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Background: Voltage of the P300 component of event related potentials (ERPs) has been 

proposed as a phenotypic marker of risk for alcoholism. P3a elicited by intrusive events is 

important in the context of deficits in inhibition found during psychophysiological and behavioral 

evaluations in children of alcoholics. 

Methods: ERPs were recorded from a group of adult children of alcoholics (n 5 26) and controls 

(n 5 23) with a three-stimulus visual oddball paradigm. The task required a difficult perceptual 

discrimination between a frequent (.80) vertical line and an infrequent (.10) 2° tilted line (target). 

An easily discriminable nontarget infrequent horizontal line also occurred (.10). Subjects were 

required to press a button to the target. P3a was compared using mixed-model ANCOVAs at 31 

sites organized in 5 scalp 

regions. Current source density (CSD) maps were also analyzed. 

Results: High-risk (HR) subjects manifested reduced P3a amplitudes compared to controls at 

frontal, central, parietal, and temporal electrodes. CSD analyses supported these findings with 

group differences found for all the scalp regions. 

Conclusions: The results are discussed in relation to previous HR studies. P3a reductions may be 

related to deficits in neuronal inhibition during stimulus processing. These results suggest that 

P3a amplitude may be important as a marker for vulnerability to alcoholism. 

Key Words: Alcoholism, high-risk males, visual event related potentials (ERPs), P300, P3a, 

current source density 
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Introduction 

 

High risk (HR) alcoholism studies attempt to identify genotypic and phenotypic markers that 

contribute to the etiology of alcoholism by assessing offspring and siblings of alcoholic patients 

who are genetically vulnerable to the development of the disease (Hesselbrock 1995). 

Event-related potentials (ERPs) have been successfully used in HR research, because these 

neuroelectrical measures relate neurofunctional characteristics with cognitive processes, and 

different ERP anomalies have been associated with the acute and chronic effects of alcohol intake 

(see Porjesz and Begleiter 1996 for a review). Some ERP abnormalities of the P300 (P3b) 

component in alcoholic patients do not recover to normal values after long periods of abstinence 

(Porjesz and Begleiter 1985; Glenn et al 1993; Parsons 1994). These findings led to the hypothesis 

that rather than being a consequence of alcoholism, the P300 deficits may precede the 

development of the disease. Perhaps the most important ERP finding is that low P3s are observed 

in individuals at risk for alcoholism (offspring of alcoholics) prior to any alcohol exposure 

(Begleiter et al 1984). 

 

P3b in HR Subjects 

 

In this context, ERPs have also been used to study genetic influences in HR subjects, because 

P300 voltage and temporal characteristics are more similar among relatives than unrelated 

subjects (Polich and Burns 1987; Eischen and Polich 1994; Almasy et al in press) and between 

monozygotic than dizygotic twins (Rogers and Deary 1991; O’Connor et al 1994a; Katsanis et al 

1997; see Van Beijsterveldt and Boomsma 1994 for a review). The P3b ERP component has been 

used most often in HR studies. It is a positive-going wave with a maximum centroparietal peak 

occurring between 300 and 600 msec after the stimulus in normal subjects and is thought to be 

related to the stimulus significance (subjective probability, stimulus meaning, and information 

transmission) more than to its physical properties (Donchin et al 1986; Johnson 1986). 

The first report assessing ERPs in children of alcoholics found that the P3b waves of these 

subjects were more sensitive than those of control subjects to the acute effects of ethanol 

(Elmasian et al 1982). A major seminal study found that young children of alcoholics without 

experience with alcohol consumption and in the absence of an alcohol challenge demonstrated 

P3b amplitude reductions from a difficult visual-stimulus task similar to those reported from 

chronic abstinent alcoholics (Begleiter et al 1984). This finding has been subsequently observed 

using a variety of visual paradigms in children (Whipple et al 1988; Whipple et al 1991; Berman 

et al 1993a; Hill and Steinhauer 1993) and in young adult males (O’Connor et al 1986, 1987, 

1994b; Porjesz and Begleiter 1990; Hesselbrock et al 1993; Cohen et al 1997). Other studies have 

not found significant differences between HR and control subjects (Whipple and Noble 1986; 

