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Native Americans have some of the highest rates of alcohol 
abuse and dependence, yet potential biological risk factors 
associated with the problem drinking seen in some tribes 
remain relatively unknown. The amplitude of the P3 
component of the event-related potential (ERP) is perhaps 
the most studied electrophysiological “marker” of potential 
vulnerability to alcohol dependence, yet it has not been 
investigated in Native Americans. Forty-seven, non-
alcohol-dependent Native American Mission Indian men 
between the ages of 18 and 25 years participated in the 
study. ERPs were collected at 60 minutes following both 
alcohol (0.56 g/kg) and placebo intake. No relationship was 
found between P3 amplitude and degree of Native-
American heritage (NAH), or family history (FH) of alcohol 
dependence. The results of this study did, however, replicate 
previous findings that the P3 component of the ERP is 
sensitive to the effects of alcohol. A reduction in the P3a 
component across the scalp was found in these Native 
American men following alcohol when compared with 

placebo ingestion. P3 response to alcohol, although not 
influenced by a subject’s NAH or FH, was influenced by the 
presence of a polymorphism in the alcohol metabolizing 
enzyme alcohol dehydrogenase (ADH). Men with an 
ADH2*3 allele had significantly higher amplitude P3 
components at placebo and also demonstrated more alcohol-
induced reductions in P3 amplitude than men with 
ADH2*1 alleles only. In addition, individuals with low P3 
amplitude in the placebo condition had less of a reduction or 
an actual increase in P3a and P3b amplitudes following 
alcohol intake. Given that a less intense response to alcohol 
has been associated with greater risk for the development of 
alcohol-related problems, these data suggest the presence of 
certain biological variables within this Native American 
population that may confer both risk and protection for the 
future development of alcohol dependence. 
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The prevalence of alcohol abuse and alcohol depen-
dence among different ethnic groups varies widely. For
example, Americans of Jewish descent (Chavetz 1964;
Cahalan 1970; Klatsky et al. 1983; Monteiro and Schuckit
1989; Helzer et al. 1990) and various Asian groups (Lin

1953; Singer 1972) have lower than average rates of al-
cohol dependence. Ethnic groups with a high incidence
of alcohol use and alcoholism include Hawaiians, Sa-
moans (Lemert 1964), Irish (Knupfler and Room 1967),
and certain tribes of Native Americans (Kunitz et al.
1971; Brod 1975).

Although tribes differ with regard to the use of alco-
hol, the U.S. Indian Health Service has cited alcoholism
as the most urgent health problem facing Native Amer-
icans (U.S. Indian Health Service 1977, 1982). Epidemio-
logical studies demonstrate that Native Americans as a
whole have: an alcohol dependence rate twice the U.S.
national average, a 3-times increased hospital discharge
rate for alcohol-related diagnoses, 4.4 times the national
mortality rate for cirrhosis of the liver, and a motor ve-
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hicle death rate 4.4 times higher than the national rate,
which is 50 to 60% alcohol related (see Andre 1979; May
1982; U.S. Indian Health Service 1982). A full 75% of all
Native American deaths are related to alcohol in some
way, with five of the 10 leading causes of death being
directly related to alcohol. Although it is difficult to dis-
entangle genetic from environmental factors in popula-
tion studies, recent data suggest that Native Americans
have the highest prevalence of a positive family history
for alcoholism among all ethnic groups. A full 62.8% of
women and 46.1% of men reported a family history of
alcoholism (Harford 1992).

Findings on the importance of genetic factors in the
etiology of alcohol dependence have stimulated a num-
ber of investigators to search for biological markers that
might mediate increased risk for this disorder. One ap-
proach has focused on biological children of alcoholics
who are identified at various ages, evaluated, and, in some
studies, challenged with alcohol. Most investigations
have studied subjects with a family history of alcohol-
ism (FHP), usually defined through alcohol dependence
in a biological father. These subjects are compared to
control subjects without a family history of alcoholism
(FHN) among biological relatives. Many of these types
of investigations have studied Caucasian males in their
late teens and early twenties (Schuckit 1985). Other stud-
ies have focused on children in their prepubertal to early
adolescent years (Begleiter et al. 1984; Hill et al. 1990).
Individual sensitivity to alcohol has been proposed as
an inherited factor that affects the likelihood of drink-
ing and mediates disposition for developing alcoholism
(Schuckit 1994). Although not all studies agree (Newlin
and Thomson 1990), a meta-analysis focusing on subjec-
tive levels of intoxication confirmed a diminished re-
sponse to alcohol as a characteristic more frequently seen
in FHP compared with FHN subjects (Pollock 1992). In
addition, a subsequent 8-year follow-up of previously
studied FHP and FHN men, found that both a family
history of alcoholism and a low response to alcohol
were related to the future development of alcohol-
related problems (Schuckit and Smith 1996).

