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Abstract
Recent research using event-related potentials (ERPs) has shown that individuals low in alcohol
sensitivity show increased P3 reactivity to alcohol cues (Bartholow, Henry, & Lust, 2007). The
current research sought to test the specificity of this effect by including other arousing cues in
addition to alcohol, and by controlling for individual differences in trait impulsivity. Forty-seven
participants varying in self-reported alcohol sensitivity completed a visual oddball task including
neutral, arousing (erotic and adventure-related), and beverage-related images while ERPs were
recorded. Low-sensitivity participants showed increased P3 reactivity to alcohol cues relative to
their high-sensitivity peers. However, P3 amplitude elicited by all other targets did not differ as a
function of alcohol sensitivity levels. Differences in impulsivity and recent alcohol consumption
did not account for sensitivity group differences in alcohol cue reactivity. These results point to
the specific motivational salience of alcohol cues to individuals at risk for alcohol problems due
to low alcohol sensitivity, and suggest that P3 reactivity to alcohol cues could be a new

endophenotype for alcohol use disorder risk.
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Specificity of P3 Event-related Potential Reactivity to Alcohol Cues in Individuals Low in
Alcohol Sensitivity

Alcohol sensitivity is defined by the amount of alcohol an individual must consume,
relative to others, in order to experience given subjective effects that result from drinking (see
Bartholow et al., 2003; O’Neill, Sher, & Bartholow, 2002; Williams, Sher, Bartholow, & Wood,
2008; see also Schuckit, Tipp, Smith, Weisbeck, & Kalmijn, 1997). For example, low-sensitivity
(LS) individuals report needing more alcohol than high sensitivity (HS) individuals to experience
the same subjective alcohol-related sensations or impairments. Considerable research has
established that low sensitivity (or a low level of response) to the acute effects of alcohol is a risk
factor for development of alcohol use disorders (AUDs; e.g., Heath et al., 1999; Rodriguez,
Wilson, & Nagoshi, 1993; Schuckit, 1994; Schuckit, Smith, Anderson, & Brown, 2004; Schuckit
& Smith, 2000), and some work (e.g., Schuckit et al., 2001) suggests that alcohol sensitivity is
genetically mediated.

Another known correlate of AUD risk is heightened psychological (e.g., craving) and/or
physiological (e.g., salivation) reactivity to alcohol-related cues (Collins & Brandon 2002;
Curtin, Barnett, Colby, Rohsenow, & Monti, 2005; Walitzer & Sher, 1990). For example, the
magnitude of reactivity to alcohol cues has been associated with dependence diagnosis (Monti et
al., 1987), severity of alcoholic symptoms (e.g., Glautier & Drummond, 1994), likelihood of
relapse among abstinent alcoholics (e.g., Heinz, Beck, Grusser, Grace, & Wrasse, 2009), and
drinking frequency and quantity among social drinkers (e.g., Greeley, Swift, Prescott, & Heather,
1993), among other factors (see Carter & Tiffany, 1999). A core assumption underlying most cue

reactivity research is that patterns of responses to alcohol-related cues vary primarily as a
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function of individual differences in drinking experience (i.e., a conditioning effect; see Carter &
Tiffany, 1999; Stritzke, Breiner, Curtin, & Lang, 2004).

Recently, Bartholow, Henry and Lust (2007) tested whether LS and HS individuals differ
in alcohol cue-reactivity by measuring the amplitude of the P3 (or P300) component of the
event-related brain potential (ERP) as participants were exposed to images depicting alcoholic
and nonalcoholic beverages. Findings indicated that LS individuals showed enhanced P3
responses to alcohol cues relative to nonalcohol cues, whereas HS individuals did not.
Importantly, this pattern remained even when differences in recent alcohol use and indicators of
alcohol dependence were statistically controlled. This finding suggests that risk status, in
addition to consumption patterns, is an important predictor of cue reactivity effects. This
conclusion is analogous to findings in other relevant areas of research, such as studies showing
that the reduced P3 in basic oddball paradigms often seen among alcoholics (see Porjesz et al.,
2005) is due to family history of alcoholism (Begleiter, Porjesz, Bihari, & Kissin, 1984) and not
to chronic alcohol abuse (Hill, Steinhauer, Zubin, & Baughman, 1988; Pfefferbaum, Ford,
White, & Mathalon, 1991).

