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Background: Alcohol-induced blackouts (ie, periods of
anterograde amnesia) have received limited recent re-
search attention.

Objective: To examine the genetic epidemiology of life-
time blackouts and having had 3 or more blackouts in a
year, including analyses controlling for the frequency of
intoxication.

Design, Setting, and Participants: Members of the
young adult Australian Twin Register, a volunteer twin
panel born between January 1, 1964, and December 31,
1971, were initially registered with the panel as chil-
dren by their parents between 1980 and 1982. They un-
derwent structured psychiatric telephone interviews from
February 1996 through September 2000. The current
sample contains 2324 monozygotic and dizygotic twin
pairs (mean [SD] age 29.9 [2.5] years) for whom both
twins’ responses were coded for blackout questions and
for frequency of intoxication.

Main Outcome Measure: Data on lifetime blackouts
and having had 3 or more blackouts in a year were col-

lected within an examination of the genetic epidemiol-
ogy of alcoholism.

Results: A lifetime history of blackouts was reported by
39.3% of women and 52.4% of men; 11.4% of women and
20.9% of men reported having had 3 or more blackouts
in a year. The heritability of lifetime blackouts was 52.5%
and that of having had 3 or more blackouts in a year was
57.8%. Models that controlled for frequency of intoxi-
cation found evidence of substantial genetic contribu-
tion unique to risk for the blackouts and a significant
component of genetic risk shared with frequency of
intoxication.

Conclusions: The finding of a substantial genetic con-
tribution to liability for alcohol-induced blackouts in-
cluding a component of genetic loading shared with fre-
quency of intoxication may offer important additional
avenues to investigate susceptibility to alcohol-related
problems.
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A LCOHOL-INDUCED BLACK-
outs (ie, periods of antero-
grade amnesia) are re-
ported by most, but not all,
alcohol-dependent indi-

viduals.1-4 Blackouts also have been found
to be a fairly common consequence of heavy
alcohol use among those who are not alco-
hol dependent.5-10 In college students, the
risk for blackouts has been reported to in-
crease with binge drinking frequency.10 Fac-
tors associated with risk for blackouts in
other samples include drinking on an empty
stomach,1,2 gulping drinks,1,2 benders,1,2

drinking when fatigued,2 prior brain insult
or injury,1 and alcohol consumption vari-
ously operationalized as quantity,1,2,6,8,9 fre-
quency,8 and frequency of intoxication.4,5

One group attempted11 to elicit black-
outs in a controlled setting in 10 subjects

who were recruited based on self-report
of being healthy and able to drink heavily
and quickly (8 were diagnosed as being al-
coholic; 5 reported a history of blackouts).
Their protocol began with 2 days of inpa-
tient clinical assessment. On day 3, sub-
jects fasted for 5 hours and then drank 16
to 18 oz of bourbon over a 4-hour pe-
riod. Memory testing, begun 1 hour after
the start of drinking, continued for 4 hours.
The next day additional testing was con-
ducted to determine whether the sub-
jects could remember stimuli from the
prior day’s testing. Of the 10 subjects, 5
displayed deficits in short-term memory
for both neutral and emotional stimuli that
persisted to the next day. Their blood al-
cohol concentrations rose more quickly
and reached significantly higher peaks than
those of subjects who did not experience
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memory loss. The most intriguing observation was that
the 5 subjects in whom blackouts were induced in the
laboratory setting were the same 5 individuals who had
reported having had prior blackouts. These data pro-
vide evidence for substantial variation in susceptibility
to alcohol-induced blackouts that is perceptible even
among individuals who drink heavily.

The current investigation used data collected in re-
cently completed telephone interviews of the Australian
Twin Register12,13 to examine whether there was a sig-
nificant genetic contribution to the variance in suscep-
tibility to alcohol-induced blackouts. The assessment in-
cluded questions regarding lifetime history of alcohol-
induced blackouts and having had 3 or more blackouts
in a single year. Because these analyses were conducted
with data from a genetically informative twin sample, we
were able to estimate additive genetic, shared (familial)
environmental, and nonshared (individual-specific) en-
vironmental contributions to the risks for these black-
out measures. Because alcohol consumption has been re-
ported to be moderately heritable, additional analyses were
undertaken to determine whether the genetic contribu-
tion to the blackout measures remained significant with
control for alcohol consumption. We chose to use the
respondents’ frequency of intoxication for this purpose
as prior reports have found this consumption measure
to be associated with increased risk for blackouts. Our
hypothesis was that a significant residual genetic com-
ponent to risk for each blackout measure would be ob-
served even after controlling for the frequency of intoxi-
cation during the heaviest drinking period.