Several studies provide evidence to suggest that cer-
tain electrophysiological variables may represent “mark-
ers” of vulnerability to alcohol dependence. One measure
that has received considerable attention as a possible
neurophysiological marker for alcoholism risk is the P3
component of the event-related potential (ERP). Many
studies provide evidence demonstrating that the ampli-
tude of the P3 is reduced in FHP subjects (see Elmasian
et al. 1982; Begleiter et al. 1984; O’Connor et al. 1986;
Whipple et al. 1988; Hill et al. 1988, 1990; Porjesz and
Begleiter 1990; Berman et al. 1993; Hill and Steinhauer
1993; Steinhauer and Hill 1993; Ramachandran et al.
1996). Other studies are less convincing or do not sup-
port the hypothesis (see Polich and Bloom 1987; Polich
1988). A recent meta-analysis, however, has concluded

that P3 “may be useful as an index for predicting alco-
holism vulnerability” (Polich et al. 1994).

This report is part of a larger study exploring risk
factors for alcoholism among non-alcohol-dependent
Native American Mission Indian men. The present in-
vestigation was specifically designed to explore the re-
lationships between P3 amplitude and factors associ-
ated with risk or protection from alcohol dependence.
The study evaluated several hypotheses. First we sought
to determine whether P3 amplitude was related to fam-
ily history of alcoholism or percent Native American
heritage (NAH) in these Native American men. Second,
because P3 response to alcohol has never been reported
in Native Americans, we sought to determine if alcohol
produced effects similar to those reported in Caucasian
and Asian subjects. Third, we investigated the relation-
ship between P3 and two alcohol dehydrogenase genes
(ADH2 and ADH3) that are polymorphic in this popu-
lation (Wall et al. 1997). These candidate genes encode
isoenzymes that differ in their kinetic properties (Bos-
ron et al. 1993). A number of studies have examined
ADH2 and ADH3 genotype variations to explain sus-
ceptibility to alcoholism (Thomasson et al. 1991; Gilder
et al. 1993; Higuchi et al. 1995) and other alcohol-related
disease in various ethnic groups (Couzigou et al. 1990;
Day et al. 1991; Chao et al. 1994; McGarver-May et al.
1996). Finally, since P3 amplitude and response to alco-
hol have both been demonstrated to be associated to
risk for alcoholism, we also sought to determine if low-
ered P3 amplitude itself was predictive of a less intense
response to alcohol challenge in this population.

 

METHODS

Subjects

 

A group of Native Americans known collectively as
Mission Indians was targeted for study. Individual sub-
jects were recruited from six geographically contiguous
Indian reservations in southern California. Males be-
tween the ages of 18 and 25 years who were at least 25%
NAH according to the federal Indian blood-quantum
responded to fliers posted at the Indian Health Clinic,
tribal halls, local schools, and on-site stores and were
also recruited by word of mouth. Seventy-eight poten-
tial subjects were screened by telephone interview. Eigh-
teen subjects were found not eligible for the study by
initial phone interview. Of the 60 remaining subjects, 55
agreed to meet individually with research staff to com-
plete a screening questionnaire (Schuckit 1984; Schuckit
and Gold 1988) that was used to select individuals who
met eligibility for the study. Using this highly struc-
tured self-report instrument, subjects were excluded
from further evaluation if they met diagnostic criteria
for alcohol or other substance dependence, or other ma-
jor Axis I psychiatric disorders according to criteria out-
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lined in the Third Diagnostic and Statistical Manual
Disorders (DSM-III) (American Psychiatric Association
1980). The screening questionnaire was also used to
gather information on demography, personal medical
history, usual quantity and frequency of alcohol and
other drug consumption over the previous 6 months,
and family history of alcohol and other substance de-
pendence. Individuals were also excluded from this
study if they were taking prescribed medication, had
any major medical condition, or had abstained from al-
cohol over the previous 6 months.

For secondary analyses, a subject was classified as
FHP if he had a first-degree relative who met DSM-III
criteria for alcohol dependence. Family history positive
subjects had a mean of 4.0 

 

6

 

 2.9 first and second-degree
family members with alcohol dependence. Those sub-
jects with a biological mother who met criteria for alco-
hol dependence during pregnancy were excluded from
the study. FHN men lacked a history of alcohol depen-
dence in their first- or second-degree relatives. The sub-
jects were also categorized according to those with greater
than or equal to 50% NAH and those with 25–50%
NAH by their federal Indian blood quantum. Subjects
were screened for the presence of ADH2 and ADH3
polymorphisms using polymerase chain reaction and
allele-specific oligonucleotide primers followed by hy-
bridization with radio-labeled oligonucleotide probes
(Xu et al. 1988) as previously described (Wall et al.
1997).