Polich et al 1988b; Rodríguez Holguín et al 1998b), with suggestions that different risk factors, 

such as antisocial personality disorder, also may contribute to ERP differences between HR 

and control subjects (Bauer et al 1994a, b). Several of these later studies, however, have reported 

longer latencies in the children of alcoholics (Whipple and Noble 1986; Whipple et al 1991). For 

auditory ERP studies of alcoholic patients and HR subjects results are less consistent, with some 

reports finding lower P3b voltage in HR subjects (Begleiter et al 1987; Steinhauer and Hill 1993; 

Benegal et al 1995; Ramachandran et al 1996; Sharma et al 1997) and others obtaining no 

differences with controls (Polich and Bloom 1986, 1987; Baribeau et al 1987; Steinhauer et 
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al1987; Polich et al 1988a; Hill et al 1990; Bauer et al 1994a; Rodríguez Holguín et al 1998b). In 

a meta-analysis of the P3b ERP studies on HR males, several factors were identified that appear 

to contribute to the discrepancies among reports. These include subject age, task difficulty, and 

stimulus sensory modality, with diminished P3b amplitudes most consistently observed when 

younger (,17 years) subjects were assessed using difficult visual tasks (Polich et al 1994). 

Additional considerations implicate the lack of agreement in sample selection definition with 

respect to the criteria and methods employed to diagnose paternal alcoholism, the number of 

alcoholic relatives required for inclusion, the assessment procedures used, the presence or absence 

of other psychiatric problems, and the age range of the selected samples (Begleiter and Porjesz 

1995). Given these qualifications and despite the absence of total unanimity across HR reports, it 

is reasonable to conclude that the P3b is a valuable candidate to consider as a phenotypic marker 

for the development of alcoholism. This conclusion is also supported by ERP studies of 

alcoholics, which have found that the lower P3b is associated with a family history of alcoholism 

more than with alcohol consumption in these patients (Pfefferbaum et al 1991; Cohen et al 1995), 

and by two recent follow-up reports showing that P3b values in childhood are reasonable 

predictors of the alcohol and drug consumption in adolescence (Berman et al 1993b; Hill et al 

1995). 

 

P3a and Alcoholism 

 

An important aspect of P300 is that intrusive or “novel” stimuli (e.g., dog barks, abstract color 

forms, etc.) can produce an earlier, positive potential called “P3a” (Squires et al 1975). P3a is 

typically larger in amplitude than the P3b over the frontal and central electrode sites and is thought 

to reflect an alerting process that originates in the frontal cortex (Courchesne et al 1975; Knight 

1984). A recent study has demonstrated that stimulus context is a critical determinant for eliciting 

the P3a component with a three-stimulus oddball paradigm. When an infrequent, nontarget 

stimulus (not novel) is included in an oddball paradigm, the parietal P3b elicited by the target 

stimulus is unchanged (Katayama and Polich 1996a, b); however, the infrequent nontarget 

stimulus does elicit a P300 component that can be manipulated systematically as a function of the 

stimulus environment or context. When the target/ standard discrimination is easy, the infrequent 

nontarget elicits a parietal P300 that is smaller in amplitude and longer in latency than the target 

P3b, but with a similar scalp topography. When the target/standard perceptual discrimination is 

difficult, a well-differentiated infrequent nontarget elicits a P3a, larger in amplitude and shorter 

in latency than P3b at the anterior electrodes, which is similar in morphology to the P3a elicited 

by novel or unrecognizable stimuli (Katayama and Polich 1998). The theoretical interpretation of 

these effects is that the context defined by the difficult target/standard discrimination promotes 

an attentional redirection to the nontarget by means of the frontal lobe activation (Comerchero et 

al 1997; Comerchero and Polich, 1998, 1999)—a major attribute of the frontal lobe’s 

neurofunctional role (Knight 1996, 1997).  

