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Abstract
Introduction—Nearly 40% of adults aged 65 and older in the United States consume alcohol.
Research in older adults has largely examined potential health effects of a moderate drinking
lifestyle. Examination of acute effects in this population is generally lacking. To investigate
alcohol-induced alteration of electrophysiological correlates of attention in this population, we
employed a covert attentional task. We hypothesized that moderate alcohol administration as well
as older age would reduce P3 amplitude and increase latency. We anticipated an interaction such
that, relative to their age-matched controls, older adults receiving alcohol would be more affected
than their younger counterparts.

Methods—Participants included healthy older (aged 50–67; n = 20; 9 men) and younger (aged
25–35; n = 12; 5 men) moderate drinkers. Participants received either a moderate dose of alcohol
(breath alcohol concentration [BrAC] ~50 mg/dl) or a placebo beverage. Following absorption, the
task was administered and neurophysiological measures were obtained. P3 amplitude and latency
were separately subjected to ANOVA across cue conditions using age and dose as independent
variables.

Results—As predicted, P3 amplitude in older adults was significantly lower than younger adults
across cue conditions. An age by alcohol interaction was detected, revealing that older adults
receiving alcohol showed lower P3 amplitudes than any other group. An age effect for P3 latency
was found, with older adults having longer latencies than their younger counterparts. A significant
age by alcohol interaction for P3 latency was detected, revealing that older adults receiving
alcohol displayed delayed P3 latencies relative to older adults receiving placebo. In contrast,
younger adults receiving alcohol had reduced latency compared to those receiving placebo
although this effect did not reach significance.

Conclusions—Results suggest that older adults demonstrated alcohol related shifts in P3
characteristics during an intentional attention task, whereas younger adults failed to demonstrate
this pattern.
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Introduction
Approximately 67% of the US population endorses at least occasional alcohol consumption,
including 40% of older adults aged 65+ (Gallup, Inc., 2011; Substance Abuse and Mental
Health Services Administration, 2010). An aging “baby boomer” population, accompanied
by extensions in retirement age and social engagement (both associated with alcohol use)
suggest future increases in the proportion of older adults endorsing current alcohol
consumption (Adams et al., 1990; Zucker, 1998). There is some research on moderate
drinking in older adults, yet such work has largely examined potential health effects of a
moderate drinking lifestyle (e.g., Balsa et al., 2008; Mukamal and Rimm, 2008). Empirical
literature examining moderate drinking as an event is generally lacking with notable
exceptions (e.g., Tupler et al., 1995; Vogel-Sprott and Barret, 1984).

Moderate alcohol doses producing blood alcohol concentrations below intoxicating levels
have been associated with impairment in a variety of cognitive and behavioral measures (for
reviews see Holloway, 1994; Moskowitz and Robinson, 1988). Findings are generally
confined to populations of younger, college-aged drinkers or animal models. Although
census projections predict over 72 million Americans will be 65 or older by 2030 (US
Census Bureau, 2008), and age-associated differences in alcohol metabolism are recognized
(Meier and Seitz, 2008), moderate alcohol effects have not been systematically studied in
older drinkers.

Age-related cognitive effects, similar to those of low-to-moderate doses of alcohol, are
frequently subtle and often difficult to detect via gross behavioral measures (e.g., Drag and
Bielauskas, 2010; Holloway, 1994). Thus, we took advantage of changes in brain
electrophysiology which more sensitively index such effects (Leuthold and Sommer, 1998).
A number of electrophysiological examinations of both aging and acute alcohol have
revealed significant alteration in various event related potential (ERP) components. The P3
component was of particular interest due to its presumed reflection of processes related to
working memory and contextual updating (Polich, 2004; Porjesz and Begleiter, 1982). P3
disruptions following acute alcohol include increased latency and decreased amplitude
(Iragui et al., 1993; Rohrbaugh et al., 1987; for review see Oscar-Berman and Marinkovic,
2007; Polich and Kok, 1995). Similar shifts are noted in aging populations (e.g., Hirayasu et
al., 2000; for review see Kok, 2000; Kugler et al., 1993). We are unaware of studies
reporting electrophysiological measures following moderate doses of alcohol concurrently in
older and younger social drinkers.

