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Abstract

Objective: Studies exploring chronic alcoholism with event-related potentials (ERPs) have shown delayed latency and reduced amplitude
of the P300, a long-lasting positive potential reflecting decisional processing. This P300 deficit in alcoholism is generally interpreted as a
disturbance in central nervous system inhibition or in memory/attention. The present study aimed at identifying if this electrophysiolog-
ical deficit is already present on earlier components, and advances a new hypothesis concerning the interpretation of the P300 alteration.
Methods: Patients suffering from alcoholism and matched healthy controls had to detect, in an oddball paradigm, emotional faces
among a succession of neutral faces. Behavioral performance and ERP data (recorded from 32 electrodes) were analyzed.
Results: In line with previous studies, data showed that alcoholism led to a P300 deficit. Moreover, we observed for the first time that this
deficit begins at earlier visual (P100) and face-processing (N170) stages, and we found high positive correlations between P100, N170 and
P300 for amplitude and latency values, suggesting cumulative deficits on the cognitive continuum.
Conclusions: We suggest that the P300 deficit observed in chronic alcoholism could be linked to earlier visuo-spatial deficits rather than
being an impairment of the specific processes linked to the P300.
Significance: These results call for reconsidering the interpretation of P300 impairments at a fundamental and clinical level, and shows
that earlier ERP components must be taken into account in future studies.
� 2006 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

It is now well established that, because of alcohol neuro-
toxicity, chronic alcoholism leads to deleterious effects on
the central nervous system, i.e., brain atrophy and/or dys-
function (e.g. George et al., 1999; Sullivan and Pfeffer-
baum, 2005). This cerebral impairment has consequences
at a behavioral level. Alcoholic individuals have impaired
performance in a large range of cognitive, social and neu-
ropsychological functions (Wegner et al., 2001). Although
connections have been established between the cerebral
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and behavioral dysfunctions in alcoholism, i.e., anterior
thalamic nuclei lesions leading to anterograde memory loss
in the Korsakoff syndrome (Harding et al., 2000), many
links between these two levels are still to be explored. A
central question is still under debate. At which stage of cog-
nitive processing does the deficit observed in alcoholism
(particularly for the processing of complex and social stim-
uli) originate?

Event-related potentials (ERPs) represent an interesting
tool to relate behavioral performance and cerebral activity
as they monitor brain electrical activity during cognitive
tasks with a high temporal resolution. More precisely, dur-
ing a cognitive task, ERPs allow one to identify the electro-
physiological component representing the onset of a
gy. Published by Elsevier Ireland Ltd. All rights reserved.
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dysfunction, and then to infer the impaired cognitive stages
(Rugg and Coles, 1995).

Electrophysiological techniques, and particularly ERPs,
have been used for decades to explore cerebral functioning
in alcoholism. The majority of studies have focused on the
P300, a long-lasting positive deflection appearing around
300 ms after stimulus onset. At a functional level, the
P300 complex is not unitary but can be divided into at least
two subcomponents. The P3a is linked to stimulus novelty
and indexes the involuntary orientation of attention
towards salient events; it has a more frontal scalp distribu-
tion (Knight, 1991). The P3b is linked to the closure of cog-
nitive processing before starting the motor response and is
maximally distributed over parietal sites (Polich, 2004). In
studies on alcoholism, measurement of the P300 is general-
ly centered on the P3b and elicited via an auditory or visual
oddball paradigm (based on the detection of infrequent
stimuli among a train of regular stimuli). Overall, alcoholic
individuals have a reduced amplitude and a delayed latency
for the P300 in comparison with non-alcoholic individuals
(see Hansenne, 2006 for a review). The P300, maximal at
centro-parietal sites among control participants, generally
has the same amplitude across all sites among alcoholic
individuals. In summary, the P300 is impaired (in ampli-
tude and latency) in chronic alcoholism (Porjesz and Begle-
iter, 2003).

Other electrophysiological components have been
explored only marginally, and this focus on the P300
may be explained by the fact that this very large compo-
nent (5–20 lV) is easily elicited (with the oddball para-
digm) and easily detected. Moreover, the P300 has
proved its clinical and predictive usefulness in alcoholism
and in many other pathologies, i.e. as a risk factor in psy-
chopathologies (see Hansenne, 2006 for a review), as a tool
for the differential diagnosis in dementia (Jimenez-Escrig
et al., 2002), or as a tool to estimate the treatment efficacy
in the syndrome of attention deficit and hyperactivity
(Smeyers, 1999). Surprisingly, the other ERP components
have received little attention. Indeed, it has been shown,
for example in schizophrenia (Contreras et al., 1990; Foxe
et al., 2001; Javitt et al., 1993; Javitt, 2000) and depression
(Fotiou et al., 2003), that earlier components, and particu-
larly those associated with perceptual processing (P100 and
N100), could be affected by psychopathological states.

The aim of the present study was to explore two of the
electrophysiological components that appear before the
P300. The first component investigated was the P100, a
positive deflection which appears around 100 ms after stim-
ulus onset and is maximal at occipito-temporal sites. The
P100 is classically associated with the primary visual pro-
cessing of the stimulus (Heinze and Mangun, 1995), yet it
has been shown (e.g. Debruille et al., 1998; Seeck et al.,
1997) that it may also be linked to the processing of more
complex aspects of the stimulus. The second component
investigated was the N170, which is a negative component
maximal around 170 ms at occipito-parietal sites, and asso-
ciated with the specific processing of human faces (Bentin
et al., 1996). P100 and N170 were chosen for two main rea-
sons. First, exploring these components will offer some
insight into visual abilities in alcoholism. Indeed, alcoholic
individuals often have impaired performance in visual and
spatial neuropsychological tests (Beatty et al., 1997; Schan-
dler et al., 1995; Sullivan et al., 2002; Wegner et al., 2001);
nevertheless, little is known concerning the cerebral corre-
lates of this deficit. The investigation of P100 and N170, as
they reflect visual processing, will clarify the ERP corre-
lates of the deficit in basic visual abilities among alcoholic
individuals. If there is a general visual deficit in alcoholism,
the P100 (particularly if the deficit affects basic perceptual
processing) and N170 (particularly if the deficit is linked
to face processing) should be impaired (in amplitude and/
or latency) among alcoholic individuals, in comparison
with non-alcoholic individuals. Thus, one aim of this study
was to specify the ERP correlates of the visual deficit often
described in alcoholism.

