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Background: Voltage of the P300 component of event-Introduction

related potentials (ERPs) has been proposed as a pheno- . ) ) ) ) )
typic marker of risk for alcoholism. P3a elicited by igh risk (HR) alcoholism studies attempt to identify
intrusive events is important in the context of deficits in I ¥genotypic and phenotypic markers that contribute to
inhibition found during psychophysiological and behav-the etiology of alcoholism by assessing offspring and
ioral evaluations in children of alcoholics. siblings of alcoholic patients who are genetically vulner-
Methods: ERPs were recorded from a group of adult @ble to the development of the disease (Hesselbrock 1995).
children of alcoholicsif = 26) and controlsif = 23) with ~ Event-related potentials (ERPs) have been successfully
a three-stimulus visual oddball paradigm. The task re-used in HR research, because these neuroelectrical mea-
quired a difficult perceptual discrimination between a sures relate neurofunctional characteristics with cognitive
frequent (.80) vertical line and an infrequent (.10) 2° tilted processes, and different ERP anomalies have been associ-
line (target). An easily discriminable nontarget infrequent ated with the acute and chronic effects of alcohol intake
horizontal line also occurred (.10). Subjects were requir(_ad(see Porjesz and Begleiter 1996 for a review). Some ERP
to press a button fo the target. P3a was compared usingpnormalities of the P300 (P3b) component in alcoholic

mlx_ed-mcglel A'\thOVAS 3t 31_t5|teg So[r)ganlzed in 5 Sclalg)atients do not recover to normal values after long periods
regions. Current source density ( ) maps were aSDt abstinence (Porjesz and Begleiter 1985; Glenn et al

analyzed. ) ) ) ) 1993; Parsons 1994). These findings led to the hypothesis
Results: High-risk (HR) subjects manifested reduced P3aihat rather than being a consequence of alcoholism, the

amplitudes compared to controls at frontal, central, pari- P300 deficits may precede the development of the disease.

etal, and temporal electrodes. CSD analyses supporte ! L
these findings with group differences found for all theg’erhaps the m.os.t mportant ERP finding is thgt low P3s
are observed in individuals at risk for alcoholism (off-

scalp regions. )  alcoholi ior 1 lcohol B
Conclusions: The results are discussed in relation to Zﬁtr;ge?a?f&;)'cs) prior to any alcohol exposure (Beg-
previous HR studies. P3a reductions may be related t(& '
deficits in neuronal inhibition during stimulus processing. p3b in HR Subjects
These results suggest that P3a amplitude may be impor-

tant as a marker for vulnerability to alcoholismBiol " this context, ERPs have also been used to study genetic
Psychiatry 1999:46:281-291 @999 Society of Biologi- influences in HR subjects, because P300 voltage and
cal Psychiatry temporal characteristics are more similar among relatives

than unrelated subjects (Polich and Burns 1987; Eischen
Key Words: Alcoholism, high-risk males, visual event- and Polich 1994; Almasy et al in press) and between
related potentials (ERPs), P300, P3a, current source densitjonozygotic 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
From the Department of Clinical Psychology and Psychobiology, University of stlmul_us in norma_ll_subjects an_d IS_ thotht tc_) _be re_lated to
Santiago de Compostela, Galicia, Spain (SRH); Department of Psychiatry,the stimulus 5|gn|f|cance (subjectlve probablllty, stimulus
State University of New York Health Science Center, Brooklyn, New York H H g icci H
(BP, DBC, HB); and the Department of Neuropharmacology, The Scrippsmear,]mg' and mformanon t.ransmlssmn) more than to its
Research Institute, La Jolla, California (JP). physical properties (Donchin et al 1986; Johnson 1986).
Address reprint requests to Bernice Porjesz, PhD, SUNY Health Science Center at The first report assessing ERPs in children of alcoholics

Brooklyn, 450 Clarkson Avenue, Box 12031, Brooklyn, NY 11203. X
Received January 2, 1998; revised July 10, 1998; accepted July 20, 1998. found that the P3b waves of these subjects were more

© 1999 Society of Biological Psychiatry 0006-3223/99/$20.00
PIl S0006-3223(98)00247-9