 

Several studies have attempted to assess P300 components elicited by infrequent nontarget stimuli 

in alcoholics. Infrequent auditory stimuli in an unattended oddball paradigm elicited reduced 

P300 amplitude in alcoholics (Realmuto et al 1993). Another report found that alcoholics 

demonstrated delayed P300 latencies but not reduced amplitudes from the infrequent nontargets 

in easy three stimulus auditory and visual paradigms (Biggins et al 1995), although both delayed 
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latencies and reduced amplitudes were observed in a cocaine and alcohol-codependent group 

(Biggins et al 1997). More recently, alcoholic and control male subjects were assessed with a 

difficult visual three-stimulus paradigm, with the alcoholic subjects producing significant 

reductions in P3a amplitude broadly extended over the scalp (Rodríguez Holguín et al 1999). 

Research with offspring of alcoholics is more limited. A sample of young children of alcoholics 

assessed with an easy three-stimulus visual paradigm obtained reduced P300 in the occipital leads 

in HR young subjects (Van der Stelt et al 1996). A second study using easy three-stimulus 

auditory and visual oddball paradigms found that the visual infrequent nontarget stimulus elicited 

a longer parietocentral P300 latency in the HR male subjects but no differences in amplitude 

between the groups (Rodríguez Holguín et al 1998a). In sum, P300 differences for alcoholic and 

HR subjects have been obtained with infrequent nontarget stimuli, although the inter-group 

effects are not striking. 

P3a ERP components elicited in HR individuals by intrusive events are important in the context 

of behavioral and psychophysiological evaluations of subjects at risk for alcoholism. Behavioral 

studies have found that children of alcoholics evince a high prevalence of hyperactivity and 

attention deficit disorder, with higher scores on scales of impulsivity than the general population 

(Pihl et al 1990; Sher 1991). In addition, male subjects with a multigenerational family history of 

alcoholism demonstrate normal cardiovascular and electrodermal activity during resting (Finn et 

al 1990; Newlin and Thomson 1991; Schandler et al 1992) but have been found to be 

hyperreactive to both aversive (electrical shocks) and neutral (non-aversive tones) novel 

stimulation (Pihl et al 1989; Finn et al 1990). 

Thus, assessment with P3a paradigms may provide useful information about these autonomic 

indices in HR subjects, because this component reflects the central index of the processing of rare, 

infrequent events (Knight 1997). 

 

Present Study 

 

To assess this possibility, the present study employed a difficult perceptual discrimination visual 

task to evaluate a group of adult HR subjects. An infrequent nontarget stimulus that is perceptually 

distinct from the target and the standard will elicit a P3a larger in amplitude and shorter in latency 

than P3b at the frontocentral electrodes (Katayama and Polich 1998; Comerchero and Polich, in 

press a). In addition, the current source density (CSD) topographic maps were derived to obtain 

a measure of the sources and sinks of current under the scalp that reflect cortical neural generators. 

This technique uses Laplacian spline interpolations and constitutes a reference-free measure of 

brain electrical activity that is independent of any physical conductive head model (Nunez and 

Pilgreen 1991). 

 

Methods and Materials 

 

Subjects 

 

The subjects were 49 adult males ranging from 19 to 30 years of age. Control individuals (n =23, 

mean = 24.6, SD = 3.2 years) were recruited through newspaper advertisements or notices posted 

in the Health Science Center. The initial screening procedure required each subject to complete a 

questionnaire detailing alcohol and drug use history, and the medical and psychiatric histories for 
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both himself and his relatives. Inclusion in the control group depended on both the responses to 

the questionnaire and required that none of the control candidate’s first- or second-degree relatives 

were diagnosed as alcoholic. The HR group (n = 26, mean = 22.8, S.D. = 1.8 years) consisted of 

young adult, nonalcoholic males recruited using the same method. The mean age and the years of 

education in this group were less than in the control group (p < .02 and p < .01, respectively). 

Inclusion in the HR group required that at least the subject’s father be classified as alcohol 

dependent (DSM-III-R) (mean = 2.4 alcoholic relatives). Individuals with alcoholic mothers were 

excluded to rule out fetal alcohol effects. Individuals in the two groups provided informed consent 

and were paid for their participation. Exclusionary criteria for both the HR and control groups 

included major medical problems, a current requirement for central nervous system medication, 

or a history of psychiatric illness and/or drug abuse. Each subject underwent a detailed psychiatric 

interview focusing on questions of drug histories for both himself and his first- and second-degree 

relatives. The HR group showed higher alcohol consumption, indicated by the number of drinking 

days per month (p <.0009) and by the number of drinks per occasion (p < .0027). 

