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Background: Reduced P3b event-related potentials (ERP) amplitude during visual target detec-
tion in alcoholics is a robust phenomenon. However, this finding is based primarily on samples of
treated alcoholics, who comprise only about 25% of alcoholics. We studied visual target detection
in a treatment-naı̈ve alcohol-dependent sample (TNAD) versus age and gender comparable non-
alcoholic controls (NAC) to investigate whether reduced P3 amplitudes generalize to TNAD.

Methods: EEGs were recorded from 74 TNAD and 63 age and gender comparable NAC dur-
ing visual target detection. ANOVA was applied at midline electrodes to amplitudes and latencies
of N2 and P3 ERP components during target and rare nontarget conditions.

Results: Treatment-naı̈ve alcohol-dependent subjects had a modestly lower P3b amplitude
(p = 0.05) and a more robustly lower N2b amplitude (p = 0.29). In the target condition, TNAD
showed a significant reduction in P3b amplitude and a larger reduction in N2b amplitude, with
these phenomena being independent of each other. Latencies to P3b, N2b, and P3a were earlier
in TNAD than NAC, with this effect correlating with our reported effect of better attention in
TNAD versus NAC.

Conclusion: The significant reduction in P3b amplitude in TNAD suggests that this phenome-
non is present in TNAD, but dramatically smaller than that observed in treated samples (we
reported an effect over 5 times as large in treated long-term abstinent alcoholics). The N2b ampli-
tude reduction (not present in long-term abstinent alcoholics) may reflect the effects of active
alcohol abuse. Finally, the shorter latencies of these components in TNAD is associated with bet-
ter scores on tests of attention and may reflect compensatory attentional effort in the context of
active drinking.
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O NE OF THE most robust electrophysiological findings
in alcoholism research is the reduced amplitude of the

P3b event-related potential (ERP) in alcoholics and individu-
als at high risk for alcoholism. The P3b ERP component
occurs when an individual attends or responds to an infre-
quent but task-relevant target stimulus. It is defined as a
centro-parietal-positive voltage peak in the ERP waveform
occurring between 300 and 500 milliseconds after target stim-
ulus presentation. Reductions in P3b amplitudes (more prom-
inent in visual compared with auditory paradigms) have
consistently been reported in chronic alcoholics (Cohen et al.,
1995, 1997, 2002; Emmerson et al., 1987; Glenn et al., 1996;
Kamarajan et al., 2005; Pfefferbaum et al., 1987, 1991;
Porjesz et al., 1987a; Prabhu et al., 2001; Suresh et al., 2003)

and in individuals at high genetic risk for alcoholism. It has
been proposed that P3b reduction is not a consequence of the
effects of chronic excessive alcohol exposure but, rather, an
endophenotypic marker reflecting the genetic predisposition
toward alcoholism (Begleiter et al., 1984; Cohen et al., 1997;
Hill and Steinhauer, 1993; O’Connor et al., 1986; Porjesz and
Begleiter, 1990; Van der Stelt et al., 1998).
The finding of reduced P3b in alcoholics derives mostly

from clinical populations of treated alcoholics (and from their
offspring). The danger of generalizing from clinical samples
to all alcoholics has been demonstrated repeatedly by our
group and others (Fein and Landman, 2005; Fein et al., 2002,
2006b; O’Neill et al., 2001; di Sclafani et al., 2008). Treat-
ment-naı̈ve actively drinking alcohol-dependent individuals
(TNAD) are active drinkers who meet criteria for current
alcohol dependence, but who have neither sought nor received
any form of alcoholism treatment. Because such untreated
individuals make up the majority of alcoholics (U.S. Alcohol
Epidemiologic Data Reference Manual Volume 8 N, 2006),
further studies on TNAD are critical for advancing our
understanding of alcoholism.
Treatment-naı̈ve alcohol-dependent subjects are not simply

