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Abstract
Objective: The P300 event-related potential (ERP) is sometimes larger for individuals at low- compared to high-risk for alcoholism. These
effects are inconsistent, and how P300 is affected by tobacco smoking in the context of alcoholism risk is unknown. The present study used
P300 to examine the inter-relationship between alcoholism heritability and smoking status.
Methods: P300 was elicited with a visual discrimination task from young adults at low- and high-risk for alcoholism. Half of the subjects
in each risk category reported that they did not smoke cigarettes, and the other half reported that they smoked regularly, with equal numbers
of male and female subjects assessed. ERPs were recorded, and subjects were instructed to respond only to an infrequently presented target
stimulus that occurred in a series of standard and distracter stimuli.
Results: P300 amplitude from the target stimuli was larger for the low-risk compared to high-risk subjects overall. However, smoking
status demonstrated even stronger effects, with non-smokers producing consistently larger component amplitudes than smokers and
accounting for more variance than alcoholism risk. These group factors also significantly affected P300 scalp topography. No reliable
alcoholism risk or smoking group effects were obtained for the ERPs from the other stimuli.
Conclusions: The findings suggest that P300 measures of alcoholism risk in young adults are moderated by smoking status. Theoretical
implications are discussed.
q 2004 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Keywords: Alcoholism heritability; Event-related potentials; P300; Tobacco; Smoking

1. Introduction
1.1. Alcoholism risk and P300
Children of alcoholic parents raised by non-alcoholic
foster parents are at higher risk for developing alcoholism
than are the biological children of non-alcoholic parents. As
the P300 event-related brain potential (ERP) has been found
to be smaller in long-term abstinent alcoholics relative to
controls (Begleiter and Porjesz, 1995; Porjesz and Begleiter,
1996), ERP procedures have been used to study individuals
at low- and high-risk (LR, HR) for alcoholism by virtue of
their biological background (e.g. Begleiter et al., 1984;
Elmasian et al., 1982; Polich, 1984). Neuroelectric
measures are heritable (van Beijsterveldt and van Baal,
2002), and the P300 component is strikingly similar for pairs
of monozygotic compared to dyzygotic twins and unrelated
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E-mail address: polich@scripps.edu (J. Polich).

controls (Katsanis et al., 1997; O’Connor et al., 1994; Polich
and Burns, 1987; van Beijsterveldt et al., 1996, 1998).
Moreover, biologically related family members demonstrate
significant inter-family member correlations for P300
measures (Eischen and Polich, 1994; Polich and Bloom,
1999), with loci on the human genome identified that appear
related to ERP generation (Almasy et al., 1999; Begleiter
et al., 1998). Given these genetic influences, the P300 may
serve as a diagnostic marker of heritability and disease
phenotypic etiology (cf. Carlson et al., 2002; Hill et al.,
1999a, 2000; Iacono et al., 2002).
Meta-analysis was used to quantify this possibility by
evaluating P300 findings from the sons of alcoholics
compared to unaffected male controls (Polich et al., 1994).
Analysis of the then 30 available studies indicated that 40%
of the reports found statistically reliable P300 amplitude
effects, such that LR subjects exhibited significantly larger
components than HR subjects. However, considerable interstudy variation was evident, and P300 amplitude appeared
related to how populations were defined, stimulus modality,
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and task difficulty. These factors have been found to affect
P300 outcomes in subsequent alcoholism risk-group reports
(cf. Benegal et al., 1995; Cohen et al., 1997; Ramachandran
et al., 1996; Reese and Polich, 2003; Rodrı́guez-Holguı́n
et al., 1998a). Additional influences include: (1) in
particular, children and younger adolescents demonstrate
stronger P300 risk-group effects than older adolescents or
adults (Hill et al., 1999b; Rodrı́guez-Holguı́n et al., 1999b;
van der Stelt et al., 1998a); (2) female LR and HR groups
yield amplitude differences generally similar to those
observed for males (Hill and Steinhauer, 1993; Hill et al.,
1995a,b; Polich et al., 1988; Reese and Polich, 2003; van
der Stelt et al., 1998b); (3) P300 variability from alcoholism
risk is likely to stem from co-morbidity for conduct
disorders, substance abuse, and disinhibited psychopathologies (Bauer and Hesselbrock, 1999a,b; Carlson et al.,
1999; Costa et al., 2000; Finn et al., 1997; Hill et al., 2000;
Iacono et al., 2002; Malone et al., 2001); and (4) the
anatomical size of the right amygdala is significantly
correlated with P300 amplitude in HR adolescents (Hill
et al., 2001). Thus, at least some P300 variability for
alcoholism-risk studies reflects subject age, population
characteristics, and the neuroanatomy of ERP generation
(Ford et al., 1994; Polich and Hoffman, 1998).
1.2. Tobacco smoking and P300
P300 variation across subjects has also been related to
individual differences in propensity for tobacco use. It is
noteworthy that adolescents who begin smoking are 3
times more likely to use alcohol, and smokers are 10
times more likely to develop alcoholism than non-smokers
(Hughes, 1995; Hurt et al., 1994; Jarvik and Schneider,
1992). Further, 80– 95% of alcoholics smoke cigarettes
with 70% smoking more than one pack per day compared
with 10% of the general population (Collins and Marks,
1995; Patten et al., 1996). When coupled with behavioral
data that suggest a strong link between tobacco smoking
and alcohol consumption (Friedman et al., 1991; Madden
et al., 1995; Torabi et al., 1993), it is likely that smoking
history contributes to P300 outcomes in alcoholism risk
studies.
ERP data on smoking history effects are sparse. Knott
et al. (1999) compared young and old non-smokers and
smokers on several ERP tasks but found no reliable smoking
history effects. Haarer and Polich (2000) assessed normal
young adults who smoked daily with individuals who
smoked infrequently using a visual task and found smaller
P300 target amplitude for the regular compared to
occasional smokers before and after tobacco smoking. A
large-scale study by Anokhin et al. (2000) assessed
smokers, former smokers, and never-smokers using a visual
discrimination task. P300 amplitude was smaller for any
subject who had smoked, with current smokers producing
components about 5 mV smaller than never-smokers. More
important, some subjects carried a diagnosis of alcoholism,
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but this factor contributed to P300 amplitude in a manner
that was relatively weak and additive with smoking status.
Enoch et al. (2001) used combined auditory/visual ERP
tasks to assay subjects with diagnoses for alcoholism and
anxiety disorders. A marginal P300 amplitude smoking
effect for the easy auditory but not difficult visual task for a
sub-sample of the unaffected subjects was obtained. In sum,
ERPs may be affected by tobacco smoking history, but how
this variable contributes to alcoholism risk and P300 is
unclear.
1.3. Present study
Most ERP reports on tobacco have focused on the acute
rather than chronic effects of smoking. P300 amplitude
generally increases and latency decreases immediately after
smoking (Hasenfratz et al., 1989; Houlihan et al., 1996a,b;
Knott et al., 1995), although relative information processing
task difficulty (Ilan and Polich, 1999, 2001; Knott, 1995; Le
Houezec et al., 1994; Pritchard and Robinson, 1998;
Pritchard et al., 1995) and amount smoked or nicotine
level can affect P300 measures (Kodama et al., 1996;
Lindgren et al., 1999). Given the variable findings from
alcoholism-risk and smoking history P300 studies outlined
above, both task and chronic factors are likely to affect ERP
outcomes. The present study was conducted to compare LR
and HR young adult subjects who either had never smoked
tobacco or regularly smoked cigarettes in order to
characterize these effects more directly.