282 BIOL PSYCHIATRY S.R. Holguin et al
1999;46:281-291

sensitive than those of control subjects to the acute effectis childhood are reasonable predictors of the alcohol and
of ethanol (Elmasian et al 1982). A major seminal studydrug consumption in adolescence (Berman et al 1993b;
found that young children of alcoholics without experi- Hill et al 1995).
ence with alcohol consumption and in the absence of an
alcohol ch_al_lenge _demon_strated P3b am_pli_tude reductions 35 and Alcoholism
from a difficult visual-stimulus task similar to those ) ) ) )
reported from chronic abstinent alcoholics (Begleiter et af* important aspect of P300 is that intrusive or “novel”
1984). This finding has been subsequently observed usingfiMmuli (€.9., dog barks, abstract color forms, etc.) can
a variety of visual paradigms in children (Whipple et al produce an earher, pos!tlve potentla] called f‘P3a” (Squires
1988; Whipple et al 1991; Berman et al 1993a; Hill and et al 1975). P3a is typically larger in amphtud_e than the_,-
Steinhauer 1993) and in young adult males (O’Connor eP3b over the frontal an(_JI central electrode_ _S|tes a_nd is
al 1986, 1987, 1994b; Porjesz and Begleiter 1990; Hesthought to reflect an alerting process that originates in the
selbrock et al 1993; Cohen et al 1997). Other studies hayiontal cortex (Courchesne et al 1975; Knight 1984). A
not found significant differences between HR and controlrécent study has demonstrated that stimulus context is a
subjects (Whipple and Noble 1986; Polich et al 1988b;critical determinant for eliciting the P3a component with a
Rodrguez Holgim et al 1998b), with suggestions that three-stimulqs oddball paradigm. When an infrequent,
different risk factors, such as antisocial personality disornontarget stimulus (not novel) is included in an oddball
der, also may contribute to ERP differences between Hiparadigm, the parietal P3b elicited by the target stimulus is
and control subjects (Bauer et al 1994a, b). Several ofinchanged (Katayama and Polich 1996a, b); however, the
these later studies, however, have reported longer latenciédrequent nontarget stimulus does elicit a P300 compo-
in the children of alcoholics (Whipple and Noble 1986; nent that can be manipulated systematically as a function
Whipple et al 1991). For auditory ERP studies of alcoholicof the stimulus environment or context. When the target/
patients and HR subjects results are less consistent, wifandard discrimination is easy, the infrequent nontarget
some reports finding lower P3b voltage in HR subjectselicits a parietal P300 that is smaller in amplitude and
(Begleiter et al 1987; Steinhauer and Hill 1993; Benegal etonger in latency than the target P3b, but with a similar
al 1995; Ramachandran et al 1996; Sharma et al 1997) arkfalp topography. When the target/standard perceptual
others obtaining no differences with controls (Polich anddiscrimination is difficult, a well-differentiated infrequent
Bloom 1986, 1987; Baribeau et al 1987; Steinhauer et anontarget elicits a P3a, larger in amplitude and shorter in
1987: Polich et al 1988a: Hill et al 1990; Bauer et al latency than P3b at the anterior electrodes, which is similar
1994a; Rodguez Holgim et al 1998b). in morphology to the P3a elicited by novel or unrecogniz-
In a meta-analysis of the P3b ERP studies on HR malegible stimuli (Katayama and Polich 1998). The theoretical
several factors were identified that appear to contribute tdnterpretation of these effects is that the context defined by
the discrepancies among reports. These include subjetiie difficult target/standard discrimination promotes an
age, task difficulty, and stimulus sensory modality, with attentional redirection to the nontarget by means of the
diminished P3b amplitudes most consistently observedrontal lobe activation (Comerchero et al 1997; Comer-
when younger €17 years) subjects were assessed usinghero and Polich, 1998, 1999)—a major attribute of the
difficult visual tasks (Polich et al 1994). Additional frontal lobe’s neurofunctional role (Knight 1996, 1997).
considerations implicate the lack of agreement in sample Several studies have attempted to assess P300 compo-
selection definition with respect to the criteria and meth-nents elicited by infrequent nontarget stimuli in alcoholics.
ods employed to diagnose paternal alcoholism, the numbdnfrequent auditory stimuli in an unattended oddball par-
of alcoholic relatives required for inclusion, the assessadigm elicited reduced P300 amplitude in alcoholics
ment procedures used, the presence or absence of othgtealmuto et al 1993). Another report found that alcohol-
psychiatric problems, and the age range of the selecteigs demonstrated delayed P300 latencies but not reduced
samples (Begleiter and Porjesz 1995). Given these qualamplitudes from the infrequent nontargets in easy three-
fications and despite the absence of total unanimity acrosstimulus auditory and visual paradigms (Biggins et al
HR reports, it is reasonable to conclude that the P3b is 4995), although both delayed latencies and reduced am-
valuable candidate to consider as a phenotypic marker fgplitudes were observed in a cocaine and alcohol-codepen-
the development of alcoholism. This conclusion is alsodent group (Biggins et al 1997). More recently, alcoholic
supported by ERP studies of alcoholics, which have foundand control male subjects were assessed with a difficult
that the lower P3b is associated with a family history ofvisual three-stimulus paradigm, with the alcoholic subjects
alcoholism more than with alcohol consumption in theseproducing significant reductions in P3a amplitude broadly
patients (Pfefferbaum et al 1991; Cohen et al 1995), an@xtended over the scalp (Réguez Holgim et al 1999).
by two recent follow-up reports showing that P3b valuesResearch with offspring of alcoholics is more limited. A