To address this gap in understanding, we employed a modified version of the covert visual
attention task used by Posner and colleagues (e.g, Hillyard et al., 1995; Luck et al., 1994;
Posner, 1995). The task required participants to shift attention to detect the presence and
location of targets preceded by spatial cues. We hypothesized negative effects of moderate
alcohol (~50 mg/dl) and older age on the P3. Of particular interest was the potential alcohol
by age interaction. Though guiding data are lacking in the wider literature, previous work
from our laboratory (Gilbertson et al., 2009; 2010) led us to hypothesize that acute alcohol
and older age would induce greater-than-additive electrophysiological disruption.

Materials and Methods
Screening

Volunteers were recruited via flyer, word-of-mouth, and radio/newspaper advertisement,
and were reimbursed for screening and experimental participation. All procedures were
approved by the Medical Institutional Review Board of the University of Kentucky.
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Interested volunteers provided written informed consent, then completed a brief screening
session, during which they completed packets of questionnaires. Questionnaires addressed
basic demographic information such as age and education. Information concerning health
status, medication history, substance use (nicotine, alcohol and illicit drugs), alcohol
consumption over the past 6 months (quantity-frequency index [QFI]; Cahalan et al., 1969),
state anxiety (Spielberger State Anxiety Inventory [AI]; Spielberger, 1983), and general
intellectual ability (Shipley Institute of Living Vocabulary and Abstraction scales [SILS-V,
SILS-A]; Zachary, 1986) were also obtained. Volunteers were also screened using standard,
age-appropriate measures for depressive symptomatology (Beck Depression Inventory, 2nd

ed. [BDI-II], Beck et al., 1996; Geriatric Depression Scale [GDS], Yesavage et al., 1982).
Psychiatric symptomatology was assessed using a computerized version of the National
Institute of Mental Health Diagnostic Interview Schedule (Robins et al., 1995).

Exclusionary criteria included evidence of a past or current Axis I disorder including drug/
alcohol abuse or dependence (including nicotine). Significant medical conditions (e.g.,
cardiovascular, pulmonary, or hepatic conditions such as stroke, hypertension, or untreated
diabetes) or history of neurological trauma (e.g., seizure disorder, head injury resulting in
prolonged unconsciousness), which might confound interpretation of results or
contraindicate low dose alcohol consumption, were also exclusionary. Individuals meeting
eligibility requirements were invited to participate in experimental sessions.

Participants
Participants included older (aged 50–67; n = 20; 9 men) and younger (aged 25–35; n = 12; 5
men) moderate drinkers without histories of substance abuse disorders who consumed at
least one drink/month for the preceding 6 months. Due to the paucity of literature describing
effect sizes in older individuals and the greater variability anticipated in this group
(Gazzaley and d’Esposito, 2007; Salthouse, 2011; Wilson et al., 2002), older participants
were deliberately oversampled. Participants included Caucasians (87.5%), African-
Americans (9.38%), and undeclared/others (3.13%). All female participants of childbearing
potential tested negative for pregnancy. All participants were negative when tested via
urinalysis for tetrahydrocannabinal, cocaine, benzodiazepines, morphine, and
amphetamines. All participants displayed breath alcohol concentrations (Intoxilyzer, Model
400, CMI, Inc., Owensboro, KY) of 0.00 mg/dl at initiation of study sessions. This sample
partially overlapped with that reported inSklar et al. (2012).

Experimental Timeline/Procedure
Experimental sessions were initiated at approximately 11:15 AM. Prior to the session,
participants provided written informed consent. Following a 2 h fast, participants consumed
a standard lunch (~500 kcal). Participants moved to a shielded testing area for task practice
and electrode cap application, during which they consumed a snack (~115 kcal). Beverages
were delivered at minutes 0 and 30 (see below). Testing was initiated at minute 35. Breath
alcohol concentration (BrAC) measurements were interspersed between trial blocks. Upon
completion of the experiment, participants were debriefed regarding the alcohol content of
their beverages, informed of their current BrAC, and transported home upon registering ≤ 10
mg/dl.