2. Methods
2.1. Subjects
Subjects were young adults obtained as part of the
Collaborative Study on the Genetics of Alcoholism (COGA)
or related projects and recruited at The Scripps Research
Institute laboratory. HR subjects had fathers and at least
one first-degree or two second-degree relatives who met
the criteria for both alcohol dependence as defined by
DSM-III-R and definite alcoholism. No HR subject carried a
diagnosis of alcoholism. LR subjects had no familial
alcoholism or personal alcoholism. Each participating
family member was interviewed with the Semi-Structured
Assessment for the Genetics of Alcoholism, which uses both
DSM-III-R alcohol dependence and Feighner criteria
(Bucholz et al., 1994). All individuals were gainfully
employed or engaged in educational pursuits. Exclusionary
criteria for both groups included major medical problems,
CNS medication, a history of psychiatric problems, or
history of drug abuse. These procedures have been
successfully used to evaluate alcoholism risk with ERPs
(e.g. Hada et al., 2001; Polich and Bloom, 1999;
Ramachandran et al., 1996; Rodrı́guez-Holguı́n et al.,
1999a,b).
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A total of n ¼ 80 subjects were obtained, with equal
numbers in each LR/HR risk and smoking category for
n ¼ 20 per group, as well as equal numbers of each gender,
comparable age (21.9 ^ 3.9, 18 – 32 years), education
(12.7 ^ 1.9 years), and number of drinks per week
(3.5 ^ 5.3) as obtained by random assignment. Participants
reported normal visual acuity, handedness was distributed
equitably across samples, and each subject was tested in a
single 2-h session. Smoking was defined as daily cigarette
smoking for 6 months or more. Smoking subjects smoked a
mean of 12.4 ^ 7.7 cigarettes per day for an average of
5.9 ^ 3.3 years, with no differences obtained for the
smoking history variables. Smoking subjects were
instructed to smoke before they came to the laboratory
and were assessed 1 –3 h after smoking to ensure that acute
nicotine effects were minimized (Domino et al., 1995;
Pritchard, 1991). ERP smoking deprivation effects for this
time duration are undetectable (cf. Bell et al., 1999; Haarer
and Polich, 2000; Houlihan et al., 1996c; Knott et al., 1995).
Each subject provided informed consent.
2.2. Recording conditions and procedure
EEG activity was recorded monopolarly using an
electrode-cap with, 19 electrode sites (Fp1/2, F3/4, C3/4,
P3/4, F7/8, T7/8, P7/8, O1/2, Fz, Cz, Pz) referred to the
nose, with a forehead ground and impedances maintained at
5 kV or less. Electro-ocular (EOG) activity was assessed
with two channels referred to the nose. One electrode was
placed at the outer canthus of the left eye to measure vertical
eye movement, and the second electrode was located on the
forehead to monitor horizontal eye movement. The filter
bandpass was 0.02– 50 Hz (3 dB down, 6 dB octave/slope).
The EEG was digitized at 3.9 ms per point for 1500 ms,
with a 187 ms prestimulus baseline. ERP data were
averaged on-line with the same computer also used to
control the stimulus presentation and artifact rejection.
Trials on which the EEG or EOG exceeded ^ 73.3 mV were
rejected automatically, with comparable numbers of artifact
trials obtained among subject groups.
The same paradigm employed by Anokhin et al. (2000)
was used. ERPs were elicited with 280 stimuli presented on
a computer monitor for 60 ms, with an inter-stimulus
interval of 1.6 s. The target stimulus was a white X-shape
(4 £ 4 cm2, 2.98 £ 2.98), distracter stimuli (5 £ 5 cm2,
3.68 £ 3.68) consisted of non-repeating colored geometric
shapes (e.g. blue hexagons, red pentagons, etc.) arranged in
variegated patterns, and the standard stimulus was a white
square (4 £ 4 cm2, 2.98 £ 2.98). All stimuli were viewed
from a distance of 110 cm, with low level, diffuse ambient
lighting provided by a ceiling fixture. The target and
distracter stimuli each occurred with a probability of 0.125;
the standard stimuli occurred with a probability of 0.75.
Subjects were instructed to look at a dot in monitor’s center,
to press a keypad with their forefinger whenever a target
stimulus was detected, and to refrain from responding when

the distracter or standard stimuli occurred. Response hand
was counterbalanced across subjects. Stimulus presentation
ended when 25 target, 25 distracter, and 150 standard
artifact-free trials were acquired.

