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Abstract

Background:The low level of response (LR) to alcohol is a genetically influenced characteristic related to the development of alcohol use
disorders (AUDs). This phenotype is found in men with a family history (FH) of alcoholism, predicts future AUDs, and has heritabilities as
high as 60%. However, despite evidence of genetic influences for AUDs in both sexes, the majority of studies evaluating differences in LR
across high- and low-risk groups have been conducted on males, and it is unclear how generalizable these results are to women.
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ethods: Twenty-five women who are family history positive (FHP) for alcohol dependence were matched with 25 women with n
lcoholism (FHN) on factors that may impact LR. Using an alcohol challenge paradigm, data on the reaction to a moderate dose
ere gathered over a period of 3.5 h. Assessments included breath alcohol concentrations (BrACs), the Subjective High Asses

SHAS), as well as body sway or static ataxia.
esults:Family history positives reported lower subjective intoxication than FHNs. In addition, when body sway scores were corr
kewness, FHPs had significantly lower scores on alcohol-related changes in lateral sway. These differences remained after con
ffects of drinking history and BrAC values.
onclusions:This study evaluated the LR to alcohol in the largest sample of alcohol challenges in matched FHP and FHN wome
verall, the findings are consistent with most data from earlier investigations of smaller sized samples of FHP women. The resu

hat, similar to sons of alcoholics, a low LR to alcohol might also be characteristic of daughters of alcoholics.
2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Alcoholism is a complex, genetically influenced syndrome
here multiple, heterogeneous genetic factors combine to ac-
ount for approximately 60% of the vulnerability for an alco-
ol use disorder (AUD) (Enoch and Goldman, 2001; McGue,
999; Schuckit, 2002; Zucker et al., 2000). These include the

nfluence of alcohol-metabolizing enzymes, behavioral and
euronal disinhibition, a predisposition to other psychiatric
isorders, such as manic-depressive disease and schizophre-
ia, as well as the low level of response (LR) to alcohol.

∗ Corresponding author. Tel.: +1 858 552 8585ext.7978;
ax: +1 858 552 7424.

E-mail address:mschuckit@ucsd.edu (M.A. Schuckit).

There are multiple lines of evidence supporting the
portance of the LR to alcohol as a genetically influen
phenotype related to the alcoholism risk. First, most s
ies using alcohol challenges in children of alcoholics
controls reported that a low LR to alcohol was seen in
dividuals at higher risk for AUDs (Erblich and Earleywine
1999; Pollock, 1992; Schuckit and Gold, 1988; Schuckit and
Smith, 2000; Schuckit et al., 1996, 2000). Results from a
investigation using rapidly infused i.v. ethanol also indica
differences between family history positives (FHPs) and f
ily history negatives (FHNs), but noted a higher respons
FHPs at rapidly rising blood alcohol concentrations (BA
(Ramchandani et al., 2002). A similar finding was obtaine
by observation of very rapid drinking results in an oral alco
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challenge protocol, although at later time points with falling
BACs, the FHP subjects tended to demonstrate lower LRs
than the FHNs (Schuckit et al., 2002). Second, supporting the
probable reliability and validity of a low LR are data from
all four relevant longitudinal studies showing that this phe-
notype predicts future heavier drinking and alcohol-related
problems, with data generated in the United States, Aus-
tralia, and Denmark (Heath et al., 1999; Rodriguez et al.,
1993; Schuckit and Smith, 1996, 2000; Volavka et al., 1996).
When used as part of an alcohol challenge protocol, the LR
measures appear reliable as the correlation between two dif-
ferent doses of alcohol over several weeks is as high at .70,
with a test-retest correlation at the same dose as high as .60
(Schuckit and Gold, 1988; Schuckit, 1985; Viken et al., 2003).
Third, a low LR to alcohol has been documented in several
other groups at high risk for alcohol-related problems using
a retrospective self-report measure of the usual number of
drinks required for various effects, including studies of Na-
tive Americans and Koreans. (Ehlers et al., 1999; Garcia-
Andrade et al., 1997; Luczak et al., 2002; Wall et al., 1992,
1999). At the same time, one group at relatively low future
risk for alcoholism, Jewish subjects, demonstrated a signif-
icantly higher intensity of response to alcohol in an alcohol
challenge (Monteiro et al., 1991). Data from most relevant
animal studies also indicate a relationship between a lower in-
tensity of response to alcohol and the consumption of higher
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to control for the effects of recent drinking, age, other sub-
stance use, including smoking, the percent body water, and
any other factors that might impact on either the metabolism
of alcohol or the intensity of effects on the brain. In addi-
tion, the LR to alcohol may differ with different doses of
the drug, and may be influenced by the rapidity of rise of
BACs (Ramchandani et al., 2002; Schuckit and Gold, 1988;
Schuckit et al., 2002). Furthermore, the LR to alcohol is
only one of several genetically influenced vulnerabilities for
AUDs, with the result that any FHP group is likely to be het-
erogeneous regarding risk factors, which, when combined
with the modest level of heritability for any trait, means that
only a minority of children of alcoholics are likely to carry
any one genetically influenced characteristic. Thus, studies
of small samples of subjects (e.g., less than at least 15 in
high-risk groups and 15 in low-risk groups) might not have
sufficient statistical power to appropriately test the impor-
tance of LR as a risk factor. These characteristics are likely
to have contributed to the diversity of findings across even
well designed investigations, as the results are likely to reflect
aspects of how samples were selected and the testing proto-
cols executed. Nonetheless, the findings regarding the low LR
to alcohol as a vulnerability across several samples of chil-
dren of alcoholics, the consistent results regarding additional
AUD risk factors, such as Native American and Korean back-
grounds, and the parallels between animal and human work,
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oses of alcohol in experimental situations (Baldwin et al.
991; Barr et al., 2004; Crabbe et al., 1996; Tecott and H

ein, 1998). Further support for the importance of LR a
isk factor for heavier drinking, alcohol-related problems,
UDs comes from the demonstration in both animal mo
nd human studies of a heritability for LR estimated to
etween .40 and .60. These include data from twin stu

he demonstration of significantly higher correlations for
mong first-degree relatives than unrelated pairs of sub
s well as animal work (Heath et al., 1999; Heath and Mart
992; Neale and Martin, 1989; Schuckit et al., 2001, in p
iken et al., 2003). Finally, regarding LR, low responses
lcohol appear to relate to cross-sectional risk factors, as
s predict future alcohol-related problems. These are f
ven among light drinkers at a relatively early age, are
erved even when higher and lower risk groups have si
lood alcohol levels on alcohol challenges, and do no
ear to be directly related to peripheral alcohol-metaboli
nzymes (Heath et al., 1999; Schuckit, 2002; Schuckit
mith, 1996).
While multiple lines of evidence support the importa

f the LR to alcohol as a risk factor for future heavier drink
nd alcohol-related problems, not all studies agree (e.gDe
it and McCracken, 1990; Lipscomb et al., 1979; McCau

l., 1991; Nagoshi and Wilson, 1987; Newlin and Thom
991; Vogel-Sprott and Chipperfield, 1987). Some level o
isagreement regarding such a complex trait is not su

ng. Both genetic and environmental factors contribute to
R risk (Schuckit, 2002; Heath et al., 1999), and therefore, re
earch protocols investigating LR must take all possible s
long with the ability of a low LR to predict future problem
ll support the potential importance of this characteristi
arding the AUD risk.