METHODS

The study’s methods have been described in detail else-
where.12,13 A summary is provided below.

SUBJECTS

Subjects were members of the young adult cohort of the Aus-
tralian Twin Register, a volunteer panel of twins born between
January 1, 1964, and December 31, 1971. Almost all were reg-
istered with the panel between 1980 and 1982 by their parents
in response to approaches through either school systems or mass
media appeals. All data reported herein are from a comprehen-
sive diagnostic telephone assessment completed from Febru-
ary 1996 through September 2000 by trained lay interviewers.
Prior to the interview, verbal consent was obtained according
to the terms of approval from the institutional review boards
of Washington University School of Medicine, St Louis, Mo,
and Queensland Institute of Medical Research, Brisbane, Aus-
tralia. Of 4010 pairs that were located, interviews were com-
pleted with both members of 2765 pairs (69% pairwise re-
sponse rate) and with 1 member of an additional 735 pairs (78%
individual response rate).12 The most common reasons for non-
participation included refusal by twin, incapacitation and/or
death, and lack of available contact information. Singletons were
excluded from analyses as were pairs in which one or both twins
reported never having used alcohol. The current sample in-
cluded the remaining 2324 monozygotic (MZ) and dizygotic
(DZ) same-sex pairs (mean [SD] age, 29.9 [2.5] years) in which
both twins had responses coded for the blackout questions. The
sample included 542 MZ female, 432 MZ male, 418 DZ fe-
male, 373 DZ male, and 559 DZ opposite-sex pairs.

ASSESSMENT

A standardized psychiatric diagnostic assessment, an adapta-
tion of the Semi-Structured Assessment for the Genetics of Al-
coholism,14 was administered by telephone. The interview en-
abled lifetime DSM-IV15 diagnoses of psychiatric disorders to
be made and included nondiagnostic sections as well. The cur-
rent analyses focused on questions that assessed alcohol-
induced blackouts: “Have you ever had blackouts when you
didn’t pass out while drinking—that is, you drank enough so
that the next day you couldn’t remember things you had said
or done?” Those responding affirmatively were asked: “Have
you ever had 3 or more blackouts in a 12-month period?” Those
who reported never having had at least 5 drinks in a 24-hour
period or who denied both having at least 1 drink monthly for
6 consecutive months and ever having been drunk were skipped
out of the alcohol diagnostic section without having been asked
the blackout questions. These respondents were assumed never
to have had a blackout and were coded as such.

The interview included several questions that assessed vari-
ous aspects of alcohol consumption. We chose to control for re-
spondents’ frequency of intoxication in analyses because of this
measure’s previously reported association with risk for black-
outs. Frequency of intoxication was assessed as follows: “Think
about the period in your life lasting at least 12 months when you
were drinking the most. During that period, how often did you
get drunk, that is, your speech would be slurred or you would
be unsteady on your feet?” The 10 response categories were col-
lapsed into the following 6 based on response frequency and dis-
tribution: (1) less than 3 days per year, (2) 3 to 12 days per year,
(3) 2 to 3 days per month, (4) 1 day per week, (5) 2 days per
week, and (6) 3 or more days per week. Onset and recency in-
formation available for this measure and for 3 or more black-
outs in a year (but not lifetime blackouts) revealed that these
periods overlapped for 95.6% of respondents.

DATA ANALYSIS

Primary statistical analyses were performed using SAS16 and
the Stata Statistical Software: Release 6.0.17 An � level of .05
was required for statistical significance. Stata’s Huber-White
robust variance estimator option was used to obtain 95% con-
fidence intervals (CIs) adjusted for the statistical nonindepen-
dence of twin-pair observations. Lifetime prevalence of black-
outs and of having had 3 or more blackouts in a year was
examined by sex. Logistic regression was used to evaluate the
relationship of each blackout measure with lifetime alcohol
dependence in women and in men; the relationship of each
blackout measurement with frequency of intoxication was
similarly evaluated.