All subjects were asked to abstain from alcohol for 48 hours before testing, and each was 

interviewed using the Semi- Structured Assessment for the Genetics of Alcoholism (SSAGA), 

which uses both DSM-III-R alcohol dependence and Feighner definite criteria for the 

determination of alcoholism (Bucholz et al 1994). The main demographic characteristics of the 

sample are summarized in Table 1. The two groups were reasonably well matched on variables 

influencing the ERPs, such as the time of the assessment (hour of the day, month), recency of 

food ingestion, handedness, etc. (Polich and Kok 1995). 

 

Experimental Design 

 

A 31-lead electrode cap (Electro-Cap International, Inc., Akron, OH) was used to obtain the entire 

10-20 International montage with an additional 12 sites also assayed: AF1, AF2, FC1, FC2, FC5, 

FC6, CP1, CP2, CP5, CP6, PO1, and PO2 (Standard Electrode Position Nomenclature, American 

Electroencephalographic Society 1991). All scalp electrodes were referred to the nose, and a 

forehead electrode served as ground. EEG activity was amplified 10K using a band-pass 0.02–50 

Hz (Sensorium EPA-2 Electrophysiology Amplifier, Charlotte, VT), and was sampled at a rate of 

256 Hz, with a 125 msec prestimulus baseline and an epoch length of 1375 msec. Both vertical 

and horizontal eye movements were monitored with two electrodes placed supraorbitally and at 

the outer canthus of the right eye referred to nose. Trials with excessive eye and body movements 

(>.73.3 µV) were rejected on-line. Digital filtering was performed off-line using a 16 Hz low-

pass filter. 

Stimuli were three white lines presented on a black background, one vertical, one tilted 2° to the 

right of vertical, and one horizontal. They were presented at the center of a computer monitor 

with 45 msec duration. The interstimulus interval was 1.6 sec, and the stimuli were approximately 

8.5 cm in length. The vertical line was presented with a probability of 0.80 and was designated as 

the standard stimulus, the 2° off-vertical line (0.10) was the target and the horizontal line (0.10) 

was the infrequent nontarget stimulus. 

Subjects were seated comfortably in a dimly lighted, temperature regulated, sound-attenuated 

chamber, and fixated on a centrally displayed point located 1 m from their eyes on a computer 

monitor. A brief training sample was run to ensure accurate identification of the target and 

acceptable task performance. Subjects were instructed to press a button as quickly as possible 
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after seeing the line 2° tilted from vertical. Response speed was emphasized, but not at the cost 

of accuracy. Response hand side was alternated across subjects, and trials with response time 

.1000 msec were automatically excluded from all the analyses. The subjects received a maximum 

of 350 trials, but the experiment could be terminated when 200 artifact-free trials were acquired 

(25 of the target and infrequent non-target and 150 of the standard stimuli). ERPs from artifact-

free trials were averaged according to stimulus type. Because the major purpose of the present 

study was to evaluate P3a differences between the subject groups, only ERP data from the 

infrequent nontarget (P3a) will be presented here. 

 

Data Analysis 

 

The averaged ERPs were analyzed with a semiautomatic peak detection program. The P3a 

component was selected as the largest amplitude peak within a time window of 325–550 msec for 

the infrequent non-target ERPs. Both amplitudes (µV) and latencies (msec) were obtained at each 

of the 31 electrodes from all subjects. Component measurements were organized into five regional 

groupings: frontal (FP1, FP2, AF1, AF2, Fz, F3, F4, F7, F8), central (FC1, FC2, FC5, FC6, Cz, 

C3, C4), parietal (CP1, CP2, Pz, P3, P4), temporal (T7, T8, CP5, CP6, P7, P8), and occipital 

(PO1, PO2, O1, O2). Two-factors mixed model analyses of covariance (ANCOVAs) with risk 

group as a between-subjects factor and electrode as a within-subjects factor, and using age, 

drinking days per month, and drinks per occasion as covariates were used to assess group 

differences in P3a amplitudes and latencies in each of the regions. Greenhouse-Geisser 

adjustments to the degrees of freedom to correct for violations of sphericity were used where 

appropriate. ANCOVAs were also used to analyze differences in the ERP measurements for 

individual electrodes between the two groups. The behavioral data (response time, percentage of 

correct responses, and false alarms) were assessed using similar ANCOVAs. Bonferroni-

corrected probabilities were used for all the comparisons. 