The majority of investigations of the LR to alcohol in d
erent groups have been carried out in males, although
ave examined this characteristic in female participants
dequate evaluation of women for a genetically influen
haracteristic is important because the heritability for AU
n females is similar to that for men, but the rate of exp
ion of AUDs is lower, possibly reflecting a higher rate of
tainers and related cultural factors for women (Heath, 1995
eath et al., 1997; Prescott et al., 1999). A study of alco
ol challenges in 18–25-year-old college students and
elatives included 92 FHP women and 67 FHP men, re
ng that there were no consistent differences between
nd daughters of alcoholics regarding either subjective

ngs of intoxication or alcohol-related changes in body s
Schuckit et al., 2004). This is consistent with findings fro
n evaluation using 18–25-year-old, predominantly blue

ar subjects from the Collaborative Study on the Gen
f Alcoholism (COGA), where the 38 FHP women and
HP men demonstrated similar lower LRs compared to
8 FHN male controls (Schuckit et al., 2000).

There have also been several small-scale compariso
HP and FHN female subjects. Results from an evaluati
ix pairs of FHPs and FHNs matched on age, drinking his
nd height–weight ratio indicated that the FHPs demonst

ewer changes in body sway and incorrect Digit Symbol S
titutions Test (DSST) trials following alcohol than FHNs,
here were no differences on subjective intoxication sc
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(Lex et al., 1988). In a subsequent report, that did not include
matched participants, 7 FHPs rated themselves as feeling less
“Drunk” and “High,” as well as less intense “Alcohol Effects”
than 10 FHNs following alcohol, but demonstrated greater
impairment with longer visual search response times on the
Divided Attention Task (Lex et al., 1994). Another study of
six unmatched pairs of FHP and FHN women revealed no
significant differentials on alcohol-related changes in mood
state, perceived physiological sensations, or performance on
a grooved-pegboard task, although the FHPs did consistently
report lower scores on central stimulant effects and were less
impaired on a finger-tapping task following ethanol (Savoie
et al., 1988). An investigation of 38 FHP women, 75 FHP
men, and 68 FHN males also presented pilot data on 11 FHN
female controls (Schuckit et al., 2000). The results confirmed
the similarity in LR for sons and daughter of alcoholics. In
addition, the daughters of alcoholics had a trend for lower
subjective ratings of intoxication and less alcohol-induced
body sway than FHN women, however, reflecting the small
number of FHNs, these group differences were not significant
(Schuckit et al., 2000). Most recently, a larger scale evalua-
tion of 16 pairs of FHP and FHN women matched on age,
race, level of education, and current and lifetime patterns of
drug use, found that the FHPs had significantly lower LRs to
alcohol for the DSST, but were more impaired on immediate
digit recall (Evans and Levin, 2003). The FHNs tended to be
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(Wilhelmsen et al., 2003). The original questionnaire gath-
ered demographic information (e.g., age, education, ethnicity,
etc.), a brief medical history, and a list of all current medi-
cations. Subjects were asked to provide current and lifetime
patterns of use of alcohol and illicit drugs, and to list associ-
ated problems. This screener also contained an abbreviated
FH section focusing on substance use disorders in first-degree
relatives. All personal and family data were subsequently cor-
roborated during the structured personal interview session
described below.

The eight remaining FHPs were selected from COGA fam-
ilies. These women were identified as drinking, but not alco-
hol dependent 18–29-year-old members of COGA from any
of the six sites. All participants were interviewed using the
Semi-Structured Assessment for the Genetics of Alcoholism
(SSAGA) described below, and parental diagnoses were es-
tablished using the data from the parent’s SSAGA.

Finally, five of the FHNs are daughters of original sub-
jects from the ongoing San Diego Prospective Study of 453
families (Barnow et al., 2002; Preuss et al., 2002; Schuckit,
1998; Schuckit and Smith, 2000). In the 15-year follow-up
of this investigation, 18–29-year-old offspring of the initial
participants were contacted and recruited for alcohol chal-
lenges. Family history of these women was established with
SSAGA-like interviews with the parents themselves.

When invited to participate, subjects were told that this
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alance task, although these differences were not signifi

Thus, to date there are interesting data, primarily f
mall samples, that indicate that the difference in LR
ween sons of alcoholics and controls may also be seen
aughters of alcoholics are compared to women with no
f alcoholism. However, significant differences were not

ained in all of the reports, and results were not consi
cross measures or studies. In addition, few of the evalua
ontrolled for other factors that might also be related to
lcoholism risk, and no investigation adequately matche
roups on variables that might impact LR, such as drin
nd drug histories, and height–weight ratio. The current w
valuates whether a low LR to alcohol is seen in women
FH of alcoholism compared to well-matched FHN contr

. Methods

.1. Participants

The comparisons of 25 matched pairs of FHP and F
omen (50 subjects) incorporated data from three sou
ach of which used materials and procedures approve

he relevant Human Subjects Protection Committees.
s part of a larger study, 20 of the FHNs and 17 of
HPs were selected from among yearly mailings to 18
ear-old students randomly chosen from lists acquired
he Registrar’s Offices at the University of California, S
iego (UCSD) and San Diego State University (SDS
as a study investigating differences in how people res
o alcohol. Individuals were considered to be FHP if t
ather or mother met criteria for alcohol dependence b
n the third edition, revised, of theDiagnostic and Statistica
anual of Mental Disorders(DSM-III -R; American Psychi
tric Association, 1987). Regarding alcohol dependent mo
rs, participants were only chosen if there was no eviden
lcohol dependence in the mother prior to the birth of the a
ol challenge subject. Participants were included as FH

hey did not have any first-degree relative who metDSM-III -R
riteria for alcohol dependence or abuse. To minimize th
ential impact of alcohol-metabolizing enzymes, none o
lcohol challenge subjects were Asian, African-Americ
r Jewish (Chen et al., 1999; Ehlers et al., 2001; Hasi
l., 2002a,b; Shea et al., 2001; Shen et al., 1997; Wall e
997, 2003). To control for the possible influence of other
etically influenced characteristics relevant to the alcoho
isk, no participant had ever met criteria for dependenc
lcohol or any other drug; had a history of bipolar disor
chizophrenia, or ASPD; or had any first-degree relative
hese disorders (Schuckit, 2002). The women were require
o have had some experience with alcohol, and could not
ny major medical disorder or be on a medication for w
lcohol challenges might be contraindicated or difficu

nterpret. An additional exclusion criterion was pregna
hich was evaluated by a urinary pregnancy test carrie

n the laboratory before participation in the experiment.
For these analyses, each FHN subject was matched

HP woman on age, ethnicity, height–weight ratio, qua
nd frequency of alcohol intake in the prior six months
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well as lifetime and current pattern of use of nicotine and
illicit drugs.