3. Results
3.1. Task performance and trial number
Error rates were negligible (, 1%) and did not differ
among subject groups. Although LR responded somewhat
more quickly compared to HR (468 vs. 505 ms) subjects,
no significant group effects were obtained for the response
time data.
3.2. ERP analyses
Fig. 1 illustrates the target stimulus ERP grand averages
from the midline and EOG electrodes for each alcoholism
risk and smoking group. Topographic representations of
P300 amplitude from all scalp electrodes are illustrated
below the grand averages. The P300 component was defined
as the largest positive-going peak occurring within
300 – 800 ms at each electrode. Peak amplitude was
measured relative to the pre-stimulus baseline, and peak
latency was assessed from the time of stimulus onset.
Extensive preliminary analyses revealed no gender-related
risk-group or smoking-status effects. No group effects were
obtained for the distracter or standard stimuli, which most
likely reflect the minimal stimulus processing required for
these stimuli. These data were not considered further.
Fig. 2 illustrates the mean target P300 amplitude as a
function of coronal electrode for the frontal, central, and
parietal recording locations for each alcoholism risk and
smoking group. A 4-factor (2 risk groups [LR vs. HR] £ 2
smoking status [non-smokers vs. smokers] £ 3 anterior-toposterior positions [frontal vs. central vs. parietal] £ 5
coronal electrodes [F7, F3, Fz, F4, F8 vs. T7, C3, Cz, C4, T8
vs. P7, P3, Pz, P4, P8]) repeated measures ANOVA was
applied to the P300 data from the target stimuli. Geisser –
Greenhouse corrections to the df were employed as needed,
with only the corrected probabilities reported. The h2
statistic was computed for subject group effects or
interactions to calculate the proportion of variance
accounted for by each comparison.
3.2.1. Alcoholism risk and smoking groups
LR subjects produced significantly larger P300
amplitudes than HR subjects, Fð1; 76Þ ¼ 4:19; P , 0:05;
h2 ¼ 0:047: Non-smokers yielded significantly larger P300
amplitudes overall than smokers, Fð1; 76Þ ¼ 8:01;
P , 0:01; h2 ¼ 0:089; which accounted for twice the
between-groups variance as the alcoholism risk-group
factor. In addition, non-smokers demonstrated larger
increases in P300 amplitude from the frontal to parietal
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Fig. 1. Grand averaged EOG, midline electrode waveforms, and topographic head plots of P300 amplitude from a visual stimulus paradigm from non-smoking
and smoking young adult subjects who were either at low- or high-risk for alcoholism (n ¼ 20 per group). The topographic maps reflect peak P300 amplitude at
each electrode.

recording sites compared to smokers. This outcome
contributed to the significant interaction between the
smoking status and anterior-to-posterior topography variables, Fð2; 152Þ ¼ 6:50; P , 0:01; h2 ¼ 0:048: Similarly, a
significant interaction between smoking status and coronal
electrode location was obtained, Fð4; 304Þ ¼ 8:90; P ,
0:0002; h2 ¼ 0:036; such that non-smokers demonstrated
larger midline amplitudes that decreased less toward the
temporal sites compared to smoking subjects. No other
effects or interactions involving the alcoholism risk group
factor were obtained. P300 amplitude increased from the
frontal to parietal recording sites, Fð2; 152Þ ¼ 53:06;
P , 0:0001; was maximal over the midline and decreased
over the lateral coronal sites, Fð4; 304Þ ¼ 161:16;
P , 0:0001: The anterior-to-posterior and coronal factors
yielded a significant interaction, Fð8; 608Þ ¼ 20:74;
P , 0:0001; reflecting the usual pattern of less P300
amplitude coronal electrode differentiation at the frontal
compared to central and parietal electrodes.
The same 4-factor analysis of variance was applied to the
peak latency results. No risk-group or smoking status main

effects or interactions were found. Peak latency increased
from the frontal to parietal sites, Fð1; 76Þ ¼ 11:19;
P , 0:0001; from the midline to lateral electrodes,
Fð4; 304Þ ¼ 9:02; P , 0:0001; with a significant interaction
between these factors obtained, Fð8; 608Þ ¼ 4:49;
P , 0:0001:
3.2.2. Midline electrodes
To assess the interaction between smoking status and the
frontal-to-central electrode position effects found in the
overall analysis, P300 amplitude data from just the midline
electrodes were assessed with a 3-factor (2 risk groups
[LR vs. HR] £ 2 smoking status [non-smokers vs.
smokers] £ 3 midline electrodes [Fz vs. Cz vs. Pz]) repeated
measures ANOVA. P300 amplitude was larger for LR
compared to HR subjects, Fð1; 76Þ ¼ 5:38; P , 0:05; h2 ¼
0:056; and non-smokers again produced larger P300
components than smokers, Fð1; 76Þ ¼ 14:06; P , 0:001;
h2 ¼ 0:146: More important, non-smokers demonstrated
larger increases in P300 amplitude across the midline
recording sites compared to smokers, Fð2; 152Þ ¼ 9:93;

1378

J. Polich, C.J. Ochoa / Clinical Neurophysiology 115 (2004) 1374–1383

Fig. 2. Mean P300 amplitude as a function of coronal electrode placement for the frontal, central, and parietal arrays site from non-smokers and smokers who
were either at low- and high-risk for alcoholism (LL, left lateral; LM, left medial; M, medial; RM, right medial; RL, right lateral).

P , 0:0001; h2 ¼ 0:057: No other main effects or interactions involving alcoholism risk group were obtained.
Component amplitude increased from the frontal to central
electrodes, Fð2; 152Þ ¼ 88:39; P , 0:0001:
3.2.3. Hemispheric P300 effects
Fig. 2 suggests that the alcoholism risk and smoking
groups appear to differ with respect to the laterality patterns
for P300 amplitude. This possibility was assessed with a
4-factor (2 risk groups [LR vs. HR] £ 2 smoking status
[non-smokers vs. smokers] £ 2 hemispheres [left vs.
right]) £ 2 lateral electrode positions (medial vs.
lateral) £ 3 anterior-to-posterior electrode positions [frontal
vs. central vs. parietal] repeated measures ANOVA. Only
the outcomes involving subject groups will be described, as
the other effects were similar to the overall analyses. P300
amplitude over the left hemisphere was smaller than that

over the right hemisphere for the HR subjects with little
hemispheric difference obtained for the LR subjects to
produce a marginal interaction between these factors,
Fð1; 76Þ ¼ 2:95; P , 0:10; h2 ¼ 0:037: In addition, smoking status contributed to these effects such that the
difference between P300 left and right hemisphere amplitudes was smaller for the smoking HR subject compared to
LR group and decreased more from the frontal to parietal
electrodes to yield a significant 4-way interaction among
these variables, Fð2; 152Þ ¼ 3:64; P , 0:05; h2 ¼ 0:042:
Moreover, these P300 amplitude hemispheric differences
were larger for non-smokers compared to smoking subjects
over the medial compared to lateral electrodes to produce a
strong two-way interaction between laterality electrode
location and smoking group, Fð1; 76Þ ¼ 10:9; P , 0:002;
h2 ¼ 0:030; which was also found in the 3-way interaction
that included the frontal-to-parietal location factor,
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Fð2; 152Þ ¼ 3:47; P , 0:05; h2 ¼ 0:032: In sum, HR
subjects demonstrated smaller P300 amplitudes over the
left compared to right hemisphere, and smoking decreased
overall amplitudes and this hemispheric difference relative
to LR subjects.