Visual P3a in HR Males BIOL PSYCHIATRY 283
1999;46:281-291

sample of young children of alcoholics assessed with affable 1. Demographic Characteristics of Control and High-
easy three-stimulus visual paradigm obtained reducefisk Groups

P300 in the occipital leads in HR young subjects (Van der Control group High-risk group
Stelt et al 1996). A second study using easy three-stimulus (n = 23) (n = 26)
auditory and visual oddball paradigms found that the

. . . . Mean SD Mean SD
visual infrequent nontarget stimulus elicited a longer

parietocentral P300 latency in the HR male subjects but ng9¢ v/éars) 24.6 32 22.8 1.8
diff . litude b h ducation (years) 15.7 2.4 12.1 1.8
ifferences in amp itude between the groups (Rywker Drinking days/month 21 27 6.3 51
Holguin et al 1998a). In sum, P300 differences for prinks/occasion 1.7 1.7 4.7 4.4

alcoholic and HR subjects have been obtained with infre-
guent nontarget stimuli, although the inter-group effects

are not striking. years) were recruited through newspaper advertisements or
P3a ERP components elicited in HR individuals by notices posted in the Health Science Center. The initial screening
intrusive events are important in the context of behaviorabrocedure required each subject to complete a questionnaire
and psychophysiological evaluations of subjects at risk fodetailing alcohol and drug use history, and the medical and
alcoholism. Behavioral studies have found that children ofpsychiatric histories for both himself and his relatives. Inclusion
alcoholics evince a high prevalence of hyperactivity andn the control group depended on both the responses to the
attention deficit disorder, with higher scores on scales ofluestionnaire and required that none of the control candidate’s
impulsivity than the general population (Pihl et al 1990; first- or second-degree relatives were diagnosed as alcoh'ollc. The
Sher 1991). In addition, male subjects with a multigenera! 'R 9roup f = 26, mean= 22.8, S.D.= 1.8 years) consisted
tional family history of alcoholism demonstrate normal of young adult, nonalcoholic males recruited using thg same
. . . .__method. The mean age and the years of education in this group
cgrdlovascular and e[ectrodermal activity during resting,are |ess than in the control group K .02 andp < .01,
(Finn et al 1990; Newlin and Thomson 1991; Sc_handler tespectively). Inclusion in the HR group required that at least the
al 1992) but have been found to be hyperreactive to botRupject's father be classified as alcohol dependent (DSM-11I-R)
aversive (electrical shocks) and neutral (non-aversivemean = 2.4 alcoholic relatives). Individuals with alcoholic
tones) novel stimulation (Pihl et al 1989; Finn et al 1990).mothers were excluded to rule out fetal alcohol effects.
Thus, assessment with P3a paradigms may provide useful Individuals in the two groups provided informed consent and
information about these autonomic indices in HR subjectswere paid for their participation. Exclusionary criteria for both
because this component reflects the central index of thée HR and control groups included major medical problems, a

processing of rare, infrequent events (Knight 1997). cgrrent requirem_ent' fo_r central nervous system medication, ora
history of psychiatric illness and/or drug abuse. Each subject

underwent a detailed psychiatric interview focusing on questions
Present Study of drug histories for both himself and his first- and second-degree