treated alcoholics observed early in their alcohol use histories
but, rather, come from a different population than
(later) treated alcoholics. In fact, they drank 50% less than
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long-term abstinent treated alcoholics (LTAA) in the period
immediately after meeting criteria for heavy drinking (Fein
and Landman, 2005). They have a lower family history den-
sity (FHD) of alcohol problems than do LTAA (di Sclafani
et al., 2008). They have less psychiatric comorbidity than
LTAA, but more comorbidity than nonalcoholic controls
(NAC) (di Sclafani et al., 2008). TNAD showed less severe
brain structural differences from NAC than do LTAA sam-
ples, with the primary finding in TNAD being a greater age-
related decline in cortical gray matter when compared to
NAC (Fein et al., 2002).
On a simulated gambling task, designed to examine the

mechanisms behind skewed decision-making of substance
abusers, Fein et al. (2006a) show that, in contrast to LTAA,
TNAD showed normal decision-making. This is consistent
with only moderate elevation of externalizing symptoms,
social deviance proneness, and family density of alcoholism in
the TNAD sample compared to large elevations of these mea-
sures in LTAA (di Sclafani et al., 2007). Finally, we have
recently shown intact cognition in TNAD versus NAC, with
an unanticipated finding of better performance of TNAD in
the attention domain, possibly involving compensatory atten-
tional strategies in heavy drinking functional alcoholics
(Smith and Fein, 2010).
The studies summarized earlier, showing differences

between treated and untreated alcoholics, motivated our
examination of P3b amplitudes in treatment-naı̈ve alcoholics.
In the current study, we examine the visual P3b, N2b, and
N2a components of the ERP response to target and rare non-
target stimuli in a TNAD sample compared to age and gender
comparable NAC. We examined the degree to which this
comparison was modulated by the family history of alcohol-
ism, the severity of alcohol abuse, and the presence and sever-
ity of comorbid psychiatric disorders.

METHODS

Participants

Treatment-naı̈ve alcohol-dependent individuals were recruited
from the community by café postings, newspaper advertisements, a
local Internet site, and subject referrals. The group consisted of
TNAD individuals (37 women and 49 men, average age 31.2 years)
who met DSM-IV (American Psychiatric Association, 2000) criteria
for current alcohol dependence. The NAC group consisted of 30
women and 40 men (mean = 32.3 years of age). The inclusion cri-
terion for NAC was a lifetime drinking average of <30 standard
drinks per month, with no periods of drinking more than 60 drinks
per month. Both groups had comparable years of education. Exclu-
sion criteria for both groups were (i) lifetime or current diagnosis of
schizophrenia or schizophreniform disorder; (ii) history of lifetime
or current drug (other than nicotine or caffeine) dependence or
abuse; (iii) history of significant neurological disease, head trauma,
or cranial surgery; (iv) history of diabetes, stroke, or hypertension
that required emergent medical intervention; or (v) clinical evidence
of the Wernicke–Korsakoff syndrome. TNAD and NAC samples
were the same as reported on in Fein and colleagues (2010), with
the NAC group of our current study being the same as the NAC
group in our previous study, with a few subjects in both groups
being excluded because of <20 artifact-free EEG trials in each
condition.

Procedure

Participant screening was initially conducted by phone interview,
which assessed alcohol use ⁄dependence, use ⁄dependence of other
drugs, medical history, and mental-health history. Participants who
met all inclusion criteria and no medical or substance-related exclu-
sion criteria were invited to complete a total of 4 sessions that
included clinical, neuropsychological, electrophysiological, and neu-
roimaging assessments. All participants were informed of the study’s
procedures and signed a consent form before their participation. The
participants were asked to abstain from using alcohol for at least
24 hours before any laboratory visits, and a Breathalyzer test was
administered to all subjects before each session. Subjects who com-
pleted testing were paid for time and travel and, those who completed
the entire study, were also given a completion bonus.
During the first session, alcohol use history was assessed using the