The genetic and environmental contributions to twin-
pair resemblance were estimated using a normal liability thresh-
old model.18,19 For binary or ordinal variables, the estimates re-
flect the resemblance of pair members in terms of their liability
to display a phenotype. Liability is assumed to have an under-
lying continuous and normal distribution in the population with
the phenotype expressed in individuals whose risk exceeds a
superimposed threshold (estimated from the data).

The twin model assumes that individual differences arise
from additive genetic, shared (familial) environmental, and non-
shared (individual-specific) environmental sources. The de-
gree to which variance arises from each of these sources is
determined based on their expected effects on twin-pair re-
semblance. Thus, while members of an MZ pair are geneti-
cally identical, DZ twins will, on average, share half of their
genes. Shared environmental influences are assumed not to vary
on the basis of zygosity. Based on these assumptions, struc-
tural equations are developed (covMZ=vG+vSE; covDZ=1⁄2 VG+VSE)
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that allow estimation of genetic and shared environmental con-
tributions to variance in liability to blackouts. (cov indicates
covariance; v, variance; G, additive genetic; and SE, shared en-
vironmental.) Nonshared environmental (NSE) effects will con-
tribute only to differences within pairs and are estimated as vNSE=
(1−vG−vSE). With inclusion of both female and male same-sex
pairs, separate parameter values can be estimated for women
and men. Furthermore, the inclusion of data from DZ opposite-
sex pairs enables estimation of a sex-specific additive genetic
contribution representing the effects of a set of genes specific
to either sex (in the current report’s univariate models, the con-
tribution of a male-specific effect was determined).

For all genetic analyses, models were fitted using the struc-
tural equation modeling program MX,20 which uses maxi-
mum likelihood estimation to calculate parameter values and
likelihood-based 95% CIs. The fit of models was compared us-
ing the goodness-of-fit �2 test and the Akaike Information Cri-
terion values to select the model that best combined goodness-
of-fit and parsimony. When the fit of 2 models did not differ
significantly, the model with fewer parameters was consid-
ered to be the more parsimonious. The current report pro-
vides only the results of the best-fitting models for each set of
analyses; more detailed results including those of other mod-
els are available from the corresponding author on request. Sepa-
rate univariate analyses were undertaken using contingency table
data for lifetime blackouts, having had 3 or more blackouts in
a year, and frequency of intoxication.

Because genetic factors were found to affect the risk for
frequency of intoxication, 2 methods were then used to con-
trol for its effects on the variance for each blackout variable.
The first approach fitted bivariate Cholesky decomposition
models to data on frequency of intoxication and each black-
out variable in turn. In these models, additive genetic, shared
environmental, and nonshared environmental contributions
to the variance of each variable were estimated and the vari-
ance of the blackout variable was further decomposed into
unique components and those also loading on frequency of
intoxication. This approach explores possible shared contri-
butions to the liability in multiple measures arising from 1 or
more latent factors. It takes advantage of the fact that the
cross-correlation between frequency of intoxication in one
twin and a blackout variable assessed in the co-twin is
expected to vary as a function of the degree to which these 2
variables share genetic vs shared environmental influences.
For example, a 2:1 ratio of MZ/DZ twin pair cross-correlations
is predicted if common genetic, but not common shared envi-
ronmental, factors are contributing to risk. Furthermore, if
genetic influences on 2 variables completely overlap, the
genetic contribution to the correlation of the 2 variables
should be the geometric mean of the genetic variances of the 2
variables; the extent to which the estimated genetic contribu-
tion is attenuated from the geometric mean provides informa-
tion about the extent to which there is only partial overlap of
genetic influences, allowing decomposition of the total genetic
variance in the blackout variable into a component specific to
blackouts and a component that reflects genetic influences
associated with the frequency of intoxication.21 The full
model, in which all parameter values were allowed to vary
between women and men, was again first calculated. Reduced
models that dropped terms and constrained estimates between
women and men were then calculated with model fit com-
pared by the likelihood ratio �2 test.

