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 Resource allocation theory, Polich (2007) suggests cortical measures may 

attenuate when processing demands increase. Thirteen HIV-negative women (M = 36.5) 

and 15 HIV-positive women (M = 36.1) infected were instructed to view neutral and 

negative IAPS images and then to detect rare tones in a subsequent auditory oddball task. 

A 2 x 2 ANOVA for the auditory P3 did not indicate a main effect for picture valence 

however an interaction was found between picture valence and serostatus at location Fz, 

F(1,24) = 18.99, p<.001. During the visual ERP sequence an interaction between valence 

and serostatus was found at the Pz location, F(1,24) = 18.99, p<.001, meaning the late 

positive potential (LPP) was not modulated between viewing neutral and negative images 

in HIV-positive women. These findings suggest that the manifestation of HIV in women 

may alter the neural processing of emotions, though not to the detriment of a subsequent 

cognitive task.  
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I. INTRODUCTION 

Over forty-million people carry the human immunodeficiency virus (HIV) across 

the globe, with an additional five million acquiring the virus each year (WISQARS, 

2004). As of 2004, there were more than 17.5 million HIV-positive women worldwide 

(Koff et. al., 2007).  

Seropositive (HIV+) patients are typically classified into three distinct groups, as 

defined by the Centers for Disease Control (CDC, 1992). The stages are as follows: (1) 

AIDS refers to having an Acquired Immune Deficiency Syndrome (AIDS) defining 

opportunistic infection and/or a current or prior T-cell count below 200, (2) symptomatic 

HIV is defined as those presenting with non-AIDS defining illnesses and T-cell counts 

above 200, and (3) asymptomatic HIV is characterized as not having serious illness and 

T-cell counts above 200.   

Cognitive deficits are intertwined with progression of HIV (Polich et al., 2000; 

Bungenger, Houezec, Pierson, and Jouvent, 1996; Reger at al., 2002). 

Neuropsychological (NP) studies of cognitive decline in HIV seem to vary as a function 

of disease stage and in turn affect day to day functioning (Carey, et al., 2004; Heaton, et 

al., 2004). A meta-analysis of NP function and disease progression revealed that motor 

functioning, executive skills, and information processing speed were among the cognitive 

domains showing the most significant decline from early to later stages of HIV (Reger et 

al., 2002). As a result of this collective, HIV-associated asymptomatic neurocognitive
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 impairment (ANI) is now recognized as below age/education-appropriate norms 

on at least 2 standardized neuropsychological test domains (Foley, Ettenhoffer, Wright 

and Hinkin, 2008).  Over the course of the last two decades researchers have also turned 

to psychophysiological measures, such as Event Related Potentials (ERPs) in order to 

elucidate trends of cognitive decline in HIV infection because they are of great utility in 

detecting subclinical changes in cognitive function (Mirsky, 1988).  

Emotional deficits such as blunted affect and reduced reactivity (Morrison et al., 

2002; Bungener, Lefrere, Widlocher, and Jouvent, 1995) are also intertwined with 

progression of HIV. Certain populations are disproportionately at risk of developing an 

emotional impairment as a result of infection. Most certainly, low-socioeconomic women 

of color with HIV/AIDS report higher levels of emotional distress than their male 

counterparts (Breitbart et al. 1996). Persons living with all stages of HIV/AIDS report 

cognitive dysfunction, anxiety, and depression with a prevalence rate over 50% according 

to a study of 2,864 infected individuals (Ammassari, 2004). Major depression occurs 

nearly four times more frequently in HIV-infected women compared to healthy controls 

with prevalence levels of 35% in clinical samples and 60% in community samples 

(Morrisson, et al., 2002).  

 The goal of this research was to examine affective responses and cognitive ERP 

measures in a HIV+ and HIV- women. Furthermore, this paper 1) reviews the evidence 

that P3 measures are attenuated in HIV infection, 2) tests a dual-task (visual-auditory) 

paradigm for both affective and cognitive ERP responses, and 3) suggests possible causes 

of the dysfunction to affective neural responses in HIV.  
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Review of Literature 

Event Related Potentials in HIV 

The convergence of neuroelectric measures and signal averaging technology has 

ushered in the age of the use of ERPs to assess the neural underpinnings of human 

cognition (Polich, 2007). Recorded through an electroencephalogram (EEG), the ERP is 

an assay of brain activity which is time-locked to a specific sensory event. First identified 

from experimental techniques, over 40 years ago, the auditory “odd-ball” task is shown to 

evoke an ERP approximately 300ms post-stimulus (Sutton, Braren, Zuben, & John, 

1965). In the auditory oddball paradigm, participants listen to a series of high- and low-

pitched tones with one class of tones presented less frequently than the other.  The 

required action is typically to keep an internal count of the less frequent targets and or 

respond with a key-press. The P3 component of the ERP is a positive-going voltage 

deflection that is maximal over the posterior scalp and has a typical peak latency of 

300ms; this occurs in response to the detection of a rare target (Donchin & Coles, 2002, 

Polich, 2007).  One interpretation of P3 event is that after initial sensory processing, a 

cortical process associated with the P3 evaluates the sensory stimuli and compares it with 

the target stimulus held in memory (Heslenfeld, 2003).  The neural generators associated 

with this event should be intimately linked with attention, working memory, and novelty 

detection (Knight, 1990; Polich, 2007). In addition, functional imaging has linked the P3a 

to stimulus-driven frontal attention mechanisms whereas the P3b is thought to originate 

from more temporal-parietal activity associated with memory processing (for review see 

Gazzaniga et al. 2000). A model of resource allocation has been applied to ERP 

recordings of 2-stimulus oddball tasks. As primary task difficulty is increased, P300 
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amplitude from the oddball task decreases regardless of modality or the motor 

requirements of the primary task (Polich et al., 2007). This model suggests the processing 

system is modulated by overall arousal level which in turn governs the amount of 

attention resources available for the discrimination task. Thus, longer latencies and 

attenuated P3 amplitudes usually correspond with slow mental processing.  

Over the course of the last two decades, the ERP has been shown to measure 

cognitive decline in HIV infection (Mirsky, 1988). Early studies have documented 

significant viral-count related reductions in the P3 amplitude in addition to increase in P3 

latency (Goodin et al., 1990; Ollo et al., 1991; Polich et al., 2000; Schroeder et al, 1994). 