Second, and importantly, assessing the P100 and N170
also allows the origin of the cognitive processing deficit
to be determined. Indeed, as shown by Foxe et al. (2005)
in schizophrenia, deficient early processes may underlie
the failure of later ‘‘higher-level’’ processing. The process-
ing of a stimulus can be roughly separated into different
stages, each having electrophysiological correlates. Percep-
tion level with P100 and N170, attention level with N200
(Halgren and Marinkovic, 1995), and decision level with
P300 (Donchin and Coles, 1988). Even though the impair-
ment in the P300 among alcoholic individuals is well estab-
lished, it does not necessarily mean that the deficit in
alcoholism is exclusively due to a decision impairment,
because a deficit at the earlier stages cannot be excluded.
Indeed, it seems that chronic alcoholism leads to delayed
latency (Cadaveira et al., 1991; Nicolas et al., 1997),
reduced amplitude (Chan et al., 1986; Ogura and Miyaz-
ato, 1991) and abnormal topography (Miyazato and Ogu-
ra, 1993) of the P100. Alcoholism is also associated with
abnormalities in other components, for example delayed
latency and reduced amplitude of the N200 (Baguley
et al., 1997; Kathmann et al., 1996) and contingent nega-
tive variation (van den Bosch, 1984). Thus, electrophysio-
logical disruptions anterior to the P300 are potentially
observable among alcoholic individuals. The present study
investigated these early deficits, and attempted to confirm
previous studies and to determine the source of the impair-
ment observed in alcoholism.

In addition, the P300, and particularly the P3b, is con-
sidered as the reflection of the decisional processes and
may mark the ‘‘closure’’ of the processes linked to the stim-
ulus, just before the motor response (Desmedt, 1980; Ver-
leger, 1997). Besides, some authors consider that the P300
latency indexes the end of stimulus evaluation and could
be used as an alternative to response times (McCarthy
and Donchin, 1981). The P300, linked to the cognitive
stage of decision, seems to be the end of a continuum in
cognitive processing. Consequently, a discrepancy at the
earlier stages may last for the whole processing event and
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still affect the later stages. In other words, if the visual pro-
cessing of the stimulus is impaired (as indexed by the P100
and N170), decisional processing will also deteriorate. The
decision stage could be delayed (delayed latency) and less
definite (reduced amplitude) if the perceptual level is defi-
cient. We evaluated the presence of an early time-lag in
processing between controls and alcoholic individuals
(time-lag linked to the retardation in visual processing
among alcoholic individuals), and observed how this
potential time-lag may influence the later stages.

Finally, this study explored the electrophysiological cor-
relates of the processing of complex social stimuli in alco-
holism. The studies using ERPs in alcoholism have more
often been based on paradigms (particularly the oddball
paradigm) using very basic visual or auditory stimuli, i.e.,
flashes, bursts, . . . (e.g., Porjesz et al., 2005). Although
some studies in alcoholism already used complex emotional
paradigms (Herrmann et al., 2000; Hansenne et al., 2003),
our study is to our knowledge the first using complex visual
and social stimuli (namely emotional faces) in an oddball
paradigm. Alcoholism leads to various social and interper-
sonal dysfunctions, notably for the decoding of emotional
facial expressions (EFE) (Philippot et al., 1999; Townshend
and Duka, 2003), and the appropriate processing of EFE is
a major skill for the development and maintenance of sat-
isfactory interpersonal relations (Feldman et al., 1991). The
failure of this skill in alcoholic individuals might, therefore,
have deleterious consequences on their social integration
(Nixon et al., 1992), leading to a vicious circle. A deficit
in the decoding of the EFE, provoked by the alcoholism,
worsens interpersonal problems (Kornreich et al., 2002),
which in turn could increase alcohol consumption used as
a coping strategy (Kornreich et al., 2001). In view of the
importance of EFE decoding in everyday life, this study
explored the causes of the deficit observed for this ability
in alcoholism. Moreover, EFE reflecting several emotions
were used to allow assessment of variations in the deficit
according to the emotion imbedded in the stimulus.

2. Methods

2.1. Participants

Ten inpatients (nine men), diagnosed with alcohol
dependence according to DSM-IV criteria, were recruited
during the third week of their treatment in a detoxification
center (Brugmann Hospital, Brussels, Belgium). They had
all abstained from alcohol for at least two weeks, were free
of any other psychiatric diagnosis (the presence of a comor-
bidity with any other psychiatric disease constituted an
exclusion criterion), and were all right-handed. Patients
were matched for age, gender and education with a control
group composed of 10 volunteers who were free of any his-
tory of psychiatric disorder or drug/substance abuse.
Exclusion criteria for both groups included major medical
problems, central nervous system disease (including epilep-
sy), visual impairment and polysubstance abuse. Education
level was assessed according to the number of years of edu-
cation completed since starting primary school. Patients
and control participants were assessed for several psycho-
logical measures. State and trait anxiety (STAI A and B,
Spielberger et al., 1983), depression (BDI, Beck and Steer,
1987), interpersonal problems (Horowitz et al. (1988), eval-
uating the quantity and quality of the social interactions,
and the integration in the family and relationship back-
ground) and alexithymia (Bagby et al., 1994). Although
all the participants in the control group were free of any
medication, alcoholic individuals received doses of benzo-
diazepines (mean: 54.5 mg/day, s.d. 41.9). Participants
were provided with full details regarding the aims of the
study and the procedure to be followed. After receiving this
information, all participants gave their informed consent.

2.2. Task and procedure

We used a visual and emotional oddball paradigm based
on a face-detection task, in which participants were con-
fronted with one regularly repeated standard stimulus (a
neutral face) and four deviant stimuli (e.g. Campanella
et al., 2005). Deviant faces differed from the standard faces
either in identity (different identity, neutral expression), or
in emotion (same identity, happy, fearful or sad
expression).

