes in older 

individuals (Fales et al., 2008).   

Furthermore, reduced conflict processing within the dACC may contribute to the 

affective symptoms that are characteristic of geriatric depression. For instance, apathy, a 

symptom more commonly seen in geriatric depression than in younger adult depression, 

is associated with lower functional connectivity between the dACC and DLPFC 

(Alexopoulos et al., 2012). Furthermore, apathy is closely related to executive 

dysfunction (Feil et al., 2003), signifying that dysfunction in conflict-control networks is 
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related to both cognitive and emotional dysregulation. The results of this study suggest 

that one mechanism by which cognitive and affective dysregulation occurs may involve 

failure of early conflict detection processing of the dACC. 

Slowed N2 latency in non-depressed older adults may be related to enhanced 

conflict processing 

The N2 latency was slower for incongruent than congruent stimuli in the non-

depressed group only; however, there may not have been enough power to see an effect, 

and this interaction did not reach statistical significance. Slowed N2 latency in response 

to incongruent stimuli is indicative of slowed neural processing in response to conflict 

(Ridderinkhof et al., 2004; Yeung et al., 2004). This finding is consistent with previous 

studies reporting increased waveform latency in response to high conflict stimuli in 

normal older adults. Healthy older adults display a slower N2 latency during high conflict 

tasks (Wascher, Schneider, Hoffmann, Beste, & Sanger) and a delay in N2 latency 

relative to younger adults (Falkenstein et al., 2001). Slowed N2 latency in normal aging 

may reflect the strategic use of increased time to process high conflict stimuli (Vallesi, 

Stuss, McIntosh, & Picton, 2009).  

Unlike normal controls, depressed older adults did not exhibit slowed N2 latency 

for incongruent stimuli, perhaps indicating that abnormalities in conflict processing may 

exist in neural speed of processing. An alternative explanation is that rather than 

processing conflict within the conflict-control loop, depressed individuals may have 

depended on additional recruitment of posterior attentional networks to meet task 

demands. In either case, depressed older adults may not process conflict in the same 

manner as their healthy counterparts. The confluence of smaller N2 amplitude and 
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absence of a delay in latency suggests that depressed individuals may have early and 

defective neural recruitment in conflict-control networks when they engage in conflict 

processing. However, the implications of these differences in neural recruitment require 

further examination, as they were not related to behavioral deficits in the current study. 

Executive Function in Non-depressed Adults is Associated with Larger N2 

An additional finding of this study was that larger N2 elicited by high conflict 

stimuli was associated with better performance on an aspect of executive function, but 

only in non-depressed subjects. This relationship was specific to the set-shifting aspect of 

executive function, as performance on measures of processing speed, cognitive 

inhibition, and memory was not correlated with N2 amplitude. Therefore, in this study, 

greater recruitment of neural resources in healthy controls was related to better set-

shifting when controlling for processing speed.  

This finding suggests that in non-depressed older adults, greater activation of 

neural structures within the conflict-control loop may represent an attempt to recruit 

greater cognitive control (Schulte et al., 2009). Greater recruitment of conflict-control 

neural resources may reflect increased engagement of compensatory neural mechanisms 

in an attempt to overcome aging related cognitive deficits (Falkenstein, 2003) that occur 

within this network. The absence of a relationship in the depressed group suggests that 

increased activation of the conflict-control loop to improve performance on an executive 

task is unique to aging without affective dysregulation. Future studies should examine the 

role of other networks that may be involved in successful cognitive inhibition (e.g., 

fronto-parietal networks) among depressed older adults. 
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Limitations 

While the results of this study suggest early neural manifestations of conflict 

processing abnormalities in geriatric depression, several limitations should be noted. 

First, due to the small size of the sample, further investigation of depression subgroups 

based on symptomatology was not possible. Second, since all depressed subjects were 

unmedicated, the influence of antidepressant medication usage on conflict detection and 

resolution processes could not be assessed. Third, the sample of depressed individuals in 

this study exhibited depression of moderate severity. As such, these results may not be 

generalizable to individuals with other levels of depression. It is also possible that use of 

different ERP paradigms of conflict-control processes (e.g., Flanker tasks) may have 

elicited different electrophysiological responses. However, the Stroop task was chosen so 

as to examine resistance to interference embedded within a stimulus, in order to minimize 

the contribution of attention shifting that is necessary in tasks like the Flanker task. 

Further, although the cognitive paradigm used to elicit the N2 waveform was tailored to 

each individual to ensure an adequate level of difficulty it is possible that the task was not 

rigorous enough to elicit the magnitude of N2 response observed among younger adults. 

Future studies may perhaps examine N2 response in cognitive inhibition using more 

rigorous paradigms. Furthermore, paradigms that utilize emotional interference may be of 

particular interest in examining whether the cognitive conflict processing response is 

related to activation in emotional processing networks. Additionally, the cognitive battery 

administered to subjects was somewhat limited; it is possible that given a more extensive 

battery, behavioral aspects of cognitive control and their relationship to conflict 

processing could have been explored more thoroughly. Finally, some methodological 
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limitations were imposed by the physiological effects of age (e.g., use of glasses, hearing 

aids, alopecia, benign tremors) which resulted in the elimination of several research 

subjects due to data that was contaminated.  

