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Objective: The androgen receptor (AR) gene, located on the X chromosome, contains a com-
mon polymorphism involving cytosine—adenine—guanine (CAG) repeats, which impacts disease
and could contribute to the unequal sex ratio in alcoholism. CAG repeats in the 4R gene are
known to correlate with impulsivity in males. We report the first preliminary study examining
the association between the number of CAG repeats and measures of impulsivity in females
with chronic alcoholism.

Methods: A total of 35 women and 85 men with chronic alcoholism were previously recruited
for a nutritional clinical trial, and 26 well-characterized females (19 African—American and seven
Caucasian) with alcoholism agreed to participate for genetic testing. Genomic deoxyribonucleic
acid (DNA) was isolated from peripheral blood and CAG repeats determined by analyzing poly-
merase chain reaction (PCR)-amplified products, using the polymorphic AR gene assay. CAG
repeat length was correlated with raw scores from the Barratt Impulsivity Scale, version 11 and
the Alcoholism Severity Scale.

Results: CAG repeat lengths were significantly longer in Caucasian alcoholic women com-
pared with African—Americans, and the average number of CAG repeats were significantly,
positively correlated (P<<0.05) with impulsivity scores. Women with average CAG repeat length
(CAG, ) =18, representing the upper quartile of the repeat range, showed significantly greater
mean raw impulsivity scores. CAG repeat length appeared to have less effect in African—American
compared with Caucasian women, possibly due to a shorter average repeat length.
Conclusion: We found an association between the number of CAG repeats and impulsivity in
females with chronic alcoholism, specifically in women with CAG, =18, seen more commonly
in Caucasian compared with African-American women.

Keywords: AR gene, CAG repeat, African-American, Caucasian, behavior

Introduction
Alcoholism is a highly prevalent mental disorder that affects millions of people world-
wide and is associated with significant personal and global economic costs to society.'™
Alcohol-use disorders can be distinguished from normal alcohol use by the reduced
ability to control or limit alcohol consumption to moderate amounts after initiation
of drinking.**> Alcohol dependence can result in the onset of withdrawal symptoms,
such as anxiety, irritability, sweating, tremors, and hallucinations, with abstinence.®
Excessive alcohol consumption can lead to a decline in physical and mental health,
unemployment, legal troubles, and social isolation.*~

The cause of alcoholism is believed to be multifactorial and attributable to both
genetic and environmental factors. Genetic influences are estimated to account for ~50%
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of the risk.” A possible role of genes on the X chromosome
in contributing to alcoholism is suggested by the uniformly
higher prevalence rates for males, who are two to three times
more likely to develop alcoholism than females.® There are
several mechanisms whereby X-linked gene variants may
influence the risk for alcoholism in females (in addition to
recessive or dominant inheritance patterns). Nonrandom
skewness of X chromosome inactivation (XCI), which is
defined as greater than 80%:20% preferential inactivation of
one of the two X chromosomes, could lead to overexpression
of X-linked gene variants that increase the risk of alcoholism.
However, in one study, deoxyribonucleic acid (DNA) isolated
from peripheral blood in females with alcoholism did not
show evidence of nonrandom XCI skewness.’ The X chromo-
some also contains the androgen receptor (AR) gene, located
at the Xql1-ql12 band, which codes for production of the
androgen receptor, a gene of interest in alcoholism research
and a focus of the present study.

Androgens and the androgen receptor play a role in estab-
lishing sex differences in mammals. Testosterone, a ligand
for the androgen receptor, is responsible for the physiological
differences between men and women and could contribute to
sex disparity in the incidence of alcoholism — a correlation
exists between alcoholism and behavioral traits thought to
be controlled by testosterone, including impulsiveness. For
example, free testosterone levels positively correlate with
impulsiveness in normal males and have been linked to
the initiation and continuation of alcohol consumption, the
degree of reward induced by alcohol, and development of
alcohol abuse disorders.!%'* Impulsiveness could predispose
to alcoholism or alcoholism could affect changes that increase
impulsiveness, but an independent factor — such as levels
of free testosterone — could also explain this association in
males. A paucity of data exists regarding the relationship
between androgen receptor function and impulsiveness in
females.