The ERP measures have evolved with the field of HIV-research to detect the 

effectiveness of anti-retroviral medication on cognition in HIV (Polich & Basho, 2002; 

Chao et al., 2004).  As with the overall trend in HIV/AIDS research, findings from these 

studies are based upon predominately male samples. To date, very few studies have 

examined cognitive decline in HIV-infected women. Tartar and colleagues (2004) 

compared neurometric test performance with measures from the P3 ERP. This study 

demonstrated that P3 amplitude and latency were as effective as the neurometric tests in 

differentiating clinical from non-clinical groups. Furthermore, the ERP detected 

significant differences within the clinical population, effectively distinguishing early 

(asymptomatic) from late (symptomatic) stages of infection in adult women. (Tartar et 

al., 2004). ERPs have been used to probe other clinical groups. Two separate studies 

found diagnosis of depression to have an effect on cognitive ERP measures. Major 

depression was found to lengthen P3 latency in clinical populations as compared to 

healthy age-matched controls (Himani, Tandon, and Bhatia, 1999). Concordantly, P3 
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amplitude for depressed patients was found to increase following antidepressant 

treatment (Yanni et al., 1997). Thus, any investigations on cognitive performance in 

populations susceptible to emotional dysfunction needs to account for the effect of 

anxiety and depressive symptomology on neural response.  

Affective ERP Response 

There has been a stark distinction between electrocortical measures of cognition 

and affect within the ERP literature. Measured in terms of arousal and valence, emotional 

responses are often labeled across a single dimension ranging from pleasant to unpleasant 

(Keil, 2002). The International Affective Picture System (IAPS) is commonly used to 

represent this range.  These picture stimuli are standardized by valence (rated 

pleasantness, unpleasantness, neutrality) and arousal (Lang, Bradley, & Cuthbert, 1999). 

Theorists have suggested that motivated attention to stimuli which has survival value to 

the species (sex, death, etc.) is inherently arousing thus requiring the preferential 

allocation of limited attention resources (for review see Lang et al., 1997).  

With the blossoming of affective neuroscience over the course of the last two 

decades, a number of theories have evolved to explain similar patterns of cortical 

reactions to affective visual stimuli (for review see Oloffson, Nordin, Sequeria, & Polich, 

2008). Collectively, these studies suggest an attentional bias to affective events, an early 

selective attention depending on the arousal value of the stimulus, and a “negativity bias” 

to unpleasant or threatening stimuli (Dolcos & Cabeza, 2002, Oloffson et al., 2008). In 

general, ERP research suggests a greater amount of  attention is induced by processing 

affective as compared to non-affective content, with amplitude being modulated at early 

(100-250ms) and late (200-1000ms) components (Oloffson et al., 2007; Conroy & Polich, 
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2007). The convention for most visual ERP studies is to divide ERP components by the 

following schema: short (P1 and N1) to middle (N2 and P2) to long (P3 and later). The 

N1 has been found to increase in amplitude in response to the arousal level of visual 

stimuli (Keil et al., 2001). This early sensory based ERP is thought to be somewhat 

independent of the cognitive processing which is reflected in the P3. ERP studies have 

identified an effect for emotional valence which results in a more positive-going P3 

component for pleasant and unpleasant visual stimuli as compared to that of more neutral 

images (Johnston et al., 1986; Naumann, Bartussek, Diedrich, & Laufer, 1992; see also 

Diedrich, Naumann, Maier, & Becker, 1997; Caccioppo, Gardner, Bernston, 1999).   

A later component of the visual ERP has been established to be the most robust 

when elicited by emotionally-charged visual stimuli as opposed to neutral. This 

prolonged positive voltage deflection, sometimes denoted as a late positive potential 

(LPP), begins from 200-300ms post stimulus and reaches maximum amplitude at 1000ms 

along central-parietal scalp locations (Olofsson and Polich, 2007; Keil et al., 2002; 

Cuthbert, et al., 2000; Schupp et al., 2000). Furthermore, evidence suggests that the LPP 

is involved in memory formation (Palomba et al., 1997). Both psychological and 

psychiatric states have been found to attenuate electrophysiological measures of affective 

response. In a study of healthy young adults, self-reports of anxiety were highly 

correlated with LPP response to aversive IAPS images (MacNamara and Hajack, 2009). 

To date, there have been no published studies on the LPP in HIV-infected individuals. 

Emotion-Cognition Paradigm 

 Research suggests that cognitive ERP measures may be attenuated via 

direct assault on the CNS, task demand, and perhaps emotion. Though a long-standing 
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assumption has been held that affective and cognitive processes are separable, this 

dichotomization has begun to erode, thanks in part to the empirical evidence and newer 

theoretical models. Ellis and Ashbrook (1988) were amongst the first to propose a model 

of resource allocation (RAM) which sought to explain how measures of cognition may be 

attenuated by affective processes. Simply put, Ellis and Ashbrook argued that negative 

mood induction results in extra cognitive effort into “mood-related processes” which may 

detract from the task at hand, depending upon level of difficulty. A number of proponents 

for an alternative “strategic” view argue that characteristics of the task, along with the 

state of the individual (mood, motivation), may actually be favorable for task 

performance (Hesse & Spies, 1996). 

Due to the temporal nature of this affective-cognitive paradigm, 

electrophysiological techniques have evolved to probe the attenuation of ERP responses 

due to emotional events. Studies of this nature allow researchers to test resource 

allocation and strategy models by manipulating emotional content, task difficulty, and 

temporal parameters. Several authors have found that the P3 to an auditory oddball task 

was attenuated by the simultaneous presentation of pleasant and unpleasant pictures 

(Meinhardt & Pekrun, 2003; Keil et al., 2007). In a related study, a reduced P3 for an 

auditory discrimination task was found in a group of normal individuals following 

presentation of a 3-minute video clip from a particularly sad and depressing scene in the 

movie Schindler’s List (Kliegel, Horn, & Zimmer, 2003). Collectively, these 

electrophysiological studies support the RAM.  

Decades of research in electrophysiology has established the P3 as a reliable 

measure of cognition, sensitive to emotional perturbation, psychiatric disorder, and HIV 
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disease progression. To summarize previous findings, the following may be said: (1) ERP 

measures have been correlated with emotional deficit in women with HIV (Bungener et 

al., 1996); (2) Reduced P3 amplitude and longer P3 latency have been correlated with 

cognitive decline, and disease progression in HIV (Reger et al., 2002; Mirsky, 1988; 

Tartar et al., 2004; Goodin et al., 1990; Ollo, et al., 1991; Polich et al., 2000; Schroeder, 

et al, 1994; Yee and Miller, 1987; Lang et al., 1990). ERP studies of affective picture 

processing suggest that viewing unpleasant images may lead to a negativity bias as 

evinced by a larger LPP (Olofsson and Polich, 2007; Keil et al., 2002; Cuthbert et al., 

2000; Schupp et al., 2000, Oloffson et al., 2008).  Furthermore, cognitive processes 

indexed by the LPP may compete for resources in a subsequent task (Dolcos & Cabeza, 

2002, Meinhardt & Pekrun, 2003; Keil et al., 2007).  