Acute Alcohol Administration
Participants received either a moderate dose of alcohol or a placebo beverage. Beverage
administration was conducted via randomized, double-blind procedure. Dosing calculations
for initial beverages were determined using a modification of Widmark formula (Watson et
al., 1981) to achieve an initial BrAC of ~40 mg/dl, selected due to its approximation of a
typical social drinking situation. Thirty minutes following consumption, booster beverages
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containing half the original alcohol dose (or vehicle) were administered (except younger
women, for whom full-dose boosters were required to achieve target BrACs; Gilbertson et
al., 2009) resulting in moderate BrACs of ~50 mg/dl. Standard administration procedures
(e.g., Fillmore et al., 2000) were utilized; 200-proof (100%) medical-grade alcohol was
delivered in a sugar-free, non-caffeinated citrus soda, mixed in a 1:3 ratio. Placebo
beverages contained only soda, with a negligible amount of alcohol floated on the surface.
Both beverages were delivered ice-cold, misted with alcohol to enhance placebo
effectiveness, and divided evenly into two glasses. Participants were instructed to consume
each glass in no more than 2 minutes.

Attentional Testing
A covert attentional task developed by Posner (1980) and modified by Luck and colleagues
(1994) was used (see Figure 1). Targets were presented in one of four squares (1.2” × 1.2”)
distributed 6.1” from a central fixation point. Each trial occurred in four discrete phases,
beginning with a fixation phase (1400 ms) in which participants focused on the central point.
A cue phase followed, in which a central cue of variable duration (500–800 ms) pointed to a
single box or all four boxes (neutral); the cue remained on the screen for the duration of the
trial. A target phase (85 ms) followed in which a target (a solid dot) appeared in one of the
four squares (50% of trials), or did not appear. In the final masking phase (200 ms), the
target-containing square was obscured. Mask position in non-targeted trials was distributed
equally across the four squares. The task was divided into four blocks and required
approximately 30–45 min to complete. P3s were analyzed only for those trials containing a
target. Sixty percent of trials were cued validly (target appears in the indicated quadrant),
20% cued invalidly (the target appears in an un-indicated quadrant), with 20% neutral
(arrows pointed to all four boxes). Participants indicated the presence or absence of a target
by pressing one of two buttons. The hand (left vs. right) used to indicate target presence/
absence was counterbalanced without regard to participant handedness in order to avoid
contaminating a particular response by using only the non-dominant hand. The distribution
of those responding to target presence or absence with dominant vs. non-dominant hands
was equal. Participants were seated 70 cm from the color monitor. To reduce head
movement and encourage central fixation, a chin rest attached to the table and adjusted to
allow clear view of the monitor was used. Only trials with correct responses were used in
analyses.

Brain Electrophysiology
ERP data were collected over the course of the task. Participants were fitted with a 64-
electrode montage embedded in an elastic cap (Electro-Cap International, Inc., Eaton, OH),
outfitted based on the standard international 10/20 system. The center forehead site (FPz)
functioned as a ground, with a linked earlobe reference. Two electrodes, placed above and
below the outer canthus of the left eye, monitored eye movement and blinks. Impedance was
maintained at or below 5 kΩ. Amplifier gain was set at 10,000× with a high pass filter cutoff
of .15 Hz and a low pass filter cutoff of 50 Hz. Sampling rate was 500 Hz. Offline, data
were filtered using a 30 Hz low pass digital filter and 24 dB attenuation. The ocular artifact
reduction function included with NeuroScan 4.3 (Compumedics USA, Inc., Charlotte, NC)
was used to correct for myogenic artifacts associated with eye movements and blinks. We
then separated the continuous EEG into 1100 ms epochs locked to target presentation,
including a 100 ms baseline period. Epochs containing artifacts (±75 µV) at any electrode
were eliminated prior to averaging, as were trials with incorrect responses. Following
artifact removal, an average of 233 trials (per electrode, per person) remained available for
analysis. P3 peak detection in averaged waveforms was performed automatically by
identifying the maximal positive deflection in the window from 250 to 600 ms. Data
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reduction, peak identification and statistical analyses were conducted with NeuroScan 4.3
software and SAS 9.3 (SAS Institute, Cary NC).