The first exon of the AR gene contains a tract of poly-
morphic cytosine—adenine—guanine (CAG) triplet repeats
that in normal individuals ranges from eight to 35 repeats.'’
Variations in the number of CAG repeats influence 4R recep-
tor expression and androgen sensitivity in both sexes, with
fewer numbers of CAG repeats associated with increased
AR gene expression and greater sensitivity to androgens.'
When the length of the polyglutamine tract in the 4R gene
exceeds 40 repeats, then the AR gene transcription is altered,
leading to development of spinal bulbar muscular atrophy
(SBMA)."> SBMA results from the ligand-dependent nuclear
accumulation of the polyglutamine-expanded AR protein,

which is neurotoxic. Specific pathogenesis of SBMA is
modified by additional factors, such as DNA-binding,
interdomain interactions, and posttranslational modification
of AR.' Even within the normal range, 4R gene polymor-
phisms are associated with variations in androgen sensitivity,
which correlate with neurological and endocrine problems,
including the risk of developing prostate and breast cancer
and infertility.'>!® The impact of chronic alcoholism on the
nuclear accumulation of the polyglutamine-expanded AR
protein or the pathogenesis of SBMA is presently unknown
but may impact upon the symptomology and/or disease
course with advancing age.

CAG repeat length influences testosterone levels in men
and women, with shorter repeats typically associated with
higher testosterone levels in females.!”"! However, testoster-
one levels are influenced by many factors, including negative
feedback mechanisms through the AR gene, which may be
reduced at longer CAG repeat lengths (>24).2° Previous
studies have reported differences in the length of AR CAG
repeats in races, with blacks (African—Caribbean) having
shorter CAG repeats (highest frequency allele =18 repeats)
than Caucasians (highest frequency allele =21 repeats) and
Hispanics (highest frequency allele =22 repeats).'¢

In the present study, we examined correlations between
the length of the CAG tract of the AR gene and alcoholism
in females. The length of the polyglutamine tract and impul-
sivity have been inversely related in males,'~** but to our
knowledge, no data are available describing the relationship
between the size of the AR allele and impulsivity or the AR
CAG repeat length and alcoholism in females. We sought to
provide additional insight into the correlation between CAG
repeat length of the 4R gene and alcoholism by comparing the
repeat lengths with measures of alcoholism and psychiatric
severity, in a cohort of well-characterized African—American
and Caucasian alcoholic females.

Materials and methods

Subjects

A total of 120 self-identified women (N=35) and men (N=85)
with chronic alcoholism were recruited from the Greater
Kansas City Metropolitan Area for a clinical trial on nutri-
tional supplements, and 26 well-characterized females agreed
to participate for genetic testing.> These included 19 African—
American and seven Caucasian women whose ages ranged
from 25 to 56 years with an average age 0f43.248.3 years. All
females met the diagnostic criteria for Alcohol Dependence,
according to the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition (DSM-IV).> There was no difference

6 submit your manuscript

Dove

Advances in Genomics and Genetics 2014:4


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Androgen receptor gene polymorphism

in age between the African—American and Caucasian women
(F=0.07; P=0.79). On average, the females had consumed
alcohol 4 days each week during the previous 6 months before
entering the study. On 3 of the 4 drinking days, they averaged
more than 4 ounces of alcohol a day. A total of 92% reported
a family history of alcoholism, 89% had either previously
used or were currently using tobacco, and 70% had either
previously used or were currently using illicit drugs. This
study was conducted under the authority of the University
of Kansas Medical Center, Office of Research Compliance,
which reviewed the study protocol and monitored study
activities to ensure that appropriate steps were taken to pro-
tect the rights and welfare of the individuals participating as
research subjects.