 

CSD topographic maps were calculated at the time point of the maximum global field power 

corresponding to each group (controls = 402 msec, HR = 430 msec). The positive values 

represent sources of current—i.e., a source region where a local radial current is flowing through 

the skull into the scalp. These procedures have demonstrated previous success at isolating critical 

neural loci (Gevins et al 1991; Nunez and Pilgreen 1991; Begleiter et al 1993; Chorlian et al 1995; 

Zhang et al 1997). The topographical maps for high-risk and control subjects were compared. 

Because the signal to noise ratio in the maps of individuals is too low to permit meaningful 

comparisons, an averaging procedure must be used to increase the ratio. Because any statistical 

conclusions on the single average of all subjects in each group can not be drawn, a bootstrap 

method (Srebro 1996) was modified and used. It is based on the following principle: If the (vector-

valued) members of the group (designated AA) formed by averaging members from group A are 

statistically similar to the members of the group (designated BB) formed by averaging members 

from group B, then the correlations between members of the group (designated AB) formed by 

averaging members from the union of A and B will be statistically similar to the correlations 

between members of AA and members of BB. Conversely, if the correlations between members 

of AB are statistically dissimilar to those between members of AA and members of BB, then we 

can conclude that groups A and B differ. The t-test statistic was used for the comparison between 
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correlations, for both global and regional (frontal, central, parietal, right temporal, left temporal, 

and occipital). 

 

Results 

 

Behavioral Performance 

 

Table 2 summarizes the behavioral data for each subject group. Response times were not 

significantly different between the groups (p > .05), although there was a tendency for HR subjects 

to respond more quickly. Percent of correct responses were greater for the HR subjects compared 

to controls (F(1,44) 5 11.9, p < .0017), with a tendency for a higher false alarm rate in the HR 

group that did not reach significance (p>.05). 

 

P3a Amplitude 

 

Figure 1 illustrates the grand mean waveforms of the ERPs for the control and HR groups. Table 

3 summarizes the mean amplitude data and statistical assessment for each electrode. 

The mixed-model ANCOVA analyses of the P3a amplitude for the infrequent non-target 

condition demonstrated significant differences between the two groups in the frontal (F(1,44) = 

7.51, p < .0088), central (F(1,44) = 9.50, p < .0033; parietal (F(1,44) = 6.60, p < .0136) and 

temporal (F(1,44) = 6.93, p <.0116) regions, but not in the occipital region (F(1,44) = 2.32, p 

>.1346). ANCOVA analyses of each individual lead did produce significant reductions for P3a 

amplitude in the HR group compared to control subjects for six frontal, seven central, five parietal, 

and four temporal leads (see Table 3). 

 

P3a Latency 

 

P3a latency was not different between groups for either the regional or the individual ANCOVAs 

(p > .05). 

 

 

 

CSD Topographic Maps 

 

Figure 2 illustrates the corresponding P3a CSD maps for the control and HR groups. Visual 

inspection of the maps indicated that the sources of current in the HR group are smaller than in 

the control group. The HR group produced two frontal sinks that were absent in the control group, 

but the HR group did not show the occipital and the left temporal sinks present in the control map. 

Statistical comparison of the two maps (Srebro 1996) demonstrated significant overall differences 

in the neuroelectric activity between the groups (t = 45.0, p < .05). Regional comparisons showed 

that the differences were significant for all the regions (p < .05). 

 

Discussion 
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P3a amplitude from the infrequent nontarget stimuli was smaller in subjects at HR for alcoholism 

compared to controls. P3a amplitude reductions were significant at frontal central, parietal, and 

temporal areas, both in the regional and in the individual electrode analyses. 