timeline follow-back methodology of the Lifetime Drinking History
questionnaire (Skinner and Allen, 1982; Sobell and Sobell, 1990).
Alcohol use variables for lifetime use and peak use phases were
recorded with this methodology. The density of a family history of
alcohol problems was assessed using the family history drinking
questionnaire (Mann et al., 1985). The FHD measure was the pro-
portion of first-degree relatives who had alcohol problems. Although
corroboration of these measures from relatives was not sought, the
FHD measure has been shown to have high test–retest reliability and
overall accuracy (Stoltenberg et al., 1998; Vogel-Sprott et al., 1985).
Psychiatric diagnoses were assessed using the computerized Diagnos-
tic Interview Schedule (c-DIS) (Robins et al., 1998). Participants were
examined for a total of six anxiety disorders (social phobia, agora-
phobia, panic disorder, post-traumatic stress disorder, obsessive dis-
order, and compulsive disorder), 3 mood disorders (depression,
dysthymia, and mania), and 2 externalizing disorders (conduct disor-
der and antisocial personality disorder). Lifetime symptom counts
for all positive symptoms were obtained for each disorder, using the
DSM-IV (American Psychiatric Association, 2000) symptom guide-
lines. The result of neuropsychological testing on a matched subset of
the samples studied here was recently published (Smith and Fein,
2010) showing intact cognitive function in TNAD, with an unantici-
pated effect of better attention domain scores in TNAD, possibly
reflecting compensatory attentional strategies in heavy drinking func-
tional alcoholics. We examined the possible association between
reduced ERP latencies reported below and attention domain scores.
The attention domain score consisted of the average Z-score for the
Stroop (Golden and Freshwater, 2002) Color condition and the
MicroCog (Powell et al., 1993) Numbers Forward, Numbers
Reversed, Alphabet, and Word List 1 subtests.

VP3 Experimental Paradigm

All stimuli were presented on a computer monitor using the E-
Prime software system (Psychology Software Tools Inc., Pittsburgh,
PA). Stimuli were presented on a black screen for 200 ms, followed
by a delay varying between 1,000 and 1,100 ms before the next stimu-
lus. Three different types of visual stimuli were presented: (i) standard
stimuli; a small hollow white square, (ii) target stimuli; a small white
X and (iii) novel rare nontarget stimuli; different shapes of various
colors. Participants were instructed to press a response box button
only when they saw target stimuli. Stimuli were presented in a prede-
termined order, with standard stimuli appearing 210 times, target
stimuli appearing 35 times, and rare nontarget stimuli appearing 35
times over approximately 6.5 minutes. Each participant was shown
an example of the target stimulus before the task began.

EEG Acquisition

EEG was acquired on 3 EEG acquisition systems (with 2 differ-
ent amplifiers) during the course of the study. The first 2 were a
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32-channel system and a 40-channel system, both of which used the
NuAmps single-ended, 32 ⁄40-channel amplifier, and Scan 4.2 Acqui-
sition software (Compumedics Neuroscan Inc., El Paso, TX). The
third was a 64-channel system that used the SynAmps2 amplifier and
Scan 4.3 acquisition software (Compumedics Neuroscan Inc.). Elec-
trode sites Fz, FCz, Cz, CPz, and Pz, which were the main electrode
sites analyzed in this study, were common to all three systems. A
right-ear reference electrode was used for all recordings. The ground
electrode was placed 4 cm above the nasion for the 32-channel and
40-channel caps and 8 cm above the nasion for the 64-channel caps.
Electrode site impedances were kept below 10 kX for all recordings.
A vertical electro-oculogram (EOG) was recorded from bipolar elec-
trodes placed above and below the left eye for use in offline reduction
in ocular artifacts. The EEG and EOG channels were sampled
at 250 Hz and stored for offline analysis. To ensure that between-
amplifier comparisons were valid, data from control participants
recorded on both amplifier systems (NuAmps, SynAmps2) were
examined and revealed no differences associated with the different
acquisition amplifiers (Andrew and Fein, 2010; Fein and Chang,
2008).
An assessment of postalcohol withdrawal hyperexcitability

(PAWH) was implemented partway through the study, after which it
was administered to 26 controls and 51 TNAD subjects. PAWH was
measured using a self-report questionnaire where subjects estimated
(on a 0 to10 point scale) the frequency and distress caused by physi-
cal and psychological symptoms experienced during alcohol with-
drawal. For the frequency estimate, a 0 meant never, 1 corresponded
to 10% of the time when they ceased drinking, and up to a 10 which
indicated the symptom was experienced 100% of the time when they
ceased drinking. For the degree of distress caused by the presence of
the symptom, a 0 meant not at all distressing, a score of 5 meant
somewhat distressing, and a 10 meant ‘‘unbearable.’’ The symptoms
were compiled from the DIS (Robins et al., 1998), the alcohol
dependence scale (Skinner and Allen, 1982), and SSAGA interviews
(Bucholz et al., 1994). We computed the average frequency and inten-
sity over eight symptoms that measure PAWH: (i) shakes (hands
tremble, shake inside); (ii) feel tense, nervous, or anxious; (iii) feel fidg-
ety or restless; (iv) have trouble concentrating (v) heart pound or beat
rapidly; (vi) feel hypersensitive to stimuli (e.g., light, sound, touch);
(vii) have difficulty sleeping; and (viii) have memory problems.