However, it remains possible that individuals at-risk for AUD simply show enhanced P3
reactivity to all arousing cues, which would suggest that previous findings (e.g., Bartholow et al.,
2007; Hermann et al., 2000; Namkoong et al., 2004) should be interpreted in terms of arousal
more generally rather than alcohol-specific cue reactivity. This possibility is suggested by
research indicating that substance-related cues elicit an appetitive/approach motivational state
among users (see Stewart et al., 1984), and by research indicating that P3 amplitude is sensitive
to both the motivational significance (Ito, Larsen, Smith, & Cacioppo, 1998; Lang, Bradley, &

Cuthbert, 1997; Schupp et al., 2000; see also Nieuwenhuis, Aston-Jones, & Cohen, 2005) and the
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arousal properties (Deplanque, Silvert, Hot, Rigoulot, & Sequeira, 2006) of eliciting stimuli. It
could be, then, that LS individuals have a generally hyper-[re]active behavioral or appetitive
motivational system (Fowles 1983a; 1983b; Brunelle et al., 2004) that predisposes them to
increased risk for heavy drinking. This could occur for either of two reasons (or both). First, low
sensitivity could be significantly collinear with impulsivity or related traits associated with
disinhibition that appear to have a significant genetic heritability component (Hu, Oroszi, Chun,
Smith, Goldman & Schuckit, 2005; Iacono, Carlson, Taylor, Elkins & McGue, 1999). Second,
enhanced appetitive motivation, whether genetically mediated or not, could lead to increased
alcohol seeking and heavier drinking, resulting in acquired tolerance to alcohol’s acute effects
and, hence, lower sensitivity.

Supporting this perspective, evidence indicates that some measures of alcohol sensitivity,
such as heart rate reactivity to alcohol (Conrod, Peterson, & Pihl, 2001), also are associated with
greater heart rate reactivity to monetary rewards (Fowles, 1983a; 1983b), personality measures
of general reward-seeking (Brunelle et al., 2004), greater memory for rewarding stimuli (Bruce,
Shestowsky, Mayerovitch, & Pihl, 1999) and behaviors associated with disinhibition and
sensation seeking, such as gambling (Brunelle et al. 2003). These findings are complemented by
research showing that the attenuated P3 effects (to non-alcohol stimuli) often associated with risk
for alcoholism also generalize to other disorders of disinhibition (e.g., Bauer & Hesselbrock,
1999; Iacono, Carlson, Malone, & McGue, 2002; Patrick et al., 2006) and to sensation and
reward seeking more generally (e.g., lacono & McGue, 2006). Thus, at present, the specificity of
alcohol cue reactivity among low-sensitivity individuals, as opposed to a broader sensitivity to
motivationally-significant stimuli more generally, is not known.

Thus, the purpose of the present study was to determine whether enhanced P3 reactivity
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to alcohol cues among low-sensitivity individuals is specific to alcohol-related stimuli or is
generalizeable to other motivationally relevant, high-arousal stimuli. If LS individuals and their
high-sensitivity HS counterparts differ in their P3 responses to numerous kinds of arousing
stimuli (including alcohol), then the conclusions of previous work (Bartholow et al., 2007)
showing enhanced P3 reactivity to alcohol cues as a marker of risk associated with low
sensitivity would be undermined. However, if LS and HS individuals show similar P3 reactivity
to other classes of highly arousing images but differ in their reactivity to alcohol cues, given the
association between enhanced P3 amplitude and the motivational significance of eliciting stimuli
(Ito et al., 1998; Schupp et al., 2000) this pattern would support the idea that alcohol’s rewarding
properties are particularly salient to LS individuals, and suggest that P3 cue reactivity could be
used as a nonreactive measure of AUD risk in the general population.

An ancillary purpose of this work was to rule out the possibility that cue reactivity effects
among LS individuals observed in our previous report were due to elevated levels of trait
impulsivity/disinhibition. Although impulsivity can be conceptualized in terms of a number of
specific facets (Whiteside & Lynam, 2001), there is also evidence that increased levels of a
broad personality construct of impulsivity/disinhibition/behavioral undercontrol poses a risk for
alcohol problems (see Clark et al., 2005; Elkins et al., 2006; Sher, Trull, Bartholow, & Vieth,
1999). Recently, Chen et al. (2007) found that trait impulsivity, as measured by the Barratt
Impulsiveness Scale (BIS; see Patton, Stanford, & Barratt, 1995), produced the same pattern of
results in P3 amplitude as did alcoholism status (i.e., reduced P3 amplitude to visual oddballs
with increased impulsivity). Thus, to the extent that sensitivity and impulsivity are inversely
correlated, it could be that variability in cue reactivity that previously has been attributed to

differences in sensitivity levels (Bartholow et al., 2007) could simply reflect risk associated with
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impulsivity, at least to some degree. We included the BIS in the present study in order to address
this possibility.
Method