To assess this possibility, the present study employed _@Ia}tives. The HR group showe_d higher alcohol consumption,
difficult perceptual discrimination visual task to evaluate gindicated by the number of drinking days per month

. . .0009) and by theumber of drinks per occasiop (< .0027).
group of adult HR subjects. An infrequent nontargetA” subjects were asked to abstain from alcohol for 48 hours

stimulus that is perceptually distinct from the target andy e testing, and each was interviewed using the Semi-

the star_ldard will elicit a P3a larger in amplitude and iy ctured Assessment for the Genetics of Alcoholism (SSAGA),
shorter in latency than P3b at the frontocentral electrodegnich uses both DSM-III-R alcohol dependence and Feighner

(Katayama and Polich 1998; Comerchero and Polich, irdefinite criteria for the determination of alcoholism (Bucholz et
press a). In addition, the current source density (CSDhl 1994). The main demographic characteristics of the sample are
topographic maps were derived to obtain a measure of theummarized in Table 1. The two groups were reasonably well
sources and sinks of current under the Sca|p that reflegnatched on variables influencing the ERPs, such as the time of
cortical neural generators. This technique uses Laplaciaffe assessment (hour of the day, month), recency of food
spline interpolations and constitutes a reference-free med29estion, handedness, etc. (Polich and Kok 1995).

sure of brain electrical activity that is independent of any

physical conductive head model (Nunez and PilgreerExperimental Design

1991). A 31-lead electrode cap (Electro-Cap International, Inc., Akron,
] OH) was used to obtain the entire 10-20 International montage
Methods and Materials with an additional 12 sites also assayed: AF1, AF2, FC1, FC2,

. FC5, FC6, CP1, CP2, CP5, CP6, PO1, and PO2 (Standard
SUbJeCtS Electrode Position Nomenclature, American Electroencephalo-
The subjects were 49 adult males ranging from 19 to 30 years ofraphic Society 1991). All scalp electrodes were referred to the
age. Control individuals{ = 23, mean= 24.6, SD= 3.2 nose, and a forehead electrode served as ground. EEG activity
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was amplified 10K using a band-pass 0.02-50 Hz (SensoriunTable 2. Behavioral Data for Control and High-Risk Groups
EPA-2 Electrophysiology Amplifier, Charlotte, VT), and was

sampled at a rate of 256 Hz, with a 125 msec prestimulus Control g;OUp H'gh'”szggou”
baseline and an epoch length of 1375 msec. Both vertical and (n =23 (n = 26)
horizontal eye movements were monitored with two electrodes Mean SD Mean SD
placed supraorbitally and at the outer canthus of the right eY&esponse time (msec) 599 123.7 515 715
referred to nose. Trials with excessive eye and body movementgorrect (%) 68.9 14.6 83.6 11.5
(>73.3 uV) were rejected on-line. Digital filtering was per- False alarms (%) 11 6.9 45 5.4

formed off-line using a 16 Hz low-pass filter.
Stimuli were three white lines presented on a black back-
ground, one vertical, one tilted 2° to the right of vertical, and one

horlz.ontal.. They were presgnted at .the cgnter OT a Compmeélectrodes between the two groups. The behavioral data (re-
monitor with 45 msec duration. The interstimulus interval was

S : . sponse time, percentage of correct responses, and false alarms
1.6 sec, and the stimuli were approximately 8.5 cm in length. The P » bercentage o P ' . )
: . : - Wwere assessed using similar ANCOVAs. Bonferroni-corrected
vertical line was presented with a probability of 0.80 and was o .
. . o S robabilities were used for all the comparisons.
designated as the standard stimulus, the 2° off-vertical line (0.10

. . . CSD topographic maps were calculated at the time point of the
was the target and the horizontal line (0.10) was the mfrequenFnaximum global field power corresponding to each group
nontarget stimulus.