EEG Analysis

The Brain Vision Analyzer package (BVA; Brain Products,
Munich, Germany) was utilized for processing of ERPs. Artifacts
were removed using the Gratton and Coles method implemented in
BVA (Gratton et al., 1983). Data were then band-pass filtered
between 0.5 and 10 Hz using a zero-phase lag filter at 48 dB ⁄octave.
Within the time window from 200 to 500 ms (covering the N2-P3
complex), 0.5 to 10 Hz accounts for approximately 95% evoked
power in the full bandwidth recordings. Stimulus-locked trials were
extracted for all instances where there was a correct behavioral
response for the target and rare nontarget experimental conditions,
with each trial comprising 100 ms of data prestimulus and 750 ms
poststimulus. The trials were baseline corrected using the 100-ms
prestimulus interval. Any trials with out of range voltages (±75 mV)
were rejected as artifact and excluded from further processing. If any
subject had <20 trials per condition (target and rare nontarget), that
subject was eliminated from the analysis. On this basis, 10 TNAD
and 5 NAC subjects were eliminated, leaving 76 TNAD (33 women
and 43 men) and 65 NAC (28 women and 37 men) for further analy-
ses (these are the subjects included in the various tables).
Event-related potentials waveforms were extracted by averaging all

trials for each condition. Grand average ERP waveforms were pro-
duced by averaging the ERPs within a group by condition factor.
Grand average topographic maps were also computed at each time
point to display the ongoing spatial distribution of ERP amplitudes.

Based on the grand average topographic maps, amplitudes and laten-
cies of the ERP components at electrode Pz (P3b), Cz (P3a), and
FCz (N2a and N2b) were extracted for each subject using a semi-
automated peak detection algorithm. P3a and N2a were measured
on each subject’s rare nontarget grand average, while P3b and N2b
were measured on each subject’s target condition average. Peak loca-
tions were checked and adjusted manually where necessary and, if no
discernable peak was present or the locations were ambiguous, that
particular ERP component for that subject was coded as missing.
Statistical analysis was then applied to the N2 and P3 amplitudes
and latencies.

Statistical Analysis

All statistical analyses were performed using SPSS (SPSS Inc., Chi-
cago, IL). Two-way group · gender analysis of variance (ANOVA)
was conducted separately for the target and rare nontarget condi-
tions. For ERPs, separate ANOVAs were conducted for each com-
ponent (N2a and b, P3a and b) and separately for amplitude and
latency. Independence of P3 and N2 findings were examined via anal-
ysis of covariance. The associations between demographic, alcohol
use and clinical variables and the ERPmeasures were examined using
correlations and partial correlations.

RESULTS

Demographics and Subject Variables

Table 1 shows demographic, alcohol use, and clinical mea-
sures for the TNAD and NAC groups. Both groups included
subjects encompassing the entire range from 20 to 50 years;
neither age nor years of education differed by group or gen-
der. TNAD, on average, had a density of first-degree relatives
with alcohol problems that was 50% higher than NAC [F(1,
136) = 4.823, p = 0.030], but was markedly less than our
previously reported results for long-term abstinent alcoholics
(LTAA) (di Sclafani et al., 2008), about forty percent for
LTAA versus about 20% for TNAD [F(1, 119) = 21.080,
p < 0.001, with group (LTAA vs. TNAD) accounting for
15% of the variance of FHD]. As anticipated, alcohol con-
sumption was dramatically greater in the TNAD versus
NAC, as these variables were associated with group selection
criteria. TNAD drank over 12 times as much as NAC. We
did not assess cigarette smoking in the study, but routinely do
so in our current studies. As reported previously, there was
also evidence of greater psychiatric comorbidity in the TNAD
group, as reflected in higher antisocial personality disorder
and depression symptom counts (di Sclafani et al., 2008).
As described earlier, PAWH was measured using a self-