2.2. Pre-session and alcohol challenge

Subjects participated in a two-session protocol, the first
of which involved the face-to-face administration of the full
adult SSAGA, if this had not already been obtained, and a
review of her FH using the Family History Assessment Mod-
ule (FHAM), described below. This first meeting was also
used to introduce individuals to the alcohol challenge labo-
ratory and to practice the different assessments that would
be administered during testing. The second session was the
alcohol challenge, in which the women arrived at the lab-
oratory at 7:30 a.m., received a standard light breakfast of
toast and juice, participated in baseline evaluations, and gave
a breath alcohol concentration (BrAC) sample (AlcoSensor
Model III, Intoximeters, Inc., St. Louis, MO), with the re-
quirement that the value had to be zero. Bloods were drawn
for a blood count and chemistry panel (CBC/SMAC), and
urine samples were gathered to test for pregnancy. At ap-
proximately 9:00 a.m., the women were given 0.75 ml/kg
of 95% ethanol as a 20% by volume solution in a room-
temperature, decaffeinated, sugar-free, carbonated soda via
an apparatus that disguised the taste and made it difficult to
determine the number of drinks consumed (Mendelson et al.,
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proximately 88%, and agreement with direct interview data
(from the relative’s SSAGA) is approximately 73% (Rice et
al., 1995).

2.3.3. Subjective High Assessment Scale (SHAS)
This analogue scale evaluates 13 subjective feelings of in-

toxication as changes from baseline. Each question is rated
on a Likert-type scale from zero (no effect) to 36 (extreme
effect) to assess both positive (e.g., Happy, Relaxed, High, In-
toxicated, etc.) and negative (e.g., Nauseated, Clumsy, Con-
fused, etc.) effects that can be associated with alcohol. The
intersession reliability of the SHAS is approximately .80, and
clearly higher and lower scores on this measure correlate at
approximately .60 with a retrospective self-report measure
of the usual number of drinks required for different effects
(Schuckit et al., 1997a,b). The major analyses focus on the
SHAS7, the average of seven items that have demonstrated
the greatest sensitivity to the effects of alcohol, and which
cluster together with an overall item-to-total correlation of
.80 or higher and a Chronbach alpha of .96 (Schuckit et al.,
2000). The SHAS7 includes three general items (Effects of
Alcohol, Drunk, and High) and four specific aspects of the
effects of alcohol (Clumsy, Confused, Dizzy, and Difficulty
Concentrating).

2.3.4. Body sway
artici-
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984). Subjects were told they might receive a small am
f alcohol to as much equivalent to four standard dri
or the mean weight of the participants, 65 kg, the vol
f alcohol was 49 ml mixed with 196 ml of soda. Subje
ere requested to finish the beverage in as close to 8 m
ossible, and to spread consumption throughout the e
eriod.

At baseline, immediately following beverage adminis
ion, 30 min, and every half-hour, thereafter, over a 3
eriod, participants completed a series of tests to esta
hanges from baseline associated with alcohol. Thes
luded BrAC, subjective feelings of intoxication, and lev
f standing steadiness or body sway.

.3. Measures

.3.1. Semi-Structured Assessment for the Genetics of
lcoholism
This instrument was developed by COGA and screen

7DSM-III -RAxis I diagnoses. Test-retest and across
er reliabilities are high, with kappas of .60 to 1.00 (Bucholz
t al., 1994, 1995). The validity of the SSAGA has also be
valuated as compared to the Schedule for Clinical As
ent in Neuropsychiatry (SCAN), with kappas for most
gnoses between .60 to .85 (Hesselbrock et al., 1999).

.3.2. Family History Assessment Module
This brief COGA developed screener evaluates 6DSM-

II -R Axis I diagnoses among the respondent’s first-de
elatives. Sensitivity is approximately 65%, specificity is
This was recorded using a harness attached to the p
ant at the level of the axilla, from which ropes extende

he front and side at an approximate 90 degree angle
ne another (Lipscomb et al., 1979). Each rope passed ov
pulley and anterior-posterior (AP) and lateral sway w

ecorded as the total number of centimeters of back and
ovement of the rope. Subjects completed three 1-min
t each time point with eyes open, feet together, and h
t their sides, with scores recorded as the mean values

hree trials. This is the same approach that has been u
he San Diego laboratory since about 1980 (Schuckit, 1985
chuckit and Gold, 1988). The level of increased sway in t
pper body after consuming alcohol has long been recog
s a sensitive marker of the degree of intoxication (Lipscomb
nd Nathan, 1980; Lipscomb et al., 1979; Moskowitz e
974). Historically, most studies have demonstrated hig

evels of sway or lack of standing steadiness in offsp
f alcoholics versus controls following alcohol adminis

ion (Heath and Martin, 1992; Hill and Steinhauer, 19
chuckit, 1984, 1985; Schuckit and Gold, 1988). While not
s extensively evaluated as subjective feelings of into

ion, measures of impaired motor performance that re
alance generally parallel subjective highs, and predic

ure alcohol-related problems (Lex et al., 1988; Rodrigue
t al., 1993; Schuckit and Gold, 1988). At the same time

here are data to support the contention that separat
erhaps overlapping, genes may contribute to the intens
hange in subjective feelings of intoxication and to body s
Heath and Martin, 1992), indicating that there are bene
rom measuring both domains in alcohol challenges.
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2.4. Statistical analyses

The adequacy of FHP/FHN matching was evaluated using
Student’st tests for continuous variables and chi-square tests
for categorical data. Differences between the two FH groups
after consuming alcohol were determined using FH-by-Time
mixed design ANOVAs with time as a repeated measure. Sig-
nificant effects were followed up with post hoc comparisons
at 30 and 60 min after beverage consumption, as these are the
time points that historically have demonstrated the greatest
group differences in LR (Schuckit and Gold, 1988; Schuckit
and Smith, 1996; Schuckit et al., 1996). Because the direction
of the FH differences were predicted a priori, the Student’st
tests are reported as one-tailed. Determination of effect size
used the partial eta squared (η2

p) statistic, with small effects
regarded as zero to .05, medium effects as .06 to .14, and
large values as .15 or higher.

3. Results

The 50 FHP and FHN women had a mean age of 21.0
(S.D. = 2.06) years and 86% were White, not of Hispanic ori-
gin, 12% White-Hispanic, and 2% were East Indian. The reli-
gious backgrounds included 56% who identified themselves
a reli-
g rank
r r six
m .28)
d .33)
d oxi-
m er, 4
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l nce
w ere
r nd
M ding

cannabis, 56% had tried this drug, and 4% had recent reg-
ular use (M= 1.0, S.D. = 0.00 days per month andM= 1.5,
S.D. = 0.71 units per occasion). Twenty percent had some
lifetime experience with other illicit substances, including
6% who had tried cocaine, 8% tried amphetamines, 2% had
experience with sedative/hypnotics, 14% with hallucinogens,
and 4% with opioids.

Table 1 describes demographic comparisons and sub-
stance use histories for the FHP and FHN women. The groups
were similar on age, years of schooling, religion, and eth-
nicity. There were no differences on other variables used to
match the pairs, such as drinking history, smoking, height,
weight, and height–weight ratio. Consistent with an adequate
match on recent use of alcohol, the values for two state mark-
ers of heavy drinking, mean corpuscular volume (MCV) and
gamma-glutamyl transferase (GGT), were also equivalent,
with both groups demonstrating values in the normal range
(Irwin et al., 1988). For illicit drugs, the proportion of women
who had ever used cannabis was similar, but FHP women
were more likely to have ever tried a drug other than cannabis,
with hallucinogens representing the only significant specific
difference. Because of this difference between the groups on
Drug Use, all major analyses were repeated using the variable
as a covariate.