In the second approach, genetic models were fitted in
which the normal liability threshold model for the blackout
variable was modified to control for the regression of the
blackout variable on the reported frequency of intoxication.
For these analyses, frequency of intoxication was recoded as 5
binary dummy control variables (with the reference group

being �3 days per year), to allow for possible nonlinearities in
the relationship between frequency of intoxication and risk of
blackouts. We modeled jointly the probit regression of each
blackout variable on the frequency of intoxication variables,
and the genetic and environmental contributions to the
residual variance in the blackout variable. In this approach,
the threshold value for each individual is defined by a probit
regression equation, in which the intercept corresponds to the
sex-specific mean threshold, and the � coefficients estimate
the probit regression of the dependent variable on the control
variables. Thus, an individual with a reported high frequency
of intoxication will be more likely to experience blackouts,
corresponding to a lower threshold on the liability distribu-
tion. This process tests for residual genetic and environmental
contributions to variance in risk for the blackout variable,
controlling for the regression of the risk for that blackout vari-
able on the frequency of intoxication. It, thus, removes any
effects related to the frequency of intoxication on the risk for
the blackout variables without directly estimating the degree
of shared underlying liability. The fit of the full model and
that of reduced models was again compared using the likeli-
hood ratio �2 test.

RESULTS

A lifetime history of blackouts was reported by 39.3% of
women and 52.4% of men (odds ratio [OR], 1.71; 95%CI,
1.50-1.93). Having had 3 or more blackouts in a year was
reported by 11.4% of women and 20.9% of men (OR, 2.06;
95%CI, 1.73-2.45).

In both women and men, having had a blackout was
significantly associated with a lifetime diagnosis of alco-
hol dependence (Table 1) and similar, stronger asso-
ciations were seen with having had 3 or more blackouts
in a year. Blackouts also were common among non–
alcohol-dependent individuals with prevalence rates of
31.5% in woman and 40.3% in men. Those reporting hav-
ing had a blackout also had more frequent drinking to
intoxication during their heaviest drinking year (ORs rang-
ing from 2.51 [95% CI, 2.06-3.05] for 3-12 days per year
to 16.37 [95% CI, 12.29-21.81] for �3 days per week).
A similar pattern was noted for having had 3 or more
blackouts in a year (ORs ranging from 4.89 [95% CI, 2.67-
8.96] for 3-12 days per year to 78.31 [95% CI, 43.90-
139.70] for �3 days per week).

Separate univariate genetic models were fitted for
lifetime blackouts, having had 3 or more blackouts in a
year, and frequency of intoxication. The best-fitting model
for each variable (Table2), obtained by dropping or con-
straining individual terms and determining whether the
change in model fit was significant, retained only terms
representing additive genetic and nonshared environ-
mental contributions to variance which, in each case,
could be constrained to be equal across gender. The heri-
tability estimates for these variables (with 95% CIs) were
as follows: lifetime blackouts 53% (95% CI, 45%-60%),
3 or more blackouts in a year 58% (95% CI, 48%-67%),
and frequency of intoxication 43% (95% CI, 37%-48%).

Genetic and environmental contributions for the
blackout variables are subdivided in Table 3 into ef-
fects that were associated with differences in frequency
of intoxication and effects that seemed to be specific to
blackouts based on the results of fitting bivariate ge-
netic models. The best-fitting models did not retain any
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shared environmental terms and constrained all param-
eters to be equal in women and men. Evidence was found
for additive genetic and nonshared environmental con-
tributions to the variance in the blackout variables that
also loaded on frequency of intoxication and similar con-
tributions specific to blackouts. For lifetime blackouts,
the components that also loaded on frequency of intoxi-
cation represented 59.6% [0.31/(0.31+0.21)] of the total
additive genetic variance and 4.2% [0.02/(0.02+0.46)]
of the total nonshared environmental variance. The best-
fitting model for having had 3 or more blackouts in a year
reduced to a similar form with an estimated 61.0% of the
additive genetic and 14.6% of the nonshared environ-

mental variance found to be shared with those for fre-
quency of intoxication.

In analyses that controlled for the regression of the
risk for lifetime blackouts on the frequency of intoxica-
tion, there was again no evidence of a significant shared
environmental component nor of significant variation in
parameters estimates by sex. The best-fitting model, thus,
contained only a residual additive genetic component that
was somewhat attenuated (heritability=37% [95% CI,
28%-46%]) and a nonshared environmental term. The
corresponding model for having had 3 or more black-
outs in a year could be similarly reduced yielding a re-
sidual heritability estimate of 41% (95% CI, 29%-53%).