Six faces (three males) with neutral, happy, sad and fear-
ful expressions were selected from the standardized set of
Ekman and Friesen pictures (1976). Participants were con-
fronted with a total of 16 blocks each defined by 100 stim-
uli (76 regularly repeated stimuli and 24 infrequent stimuli.
For example, 76 face A neutral, 6 deviant face A happy, 6
deviant face A fear, 6 deviant face A sad, and 6 deviant face
B neutral). The order of the 16 blocks varied across partic-
ipants. During the ERP recordings, participants sat in a
dark room on a chair placed at 1 m from the screen with
their head restrained in a chin rest. Stimuli subtended a
visual angle of 3 · 4�. Each face was presented for
500 ms. A black screen was displayed between faces, for
a random duration of between 1300 and 1600 ms. From
the stimulus onset, participants had 1500 ms to answer.
They had to indicate as quickly as possible the occurrence
of a deviant stimulus by pressing a button with their right
forefinger. Response time and error rate were recorded.
There were two categories of error. Omission (i.e., forgot
to press the answer key when a deviant stimulus appeared)
and false recognition (i.e., pressed the answer key when a
standard stimulus appeared). Participants were told that
speed was important but not at the cost of accuracy. Only
correct answers (i.e., deviant stimuli for which the subject
pressed the answer key) were considered for analysis of
reaction times and ERP.

2.3. EEG recording and analysis

The EEG was recorded by 32 electrodes mounted in an
electrode Quick-Cap. Electrode positions included the
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standard 10–20 system locations and intermediate posi-
tions. Recordings were taken with a linked mastoid physi-
cal reference but re-referenced using a common average.
The EEG was amplified by battery-operated A.N.T.�

amplifiers with a gain of 30,000 and a band-pass of 0.01–
100 Hz. The impedance of all electrodes was kept below
10 kX. The EEG was recorded continuously (sampling rate
500 Hz, A.N.T. Eeprobe software) and the vertical electro-
oculogram (VEOG) was recorded bipolarly from elec-
trodes placed on the supraorbital and infraorbital ridges
of the left and right eyes. Trials contaminated by EOG
artifacts (mean of 10%) were eliminated off-line. Epochs
were created starting 200 ms prior to stimulus onset and
lasting for 800 ms. In order to compute different averages
of ERP target stimuli for each subject individually, two
parameters were coded for each stimulus: (1) the stimulus
type (rare Happy, rare Fear, rare Sad, rare Different Iden-
tity or Standard); and (2) the response type (keypress for
deviant stimulus, no keypress for standard stimulus). Data
were filtered using a 30-Hz low-pass filter.

For each subject and each component of interest (namely
P100, N170 and P300), individual peak amplitudes and
maximum peak latencies were obtained from several
electrodes separately for the ERPs evoked in response to
deviant stimuli (see Tables 1 and 2 for complete electro-
Table 1
Electrophysiological results: mean amplitudes (lv (s.d.)) for each component

Group Emotiona O1 Oz

P100 (O1, Oz, O2, T5, T6)

Alcoholics (N = 10) S 2.87 (2.02) 2.49
I 2.88 (1.40) 2.90
H 3.06 (1.77) 2.40
F 3.34 (1.52) 2.45

Controls (N = 10) S 4.44 (2.37) 2.91
I 3.38 (2.20) 2.38
H 4.07 (2.12) 2.83
F 4.05 (1.73) 2.72

N170 (O1, Oz, O2, T5, T6)

Alcoholics (N = 10) S �2.26 (2.92) �2.19
I �2.36 (2.79) �1.96
H �1.88 (3.05) �2.19
F �2.50 (3.39) �2.56

Controls (N = 10) S �5.57 (5.62) �5.72
I �7.26 (5.56) �5.11
H �6.39 (5.54) �6.43
F �7.17 (5.11) �7.21

Group Emotiona Fz

P3a (Fz, Cz) and P3b (Pz, Oz)

Alcoholics (N = 10) S 3.09 (1.56)
I 2.80 (2.26)
H 2.83 (1.65)
F 2.56 (1.25)

Controls (N = 10) S 3.45 (2.19)
I 3.52 (2.80)
H 3.24 (2.23)
F 4.05 (2.60)

a The emotions are: S, Sadness; I, Identity; H, Happiness; F, Fear.
physiological results). Oz, O1, O2, T5 and T6 for P100
and N170 (Bentin et al., 1996), Fz and Cz for P3a, Pz and
Oz for P3b (Polich, 2004). These values were tested using
repeated measures of analysis of variance (ANOVA –
Greenhouse–Geisser correction was applied when appro-
priate) and two-tailed Pearson correlations.

3. Results

3.1. Control measures

As shown in Table 3, alcoholic individuals and controls
were similar in terms of age (F(1,19) = 0.41, NS), gender
and education (F(1, 19) = 0.08, NS). Moreover, the two
groups did not differ significantly for anxiety state
(F(1,19) = 1.86, NS), anxiety trait (F(1, 19) = 4.04, NS),
interpersonal problems (F(1, 19) = 2.41, NS) or alexithymia
(F(1,19) = 0.40, NS). Indeed, the only difference observed
between the two groups for these control measures con-
cerned the depression scale. Alcoholic individuals had a
significantly higher level of depression than the controls
(F(1,19) = 5.44, p = 0.03). However, this difference is
unlikely to have influenced the experimental results, as no
significant Pearson’s correlations were shown between
BDI scores and any behavioral and electrophysiological
on each emotion, among controls and alcoholics

O2 T5 T6

(2.44) 3.41 (3.21) 2.35 (1.67) 2.66 (2.11)
(1.54) 3.36 (2.55) 2.35 (1.71) 2.37 (1.56)
(1.4) 3.54 (2.21) 2.64 (1.94) 2.46 (1.74)
(2.24) 3.98 (2.22) 2.77 (1.74) 2.43 (1.62)

(2.07) 3.54 (1.91) 3.77 (1.64) 5.52 (2.68)
(2.24) 3.30 (2.02) 3.53 (2.04) 5.53 (2.54)
(2.07) 3.55 (1.79) 3.60 (1.54) 5.56 (2.39)
(2.24) 3.54 (1.98) 3.60 (1.91) 5.47 (2.65)