Results
Demographics

Results of demographic analyses are depicted in Table 1. Across groups, participants
appeared well matched on appropriate demographic variables. Scores which were not
directly comparable (i.e., BDI / GDI) were within normal limits.

Breath Alcohol Concentration
Mean BrACs for participants receiving alcohol were 37 ± 13, 55 ± 13, 50 ± 11, 47 ± 12, and
43 ± 13 mg/dl, respectively for 25, 45, 55, 65 & 75 minutes post-administration. Paired t-
tests comparing BrAC values between younger and older participants (see Figure 2, below)
indicated no significant differences at any time point (all ps > .57).

Preliminary/Guiding Analyses
As this task was a centrally-focused task of visual attention, hemispheric differences were
not relevant to our particular research questions. Because there was no lateral component to
the task, for comparison purposes our analyses focused on several central sites, including the
parietal (Pz) and occipital (Oz) midline sites, although the central midline (Cz) site was
considered in initial analyses. Results from Cz were similar to other electrodes in overall
pattern (using all participants/groups), although of the 16 dependent measures of interest,
only one achieved statistical significance. For the sake of clarity these results were omitted.

To guide analyses of primary interest, the effects of cue condition were investigated with
two initial repeated-measures ANOVA ([Valid vs. Neutral vs. Invalid] × [Pz vs. Oz]),
conducted separately for amplitude and latency to determine whether P3 parameters varied
as a function of cue condition, electrode site, or their interaction. These initial 3 × 2
ANOVA included all participants. Amplitude analysis indicated a main effect of cue
condition, F(2,104)=7.24, p=.001, but no electrode site main effect or interaction. Latency
analysis revealed neither main effects nor an interaction. To determine whether
interpretation of P3 analyses were confounded by age-related anterior shifts in maximal P3
amplitude (e.g., Fabiani et al., 1998), an additional repeated measures ANOVA ([Valid vs.
Neutral vs. Invalid] × [Pz vs. Oz vs. Cz] × [Younger vs. Older]) was conducted. Results
revealed no significant age group by electrode interaction, which would be expected if such
a shift were present in older participants (F<1).

Consistent with convention, further 2-way ANOVAs (age [Older vs. Younger] × alcohol
[Placebo vs. Alc]) were performed separately for each condition. However, planned
comparisons (described below) were not contingent on their outcome. Tests indicated no
violations of homogeneity of variance for any electrophysiological measure at any electrode
site. All parametric analyses in the current work utilized Type III sums of squares,
minimizing the inflation of Type I errors due to unequal ns (Tabachnick & Fidell, 1989). A
summary of F and p values for all 2 × 2 ANOVA is presented in Table 2, and discussed
below.

Planned comparisons based on our hypotheses were utilized to examine age (comparing the
[Older/Placebo vs. Younger/Placebo] and [Older/Alc vs. Younger/Alc] groups) and alcohol
effects (comparing [Older/Placebo vs. Older/Alc] and [Younger/Placebo vs. Younger/Alc]
groups). These planned comparisons were specifically selected based on our hypotheses;
other possible comparisons (i.e. [Older/Alc vs Younger/Placebo] were excluded.

Lewis et al. Page 5

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Amplitudes
Valid Cue Condition—2 × 2 ANOVAs detected an interaction at Oz, F(1,28)=4.81, p=.
037. Significant age effects, with older subjects demonstrating lower P3 amplitudes (relative
to younger individuals) were noted at Pz, F(1,28)=8.10, p=.008 and Oz, F(1,28)=4.66, p=.
039.

Planned comparisons indicated that for both electrodes, younger and older subjects receiving
alcohol differed; amplitudes were lower among Older/Alc subjects than Younger/Alc
subjects, at both Pz t(17)=2.83, p=.008 and Oz, t(17)=3.32, p=.002. Additionally, Older/Alc
individuals displayed lower amplitudes at Oz, relative to Older/Placebo participants,
t(19)=3.32, p=.017. All other ps ≥ .423.

Neutral Cue Condition—2 × 2 ANOVAs revealed trend-level interactive effects at
electrodes Pz, F(1,28)=3.78, p=.062 and Oz, F(1,28)=3.56, p=.070. Age main effects, with
older subjects demonstrating lower P3 amplitudes relative to younger individuals, were
noted at Pz, F(1,28)=7.74, p=.010 and Oz, F(1,28)=13.27, p=.001.