 

Alcohol Challenge

 

Men (

 

n

 

 

 

5

 

 47) who met inclusion criteria were invited to
participate individually in two test sessions, approxi-
mately 1 week apart, that consisted of baseline evalua-
tions and subsequent challenges with placebo and alco-
hol. Subjects were instructed not to use alcohol or any
other drugs for 3 days prior to testing. On both test
days, each man arrived to the laboratory at approxi-
mately 8:00 

 

A

 

.

 

M

 

. after fasting overnight and was pro-
vided a standardized low-fat breakfast. Baseline mea-
surements were taken and at about 9:00 

 

A

 

.

 

M

 

., a placebo
or alcohol beverage was administered in random order,
using a placebo alcohol administration device (Mendel-
son et al. 1984). The alcohol beverage was 0.75 ml/kg of
95% alcohol (0.56 g/kg) as a 20%-by-volume solution in
a caffeine-free and sugar-free soda. The placebo bever-
age was made using the same mixer with 3 ml of 95%
alcohol floated on top. Subjects were instructed to drink
at a steady pace and to consume the beverage over 7
min. ERPs were collected at 60 min after beverage in-
take. Electroencephalogram (EEG) was collected before
and at 30, 60, and 90 minutes after beverage intake.
Heart rate, blood pressure, subjective ratings of alco-
hol’s effects, and blood samples for subsequent deter-
mination of blood alcohol concentrations (BACs) and

plasma cortisol levels were also obtained before and 15,
30, 60, 90, and 120 minutes after beverage intake. Re-
sults from non-ERP measures have been previously re-
ported (Wall et al. 1996, 1997; Garcia-Andrade et al.
1996, 1997; Ehlers et al. 1997).

 

ERP Collection and Analyses

 

Three channels of ERP data (FZ, CZ, PZ, and referenced
to linked ear lobes with a forehead ground, interna-
tional 10–20 system) were obtained by using gold-plated
electrodes with impedance held below 5K ohms. An
electrode placed left lateral infraorbitally and referenced
to the left earlobe was used to monitor both horizontal
and vertical eye movement. ERP recording signals were
amplified (time constant 0.1 s, 35 Hz low pass) and were
transferred on-line to a Macintosh computer for digiti-
zation. Auditory stimuli were presented through head-
phones and ERPs were elicited using an oddball plus
“noise” paradigm. The acoustic parameters were three
square wave tones (rise/fall times 

 

,

 

1 ms): a standard
tone (50 ms, 2 KHz, 70 dB SPL) presented on 83% of the
trials (

 

n

 

 

 

5

 

 200), a rare tone (50 ms, 2 KHz, 80 dB SPL)
presented on 10.4% of the trials (

 

n

 

 

 

5

 

 25), and a noise
burst (50 ms, noise, 80 dB spl) presented on 6.3% of the
trials (

 

n

 

 

 

5

 

 15). Each subject was instructed to depress a
counter each time he detected a rare tone and to with-
hold responding to the standard tones and noise bursts.
The tones were generated by a programmable multiple-
tone generator, the characteristics of which have been
described previously (Polich et al. 1983). Each subject
was hearing tested prior to the recording to insure that
he had no trouble easily identifying the three different
tones. Rare tones were interspersed with standard tones
so that no two rare tones occurred consecutively. A
noise burst was substituted for a rare tone every 12 tri-
als to avoid habituation to the noise burst. The digitiz-
ing epoch was 1 s and a 0.5- to 1.0-s intertrial interval
was used. The total number of trials in each recording
session was 240. These stimulus characteristics have been
used extensively in our laboratory (see Wall and Ehlers
1995; Ehlers et al. 1996).

The ERP trials were digitized at a rate of 256 Hz. In-
dividual trials containing excessive eye movement arti-
fact as well as trials where the EEG exceeded 

 

6

 

250 mi-
crovolts (

 

,

 

5% of the trials) were eliminated before
averaging. The P3 was defined as the occurrence of a set
of peak amplitudes after the N1-P2-N2 complex within
250–400 ms after stimulus presentation. The baseline was
determined by averaging the 100 ms of prestimulus ac-
tivity obtained for each trial. The latency (in ms) was
defined as the time of the peak amplitude generally
within these latency windows: P3a, 225–300 ms; P3b,
300–400 ms. The P3a and P3b components were quanti-
fied using a computerized peak detection routine that
identifies baseline-to-peak amplitudes (in 

 

m

 

V) within
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specified latency windows. The routine is user driven,
and each peak detection must be verified by the user.
All peaks were quantified by one individual (E.P., R
EEG Tech), and verified by a second individual (C.E.),
both of whom were blind to subject conditions.