(2.49) �2.41 (1.41) �2.95 (1.45) �3.32 (2.15)
(2.51) �2.61 (2.47) �3.66 (4.60) �3.92 (1.67)
(2.18) �2.52 (2.18) �3.27 (3.86) �3.95 (1.83)
(3.12) �2.55 (2.75) �3.71 (1.37) �3.89 (1.55)

(5.52) �6.13 (5.65) �6.44 (2.85) �7.45 (5.55)
(7.88) �7.50 (5.34) �7.66 (3.35) �9.01 (5.70)
(5.78) �6.53 (5.53) �6.61 (3.15) �7.40 (5.09)
(5.63) �7.30 (5.60) �7.13 (3.04) �8.19 (5.10)

Cz Pz Oz

4.70 (1.57) 6.21 (2.57) 2.42 (2.43)
4.15 (0.89) 6.90 (2.92) 3.70 (2.54)
4.00 (1.73) 6.12 (3.32) 3.25 (2.80)
4.71 (2.62) 6.14 (3.13) 3.01 (2.67)

6.29 (4.56) 9.90 (4.28) 5.10 (3.99)
6.93 (5.25) 10.64 (4.69) 6.27 (3.79)
6.05 (4.49) 8.79 (4.30) 4.07 (4.03)
7.45 (4.51) 9.78 (3.87) 4.53 (4.27)



Table 2
Electrophysiological results: mean latencies (ms (s.d.)) for each component on each emotion among controls and alcoholics

Group Emotiona O1 Oz O2 T5 T6

P100 (O1, Oz, O2, T5, T6)

Alcoholics (N = 10) S 136 (20.6) 135 (19.7) 136 (18.4) 141 (13.1) 140 (10.3)
I 135 (23.3) 135 (23.3) 137 (17.2) 145 (14.5) 140 (7.2)
H 138 (9.8) 134 (18.4) 133 (17.2) 139 (15.1) 140 (11.6)
F 122 (15.2) 138 (16) 137 (18.2) 139 (11.1) 141 (8.7)

Controls (N = 10) S 130 (9.4) 129 (10.8) 128 (11) 131 (14.6) 136 (12.9)
I 123 (14.3) 120 (21.5) 121 (17.3) 130 (15.8) 127 (11.1)
H 120 (14.9) 121 (17) 120 (16) 130 (11.7) 124 (11.8)
F 122 (18.1) 123 (17.7) 120 (17.7) 129 (11.8) 128 (11.4)

N170 (O1, Oz, O2, T5, T6)

Alcoholics (N = 10) S 199 (14.6) 205 (18.6) 197 (18.2) 204 (15.8) 200 (14.7)
I 202 (16.8) 196 (12.9) 191 (13.9) 192 (16) 190 (15.6)
H 198 (14.4) 195 (9.3) 194 (16.1) 194 (15) 193 (12.1)
F 199 (13.3) 201 (12.2) 197 (12) 198 (15.2) 196 (14.7)

Controls (N = 10) S 183 (8.1) 178 (10.2) 177 (8.2) 173 (12.3) 175 (10)
I 189 (13.8) 182 (9.2) 179 (15) 175 (13.8) 176 (11.8)
H 186 (8.1) 180 (9) 177 (7.2) 173 (13.7) 172 (11.5)
F 185 (11.6) 180 (11.9) 176 (13) 174 (13.9) 174 (11.2)

Group Emotiona Fz Cz Pz Oz

P3a (Fz, Cz) and P3b (Pz, Oz)

Alcoholics (N = 10) S 396 (59.9) 479 (81.2) 558 (75.4) 554 (90.9)
I 412 (92.8) 472 (78.8) 524 (73) 539 (74.6)
H 472 (84.6) 393 (64.4) 529 (78.6) 537 (79.3)
F 407 (77.7) 471 (82.7) 532 (88.4) 537 (83.6)

Controls (N = 10) S 472 (122.1) 505 (82) 497 (75.3) 442 (106.7)
I 461 (131.7) 496 (61) 485 (70.6) 423 (114.4)
H 457 (114.8) 500 (56.7) 478 (57.8) 420 (112.6)
F 450 (121.7) 507 (64.2) 482 (69.6) 429 (107.4)

a The emotions are: S, Sadness; I, Identity; H, Happiness; F, Fear.

P. Maurage et al. / Clinical Neurophysiology 118 (2007) 633–644 637
data (p > 0.05 for each correlation). This lack of influence
may be explained by the fact that the scores observed
among alcoholic individuals were all below the clinical
level; none of these patients was diagnosed as depressed
according to the DSM-IV criteria.

Although the study took place at the end of the detoxi-
fication treatment, low doses of benzodiazepines were still
administered to the alcoholic individuals. As benzodiaze-
pines are known to have sedative effects (e.g. Stewart,
2005), and despite the fact that the doses administered to
the subjects were low, the influence of benzodiazepine
treatment on cognitive abilities was taken into account.
In the alcoholic group, there were no significant correla-
tions between the doses of benzodiazepine and any behav-
ioral or electrophysiological result (p > 0.05 for every
correlation).
Table 3
Patient and control characteristics: mean (s.d.)

Group Age BDIa ELb

Controls (N = 10) 43.90 (9.48) 2.50 (3.86) 13.5 (2.12)
Alcoholics (N = 10) 46.90 (11.36) 8.80 (7.61) 13.4 (2.71)

a BDI, Beck Depression Inventory (Beck and Steer, 1987).
b EL, Education Level.
c STAI, State and Trait Anxiety Inventory (Spielberger et al., 1983).
d IIP, Inventory of Interpersonal Problems (Horowitz et al., 1988).
e TTAS, Twenty-item Toronto Alexithymia Scale – II (Bagby et al., 1994).
On the basis of these results, it seems unlikely that our
behavioral and ERP data were significantly biased by inter-
fering factors like medication, depression, anxiety, inter-
personal problems or alexithymia.