report questionnaire where participants estimated (on a 10
point scale) first, the frequency and then, the distress level of
physical and psychological symptoms experienced during
alcohol withdrawal. Although neither group experienced a
high frequency or intensity of PAWH, TNAD experienced
both a greater frequency and intensity of PAWH than did
NAC. For TNAD, the mean score (±SD) for the frequency
of withdrawal symptoms was 2.06 ± 1.4 meaning that,
on average, they experienced withdrawal symptoms after
drinking 20% of the time. On the distress level scale (10
point scale), a zero indicated that the withdrawal symptoms
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bothered the participant ‘‘not at all,’’ a 3 indicated that the
symptoms were ‘‘a little bothersome’’, and 5 indicated
that the symptoms were ‘‘somewhat bothersome.’’ For
TNAD, the mean score for distress was 2.70 ± 1.68, indicat-
ing that the participants typically found the distress of with-
drawal symptoms less then ‘‘a little bothersome.’’ There were
no significant associations between N2 or P3 measures and
PAWHmeasures within either group.

ERP Amplitude and Latency

The comparison of grand average ERP waveforms, across
groups for the target and rare nontarget conditions at Cz, is
shown in Fig. 1. The spatial distribution for the N2 and P3
ERP components is shown for NAC (TNAD showed similar
spatial distributions). P3b shows a parietal maximum around
Pz, while P3a shows a more anterior localization over Cz. N2
shows a frontal maximum around FCz for both conditions,
with a more focal distribution for the target versus the rare
nontarget condition. Analyses of these components were car-
ried out at these electrodes, where the component was maxi-
mal. Figure 2 shows the ERP waveforms for TNAD and
NAC for the target condition for all midline electrodes.
Table 2 shows the results of the group x gender ANOVA

applied separately to the amplitudes and latencies of the N2
and P3 components. For the target condition, P3b amplitude
was lower in TNAD [F(1, 135) = 3.914, p = 0.050], with the
effect accounting for 2.8% of the variance. The P3b latency
was shorter in TNAD [F(1, 135) = 4.850, p = 0.029], with
the effect accounting for 3.5% of the variance. TNAD had a
larger reduction in N2b amplitude versus NAC [F(1, 133) =

8.920, p = 0.003] than was present for P3b amplitude, with
the effect accounting for 6.3% of the variance. The latency of
the N2b component did not significantly differ between
groups. For the rare nontarget condition, both N2a and P3a
latency were shorter in TNAD [F(1, 127) = 4.770, p = 0.031;
and F(1, 134) = 14.5, p < 0.001], with the effects accounting
for 3.6 and 9.8% of variance, respectively. The amplitudes of
the N2a and P3a did not differ between groups. There were no
significant gender, or group · gender, effects for effects in
either the target or the rare nontarget conditions. The group
comparisons were repeated with total anti-social personality
disorder (ASPD) symptoms as a covariate and with total
major depressive disorder as a covariate. A higher ASPD
symptom count was associated with reduced P3b amplitude
(accounting for 3.1% of the variance), and this covariate effect
accounted for the group difference in P3b amplitude. None of
the other variables were affected by either covariate.
Table 3 shows the correlations among the latency and

amplitude measures for the target and rare nontarget condi-
tions. The four latency measures were highly correlated with
each other with between 25 and 38% of the variance being
shared between measures. The P3a and P3b amplitudes were
also highly correlated, as were the N2a and N2b amplitude,
but the P3 amplitudes were not correlated with the N2 ampli-
tudes. The lack of association between P3 and N2 amplitudes
suggests that the group effects on these measures likely are
independent of each other. Nonetheless, analyses of covari-
ance were carried out to determine whether the P3 and N2
group effects characterized overlapping variance (i.e., using
one variable as the dependent variable and the other as the
covariate). The first analyses showed that the N2b amplitude

Table 1. Demographics, Symptom Counts, and Alcohol Use Measures

Variables

NAC TNAD Effect Sizes (% of variance)