4. Discussion
4.1. Alcoholism risk and smoking
The present study employed the P300 ERP to assess
genetic predisposition to alcoholism by comparing young
adult low- and high-risk groups comprised of non-smoking
and tobacco smoking subjects. P300 amplitude was larger for
LR compared to HR subjects overall—a finding consistent
with some reports using visual stimuli in young adult subjects
(Benegal et al., 1995; Cohen et al., 1997; Ramachandran
et al., 1996). However, P300 amplitude was also larger for
non-smokers compared to smokers in agreement with some
(Anokhin et al., 2000; Haarer and Polich, 2000; Kodama
et al., 1996) but not all (Enoch et al., 2001; Knott et al., 1999)
previous smoking ERP studies. The reasons for these
discrepancies are unclear but may stem from task parameters
that contribute to ERP smoking findings (cf. Domino, 2003;
Houlihan et al., 1996b; Ilan and Polich, 1999; Knott, 1995;
Pritchard and Robinson, 1998; Pritchard et al., 1995). For
example, in the present study active attentional processing of
the visual target stimulus reflected ERP smoking, whereas
the passive processing of the distracter and standard stimuli
produced no reliable effects of smoking history (Houlihan
et al., 1996a; Ilan and Polich, 2001; Knott et al., 1995). Thus,
P300 variability from at-risk for alcoholism and tobacco
smoking individuals may index task parameters that interact
with fundamental group differences.
In addition, it is possible that some of the non-smoking
compared to smoking group differences could reflect initial
tobacco deprivation effects (Bell et al., 1999; Domino et al.,
1995; Sayette et al., 2003). Even though subjects smoked just
before ERP testing so that the time since last their cigarette
was short, behavioral and neuroelectric effects have been
found for tobacco smokers when deprived conditions are
compared to post-smoking (Herning et al., 1983; Hughes and
Hatsukami, 1986; Pritchard and Robinson, 1998). However,
the LR and non-smoking subjects consistently demonstrated
larger and more robust P300 components than the HR and
smoking subjects (cf. Anokhin et al., 2000; Carlson et al.,
1999; Haarer and Polich, 2000; Rodrı́guez-Holguı́n et al.,
1999b). Given the short pre-test deprivation time in
conjunction with the relative strength and overall pattern of
the effects, the P300 risk-group differences appear more
likely to be associated with genetic variation rather than a
situational factor (Begleiter et al., 1998; Hill et al., 2001;
Iacono et al., 2002; Katsanis et al., 1997).
Although P300 and other neuroelectric measures are
heritable (Eischen and Polich, 1994; Eischen et al., 1995;
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Katsanis et al., 1997; O’Connor et al., 1994; Polich and
Burns, 1987; van Beijsterveldt and van Baal, 2002),
considerable variability underlies ERP effects for LR and
HR subjects with task difficulty, stimulus modality, and
subject age differentially contributing to alcoholism-risk
findings (cf. Hill et al., 1999a,b, 2001; Polich and Bloom,
1999; Polich et al., 1994; Reese and Polich, 2003;
Rodrı́guez-Holguı́n et al., 1998b,c). Indeed, recent studies
have suggested these effects could indicate that “reduced P3
may be associated with genetic risk for disinhibited
psychiatric disorders generally” (Carlson et al., 2002,
p. 756), and that this relative amplitude reduction may be
an endophenotype associated with a broad spectrum of
disorders (Iacono et al., 2002). The present results are
consonant with the view that both alcoholism risk and
tobacco smoking history can contribute to P300 group
differences.
4.2. Neuropharmacological moderation of P300
Although a direct neuropharmacological connection
between alcoholism risk and P300 has not yet been
identified, the acute rewarding effects of ethanol on
dopaminergic activity are clear from animal studies: “In
general, enhancement of dopamine transmission in the
nucleus accumbens increases ethanol-reinforced responding, whereas decreasing transmission decreases ethanol
responding…These findings suggest the importance of
dopaminergic activity in the acute rewarding effects of
alcohol” (Hill et al., 1998, p. 47). Such ERP group
variation also may be related to individual mesolimbic
dopamine system differences for nicotine as a positive
reinforcer (Reavill, 1990), since several lines of evidence
link P300 and catecholaminergic mediation of the
underlying generator system: (1) P300 measures are
deficient in Parkinson patients who have decreased levels
of dopamine (Hansch et al., 1982; Stanzione et al., 1991).
(2) The dopamine antagonist sulpiride increases P300 in
low-amplitude subjects and decreases it in high-amplitude
subjects (Takeshita and Ogura, 1994). (3) Pharmacological
studies have demonstrated dopaminergic mediation of
P300 amplitude and latency (Hansenne et al., 1995;
Wang et al., 2000). (4) Children at elevated risk for
alcoholism evince dopamine-related genetic differences
associated with P300 amplitude deficits (Hill et al., 1998).
P300 amplitude from individuals at risk for alcoholism may
therefore vary as a function of dopamine levels and contribute
to an ‘endophenotype of alcoholism’ (Hesslebrock et al.,
2001).
The attentional operations engaged during P300 generation have been hypothesized to reflect similar mechanisms
in a manner that could vary systematically across individuals and risk-groups (Polich, 2003; Reese and Polich, 2003).
Moreover, tobacco smoking is likely to stem from genetic
influences (Carmelli et al., 1992; Comings et al., 2001;
Hughes, 1986), with the propensity to use tobacco related to
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alcohol consumption in HR subjects and alcoholism
development (Drobes, 2002; Friedman et al., 1991; Madden
et al., 1995; Torabi et al., 1993). These observations imply
that individuals vary with respect to their responsiveness to
nicotine, and that P300 amplitude reduction in smokers
occurs regardless of alcoholism risk diagnosis (Anokhin
et al., 2000; Carlson et al., 2002; Iacono et al., 2002). Given
dopaminergic system activation with nicotine intake (Koob,
1992; Watkins et al., 2000), it is reasonable to suppose that
P300 differences between low- and high-risk disorder
groups may reflect a predisposition for dopamine deficits
that encourages drug use stemming from underlying or
concomitant psychopathology (Bauer and Hesselbrock,
1999a,b; Carlson et al., 1999; Costa et al., 2000; Finn
et al., 1997; Hill et al., 2000). Although speculative, the
present P300 findings point toward a fundamental deficit in
dopaminergic brain mechanisms (Anokhin et al., 2000;
Begleiter et al., 1998; Hill et al., 1998, 2001; Jeon and
Polich, 2003).
4.3. Hemispheric P300 differences
Young adult HR subjects produced smaller P300
amplitudes than LR subjects over the left compared to
right frontal and central electrodes. Smoking subjects
demonstrated smaller P300 hemispheric differences relative
to non-smokers across alcoholism risk categories. P300
amplitude right hemisphere superiority in normals has been
reported previously (Alexander et al., 1995, 1996), with the
implication that P300 generation may be initiated in right
frontal areas (Polich et al., 1997). In addition, left-handers
produce larger P300 components compared to right-handed
individuals over the frontal and central electrodes—findings
consistent with corpus callosal size differences between
handedness groups (Alexander and Polich, 1997; Polich and
Hoffman, 1998). How P300 amplitude hemispheric differences effects may be related to risk-for-alcoholism and
tobacco smoking is uncertain, although reliable left hemisphere deficits in patients with schizophrenia are well
documented (Jeon and Polich, 2001). A connection among
these factors also has been suggested by a recent PET study
that found left relative to right hemisphere blood flow
decreased as nicotine dose level increased (Rose et al.,
2003). Whether similar hemispheric effects can be related
directly to alcoholism risk and smoking history has yet to be
determined, but intriguing hints have emerged (cf. Haarer
and Polich, 2000; Hill et al., 2001).