 

Data Analyses

 

Data analyses focused on three hypotheses that were gen-
erated based on previous research. The first question was
an analysis of potential determinants of P3 amplitude
during the placebo session. Factors explored were: ADH2
genotype, (ADH2*1/2*3, ADH2*1/2*1), ADH3 geno-
type (ADH3*1/3*1, ADH3*1/3*2, ADH3*2/3*2) family
history of alcohol dependence (FHP, FHN) and NAH
(

 

.

 

50% NAH, 

 

,

 

50% NAH). Multivariate analysis of
variance (MANOVA) was utilized to explore the rela-
tionship between these hypothesized risk factors and
P3a and P3b amplitude at each electrode site. To ex-
plore for potential confounding variables between the
hypothesized risk groups (NAH, FH, ADH2 genotype,
ADH3 genotype), demographic and drinking history
variables were analyzed using one-way analysis of vari-
ance (ANOVA).

The second question focused on whether significant
effects of alcohol on P3 amplitude could be detected in
this group of Native American Mission Indians. To ad-
dress this question, MANOVA was conducted with P3a
and P3b amplitude as dependent variables and drug
condition (alcohol, placebo) and electrode site (FZ, CZ,
PZ) as repeated measurements.

The third hypothesized question focused on whether
differences in response to alcohol were modified by the
predicted risk/protection factors. In these exploratory
analyses FH, NAH, ADH2 genotype, ADH3 genotype,
and low voltage P3 group designation, were treated as
between-subjects variables and drug (alcohol, placebo)
was treated as a repeated measure for the three electrode
sites. BACs for the alcohol session were analyzed using
two-factor (group 

 

3

 

 time) ANOVA with group (FH,
NAH, or ADH2, ADH3, low voltage P3) as a between-
subjects variable and time as a repeated measurement.

 

RESULTS

 

Fifty-five subjects met inclusion/exclusion criteria by
telephone screening and were subsequently interviewed
in person. Of these, 51 men met inclusion and exclusion
criteria by interview (two were eliminated for a history
of psychosis, one had a neurologic disorder, and one
met criteria for drug dependence). Three subjects did
not complete the placebo session, and one fell asleep
during the recording of ERPs. The 47 remaining sub-
jects had a mean 

 

6

 

 SD age of 21.2 

 

6

 

 2.3. They drank an
average of 4.4 

 

6

 

 3.3 days per month, and consumed an

average of 5.0 

 

6

 

 3.0 drinks per occasion. Demographic
and substance use history are presented in Table 1.

To address the first major research question, P3 am-
plitude recorded during the placebo session was evalu-
ated, as a function of the hypothesized risk factors within
this Native American population. The four risk factors
FHP vs. FHN, 

 

,

 

50% NAH vs. 

 

>

 

50% NAH, ADH2*1/
2*3 vs. ADH2*1/2*1, ADH3*1/3*1 vs. ADH3*1/3*2 vs.
ADH3*2/3*2 had statistically equivalent demographic
characteristics, drinking histories, and height-to-weight
ratios, except that the ADH2*1/2*3 group reported
more marijuana consumption than the ADH2*1/2*1
group (ADH2*1/2*1 mean 

 

5

 

 0.98 

 

6

 

 2.0, ADH2*1/2*3
mean 

 

5

 

 13.2 

 

6 

 

19.4, units are in times in the previous 6
months).

P3 amplitude was not found to vary as a function of
NAH. In addition, no significant P3 amplitude differ-
ences were found as function of family history of alco-
hol dependence or ADH3 genotype. However, a signifi-
cant relationship was found between ADH2 genotype
and P3 amplitude. Higher amplitude P3a responses to
the noise tone were observed in subjects with the
ADH2*1/2*3 genotype in: FZ (F 

 

5

 

 5.9; 

 

df

 

 

 

5

 

 1,45; 

 

p

 

 

 

,

 

.019) and CZ (F 

 

5

 

 7.3; 

 

df

 

 

 

5

 

 1,45; 

 

p

 

 

 

,

 

 .01), and trends
were found for an increase in the P3b response to the
noise tone in FZ (F 

 

5

 

 3.29; 

 

df

 

 

 

5

 

 1,45; 

 

p

 

 

 

,

 

 .07) and CZ (F 

 

5

 

3.05, 

 

df

 

 

 

5

 

 1,45; 

 

p

 

 

 

,

 

 .09) and in P3a response to the rare
tone in FZ (F 

 

5

 

 3.7; 

 

df

 

 

 

5

 

 1,45; 

 

p

 

 

 

,

 

 .06) and CZ (F 

 

5

 

 3.07;

 

df

 

 

 

5

 

 1,45; 

 

p

 

 

 

,

 

 .09) as compared with subjects with the
ADH2*1/2*1 genotype. Means for these variables are
presented in Table 2.