Clinical and behavioral assessment

Following the initial screening procedure at baseline, a compre-
hensive interview was performed to determine final study eli-
gibility based upon DSM-IV-R diagnostic criteria for Alcohol
Dependence. The psychosocial interview was precoded and
structured with high test-retest reliability and administered by
a trained research nurse. This interview included the 33-item
Alcoholism Severity Scale;?® the Symptom Checklist-90-R
(SCL-90-R) which assesses psychiatric symptomology in
the past week; and the Barratt Impulsivity Scale, version 11
(BIS-11), a highly cited psychological test for impulsiveness
and previously used in alcoholic subjects.'>*"? The BIS-11
contains 30 items that subjects are asked to rate in terms of
how precisely the statements apply to themselves. The four

CERN3

response choices are “rarely/never”,

9% <

occasionally”, “often”,
and “almost always/always”. Each statement is intended to
glean information relevant to a particular facet of impulsiv-
ity, for six first-order factors (attention, motor, self-control,
cognitive complexity, perseverance, and cognitive instability
impulsiveness), three second-order factors (attentional, motor,
and nonplanning impulsiveness), and total impulsiveness.
The SCL-90-R is one of the most commonly used instru-
ments for measuring psychological distress and consists of
a 90-item questionnaire that yields scores for nine primary
symptom dimensions (somatization, obsession compulsion,
interpersonal sensitivity, depression, anxiety, hostility, phobic
anxiety, paranoid ideation, and psychoticism) as well as a
global severity index.

Androgen receptor gene assay

The AR gene is located at the Xq11-q12 chromosome band
and has a high degree of polymorphism (about 90%). The
number of CAG repeats of the 4R gene was determined

through analysis of DNA isolated from peripheral blood,
as previously described, and was available for each female
reported in this study.” DNA was isolated from blood samples
using the MasterPure™ DNA Purification Kit (Epicentre
Biotechnologies, Madison, WI, USA), and 200 ng of DNA
from each study participant was digested with the methyl-
sensitive restriction enzyme Hpall in the manner described by
Allen et al® which preferentially digests active (unmethylated)
DNA over inactivate (methylated) DNA. The Hpall-treated
DNA was then amplified by polymerase chain reaction (PCR)
with a PTC 100 Programmable Thermal Controller (Bio-Rad
Laboratories, Hercules, CA, USA), using DNA sequences
5" TCCAGAATCTGTTCCAGAGCGTGC 3’ which were
fluorescently labeled with 6-carboxyfluorescein as the for-
ward primer, and 5* GCTGTGAAGGTTGCTGTTCCTCAT
3’ as the reverse primer. The length and amount of each
fragment were determined with the use of capillary electro-
phoresis and an ABI Prism® 3100 DNA sequencer (Applied
Biosystems, Carlsbad, CA, USA) as previously described.?"!
To account for potential differences in allele amplification
and to ensure reproducibility, up to three replications were
performed for each sample. Since the CAG repeat is located
and DNA-amplified between the two PCR primers for the
AR gene, the length differences between separate PCR frag-
ments would be attributed to differences in the number of
CAG repeats. The amounts of digested and undigested frag-
ments were measured for each allele from the differences in
PCR peak heights recorded in the digested and undigested
DNA fragment aliquots and the XCI status determined for
each X chromosome represented by the two polymorphic
AR alleles.

The number of CAG repeats in the allele represented by
the shorter PCR fragment (termed CAGS) and the number
of CAG repeats in the allele represented by the longer PCR
fragment (termed CAGL) were averaged across subjects. The
average overall CAG (CAG, ) repeat length was calculated
from the mean of CAGS and CAGL. The CAG,  was also cat-
egorized as those falling above and below the upper quartile
range (75th centile) (=18 CAG repeats). SAS® 9.2 statistical
analysis software (SAS Institute Inc., Cary, NC, USA) was
then used to calculate descriptive statistics and interrela-
tionships between outcome measures, using nonparametric
Spearman’s rank correlation coefficient (p). Bonett and
Wright* used a two-stage approximation method to assess the
sample size needed to identify significant associations using
Spearman rank correlations and found N=16 was sufficient to
identify strong correlations (p>0.9) at 0.<<0.05 significance
level, depending on the sample variance. Linear regression
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analysis with Bonferroni correction for multiple testing was
used to compare group means. Due to racial differences in
AR CAG repeat length,'®32 African—American and Caucasian
female alcoholics were analyzed separately and as a group.