Table 1. Association Between Reported History of Blackouts and Lifetime Alcohol Dependence
and Frequency of Intoxication in Heaviest Drinking Year

Blackout Variable
and Status

Alcohol
Dependent, %

Frequency of Intoxication Heaviest Drinking Year, %

�3 Days
per Year

3-12 Days
per Year

2-3 Days
per Month

1 Day
per Week

2 Days
per Week

�3 Days
per Week

Women (n = 2480)
Lifetime blackouts (−) 7.4* 40.0 30.0 8.7 13.0 6.4 2.0
Lifetime blackouts (+) 34.4* 12.8 25.2 12.4 23.0 15.4 11.2
�3 Blackouts in a year (−) 10.6† 32.8 30.1 10.2 15.3 8.6 3.1
�3 Blackouts in a year (+) 75.9† 2.1 12.8 9.9 29.1 20.6 25.5

Men (n = 2168)
Lifetime blackouts (−) 14.5‡ 25.9 26.9 10.7 18.5 12.1 5.9
Lifetime blackouts (+) 47.5‡ 6.2 14.7 10.9 22.3 25.9 20.0
�3 Blackouts in a year (−) 19.2§ 19.3 24.2 11.6 20.6 15.6 8.8
�3 Blackouts in a year (+) 79.6§ 1.6 6.4 8.0 20.3 33.3 30.5

Abbreviations: minus sign, absent; plus sign, present.
*Odds ratio 6.52 (95% CI, 5.13-8.29) for association of alcohol dependence with lifetime blackouts in women.
†Odds ratio 26.53 (95% CI, 19.33-36.41) for association of alcohol dependence with 3 or more blackouts in 1 year for women.
‡Odds ratio 5.33 (95% CI, 4.31-6.60) for association of alcohol dependence with lifetime blackouts in men.
§Odds ratio 16.48 (95% CI, 12.63-21.50) for association of alcohol dependence with 3 or more blackouts in 1 year for men.

Table 2. Genetic and Environmental Variance Components and 95% Confidence Intervals (CIs) of Best-Fitting Univariate Models,
With Associated Goodness-of-Fit Indices, for Lifetime History of Blackouts, 3 or More Blackouts in a Year,
and Frequency of Intoxication in Heaviest Drinking Year

Dependent Variable

Variance Components (95% CIs) Model Fit

Additive Genetic Nonshared Environmental �2 df AIC

Lifetime blackouts 0.53 (0.45-0.60) 0.47 (0.40-0.55) 10.44 9 −7.56
�3 Blackouts in a year 0.58 (0.48-0.67) 0.42 (0.33-0.52) 14.04 9 −3.96
Frequency of intoxication 0.43 (0.37-0.48) 0.57 (0.52-0.63) 225.9 153 −80.13

Abbreviation: AIC, Akaike Information Criterion.

Table 3. Best-Fitting Bivariate Models for Blackout Variables Controlling
for Frequency of Intoxication by Means of Cholesky Decomposition*

Blackout Variable

Variance Components (95% Confidence Intervals)

Loading Also on Frequency of Intoxication Specific to Blackout Variable

Additive Genetic
Nonshared

Environmental
Additive
Genetic

Nonshared
Environmental

Lifetime blackouts 0.31 (0.24-0.39) 0.02 (0.01-0.05) 0.21 (0.13-0.29) 0.46 (0.39-0.53)
�3 Blackouts in a year 0.36 (0.27-0.46) 0.06 (0.03-0.10) 0.23 (0.13-0.32) 0.35 (0.27-0.44)

*Variance component values for frequency of intoxication in the bivariate models were essentially identical to those of the univariate model shown in Table 2
and are thus not repeated here.
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COMMENT

The current investigation found evidence of a substan-
tial genetic contribution to the risk for lifetime black-
outs and for having had 3 or more blackouts in a year
(respective heritability estimates of 53% and 58%). Our
sample’s high alcohol consumption made it well suited
to detect a trait such as blackout sensitivity that is de-
pendent on alcohol exposure for its expression. Given
the current availability of animal models (eg, spatial work-
ing memory tasks)22 appropriate for the study of alcohol-
induced blackouts, it is conceivable that the genetic loci
underlying our findings could be readily identified.