  

Infrequent Non-Target Stimuli in HR ERP Studies  

 

Previous studies have used an easy task version of three stimulus paradigms to assess alcoholism 

in patients (Biggins et al 1995; Biggins et al 1997) and HR subjects (Van der Stelt et al 1996; 

Rodríguez Holguín et al 1998a). Perceptual discrimination difficulty facilitates P3a generation, 

with very similar target/standard stimuli and a clearly different infrequent non-target stimulus 

providing conditions that produce robust P3a components (Katayama and Polich 1998; 

Comerchero and Polich 1999). The present study elicited a large P3a with greater frontocentral 

amplitude and shorter latency than P3b—a pattern that was not obtained in any of the previous 

ERP studies on HR subjects. Thus, P3a effects in these reports should be viewed with caution, as 

the identifying factors of P3a were not generally observed. 

Furthermore, previous HR ERP studies used samples of young children of alcoholics, with an age 

range from childhood to adolescence. Developmental ERPs elicited by rare nontarget stimuli from 

children are distinct from those recorded from adults (Courchesne 1977, 1978, 1983), because 

young subjects do not evince a clear P3a but do produce a parietal positivity similar to P3b with 

a broad frontal negativity (Nc) around 300–400 msec. The frontocentral P3a progressively 

emerges during adolescence (Courchesne 1977, 1978, 1983). Given these observations, the 

present ERP waveforms are not comparable to those obtained from studies of young subject 

samples, which have reported occipital reductions or parietal delays for infrequent nontarget 

stimuli in HR young males (cf. Van der Stelt et al 1996; Rodríguez Holguín et al 1998a). 

 

Regional Distribution 

 

Because P3a has a more anterior distribution than P3b, it was expected that the current sources 

would extend over the parietal, central, and frontocentral areas, anterior to the parietally focused 

current sources typical in P3b (an example of P3b CSD maps—in the auditory modality— can be 

seen in Ramachandran et al 1996). It was also expected that the main differences between controls 

and HR subjects would appear in these regions, with lower positive or more negative current 

sources at centroparietal and frontocentral areas in HR subjects than in control subjects. 

 

The low component amplitudes observed in the HR subjects suggest that current sources extend 

from central to parietal and right temporal areas in the control group, but appear somewhat weaker 

and less widespread in the HR group. The children of alcoholics, however, demonstrated two 

sinks in middle and right positions of the frontal area that did not appear in the control subjects. 

In the occipital region, a sink appeared in the control subjects CSD map but was absent in the HR 

group’s CSD map. The main group differences in the CSD maps appeared primarily in the sinks 

at the frontal and occipital areas with some extension into the centroparietal sources. Thus, the 

widespread scalp distribution differences suggest that multiple cortical structures were involved 

in ERP generation. 
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In this context, it is interesting to note that several areas appear to underlie a limbic-cortical 

network for novelty detection and orientation of attention that are also thought to contribute to 

P3a generation (Mesulam 1990; Knight 1996, 1997). Human intracranial recordings and ERP 

studies of lesioned patients have indicated frontal lobe contributions (Knight 1984, 1997; 

Baudena et al 1995), posterior association (temporoparietal junction, lateral parietal lobe) cortex 

(Halgren et al 1995a,b; Knight 1997), as well as limbic structures (posterior hippocampus, 

parahippocampal region, cingulate gyrus, medial temporal lobe) (Halgren et al 1995a,b; Knight 

1996). Future studies complementing the ERP evaluations with neuroimaging techniques will 

help determine which of these structures, and perhaps other subcortical areas, are involved in the 

electrophysiologic dysfunction observed in HR subjects. 

 

Theoretical Interpretation 

 

The present results provide neurophysiologic support for the hypothesis that the subjects at risk 

for alcoholism demonstrate processing dysfunction for intrusive events (Pihl et al 1990; Sher 

1991), because no evidence for central indices of the orienting response in HR subjects has been 

previously reported. The mismatch negativity (MMN), an earlier ERP component related to the 

automatic processing of infrequent unattended auditory stimuli, are inconsistent in their findings, 

with one study reporting no differences between young HR and control subjects and another 

reporting increased amplitude in an adult HR group (Van der Stelt et al 1997; Zhang et al 

unpublished data). The P3a component elicited in the present study by an infrequent non-target 

stimulus that disrupts a perceptually difficult discrimination task produced anomalous reduction 

in HR adult subjects. Taken together with behavioral impulsivity or attention deficits that are also 

risk factors for alcoholism, studies that incorporate ERPs with behavioral and neuropsychological 

assays appear to be highly warranted. 