Planned comparisons indicated decreases in P3 amplitude among Older/Alc participants,
relative to Younger/Alc participants, t(17)=3.61, p=.001 and t(17)=4.22, p<.001, for Pz and
Oz, respectively. Additionally, Older/Alc individuals displayed lower amplitudes at Oz,
relative to Older/Placebo participants, t(19)=2.07, p=.048. All other ps ≥ .255.

Invalid Cue Condition—2 × 2 ANOVAs revealed interactive effects at electrodes Pz,
F(1,28)=2.10, p=.016 and Oz, F(1,28)=5.31, p=.029. Significant age effects, with older
subjects demonstrating reduced P3 amplitudes, were noted at both Pz, F(1,28)=7.87, p=.009,
and Oz, F(1,28)=13.93, p<.001.

Planned comparisons revealed Older/Alc participants displayed reduced P3 amplitude
relative to Older/Placebo at both electrodes, t(19)=2.23, p=.034 and t(19)=2.77, p=.010, for
Pz and Oz, respectively. Furthermore, decreases in P3 amplitude were noted among Older/
Alc participants, relative to Younger/Alc participants, t(17)=3.24, p=.003 and t(17)=4.61,
p<.001, at Pz and Oz, respectively. All other ps ≥ .353.

Alcohol by age interactions on P3 amplitude are depicted in Figure 3, below, separated by
cue condition and electrode.

Latencies
Valid Cue Condition—2 × 2 ANOVAs yielded a trend-level interaction at Oz,
F(1,28)=3.61, p=.068. Analysis also revealed age effects, with older subjects demonstrating
reduced P3 latencies at Pz, F(1,28)=5.22, p=.030.

Planned comparisons indicated Older/Alc participants demonstrated higher P3 latencies
relative to Younger/Alc, at both Pz, t(17)=2.48, p=.019 and Oz, t(17)=2.59, p=.015. All
other ps ≥ .164.

Neutral Cue Condition—2 × 2 ANOVAs revealed an interactive effect at Oz,
F(1,28)=13.67, p<.001. Age effects, such that older participants displayed increased P3
latencies, were noted at both Pz, F(1,28)=3.16, p=.086 and Oz F(1,28)=3.72, p=.064.

Planned comparisons indicated that at each electrode, Older/Alc individuals displayed
increased P3 latencies relative to Younger/Alc participants, t(17)=2.39, p=.024 and
t(17)=4.29, p<.001, for Pz and Oz, respectively. Additionally, Older/Alc individuals
displayed longer latencies relative to Older/Placebo participants at Oz, t(19)=3.83, p<.001.
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Additionally, a trend was noted such that Younger/Alc participants appears to have shorter
P3 latencies, relative to Younger/Placebo individuals at Oz, t(10)=1.72, p=.097. All other ps
≥ .128.

Invalid Cue Condition—Contrary to prior analysis, 2 × 2 ANOVAs revealed only a main
effect of age, such that older individuals displayed increased P3 latencies at electrode Pz,
F(1,28)=6.71, p=.015.

Planned comparisons indicated differences between Older/Placebo and Younger/Placebo
individuals at Pz, such that older participants displayed increased P3 latency, t(13)=2.25, p=.
033. All other ps ≥ .147.

Alcohol by age interactions on P3 latency are depicted in Figure 4, below, separated by cue
condition and electrode. Grand average waveforms for each group, measured at electrode
Oz, are presented in Figure 5, below, separated by cue condition.

N2 Component
An intepretational concern for these analyses was that P3 differences may have been driven
by alterations in earlier ERP components. In order to investigate this concern, we analyzed
the N2 component in a manner consistent with the 2 × 2 ANOVA described above. No
significant main effect or interaction was noted for age or alcohol, at either electrode.