The analyses controlling for the frequency of in-
toxication provide a useful frame of reference for con-
sideration of potential pathways by which genetic influ-
ences on alcohol-induced blackouts may be mediated. The
bivariate Cholesky model-fitting approach is generally
more conservative in its estimation of the additive ge-
netic variance for the blackout variables that is not shared
with frequency of intoxication with assignment to shared
variance, for example, of that arising through the effects
of a third variable on both risk of blackouts and drink-
ing to intoxication. The probit regression method more
directly estimates the residual genetic and environmen-
tal contributions to the risk for blackouts when the ef-
fects of frequency of alcohol intoxication have been con-
trolled statistically. These 2 approaches confirm significant
genetic contributions to the risk of blackouts that are not
explained by (probit regression approach) and not cor-
related with (bivariate model) genetic effects on drink-
ing to intoxication. Thus, our results suggest the involve-
ment of multiple factors in the susceptibility to blackouts,
some of which also contribute risk for frequency of al-
cohol intoxication. We will first consider potential sources
of genetic risk for blackouts that are not shared with those
for frequency of intoxication.

The genetic contribution unique to blackout risk
most likely arises from genes whose products mediate al-
cohol’s effects on hippocampal neurotransmission.23,24

Blackouts appear to result from the following 2 actions
of alcohol23: (1) potentiation of �-aminobutyric acid �
(GABAA)–mediated inhibition and (2) antagonism at ex-
citatory N-methyl-D-aspartate (NMDA) glutamate recep-
tors. An investigation25 in which subanesthetic doses of
a benzodiazepine, midazolam hydrochloride, and ket-
amine hydrochloride were given to humans found that
their coadministration resulted in a significantly greater
memory deficit than that seen with either drug alone, sug-
gesting that these actions could operate in tandem.

Both GABAA agonists26 and benzodiazepines27 have
been shown to cause periods of anterograde amnesia in
a dose-dependent fashion. The degree to which alcohol
has direct effects on hippocampal GABAA receptors re-
mains controversial28-30; however, evidence suggests
that several routes exist by which indirect effects may
be mediated (neuroactive steroids,31,32 the septohippo-
campal pathway,33 and nicotinic acetylcholine [nACh]
receptors).34-36 Neuroactive steroid levels increase
markedly after alcohol ingestion and are known to lead
to enhanced GABAA transmission.31,32 When adminis-
tered systemically to rats, neuroactive steroids produce

a spatial reference memory impairment similar to that
seen with alcohol.32 Direct infusion into the medial sep-
tum of either alcohol or GABAA agonists results in im-
pairment on memory tasks similar to that seen with sys-
temic alcohol.33 The current at �4�2 nACh receptors at
presynaptic and postsynaptic locations on GABAA neu-
rons, potently enhanced by alcohol, results in increased
GABA release.34-36 Thus, genes whose products have
either direct or indirect involvement in GABAA-medi-
ated transmission could be contributing genetic risk
specific to blackouts. Respective examples in mice in-
clude a point mutation introduced37,38 into the GABAA

receptor’s �-1 subunit that resulted in elimination of
the amnestic effects of benzodiazepines and an �4�2
nACh receptor polymorphism found39 to have greater
alcohol responsiveness.

The administration of NMDA antagonists have been
reported to cause periods of anterograde amnesia in hu-
mans25 and rodents.40 Impairment in both spatial and non-
spatial hippocampus-dependent memory has been ob-
served in NMDA receptor subunit-1 knockout mice.41,42

Transgenic mice overexpressing the NMDA receptor sub-
unit-2B demonstrated superior learning and memory in
contextual and cued fear conditional tasks.43 The de-
gree to which alcohol inhibits NMDA receptors varies with
their subunit composition44 and is reduced by altering
subunit 1.45 Thus, polymorphisms that affect the struc-
ture of NMDA receptors,41,42,45 their subunit composi-
tion,44 or the degree to which various receptor types are
expressed43 could be contributing genetic risk specific to
blackouts.