3.2. Behavioral data

3.2.1. Performance

The mean level of error was 0.1% for omission and 0.7%
for false recognition. There was no significant group differ-
ence concerning the performance (F(1,18) = 1.57, NS).

3.2.2. Reaction times

These results are illustrated in Fig. 1 and Table 4. A
4 · 2 ANOVA with deviant faces (sadness, fear, happiness,
identity) as within-factor and group (alcoholic individuals,
Staic A Staic B IIPd TTAS IIe

30.40 (14.17) 36.30 (10.57) 0.98 (0.57) 47.12 (12.55)
41.00 (20.06) 48.20 (15.44) 1.38 (0.58) 51.00 (11.84)



Fig. 1. Reaction times (ms) for each group on each rare stimulus category.
This figure presents the three significant effects described for the
behavioral results: – main effect of group: controls are faster than
alcoholics at detecting infrequent stimuli; – main effect of deviant faces:
fearful deviant faces are detected fastest in both groups; – interaction
effect: sad faces are the most difficult to detect for the alcoholic group, this
difference is not significant among controls.
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controls) as between-factor was carried out. A main group
effect was found (F(1, 18) = 9.07, p = 0.007). The alcoholic
individuals were significantly slower than the controls at
detecting deviant faces. There was also a main effect of
deviant faces (F(3, 54) = 15.28, p < 0.001). Fearful deviant
faces were the fastest to be detected (p < 0.01). Conversely,
sad faces were the slowest to be detected (p < 0.05). These
two main effects were qualified by a significant interaction
(F(3,54) = 3.41, p = 0.035), and post-hoc paired-sample t-
tests showed that. For the control group, reaction times
were significantly shorter for fearful faces than for the three
other categories of deviant face (sadness: t(9) = �2.82,
p < 0.05; identity: t(9) = 3.092, p < 0.05; happiness:
t(9) = �4.35, p < 0.01), which did not differ significantly.
In the alcoholic group, fearful faces were also the fastest
to be detected (sadness: t(9) = �5.75, p < 0.001; identity:
t(9) = �2.47, p < 0.05; happiness: t(9) = �3.56, p < 0.01).
Moreover, sad faces led to significantly longer reaction
times than happy (t(9) = 2.84, p < 0.05) and different iden-
tity faces (t(9) = 4.14, p < 0.01). Thus, sad faces were the
most difficult to detect for the alcoholic group, whereas
there was no difference for the controls.
3.3. ERP data

For each component of interest (P100, N170, P3a and
P3b), 2 · 4 · 5 (2) ANOVAs were computed separately
for latencies and amplitudes, with group (alcoholic individ-
Table 4
Behavioral results: reaction times (ms) (s.d.)

Group Rare sad faces Rare fearful

Controls (N = 10) 488.2 (48.7) 470 (43)
Alcoholics (N = 10) 622.2 (115.8) 577.8 (111.2
uals, controls) as between-factor, emotion category (sad-
ness, fear, happiness, different identity) and localization
(Oz, O1, 02, T5 and T6 for the P100 and N170 compo-
nents; Fz and Cz for the P3a component, Pz and Oz for
the P3b component) as within-factors. The electrophysio-
logical results are illustrated in Fig. 2.

3.3.1. P100

Latencies. No main effect of emotion (F(3,54) = 0.98,
NS) or localization (F(4,72) = 2.69, NS) were observed.
There was no significant interaction. The only significant
effect was a main effect of group (F(1,18) = 6.00,
p = 0.025). The P100 latency was shorter for the control
group, regardless of the emotion or localization.

Amplitudes. No main effect of emotion
(F(3,54) = 0.60, NS) or group (F(1, 18) = 2.26, NS) was
found. There was a main effect of localization
(F(4,72) = 3.15, p = 0.03). The P100 amplitude was max-
imal for T6 and minimal for Oz. The only significant
interaction effect was between group and localization
(F(4,72) = 4.49, p = 0.006). In the control group, the
P100 had a higher amplitude for T6 than for other elec-
trodes (t(9) > 3.13, p < 0.05), and this effect was not
observed among alcoholic individuals.

3.3.2. N170

Latencies. No main effect of emotion (F(3,54) = 1.72,
NS) was observed, but main effects were found for localiza-
tion (F(4,72) = 10.46, p < 0.001) and for group
(F(1,18) = 14.42, p = 0.01). Indeed, the N170 latency was
significantly shorter at occipital sites (Oz, O1, O2) than at
temporal sites (T5, T6) and was significantly shorter for
controls than for alcoholic individuals. Moreover, the only
significant interaction was between emotion and group
(F(3,54) = 4.03, p = 0.027). In the control group, the laten-
cies did not differ with emotion category, whereas in the
alcoholic group, happy and different identity faces led to
shorter latencies than fearful (t(9) = 2.39, p < 0.05) and
sad faces (t(9) = 2.67, p < 0.05).

Amplitudes. There was no main effect of emotion
(F(3,54) = 3.08, NS) or localization (F(4,72) = 2.84, NS),
and there was no significant interaction. The only signifi-
cant effect was a main effect of group (F(1,18) = 5.87,
p = 0.026). Controls had a significantly higher N170 ampli-
tude than alcoholic individuals.

3.3.3. P3a

Latencies. No main effect (emotion (F(3, 42) = 1.13, NS),
group (F(1, 14) = 1.72, NS), localization (F(1,14) = 3.10,
NS)) and no interaction reached significance.
faces Rare identity faces Rare happy faces

482.6 (48.1) 486.3 (48.6)
) 592.3 (113.1) 598.2 (113.9)



Fig. 2. Electroencephalographic results for both groups on O1, Oz, O2, T5, T6 (P100 and N170) and Pz (P3b). This figure shows the deficits observed
among alcoholic subjects for the three ERP components: – delayed latency for P100, N170 and P3b; – reduced amplitude for N170 and P3b.

P. Maurage et al. / Clinical Neurophysiology 118 (2007) 633–644 639
Amplitudes. The only significant effect was a main effect
of localization (F(1, 14) = 11.59, p = 0.04). The amplitudes
were significantly higher for Cz than Pz. Other main effects
(emotion (F(3, 42) = 1.65, NS) and group (F(1,14) = 1.04,
NS)) and interactions were not significant.