Behavior
To aid interpretation of these electrophysiological data, gross behavioral measures from the
Posner task were analyzed. Initial 2 × 2 × 3 RM ANOVA (age [Older vs. Younger] ×
alcohol [Placebo vs. Alc] × condition [Valid vs. Invalid vs. Neutral]) were performed for
both reaction time (ms) and task accuracy (correct/total trials). The reaction time analysis
indicated an effect of validity condition, F(2,46)=7.68, p=.011, and an effect of age, with
younger individuals responding more quickly, F(1,23)=50.43, p<.001; no age by alcohol
interaction was noted. The ANOVA for accuracy failed to detect either main effects or
interactions for age or alcohol. All other ps ≥ .074.

Paired t-tests indicated times on the valid condition (M=507, SD=902) were faster than in
the neutral condition (M=546, SD=97), t(26)=8.49, p<.001, which were faster than in the
invalid condition (M=576, SD=95), t(26)=4.36, p<.001. The accuracy analysis again
indicated an effect of validity condition, F(2,46)=7.64, p=.005, but failed to detect any
between-subjects effects. Accuracy in the valid (M=.838, SD=.109) and neutral (M=.807,
SD=.155) conditions were equivalent, and each had greater accuracy than the invalid
condition (M=.743, SD=.191), t(26)=3.04, p=.005 and t(26)=2.98, p=.006, respectively.

To investigate alcohol and age effects further, 2 × 2 ANOVA (age [Older vs. Younger] ×
alcohol [Placebo vs. Alc]) were performed for both reaction time and task accuracy, in each
validity condition. A main effect of age on reaction time, such that younger individuals
responded more quickly across all conditions, F(1,23)=11.21, p=.003; F(1,23)=6.81, p=0.16;
and F(1,23)=4.99, p=.035, for valid, neutral, and invalid, respectively. No effects of age or
alcohol were noted for task accuracy, and no interactive effects were noted for either
behavioral measure.

Correlation analyses were performed, comparing accuracy and reaction time with P3 peak
and latency (Pz). Positive correlations between reaction time and P3 latency were noted
across all validity conditions (r=.48, p=.010; r=.40, p=.039; r=.38, p=.053, for valid, neutral,
and invalid conditions, respectively). See Figure 6 for a scatterplot of this relationship in the
valid condition.
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Discussion
Based on previous literature (Friedman, 2003; Polich and Criado, 2006; Rohrbaugh et al.,
1987), it was hypothesized that both acute alcohol and increased age would be associated
with reductions in P3 amplitude and increases in P3 latency. Although our age-related
hypothesis was supported, evidence for the hypothesized alcohol main effect was lacking.
An age by alcohol interaction was also tentatively hypothesized. This interaction was noted
across a variety of cue conditions and electrode sites; older individuals receiving alcohol
displayed P3 decrements beyond those associated with age alone.

Examination of P3 amplitudes among placebo participants revealed significant differences
between age groups only rarely, however visual observation of the pattern indicated
consistent effects across conditions (see Figure 3). To further describe these outcomes, mean
effect sizes were calculated and averaged across cue condition and electrode (Cohen’s d;
Cohen, 1988). These estimates revealed moderate age effects (d=.49). Examination of
alcohol effects revealed no meaningful pattern among younger individuals (d=.32), despite
large effects among older participants (d=1.11). This reinforces our interpretation that the
interaction between age and alcohol on P3 amplitude was driven primarily by alcohol effects
in older participants. Results from analysis of the Cz electrode suggested that the observed
age by alcohol effects were not localized to only Oz and Pz. At Cz, consistent, albeit non-
significant, alcohol effects were noted among older individuals (ds=.78, .69 and .90 for
valid, invalid and neutral cues, respectively).

As shown in Figure 4, age-associated differences in latency among placebo participants
were not observed. A pattern of age by alcohol interactions was again noted for P3 latency.
However, effect size analysis indicated they may have been driven by a moderate reduction
in latency under alcohol for younger adults (d=.75). In contrast, alcohol prolonged P3
latency in older individuals (d=.64).

The subtle effects of age, although initially surprising, may be related to the fact that
although our inclusionary criteria for the older group included individuals between 50 and
75 years of age, the average age of this group in our final sample was approximately 55
years. Thus, while P3 declines across the lifespan are marked (Rossini et al., 2007), it is
perhaps unsurprising that only moderate decrements were noted in this relatively young
group of older adults.