Genetic factors contributing to individual differ-
ences in alcohol metabolism are one likely source of the
risk shared between blackouts and frequency of intoxi-
cation. A significant relationship has been reported46 be-
tween alcohol consumption, variously assessed across
multiple time points in an older cohort of Australian twins,
and genotype at the loci for alcohol dehydrogenase (ADH)
isozymes ADH1B and ADH1C. The results were in a pat-
tern that suggested greater alcohol consumption was as-
sociated with slower metabolism of alcohol to acetalde-
hyde. The phenotype, maximum 24-hour alcohol
consumption, has been reported to display evidence for
linkage close to the ADH loci.47 The finding of Goodwin
et al11 that the blood alcohol concentrations of those in
whom blackouts were induced rose more rapidly and
reached higher peaks suggests that these subjects may
have had slower alcohol metabolism and perhaps more
rapid absorption. However, another report48 found that
genotype at ADH1B and ADH1C loci made only a lim-
ited contribution to postalcohol challenge test blood al-
cohol concentrations. Gastric emptying speed49,50 and gas-
tric ADH activity51 also contribute to individual differences
in alcohol metabolism and, thus, could be a source of
shared genetic variance.

One major source of shared genetic risk not related
to alcohol metabolism is likely to result from variation
in the level of response to the sedative effects of alcohol.
Specifically, those in whom alcohol is less sedating are
able to drink more and, while doing so, will be predis-
posed to experience a blackout rather than just passing
out. Interest in this area (eg, lower level of response also
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has been implicated as a risk factor for alcohol depen-
dence)52 has led to the selective breeding of mice and rat
strains on the basis of their level of response. Alcohol, at
a dose that leads to observable behavioral changes, was
found30 to significantly enhance the peak amplitude of
hippocampal GABAA inhibitory postsynaptic currents in
highly sensitive mice and rats while causing no signifi-
cant change in the inhibitory postsynaptic currents of the
low sensitivity strains. Thus, genes that regulate GABAA

receptor sensitivity to alcohol appear to play a signifi-
cant role in the sedative response. However, as with other
alcohol-related phenotypes, level of alcohol response is
a polygenic trait for which a number of contributing loci
have already been identified in rodents.53,54

When interpreting our results, a number of method-
ological limitations must be considered. Reliance on self-
report may have led to bias due to false-negative re-
sponses in some participants (eg, those who drink alone)
because awareness of a blackout generally requires either
that someone else be present to retain and report memory
for events or that something memorable transpire (eg, the
individual was injured or has no recollection of having re-
turned home). It is unclear how those whose blackouts
were due to a combination of drugs and alcohol re-
sponded in our assessment. Although some error could
have been introduced by our coding as negative for black-
outs those who were skipped out before the blackout ques-
tions because of their very limited alcohol use, a more con-
servative reanalysis of our data (coding these individuals
as missing) only slightly decreased the heritability esti-
mates observed. It is possible that the total number of life-
time blackouts would have been a better dependent vari-
able, but it was not included in our assessment. Similarly,
the frequency of severe intoxication, if available, might have
better controlled for alcohol consumption. In terms of tem-
poral association, the best choice for a control variable
might have been the quantity of alcohol consumed to in-
duce a blackout, an interesting, but not realistically ob-
tainable, alternative. Finally, the generalizability of our re-
sults to other less heavily drinking populations remains
to be established.

The finding of a substantial genetic contribution to
blackout risk offers an important clue to the underlying
susceptibility to alcohol-related problems. Given the great
societal costs of alcohol misuse,55 we are hopeful that our
work will motivate attempts to identify in animals the
genes underlying our findings. Additional investiga-
tions could then be undertaken to determine the degree
to which this work is pertinent to alcoholism risk in hu-
mans. Even if blackout susceptibility is only indirectly
associated with alcoholism risk, it may prove to be as-
sociated with greater levels of other alcohol-related risk-
taking behavior, victimization, and susceptibility to pe-
riods of anterograde amnesia associated with other drugs
(eg, benzodiazepines).
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38. Rudolph U, Crestani F, Möhler H. GABAA receptor subtypes: dissecting their phar-
macological functions. Trends Pharmacol Sci. 2001;22:188-194.

39. Butt CM, Hutton SR, Stitzel JA, Balogh SA, Owens JC, Collins AC. A polymor-
phism in the a4 nicotinic receptor gene (Chrna4) modulates enhancement of nico-
tinic receptor function by ethanol. Alcohol Clin Exp Res. 2003;27:733-742.