Participants

Participants were 47 undergraduates (25 women; ages 18-22) recruited from introductory
psychology classes at the University of Missouri. Participants were recruited on the basis of their
responses to a self-report measure of alcohol sensitivity completed as part of a mass testing
protocol several weeks before the experiment. Individuals whose responses on the sensitivity
measure represented the upper and lower quartiles of the distribution (stratified by sex) were
invited to participate to earn course credit. Participants were further screened (via self-report) to
ensure no history of major psychiatric illnesses (i.e., lack of any previous diagnoses) or head
injury and for normal or corrected-to-normal vision. All participants were predominantly right-
handed (Oldfield, 1971). Participants were not screened for medication use, with the exception of
neuroleptics (e.g., anti-seizure medications, also commonly used to treat psychiatric disorders).
Self-Report Measures

Alcohol sensitivity questionnaire (ASQ). Sensitivity to the acute effects of alcohol was
assessed using a 16-item self-report measure, the ASQ (see Bartholow et al., 2003; O’Neill et al.,
2002; Williams et al., 2008). The ASQ includes 10 items measuring the positive or stimulating
effects generally associated with the ascending limb of the blood alcohol curve (e.g., feeling
“buzzed,” becoming more talkative, becoming more flirtatious). For each item, participants were
first asked to indicate whether or not they had experienced the effect (e.g., “Have you ever felt
‘buzzed’ from drinking alcohol?”), and, if so, to estimate the minimum number of drinks

typically required to feel the effect (“If yes, what is the minimum number of drinks you can
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consume before feeling ‘buzzed’?”). In addition, 6 items measured the extent to which
participants experience negative or depressant effects typically associated with the descending
limb of the blood alcohol concentration curve (e.g., feeling nauseous, passing out). These items
are structured so that participants first indicate whether they have experienced the given effect
from drinking alcohol, and, if so, to estimate the maximum number of drinks they can consume
without experiencing the effect in question. A sensitivity score was calculated for each
participant as the average number of drinks indicated across items (o =.94). Items that a given
individual did not endorse were not used to calculate his or her sensitivity score. Given that
scores on the ASQ tend to correlate with sex (i.e., men generally report lower sensitivity than
women), to ensure roughly equal representation of men and women in the sample ASQ scores
were stratified by sex. Using this approach here resulted in 13 men and 12 women in the LS
group, and 10 men and 12 women in the HS group. Sensitivity groups were comparable in terms
of age (M = 19.1 years), education level (M = 13.5 years), and ethnicity (nearly all White/Non-
Hispanic).

Typical alcohol consumption. Participants were asked to report their alcohol use within
the past 3 months and past year by estimating the number of drinks they typically consume per
occasion and the number of drinking occasions they typically experience per week. A composite
alcohol quantity/frequency variable (AlcQF) was created by multiplying the number of typical
weekly drinking occasions by estimated number of drinks typically consumed per occasion (see
Table 1). Participants reported drinking on average about twice a week, and reported typically
consuming 5 drinks on any one occasion. Thirty percent of participants reported having 12 or

more drinks at least once in a sitting in the past 30 days. The average maximum number of
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drinks reported by participants in one sitting in the past 30 days was 8.85, and the average
lifetime maximum number of drinks in one sitting was 13.7.

Alcohol-related negative consequences. Negative consequences of drinking alcohol were
measured using a 24-item self-report questionnaire (see Hurlbut & Sher, 1992). Items on this
measure were adapted from the Michigan Alcoholism Screening Test (Selzer, 1971) and from
scales used by Blane (1987) and Engs (1977). Items inquired about consequences in several
domains (e.g., legal, social/interpersonal, physical), for example, “Have you ever gotten hurt or
injured because of drinking,” and “Have you ever gotten into trouble at work or school because
of drinking?” The measure also included 9 items specifically tapping features of dependence, for
example, “Have you ever had ‘the shakes’ after stopping or cutting down on drinking?”’; and
“Have you ever continued to drink despite having a physical illness or psychological condition
that gets worse with drinking?” For each item, response options included, “Never”, “Yes, but not
in the past year,” “In the past year but not the past 3 months,” “Yes, in the past 3 months: once;
twice; 3 times or 4+ times,” (scored 0, .3, .5, 1, 2, 3, & 5, respectively). For each participant, an
overall Negative Consequences score was calculated as the sum of their responses to the full 24-
item scale (o = .85), and a separate Dependence score was calculated as the sum of their
responses to the 9 dependence-related items (o = .72). Table 1 presents the means of these
variables as a function of sensitivity group.