The lack of a robust alcohol main effect was also unexpected, given that previous work in
younger adults (i.e., Rohrbaugh et al., 1987) has demonstrated latency increases of
approximately 25 ms and amplitude reductions of approximately 1–2 µV at similar acute
doses. Observations that acute low-dose alcohol administration may improve performance
on some tasks among younger individuals (Linnoila and Mattila, 1973; Lloyd and Rogers,
1997; Sklar et al., 2011; Sklar et al., 2012) suggest that such alcohol-related discrepancies in
the literature may be largely due to task selection. This discrepancy should be addressed in
future studies with a broader range of tasks.

Cue Conditions
The consistency of the age and alcohol main effects and their interaction across cue
conditions suggests the robustness of these findings. One empirical question of this work
involved the effects of varied cue conditions in the elicitation of P3s, particularly insofar as
cue conditions might interact with age and/or alcohol. Thus, conditions were analyzed
separately, both for theoretical reasons (Luck et al., 1994), and due to the main effect of cue
condition noted in the guiding analyses. Relative to neutrally cued conditions, invalid cues
are noted to delay the latency of early ERP components (Luck et al., 1994). This delay is
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taken to reflect the cost of attentional redirection to the correct spatial location (Posner,
1980), suggesting P3 decrements during invalid trials should be evident. This prediction was
partially supported; invalid cues generated the lowest amplitude P3s (M=9.71 µV), followed
by valid (M=10.07 µV) and neutral (M=10.82 µV) conditions. However, this was a weak
effect (d=.23), and no differences in latency as a function of cue conditions were noted. This
was somewhat puzzling, as behavioral analyses revealed a significant effect of validity
condition on reaction time, and further, reaction times and P3 latencies were correlated
across conditions. Potential faciliatory effects of validly cued trials were also of interest,
however no evidence of such facilitation was noted.

Caveats / Considerations
Several limitations to the current study bear consideration. These results should not yet be
considered evidence of generalized effects of age and alcohol on electrophysiological
indices of attention. The attentional task used in this study provides an interesting context
for this investigation. However, replication of age by alcohol effects in well-validated tasks
more commonly used to elicit P3s (e.g., auditory oddball task) would aid generalization.

This design was not adequately powered to detect gender differences. Numerous gender-
associated differences in response to alcohol (e.g., Nolen-Hoeksema and Hilt, 2006) suggest
that incorporating gender into future investigations will be particularly important in further
describing the complex effects of alcohol across the lifespan. Furthermore, gender is known
to affect P3 characteristics, with women producing higher amplitudes than men (Polich &
Kok, 1995). Women were over-represented in this sample (55% and 58% of the older and
younger participants, and 50% and 61% of the placebo and alcohol-treated participants,
respectively, were female). No significant differences in the distribution of women across
age group or dose assignement were noted (χ2s<0.4). Given the similarities in gender
composition across groups, any bias related to gender should have been distributed equally
across groups. Preliminary gender analyses revealed no differences in either peaks or
latencies. However, the possible influence of gender-driven differences in P3s cannot be
completely discounted.

It is conceivable that the observed P3 results may have been related to effects on preceding
ERP components. To address this concern, the N2 component was analyzed in a similar
manner, conducting age by alcohol ANOVA for each electrode and cue condition. No
differences were noted. Thus, preceding components seem unlikely to have confounded the
observed P3 differences. Although this cursory N2 analysis was useful for interpretational
purposes, neither N2 nor other, earlier components (i.e., N1, P1, P2) were a primary concern
of the work, which focused on the P3 as a reflection of higher-order working memory and
attentional processes.

Finally, the exclusionary criteria used in this study ensured that participants were generally
healthy; older participants in particular, may have differed in health status from a general
age-matched population. Although this potential difference should be noted when
considering applicability, that these effects were noted among such a healthy group of older
individuals suggests they may be even more pronounced in the general population.

Summary
In sum, these results suggest the pattern of reduced/delayed P3s in older participants was
driven by the effect of alcohol, implying that while older individuals may demonstrate subtle
P3 decrements due to age alone, such differences become marked under the effects of even
moderate alcohol consumption. Critically, this interaction was marked despite the relatively
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young age (~55) of “older” participants, suggesting alcohol effects on attentional processing
at older ages may be even more pronounced.