3.3.4. P3b

Latencies. Three main effects but no interaction was
observed. The main effect of emotion (F(3,51) = 4.53,
p = 0.03) showed that the P3b latency was significantly
longer for the sad faces than for the other deviant stimuli,
which did not differ significantly from each other. The main
effect of group (F(1, 17) = 5.78, p = 0.028) showed that
controls had a significantly shorter latency for P3b than
the alcoholic individuals. Finally, the localization main
effect (F(1,17) = 4.59, p = 0.047) demonstrated that the
P3b latencies were shorter at Oz than at Pz.

Amplitudes. Three main effects were observed but no
interaction reached significance. First, the P3b amplitude
was significantly higher for the different identity deviant
faces than for the other deviant stimuli, which did not differ
significantly (F(3,51) = 4.97, p = 0.01). Second, controls
had a significantly higher amplitude for P3b than alcoholic
individuals (F(1,17) = 4.60, p = 0.047). Third, the ampli-
tudes were higher at Pz than at Oz (F(1,17) = 24.32,
p < 0.001).

3.3.5. Overall

To test whether P100, N170 and P3b are the successive
steps of a continuum in cognitive processing (and thus
Table 5
Pearson’s correlations (r (p-value)) in amplitude and latency between
P100, N170 and P3b

Latency Amplitude

P100 – N170 r = 0.718 (p < 0.001) r = �0.654 (p = 0.002)
P100 – P3b r = 0.489 (p = 0.029) r = 0.719 (p < 0.001)
N170 – P3b r = 0.566 (p = 0.009) r = �0.557 (p = 0.011)
whether the deficit in P3b may be a consequence of earlier
ERP impairments), Pearson’s correlations were performed
between these three components, for amplitude and laten-
cy. The results, shown in Table 5, clearly confirm that the
latencies and amplitudes of P100, N170 and P3b are linked:
the greater the delay in latency and the reduction in ampli-
tude for P100, the greater the delay in latency and reduc-
tion in amplitude for N170, and for P3b.
4. Discussion

The main results of this study can be summarized as fol-
lows. At a behavioral level, compared to control partici-
pants, alcoholic individuals were slower to detect deviant
faces. This delay, independent of depression and medica-
tion levels, was also indexed in the electrophysiological
data. The latency of earlier (P100, N170) as well as later
(P3b) ERP components was longer for alcoholic individu-
als than for controls. Moreover, alcoholic individuals dis-
played reduced amplitude of N170 and P3b. There was
no difference between groups for the P3a, and the different
categories of deviant faces only influenced the late compo-
nents (P3b and reaction times).
4.1. P100 and N170 as electrophysiological correlates of a

visual deficit in alcoholism

Recently detoxified alcoholic individuals present deficits
in a wide range of neuropsychological and cognitive abili-
ties (Zinn et al., 2003), and are particularly deficient in visu-
al processing. Visual acuity (Roquelaure et al., 1995),
visual attention (Beatty et al., 1996), visual short- and
long-term memory (Sullivan et al., 2002), perceptual learn-
ing (Fama et al., 2004) but also basic visual perception
(Wegner et al., 2001) appear impaired in alcoholism. As
the P100 and N170 reflect early visual processing, a deficit
(in latency or amplitude) of these components may be the
electrophysiological marker of the basic visual processing
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deficit in alcoholism. Our behavioral data clearly confirm
previous results, showing that alcoholic individuals are
slower than controls in the processing of complex visual
stimuli (namely emotional and neutral faces), and this def-
icit has electrophysiological correlates.

First, the latencies of P100 and N170 were longer in
alcoholic individuals. This delay may constitute an electro-
physiological marker of the early visual deficit in alcohol-
ism. Indeed, longer response latencies observed among
alcoholic individuals seem to originate at the visual stages
(P100), and this early delay is maintained for the later,
face-specific processing (N170).

Second, a significant interaction was observed between
group and localization for the P100 amplitude. Controls
exhibited the classical right-hemispheric dominance for
emotional face processing (Balconi and Lucchiari, 2005;
Esslen et al., 2004; Moreno et al., 1990), shown here by a
higher P100 amplitude in T6 than in other electrodes. This
right dominance was not present in alcoholic participants,
where the P100 amplitude did not differ significantly across
electrodes. The impairment in hemispheric dominance
among alcoholic individuals, already described elsewhere
(Gegeshidze and Tsagareli, 2004; McNamara et al.,
1994), suggests that the disturbed processing of complex
stimuli observed in chronic alcoholism may be linked to
a dysfunction in hemispheric specialization. This may con-
stitute a second electrophysiological marker for the visual
deficit seen in alcoholism.

Third, the amplitude of N170 was significantly reduced
among the alcoholic individuals, indicating that the under-
lying cognitive process (here, face processing) is impaired in
alcoholism. Alcoholism seems to generate a shallower pro-
cessing of faces; these stimuli are less deeply processed than
among control individuals. The deficits observed for the
P100 (latency and amplitude) may account, at least partly,
for this deficit in N170, as the specialized processing of fac-
es could be hampered by an earlier deficit. If basic visual
processing is damaged, the inputs received by the face-pro-
cessing areas will be biased. This reduced amplitude of
N170 could represent a third ERP correlate of the visual
dysfunction seen among alcoholic individuals.

In conclusion, our results indicate that the visual deficits
observed in chronic alcoholism have early electrophysio-
logical markers, and suggest three potential electrophysio-
logical correlates for these deficits in recently detoxified
alcoholic individuals. Delayed latencies for P100 and
N170, absence of right-hemispheric dominance for P100
during the processing of faces, and reduced amplitude of
N170. These proposals must be confirmed and extended
by further studies, as the deficit in alcoholism may involve
other forms of complex stimuli and not only human faces.