The mean BrACs by FH status for the alcohol challenge
session are displayed inFig. 1, demonstrating a peak for both
g d by
a base-
l ignif-
i
η

d

F fini-
t asked
t be-
f -by-

F HN wo nes depict
s

s Protestant, 18% as Catholic, while 26% reported no
ious preference. Eighty-four percent of the subjects d
egularly (use of at least one day a month over the prio
onths) at a usual drinking frequency of 3.8 (S.D. = 3
ays per month, and a usual quantity of 2.8 (S.D. = 1
rinks per drinking day (a drink was defined as appr
ately 12 g of ethanol, the amount in 12 ounces of be
unces of wine, and a single shot of approximately 80 p

iquor). Among this group, 46% had some prior experie
ith tobacco products, with 18% reporting that they w

egular smokers (M= 5.9, S.D. = 9.48 days per month a
= 2.8, S.D. = 2.28 cigarettes per day of use). Regar

ig. 1. Breath alcohol concentration (gm/dl) for 25 FHP versus 25 F
tandard errors of the means.
roups at 60 min after beverage administration, followe
decrease over the remainder of the session. When

ine scores were deleted (all were zero), there was a s
cant FH-by-Time interaction (F= 2.28, 6/288 d.f.,p= .04,
2
p = .045) but no between-group difference (F= 0.62, 1/48

.f.,p= .43,η2
p = .013).

The SHAS7 scores are presented inFig. 2, where both
HPs and FHNs peaked at 30 min post-ethanol. By de

ion, baseline SHAS values were zero, as subjects were
o rate subjective feelings as differences from the period
ore they drank the beverage. There was an overall FH

men at eight time points over 210 min in the lab session. Vertical li
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Table 1
Comparisons of demography, state markers of heavy drinking, and Drug Use histories

Variable FHP (n= 25) FHN (n= 25) t Value orχ2

Age, years (S.D.) 21.2 (2.36) 20.8 (1.72) 0.62
Education, years (S.D.) 14.0 (1.65) 14.2 (1.50) −0.36

Ethnicity 2.67
Caucasian 21 (84%) 22 (88%)
Hispanic 4 (16%) 2 (8%)
Other 0 (0%) 1 (4%)

Religion 3.39
Catholic 7 (28%) 2 (8%)
Protestant 12 (48%) 16 (64%)
None 6 (24%) 7 (28%)

Ht-Wt ratio (S.D.) 0.5 (0.06) 0.5 (0.07) −0.45
MCV, fL (S.D.) 89.8 (3.51) 88.5 (3.50) 1.22
GGT, IU/L (S.D.) 13.7 (5.51) 12.9 (4.72) 0.49

Alcohol
Use over prior six months

At least one day per month 21 (84%) 21 (84%)
Days per month (S.D.) 3.7 (3.51) 3.9 (3.11) −0.23
Drinks per drinking day (S.D.) 2.8 (1.22) 2.9 (1.46) −0.23

Tobacco
Ever used 14 (56%) 9 (36%) 2.01
Use over prior six months

At least one day per month 5 (20%) 4 (16%) 0.14
Days per month (S.D.) 3.0 (3.94) 9.5 (13.70) −1.03
Cigarettes per day of use (S.D.) 2.0 (1.22) 3.8 (3.10) −1.17

Cannabis
Ever used 16 (64%) 12 (48%) 1.30
Use over prior six months

At least one day per month 2 (8%) 0 (0%) 2.08
Days per month (S.D.) 1.9 (0.00)
Joints per day of use (S.D.) 1.5 (0.71)

Lifetime use of other drugs
Any 8 (32%) 2 (8%) 4.50*

Cocaine 3 (12%) 0 (0%) 3.20
Amphetamine 3 (12%) 1 (4%) 1.09
Sedative/hypnotic 1 (4%) 0 (0%) 1.02
Hallucinogen 6 (24%) 1 (4%) 4.15*

Opioid 2 (8%) 0 (0%) 2.09
∗ p< .05.

Time effect (F= 2.54, 6/288 d.f.,p= .02,η2
p = .054), but no

significant FH effect (F= 0.66, 1/48 d.f.,p= .42,η2
p = .014).

When the analysis was repeated, including Drug Use as a co-
variate, the FH-by-Time interaction demonstrated a larger
effect size (F= 3.68, 6/282 d.f.,p< .01, η2

p = .073), how-
ever, the between-group difference remained non-significant
(F= 1.76, 1/47 d.f.,p= .19,η2

p = .036). The data inFig. 2were
analyzed where SHAS7 scores were residualized onto usual
drinking quantity and frequency, and BrAC values for each
relevant time point. The results revealed a significant FH-
by-Time effect (F= 2.25, 6/288 d.f.,p= .04,η2

p = .045), but

again, no FH effect (F= 0.53, 1/48 d.f.,p= .47, η2
p = .011).

Residualizing procedures were used in order to preserve de-
grees of freedom and, hence, power for this modest sized
sample. When the data were analyzed using drinking his-
tory and BrAC at 60 min as covariates, the FH-by-Time ef-

fect was close to significant (F= 2.10, 6/270 d.f.,p= .05,
η2

p = .045), with no between-subjects effect (F= 0.36, 1/45

d.f., p= .55, η2
p = .008). An evaluation of individual time

points using one-tailed post-hoc independentt tests revealed
that FHPs had significantly lower scores at 30 min (M= 51.6,
S.D. = 41.62 andM= 75.4, S.D. = 57.03 for FHPs and FHNs,
respectively,t=−1.68, 48 d.f.,p< 0.05,η2

p = 0.056), while
the difference at 60 min (M= 47.8, S.D. = 41.19 andM= 66.2
SD = 57.48 for FHPs and FHNs, respectively,t=−1.31, 48
d.f., p= 0.10,η2

p = 0.034) was in the predicted direction, but
non-significant. Repeating these analyses after covarying for
BrAC at the 60 min time point and usual drinking quantity
and frequency revealed similar results regarding the mag-
nitude of group differences at 30 min (t=−1.57, 45 d.f.,
p= .06,η2

p = .052) and at 60 min (t=−1.17, 45 d.f.,p= .13,

η2
p = .029).
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Fig. 2. Change from baseline in SHAS7 response (mean units) for 25 FHP versus 25 FHN women at eight time points over 210 min in the lab session. Vertical
lines depict standard errors of the means.*p< .05.

Data were also available on specific SHAS items. Focus-
ing on two more general effects of alcohol, after residualiz-
ing the data onto drinking history variables and the BrAC
values, FHP scores remained lower with the FH-by-Time
effect significant for “Effects of Alcohol” (F= 2.84, 6/288
d.f., p< .01, η2

p = .056) and for feeling “Drunk” (F= 2.26,

6/288 d.f.,p= .04,η2
p = .045). From the remaining items, the

FH-by-Time effect was also significant for feeling “Clumsy”
(F= 2.69, 6/288 d.f.,p= .02,η2

p = .053) and for “Confused”

(F= 3.08, 6/288 d.f.,p< .01, η2
p = .060). While the FH-by-

Time effects for the remaining items (Difficulty Concentrat-
ing, Dizzy, and High) were in the predicted direction, they
were not significant.

Changes from baseline in lateral body sway for the
two FH groups are illustrated inFig. 3. At baseline, the
mean scores on lateral body sway were 21.4 (S.D. = 7.19)
and 21.6 (S.D. = 7.34) for FHPs and FHNs, respectively,
a difference that was not significant (t=−0.62, 48 d.f.,
p= .54). For this measure, both groups peaked at 60 min,

after which values decreased. No significant FH (F= 0.13,
1/48 d.f.,p= .72,η2

p = .003) or FH-by-Time (F= 1.85, 5/240

d.f.,p= .10,η2
p = .037) effects were obtained for the raw data.