5. Conclusion
Young adults genetically at high-risk for alcoholism can
demonstrate smaller P300 amplitudes compared to their
low-risk counterparts. These effects appear to be moderated
by tobacco smoking, such that non-smoking individuals are
less likely to reflect P300 alcoholism risk-group differences

than smoking subjects. The influence of smoking status on
P300 may originate from genetic influences that govern
ERP generation. Thus, the present results suggest that it is
important to account for tobacco smoking history when
assessing P300 across subject group categories.

Acknowledgements
Collaborative studies on the Genetics of Alcoholism
(H. Begleiter, SUNY HSCB, Principal Investigator,
T. Reich, Washington University, Co-Principal Investigator). This collaborative study includes six different
centers where data collection takes place. The six sites
and Principal Investigator and Co-Investigators are: Indiana
University (J. Nurnberger, Jr, T.-K. Li, P.M. Conneally,
H. Edenberg); University of Iowa (R. Crowe, S. Kuperman);
University of California at San Diego and The Scripps
Research Institute (M. Schuckit, F.E. Bloom); University of
Connecticut (V. Hesselbrock); State University of New,
Health Sciences Center at Brooklyn (B. Porjesz,
H. Begleiter, B.); Washington University in St. Louis
(T. Reich, C.R. Cloninger, J. Rice). This national collaborative study is supported by the National Institute on
Alcohol Abuse and Alcoholism (NIAAA) by U.S.P.H.S.
grants NIAAA U10AA08401, U10AA08402, and
U10AA08403. Additional support was provided by
NIAAA P50 AA06420 and NIDA RO1-DA112737.
We thank Floyd E. Bloom for helpful comments, Brian
Lopez for assistance with data analysis, and the reviewers
for thoughtful critiques. This paper is publication 15710-NP
from The Scripps Research Institute. C.J. Ochoa is now at
the Department of Surgery Los Angeles County and
University of Southern California Medical Center.

References
Alexander JE, Polich J. Handedness and P300 from auditory stimuli. Brain
Cogn 1997;35:259–70.
Alexander JE, Porjesz B, Bauer LO, Kuperman S, Mozarati S, O’Connor
SJ, Rohrbaugh J, Begleiter H, Polich J. P300 amplitude hemispheric
asymmetries from a visual discrimination task. Psychophysiology 1995;
32:467–75.
Alexander JE, Bauer LO, Kuperman S, Rohrbaugh J, Morzorati S,
O’Connor SJ, Rohrbaugh J, Porjesz B, Begleiter H, Polich J.
Hemispheric differences for P300 amplitude from an auditory oddball
task. Int J Psychophysiol 1996;21:89–196.
Almasy L, Porjesz B, Blangero J, Chorlian DB, O’Connor SJ, Kuperman S,
Rohrbaugh J, Bauer LO, Reich T, Polich J, Begleiter H. Heritability of
event-related brain potentials in alcoholic families. Hum Genet 1999;
88:383–90.
Anokhin AP, Vedeniapin AB, Sirevaag EJ, Bauer LO, O’Connor SJ,
Kuperman S, Porjesz B, Reich T, Begleiter H, Polich J, Rohrbaugh JW.
The P300 brain potential is reduced in smokers. Psychopharmacology
2000;149:409–13.
Bauer LO, Hesselbrock VM. Subtypes of family history and conduct
disorder: effects on P300 during the Stroop task. Neuropsychopharmacology 1999a;21:51 –62.