Family history of alcoholism. Familial history of alcoholism was assessed using Mann,
Sobell, Sobell, and Pavin’s (1985) family tree questionnaire. This measure instructs respondents
to list each of their first- and second-degree relatives, and to indicate for each one whether they
are (or were) a nondrinker, a nonproblem drinker, or experienced problems from drinking. For

current purposes, participants were considered to be at increased familial risk if any first- or
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second-degree relatives were identified as having an alcohol problem (n = 26), and at low
familial risk if no relatives were identified as such (n = 21). As in our previous work (Bartholow
et al., 2007), familial risk and alcohol sensitivity levels were uncorrelated (r = -.04).

Impulsivity. As in Chen et al. (2007), trait impulsivity was assessed using the BIS,
version 10 (BIS-10; see Barratt, 1959; 1985). The BIS-10 is a 34-item self-report instrument
designed to assess the personality/behavioral construct of impulsiveness. The items are believed
to tap 3 related but distinct sub-factors labeled motor impulsiveness (acting without thinking;
e.g., “I say things without thinking”), nonplanning impulsiveness (lack of planning or
considering future consequences; e.g., “I act on the spur of the moment”), and attentional
impulsiveness (inability to focus attention or concentrate; e.g., “I have ‘racing thoughts’).
Participants respond to each item using a 4-point response scale (1 = Rarely/never; 2 =
Sometimes; 3 = Often; 4 = Almost always/Always). The various versions of the BIS have been
among the most widely-used self-report measures of impulsiveness and have shown good
psychometric properties (e.g., Gerbing, Ahadi, & Patton, 1987; Luengo, Carrillo-de-la-Pena, &
Otero, 1991). For current purposes, responses to all BIS-10 items were summed (reversing items
as appropriate) to create an overall Impulsiveness score for each participant (o = .86)."

Picture Viewing Task

Participants completed a visual oddball task that included 5 types of color images:
alcoholic beverages, non-alcoholic beverages, adventure-related scenes (e.g., people riding a
roller-coaster; people sky-diving), erotic scenes (men and women kissing; partial nudity), and
neutral scenes (e.g., a bus; people playing chess). Beverage images were taken from the
Normative Appetitive Picture System (NAPS; Breiner, Stritzke, Lang, & Patrick, 1995; Stritzke,

Breiner, Curtin & Lang, 2004); the rest of the images came from the International Affective
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Picture System (IAPS; Lang, Bradley, & Cuthbert, 2001). Mean valence (scaled 1 = very
negative to 9 = very positive) and arousal (scaled 1 = completely calm to 9 = completely excited)
ratings for each picture type used here were as follows: Neutral: Myaience = 5.02, Marousal = 2.82;
Nonalcohol: Myaience = 4.40, Marousal = 3.63; Alcohol: Myatence = 4.42, Marousal = 4.35; Adventure:
Myatence = 7.35, Marousal = 6.89; Erotic: Myalence = 6.89, Marousal = 5.92 (means for beverage images
as reported by Briener et al., 1995; means for all other images as reported by Lang et al., 2001).”

Images were presented against a black background one at a time in sequences of 5 (i.e.,
trials), at least 4 of which always came from the neutral category (i.e., the context was neutral).
Target images, defined here as those images from which P3 amplitudes were derived for
analysis, always occurred in either the 4™ or 5™ position within the sequences and were equally
likely to represent each of the 5 image types. There were a total of 100 trials (500 total viewed
images), such that participants viewed each type of image in the target position 20 times.
Participants were instructed to categorize each picture as either neutral or pleasant by pressing
one of two keys (counter-balanced across participants). Each image was presented for 1000 ms,
followed by an interstimulus interval (blank screen) that varied randomly between 900 ms and
1200 ms. Trials were separated by a 500 ms inter-trial interval during which the word “pause”
appeared on the screen.
Electrophysiological Recording

Electroencephalographic (EEG) data were recorded from 28 standard scalp locations