Male Female Male Female Group Gender
Group ·
Gender

Demographics (n = 37) (n = 28) (n = 43) (n = 33)
Age (years) 32.1 ± 8.4 32.4 ± 8.4 31.7 ± 8.1 30.8 ± 7.9 0.4 0 1
Years of education 16.0 ± 1.8 16.4 ± 1.4 16.2 ± 1.9 15.8 ± 1.7 0.8 0 1.4
Family drinking densitya 0.11 ± 0.15 0.15 ± 0.25 0.16 ± 0.21 0.26 ± 0.30 3.4* 2.3 0.4

Symptom counts (n = 42)
Major depressive disorder 3.6 ± 6.4 7.8 ± 8.5 8.7 ± 9.0 8.2 ± 7.1 3.0* 1.3 2.2
Antisocial personality disorder 4.2 ± 4.4 1.8 ± 1.9 7.0 ± 4.7 4.6 ± 4.7 9.9*** 7.5*** 0

Alcohol use variables (n = 35) (n = 26)
Age started drinking (years) 19.3 ± 4.0 19.4 ± 5.5 16.0 ± 1.9 15.8 ± 2.2 20.0*** 0 0.1
Average lifetime drinking dose (std. drinks ⁄ mo) 6.7 ± 6.5 5.8 ± 5.1 94.9 ± 43.5 64.7 ± 30.6 62.5b 6.9** 6.2b

Duration of use (years) 12.05 ± 7.5 11.98 ± 8.8 15.86 ± 8.2 14.71 ± 7.4 4.0b 0.1 0.1
Average peak dinking dose (std. drinks ⁄ mo) 14.9 ± 16.1 12.7 ± 11.3 173.3 ± 124.1 118.8 ± 66.0 42.9b 3.3* 2.9b

Duration of peak use (years) 4.6 ± 5.9 4.3 ± 5.3 4.6 ± 4.4 4.6 ± 4.6 0.0b 0 0.0b

Postalcohol withdrawal hyperexcitability (PAWH)
Frequencyc 0.45 ± 0.50 0.49 ± 0.67 1.7 ± 1.0 2.4 ± 1.7 29.5*** 1.9 1.4
Severity of typical withdrawal episode 0.44 ± 1.0 0.79 ± 0.93 2.4 ± 1.4 3.0 ± 1.9 33.4*** 2.9 0.3

Demographic and alcohol measures are reported as mean values.
aProportion of first-degree relatives who are problem drinkers.
bSignificance levels for group comparisons of alcohol use variables are not valid as alcohol use was part of the group selection criteria.
cPercent of drinking occasions in which withdrawal is experienced: 1 = 10%, 2 = 20%, ….
NAC, nonalcoholic controls; TNAD, treatment-naı̈ve alcohol dependent.
*p £ 0.05, **p £ 0.01, ***p £ 0.001.
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difference between groups was independent of the P3b ampli-
tude difference. The group effect went from accounting for
6.3 to 5.3% of N2 variance when P3 amplitude was entered as
a predictor. The N2 group effect was still significant [F(1,
132) = 7.42, p = 0.007], while P3 amplitude did not account
for significant N2 variance [F(1, 132) = 1.84, p = 0.177].
Conversely, the P3 target condition difference between groups
was largely independent of N2 target condition amplitude. N2
amplitude did not account for significant P3 variance [F(1,
132) = 1.84, p = 0.177], but adding N2 as a predictor
reduced the P3 effect from borderline significance to a trend
(i.e., from group accounting for 2.8% to its accounting for
1.8% of P3 amplitude variance). For the latency measures,
analysis of covariance showed that P3b andN2b group latency
effects disappeared when P3a latency was used as a covariate,
while the P3a latency effect remained (although reduced from
9.8% to about 7.5 to 7.9% of variance accounted for when
P3b orN2a latency was used as a covariate).
Correlation analyses revealed significant associations

between demographic ⁄alcohol use variables and N2 and P3
measures. For NAC, P3b and N2a amplitudes decreased with

increasing age (r = )0.300, p = 0.017; and r = )0.301,
p = 0.019). For TNAD, increasing age was associated with
longer P3b, N2a, and P3a latencies (r = 0.34, 0.32, and 0.31,
all p’s < 0.01), and higher family drinking density was associ-
ated with longer P3b latencies (r = 0.24, p = 0.043). Across
all subjects, P3b latency, but not P3a nor N2b latency, was
negatively correlated with the attention domain neuropsycho-
logical test score (r = )0.17, p = 0.05). Other than these
associations, there were no significant or trend (p < 0.10)
associations.