Subiect ted fortably in a dimlv liahted. t (controls = 402 msec, HR= 430 msec). The positive values
ubjects were seated comiortably n a dimly ighted, emlOer'represent sources of current—i.e., a source region where a local

aturte lrlegs!at?d, Zoun(j—?t:en;‘aetid cl}ambetrr,] (_and fixated on &dial current is flowing through the skull into the scalp. These
cen raty 'SP a_ltye Ap%m f(t)c. -~ M rorln el eyets on a procedures have demonstrated previous success at isolating
computer monitor. riet training Sample was run to ensure ..o neural loci (Gevins et al 1991; Nunez and Pilgreen 1991;

accurate identification of the target and acceptable task perforBegIeiter et al 1993; Chorlian et al 1995: Zhang et al 1997). The

mance. Subjects were instructed to press a button as quickly %8pographica| maps for high-risk and control subjects were

possible after seeing the line 2° tilted from vertical. ReSponsecompared. Because the signal to noise ratio in the maps of

speed was emphasized, but not at the cost of accuracy. ReSpoqﬁ(aividuals is too low to permit meaningful comparisons, an

hand side was alternated across subjects, and trials with respong\%ragmg procedure must be used to increase the ratio. Because
time >1000 msec were automatically excluded from all the

. . . . any statistical conclusions on the single average of all subjects in
analy;es. The subjects rece_zlved a maximum of 3_50 trials, bu-t thgach group can not be drawn, a bootstrap method (Srebro 1996)
experiment could be terminated when 200 artifact-free trials as modified and used. It is based on the following principle: If

were acquired (25 of the target and infrequent non-target and 15 e (vector-valued) members of the group (designated AA)

of the standard stimuli). ERPs from artifact-free trials were ¢ ed by averaging members from group A are statistically
averaged according to stimulus type. Because the major PUrPOSEmilar to the members of the group (designated BB) formed by
of the present study was to evaluate P3a differences between ﬂzﬁ/eraging members from group B, then the correlations between
subject .groups, only ERP data from the infrequent nontargeFnembers of the group (designat’ed AB) formed by averaging
(P3a) will be presented here. members from the union of A and B will be statistically similar
to the correlations between members of AA and members of BB.
Data Analysis Conversely, if the correlations between members of AB are

The averaged ERPs were analvzed with a semiautomatic eaﬁ;[atistically dissimilar to those between members of AA and
g y P members of BB, then we can conclude that groups A and B

g(er;eecstltogmirlict)gazmp;ellr(] ;i;?: ac?imgovr\]/iir:jtovv\\/lisf 35%6_0;28 niiet:(ﬁﬁer' Thet-test statistic was used for the comparison between
) . correlations, for both global and regional (frontal, central, pari-
for the infrequent non-target ERPs. Both amplitude¥) and etal, right temporal, left temporal, and occipital)
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),Resu|ts
central (FC1, FC2, FC5, FC6, Cz, C3, C4), parietal (CP1, CP2,
Pz, P3, P4), temporal (T7, T8, CP5, CP6, P7, P8), and occipitaBehavioral Performance

(PO1, PO2, O1, O2). Two-factors mixed model analyses Ofrapie 2 summarizes the behavioral data for each subject
covariance (ANCOVAs) with risk group as a between-subjects

o ! ) roup. Response times were not significantly different
factor and electrode as a within-subjects factor, and using ag% t th ~ 05 ith h th
drinking days per month, and drinks per occasion as covariate etween the groupsp( .05), althoug ere was a

were used to assess group differences in P3a amplitudes angndency for HR subjects to respond more quickly. Percent
latencies in each of the regions. Greenhouse-Geisser adjustmer®§ COrrect responses were greater for the HR subjects
to the degrees of freedom to correct for violations of sphericitycompared to controlsF(1,44) = 11.9,p < .0017),
were used where appropriate. ANCOVAs were also used tovith a tendency for a higher false alarm rate in the HR
analyze differences in the ERP measurements for individuagroup that did not reach significancp ¢ .05).



Visual P3a in HR Males BIOL PSYCHIATRY 285
1999;46:281-291

Infrequent Non-Target ERPs
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Figure 1. Grand mean waveforms of the ERPs for the controt(23) and the high-riskr{ = 26) groups.

P3a Amplitude P3a Latency

Figure 1 illustrates the grand mean waveforms of the ERP&3a latency was not different between groups for either the
for the control and HR groups. Table 3 summarizes thaegional or the individual ANCOVAs{ > .05).

mean amplitude data and statistical assessment for each

electrode.