(American Encephalographic Society, 1994) using tin electrodes fixed in a stretch-lycra cap
(Electro-cap International, Eaton, OH). EEG was sampled continuously at 1000 Hz (amplifier
gain was set to 500 for all channels) and filtered online at .05-40 Hz. Scalp electrodes were

referenced online to the right mastoid; an average mastoid reference was derived offline. EOG
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was monitored from electrodes placed above and below the left eye and 2 cm lateral to the outer
canthus of each eye. Impedance was kept below 8 KQ. Ocular artifacts (blinks) were corrected
from the EEG signal off-line using a regression-based procedure (Semlitsch, Anderer, Schuster,
& Presslich, 1986). Target-locked epochs containing voltage deflections +/- 75 microvolts (uV)
were discarded prior to averaging. After artifact rejection, grand average ERP waveforms were
created according to stimulus and participant conditions at each scalp electrode. For each
participant, the P3 was quantified as the peak of the largest positive-going deflection between
300-900 ms post-stimulus (mean latency = 510 ms).
Results

Analytic Approach

Three participants were dropped from analyses of behavioral responses because of
missing data. One participant was dropped from analyses of ERP data because of technical
difficulties with her EEG recording. Greenhouse-Geisser corrected p-values are reported for all
analyses involving repeated factors with more than 2 levels.
Alcohol Use and Related Behaviors

To characterize differences in alcohol-related variables between the LS and HS groups, t-
tests were used to compare means for alcohol use, alcohol-related negative consequences, and
features of alcohol dependence across groups. As shown in Table 1, on average, LS participants
drank more, experienced more alcohol-related negative consequences, and reported more alcohol
dependence-related features than did HS participants.
Target Categorization

The proportion of positive responses to targets was analyzed with a 2 (Sensitivity group)

x 2 (Sex) x 5 (Target type) mixed factorial analysis of variance (ANOVA) with repeated



Alcohol Sensitivity and P3 Specificity 13

measures on the latter factor. This analysis showed only a significant Target main effect, F(4,
168) = 61.0, p <.0001. Inspection of the means showed a predictable pattern, with erotic and
adventure targets most likely to be categorized as positive (Ms =.76 & .75, respectively),
followed by nonalcohol and alcohol beverage targets (Ms = .53 & .54, respectively), and finally
neutral targets (M = .11). Tukey HSD follow-up comparisons showed that means for erotic and
adventure targets did not differ from each other but differed from all other categories (ps < .01),
alcohol and nonalcohol beverage targets did not differ from each other but differed from all other
categories (ps <.01), and all differed from neutral targets (ps <.001). No other effects were
significant in this analysis. Thus, LS and HS participants’ overt categorizations did not differ
significantly for any of the targets, including alcohol beverages.
P3 Amplitude

To determine the distribution of the P3, initial analyses focused on data from a set of 15
scalp locations, representing electrodes at which the P3 was most visible (F3, Fz, F4, FC3, FCz,
FC4, C3, Cz, C4, CP3, CPz, CP4, P3, Pz, P4), using a 5 (Target type) x 5 (Coronal location;
frontal, fronto-central, central, centro-parietal, parietal) x 3 (Lateral location; left, midline, right)
repeated measures ANOVA. This analysis showed a main effect of Coronal location, F(4, 180) =
107.7, p <.0001, indicating that the P3 increased linearly from more anterior (M = 6.61 uV) to
more posterior scalp locations (M = 11.38 uV), as is typical (see Fabiani, Gratton, & Federmeier,
2007). Moreover, a significant Coronal location x Lateral location interaction, F(8, 360) = 10.4,
p <.0001, indicated that the P3 was especially pronounced at the Pz (midline parietal) electrode
(M =12.15 uV) relative to the left-hemisphere (M = 10.83 uV) and right-hemisphere (M = 11.14
uV) parietal locations. On the basis of this finding, subsequent analyses were focused on data

from electrode Pz.
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ASQ sensitivity scores correlated significantly with both BIS-10 Impulsiveness scores (I =
-.33, p <.05) and AlcQF (r =-.39, p <.001), indicating that LS individuals tended to be more
impulsive and to drink more than HS individuals. Given these significant associations, and the
possibility that cue-reactivity differences we previously have attributed to alcohol sensitivity
levels (Bartholow et al., 2007) can be explained instead by differences in impulsivity and/or
recent drinking, we included BIS-10 Impulsiveness scores and AlcQF as covariates in our
primary analyses of the P3 amplitude data.

Figure 1 shows ERP waveforms elicited by the 5 types of targets at the Pz electrode as a
function of sensitivity group. Peak P3 amplitude least squares means (adjusted for BIS-10
Impulsiveness and AlcQF) associated with these waveforms are given in Table 2. These data
were subjected to a 2 (Sensitivity group) x 2 (Sex) x 5 (Target type) mixed factorial analysis of
covariance (ANCOVA) with repeated measures on the latter factor and with BIS-10
Impulsiveness and AlIcQF scores included as covariates. Two patterns are evident in Figure 1 and
Table 2. First, P3 amplitude appeared largest for erotic and adventure targets and smallest for
nonalcohol and neutral targets, with alcohol targets eliciting moderate P3 amplitudes. This
pattern was confirmed by a significant main effect of Target type, F(4, 148) =5.52, p <.01.
Post-hoc Tukey tests indicated that the means for erotic, adventure, and alcohol targets all
differed from each other (ps < .05) and all differed from nonalcohol and neutral targets (ps <
.05), which did not differ from each other (p <.90).