 

ERP Response to Alcohol

 

The second major research question concerned whether
significant effects of alcohol on P3 amplitude, as compared
with placebo, could be found in these Native American
men. Of the 47 men for whom placebo session ERP re-
cordings were available, 42 completed both alcohol and
placebo sessions. This group did not differ significantly

 

Table 1.

 

Demographic and Recent Substance Use History 
in Mission Indian Men

n

 

 

 

5

 

 47 Mean 

 

6

 

 SD

 

Age (years) 21.2 

 

6

 

 2.3
Education (years) 11.8 

 

6

 

 1.1
Native American Heritage (%) 43.6 

 

6

 

 21.6
Height (inches) 71.0 

 

6

 

 3.4
Weight (pounds) 208.5 

 

6

 

 44.0
Height/Weight ratio 0.4 

 

6

 

 0.1
Frequency of drinking (times per month) 4.4 

 

6

 

 3.3
Quantity of drinking (drinks per occasion) 5.0 

 

6

 

 3.0
Frequency of smoking (cigarettes per month) 10.8 

 

6

 

 11.9
Quantity of smoking (cigarettes per day) 4.9 

 

6

 

 7.8
Marijuana usage (times per last 6 months) 2.8 

 

6

 

 8.5
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on any of the demographic, or substance use variables
from the group of 47 subjects presented in Table 1. Ad-
ministration of 0.56 g/kg alcohol produced a mean 

 

6

 

SD (g/dL) BAC of 0.77 

 

6

 

 0.02 at 60 min after beverage
ingestion at the approximate time of ERP recordings.
Table 3 presents BACs for each hypothesized risk group
at 60 min; there were no significant differences in BACs
between any of the risk groups (e.g., FHP vs. FHN).

Alcohol produced a significant reduction in the P3a
amplitude in response to the standard tone (drug: F 

 

5

 

5.33, 

 

df 5 1,40; p , .028), rare (target) tone (drug: F 5
13.9; df 5 1,40; p , .001) and noise tone (drug: F 5 13.5;
df 5 1,42; p , .001). An electrode effect was noted for
the rare tone (electrode: F 5 51.6; df 5 2,82; p , .001)
and noise tone (F 5 38.4; df 5 2,82; p , .001). However
no drug 3 electrode interactions were found. Alcohol
was not found to significantly alter the P3b amplitude.
Grand averages of ERPs for the entire group of subjects
(n 5 42) for the alcohol and placebo condition are pre-
sented in Figure 1.

Risk Factors and Response to Alcohol

The third major research question explored was whether
hypothesized risk/protection factors (FH, NAH, ADH2

genotype, ADH3 genotype, low P3 amplitude at pla-
cebo) affected P3 amplitude in response to alcohol. Nei-
ther family history status, degree of Native American
heritage, nor ADH3 genotype was associated with sta-
tistically significant difference in P3 response to alcohol.
The ADH2 genotype 3 drug interaction, however, was
found to be statistically significant as seen in Table 2. Men
with ADH2*1/2*3 genotype exhibited greater alcohol-
induced reductions in the P3a in CZ to the noise tone
(F 5 6.97; df 5 1,40; p , .01) and the P3b in PZ to the
rare tone (F 5 3.93; df 5 1,40; p , .05) than men with the
ADH2*1/2*1 genotype. In addition, a trend toward greater
P3a reductions following alcohol was found for the P3a
component in lead PZ (F 5 3.0; df 5 1,40; p , .09).

Low (,10 microvolts) vs. normal (.10 microvolts)
P3b amplitude at placebo in response to the noise tone
was also found to be a predictor of response to alcohol.
Differences in P3 amplitude response between the pla-
cebo and alcohol sessions were found to be significant
between the low and average P3 groups for the P3a in FZ
(F 5 4.47; df 5 1,40; p , .04), CZ (F 5 4.35; df 5 1,40; p ,
.04) and for the P3b in FZ (F 5 8.62; df 5 1,40; p , .005),
CZ (F 5 16.63; df 5 1,40; p , .001), PZ (F 5 10.4; df 5 1,40;
p , .003). A significant difference in response to the rare
(target) tone was also found between groups for the P3b

Table 2. P3 Amplitude in Mission Indian Men with ADH2 Polymorphisms

Placebo Alcohol
ADH2 3

Drug
p

ADH2*1/2*1
Mean 6 SEM

ADH2*1/2*3
Mean 6 SEM p

ADH2*1/2*1
Mean 6 SEM

ADH2*1/2*3
Mean 6 SEM p

Rare tone
FZ P3A 3.6 6 0.55 6.22 6 0.76 c 2.86 6 0.42 3.62 6 0.79
FZ P3B 6.26 6 0.67 7.50 6 1.15 6.12 6 0.53 4.86 6 1.59
CZ P3A 6.46 6 0.70 9.63 6 1.75 c 5.05 6 0.61 6.63 6 1.23
CZ P3B 8.47 6 0.72 10.48 6 1.25 8.23 6 0.57 7.24 6 2.05
PZ P3A 7.42 6 0.65 9.59 6 2.02 5.63 6 0.61 6.72 6 1.37
PZ P3B 9.56 6 0.67 11.68 6 1.67 9.54 6 0.52 8.55 6 1.81 b