40. Zhang W-N, Bast T, Feldon J. The ventral hippocampus and fear conditioning in
rats: different anterograde amnesias of fear after infusion of N-methyl-D-
aspartate or its noncompetitive antagonist MK-801 into the ventral hippocam-
pus. Behav Brain Res. 2001;126:159-174.

41. Tsien JZ, Huerta PT, Tonegawa S. The essential role of hippocampal CA1 NMDA
receptor-dependent synaptic plasticity in spatial memory. Cell. 1996;87:1327-
1338.

42. McHugh TJ, Blum KI, Tsien JZ, Tonegawa S, Wilson MA. Impaired hippocampal
representation of space in CA1-specific NMDAR1 knockout mice. Cell. 1996;87:
1339-1349.

43. Tang Y-P, Shimizu E, Dube GR, Rampon C, Kerchner GA, Zhuo M, Liu G, Tsien
JZ. Genetic enhancement of learning and memory in mice. Nature. 1999;401:
63-69.

44. Popp RL, Lickteig R, Browning MD, Lovinger DM. Ethanol sensitivity and sub-
unit composition of NMDA receptors in cultured striatal neurons. Neurophar-
macology. 1998;37:45-56.

45. Anders DL, Blevins T, Smothers CT, Woodward JJ. Reduced ethanol inhibition
of N-methyl-D-aspartate receptors by deletion of the NR1 C0 Domain or over-
expression of a-actinin-2 proteins. J Biol Chem. 2000;275:15019-15024.

46. Whitfield JB, Nightingale BN, Bucholz KK, Madden PAF, Heath AC, Martin NG.
ADH genotypes and alcohol use and dependence in Europeans. Alcohol Clin Exp
Res. 1998;22:1463-1469.

47. Saccone NL, Kwon JM, Corbett J, Goate A, Rochberg N, Edenberg HJ, Foroud T,
Li T-K, Begleiter H, Reich T, Rice JP. A genome screen of maximum number of
drinks as an alcoholism phenotype. Am J Med Genet. 2000;96:632-637.

48. Whitfield JB, Zhu G, Duffy DL, Birley AJ, Madden PAF, Heath AC, Martin NG. Varia-
tion in alcohol pharmacokinetics as a risk factor for alcohol dependence. Alco-
hol Clin Exp Res. 2001;25:1257-1263.

49. Levitt MD, Li R, DeMaster EG, Elson M, Furne J, Levitt DG. Use of measure-
ments of ethanol absorption from stomach and intestine to assess human etha-
nol metabolism. Am J Physiol. 1997;273:G951-G957.

50. Oneta CM, Simanowski UA, Martinez M, Allali-Hassani A, Parés X, Homann N,
Conradt C, Waldherr R, Fiehn W, Coutelle C, Seitz HK. First pass metabolism of
ethanol is strikingly influenced by the speed of gastric emptying. Gut. 1998;43:
612-619.

51. Lieber CS. Ethnic and gender differences in ethanol metabolism. Alcohol Clin Exp
Res. 2000;24:417-418.

52. Heath AC, Madden PAF, Bucholz KK, Dinwiddie SH, Slutske WS, Bierut LJ,
Rohrbaugh JW, Statham DJ, Dunne MP, Whitfield JB, Martin NG. Genetic dif-
ferences in alcohol sensitivity and the inheritance of alcoholism risk. Psychol Med.
1999;29:1069-1081.

53. Bennett B, Beeson M, Gordon L, Carosone-Link P, Johnson TE. Genetic dissec-
tion of quantitative trait loci specifying sedative/hypnotic sensitivity to ethanol:
mapping with interval-specific congenic recombinant lines. Alcohol Clin Exp Res.
2002;26:1615-1624.

54. Owens JC, Bennett B, Johnson TE. Possible pleiotropic effects of genes speci-
fying sedative/hypnotic sensitivity to ethanol on other alcohol-related traits. Al-
cohol Clin Exp Res. 2002;26:1461-1467.

55. Murray CJ, Lopez AD. Global mortality, disability and the contribution of risk fac-
tors. Lancet. 1997;349:1436-1442.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 61, MAR 2004 WWW.ARCHGENPSYCHIATRY.COM
263

©2004 American Medical Association. All rights reserved.