Present Research 

The purpose of this electrophysiology is to determine the extent to which 

cognitive processes are augmented by the presentation of negative mood-inducing visual 

stimuli in HIV-infection.  The primary aim of the study was to determine whether 

amplitude and latency of the auditory-evoked P3 response are modulated by the valence 

of a previously presented picture and secondly, whether this difference further depends 

upon serostatus. The second aim of the study was to determine whether differences in 

LPP to emotional stimuli exist between seropositive and seronegative women. The third 

aim of the study was to determine whether self-reports of anxiety and depression, when 

used as fixed covariates, account for the differences between groups and conditions in the 

P300 and LPP. The fourth aim of the study is to determine whether the groups differ in 

classification of stimuli presented in the auditory and visual modalities. 
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Predictions 

In accordance with previous studies and the first aim of the study, it is 

hypothesized that a main effect for picture valence will be found such that ERP trials 

preceded by negative picture conditions will reduce P3 amplitude and increase P3 latency 

to an auditory oddball task along frontal-parietal midline locations Fz, Cz, and Pz; a 

greater attenuation will be found in the seropositive sample than in healthy controls based 

upon reports of diminished auditory-evoked P3 response cited earlier within this text.  

Based upon current trends in the field and the second aim of the study, a main 

effect for picture valence was hypothesized such that picture trials with emotional 

(negative) stimuli will result in a larger LPP than neutral pictures along parietal scalp 

locations Cz and Pz. Due to an absence of electrophysiological research in the area of 

affective ERP in HIV, a null hypothesis was proposed such that no between-group 

differences in LPP will be detected.  

In accordance with the second aim of the study, it was hypothesized that trait-

anxiety measures would be correlated with the condition and group factors in a manner 

which will undo any significant effects or interactions with the dependent variable. 

Specifically, this is expected to occur at the frontal-electrode location from which 

auditory-oddball evoked P3 signals are most detectable and at the parietal-electrode 

location for which the LPP is shown to be most robust. Similarly, depression is 

hypothesized to be correlated with dependent cognitive ERP measures and between-

groups factor in a manner which will undo any significant effects or interactions found 

for P3 latency and amplitude.  

Regarding the fourth aim of the study, the seronegative group is expected to show 
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greater sensitivity and accuracy for the detection of rare tones. An advantage is also 

predicted for the seronegative group picture-classification accuracy.
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II. METHOD 

Participants 

 Thirty adult women aged 25 to 45 were screened for the current study. 

Sixteen asymptomatic seropositive women infected with HIV (M = 36.5 years) aged 26 

to 45 were recruited with flyers posted at an outpatient children’s clinic. Thirteen 

seronegative women (M = 36.1 years, age range: 25-45) were recruited with flyers as 

friends and family of the seropositive group. Hence, the two groups were matched for 

mean education level (seropositive = 12. 1 years, SD = 1.14; seronegative = 12.2 years, 

SD = 1.3). Inclusion criteria were that participants be aged 25 to 45, fluent in English and 

score within the normal range of 25 to 30 on the Mini Mental State Exam (MMSE). One 

participant was excluded from the study with the remaining MMSE score for seropositive 

(M = 26.5) (SD = 2.8); seronegative (M = 28.7) (SD = 1.2) (see table 1). The latter 

ensured the participants could understand verbal directions and execute the tasks. 

Negative serotatus was determined through administration of a rapid-response Orashure 

™ screening for HIV virus antibodies. For the purpose of this study, seropositive was 

characterized by asymptomatic and symptomatic non-AIDS conditions, with a T-cell 

count greater than 200. Exclusion criteria included previous diagnosis of psychosis and/or 

history of neurological impairment not stemming from HIV infection. One seropositive 

woman did not meet the minimum score for the MMSE and was excluded from the study. 

At the conclusion of the study, all participants received a $50 gift card to a local 



 

12 

department store, a $10 meal voucher for a local restaurant, and a $10 gas card for 

transportation. All participants were treated in accord with APA ethical standards for the 

use of clinical participants and the protocol was approved by the independent review 

boards of the contributing institutions.  

Procedure 

 In the dual-task experiment, participants viewed emotionally negative or 

neutral pictures prior to performing a subsequent auditory oddball task from which the 

P300 latency and amplitude measures were recorded. The auditory task required 

participants to discriminate rare infrequent tones (20%) from standard frequently 

occurring tones (80%) (see Figure 1).  Prep for EEG testing was as follows:  A small area 

of their scalp was cleaned for each of the electrodes as well as two areas on the face 

(dorsolateral to the left eye), earlobes, and forehead.  EEG electrodes (small instruments 

which monitor electrical activity) were attached to these locations with a jelly-like 

conducting paste. The electrodes were used to gather cortical signals from the scalp, 

which were synchronized to a presentation of IAPS images and tones. Commercial-based 

Psylab software (Contact Precision Instruments ™) was used to record continuous EEG 

for seven separate 50-trial blocks. Every effort was made to ensure that this process was 

comfortable. 

Participants were instructed to keep their eyes on the computer screen for the 

duration of the experiment and it was requested that they “try not to blink” during the 

trial interval. During the test, they were asked to “watch pictures on a computer screen 

and pay attention to the tones that follow.” The tones were very short (100ms) and just 

loud enough for participants to hear them comfortably through headphones; the tones 
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were either a high pitch or a low pitch.  Participants viewed 7 blocks of fifty images (see 

Appendix) from the International Affective Picture System (Lang, Bradley, & Cuthbert, 

1999). Subjects were repeatedly exposed to some images, however subsequent to the first 

exposure no repeat images were paired with a rare tone in the auditory ERP condition 

(see appendix A). The following instructions were read to the participant to avoid 

confounding strategies in emotional picture processing: “You will be viewing pictures 

and listening to tones. The pictures will be either of something neutral (like a book) or 

something unpleasant (like a sick person)”. “You will also be listening to a tone 

following each picture. These tones will be rare (high-pitch) or standard (low-pitch)”. 