DISCUSSION

The central finding of this study, with regard to its primary
goal, is of a marginally significant reduction in P3b amplitude
in 20- to 50-year-old TNAD compared to age and gender
comparable NAC. The magnitude of the P3b reduction was
much smaller than we previously observed in treated long-
term abstinent alcoholics (LTAA) (averaging 6.7 years absti-
nence and just over 46 years of age) compared to their age
and gender comparable NAC (Fein and Chang, 2006). The
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Fig. 1. Grand average event-related potentials waveforms for treatment-naı̈ve alcohol-dependent individuals and nonalcoholic controls (NAC) at elec-
trode Cz for the target and rare nontarget conditions. The black triangle indicates stimulus onset. For each condition, the NAC grand average topographic
map at the latency of the N2 and P3 peak is shown.
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effect size in the study of treated LTAA was about five times
that observed in the current study. This dramatic difference in
effect size was the result of two factors: there were both a
greater variability of P3b amplitude in younger versus older
cohorts and a smaller mean difference in P3b amplitude
between TNAD and NAC versus LTAA and their age appro-
priate NAC.
It is unclear how to interpret this result in terms of the con-

text presented in the introduction (i.e., whether reduced P3b

amplitude primarily reflects an endophenotypic marker for
alcoholism and ⁄or is a result of chronic alcohol abuse). We
did not observe an association of P3b amplitude with the
FHD of alcoholism or with alcohol use measures within
TNAD; however, the much lower FHD in TNAD versus
LTAA and the lower levels of alcohol use in TNAD versus
LTAA are both associated with a much smaller decrease in
P3b in TNAD versus LTAA. The lower FHD in TNAD
together with their having less of a reduction in P3b is
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Fig. 2. Event-related potentials waveforms across midline electrodes for the target condition for treatment-naı̈ve alcohol-dependent individuals and nonal-
coholic controls.

Table 2. ERP Amplitude and Latency ANOVA

ERPs

NAC TNAD Effect sizes (% of variance)

Male Female Male Female Group Gender Group · Gender

Target condition
N2b (n = 36) (n = 27) (n = 42) (n = 32)

Amplitude at FCz (lV) )4.2 ± 3.3 )5.5 ± 3.9 )3.2 ± 4.0 )2.9 ± 3.1 6.3** 0.5 1.2
Latency at FCz (ms) 266.4 ± 27.1 267.3 ± 20.9 262.1 ± 32.6 258.5 ± 35.2 1.2 0.1 0.1

P3b (n = 43) (n = 33)
Amplitude at Pz (lV) 12.3 ± 5.2 13.1 ± 5.3 10.4 ± 4.9 11.8 ± 4.2 2.8* 1.2 0.1
Latency at Pz (ms) 377.1 ± 40.3 366.1 ± 34.0 361.5 ± 34.8 354.6 ± 33.9 3.5* 1.6 0.1

Rare nontarget condition
N2a (n = 36) (n = 25) (n = 40) (n = 30)

Amplitude at FCz (lV) )4.8 ± 3.5 )5.4 ± 3.8 )3.8 ± 3.7 )4.5 ± 2.8 1.8 0.8 0.0
Latency at FCz (ms) 258.4 ± 26.7 267.7 ± 33.4 249.3 ± 30.9 254.1 ± 26.2 3.6* 1.4 0.1

P3a (n = 36) (n = 27) (n = 42) (n = 33)
Amplitude at Cz (lV) 8.7 ± 4.8 7.8 ± 3.9 8.0 ± 4.1 7.5 ± 3.4 0.3 0.8 0.0
Latency at Cz (ms) 368.4 ± 35.8 378.8 ± 37.6 351.6 ± 42.7 345.7 ± 34.2 9.8*** 0.1 0.1