Including Drug Use as a covariate generated a significant
FH-by-Time effect (F= 2.39, 5/235 d.f.,p= .04,η2

p = .048),
but non-significant between-group difference (F= 0.28, 1/47
d.f., p= .60, η2

p = .006). While the independent one-tailedt
tests at 30 and 60 min were both non-significant, because
differences at the 30 min time point approached significance
(M= 8.3, S.D. = 13.51 andM= 13.2, S.D. = 15.11 for FHPs
and FHNs, respectively,t=−1.21, 48 d.f.,p= .12,η2

p = .030),
further analysis of the data was conducted to evaluate whether
possible differences might have been obscured by violations
of normality. Visual examination of the distributions of lat-
eral body sway scores for each of the time points revealed
that they were skewed to the right. Formal analysis of skew-
ness indicated significant results at each of the time points
(z-scores for skewness ranged from 2.58 to 6.00). Thus, log
transformations of the scores were performed (Tabchnick and

F FHP ve ion. Vertical
l

ig. 3. Change from baseline in lateral body sway (mean units) for 25
ines depict standard errors of the means.
rsus 25 FHN women at seven time points over 180 min in the lab sess
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Fidell, 2000). A retest of the log transformed data revealed
that no significant skewness remained at any of the time points
except for 180 min (z-score for 180 min = 4.69,z-scores for
all other time points ranged from−1.36 to 0.53). For the
transformed data, a significant FH-by-Time interaction was
seen (F= 3.47, 5/240 d.f.,p< .01,η2

p = .067), but no FH ef-

fect (F= 0.02, 1/48 d.f.,p= .90,η2
p = .000), and the indepen-

dentt tests at 30 and 60 min were both non-significant. Sim-
ilar to results reported for the SHAS, the transformed data
for body sway were also reanalyzed with scores residualized
onto drinking quantity and frequency, as well as BrAC val-
ues. The evaluation of lateral body sway was close to signif-
icant for the FH-by-Time effect if these residualized values
were used (F= 2.20, 5/240 d.f.,p= .06, η2

p = .044). The ef-
fect became significant when the raw data were analyzed
using drinking history and BrAC at 60 min as covariates
(F= 3.06, 5/225 d.f.,p= .01, η2

p = .064). While not shown,
none of the analyses regarding AP sway revealed significant
results.

4. Discussion

The data reported here describe the largest sample of al-
cohol challenges in FHP and FHN matched women (50 sub-
jects) to date. Overall, the results support the hypothesized
l ent
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The results were not as clear regarding a second measure
of LR, body sway. The data inFig. 3revealed that FHPs ap-
peared to demonstrate less alcohol-related lateral sway than
FHNs at 30 and 60 min following beverage administration,
but these differences were not significant unless the data were
log transformed to correct the right skewness. Even less of
a group differential was seen for AP body sway. The lack
of clarity regarding body sway is consistent with the results
of Lex et al. (1988)who found a non-significant trend for
FHPs to have less lateral sway than FHNs at 30 and 180 min
after alcohol, along with significant differences for AP sway
at 60, 90, and 120 min, and for combined sway scores at 15,
30, 60, 90, and 120 min. In theSchuckit et al. (2000)study,
group differences were in the predicted direction at 30 and
60 min for AP body sway (data on lateral sway were not re-
ported), but, with only 11 FHNs and no group matching, the
difference in scores was not significant.

Several factors might have contributed to the lack of a clear
differential between FH groups on body sway. One possibil-
ity is that subjective ratings of intoxication and body sway
measure different components of the LR to alcohol. A prin-
cipal components analysis of the data from the Australian
twin study revealed two orthogonal components, rather than
a global, unidimensional factor of response to alcohol, and
there were marked gender differences for which compo-
nent body sway was most heavily loaded upon (Heath and
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lso minimizing the effect of other factors that are poss
elated to the risk for AUDs (e.g., Asian background).

The current study revealed that daughters of alcoh
eported a clearly lower LR on the SHAS7, a subjective m
ure of response to alcohol. The data are consistent witLex
t al. (1994)who found that the FHP group had lower sco
n the “High,” and “Drunk” items, and noted less inte

Alcohol Effects” than the FHNs. Further support for d
erences in subjective ratings of LR between FHN and
omen come fromSavoie et al. (1988)who reported that FH
omen appeared to have lower ratings of central stim
ffects of alcohol (i.e., Light Headed, Head Spinning, Di
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atter two studies, however, were not significant, most li
eflecting the small samples involved in the investigation
artin, 1992). The first component was related to alco
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suggests that differences on the LR to alcohol between FHPs
and FHNs may be more easily detected in moderate sam-
ples using subjective ratings of intoxication rather than body
sway.

There are a number of strengths to the current work.
First, the FHP and FHN women in this study were carefully
matched on alcohol consumption, as recent drinking history
has been shown to be associated with one’s reaction to ethanol
(Heath and Martin, 1992; Hiltunen, 1997a,b; Holdstock et al.,
1988; Portans et al., 1989; Ramchandani et al., 2002; Schuckit
and Klein, 1991; Viken et al., 2003). In the current investiga-
tion, there were no FH differences in the self-reported recent
drinking histories, a conclusion supported by the similarities
on GGT and MCV values. The FHP and FHN subjects were
also well matched on height–weight ratio, as this correlates
with percentage body fat (and thus, total body water). Finally,
the participants were similar on age and race.

At the same time, several caveats must be recognized.
First, placebo controls were not used, making it difficult to
prove that the FH differences did not reflect different ex-
pectancies or learning effects. Second, the women were rel-
atively well educated, the majority of whom were university
students, and all but one subject was Caucasian or Latino.
Therefore, the generalizability to other populations is not
known. In addition, the subjects were not matched on phase of
menstrual cycle, and it has been hypothesized that this might
i nges
i 6,
1 -
i cycle
a phase
h lco-
h Gill,
1 95;
M t
t ation
o or
a par-
t the
e ffer-
e de-
v nted
h men
i than
t and
w
G

A

tate
o ance
a o; a
G well
a

References

American Psychiatric Association, 1987. Diagnostic and Statistical Man-
ual of Mental Disorders. 3rd ed. (revised). American Psychiatric As-
sociation, Washington, DC.

Baldwin, H.A., Wall, T.L., Schuckit, M.A., Koob, G.F., 1991. Differen-
tial effects of ethanol on punished responding in the P and NP rats.
Alcohol Clin. Exp. Res. 15, 700–704.

Barnow, S., Schuckit, M.A., Smith, T.L., Preuss, U., Danko, G., 2002. The
relationship between the family density of alcoholism and externaliz-
ing symptoms among 146 children. Alcohol Alcohol 37, 383–387.

Barr, C.S., Newman, T.K., Shannon, C., Parker, C., Dvoskin, R.L., Becker,
M.L., Schwandt, M., Champoux, M., Lesch, K.P., Goldman, D.,
Suomi, S.J., Higley, J.D., 2004. Rearing condition and rh5-HTTLPR
interact to influence limbic-hypothalamic-pituitary-adrenal axis re-
sponse to stress in infant macaques. Biol. Psychiatry 55, 733–738.