Participants were asked to correctly select one out of four picture-tone combinations 1) 

negative-rare, 2) negative-standard, 3) neutral-rare, 4) neutral-standard. Responses were 

used to account for whether group differences existed in valence classification. 

Participants were told the possible combinations and given a 5-minute practice session 

with feedback before testing begins to ensure understanding of the dual nature of the task. 

The 50 stimuli practice trial ensued until participants were able to produce 60% artifact 

free trials. The picture on the computer screen was generated by an electrical pulse from 

the EEG recording hardware, (CPI-Psylab™) to ensure precise synchronization of the 

picture and subsequent cortical recording. The pulse was used to generate a visual image 

through the use of Presentation ((Neurobehavioral Systems™) software. The EEG signal 

was amplified and processed within a high pass of .1 and a low pass of 40 Hz. The 

sequence for stimuli presentation took place as follows: At the beginning of each trial, a 

picture was presented for a duration of 200ms, following picture-off a 600ms inter-

stimulus interval elapsed followed by the presentation of the tone-on for 100ms (see 
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figure 1 for timing parameters). Auditory ERP measures from a time window of 100ms 

before and 900ms after the presentation of rare and standard tones were recorded on a 

total of 350 trials. For reliability purposes, participants were required to produce at least 

50 artifact-free trials out of a total 70 rare tone conditions. Fifty percent the trials were 

with presentations of unpleasant visual stimuli while the other half of images being 

neutral. In total 7 blocks of 50 trials were carried out in the electrophysiological-

recording session which lasted 45-60 minutes.   

Following the EEG session, electrodes were removed and participants given a 15 

minute break before being administered a neuropsychological test battery. This testing 

session was part of a larger study involving a one hour block of neurometric testing 

(executive; motor function and processing speed), psychological state, and Quality of 

Life. Self report measures of depressive and anxiety symptoms were taken from the 

Beck’s Depression Inventory-2 (BDI-2) and State-Trait Anxiety Inventory (STAI). 

Waveform Analysis 

 To test the hypothesis that seropositive women showed reduction in 

cognitive measures when compared to HIV- women on both neutral and negative trials, 

peak P3 amplitude and corresponding latency were assessed in the auditory-oddball task. 

Visual and auditory ERPs were recorded from electrodes at Fz, Cz, Pz, Oz, C3 and C4 

according to the International 10-20 System with reference electrodes at the earlobes in 

addition to a forehead ground electrode. Using Psylab analysis software, a series of 

reviews were performed on the raw data at each electrode location. Data at the EOG 

channel was used to screen artifact for eye-movement artifact-free trials. These artifact 

trials were included in the analysis for electrode sites Fz, Cz, and Pz. The grand averaged 
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auditory P3 amplitude and latency was collected at each electrode location and measured 

from baseline to peak of the positive deflection in the ERP window between 250 and 

500ms. The LPP of the visual ERP was gathered from a time window 600ms post-picture 

onset to 800ms (400ms after picture-off to 600ms). Artifact-free trials gathered from the 

midline electrode locations Fz, Cz, and Pz were included in the LPP analysis. Participants 

were also asked to report visual and auditory stimuli using key-presses 1-4 (1-neutral 

picture standard tone, 2-negative picture standard tone, 3-neutral picture rare tone, and 4-

negative picture rare tone). Both the number of affective visual ratings (neutral vs. 

negative) and number of correct ratings of auditory (rare vs. standard) and visual (neutral 

vs. negative) stimuli were gathered and later analyzed.  

In order to highlight points of interest, the phasic waveform was obtained from 

the onset of the picture to 100ms before tone onset is presented in a separate graph. This 

allowed for the baseline adjustment of the P3 waveform for 100 ms before and 900ms 

after stimulus presentation in the auditory oddball-task.  The general topography of the 

cortical response included a prominent, early negative peak at 100ms and a subsequent 

positive going waves reaching peak between 300 and 400ms. Following these peaks, a 

negative going potential persisted for the duration of the inter-stimulus interval.  

Statistical Analysis 

The LPP, P3 amplitude and P3 latency were evaluated with a 2 x 2 (Valence 

[neutral, negative] x (group [seropositive, seronegative] repeated-measures analysis of 

variance (ANOVA). In addition to electrocrtical measures, self-report measures of 

depressive symptomology and trait anxiety were gathered as covariates from the Beck’s 

Depression Inventory 2 (BDI-2) and the Trait Anxiety Inventory (TAI). These covariates 
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were entered into the 2 x 2 repeated measures analysis of covariance (ANCOVA). 

Behavioral responses as measured by average picture rating were analyzed for a valence 

hit rate and average rating neutral vs. negative. Statistical analyses were performed using 

PASW™ (Version 17.0) general linear model software.  
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III. RESULTS 

P3 Amplitude and Latency 

A 2 x 2 (valence x serostatus) ANOVA with repeated measures over valence was 

used to test the null hypothesis of a main effect for picture valence and interaction with 

serostatus for P3 amplitude. It was predicted that mean P3 amplitude would be larger for 

the seronegative group on trials in which neutral images were presented, and smaller for 

the seropositive group following presentation of a negative picture. An analysis was 

performed at frontal-parietal midline electrode locations Fz, Cz, and Pz. Findings 

indicated picture valence did not seem to elicit an attenuation of P3 amplitude at frontal-

parietal midline locations. (See table 2). Furthermore, an interaction with serostatus was 

not reflected in measures of P3 amplitude. A separate 2 x 2 ANOVA with repeated 

measures was used for the null hypotheses of a main effect for valence and interaction of 

valence with serostatus on P3 latency. It was predicted that mean P3 latency would be 

shorter for the seronegative group on trials in which neutral images were presented, and 

longer for the seropositive group following presentation of negative pictures. Although a 

main effect for valence was not found, F(1,26) = .335, p> .05, a significant interaction 

was found between valence and serostatus at the Fz electrode location F(1,26) = 4.81, 

p=.038, ηp² = .156 (see Table 3). This data indicates a trend contrary to that which was 

predicted: seropositive women exhibit had a longer P3 latency to the auditory oddball 

task following presentation of neutral pictures (m= 384.13) than seronegative controls
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 (m= 332.77). As it occurred in the negative picture condition: a shorter auditory 

P3 latency was found in the seropositive group (m=  354.93) than in seronegative controls 

(m= 382.92). 

Late Positive Potential 

A confirmatory 2 x 2 (valence x serostatus) ANOVA with repeated measures over 

valence was used to test for a main effect of picture valence and interaction with 

serostatus as measured by late positive potential (LPP) at electrode locations Cz and Pz. 