 

Positive ERP waves have been related to inhibition of cortical neuronal networks (Birbaumer et 

al 1990), and this inhibitor disfacilitation of surrounding regions is necessary to limit cortical 

excitation to task specific areas (Woodward et al 1991; Rockstroh et al 1992; Schupp et al 1994; 

Rockstroh et al 1996). Hence, the reduced amplitude of P3a may indicate a dysfunction in the 

neuronal modulation necessary for an adequate processing of novel events, suggesting a deficit 

in neuronal inhibition. Because both P3b and P3a are anomalous in subjects at risk for alcoholism, 

however, commonalities between these components should be explored to clarify the genesis of 

the underlying neurofunctional abnormalities. P3b has been related to the recognition of a 

stimulus relevant to the task, and the significance of the stimulus for the task has a major influence 

in the definition of P3b (Donchin et al 1986; Johnson 1986). P3a has been related to the orienting 

toward an irrelevant stimulus that attracts the attention focused in the task (Katayama and Polich 

1998). The two components have common features: 1) both P3a and P3b are determined most 

strongly by the context and moderately by the physical characteristics of the stimulus; 2) both 

components are similarly affected by stimulus probability; 3) the components overlap each other 

(Polich 1988); and 4) they appear to share common neural generators (Baudena et al 1995; 

Halgren et al 1995a, b). Taken in context with the theoretical interpretation given above, it is 

reasonable to suppose that the P3a and P3b amplitude reductions are related to a deficit in the 

neuronal inhibition occurring during the comparison of infrequent stimuli with a memory 

template, necessary for an adequate processing of all the infrequent stimuli in the task. 
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Deficits in inhibition were suggested by the behavioral data. The shorter (although nonsignificant) 

response time (RT) in the HR subjects (RT = 515 msec) compared with controls (RT = 599 msec) 

lead us to hypothesize that HR subjects were also less able to inhibit their responses. This could 

lead both to shorter RTs and to pressing the button even when in doubt. On the other hand, the 

controls, more able to control behavior, would try to avoid false alarms, inhibiting their responses 

in doubtful cases, and resulting in a higher percentage of missed targets. This explanation based 

on a lack of behavioral inhibition would be supported by the relatively high percentage of false 

alarms to the easily discriminable infrequent non-target in the HR group (HR = 2.1%; CN = 

0.8%); however, this difference did not reach statistical significance either. 

 

Thus, the behavioral data could be explained within the framework of problems in behavioral 

inhibition frequently associated with high risk for alcoholism (see Sher 1991, chapter 6) and that 

could be associated with deficits in the neuronal inhibition indicated by the ERP studies. 

Nonetheless, the fact that differences in response time and false alarms to the well-differentiated 

infrequent nontarget did not reach significance leads us to be cautious in offering this explanation. 

Perhaps with larger sample sizes, these intriguing behavioral data would reach significance. 

 

Conclusions 

 

Finally, the reduced P3a amplitudes observed in HR subjects in the present study agree with ERP 

findings from abstinent alcoholics using the same paradigm (Rodríguez Holguín et al 1999), 

where affected individuals also produced diminished P3a voltages. Although HR subjects drank 

more heavily than controls, this variable may not explain the ERP differences, as alcohol 

consumption was controlled using it as a covariate. Hence, P3a amplitude satisfies some of the 

conditions necessary for a phenotypic marker of a psychiatric disease (Begleiter and Porjesz 

1995): It is present in patients during symptom remission, occurs among first-degree relatives of 

affected subjects at a rate higher than that of the normal population, and although the P3b is 

reliable as a measure of genetic transmission, this attribute has not yet been established for the 

P3a. The present study found widespread reduced visual P3a amplitudes in adult male subjects at 

HR for alcoholism when a well-differentiated stimulus is infrequently inserted in a perceptually 

difficult discrimination task. These results support that automatic processing of infrequent 

irrelevant stimuli is not readily accomplished in HR subjects. Further studies are required to 

replicate these findings with independent samples, assess outcomes in other stimulus modalities, 

and apply them to female subjects samples. 
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