Bucholz, K.K., Helzer, J.E., Shayka, J.J., Lewis, C.E., 1994. Compari-
son of alcohol dependence in subjects from clinical, community, and
family studies. Alcohol Clin. Exp. Res. 18, 1091–1099.

Bucholz, K.K., Hesselbrock, V.M., Shayka, J.J., Nurnberger Jr., J.I.,
Schuckit, M.A., Schmidt, I., Reich, T., 1995. Reliability of individual
diagnostic criterion items for psychoactive substance dependence and
the impact on diagnosis. J. Stud. Alcohol 56, 500–505.

Chen, C.C., Lu, R.B., Chen, Y.C., Wang, M.F., Chang, Y.C., Li, T.-K.,
Yin, S.J., 1999. Interaction between the functional polymorphisms of
the alcohol-metabolism genes in protection against alcoholism. Am.
J. Hum. Genet. 65, 795–807.

Correa, C.L., Oga, S., 2004. Effects of the menstrual cycle of white
women on ethanol toxicokinetics. J. Stud. Alcohol 65, 227–231.

Crabbe, J.C., Phillips, T.J., Feller, D.J., Hen, R., Wenger, C.D., Lessov,
C.N., Schafer, G.L., 1996. Elevated alcohol consumption in null mu-

01.
D ales

xp.

E E.,
in Na-

E the
an
.

E ohol

E nu-
Clin.

E ith a
.

F ctan-

G yth
154,

G ohol

H arr,
is,
159,

H arr,
ehy-
recent

H of
71.

H ke,
rtin,
nfluence alcohol pharmacokinetics as a result of cha
n levels of sex steroid hormones (Jones and Jones, 197
984; Sutker et al., 1987a,b). However, the majority stud

es do not support a relationship between menstrual
nd ethanol metabolism, and suggest that menstrual
as little effect on subjective or behavioral reactions to a
ol (Correa and Oga, 2004; Freitag and Adesso, 1993;
997; Holdstock and de Wit, 2000; Lammer et al., 19
umenthaler et al., 1999, 2001). A third limitation is tha

he data are cross-sectional and do not provide inform
n how LR might be related to future AUDs in women
ddress the stability of LR over time. Also, none of the

icipants were alcohol-naı̈ve, thus, we cannot determine
xtent to which LR results were a consequence of di
nces in initial sensitivity to alcohol, or the effects of
eloping chronic tolerance. Finally, while the data prese
ere come from the largest sample of FHP and FHN wo

n the literature, the number of participants is smaller
hat of alcohol challenge studies comparing men with
ithout a FH of AUDs (e.g.,Schuckit, 1994, Schuckit and
old, 1988).

cknowledgement

This work was supported by funds provided by the S
f California for medical research on alcohol and subst
buse through the University of California, San Francisc
rant from the CompassPoint Addiction Foundation; as
s by NIAAA Grants 05526 and 08403.
tant mice lacking 5-HT1B serotonin receptors. Nat. Genet. 14, 98–1
e Wit, H., McCracken, S.G., 1990. Ethanol self-administration in m

with and without an alcoholic first-degree relative. Alcohol Clin. E
Res. 14, 63–70.

hlers, C.L., Garcia-Andrade, C., Wall, T.L., Cloutier, D., Phillips,
1999. Electroencephalographic responses to alcohol challenge
tive American Mission Indians. Biol. Psychiatry 45, 776–787.

hlers, C.L., Gilder, D.A., Harris, L., Carr, L., 2001. Association of
ADH2*3 allele with a negative family history of alcoholism in Afric
American young adults. Alcohol Clin. Exp. Res. 25, 1173–1177

noch, M.A., Goldman, D., 2001. The genetics of alcoholism and alc
abuse. Curr. Psychiatry Rep. 3, 144–151.

rblich, J., Earleywine, M., 1999. Children of alcoholics exhibit atte
ated cognitive impairment during an ethanol challenge. Alcohol
Exp. Res. 23, 476–482.

vans, S.M., Levin, F.R., 2003. Response to alcohol in females w
paternal history of alcoholism. Psychopharmacology 169, 10–20

reitag, W.J., Adesso, V.J., 1993. Mood effects of alcohol and expe
cies across the menstrual cycle. Alcohol 10, 291–298.

arcia-Andrade, C., Wall, T.L., Ehlers, C.L., 1997. The firewater m
and response to alcohol in Mission Indians. Am. J. Psychiatry
983–988.

ill, J., 1997. Women, alcohol and the menstrual cycle. Alcohol Alc
32, 435–441.

asin, D., Aharonovich, E., Liu, X., Mamman, Z., Matseoane, K., C
L., Li, T.-K., 2002a. Alcohol and ADH2 in Israel: Ashkenaz
Sephardics, and recent Russian immigrants. Am. J. Psychiatry
1432–1436.

asin, D., Aharonovich, E., Liu, X., Mamman, Z., Matseoane, K., C
L., Li, T.-K., 2002b. Alcohol dependence symptoms and alcohol d
drogenase 2 polymorphism: Israeli Ashkenazis, Sephardics, and
Russian immigrants. Alcohol Clin. Exp. Res. 26, 1315–1321.

eath, A.C., 1995. Genetic influence on alcoholism risk? A review
adoption and twin studies. Alcohol Health Res. World 19, 166–1

eath, A.C., Bucholz, K.K., Madden, P.A., Dinwiddie, S.H., Sluts
W.S., Bierut, L.J., Statham, D.J., Dunne, M.P., Whitfield, J., Ma



92 M.Y. Eng et al. / Drug and Alcohol Dependence 79 (2005) 83–93

N.G., 1997. Genetic and environmental contributions to alcohol de-
pendence risk in a national twin sample: consistency of findings in
women and men. Psychol. Med. 27, 1381–1396.

Heath, A.C., Madden, P.A., Bucholz, K.K., Dinwiddie, S.H., Slutske,
W.S., Bierut, L.J., Rohrbaugh, J.W., Statham, D.J., Dunne, M.P.,
Whitfield, J.B., Martin, N.G., 1999. Genetic differences in alcohol
sensitivity and the inheritance of alcoholism risk. Psychol. Med. 29,
1069–1081.

Heath, A.C., Martin, N.G., 1992. Genetic differences in psychomotor
performance decrement after alcohol: a multivariate analysis. J. Stud.
Alcohol 53, 262–271.

Hesselbrock, M., Easton, C., Bucholz, K.K., Schuckit, M., Hesselbrock,
V., 1999. A validity study of the SSAGA—a comparison with the
SCAN. Addiction 94, 1361–1370.

Hill, S.Y., Steinhauer, S.R., 1993. Postural sway in children from pedi-
grees exhibiting a high density of alcoholism. Biol. Psychiatry 33,
313–325.

Hiltunen, A.J., 1997a. Acute alcohol tolerance in cognitive and psychomo-
tor performance: influence of the alcohol dose and prior alcohol ex-
perience. Alcohol 14, 125–130.

Hiltunen, A.J., 1997b. Acute alcohol tolerance in social drinkers: changes
in subjective effects dependent on the alcohol dose and prior alcohol
experience. Alcohol 14, 373–378.

Holdstock, L., de Wit, H., 2000. Effects of ethanol at four phases of the
menstrual cycle. Psychopharmacology 150, 374–382.

Holdstock, L., King, A.C., de Wit, H., 1988. Subjective and objective
responses to ethanol in moderate/heavy and light social drinkers. Al-
cohol Clin. Exp. Res. 24, 789–794, 2000.