It was predicted that for the late positive potential, there would be a main effect for 

valence: negative pictures would elicit a larger LPP than neutral pictures, but there would 

be no interactaction with serostatus. Findings revealed a significant main effect for 

picture valence at Pz, F(1,24) = 28.45, p <.001, ηp² = .542. This indicated a within-

subject difference in LPP between negative (m = -4.30) and neutral (m = -1.47) pictures. 

Unexpectedly, the analysis also revealed an interaction between picture valence and 

serostatus at Pz, F(1,24) = 18.99, p<.001, ηp² = .442 (See figure 4). These findings reflect 

a trend in which seropositive females (m = .56) demonstrated a smaller cortical response 

to negative images than healthy controls (m = 5.49) as evinced by mean LPP amplitude 

(See table 4).                                                                                                            

Covariate Analysis                                                                                                            

Based upon the previous literature on the independent effects of anxiety and 

depression on ERP, a null hypothesis was proposed in that there is no effect or interaction 

of the categorical predictors (valence, serostatus) after adjusting for the covariate’s effect 
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(anxiety, depression) on the response (P3 latency, P3 amplitude, LPP). It was predicted 

that when used as a covariate, measures of depression would have a significant effect on 

P3 latency and P3 amplitude, but not LPP, and that anxiety would have a significant 

effect on P3 amplitude, latency and LPP.  

Beck’s Depression Inventory-2 (BDI-2) and the Trait Anxiety inventory (TAI) 

were used as covariates in a 2 x 2 ANCOVA at Fz, the electrode site where an interaction 

was found between valence and serostatus for P3 latency. The interaction between 

serostatus and valence on P3 latency remained significant after factoring in between 

group differences for anxiety F(1,26) = 4.81, p = .038, ηp² = .161. With the addition of 

the BDI-2 covariate the interaction between serostatus and valence on P3 latency 

remained marginally significant at Fz, F(1,25) = 4.29, p = .051, ηp² = .162. This finding 

indicates a very small portion of the interaction effect of valence and serostatus on P3 

latency may be explained by depressive and/or anxiety symptomology as measured by 

the BDI-2 and TAI.  

In the second covariate analysis, anxiety and depression were hypothesized to co-

vary the interaction between serostatus and picture valence on LPP at electrode location 

Pz. Some interesting effects were noted. When anxiety was entered as a covariate, the 

main effect for valence on LPP became insignificant, F(1,22) = .003, p>.05 ηp² = .000.  

However, the interaction between valence and serostatus remained, F(1,22) = 13.28, p = 

.001, ηp² = .376. This finding suggests that individual differences in trait anxiety (TAI) 

may account for some of the effect of picture valence on LPP.  Accounting for depressive 

symptomology did not change the effect of picture valence on LPP, F(1,22) = 10.15, p = 
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.004, ηp² = .316 or the interaction with serostatus, F(1,22) = 13.32, p = .001, ηp² = .377. 

ANCOVA was performed on all electrode locations which the null hypothesis was 

reported. The presumed correlations between the covariates and the factors failed to 

produce any effects or interactions of significance.   

Picture Response Analysis 

A one-way analysis of variance was performed on response to picture valence 

(neutral or negative).  Results demonstrated that out of 50 trials, the HIV- females to 

identify the correct picture valence more times within the block than pictures per block 

(m = 37.1), than was identified by the HIV+ women (m = 31.0), F(1,26) = 9.65, p =.005, 

ηp² = .271. Further analysis of between group differences in IAPS picture ratings revealed 

a bias for HIV+ women to rate significantly less pictures as negative (m = 154.9) than 

HIV- females (m = 185.3),  F(1,23) = 5.94, p = .023, ηp² = .213. 175 negative & neutral 

IAPS images were presented (Appendix A).   

Signal-detection Analysis 

To determine differences in sensitivity threshold for detection of the target rare-

tones, a signal detection analysis was performed on behavioral response across all 7 

blocks. A between-group analysis of variance revealed there to be no significant 

difference in measures of sensitivity (d’) of the HIV+ group (m = .98) as compared to the 

HIV- group (m = 1.33), F(1,23) = 1.137, p = .297, ηp² = .047.  There was no significant 

difference in response bias of the HIV+ group (m = .41) as compared to the HIV- group 

(m = .52), F(1.23) = .641, p > .05, ηp² = .026. Also, there was no evidence of difference in 

response accuracy to the rare tones between HIV+ (m = 35.9) and HIV- (m = 33.5) 

women, F(1.23) = .342, p > .05, ηp² = .013 (see Table 9).
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IV. DISCUSSION 

The primary aim of this study was to determine whether viewing negative IAPS images 

may attenuate auditory-evoked P3 in HIV infected women. The results for P3 amplitude 

failed to reveal an effect for picture valence or an interaction with valence and serostatus. 

The two groups evinced remarkably similar patterns of cortical activity along the Fz, Pz, 

and Cz midline locations. This finding conflicts with previous reports of reduced P3 

amplitude in HIV (Misky, 1998; Goodin et al., 1990; Ollo et al., 1991; Polich et al., 2000; 

Schroeder et al, 1994, Tartar et al., 2004). As predicted and in concurrence with the 

previously mentioned studies, P3 latency analysis revealed a contrast between groups and 

within subjects such that HIV positive females had a longer P3 latency than healthy-

controls after the neutral picture condition. This modest finding, isolated to frontal 

recording sites, may not suffice it to say an attenuated cortical response to the auditory 

oddball task was unambiguously evident in our sample of seropositive women. The 

findings do however mimic previous studies which suggest impoverished classification 

speed, as measured by P3 latency to the auditory tones, in HIV: a measure proportional to 

the time required to detect and evaluate a target stimulus (Goodin et al., 1990; Ollo et al., 

1991; Polich et al., 2000; Schroeder et al, 1994, Tartar et al., 2004). In this study, the null 

findings for P3 latency in the negative picture viewing condition conflicts recent reports 

of attenuation to both P3 amplitude and latency when elicited in close proximity of  an 

affective stimulus (Polich and Criado, 2006; Polich, 2007; Keil, 2007). Following the 
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seminal ideas set forth in a model for resource allocation, HIV+ women were expected to 

have a prolonged P3 latency after viewing affectively-charged stimuli when compared to 

healthy controls. Based upon the current findings, HIV+ women evinced comparable 

cortical activity while classifying the oddball tone when compared between groups and 

conditions.  