J. Polich, C.J. Ochoa / Clinical Neurophysiology 115 (2004) 1374–1383
Bauer LO, Hesselbrock VM. P300 decrements in teenagers with conduct
problems: implications for substance abuse risk and brain development.
Biol Psychiatry 1999b;46:263–72.
Begleiter H, Porjesz B. Neurophysiological phenotypic factors in the
development of alcoholism. In: Begleiter H, Kissin B, editors. The
genetics of alcoholism. New York: Oxford University; 1995. p.
269–93.
Begleiter H, Porjesz B, Bihari B, Kissin B. Event-related brain potentials in
boys at risk for alcoholism. Science 1984;225:1493–5.
Begleiter H, Porjesz B, Reich T, Edenberg HJ, Goate A, Blangero J,
Almasy L, Foroud T, Van Eerdewegh P, Polich J, Rohrbaugh J,
Kuperman S, Bauer LO, O’Connor SJ, Chorlian DB, Li T-K, Conneally
PM, Hesselbrock V, Rice JP, Schuckit MA, Cloninger R, Nurnberger Jr
J, Crowe R, Bloom FE. Quantitative trait loci analysis of human eventrelated brain potentials: P3 voltage. Electroencephalogr Clin Neurophysiol 1998;108:244–50.
Bell SL, Taylor RC, Singleton G, Henningfield JE, Heishman SJ. Smoking
after nicotine deprivation enhances cognitive performance and
decreases tobacco craving in drug abusers. Nicotine Tob Res 1999;1:
45–52.
Benegal V, Jain S, Subbukrishna DK, Channabasavanna SM. P300
amplitudes vary inversely with continuum of risk in first degree male
relatives of alcoholics. Psychiatr Genet 1995;5:1–8.
Bucholz KK, Cadoret R, Cloninger CR, Dinwiddie SH, Hesselbrock VM,
Nurnberger JI, Reich T, Schmidt I, Schuckit MA. A new semistructured psychiatric interview for use in genetic linkage studies: a
report on the reliability of the SSAGA. J Stud Alcohol 1994;55:149–58.
Carlson SR, Katsanis J, Iacono WG, Mertz AK. Substance dependence and
externalizing psychopathology in adolescent boys with small, average,
or large P300 event-related potential amplitude. Psychophysiology
1999;36:583 –90.
Carlson SR, Iacono WG, McGue M. P300 amplitude in adolescent twins
discordant and concordant for alcohol use disorders. Biol Psychol 2002;
61:203–27.
Carmelli D, Swan G, Robinette D, Fabsitz R. Genetic influence on
smoking—a study of male twins. New Engl J Med 1992;327:829– 33.
Cohen HL, Porjesz B, Begleiter H, Wang W. Neurophysiological correlates
of response production and inhibition in alcoholics. Alcohol Clin Exp
Res 1997;21:1398–406.
Collins AC, Marks MJ. Animal models of alcohol–nicotine interactions.
In: Fertig JB, Allen JP, editors. Alcohol and tobacco: from basic science
to clinical practice. NIAAA research monograph no. 30, Washington,
DC: Supt of Docs, US Government Print Office; 1995. p. 129 –44.
Comings DE, Wu S, Gonzalez N, Iacono WG, McGue M, Peters WW,
MacMurray JP. Cholecystokinin (CCK) gene as a possible risk factor
for smoking: a replication in two independent samples. Mol Genet
Metab 2001;73:349–53.
Costa L, Bauer L, Kuperman S, Porjesz B, O’Connor S, Hesselbrock V,
Rohrbaugh J, Begleiter H. Frontal P300 decrements, alcohol dependence, and antisocial personality disorder. Biol Psychiatry 2000;47:
1064–71.
Domino EF. Effects of tobacco smoking on electroencephalographic,
auditory evoked and event-related potentials. Brain Cogn 2003;53:
66–74.
Domino EF, Kadoya C, Matsuoka S. Effects of tobacco smoking on the
topographic electroencephalogram. In: Domino E, editor. Brain
imaging of nicotine and tobacco smoking. Ann Arbor, MI: NPP
Books; 1995. p. 253– 62.
Drobes DJ. Concurrent alcohol and tobacco dependence: mechanisms and
treatment. Alcohol Res Health 2002;26:136 –42.
Eischen S, Polich J. P300 from families. Electroencephalogr Clin
Neurophysiol 1994;92:369– 72.
Eischen S, Luckritz JY, Polich J. Spectral analysis of EEG from families.
Biol Psychol 1995;41:61–8.
Elmasian R, Neville H, Woods D, Schuckit MA. Eventrelated brain potentials are different in individuals at high and
low risk for developing alcoholism. Proc Natl Acad Sci 1982;7:7900–3.

1381

Enoch M-A, White KV, Harris CR, Rohrbaugh JW, Goldman D. Alcohol
use disorders and anxiety disorders: relation to the P300 event-related
potential. Alcohol Clin Exp Res 2001;25:1293–300.
Finn PR, Sharkansky E, Viken R, West R, Sandy J, Bufferd G.
Heterogeneity in the families of sons of alcoholics: the impact of
familial vulnerability type on offspring characteristics. J Abnorm
Psychol 1997;106:26–36.
Ford JM, Sullivan E, Marsh L, White P, Lim K, Pfefferbaum A. The
relationship between P300 amplitude and regional gray matter volumes
depends on the attentional system engaged. Electroencephalogr Clin
Neurophysiol 1994;90:214 –28.
Friedman GD, Tekawa I, Klatsky AL, Sidney S, Armstrong MA.
Alcohol drinking and cigarette smoking: an exploration of the
association in middle age men and women. Drug Alcohol Depend
1991;27:283–90.
Haarer M, Polich J. P3a assessment of tobacco smoking in chippers and
smokers. Psychophysiology 2000;37:S45.
Hada M, Porjesz B, Begleiter H, Polich J. Auditory P3a deficits in males at
high risk for alcoholism. Biol Psychiatry 2001;49:726– 32.
Hansch EC, Syndulko K, Cohen S, Goldberg Z, Potvin A, Tourtellotee W.
Cognition in Parkinson disease: an event-related potential perspective.
Ann Neurol 1982;11:599–607.
Hansenne M, Pitchot W, Gonzalez Moreno A, Papart P, Timsit-Berthier M,
Ansseau M. Catecholaminergic function and P300 amplitude in major
depressive disorder (P300 and catecholamines). Electroencephalogr
Clin Neurophysiol 1995;96:194–6.
Hasenfratz M, Michel C, Nil R, Bättig K. Can smoking increase attention
in rapid information processing during noise? Electrocortical,
physiological and behavioral effects. Psychopharmacology 1989;98:
75– 80.
Herning RI, Jones RT, Bachman J. EEG changes during tobacco
withdrawal. Psychophysiology 1983;20:507 –12.
Hesslebrock V, Begleiter H, Porjesz B, O’Connor S, Bauer L. P300 eventrelated potential amplitude as an endophenotype of alcoholism—
evidence from the collaborative study on the genetics of alcoholism.
J Biomed Sci 2001;8:77–82.
Hill SY, Steinhauer S. Assessment of prepubertal and postpubertal boys and
girls at risk for developing alcoholism with P300 from a visual
discrimination task. J Stud Alcohol 1993;54:350–8.
Hill SY, Steinhauer S, Lowers L, Jeannette L. Eight-year longitudinal
follow-up of P300 and clinical outcome in children from high-risk for
alcoholism families. Biol Psychiatry 1995a;37:823– 7.
Hill SY, Muka D, Steinhauer S, Locke J. P300 amplitude decrements in
children from families of alcoholic female probands. Biol Psychiatry
1995b;38:622–32.
Hill SY, Locke J, Zezza N, Kaplan B, Neiswanger K, Steinhauer SR,
Wipprecht G, Xu J. Genetic association between reduced P300
amplitude and the DRD2 dopamine receptor A1 allele in children at
high risk for alcoholism. Biol Psychiatry 1998;43:40–51.
Hill SY, Yuan H, Locke J. Path analysis of P300 amplitude of individuals
from families at high and low risk for developing alcoholism. Biol
Psychiatry 1999a;45:346 –59.
Hill SY, Shen S, Locke J, Steinhauer S, Konicky C, Lowers L, Connolly J.
Developmental delay in P300 production in children at high risk for
developing alcohol-related disorders. Biol Psychiatry 1999b;46:970–81.
Hill SY, Shen S, Lowers L, Locke J. Factors predicting the onset of
adolescent drinking in families at high and low risk for developing
alcoholism. Biol Psychiatry 2000;45:346–59.
Hill SY, De Bellis M, Keshavan M, Lowers L, Shen S, Hall J, Pitts T. Right
amygdala volume in adolescent and young adult offspring from families at
high risk for developing alcoholism. Biol Psychiatry 2001;49:894–905.
Houlihan ME, Pritchard WS, Robinson JH. Faster P300 latency after
smoking in visual but not auditory oddball tasks. Psychopharmacology
1996a;123:231 –8.
Houlihan ME, Pritchard WS, Robinson JH. The time course effects of
smoking on stimulus evaluation and response selection. J Psychophysiol
1996b;10:310–8.