The second pattern suggested in Figure 1 and Table 2 is that P3 amplitudes elicited by
alcohol beverages differed by sensitivity group, whereas the size of the P3 elicited by all other
target types was similar for HS and LS participants. A significant Target x Sensitivity group

interaction, F(4, 148) =2.75, p < .05 (G-G adjusted), € = .83, corroborated these patterns.3
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Planned contrasts comparing the size of the P3 elicited by each target for HS and LS participants
indicated that P3 amplitudes elicited by the erotic, adventure-related, nonalcoholic, and neutral
targets did not differ according to sensitivity group (ts < 1). However, the P3 elicited by alcohol
targets was significantly larger among LS participants than among HS participants, t(44) = 2.56,
p <.02. Also, Tukey’s HSD tests showed that whereas neutral, nonalcohol and alcohol beverage
targets elicited similar P3 amplitudes among HS participants (ps > .90), among LS participants
the P3 elicited by alcohol targets was larger than that elicited by nonalcohol (p = .002) and
neutral targets (p = .005). Finally, the interactions between Target type and Impulsiveness (F <
1.50) and Target type and AlcQF (F < 1.20) were both nonsignificant (ps > .20).

Finally, although not central to the hypotheses for this study, we conducted an exploratory
analysis to examine whether P3 responses to alcohol cues were related to behavioral ratings of
the pleasantness of those cues, and whether the nature of this association might differ as a
function of alcohol sensitivity levels. This possibility was tested using a general linear model in
which the proportion of “pleasant” responses to alcohol images was predicted from P3 amplitude
elicited by alcohol targets (at electrode Pz), sensitivity group, and their interaction. This analysis
produced only a significant Sensitivity group x P3 amplitude interaction, F(1, 42) =5.42,p <
.05. Post-hoc follow-up tests showed that whereas the P3 elicited by alcohol cues and the
proportion of “pleasant” responses to those cues were not significantly associated among HS
participants (r = -.28, p = .19), these variables were positively correlated among LS participants
(r=.41, p=.046). Thus, among LS participants, a larger P3 to alcohol cues was associated with
an increased likelihood that those cues would be categorized as pleasant.

Discussion
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The purpose of this experiment was to determine whether the heightened P3 reactivity to
alcohol cues seen in LS individuals (Bartholow et al., 2007) is specific to alcohol or more
generally reflects enhanced reactivity to arousing cues. The current findings support the
specificity of alcohol cue reactivity among LS individuals, suggesting that alcohol is particularly
motivationally salient to individuals at risk for alcohol use disorders. This finding has important
implications for understanding individual differences in alcohol sensitivity as a risk mechanism
for alcohol abuse. Specifically, the current data help to rule out the possibility that alcohol
sensitivity reflects an overall hyper-reactive approach motivational system, which could
predispose individuals to problematic alcohol involvement via behavioral disinhibition (see
Bauer & Hesselbrock, 1999; Iacono & McGue, 2006; Patrick et al., 2006).

These findings also help to rule out a related possibility, specifically, that differences in
P3 reactivity to alcohol cues attributed to alcohol sensitivity levels are driven by associated
differences in impulsiveness or recent alcohol consumption between HS and LS participants.
Although alcohol sensitivity was modestly correlated in this sample with both impulsiveness and
recent alcohol use, the predicted enhancement of P3 amplitude to alcohol cues among LS
individuals was observed even though these other risk indicators were included as covariates in
the analysis. This finding, coupled with the lack of correlation between alcohol sensitivity levels
and family history of alcoholism seen both here and previously (Bartholow et al., 2007), suggests
that alcohol sensitivity is a unique predictor of differences in alcohol cue reactivity.