At first glance, ERP waveform analysis (see Figure 7) might suggest that HIV+ 

women allocate cognitive resources much like age and education matched controls when 

detecting infrequent auditory stimuli. A finding which contradicts most published 

findings to date. A limiting factor to consider when comparing the current findings to 

countless other P3 studies is the utilization of the emotion-cognition dual-task design 

wherein affective picture processing precedes a cognitive task. From a methodological 

standpoint, the null results in the negative viewing condition could implicate the visual 

stimulus as a source of contamination for the auditory ERP waveform. Although 

adjustments to baseline of the ERP measures were made by defining separate visual and 

auditory baselines as the interval 100ms before the presentation of the visual and auditory 

stimuli, it is possible that lingering components of the visual ERP might have overlapped 

with and contributed to some of the variance in P3 signal during the auditory oddball 

condition (see figure 9). When placed in close temporal proximity of a cognitive task, 

negative mood inducing stimuli is expected to attenuate P3 measures (Meinhardt & 

Pekrun, 2003; Keil et al., 2007; Kliegel, et al., 2003; Schupp et al., 1997). A model for 

resource allocation is supported in findings from these studies yet cannot be verified here 

due to the fact that manipulation of the valence component did not result in significantly 

less resources being allocated to the cognitive task even when factored in with clinical 
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status. An alternative to the resource allocation view of neural-processing during dual-

tasks is the less acknowledged strategic view (Hesse & Spies, 1996) of neural processing. 

According to this alternative model, the induced or naïve mood state of the participant, in 

this case the clinical group may have somehow facilitated task performance in a manner 

which increased classification speed for the oddball tones following the negative trials. In 

order to help validate this hypothesis, an analysis of the late components of the visual 

ERP was used to account for differences in picture processing.  

The late positive potential (LPP) has been shown to capture differences of 

processing visual stimuli in the affective dimension. Although the outer temporal limits 

of the LPP have not been determined, differences in cortical activity to emotionally-

charged pictures are shown to persist up to 1000ms after presentation (Hajack & Olvet, 

2008).  As documented in the methodology, auditory P3 data was gathered between a 

window 1050 and 1300 ms post-picture onset. For both groups it appears as if the LPP 

effect for negative pictures valence was evinced throughout the entire interstimulus 

(visual/auditory) interval of 950 ms, see Fig. 9. In the current study, posterior LPP for 

healthy controls was significantly larger in amplitude for negative pictures than neutral 

pictures at the .001 level which is consistent with previous findings, (Cuthbert, Schupp, 

Bradley, Birbaumer, & Lang, 2000; Hajcak, Moser, & Simons, 2006; Hajcak & 

Nieuwenhuis, 2006; Keil et al., 2002; Lang et al., 1997; Schupp et al., 2000; Schupp, 

Junghofer, Weike, & Hamm, 2003; Pastor et al., 2008). This difference was most 

pronounced between 600ms and 800ms post-picture onset. Unexpectedly and contrary to 

previous findings, the effect for picture valence on LPP was not observed in the 

seropositive sample, suggesting HIV+ females do not recruit additional cognitive 
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resources to process unpleasant compared to neutral IAPS images. To date, there are no 

published studies on LPP in HIV-infection, thus the potential to extrapolate these 

reported findings to seropositive women is hampered. It may however be concluded that 

when compared to healthy controls, HIV+ women process emotional information with 

different costs. It should be noted that differences in self-reported anxiety did contribute 

to the variance in LPP as evinced by ANCOVA. This finding has been replicated in a 

recent study which demonstrated a high correlation between state anxiety and increased 

LPP to aversive picture stimuli (Hajack and Macnamera, 2009).                                           

In the last few year years, researchers have posited that electrocortical measures 

of emotion processing can index individual differences in affective style and automatic 

emotion regulation (Hajcak & Nieuwenhuis, 2006; Krompiner, Moser, & Simons, 2008; 

Moser, Hajcak, Bukay, & Simons, 2006). Should the seropositive participants in this 

study indeed have utilized a different type of strategy to encode the affective dimensions 

of the negative pictures, we might expect a subsequent task to suffer or benefit from that 

strategy. For instance, it has been reported that down-regulation of negative emotions 

results in the greater amount of resources allocated to a subsequent task, whereas up- 

regulation or maintenance of negative emotion reduces post-stimulus P3 and N4 

(Deveney & Pizzagalli 2008). Subsequent cognitive measures of P3 and sensitivity (d’) in 

the current study were not in the direction of the hypothesis despite the robust differences 

in the visual ERP. Whether the absence of the LPP in the HIV+ group was due to the 

cognitive or automatic down regulation of emotions is not known. Furthermore it is not 

clear as to whether the reduction of LPP to negative pictures was inherent to symptoms 

associated with the early stages of the disease such as blunted affect and apathy 
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(Morrison et al., 2002; Castellon et al., 2000). General emotional deficit is observed at all 

stages of HIV infection and is frequently reported, even in the absence of depression and 

general anxiety (Bungenger, et al., 1995). It is posited that the LPP evinced emotional 

impairment on the part of the seropositive group.  Based upon the strategic view of neural 

processing, the blunted response to affect observed in HIV may have spared subsequent 

oddball-task performance, thus the clinical group appeared to exhibit a healthy P3 

waveform compared to controls. Behavioral data gathered from the picture rating task 

further supports this claim as HIV+ women were shown to rate significantly less pictures 

as affectively-negative than healthy controls. This finding in addition to the reduced LPP 

also supports an anhedonic response which is manifested as a result of early HIV-

infection.                

Limitations                     

The small sample size used in this study was a limitation such that we were not 

able to compare ERP measures as a function of disease progression amongst 

asymptomatic, symptomatic, and AIDS patients. All subcategories of HIV infection were 

assimilated into a single clinical group. Hence the seropositive group consisted of a 

heterogenous sample of asymptomatic and symptomatic women. Yet another limitation 

of this study was the inability, due to testing time limitations, to establish a baseline 

auditory-evoked P3 for either group, thus it cannot be determined whether seropositive 

women evinced any differences in cortical ERP response independent of an emotion 

eliciting task. In addition, this study did not control for individual difference is emotion-

regulation strategies which have been shown to attenuate LPP.  
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Implications                        

 Objective measurement of emotional consequences to affective material is an 

important area of study. HIV positive women face a number of psychological, physical, 

emotional, and health-related stressors each day. Stressors associated with HIV infection 

are of higher incidence in ethnic minority women with low socioeconomic status (SES) 