Irwin, M., Baird, S., Smith, T.L., Schuckit, M.A., 1988. Use of laboratory
tests to monitor heavy drinking by alcoholic men discharged from a
treatment program. Am. J. Psychiatry 145, 595–599.

J the

J king

L rma-
90,

L 988.
lco-

L N.E.,
s fol-

and
35,

L a pre-
9–

L tion.

L 002.
ol in

M ilial
es to

M Psy-

M for

M per-
ences
7.

M en-
tud.

Moskowitz, H., Daily, J., Henderson, R., 1974. Acute tolerance to be-
havioral impairment in drinkers. Report to Highway Traffic Safety
Administration, Department of Transportation. Washington, DC.

Mumenthaler, M.S., O’Hara, R., Taylor, J.L., Friedman, L., Yesavage,
J.A., 2001. Relationship between variations in estradiol and proges-
terone levels across the menstrual cycle and human performance. Psy-
chopharmacology 155, 198–203.

Mumenthaler, M.S., Taylor, J.L., O’Hara, R., Yesavage, J.A., 1999. In-
fluence of age, alcohol consumption and abstinence on the sensitivity
of carbohydrate-deficient transferrin, gamma-glutamyltransferase and
mean corpuscular volume. Alcohol Res. Health 23, 55–64.

Nagoshi, C.T., Wilson, J.R., 1987. Influence of family alcoholism history
on alcohol metabolism, sensitivity, and tolerance. Alcohol Clin. Exp.
Res. 11, 392–398.

Neale, M.C., Martin, N.G., 1989. The effects of age, sex, and genotype on
self-report drunkenness following a challenge dose of alcohol. Behav.
Genet. 19, 63–78.

Newlin, D.B., Thomson, J.B., 1991. Chronic tolerance and sensitization
to alcohol in sons of alcoholics. Alcohol Clin. Exp. Res. 15, 399–
405.

Pollock, V.E., 1992. Meta-analysis of subjective sensitivity to alcohol in
sons of alcoholics. Am. J. Psychiatry 149, 1534–1538.

Portans, J., White, J.M., Staiger, P.K., 1989. Acute tolerance to alcohol:
changes in subjective effects among social drinkers. Pyschopharma-
cology 97, 365–369.

Prescott, C.A., Aggen, S.H., Kendler, K.S., 1999. Sex differences in the
sources of genetic liability to alcohol abuse and dependence in a
population-based sample of U.S. twins. Alcohol Clin. Exp. Res. 23,
1136–1144.

Preuss, U.W., Schuckit, M.A., Smith, T.L., Barnow, S., Danko, G.P., 2002.
Mood and anxiety symptoms among 140 children from alcoholic and

R her,
his-

re-
734–

R R.,
.A.,

his-
. 19,

R otor
Clin.

S l in-
olic

S s of

S en at

S or of

S pre-
hol

S is,
of

9–

S ulti-
s and

S ten-
men.
ones, B.M., Jones, M.K., 1976. Alcohol effects in women during
menstrual cycle. Ann. NY Acad. Sci. 273, 576–587.

ones, M.K., Jones, B.M., 1984. Ethanol metabolism in women ta
oral contraceptives. Alcohol Clin. Exp. Res. 8, 24–28.

ammer, S.M., Mainzer, D.E., Breteler, M.H., 1995. Do alcohol pha
cokinetics in women vary due to the menstrual cycle? Addiction
23–90.

ex, B.W., Lukas, S.E., Greenwald, N.E., Mendelson, J.H., 1
Alcohol-induced changes in body sway in women at risk for a
holism: a pilot study. J. Stud. Alcohol 49, 346–356.

ex, L.W., Rhoades, E.M., Teoh, S.K., Mendelson, J.H., Greenwald,
1994. Divided attention task performance and subjective effect
lowing alcohol and placebo: differences between women with
without a family history of alcoholism. Drug Alcohol Depend.
95–105.

ipscomb, T.R., Carpenter, J.A., Nathan, P.E., 1979. Static ataxia:
dictor of alcoholism? Br. J. Addict. Alcohol Other Drugs 74, 28
294.

ipscomb, T.R., Nathan, P.E., 1980. Blood alcohol level discrimina
Arch. Gen. Psychiatry 37, 571–576.

uczak, S.E., Elvine-Kreis, B., Shea, S.H., Carr, L.G., Wall, T.L., 2
Genetic risk for alcoholism relates to level of response to alcoh
Asian-American men and women. J. Stud. Alcohol 63, 74–82.

cCaul, M.E., Turkkan, J.S., Svikis, D.S., Bigelow, G.E., 1991. Fam
density of alcoholism: effects on psychophysiological respons
ethanol. Alcohol 8, 219–222.

cGue, M., 1999. The behavioral genetics of alcoholism. Curr. Dir.
chol. Sci. 8, 109–115.

endelson, J.H., McGuire, M., Mello, N.K., 1984. A new device
administering placebo alcohol. Alcohol 1, 417–419.

ills, K.C., Bisgrove, E.Z., 1983. Body sway and divided attention
formance under the influence of alcohol: dose–response differ
between males and females. Alcohol Clin. Exp. Res. 7, 393–39

onteiro, M.G., Klein, J.L., Schuckit, M.A., 1991. High levels of s
sitivity to alcohol in young adult Jewish men: a pilot study. J. S
Alcohol 52, 464–469.
control families. Drug Alcohol Depend. 67, 235–242.
amchandani, V.A., Flury, L., Morzorati, S.L., Kareken, D., Blek

T., Foroud, T., Li, T.-K., O’Connor, S., 2002. Recent drinking
tory: association with family history of alcoholism and the acute
sponse to alcohol during a 60 mg% clamp. J. Stud. Alcohol 63,
744.

ice, J.P., Reich, T., Bucholz, K.K., Neuman, R.J., Fishman,
Rochberg, N., Hesselbrock, V.M., Nurnberger Jr., J.I., Schuckit, M
Begleiter, H., 1995. Comparison of direct interview and family
tory diagnoses of alcohol dependence. Alcohol Clin. Exp. Res
1018–1023.

odriguez, L.A., Wilson, J.R., Nagoshi, C.T., 1993. Does psychom
sensitivity to alcohol predict subsequent alcohol use? Alcohol
Exp. Res. 17, 155–161.

avoie, T.M., Emory, E.K., Moody-Thomas, S., 1988. Acute alcoho
toxication in socially drinking female and male offspring of alcoh
fathers. J. Stud. Alcohol 49, 430–435.

chuckit, M.A., 1984. Body sway: differences after drinking in son
alcoholics and controls. Clin. Neuropharm. 7, 200–201.

chuckit, M.A., 1985. Ethanol-induced changes in body sway in m
high alcoholism risk. Arch. Gen. Psychiatry 42, 375–379.

chuckit, M.A., 1994. Low level of response to alcohol as a predict
future alcoholism. Am. J. Psychiatry 151, 184–189.

chuckit, M.A., 1998. Biological, psychological and environmental
dictors of the alcoholism risk: a longitudinal study. J. Stud. Alco
59, 485–494.

chuckit, M.A., 2002. Vulnerability factors for alcoholism. In: Dav
K. (Ed.), Neuropsychopharmacology: The Fifth Generation
Progress. Lippincott Williams & Wilkins, New York, pp. 139
1411.

chuckit, M.A., Gold, E.O., 1988. A simultaneous evaluation of m
ple markers of ethanol/placebo challenges in sons of alcoholic
controls. Arch. Gen. Psychiatry 45, 211–216.

chuckit, M.A., Klein, J.L., 1991. Correlations between drinking in
sity and reactions to ethanol and diazepam in healthy young
Neuropsychopharmacology 4, 157–163.