Recent theoretical developments associate the P3 response to motivationally significant
events with the outcome of stimulus evaluation and decision making processes by the locus-
coeruleus norepinephrine system (Nieuwenhuis, Aston-Jones, & Cohen, 2005). Viewed in the

context of this theory, the current work adds to previous research suggesting that the P3 elicited
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by alcohol cues reflects their motivational significance (Bartholow et al., 2007). Although, in
general, the P3 responded to cues as a function of their arousal properties (cf., Deplanque et al.,
2006), only among LS participants did the P3 elicited by alcohol and nonalcohol cues differ,
suggesting a particularly enhanced motivational response to alcohol among those individuals.
Moreover, only among LS participants was the P3 elicited by alcohol cues associated with
behavioral ratings of the pleasantness of those cues. In this context, the current findings can be
viewed as consistent with existing incentive-motivational models of cue-reactivity (e.g., Carter &
Tiffany, 1999), which posit that autonomic responses to drug cues reflect the activation of a
generalized positive/appetitive motivational state, rather than conditioned responses to specific
drugs. An interesting avenue for future research is to investigate whether LS individuals show
enhanced reactivity to other drug cues, particularly for substances that often co-occur with
drinking (e.g., smoking).

Beyond implications for understanding cue reactivity processes in alcohol sensitivity
specifically, these and other recent data (Bartholow et al., 2007; Hermann et al., 2000;
Namkoong et al., 2004) suggest that the P3 elicited by alcohol cues could represent a new
endophenotype of risk for alcohol use disorder. Briefly, the endophenotype (or intermediate
phenotype) approach involves identification of individual difference factors that occur between
the ultimate causes (e.g., genetic variation) and ultimate outcomes (e.g., diagnosis) of clinical
disorders such as alcohol dependence (see Cannon & Keller, 2006; Gottesman & Gould, 2003).
Endophenotypes are thought to be state-independent, meaning they are manifest in affected
individuals regardless of whether or not the relevant syndrome or condition (e.g., AUD) is active
or has emerged. Endophenotypes are narrower in scope than clinical syndromes and therefore are

more likely than clinical diagnoses to reflect the action of particular genes. The endophenotype
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approach is particularly useful because endophenotypes can be assessed prior to full
development of a psychiatric disorder, thereby enhancing efforts at identifying at-risk individuals
Oor groups.

Numerous previous studies support the idea that reduced P3 amplitude, elicited in very
basic oddball tasks involving simple visual stimuli, is an endophenotype for alcohol abuse and
other disorders of disinhibition (e.g., Begleiter, Porjesz, Bihari, & Kissin, 1984; Tacono, Carlson,
Malone, & McGue, 2002; Polich, Pollock, & Bloom, 1994; Porjesz et al., 2005). In contrast, the
high-risk, cue-reactivity approach used here (cf., Bartholow et al., 2007) involves elicitation of
the P3 by cues that, in theory, have particular motivational significance for individuals at risk for
AUD. Thus, this approach permits understanding of the P3 as a marker of risk within the
conceptual framework of a neural network (i.e., the locus-coeruleus norepinephrine system)
associated with evaluating the motivational significance of eliciting stimuli (Nieuwenhuis et al.,
2005), providing an intuitive link between the P3 response and overt behaviors (e.g., heavy
drinking) and other experiences (e.g., craving, withdrawal) associated with AUD diagnosis.

Despite the promise shown by this and other recent work (Bartholow et al., 2007;
Namkoong et al., 2004) investigating the P3 response as a marker of risk, it is still far from
certain that P3 reactivity to alcohol cues represents a reliable endophenotype for AUD. A
number of avenues should be explored in future research to better establish the use of this
measure in this regard. For example, the alcohol sensitivity construct employed here to
differentiate relative levels of risk for alcohol abuse likely reflects both inherent (i.e., genetic)
and acquired (i.e., learned) aspects of sensitivity. Thus, whether the P3 response can be linked
specifically to genetic variation — an important consideration for establishing an endophenotype -

- has yet to be determined. Also, the extent to which the heightened P3 cue reactivity among
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alcoholics seen in other research (Hermann, 2000; Namkoong et al., 2004) reflects risk rather
than conditioning (i.e., from heavy alcohol use) has yet to be convincingly demonstrated. One
possible approach for investigating this question could be to use P3 reactivity measured among
detoxified, abstinent alcoholics as a predictor of relapse. Assuming appropriate controls for
exposure duration and/or symptom severity, any association between post-treatment P3 reactivity
and variation in relapse-related outcomes could be attributed to pre-existing risk rather than to
exposure, which would further support P3 reactivity as an endophenotype for AUD risk. Finally,
it is important to note that the generalizability of the enhanced P3 response to alcohol cues
among LS individuals has yet to be established using samples other than college students, who
generally tend to drink more heavily compared to their peers who do not attend college (e.g.,
Slutske et al., 2004) and to older populations (e.g., Bartholow, Sher, & Krull, 2003), but who
generally have not had the depth of drinking experience that older populations (especially
alcohol-dependent individuals) have had. However, given that heavy drinking tends to be
normative in college samples (see Schulenberg et al., 2001) — indeed, many college drinkers
would meet diagnostic criteria for alcohol abuse or dependence (see Jackson, Sher, & Park,
2006) — and that even younger populations of problem drinkers show reliable alcohol cue
reactivity (see Thomas, Drobes, & Deas, 2005), use of this population for the current research
might not be as limiting for understanding alcohol abuse etiology as it first appears.