Results

CAG repeat length

The overall CAG,_  * standard deviation (SD) for study females
was 16.911.75; range: 13.5-20.5, which is within the norma-
tive CAG repeat range of eight to 35 repeats.'”” The CAG,_  was
within normal range for the 19 African—American and seven
Caucasian women (Figure 1), although it was shorter than the
normative population CAG repeat length estimates (average
+ SD) for nonalcoholics in both racial groups (21.942.8 in
whites and 19.7£3.1 in blacks).!® In agreement with previ-
ous reports,'®3*3* we found that the mean polyglutamine
CAG repeat tract in exon 1 of the AR gene was significantly
shorter in African—American (16.5£1.65; range: 13.5-19.5)
than in Caucasian females with alcoholism (18.1£1.52; range:
16.5-20.5) (F=5.27; P=0.03) (Table 1). The mean CAGS was
also significantly shorter in African—American (14.8+1.61;

W African—American = Caucasian

Frequency
w

13 14 15 16 17 18 19 20
CAG,  repeat length

Figure | Histogram illustrating the frequency distribution of average CAG repeat
lengths observed in African—American (N=19) relative to Caucasian (N=7) women
with alcoholism.

Abbreviations: CAG, cytosine—adenine—guanine polymorphism; CAG_, average
CAG repeat length.

range: 12—18) than in Caucasian females (16.722.06; range:
15-20) with alcoholism (F=5.98; P=0.02). The relationship
between the percent inactivation of the CAGS and race did
not meet statistical significance (F=2.28; P=0.14), with the
tendency to inactivate the shorter allele at approximately a
50:50 ratio for both races. Further, no significant difference
in the degree of XCI skewing was observed between races.

Psychiatric severity

As expected, our alcohol-dependent females scored signifi-
cantly higher than the standardized norms (84th centile) for
nonpsychiatric populations using the SCL-90-R (Figure 2)
and BIS-11 instruments, indicating a significant level of
psychiatric distress and elevated levels of impulsivity.!!3
No significant differences were observed between African—
American and Caucasian alcoholic females when com-
paring the BIS-11 or most of the SCL-90-R subscales.
African—Americans scored significantly higher on three
of the nine SCL-90-R subscales: phobic anxiety, paranoid
ideation, and psychoticism (Figure 2), but differences in
the Global Severity Index (GSI) did not meet statistical
significance. The mean lifetime alcoholism severity scores
for African—Americans (22.813.9; range: 16—-31) did not dif-
fer significantly from those of Caucasians (22.717.4; range:
9-31) (F=0.00; P=0.95), reflecting similarities in lifetime
alcohol exposure.

CAG repeat length, psychiatric

severity, and impulsivity

The length of CAG repeats (CAGS, CAGL, and CAG, )
of the AR gene did not correlate with alcoholism severity
or psychiatric severity, as measured by the SCL-90-R, for
African—American or Caucasian females when considered
separately or together. The percent inactivation of CAGS
and shorter length of CAGS were significantly correlated
with increased anxiety and paranoia symptoms among the
African—American and Caucasian females, but the length
of the CAG repeat did not appear to contribute broadly to

Table | The length of the CAG repeat in exon | of the androgen receptor gene by race, in females with alcohol dependence

Variable Overall (N=26) African-American (N=19) Caucasian (N=7) F-value P-value
Mean + SD Range Mean = SD Range Mean £ SD Range

CAGS 15.3+1.9 12-20 14.8+1.6 12-18 16.7+2.06 15-20 5.98 0.02

CAGL 18.5+2.4 14-23 18.2+2.52 14-23 19.6x1.62 1721 1.88 0.18

CAG,, 16.9+1.8 13.5-20.5 16.5+1.65 13.5-19.5 18.11.52 16.5-20.5 527 0.03

% Inact CAGS 48.4+19.0 16.6-86.9 51.7£20.3 16.6-86.9 39.3+11.6 27.9-56.2 2.28 0.14

XCI skewness 31.6£20.4 2.2-73.8 33.1£22.7 2.2-73.8 27.8£12.8 10.5-44.3 0.33 0.57

Abbreviations: CAG, cytosine—adenine—guanine polymorphism; CAG_ , average CAG repeat length; CAGL, long AR allele; CAGS, short AR allele; Inact CAGS, inactivated

CAGS; SD, standard deviation; XCl, X chromosome inactivation.
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Figure 2 Symptom Checklist-90-R (SCL-90-R) normative scores for females by race relative to nonpsychiatric controls.