(Rabkin, 2008). These stressors range from learning that they are HIV positive and 

receiving adequate health care, to social factors such as economic hardship, 

homelessness, physical or sexual abuse, and family breakdown, all of which are found to 

be positively correlated to emotional disturbance and negative correlated to quality of life 

(Jenkins, Coons, 1996; Ling, Moore, Keruly, 1998; Cohen et al., 2002). In the 

psychosocial literature, several strategies have been found to effectively down-regulate 

subjective emotional intensity (van der Verk et al., 2007). The reduced LPP observed in 

the current study may reflect adaptive mechanisms used by HIV positive women to 

reduce the general intensity of a negative stressor. Furthermore, this study provides 

psychophysiological evidence which suggests emotional appraisal may be dysfunctional 

in early stages of HIV infection. Interestingly, this apparent dysfunction may work to 

spare cognitive resources on a subsequent task, a finding which to date has not been 

replicated. Future studies should continue to explore this emotion-cognition paradigm, 

paying specific attention to automatic and regulatory strategies at different stages of 

infection.  
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V. APPENDIX 
 

Two-hundred and forty-five pictures were taken from IAPS (SEA, 1999; see Lang 

et al., 1999), depicting 78 unpleasant events (e.g. spiders, mutilations, etc.), 158 neutral 

events (e.g. household objects, architectural structures, etc). The presentation of many of 

the pictures were repeated. The content groups were selected such that there was almost 

no overlap in IAPS normative affective valence ratings, i.e. the three stimulus contents 

were distinct and representative of affect type: mean valence (nine-point scales) for 

neutral pictures, 4.7; unpleasant pictures, 1.9. All neutral pictures had lower standard 

emotional arousal ratings (mean = 3.7) than unpleasant pictures (mean = 6.3). Because of 

the natural picture distribution of the IAPS, most of the negative images were duplicated.  

IAPS pictures with negative valence: 2095, 2120, 2205, 2410, 2491, 2694, 2751, 

2800, 3000, 3010, 3015, 3053, 3060, 3062, 3064, 3069, 3071, 3100, 3102, 3110, 3120, 

3130, 3140, 3168, 3170, 3180, 3230, 3261, 3266, 3301, 3350, 3530, 4005, 4550, 5972, 

6150, 6210, 6213, 6241, 6242, 6300, 6311, 6313, 6350, 6415, 6530, 6540, 6570, 6821, 

6838, 7035, 7036, 7037, 7041, 7050, 7110, 7130, 7179, 7183, 7235, 7283, 7705, 8231, 

8475, 9007, 9040, 9041, 9090, 9140, 9171, 9220, 9250, 9252, 9253, 9331, 9410, 9421, 

9433, 9470, 9594, 9620, 9635, 9800, 9810, 9830, 9921.  

IAPS pictures with neutral valence:1019, 1022, 1200, 1230, 1240, 1270, 1310, 

1390, 1616, 1850, 1930, 1931, 1945, 2095, 2190, 2191, 2200, 2206, 2214, 2221, 2230, 

2271, 2280, 2357, 2381, 2383, 2385, 2393, 2435, 2440, 2441, 2480, 2487, 2490, 2493, 
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2495, 2499, 2514, 2516, 2520, 2570, 2635, 2681, 2690, 2695, 2702, 2749, 2751, 2752, 

2780, 2795, 2800, 2810, 2830, 2840, 2850, 2880, 2890, 3005, 3010, 3030, 3053, 3062, 

3063, 3068, 3080, 3100, 3102, 3110, 3130, 3140, 3168, 3170, 3180, 3210, 3230, 3261, 

3266, 3301, 3350, 3530, 4000, 4004, 4142, 4233, 4302, 4561, 4613, 4635, 4770, 5120, 

5130, 5395, 5500, 5510, 5531, 5532, 5534, 5535, 5740, 5920, 5970, 5972, 6000, 6210, 

6213, 6300, 6311, 6313, 6314, 6350, 6415, 6530, 6540, 6540, 6560, 6570, 6570, 6800, 

6821, 6900, 6930, 7002, 7004, 7006, 7009, 7010, 7020, 7025, 7031, 7034, 7038, 7080, 

7090, 7096, 7100, 7140, 7150, 7160, 7161, 7175, 7180, 7182, 7184, 7185, 7186, 7187, 

7207, 7211, 7217, 7224, 7233, 7234, 7283, 7285, 7491, 7493, 7560, 7590, 7595, 7640, 

7700, 7820, 7830, 7920, 7950, 8010, 8060, 8192, 8232, 9007, 9010, 9070, 9080, 9110, 

9140, 9181, 9190, 9210, 9220, 9230, 9360, 9402, 9405, 9411, 9421, 9433, 9472, 9582, 

9620, 9630, 9700, 9800, 9830, 9913, 9921. 
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Table 1  
 
Participant demographic data. 
 
 
 
Variable name Mean SD Mean SD F p eta 

Age (year) 36.5 5.68 36.2 7.24 .023 .882 .001 

Education (years) 12.2 1.3 12.1 1.14 .002 .884 .001 

Mini Mental State Exam (score) 26.5 2.81 28.2 1.17 4.38 .047 .154 

Seropositive      Seronegative  
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Table 2   
 
Results for P3 amplitude. 
 
 
 
Electrode x Condition M (µv) SD M (µv)   SD F(1,26) P-value Eta² 

Fz x neutral  -3.34 3.68 -4.02 3.59 1.304 .264 .007 

Fz x negative  -3.51 3.44 -4.24 5.26  .194 .664 .048 

Cz x neutral  -4.24 4.13 -4.53 3.56  .040 .844 .001 

Cz x negative -3.59 3.91 -3.39 4.36  .016 .901 .002 

Pz x neutral  -5.22 3.43 -4.73 2.98  .157 .695 .006 

Pz x negative  -4.42 4.06 -4.02 3.59  .074 .788 .003 

 
 

Seropositive      Seronegative  
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Table 3  
 
Results for P3 latency 
 
 
 
Electrode-Condition M (ms) SD M (ms)   SD F(1,26) P-value Eta² 

Fz x neutral  384.1 84.5 332.8 34.1 4.195 .051 .02 

Fz x negative  354.9 85.0 382.9 104 .614 .440 .14 

Cz x neutral  362.9 63.5 324.2 39.0 3.369 .068 .02 

Cz x negative 348.8 68.1 332.3 30.6 .647 .429 .12 

Pz x neutral  362.8 56.5 382.6 85.7 .534 .471 .01 

Pz x negative  381.7 88.6 396.2 106.7 .153 .699 .02 

 
 
Note. Group differences were marginally significant in P3 latency following neutral  
 
picture presentation at Fz (p=.051) and Cz (p=.068). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Seropositive        Seronegative 
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Table 4  

Results for LPP amplitude (600 – 800ms).  