In conclusion, the current results extend previous work (Bartholow et al., 2007) by
showing that heightened P3 reactivity to alcohol cues among LS individuals is alcohol-specific,
and does not generalize to other arousing, motivationally-relevant stimuli. Further, these findings
rule out the possibility that cue-reactivity differences associated with sensitivity levels are simply

a proxy for differences in impulsivity. Finally, together with other previous work (Bartholow et
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al., 2007; Hermann, 2000; Namkoong et al., 2004), the current results suggest that P3 reactivity
to alcohol cues could be a new, potentially sensitive endophenotype for alcoholism risk.
Continued investigation of this possibility could lead to important advances both theoretically

and in terms of risk assessment and intervention efforts.
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Footnotes
1. Note that the newer BIS-11 (Patton et al., 1995) is identical to the BIS-10, except that it
includes 4 fewer items. For comparison purposes, we conducted all analyses that included
impulsivity scores using both BIS-10 and BIS-11 scoring, and found that results were virtually
identical using either scoring method.
2. Alcoholic beverage images included NAPS image numbers 202, 206, 212, 222 and 224; non-
alcoholic beverage images included NAPS image numbers 335, 321, 322, 334 and 311. Erotic
images included IAPS image numbers 4599, 4608, 4623, 4653 and 4677; Adventure images
included IAPS image numbers 8185, 8179, 8370, 8030 and 8170; Neutral images included IAPS
image numbers 2840, 2890, 6150, 7002, 7004, 7090, 7020, 7034,7050,2880,7160, 7161, 7179,
7185, 7187, 7233, 7235, 7950, 2850, and 9070.
3. An ancillary analysis including data from all 15 electrode locations examined here showed a
similar pattern, but within the context of a complex, 4-way interaction involving Sensitivity
group, Target type, Lateral location, and Coronal location, F(32, 1440) = 1.60, p = .02.
Inspection of the means associated with this interaction indicated that, although the sensitivity
group difference in P3 amplitude elicited by alcohol cues was most pronounced at Pz, this
pattern was evident at all midline electrode locations and at right-hemisphere locations; the
difference was smaller at left-hemisphere locations, consistent with previous research examining
P3 amplitude elicited by motivationally-significant stimuli (see Cacioppo, Crites, & Gardner,

1996).
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Table 1.
Means (and Standard Deviations) for Alcohol Use and Problems Variables as a Function of

Alcohol Sensitivity Group

Group
Alcohol variables LS HS
Quantity/frequency 14.9 4.7 t(45)=2.81,p<.01
(17.1) 3.4)
Negative consequences 11.3 3.2 t(45)=4.04, p < .01
(8.9) 3.7)
5.6 1.9 t(45)=3.11,p<.01
Dependence features
(5.6) (2.9)
18.0 9.2 t(45)=4.33,p<.01
Lifetime max. drinks
(8.9) (4.3)

Note. See the text for explanations of how these alcohol variables were calculated.
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Table 2.

Least Squares Mean P3 Amplitudes (Adjusted for Impulsivity and Alcohol Use Variables)

Elicited at Electrode Pz as a Function of Picture Type and Sensitivity Group

Targets
Neutral Nonalcohol Alcohol Adventure Erotic
LS 9.46, 9.42, 13.60, 14.30p 16.69.
(5.05) (5.19) (4.96) (5.60) (6.43)
HS 9.68, 9.56, 9.20, 13.58; 16.99,
(4.31) (3.44) (4.04) (6.33) (6.00)

Note. Numbers in parentheses are standard deviations. LS = low alcohol sensitivity group; HS =
high alcohol sensitivity group. Means that do not share a subscript differ at p <.05. Only means

for alcohol targets differed significantly between the LS and HS groups.
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Figure Caption
Figure 1. Target-locked ERP waveforms elicited at the Pz electrode by each of the 5 image types

as a function of alcohol sensitivity group. Time zero on the horizontal axis indicates image onset.
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