The mixed-model ANCOVA analyses of the P3a am-
plitude for the infrequent non-target condition demon-
strated significant differences between the two groups irFigure 2 illustrates the corresponding P3a CSD maps for
the frontal F(1,44) = 7.51, p < .0088), central the control and HR groups. Visual inspection of the maps
(F(1,44) = 9.50, p < .0033; parietal F(1,44) = indicated that the sources of current in the HR group are
6.60,p < .0136) andemporal £(1,44)= 6.93,p <  smaller than in the control group. The HR group produced
.0116) regions, but not in the occipital region two frontal sinks that were absent in the control group, but
(F(1,44)= 2.32,p > .1346).ANCOVA analyses of the HR group did not show the occipital and the left
each individual lead did produce significant reductions fortemporal sinks present in the control map. Statistical
P3a amplitude in the HR group compared to controlcomparison of the two maps (Srebro 1996) demonstrated
subjects for six frontal, seven central, five parietal, andsignificant overall differences in the neuroelectric activity
four temporal leads (see Table 3). between the groupst (= 45.0, p < .05). Regional

CSD Topographic Maps
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Table 3. Mean P3a AmplitudesV) for Infrequent Nontarget Stimulus in the Control and High-

Risk Groups
Control group High-risk group
(n = 23) (n = 26)
Mean SD Mean SD F p
Fpl 5.32 4.01 3.02 4.28 7.42 .0092
Fp2 5.40 3.91 3.73 4.87 3.36 ns
AF1 8.61 3.99 5.90 4.77 5.88 .0195
AF2 9.16 4.16 6.35 4.80 5.21 .0273
Fz 12.67 4.74 8.50 5.58 7.54 .0087
F3 10.81 3.81 7.35 4.86 6.14 .0171
F4 11.86 4.34 8.04 4.99 7.38 .0094
F7 6.39 2.62 4.58 3.39 7.01 .0112
F8 7.77 4.02 5.66 4.48 3.89 ns
FC1 15.20 5.01 10.62 5.86 8.56 .0054
FC2 16.03 5.91 11.08 5.68 9.63 .0033
FC5 10.20 3.67 7.39 4.13 6.17 .0169
FC6 12.23 4.69 8.70 4.48 9.25 .0040
Cz 17.53 5.72 12.68 6.19 10.97 .0019
C3 15.66 5.22 11.48 5.75 7.17 .0104
c4 16.77 5.66 12.55 6.02 7.63 .0083
CP1 17.36 5.54 13.30 6.14 7.11 .0107
CP2 17.95 5.78 13.25 6.23 8.72 .0050
Pz 17.08 5.47 13.01 6.35 5.40 .0248
P3 15.60 6.04 11.52 5.85 5.72 .0212
P4 15.62 5.22 12.16 5.98 4.29 .0443
T7 8.39 4.40 6.36 4.59 3.91 ns
T8 9.92 4.55 7.60 4.13 7.13 .0106
CP5 13.46 4.23 9.67 6.02 6.68 .0132
CP6 1451 4.87 11.00 5.64 5.93 .0190
P7 10.62 5.12 7.12 5.08 581 .0201
P8 11.55 4.35 8.08 5.98 4.43 .0410
PO1 13.29 5.77 10.90 6.00 2.59 ns
PO2 13.78 5.52 10.83 5.93 3.78 ns
o1 9.92 5.75 7.37 5.50 2.42 ns
02 9.60 5.37 7.82 6.17 0.74 ns
df (1, 44)

2No significant Bonferroni comparison.

comparisons showed that the differences were significardtion, with very similar target/standard stimuli and a
for all the regions p < .05). clearly different infrequent non-target stimulus providing
conditions that produce robust P3a components (Kataya-
] ] ma and Polich 1998; Comerchero and Polich 1999). The
Discussion present study elicited a large P3a with greater frontocen-

P3a amplitude from the infrequent nontarget stimuli wastr@ amplitude and shorter latency than P3b—a pattern that
smaller in subjects at HR for alcoholism compared toW&S not obtained in any of the previous ERP studies on
controls. P3a amplitude reductions were significant at1R Subjects. Thus, P3a effects in these reports should be

frontal central, parietal, and temporal areas, both in the/i€wed with caution, as the identifying factors of P3a were

regional and in the individual electrode analyses. not generally observed. ,
Furthermore, previous HR ERP studies used samples of