Substantial literatures have separately considered the effects of both age and acute alcohol
on P3 function, however few studies have directly addressed acute effects in older
individuals, and fewer still have included young adults for comparison. Thus, while novel
and provocative, these findings should be interpreted cautiously. For instance, effects may
be sensitive to task demand; replication in additional tasks with varying difficulty and/or
sensory modality would be useful. Finally, these neurophysiological decrements may be
compounded by additional disruption in numerous situations (e.g., dual-task or divided
attention conditions, medication-alcohol interactions, concomitant age-associated cognitive
decline). Given these obvious public health implications, further investigation is warranted.
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Figure 1. Attentional Task Schematic
A schematic depiction of the attentional task (based on Luck et al., 1994). Although all three
cue conditions are depicted, the 50% of trials not containing targets are ommitted.
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Figure 2. Mean BrACs for Older and Younger Participants Receiving Alcohol
Mean BrACs (±SD) for both older and younger participant groups receiving alcohol. BrACs
were measured at 25, 45, 55, 65, & 75 minutes post-administration between the four 8-
minute blocks of the task. Paired t-tests indicated no significant differences at any time point
(all ps > .57).
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Figure 3. Age by Alcohol Amplitude Interactions by Cue Condition and Electrode Site
Depictions of age by alcohol interactions (and SEs) on P3 amplitude, across all cue
conditions and electrode sites. Age main effects were consistently noted, such that age was
associated with reduced amplitude. Age by alcohol interactions were noted for all conditions
at Oz, and for neutral and invalid conditions at Pz. Post hoc comparisons suggested these
interactions were due to pronounced effects of alcohol among older individuals (see text for
details).
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Figure 4. Age by Alcohol Latency Interactions by Cue Condition and Electrode Site
Depictions of age by alcohol interactions (and SEs) on P3 latency, across all cue conditions
and electrode sites. Age main effects were consistently noted, although subsequent analyses
suggested these effects were driven primarily by the interactions. Age by alcohol
interactions were noted in three cases; subsequent analyses (see text for details) suggested
the interactions may have reflected both alcohol-associated decrements among older
individuals and alcohol-associated facilitation among younger participants.
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Figure 5. Grand Average Waveforms by Group (Measured at Oz)
Grand average waveforms at Oz, presented by age/alcohol groups for each cue condition.
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Figure 6. Scatterplot of Reaction Time and P3 Latency (For Valid Condition)
Scatterplot of task reaction time and P3 latency for the valid condition measured at Pz and
including all groups (r=.48, p=.010).
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Table 1

Demographic Comparisons by Age and Alcohol Group

OLDER YOUNGER

ALCOHOL
(n=11)

PLACEBO
(n=9)

ALCOHOL
(n=7)

PLACEBO
(n=5)

Variable M (SD) M (SD) M (SD) M (SD)

Age (yrs) 57.24 (6.77) 54.11 (5.55) 29.14 (4.37) 27.20 (1.79)

Education (yrs) 16.60 (3.44) 16.67 (1.66) 19.75 (3.81) 17.20 (1.30)

BDI-II / GDS 6.64 (8.14) 4.44 (2.51) 7.14 (8.65) 4.40 (4.72)

AIa 47.36 (5.16) 44.44 (10.04) 46.57 (6.05) 46.80 (6.34)

SILS-Vb (mental age) 18.64 (2.08) 18.91 (1.05) 17.99 (1.68) 18.04 (0.67)

SILS-Ab (mental age) 17.47 (1.60) 17.04 (1.98) 19.24 (1.41) 17.30 (3.04)

QFIc (oz. absolute EtOH/day) 0.44 (0.47) 0.63 (0.52) 0.92 (0.96) 0.49 (0.28)

BMId (kg/m2) 29.30 (9.62) 28.2 (5.59) 25.86 (5.58) 28.50 (6.76)

a
Anxiety Inventory (age corrected; Spielberger, 1983;

b
Shipley Institute of Living Scale (Zachary, 1986);

c
Quantity Frequency Index (Cahalan et al. 1969);

d
Body Mass Index (weight [kg] / height [m]2)
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