ERP, event-related potentials; NAC, nonalcoholic controls; TNAD, treatment-naı̈ve alcohol dependent.
*p £ 0.05, **p £ 0.01, ***p £ 0.001.
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consistent with FHD being an important determinant of the
P3b reduction in alcoholics. The current study is consistent
with the findings of an early Consortium on the Genetics of
Alcoholism study that compared P3 amplitudes in alcoholics
(and their families) from a community sample with the P3s
obtained from members of densely affected families ascer-
tained through probands in treatment (Porjesz et al., 1998).
In that study, it was found that P3 was not reduced in
alcohol-dependent individuals in the community sample (with
low-family density) compared to the alcohol-dependent indi-
viduals from the high-density families, despite meeting the
same DSM criteria for dependence. Finally, P3b amplitude
was negatively correlated with the number of ASPD symp-
toms, suggesting that the P3b reduction is primarily associ-
ated with externalizing symptoms.
In summary, it is not possible to say whether the reduction

in P3b observed in the current study is entirely the result of
genetic vulnerability in a subset of individuals or has a contri-
bution from the effects of alcohol abuse in TNAD. Either is
consistent with our observation of a much smaller decrease in
P3b in TNAD compared to the decrease observed in LTAA.
TNAD have both a lower FHD of alcoholism than LTAA,
less severe externalizing propensity, and less severe alcohol
dependence as measured by all indices of alcohol consump-
tion. Longitudinal examination of P3b in TNAD may pro-
vide data relevant to the cause of the P3b reduction observed
herein.
The observation of shorter latencies of ERP components in

TNAD versus NAC was unexpected. Our finding is of a pri-
mary reduction in P3a latency, which was partially reflected
in N2b and P3b latency. If anything, most studies have
observed P3 latency increases in alcoholics. However, this
result is in agreement with our recent report (Smith and Fein,
2010) on neuropsychological testing on a matched subset of
the samples studied. That report showed intact cognitive
function in TNAD, with an unanticipated effect of better
attention domain scores in TNAD, possibly reflecting com-
pensatory attention strategies in heavy drinking functional
alcoholics. Correlation analysis showed that the P3b latency
was significantly negatively correlated with the neuropsycho-
logical assessment attention domain, consonant with the
reduced P3 latency observed here being a reflection of the
same phenomenon observed in our earlier article on neuro-
psychological assessment in these same subjects. Thus,
although we acknowledge that this finding may reflect a Type
1 error, it is also consistent with reflecting compensatory
attentional strategies in heavy drinking functional alcoholics.
Finally, we observed a decrease in N2b amplitude that was
about twice as large as the observed P3b amplitude reduction.
Although not reported in our prior study of LTAA (Fein and
Chang, 2006), we did not observe any N2 amplitude differ-
ences in that study—this is consistent with an N2 amplitude
reduction being an effect of active alcohol use or abuse. This
is analogous to a recent study by Martin and Garfield (2006)
where alcohol administration reduced N2 amplitude (while
increasing P3 amplitude—also corresponding with our
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observation of a marginal decrease in P3 amplitude). It is also
compatible with Porjesz and colleagues’ (1987b) and Kath-
mann and colleagues’ (1996) observations of no difference in
N2 in 14-day abstinent alcoholics. The N2 is associated with
stimulus categorization, perceptual closure, and attention
focusing and is thought to signal that a completed perceptual
representation has been formed (Potts, 2004; Wijers et al.,
1997). The more anterior fronto-central N2 is frequently
interpreted as an index of response inhibition (Falkenstein,
2006; Falkenstein et al., 1999) and ⁄or conflict monitoring
(Donkers and van Boxtel, 2004; Nieuwenhuis et al., 2003; van
Veen and Carter, 2002a,b) mediated by the anterior cingulate
cortex (ACC) and other prefrontal regions (Bekker et al.,
2005; Jonkman et al., 2007; Mathalon et al., 2003; van Veen
and Carter, 2002a,b). Watson and colleagues (2009) have
recently examined the effects of ketamine and thiopental on
N2 amplitude, showing that drugs that affect glutamate and
GABA neurotransmission reduce N2 amplitude, indexing a
disruption of ACC activity required for the detection and pro-
cessing of infrequent target stimuli. It is possible that alcohol
has comparable effects but, given the novelty of our observa-
tion, replication of our observation should precede additional
study of mechanisms involved.
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