) .. ) young children of alcoholics, with an age range from
Infrequent Non-Target Stimuli in HR ERP Studies  ¢pjiqhood to adolescence. Developmental ERPs elicited
Previous studies have used an easy task version of thrdxy rare nontarget stimuli from children are distinct from
stimulus paradigms to assess alcoholism in patients (Bigthose recorded from adults (Courchesne 1977, 1978,
gins et al 1995; Biggins et al 1997) and HR subjects (Van1983), because young subjects do not evince a clear P3a
der Stelt et al 1996; Rodjuez Holgim et al 1998a). but do produce a parietal positivity similar to P3b with a
Perceptual discrimination difficulty facilitates P3a gener-broad frontal negativity (Nc) around 300—400 msec. The
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Figure 2. CSD maps at the P3a peak for control (402 msec) and high-risk (430 msec) groups (the scale uses arbitrary units).

frontocentral P3a progressively emerges during adolessubjects CSD map but was absent in the HR group’s
cence (Courchesne 1977, 1978, 1983). Given thes€SD map. The main group differences in the CSD maps
observations, the present ERP waveforms are not comappeared primarily in the sinks at the frontal and
parable to those obtained from studies of young subjecbccipital areas with some extension into the centropa-
samples, which have reported occipital reductions orietal sources. Thus, the widespread scalp distribution
parietal delays for infrequent nontarget stimuli in HR differences suggest that multiple cortical structures
young males (cf. Van der Stelt et al 1996; Rglrez ~ were involved in ERP generation.

Holgun et al 1998a). In this context, it is interesting to note that several areas
appear to underlie a limbic-cortical network for novelty
Regional Distribution detection and orientation of attention that are also thought

Because P3a has a more anterior distribution than P3b, 3?990((3) nt:rlltg);t?(; t?—lErian?ther ;‘?r'gzié:vlf;gol?é?négggggné%g

was expected that the current sources would extend over . . : L

k : Studies of lesioned patients have indicated frontal lobe

the parietal, central, and frontocentral areas, anterior tothe =~ ° ) )

. : . contributions (Knight 1984, 1997; Baudena et al 1995),
parietally focused current sources typical in P3b (an . o ! . :

) : . posterior association (temporoparietal junction, lateral pa-

example of P3b CSD maps—in the auditory modality— lobe) cortex (Halgren et al 1995a,b; Knight 1997), as

can be seen in Ramachandran et al 1996). It was also 9 0, KNIg '

expected that the main differences between controls an _eII as limbic strgcture_s (posterior h|ppocampus, para-
ippocampal region, cingulate gyrus, medial temporal

HR subjects would appear in these regions, with lowe ) .
positive or more negative current sources at centroparieté?be) (Halgren et al 1995a,b; Knight 1996). Future

and frontocentral areas in HR subjects than in controrStl.Jd'es. complementmg the ERP evaluat'lons W'.th neu-
subjects roimaging techniques will help determine which of

The low component amplitudes observed in the HR_these structures, and perhaps other subcortical areas, are

subjects suggest that current sources extend from centrkﬂvowed in the electrophysiologic dysfunction observed

to parietal and right temporal areas in the control group!n HR subjects.

but appear somewhat weaker and less widespread in the

HR group. The children of alcoholics, however, demon- . .

strated two sinks in middle and right positions of the Theoretical Interpretation