1382

J. Polich, C.J. Ochoa / Clinical Neurophysiology 115 (2004) 1374–1383

Houlihan ME, Pritchard WS, Guy TD, Robinson JH. Smoking/nicotine
affects the magnitude and onset of lateralized readiness potentials.
J Psychophysiol 1996c;16:37 –45.
Hughes JR. Genetics of smoking: a brief review. Behav Therap 1986;17:
335– 45.
Hughes JR. Clinical implications of the association between smoking and
alcoholism. In: Fertig JB, Allen JP, editors. Alcohol and tobacco:
from basic science to clinical practice. NIAAA research monograph
no. 30, 30. Washington, DC: Supt of Docs, US Govt; 1995. p.
171– 85.
Hughes JR, Hatsukami DK. Signs and symptoms of tobacco withdrawal.
Arch Gen Psychiatry 1986;43:289–94.
Hurt RD, Eberman KM, Croghan IT, Offord KP, Davis LJ, Morse RM,
Palmen MA, Bruce BK. Nicotine dependence treatment during
inpatient treatment for other addictions: a prospective intervention
trial. Alcohol Clin Exp Res 1994;8867–72.
Iacono WG, Carlson SR, Malone SM, McGue M. P3 event-related potential
amplitude and the risk for disinhibitory disorders in adolescent boys.
Arch Gen Psychiatry 2002;59:750–7.
Ilan AB, Polich J. Tobacco smoking and memory scanning: behavioral and
event-related potential effects. Nicotine Tob Res 1999;1:233–40.
Ilan AB, Polich J. Tobacco smoking and event-related potentials in a Stroop
task. Int J Psychophysiol 2001;40:109–18.
Jarvik ME, Schneider NG. Nicotine. In: Lowinson JH, Ruiz P, Millman RB,
editors. Substance abuse: a comprehensive textbook, 2nd ed. Baltimore,
MD: Williams & Wilkins; 1992. p. 334 –56.
Jeon Y-W, Polich J. P300 asymmetry in schizophrenia: a meta-analysis.
Psychiatry Res 2001;104:61–74.
Jeon Y-W, Polich J. Meta-analysis of P300 schizophrenia studies: patients,
paradigms and practical implications. Psychophysiology 2003;40:
684– 701.
Katsanis J, Iacono WG, McGue MK, Carlson SR. P300 event-related
potential heritability in monozygotic and dyzygotic twins. Psychophysiology 1997;34:47–58.
Knott VJ. Smoking-induced alterations in brain electrical profiles:
normalization or enhancement? In: Clalke P, Syndenham B, editors.
Effects of nicotine on biological systems. Basel: Birkhauser; 1995. p.
181– 7.
Knott VJ, Kerr C, Hooper C, Lusk-Mikkelsen S. Cigarette smoking and
event-related brain electrical potential (ERP) topographies associated
with attentional–distractive processes. In: Domino EF, editor. Brain
imaging of nicotine and tobacco smoking. Ann Arbor, MI: NPP Books;
1995. p. 167–89.
Knott VJ, Harr A, Mahoney C. Smoking history and aging-associated
cognitive decline: an event-related brain potential study. Neuropsychobiology 1999;40:95–106.
Kodama E, Morita K, Maeda H, Nakamura J, Kinoshita S, Kawamura N,
Nakazawa Y. Smoking motivation in normal subjects using eventrelated potentials. Hum Psychopharm 1996;11:123–30.
Koob GF. Drugs of abuse: anatomy, pharmacology and function of reward
pathways. Trends Pharmacol Sci 1992;3:177 –84.
Le Houezec J, Hallidy R, Benowitz NL, Callaway E, Naylor H, Herzig K. A
low does of subcutaneous nicotine improves information processing in
non-smokers. Psychopharmacology 1994;4:628– 34.
Lindgren M, Stenberg G, Rosén I. Directed forgetting, event-related
potentials and nicotine. Hum Psychopharm 1999;14:19– 29.
Madden PAF, Heath AC, Starmer GA, Whitfiled JB, Martin NG. Alcohol
sensitivity and smoking history in men and women. Alcohol Clin Exp
Res 1995;19:1111–20.
Malone SM, Iacono WG, McGue M. Event-related potentials and
comorbidity in alcohol-dependent males. Psychophysiology 2001;38:
367– 76.
O’Connor SO, Morzorati S, Christian JC, Li TK. Heritable features of the
auditory oddball event-related potential: peaks, latencies, morphology
and topography. Electroencephalogr Clin Neurophysiol 1994;59:
238– 48.