 

Electrode- Condition  M (µv) SD M (µv)   SD F(1,24) P-value Eta² 

Fz-negative -1.96 3.63 -2.95 3.77 -.915 .380 .02 

Fz-neutral -2.85 3.84 -2.11 3.83 .861 .405 .01 

Cz-negative -2.29 4.01 -4.57 3.81 -1.95 .08 .07 

Cz-neutral -2.36 3.74 -5.12 10.0 -1.04 .334 .03 

Pz -negative -0.31 2.79 -5.80 3.54 -7.56 .000 .42 

Pz -neutral -2.45 3.42 -3.00 4.77 -6.56 .523 .01 

 

Note. For the LPP there was a significantly greater mean amplitude for the negative 

pictures in the HIV(-) group at electrode location Pz.. Difference in LPP between neutral 

and negative pictures for the HIV(+) group was not evident.  

 

 

 

 

 

 

 

 

Seropositive        Seronegative 
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Table 5   

Between group comparison of self-report mood. 

 

Note. Groups differed in self-ratings of depression and anxiety, though not at clinical 

levels 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable name Mean SD Mean SD F p ηp² 

State Anxiety Inventory (SAI) 33.7 9.96 31.2 11.5 .363 .552 .015 

Trait Anxiety Inventory (TAI) 42.2 9.76 33.2 7.76 6.77 .016 .220 

Beck’s Depression Inventory-2 (BDI-2) 14.8 8.87 7.38 5.36 6.43 .018 .218 

Seropositive     Seronegative 

Seropositive    Seronegative 
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Table 6   

Between subject comparison of P3 amplitude. 

 

 

 

 

 

 

 

 

 

 

 

Electrode Location M (µv) SE M (µv)   SE F(1,26) P-value ηp² 

Fz   -3.43 .99 -4.71 1.06  .78 .39 .029 

Cz  -3.91 .93 -4.00 1.00  .001 .972 .000 

Pz  -4.82 .78 -4.40 .84  .147 .705 .006 

Seropositive     Seronegative 

Seropositive     Seronegative 
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Table 7  

Between subject comparison of P3 latency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electrode Location M (µv) SE M (µv)   SE F(1,26) P-value ηp² 

Fz   369.5 17.0 357.8 18.3    .219 .644 .008 

Cz  355.9 12.2 328.3 13.1   2.37 .136 .084 

Pz  372.3 18.9 389.4 20.3  .058 .542 .014 

Seropositive     Seronegative 
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Table 8  

Between subject comparison of LPP amplitude. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electrode Location M (µv) SE M (µv)   SE F(1,26) P-value ηp² 

Fz   -2.48   .89 -2.46   .97    .00   .99 .000 

Cz  -3.74 1.25 -3.43 1.35  .029 .866 .001 

Pz  -2.73   .92 -3.06   .99  .058 .811 .002 

Seropositive     Seronegative 
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Table 9  

Sensitivity and response bias data. 

Subject ID Serostatus Hit Rate False Alarm Sensitivity d’ Response β  

2 Positive .47 .22 .70 .29 

9 Negative .46 .52 -.15 .00 

11 Positive .43 .14 .92 .59 

12 Positive .34 .54 -.50 -.08 

13 Negative .49 .18 .89 .42 

14 Positive .43 .15 .86 .52 

15 Positive .36 .20 .48 .29 

16 Positive .19 .32 -.43 -.29 

17 Negative .77 .09 2.07 .60 

18 Positive .44 .44 .02 .00 

19 Negative .31 .19 .38 .26 

20 Negative .41 .17 .75 .44 

21 Positive .59 .16 1.19 .45 

23 Positive .44 .14 .92 .56 

24 Positive .73 .08 2.02 .82 

25 Positive .41 .32 .26 .09 

26 Positive .91 .02 3.47 1.27 

27 Positive .60 .12 1.44 .67 

28 Positive .70 .09 1.87 .77 

29 Positive .57 .13 1.30 .61 

30 Negative .63 .12 1.51 .65 

32 Negative .49 .16 .96 .49 

33 Negative .64 .09 1.73 .87 

34 Negative .49 .12 1.13 .68 
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35 Negative .34 .19 .46 .29 

36 Negative .60 .10 1.53 .79 
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Figure 1. A dual modality EEG paradigm was used to measure the auditory ERP elicited  
 
by tones while viewing a subset of IAPS pictures. Timing parameters included picture-on  
 
(200ms), inter-stimulus interval (600ms), tone-on/off (100ms).  
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Figure 2.  Combine ERP waveforms (visual and auditory) showing within group 

comparisons between picture valence conditions along the frontal-parietal midline.         

Y axis represent voltage (mV) and x axis represents time (ms).  (Note: due to data 

reduction mentioned in the methodology, averages reflect a smaller sample size). 
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Figure 3. Graph showing interaction between picture valence and serostatus for P3  
 
latency at the Fz electrode location. 
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Figure 4. Graph showing partial interaction for picture valence and serostatus on LPP at  
 
electrode location Pz. Seropositive women do not evince change in LPP to negative  
 
valence. 
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Figure 5. ERP waveform showing a marginally significant difference (p = .051) between  
 
groups for P3 latency following the neutral picture condition.  
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Figure 6. ERP waveform showing significant difference (p<.001) in LPP between neutral 

and negative picture viewing conditions for seronegative women. (LPP was measured 

from 600 – 800ms post stimulus). 
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Figure 7. ERP waveform showing comparison of LPP between neutral and negative 

picture viewing conditions for seropositive women. (LPP was measured from 600 – 

800ms post stimulus). 
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Figure 8.  ERP waveforms showing between group comparisons of P3 between groups 

and picture valence along the frontal-parietal midline.   

= HIV negati ve, negati ve pic tures

= HIV negati ve, neutr al pic tures

= HIV positi ve, neutr al pic tures

= HIV positi ve, negati ve pict ures

Legend for Figures 2-4:
= HIV negati ve, negati ve pic tures

= HIV negati ve, neutr al pic tures

= HIV positi ve, neutr al pic tures

= HIV positi ve, negati ve pict ures

Legend for Figures 2-4:
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Figure 9.  ERP waveforms showing between group comparisons of LPP between groups 

and picture valence along the frontal-parietal midline. EOG indicates little interference.
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