frontal area that did not appear in the control subjectsThe present results provide neurophysiologic support for
In the occipital region, a sink appeared in the controlthe hypothesis that the subjects at risk for alcoholism
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demonstrate processing dysfunction for intrusive event$RT) in the HR subjects (R 515 msec) compared with
(Pihl et al 1990; Sher 1991), because no evidence focontrols (RT= 599 msec) lead us to hypothesize that HR
central indices of the orienting response in HR subjectsubjects were also less able to inhibit their responses. This
has been previously reported. The mismatch negativityould lead both to shorter RTs and to pressing the button
(MMN), an earlier ERP component related to the auto-even when in doubt. On the other hand, the controls, more
matic processing of infrequent unattended auditory stim-able to control behavior, would try to avoid false alarms,
uli, are inconsistent in their findings, with one study inhibiting their responses in doubtful cases, and resulting
reporting no differences between young HR and controin a higher percentage of missed targets. This explanation
subjects and another reporting increased amplitude in abased on a lack of behavioral inhibition would be sup-
adult HR group (Van der Stelt et al 1997; Zhang et alported by the relatively high percentage of false alarms to
unpublished data). The P3a component elicited in thehe easily discriminable infrequent non-target in the HR
present study by an infrequent non-target stimulus thagroup (HR= 2.1%; CN= 0.8%); however, this difference
disrupts a perceptually difficult discrimination task pro- did not reach statistical significance either.
duced anomalous reduction in HR adult subjects. Taken Thus, the behavioral data could be explained within the
together with behavioral impulsivity or attention deficits framework of problems in behavioral inhibition frequently
that are also risk factors for alcoholism, studies thatassociated with high risk for alcoholism (see Sher 1991,
incorporate ERPs with behavioral and neuropsychologicathapter 6) and that could be associated with deficits in
assays appear to be highly warranted. the neuronal inhibition indicated by the ERP studies.
Positive ERP waves have been related to inhibition ofNonetheless, the fact that differences in response time
cortical neuronal networks (Birbaumer et al 1990), andand false alarms to the well-differentiated infrequent
this inhibitor disfacilitation of surrounding regions is nontarget did not reach significance leads us to be
necessary to limit cortical excitation to task specific areasautious in offering this explanation. Perhaps with

(Woodward et al 1991; Rockstroh et al 1992; Schupp et alarger sample sizes, these intriguing behavioral data
1994; Rockstroh et al 1996). Hence, the reduced amplitud@ould reach significance.

of P3a may indicate a dysfunction in the neuronal modu-
lation necessary for an adequate processing of novel
events, suggesting a deficit in neuronal inhibition. Becaus :
both P3b and P3a are anomalous in subjects at risk f(;?rionclusmns
alcoholism, however, commonalities between these comFinally, the reduced P3a amplitudes observed in HR
ponents should be explored to clarify the genesis of th&ubjects in the present study agree with ERP findings from
underlying neurofunctional abnormalities. P3b has beer@bstinent alcoholics using the same paradigm (R
related to the recognition of a stimulus relevant to the taskiHolguin et al 1999), where affected individuals also
and the significance of the stimulus for the task has #roduced diminished P3a voltages. Although HR subjects
major influence in the definition of P3b (Donchin et al drank more heavily than controls, this variable may not
1986; Johnson 1986). P3a has been related to the orientir@xplain the ERP differences, as alcohol consumption was
toward an irrelevant stimulus that attracts the attentiorcontrolled using it as a covariate. Hence, P3a amplitude
focused in the task (Katayama and Polich 1998). The twaatisfies some of the conditions necessary for a phenotypic
components have common features: 1) both P3a and P3parker of a psychiatric disease (Begleiter and Porjesz
are determined most strongly by the context and moderl995): It is present in patients during symptom remission,
ately by the physical characteristics of the stimulus; 2)occurs among first-degree relatives of affected subjects at
both components are similarly affected by stimulus prob-a rate higher than that of the normal population, and
ability; 3) the components overlap each other (Polichalthough the P3b is reliable as a measure of genetic
1988); and 4) they appear to share common neurdransmission, this attribute has not yet been established for
generators (Baudena et al 1995; Halgren et al 1995a, bjhe P3a. The present study found widespread reduced
Taken in context with the theoretical interpretation givenvisual P3a amplitudes in adult male subjects at HR for
above, it is reasonable to suppose that the P3a and P3ficoholism when a well-differentiated stimulus is infre-
amplitude reductions are related to a deficit in thequently inserted in a perceptually difficult discrimination
neuronal inhibition occurring during the comparison of task. These results support that automatic processing of
infrequent stimuli with a memory template, necessaryinfrequent irrelevant stimuli is not readily accomplished in
for an adequate processing of all the infrequent stimuliHR subjects. Further studies are required to replicate these
in the task. findings with independent samples, assess outcomes in
Deficits in inhibition were suggested by the behavioralother stimulus modalities, and apply them to female
data. The shorter (although nonsignificant) response timsubjects samples.
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