Patten CA, Martin JE, Owen N. Can psychiatric and chemical dependency
treatment units be smoke free? J Subst Abuse Treat 1996;13:107 –18.
Polich J. P300 latency reflects the cognitive effects of personal drinking
history in normals and individuals at risk for alcoholism. Psychophysiology 1984;21:592– 3.
Polich J. Overview of P3a and P3b. In: Polich J, editor. Detection of
change: event-related potential and fMRI findings. Boston, MA:
Kluwer; 2003. p. 83 –98.
Polich J, Bloom FE. P300, alcoholism heritability, stimulus modality.
Alcohol 1999;17:149–56.
Polich J, Burns T. P300 from identical twins. Neuropsychologia 1987;25:
299 –304.
Polich J, Hoffman LD. P300 and handedness: on the possible contribution
of corpus callosal size to ERPs. Psychophysiology 1998;35:497–507.
Polich J, Burns T, Bloom FE. P300 and the risk for alcoholism: family
history, task difficulty, and gender. Alcohol Clin Exp Res 1988;12:
248 –54.
Polich J, Pollock VE, Bloom FE. Meta-analysis of P300 amplitude from
males at risk for alcoholism. Psychol Bull 1994;115:55–73.
Polich J, Alexander JE, Bauer LO, Kuperman S, Rohrbaugh J, Mozarati S,
O’Connor SJ, Porjesz B, Begleiter H. P300 topography of amplitude/
latency correlations. Brain Top 1997;9:275–82.
Porjesz B, Begleiter H. Effects of alcohol on electrophysiological activity
of the brain. In: Begleiter H, Kissin B, editors. The pharmacology of
alcohol and alcohol dependence. New York: Oxford University; 1996.
p. 207–47.
Pritchard WS. Electroencephalographic effects of cigarette smoking.
Psychopharmacology 1991;104:485– 90.
Pritchard WS, Robinson J. Effects of nicotine on human performance. In:
Snel J, Lorist M, editors. Nicotine, caffeine and social drinking:
behaviour and brain function. Amsterdam: Harwood Academic Press;
1998. p. 21– 81.
Pritchard WS, Robinson JH, deBethizy JD, Davis RA, Stiles MF. Caffeine
and smoking: subjective, performance, and psychophysiological
effects. Psychophysiology 1995;32:19–27.
Ramachandran G, Porjesz B, Begleiter H, Litke A. A simple auditory
oddball task in young adult males at high risk for alcoholism. Alcohol
Clin Exp Res 1996;20:9– 15.
Reavill C. Actions of nicotine on dopamine pathways and implications for
Parkinson’s disease. In: Wonnacott S, Russell M, Stolerman I, editors.
Nicotine psychopharmacology: molecular, cellular, and behavioral
aspects. New York: Oxford University Press; 1990. p. 305 –40.
Reese CJ, Polich J. Alcohol heritability and the P300 event-related brain
potential: modality, task, and gender effects. Brain Cogn 2003;53:
46 –57.
Rodrı́guez-Holguı́n S, Corral M, Cadaveira F. Event-related potentials
elicited by infrequent non-target stimuli in young children of alcoholics:
family history and gender differences. Alcohol Alcohol 1998a;33:
281 –90.
Rodrı́guez-Holguı́n S, Corral M, Cadaveira F. Visual and auditory eventrelated potentials elicited young children of alcoholics from high- and
low-density families. Alcohol Clin Exp Res 1998b;22:87–96.
Rodrı́guez-Holguı́n S, Corral M, Cadaveira F. Event-related potentials
elicited by a visual continuous performance task in children of
alcoholics. Alcohol 1998c;19:23–30.
Rodrı́guez-Holguı́n S, Porjesz B, Chorlian DB, Polich J, Begleiter H. Visual
P3a in male alcoholics and controls. Alcohol Clin Exp Res 1999a;23:
582 –91.
Rodrı́guez-Holguı́n S, Porjesz B, Chorlian DB, Polich J, Begleiter H. Visual
P3a in males at high risk for alcoholism. Biol Psychiatry 1999b;46:
281 –91.
Rose JE, Behm FM, Westman E, Mathew RJ, London ED, Hawk TC,
Turkington TG, Coleman RE. RET studies of the influence of nicotine on
neural systems in cigarette smokers. Am J Psychiatry 2003;160:323 –33.
Sayette MA, Martin CS, Hull JG, Wertz JM, Perrott MA. Effects of nicotine
deprivation on craving response covariation in smokers. J Abnorm
Psychol 2003;112:110–8.

J. Polich, C.J. Ochoa / Clinical Neurophysiology 115 (2004) 1374–1383
Stanzione P, Gattapposta F, Giunti P. P300 variations in Parkinsonian
patients before and during dopaminergic monotherapy: a suggested
dopamine component in P300. Electroencephalogr Clin Neurophysiol
1991;80:446.
Takeshita S, Ogura C. Effect of the dopamine D2 antagonist sulpiride on
event-related potentials and its relation to the law of initial value. Int J
Psychophys 1994;16:99– 106.
Torabi MR, Bailey WJ, Majd-Jabbari M. Cigarette smoking as a predictor
of alcohol and other drug use by children and adolescents: evidence of
the gateway drug effect. J Sch Health 1993;63:302– 6.
van Beijsterveldt T, van Baal C. Review and meta-analysis of
heritability studies in human electrophysiology. Biol Psychol 2002;
61:111–38.
van Beijsterveldt CEM, Molenaar PCM, de Geus EJC, Boomsma DI.
Heritability of human brain functioning as assessed by electroencephalography. Am J Hum Genet 1996;58:562– 73.

1383

van Beijsterveldt CEM, Molenaar PCM, de Geus EJC, Boomsma DI.
Individual differences in P300 amplitude: a genetic study in adolescent
twins. Biol Psychol 1998;47:97– 120.
van der Stelt O, Gunning WB, Snell J, Kok A. Event-related potentials
during visual selective attention in children of alcoholics. Alcohol Clin
Exp Res 1998a;22:1877 –89.
van der Stelt O, Geesken R, Gunning WB, Snell J, Kok A. P3 scalp
topography to target and novel visual stimuli in children of alcoholics.
Alcohol 1998b;15:119 –36.
Wang L, Kuroiwa Y, Li M, Kamitani T, Wang J, Takahashi T, Suzuki Y,
Ikegami T, Matsubara S. The correlation between P300 alterations and
regional cerebral blood flow in non-demented Parkinson’s disease.
Neurosci Lett 2000;282:133 –6.
Watkins SS, Koob GF, Markou A. Neural mechanisms underlying nicotine
addiction: acute positive reinforcement and withdrawal. Nicotine Tob
Res 2000;2:19–37.