Conclusions 

Older non-depressed and depressed older adults exhibit neural conflict processing 

abnormalities during a cognitive inhibition task. Conflict processing abnormalities 

manifested as smaller than expected N2 in response to high conflict tasks. Within the 

non-depressed group, although a normative delay in N2 latency emerged, there was no 

clear differentiation of N2 according to congruency, as the literature on N2 response in 

young adults would suggest. However, attenuation in the N2 has been observed in aging 

studies of conflict processing, and therefore the absence of a distinction in magnitude of 

the N2 according to conflict intensity may perhaps be developmentally appropriate within 

this group. Within the depressed group, the absence of an age-appropriate delay in 

latency of the N2 waveform, and smaller N2 response to high conflict stimuli, perhaps 

points towards an exacerbation of the effects of aging on the N2 component in this group. 

Notably, among depressed individuals, the high conflict N2 was smaller than the N2 to 

congruent stimuli, which is the opposite of what would be expected in young non-

depressed adults, and smaller than what would be expected of non-depressed older adults.  

These results suggest possible neural processing dysfunction of conflict-control 

networks in geriatric depression. However, the significance of these finding is limited by 

the lack of between- group behavioral performance differences. To overcome these 

limitations, in addition to using more rigorous interference tasks, future studies should 

include younger depressed and non-depressed comparator groups as part of the study 
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design. Including these groups may allow for a more robust investigation of the influence 

of aging versus depression on conflict processing.  

An additional finding of the current study was that non-depressed older adults 

with a larger N2 to high conflict stimuli, exhibit better performance on an executive task. 

It is possible that these individuals over-recruit neural resources within the conflict-

control loop to address high conflict stimuli. This relationship was not observed among 

depressed older adults, suggesting perhaps that depressed individuals may recruit 

alternate neural networks towards the resolution of conflict. However, the scope of the 

current study did not allow for a full examination of alternate networks. Nonetheless, this 

possibility is intriguing and should be evaluated in future studies. 

Abnormal neural activity in the conflict-control loop may be part of a larger 

disconnection syndrome of frontolimbic structures responsible for top-down control of 

affective and cognitive information. Disruption of this network may lead to, and 

perpetuate the depressive syndrome by biasing incoming information processing and by 

preventing proper inhibition of maladaptive negative thoughts.  Frontolimbic 

abnormalities have been found to predispose older individuals to depression. 

Characterization of dysfunction among frontolimbic structures can provide a greater 

understanding of geriatric depression. Furthermore, identifying neural abnormalities in 

specific networks can provide targets for novel pharmacological and psychotherapeutic 

interventions. 

Late-life depression is a suitable model for exploring how dysfunction in neural 

networks relates to treatments for the depressive illness. First, aging related brain changes 

in frontolimbic systems increase vulnerability to depression. Also, frontolimbic 
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abnormalities are common in geriatric depression and may be associated with poor 

treatment response. Finally, inefficiency in conflict-control systems may be responsible 

for some of the core symptoms of geriatric depression. Specifically, dysfunction in 

frontolimbic structures critical for detection of conflict (dACC) and resolution of that 

conflict (DLPFC) may contribute to the development of symptoms that are more often 

seen in late life depression such as poor concentration and apathy. 

This study is an initial step towards characterizing electrophysiological 

abnormalities underlying cognitive inhibition deficits in late life depression. Future 

investigations should also focus on the influence of features related to the presentation 

and course of geriatric depression on neural processing of conflict. For instance, the 

relationship between conflict processing and severity of depression, age of symptom 

onset, number of previous episodes, duration of symptoms or history of antidepressant 

treatment response has not been fully explored. It is possible that the course and 

characteristics of depressive illness may influence structures of the cognitive control 

network, and degrade conflict processing. Furthermore, the question of whether abnormal 

conflict processing relates to state or trait abnormalities remains unanswered. Future 

investigations should explore whether abnormalities in early conflict detection and 

resolution processes are related to specific genotypes, and whether abnormalities persist 

when older depressed individuals remit with pharmacological or psychotherapeutic 

treatment.  

In summary, depressed older adults exhibit a neural response to high conflict 

stimuli that is different than non-depressed older adults. Furthermore, non-depressed 

older adults with executive dysfunction may activate the conflict-control network to a 
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greater degree than older individuals with depression. The current study adds to the 

existing literature by providing electrophysiological evidence of neural dysfunction in the 

selection of competing stimuli during initial aspects of conflict processing in depressed 

older adults. The results of this study however, are tempered by the lack of behavioral 

manifestations of conflict processing dysfunction between groups. The extent to which 

neural processing dysfunction could contribute to poor outcomes in geriatric is not fully 

known. Therefore, further research should evaluate the relevance of neural manifestations 

of conflict processing abnormalities to the course of normal aging, and compare it to the 

course and treatment of depression across the life span. The definition of neural and 

behavioral endophenotypes of depression using well designed paradigms may ultimately 

aid in characterizing psychiatric symptoms and response to treatment in this 

heterogeneous disorder. 
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