M.Y. Eng et al. / Drug and Alcohol Dependence 79 (2005) 83–93 93

Schuckit, M.A., Smith, T.L., 1996. An 8-year follow-up of 450 sons of
alcoholic and control subjects. Arch. Gen. Psychiatry 53, 202–210.

Schuckit, M.A., Smith, T.L., 2000. The relationships of a family history
of alcohol dependence, a low level of response to alcohol and six do-
mains of life functioning to the development of alcohol use disorders.
J. Stud. Alcohol 61, 827–835.

Schuckit, M.A., Tsuang, J.W., Anthenelli, R.M., Tipp, J.E., Nurnberger Jr.,
J.I., 1996. Alcohol challenges in young men from alcoholic pedigrees
and control families: a report from the COGA project. J. Stud. Alcohol
57, 368–377.

Schuckit, M.A., Smith, T.L., Tipp, J.E., 1997a. The self-rating of the
effects of alcohol (SRE) form as a retrospective measure of the risk
for alcoholism. Addiction 92, 979–988.

Schuckit, M.A., Tipp, J.E., Smith, T.L., Wiesbeck, G.A., Kalmijn, J.,
1997b. The relationship between self-rating of the effects of alcohol
and alcohol challenge results in ninety-eight young men. J. Stud.
Alcohol 59, 397–404.

Schuckit, M.A., Smith, T.L., Kalmijn, J.A., Tsuang, J., Hesselbrock, V.,
Bucholz, K., 2000. Response to alcohol in daughters of alcoholics: a
pilot study and a comparison with sons of alcoholics. Alcohol Alcohol
35, 242–248.

Schuckit, M.A., Edenberg, H.J., Kalmijn, J., Flury, L., Smith, T.L., Reich,
T., Bierut, L., Goate, A., Foroud, T., 2001. A genome-wide search for
genes that relate to a low level of response to alcohol. Alcohol Clin.
Exp. Res. 25, 323–329.

Schuckit, M.A., Smith, T.L., Kalmijn, J., June, 2002. Rapid versus slow
drinking: The effect on the level of response to alcohol. Poster ses-
sion presented at the annual meeting of the Research Society on
Alcoholism, San Francisco, CA.

Schuckit, M.A., Smith, T.L., Kalmijn, J., 2004. Findings across subgroups
regarding the level of response to alcohol as a risk factor for alcohol

ohol

S es-
s for
tion-

S ol-
dents.

S Y.F.,
nic

ohol

Sutker, P.B., Goist Jr., K.C., Allain, A.N., Bugg, F., 1987a. Acute al-
cohol intoxication: sex comparisons on pharmacokinetic and mood
measures. Alcohol Clin. Exp. Res. 11, 507–512.

Sutker, P.B., Goist Jr., K.C., King, A.R., 1987b. Acute alcohol intoxication
in women: relationship to dose and menstrual cycle phase. Alcohol
Clin. Exp. Res. 11, 74–79.

Tabchnick, B.G., Fidell, L.S., 2000. Using Multivariate Statistics. 4th ed.
Allyn & Bacon.

Tecott, L.H., Heberlein, U., 1998. Y do we drink? Cell 95, 733–735.
Viken, R.J., Rose, R.J., Morzorati, S.L., Christian, J.C., Li, T.-K., 2003.

Subjective intoxication in response to alcohol challenge: heritability
and covariation with personality, breath alcohol level, and drinking
history. Alcohol Clin. Exp. Res. 27, 795–803.

Vogel-Sprott, M., Chipperfield, B., 1987. Family history of problem drink-
ing among young male social drinkers: behavioral effects of alcohol.
J. Stud. Alcohol 48, 430–436.

Volavka, J., Czobor, P., Goodwin, D.W., Gabrielli Jr., W.F., Penick, E.C.,
Mednick, S.A., Jensen, P., Knop, J., 1996. The electroencephalogram
after alcohol administration in high-risk men and the development
of alcohol use disorders 10 years later. Arch. Gen. Psychiatry 53,
258–263.

Wall, T.L., Carr, L.G., Ehlers, C.L., 2003. Protective association of genetic
variation in alcohol dehydrogenase with alcohol dependence in Native
American Mission Indians. Am. J. Psychiatry 160, 41–46.

Wall, T.L., Garcia-Andrade, C., Thomasson, H.R., Carr, L.G., Ehlers,
C.L., 1997. Alcohol dehydrogenase polymorphisms in Native Amer-
icans: identification of the ADH2*3 allele. Alcohol Alcohol 32,
129–132.

Wall, T.L., Johnson, M.L., Horn, S.M., Carr, L.G., Smith, T.L., Schuckit,
M.A., 1999. Evaluation of the self-rating of the effects of alcohol form
in Asian Americans with aldehyde dehydrogenase polymorphisms. J.

W 92.
etic
1–

W .K.,
low-

cohol

Z span
M.,

ogy,
use disorders: a college population of women and Latinos. Alc
Clin. Exp. Res. 28, 1499–1508.

chuckit, M.A., Smith, T.L., Danko, G., Kuperman, S., Bierut, L.J., H
selbrock, V., in press. Correlations among first-degree relative
response on the self-rating of the effects of alcohol (SRE) ques
naire in teenagers. J. Stud. Alcohol.

hea, S.H., Wall, T.L., Carr, L.G., Li, T.-K., 2001. ADH2 and alcoh
related phenotypes in Ashkenazic Jewish American college stu
Behav. Genet. 31, 231–239.

hen, Y.C., Fan, J.H., Edenberg, H.J., Li, T.-K., Cui, Y.H., Wang,
1997. Polymorphism of ADH and ALDH genes among four eth
groups in China and effects upon the risk for alcoholism. Alc
Clin. Exp. Res. 21, 1272–1277.
Stud. Alcohol 60, 784–789.
all, T.L., Thomasson, H.R., Schuckit, M.A., Ehlers, C.L., 19

Subjective feelings of alcohol intoxication in Asians with gen
variations of ALDH2 alleles. Alcohol Clin. Exp. Res. 16, 99
995.

ilhelmsen, K.C., Schuckit, M., Smith, T.L., Lee, J.V., Segall, S
Feiler, H.S., Kalmijn, J., 2003. The search for genes related to a
level response to alcohol determined by alcohol challenges. Al
Clin. Exp. Res. 27, 1041–1047.

ucker, R.A., Chermack, S.T., Currna, G.M., 2000. Alcoholism: a life
perspective on etiology and course. In: Sameroff, A.J., Lewis,
Miller, S.M. (Eds.), Handbook of Developmental Psychopathol
second ed. Plenum, New York, pp. 569–587.


	The level of response to alcohol in daughters of alcoholics and controls
	Introduction
	Methods
	Participants
	Pre-session and alcohol challenge
	Measures
	Semi-Structured Assessment for the Genetics of Alcoholism
	Family History Assessment Module
	Subjective High Assessment Scale (SHAS)
	Body sway

	Statistical analyses

	Results
	Discussion
	Acknowledgement
	References