Noise tone
FZ P3A 5.40 6 0.80 10.49 6 2.05 b 4.33 6 0.54 6.35 6 2.64
FZ P3B 8.50 6 0.82 12.26 6 1.51 c 8.02 6 0.77 8.31 6 3.18
CZ P3A 10.18 6 0.98 17.43 6 3.16 b 8.13 6 0.83 8.82 6 2.93 a

CZ P3B 12.49 6 1.07 17.25 6 2.21 c 10.81 6 0.91 11.61 6 3.28
PZ P3A 10.03 6 0.76 12.85 6 2.39 7.29 6 0.62 6.68 6 2.34 c

PZ P3B 12.66 6 0.96 14.63 6 1.74 11.42 6 0.85 11.60 6 1.98

a  ,.01.
b  ,.05.
c ,.10.

Table 3. Blood Alcohol Concentrations 60 Min after Ingestion in Mission Indian Men by Risk Group

Family History of Alcohol 
Dependence Native American Heritage ADH Genotype P3 Amplitude Status

FHP FHN >50% NAH ,50% NAH ADH2*1 ADH2*3 Low Average

n 28 14 20 22 35 7 12 30
BAC 0.078 6 0.015 0.077 6 0.015 0.081 6 0.017 0.075 6 0.013 0.077 6 0.014 0.083 6 0.020 0.080 6 0.012 0.077 6 0.016
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response in FZ (F 5 5.6; df 5 1,40; p , .02). As seen in
Table 4, those subjects with average P3 amplitudes at
placebo experienced reductions in P3 amplitude in the
alcohol session, whereas those with low P3 amplitudes at
placebo on average experienced either no response or an
increase in P3 amplitude to alcohol challenge.

DISCUSSION

This study assessed the amplitude of the P3 component
of the ERP under two conditions (60 min after placebo

and 0.56 g/kg alcohol) using an auditory oddball plus
noise paradigm in Native American Mission Indians of
at least 25% NAH. The study was designed to explore
determinants of P3 amplitude after placebo and alcohol
in these Mission Indian men.

P3 amplitude is perhaps the most studied electrophys-
iological “marker” of potential vulnerability to alcohol
dependence. Many studies, but not all, have supported
the notion that the amplitude of the P3 is reduced in
FHP subjects (see Elmasian et al. 1982; Begleiter et al.
1984; O’Connor et al. 1986, 1987; Whipple et al. 1988;
Hill et al. 1988, 1990; Begleiter and Porjesz 1990; Porjesz

Figure 1. Grand averages of
ERPs elicited by an oddball plus
noise paradigm in 42 Native
American men at 60 minutes
following placebo (left column)
or alcohol (0.56 g/kg) (right col-
umn) ingestion. Averages are
presented for frontal (FZ), cen-
tral (CZ), and parietal (PZ) leads.
N1 and P2, and P3 components
are visible in response to stan-
dard tones (solid lines), rare, tar-
get tones (dotted lines), and noise
bursts (dashed lines). Alcohol was
found to significantly reduce the
amplitude of the P3 component
to all three tones.
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and Begleiter 1990; Berman et al. 1993; Hill and Stein-
hauer 1993; Steinhauer and Hill 1993; Ramachandran et
al. 1996). No previous studies have evaluated P3 ampli-
tude in Native Americans, a group at particularly high
risk for the development of alcoholism. No relationship
was found between P3 amplitude and degree of NAH
in this group of Mission Indian men. Additionally, Na-
tive American men with a family history of alcohol de-
pendence did not significantly differ from those with no
alcoholic relatives on P3 amplitude.

The lack of a clearly significant relationship between
family history status and P3 amplitude in this group of
Mission Indian men may be due to several factors. A
meta-analysis in which P3 amplitude from 30 separate
studies was analyzed, suggests that smaller P3 ampli-
tudes were obtained from males with family histories of
alcoholism compared with controls (Polich et al. 1994).
However, a moderator analysis also indicated that ERP
paradigms that used difficult visual tasks yielded the
most reliable effects. Additionally, a higher mean effect
size was found in studies that examined subjects who
were younger than 18 years of age. In the present study,
all subjects were 18 years or older and an easy auditory
task was used. Thus, these two factors may have con-
tributed to a lack of power to detect significant differ-
ences in the present study.