Notes: Normative SCL-90-R scores are derived from mean raw scores of 99% of the nonpsychiatric Caucasian female controls. Data are presented as area t-scores, with a
mean =50th centile and a standard deviation of 10. Mean t scores were compared by race using a general linear model with a Bonferroni correction for multiple testing.
Abbreviations: Gen severity, Global Severity Index; Intper sensitiv, interpersonal sensitivity; OCD, Obsessive-Compulsive Disorder.

alcoholic or psychiatric severity. However, examination of the
BIS-11 raw scores among the alcoholic females as a group
revealed a significant positive correlation between CAGL and
CAG,  with first- and second-order factors of the BIS-11. As
shown in Table 2, CAGL was positively correlated with two
of the six BIS-11 first-order factors, one of the three second-
order factors, and with total impulsiveness. This association
appeared to reflect an effect in Caucasian females, where
CAGL was positively correlated with four of the six BIS-11
first-order factors, two of the three second-order factors,
and with total impulsiveness (Table 2). Several trends were
also observed among African—American females but did not
meet the criteria for statistical significance. A scatter plot of
the correlation between CAG repeat length and BIS-11 raw
scores illustrates the significant positive correlation between
CAGL and Perseverance score, as seen in Figure 3, that was
not observed for CAGS, which may be associated with a
biological threshold at 18 repeats.

CAG, -repeat data, categorized as those falling
above and below the upper quartile range (75th centile)
(=18 CAG repeats), were analyzed using linear regression
with a Bonferroni correction for multiple testing and control-
ling for the effects of race. Overall mean raw scores for the
BIS-11 subscales were compared for (all 26) subjects with
CAG, =18 repeats versus CAG, <18 repeats. The results

showed greater mean raw scores for three of the six BIS-11
first-order factors, two of the three second-order factors, and
for total impulsiveness at CAG, =18 (Figure 4). Signifi-
cantly higher scores on the cognitive complexity (i=—2.57;
P<0.05), perseverance (+=3.65; P<<0.01), motor impulsive-
ness (t=—3.87; P<<0.01), and nonplanning impulsiveness
(t=—2.58; P<0.05) subscales were observed for Caucasian
women with CAG,_ =18 repeats. Similarly, significantly
higher scores on the cognitive complexity subscale (=—2.12;
P<0.05) were observed for African—American females with
CAG, =18 repeats, suggesting that the association between
impulsivity traits and CAG repeat length is not limited to an
effect in Caucasian women.

Discussion

The present study provides a preliminary examination of
the relationship between the CAG repeat length of exon 1
of the AR gene and the severity of psychiatric distress and
alcoholism in a group of severely alcohol dependent females.
CAG repeat length was correlated with increased impulsivity
but not psychiatric symptomology among alcohol-dependent
women. Racial differences were observed that were consis-
tent with previous reports identifying shorter average repeat
lengths among African—American than Caucasian women.
Women with average CAG repeat lengths in the upper quartile
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Table 2 Correlation between BIS-11 raw scores and CAGL in women with alcohol dependence

Variable (raw scores) Overall African-American (N=19) Caucasians (N=7)
Spearman P-value Spearman P-value Spearman P-value
coefficient coefficient coefficient

BIS- 11 first-order factors

Attention impulsiveness 0.29 0.15 0.34 0.15 0.51 0.243
Motor impulsiveness 0.30 0.13 0.16 0.50 0.85 0.02*
Self-control impulsiveness 0.28 0.17 0.26 0.28 0.77 0.04*
Cognitive complexity 0.41 0.04* 0.44 0.06 0.90 0.006*
Perseverance 0.52 0.006* 0.42 0.07 0.96 0.0005*
Cognitive instability 0.12 0.55 0.19 0.43 0.00 1.0

BIS-1| second-order factors

Attentional impulsiveness 0.22 0.27 0.29 0.22 0.26 0.574
Motor impulsiveness 0.38 0.05* 0.21 0.38 0.96 0.0005*
Nonplanning impulsiveness 0.37 0.06 0.40 0.09 0.82 0.02*
Total impulsiveness 0.43 0.03* 0.41 0.08 0.78 0.04*

Note: *Statistically significant (P<0.05).