4.2. Initial level of impairment during the cognitive

processing of complex stimuli in alcoholism

As most previous studies have focused on the P3b, little
is known about the initial level of impairment during the
processing of stimuli. Indeed, as described above, only
few studies found an impairment on earlier components
like P100 (Cadaveira et al., 1991; Ogura and Miyazato,
1991) and N200 (Baguley et al., 1997; Kathmann et al.,
1996). And other studies have failed to detect any difference
between alcoholic individuals and controls for some com-
ponents, for example mismatch negativity (Fein et al.,
2004) or N100 (Kathmann et al., 1996). Moreover, to our
knowledge, the N170 component has not yet been investi-
gated in chronic alcoholism.

Our data confirm that the impairment in alcoholism
appears early in the cognitive processing. As described
above, our results confirm the deterioration in P100, main-
ly for latency, but abnormalities were also found for the
amplitude.

Moreover, as complex stimuli (namely emotional and
neutral faces) were used, the results provide a generaliza-
tion of the conclusions obtained in former studies, where
only simple stimuli were used; the P100 deficit is also pres-
ent with faces, which are more complex and ecological
stimuli.

Finally, our study gives some insights into the N170,
which had not been studied previously in chronic alcohol-
ism. The N170 is clearly altered in alcoholism, for latency
and amplitude. As this is, to our knowledge, the first obser-
vation of a modulation in N170 in chronic alcoholism, and
as the N170 is influenced by many aspects of the stimuli
(familiarity, emotion), these results must be confirmed.
Nevertheless, these data are promising because the study
of N170 has already given interesting results in the field
of psychopathology over recent years, for example in
schizophrenia (Herrmann et al., 2004) and autism (Dawson
et al., 2005), and because this component is linked to a cru-
cial social ability, which could be impaired in alcoholism,
i.e., the processing of faces, and especially emotional faces
(Philippot et al., 1999; Townshend and Duka, 2003).

To summarize, our data confirm and generalize previous
results by showing that the electrophysiological deficit in
alcoholism begins at a much earlier level of cognitive pro-
cessing than the P300. The deficit is already present for the
early visual components (P100), also appears when the
stimuli are complex (faces), and has been shown, for the
first time, to affect the specific face-processing component
(N170).

4.3. The P3b deficit in alcoholism as a possible consequence
of earlier damage

Many studies have focused on this component, and their
conclusions are clear. Alcoholic individuals have a delayed
latency and a reduced amplitude of the P300 (Cohen et al.,
1995; Pfefferbaum et al., 1979; Porjesz and Begleiter, 1981;
Steinhauer et al., 1987). As described below, our data con-
firm these results (with a distinction between P3a and P3b),
but our main objective was to test a novel hypothesis
to interpret this P300 deficit (and particularly the P3b
deficit).
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First, as the P300 is not a unitary component but is sep-
arated into different components according to task require-
ments (Johnson, 1986), we distinguished P3a and P3b. The
absence of any notable effect on P3a was expected in our
study. Indeed, the P3a component is maximally elicited in
frontal areas when a novel event is introduced in the odd-
ball task. As this was not the case in our paradigm, the P3a
had a very weak amplitude for both groups, and it is not
surprising that no difference was found between groups.
The distinction between P3a and P3b, nevertheless, seems
crucial in the field of alcoholism, as these two components
may be affected differently by chronic alcoholism (Rodri-
guez Holguin et al., 1999).

The results obtained for P3b clearly confirm the results
of previous studies. The alcoholic group showed signifi-
cantly delayed latencies and smaller amplitudes than the
control group. As for P100 and N170, these data extend
the results of previous studies to complex and social stimuli
(faces). Our behavioral, as well as electrophysiological,
results clearly show that alcoholic individuals have a deficit
during all stages of face processing, and this shortfall could
have deleterious consequences, as faces are one of the more
frequent social stimuli in everyday life.

However, while our results are totally in line with previ-
ous ones, showing a damaged P3b in alcoholism, the inter-
pretation usually given to these data, namely a deficit in
central nervous system inhibition (e.g. Porjesz and Begleit-
er, 2003) or in memory/attention (Polich, 2004), does not
take into account the earlier ERP components and the fact
that a deficit in these components may provoke the defect
in P3b. In addition, the main interest of our results lies in
the link between the commonly observed P3b deficit and
the deficit in earlier processing stages. We hypothesize that
the P3b damage may be explained as a consequence of per-
ceptual disturbances rather than as a deficit in this late
ERP component per se. This view is strengthened by the
highly significant correlations in latency and amplitude
among P100, N170 and P3b (see Table 5).

As described above, our study and others have clearly
shown that alcoholism leads to deficits in early perceptual
processing, as indicated by delayed latencies and reduced
amplitudes of P100 and N170. Thus, if we subscribe to a
cascade-processing view (Bentin et al., 1999), and if we con-
sider the P3b as the end of a continuum in cognitive pro-
cessing, the perceptual deficits (P100 and N170) may
explain, at least partly, the problems at the decisional stag-
es (P3b).

On the one hand, in an oddball paradigm, the amplitude
of the P300 depends on the amount of information extract-
ed from the event (Rugg and Coles, 1995). This assumption
clarifies the reduced amplitude observed in alcoholism. As
the perceptual processing (indexed by P100 and N170) is
damaged, the extraction of the visual information from
the stimuli appears deficient, and the perceptual representa-
tion of these stimuli is biased. This difficulty will hamper
subsequent stages, explaining the reduced P3b amplitude.
Thus, we assume that, in alcoholism, the ineffectiveness
of the perceptual level provokes a lack of information for
further stages, leading to a weaker decisional processing
(indexed by a reduction in P3b amplitude).

On the other hand, it is known that the P300 latency can
be used as a measure of the stimulus evaluation time (Don-
chin and Coles, 1988) or as an alternative to response times
(McCarthy and Donchin, 1981). Moreover, according to
the additive factors method in electroencephalography, if
mental processing proceeds in a series of successive parallel
and/or sequential stages, then behavioral performance
(reflected by reaction times) should be the sum of the dura-
tions of each stage (Donders, 1969; Dehaene, 1995), and
the P300 latency, considered as the outcome of a continu-
ous process, will sum up all the delays provoked in early
stages. This proposal may offer a new explanation of the
delayed P300 latency in alcoholism. The discrepancy in
the early stages, and particularly at perceptual stage, may
create a time-lag that lasts for the whole processing and still
affects the decisional stage. In this view, the longer latency
of P300 in alcoholism could be, at least partially, the effect
of earlier delays and not only a marker of damage to the
cognitive processing and abilities associated with the P300.