Another potential confounding factor in the present
study concerns familial risk for alcoholism, which is clearly
established in Euroamericans and some other ethnic
groups, but has not yet been validated in Native Ameri-
can populations. Preliminary studies by Long et al.
(1995) for instance, did not find familial risk for alcohol-
ism in a Plains Indian tribe. They suggested that the
lack of association of family history to risk for alcoholism
in that population may be due to such factors as lack of
power to detect familial association due to high preva-
lence of the disease, the possible presence of nonaddi-

tive genetic mechanisms, or equivalent high vulnerabil-
ity to some environmental risk. The Native American
men evaluated in the present study had a very high
prevalence of family history of alcoholism (67.3%), con-
sistent with research studies in other Native American
tribes (Zeiner et al. 1985; Harford 1992; Long et al.
1995). Thus, the lack of a clear association between fam-
ily history of alcoholism and P3 amplitude, in the
present study, remains difficult to interpret if familial
risk itself has not been substantiated among Native
American populations.

Another approach to understanding potential factors
associated with risk for the development of alcohol de-
pendence has been to focus on response to alcohol. The
results of this study replicate previous findings that P3
amplitude of the ERP is sensitive to the effects of alco-
hol (see Roth et al. 1977; Porjesz and Begleiter 1985;
Campbell and Lowick 1987; Porjesz et al. 1987). A re-
duction in the P3a component across the scalp was the
most prominent effect of alcohol in these Native Ameri-
can men. Studies evaluating the response of P3 to dif-
ferences in stimuli have suggested that at least two
components of the P3 can be recorded from the cortical
surface (Courchesne et al. 1975; Squires et al. 1975; Beck
et al. 1980; Knight 1984; Yamaguchi and Knight 1991).
P3s that are generated by stimuli that are task relevant
and correctly detected by the subject, appear to be of
maximal voltage over parietal cortex, and have been
designated the “target P3” or P3b. Whereas, nontarget
stimuli that are “unexpected” or “novel” but require no
behavioral response, appear to generate an earlier la-
tency potential that may be more frontocentral in ori-
gin, designated the “novelty P3” or P3a (Roth et al.
1984; Halgren et al. 1986; Polich and Bloom 1987; Polich
1988). In addition, P3a components have also been spe-
cifically noted to occur in paradigms where the detec-
tion of an infrequent target stimulus was required when
nontarget, infrequent novel stimuli, and relatively fre-
quent standard stimuli are both presented (Courchesne
et al. 1975, 1977) as was the case in the present study. In
several studies, alcohol has been shown to reduce the
amplitude of the P3 preferentially to “novel” or dis-
tracting stimuli as opposed to target stimuli (Campbell
and Lowick 1987; Grillon et al. 1995). Thus, the finding
of reduced P3a amplitude following alcohol challenge
in the present study is consistent with the literature and
suggests that aspects of stimulus evaluation that in-
volve the novelty or orienting may be more affected by
alcohol in this population. The fact that no effects of al-
cohol were found on the P3b component of the ERP fur-
ther suggests that these Mission Indian men may be less
sensitive, as a whole, to the effects of alcohol on task-
relevant aspects of stimuli. These data are consistent
with previous studies in this population demonstrating
that these Mission Indian men may have a less intense
response to alcohol as quantified by subjective and other

Table 4. Response to Alcohol in Mission Indian Men with 
Low and Average P3 Amplitudes

Noise Tone
Placebo

Mean 6 SEM
Alcohol

Mean 6 SEM % Change p

Low P3
FZ P3A 3.58 6 1.00 4.22 6 0.72 17.88 0.618
FZ P3B 3.54 6 0.92 6.51 6 1.02 83.90 0.048
CZ P3A 7.00 6 1.49 6.58 6 1.27 26.00 0.732
CZ P3B 4.38 6 1.09 7.66 6 1.22 74.89 0.053
PZ P3A 7.55 6 1.32 5.47 6 0.90 227.55 0.168
PZ P3B 6.18 6 1.49 8.25 6 1.13 33.50 0.156

Average P3
FZ P3A 7.91 6 1.01 4.84 6 0.82 238.81 0.004
FZ P3B 11.14 6 0.69 8.69 6 1.04 221.99 0.025
CZ P3A 13.51 6 1.29 8.91 6 1.03 234.05 ,0.0001
CZ P3B 16.68 6 0.77 12.26 6 1.10 226.50 ,0.0001
PZ P3A 11.34 6 0.94 7.87 6 0.80 230.60 0.002
PZ P3B 15.43 6 0.76 12.74 6 0.88 217.43 0.001
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objective measures of intoxication (Ehlers et al. 1997;
Garcia-Andrade et al. 1997).