Abbreviations: BIS, Barratt Impulsivity Scale; CAG, cytosine—adenine—guanine polymorphism; CAGL, long AR allele.

range showed deficits in nonplanning and motor impulsivity,
which reflect problems with attention to detail and acting
without thinking. Correlations in these specific domains are
indicative of nonspecific cognitive impairments commonly
observed in alcoholism and may inform the underlying psy-
chopathology or predict treatment response.

AR gene allele length and androgen effects on behavior
and psychopathology have been proposed to contribute to
alcoholism and related personality traits and comorbidities, in
males and females.!*!"142122 Previous studies have identified

arelationship between a smaller number of CAG repeats and
increased impulsivity in males.?'">* Impulsivity has also been
associated with an increased risk of developing alcoholism
in males and increased alcoholism severity, but a paucity of
data exists regarding females.!! To our knowledge, there are
no reports examining the influence of the CAG repeat length
of the AR gene on psychiatric outcomes in females.
Hormone disregulation attributable to the effects of
alcohol has been associated with increased testosterone
levels and masculinized phenotype in female alcoholics,

5
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Figure 3 Spearman rank correlation between Barratt Impulsivity Perseverance scores and CAG repeat length in African—American and Caucasian women with alcoholism.
Notes: The data are presented as a scatter plots of CAG repeat length for the longer and shorter alleles for all the study subjects (N=26). Trend lines have been added to
illustrate the correlation between Perseverance raw scores and CAG repeat length, among both African—American and Caucasian females. The vertical demarcation line indicates
the categorical divide for CAG_  above and below |8 repeats, representing the upper quartile range (75th centile). The Spearman rank correlation coefficients (r) are shown.
Abbreviations: AR, androgen receptor; CAG, cytosine—adenine—guanine polymorphism; CAG_, average CAG repeat length; CAGL, long AR allele; CAGS, short AR allele.
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Figure 4 Barratt Impulsivity Scores for average CAG repeat length above and below 18 CAG repeats for African—American (N=19) and Caucasian (N=7) females with

alcoholism.

Notes: Mean scores were compared using a general linear model, adjusted for the effects of race, and a Bonferroni correction for multiple testing, to compare mean scores

by race. Statistical significance *P<<0.05; **P<0.01.

Abbreviations: CAG, cytosine—adenine—guanine polymorphism; CAG_ , average CAG repeat length.

which may influence impulsivity ratings.'* Baghaei
et al®*® reported elevated masculine personality traits
in healthy Swedish (Caucasian) women possessing AR
allele CAG,  >19 repeats. The presence of masculine
personality traits in these nonalcoholic subjects suggests
that masculinized phenotype may result from the AR gene
CAG allele size and is not merely a product of alcoholic
behaviors. The positive correlation between the length
of AR allele and impulsiveness observed in our sample
supports this conclusion. The increased association in
Caucasian relative to African—American females may be
explained by the larger average number of CAG repeats
in Caucasians who have a higher frequency of longer
repeats (ie, CAG repeat lengths in the upper quartile, 75th
centile).

Further study is needed to confirm this association
and elucidate the possible mechanism for the relationship.
Impulsiveness in this context may arise from cross talk or
the feedback effects of reduced AR expression patterns
on synthesis and release of hormones. Furthermore, the
specific pathogenesis of SBMA (observed at trinucleotide
repeat lengths >40) is modified by additional factors,
such as DNA-binding, interdomain interactions, and
posttranslational modification of AR.' Even within the
normal range, AR gene polymorphisms are associated
with variations in androgen sensitivity, which correlate
with neurological and endocrine problems, including the

risk of developing prostate and breast cancer and infertil-
ity.!>1¢ Chronic alcoholism, particularly when combined
with aging, may increase the nuclear accumulation of
abnormal polyglutamine-expanded AR protein encoded by
CAG repeats in the high normal range (18-35 trinucleotide
repeats). This may reduce the threshold for neurotoxic-
ity and contribute to neurological dysfunction, such as
increased impulsivity.

The interpretation of these findings must be tem-
pered to account for the relatively small sample size
(N=26 females) and considered in the context of active
alcohol dependence, which can directly influence hormone
levels as well as cognitive function. Replicative studies
including more females with alcoholism of both races are
warranted. In addition, the comparison of impulsiveness
scores in the general population of females without a his-
tory of alcoholism should be analyzed before AR allele
size is considered a potential risk factor for alcoholism
and abnormal behavior.
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