To summarize, our main suggestion is that the deficit
observed for P3b in alcoholism might not be due only to
difficulties in the decisional stages. The deficit in latency
and amplitude could rather be the consequence of the fact
that the P3b, being the end of cognitive processing, accu-
mulates all the delays and discrepancies generated in earlier
processing stages. This assumption is in accordance with
the results obtained by Foxe et al. (2005) in schizophrenia.
Inefficient early processes may explain the failure of later
processing, as it has been confirmed in our study by the
highly significant correlations between successive ERP
components. Nevertheless, these correlations do not allow
concluding that there is a causal link between the successive
electrophysiological deficits, and it cannot be excluded that
another process is affecting early and late ERP compo-
nents, thus explaining the high correlations observed.
Moreover, some studies (i.e. Chan et al., 1986) suggested
that earlier components, and particularly P100, could be
a ‘‘state marker’’ in alcoholism, while the P300 is consid-
ered as a ‘‘trait marker’’. This distinction in the stability
of the ERP components as regards the clinical status could
invalidate our suggestions. Further studies (using larger
groups) are thus needed to confirm our hypothesis, and
notably to extend it to other stimulations (particularly to
emotional auditory stimuli, which seem impaired in alco-
holism (Monnot et al., 2001)).

4.4. Exploring the electrophysiological pattern during the

perception of complex social stimuli (human emotional

faces) in alcoholism

To the best of our knowledge, this study is the first
attempt to explore the processing of complex social stimuli
in alcoholism on the basis of an ERP paradigm. Indeed,
our stimuli were happy, fearful, sad or neutral faces, while
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previous oddball studies in alcoholism used non-social and
simple stimuli. It seems well established that recently detox-
ified alcoholic individuals have a deficit in the decoding of
EFE (Kornreich et al., 2002, 2003; Philippot et al., 1999);
they overestimate the intensity of the EFE, whatever the
actual intensity (even for neutral faces), and they misinter-
pret these EFE (except for fearful faces). What is more,
these individuals are not aware of this deficit. In view of
the deleterious effect of this deficit on social life, it appears
crucial to define this problem further, by determining the
exact differences between alcoholic individuals and control
subjects.

As described above, our results show that alcoholic indi-
viduals are significantly slower than controls in the process-
ing of faces, at a behavioral (longer response times) and
electrophysiological level (delayed P100, N170 and P3b
latency). However, we have to define whether this delay
is general (i.e., identical for emotional and neutral faces)
or specific to emotional faces, or even to some specific emo-
tional categories. Indeed, only limited differences were
observed between the two groups on the emotion factor
in our results. At a behavioral level, as described in previ-
ous studies (Campanella et al., 2004), fearful faces were, for
adaptive purposes, the fastest to be detected in both
groups. The only difference between alcoholic individuals
and controls was the fact that sad faces were detected sig-
nificantly more slowly than other faces in the alcoholic
group, while this effect was not present among controls.
This increased difficulty to identify sad faces is in line with
previous results (Frigerio et al., 2002) indicating that sad-
ness is frequently misinterpreted in chronic alcoholism
and mixed up with other emotions like disgust and anger.
Our results underline an electrophysiological correlate of
this difficulty to process sadness. The P3b latency is signif-
icantly higher for sadness than for other deviant stimuli.
Moreover, N170 latency (which was, as shown above, sig-
nificantly longer for alcoholic individuals than for controls)
showed an interaction effect between group and emotion
(alcoholic individuals had longer N170 latency for fearful
and sad faces than for happy and neutral ones, and this dif-
ference was not found among controls). As the N170 is
associated with perceptual processing of faces, this result
may confirm the assumption (Frigerio et al., 2002) that
alcoholic individuals have greater difficulty in detecting
negative emotions in comparison with positive ones in
the early processing stages. This initial difficulty for nega-
tive emotions would persist in later processing stages for
sadness but would be compensated for fear as seen in our
behavioral results, probably for adaptive reasons. Never-
theless, the differences in N170 latency between emotions
were very small (<8 ms) and these results must be con-
firmed. We detected no other significant electrophysiologi-
cal differences between groups according to emotional
category.

Overall, our data confirm previous results. Alcoholic
individuals have no deficit for identification of fearful faces
(Philippot et al., 1999), but are significantly slower in the
processing of sad faces (Frigerio et al., 2002). It should be
noted that our procedure differed from that usually used
in behavioral studies; indeed, these studies used explicit
emotional judgments (with a qualitative measure of emotion
evaluation), while our paradigm elicited implicit emotional
processing (the participant did not have to determine which
emotion was expressed in the faces but only to detect deviant
ones). Moreover, our task was based on speed (with a mea-
sure of response time), was quite easy (very low error rate)
and used only three emotional categories. Further studies,
based on a more difficult task with explicit processing of
emotions and using a bigger range of emotions (e.g., anger,
disgust), are needed to explore the electrophysiological cor-
relates of the EFE processing deficit in alcoholism.

In conclusion, this study confirms and expands previous
results concerning the electrophysiological markers of per-
ceptual deficit in alcoholism; the deficit in the early visual
stages (P100) was observed and extended to complex stim-
uli (namely faces). Moreover, this study described, for the
first time, a damage to the ERP component associated with
face processing (N170) among alcoholic individuals. Our
results also give some preliminary insight into the electro-
physiological correlates of the deficit in emotional face pro-
cessing observed in alcoholism. But the main finding of our
study concerns the P300, which constitutes without doubt
the most studied ERP component in alcoholism. We
hypothesized that the P3b deficit (in amplitude and latency)
generally observed in chronic alcoholism may be associated
with earlier deficits (and particularly with deficits in percep-
tual processing) rather than reflecting a problem in the spe-
cific processing associated with the P3b. This assumption
may influence the interpretation given to the impairment
in P300 and encourages future studies to take into account
earlier ERP components.
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