The establishment of a particular measure as a risk
factor for the development of alcohol dependence re-
quires not only that it exists in persons at increased risk
for developing the disorder, but that those persons
identified by the measure actually go on to develop al-
cohol problems. In the case of lowered P3 amplitude
and alcohol dependence, longitudinal studies have yet
to establish this relationship. However, one variable that
has not been established, not only as being present in
high-risk individuals, but is also predictive of alcohol
problems on 8-year follow-up, is low level of response
to alcohol (see Schuckit and Smith 1996). In that study,
low level of response to alcohol in men 18–25 years of
age was predictive of later life alcohol problems in and
of itself, independent of family history status and drink-
ing practices at the time of the original study.

The relationship between P3 amplitude at baseline and
response to alcohol challenge has not been previously
discussed. In the present study, lower P3 amplitude in
the placebo session, independent of family history or
NAH, was found to be predictive of less reduction or an
actual increase in P3a and P3b amplitudes following al-
cohol challenge. Thus alcohol may actually be acting to
“normalize” P3 amplitude in some individuals with low
P3 amplitudes at baseline. These findings suggest that
P3 amplitude may be a risk “marker” for a less intense
response to alcohol, a variable that has been clearly es-
tablished to be predictive of the development of prob-
lem drinking (Schuckit and Smith 1996). This finding of
less alcohol-induced impairment in stimulus evaluation
in Mission Indian men with lowered P3 amplitudes, al-
though interesting, and consistent with recent hypothe-
ses in alcohol research, needs to be replicated in larger
and more ethnically diverse populations before its rela-
tionship to risk for alcohol dependence can be clearly
established.

Other variables that have also been established as in-
fluencing the development of alcohol dependence are ge-
netic polymorphisms in alcohol metabolizing enzymes.
For example, among individuals of Asian heritage (i.e.,
Chinese and Japanese) distinct differences in rates of al-
coholism are associated with polymorphisms in the al-
dehyde dehydrogenase (ALDH2) gene (Thomasson et
al. 1991; Higuchi et al. 1995). Individuals who are ho-
mozygous for the ALDH2*2 allele represent approxi-
mately 10% of Chinese and Japanese populations, but
no alcoholics have been found with this genotype. Indi-
viduals who are heterozygous for the ALDH2*2 allele
account for approximately 35% of Chinese and Japanese
populations, but only 12% of Japanese and Chinese alco-
holics have the heterozygous ALDH2*2 genotype. Addi-
tionally, genetic polymorphisms in ADH appear to in-
teract with the ALDH2*2 gene to influence alcohol
dependence. Lower frequencies of both ADH2*2 and

ADH3*1 alleles (in addition to the lower incidence of
ALDH2*2 alleles) have also been found among Japa-
nese and Chinese alcoholics compared with nonalco-
holic controls (Thomasson et al. 1991; Chao et al. 1994;
Higuchi et al. 1995).

Given that a low response to alcohol has been shown
to be a risk factor for developing alcohol-related prob-
lems in the future (Schuckit and Smith 1996), it is also of
interest to understand how these gene polymorphisms
affect intensity of response to alcohol. For example,
Asian subjects who are heterozygous for the ALDH2*2
allele demonstrate more intense objective and subjec-
tive responses to alcohol (Wall et al. 1992, 1993, 1994)
including greater alcohol-induced reductions in P3 am-
plitude (Wall and Ehlers 1995). Thus, Asians with
ALDH2*2 alleles may be at lower risk for developing al-
coholism inasmuch as they experience a more intense
reaction to alcohol, and thus are less likely to drink
heavily. The population of Mission Indian men in the
current study do not have ALDH2*2 alleles (Wall et al.
1997), but results indicate that the ADH2*3 allele is as-
sociated with higher amplitude P3 components follow-
ing placebo and is also associated with greater alcohol-
induced reductions in P3 amplitude in this population.
Thus, these data suggest this allele may be associated
with a less intense response to alcohol and as such may
be a protective factor against the development of alco-
holism in this population. One confounding variable,
however, was that the men with ADH2*3 alleles used
more marijuana in the previous 6 months than the men
with ADH2*1 alleles. Although this could theoretically
influence P3 amplitude or response to alcohol, Patrick
et al. (1995) have found that chronic marijuana usage
had no effect on the amplitude or latency of the P3 in
subjects without medical and psychiatric diagnoses. Ad-
ditionally, more recent studies by Patrick et al. (1997)
have demonstrated that early and middle latency evoked
potentials are also unaltered in medically and psychiat-
rically normal daily marijuana users.

In summary, these results suggest the presence of
certain biological variables within this population of
Mission Indian men that may be associated with the fu-
ture development of alcohol-related problems. Longitu-
dinal studies are needed, however, to establish whether
P3 amplitude or ADH2 genotype is associated with risk
or protection from the development of alcoholism or
other alcohol-related disease later in life.
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