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ABSTRACT

Background Twin data suggest that alcohol dependence comorbid with illicit drug dependence represents a more
heritable form of the disorder. In the Collaborative Study on the Genetics of Alcoholism sample, approximately half the
alcohol-dependent individuals also meet diagnostic criteria for illicit drug dependence. In this study, we tested for
heterogeneity in the association between the muscarinic acetylcholine M2 receptor gene (CHRM?2) and alcohol depen-
dence, reported previously in the full sample, among the subgroups of alcohol-dependent individuals with and without
comorbid drug dependence. Methods Family-based association tests were conducted separately (a) in individuals
with alcohol dependence with comorbid drug dependence (n=477) and (b) in individuals with alcohol dependence
without comorbid drug dependence (n=433). These subgroups were subsequently compared on other phenotypic
characteristics. Results The evidence for association between CHRM?2 and alcohol dependence came entirely from
the subgroup of individuals with comorbid drug dependence. There was no evidence of association with CHRM2
among the alcohol-dependent individuals without drug dependence. Subsequent phenotypic analyses suggest that the
subgroup of alcohol-dependent individuals with comorbid drug dependence differ on a number of other phenotypic
characteristics, including several measures of the severity of their alcohol problems, personality traits and comorbid
psychiatric disorders. Conclusions These analyses provide specific genetic evidence suggesting that alcohol depen-
dence with comorbid drug dependence represents a particularly severe form of the disorder, with higher genetic
contribution to vulnerability.
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INTRODUCTION National Epidemiologic Survey on Alcohol and Related

Conditions [4]), as well as in other countries (the Austra-
Several large epidemiological surveys conducted in the lian National Survey of Mental Health and Well Being:
United States (the Epidemiological Catchment Area Study NSMH & WB [5]; and the Mental Health Supplement of
[1], the National Longitudinal Alcohol Epidemiological = the Ontario Canada Health Survey: MHS-OHS [6]),
Survey [2], the National Comorbidity Survey [3] and the =~ demonstrate significant comorbidity between alcohol use
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scientific contributions to the field.
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Tllicit
drug dependences are among the most frequently

disorders and other psychiatric problems.
co-occurring disorders with alcohol dependence [7-9].
Several studies suggest that individuals with alcohol
dependence and comorbid drug dependence differ from
individuals with alcohol dependence alone on several
dimensions. There are demographic differences: individu-
als with comorbid alcohol and other drug dependence are
more likely to be younger, male, never married and of
lower socio-economic status [4]. In addition, there is a
suggestion that alcohol dependence with comorbid drug
dependence may represent a more severe form of the dis-
order. Individuals with alcohol dependence who attempt
or complete suicide are more likely to have comorbid sub-
stance problems [10]. In addition, comorbid individuals
have higher use of health services [5] and are more
likely to seek treatment [4,11]. Furthermore, alcohol-
dependent individuals with comorbid drug problems are
more likely to relapse after treatment [12].

There is also an indication that alcohol dependence
comorbid with drug dependence may represent a form of
the disorder with higher heritability. Electrophysiological
abnormalities in alcohol-dependent individuals, which
are thought to index genetic vulnerability such as a
reduced P3 amplitude compared to controls [13], are
most dramatic in alcohol-dependent individuals who also
have a diagnosis of illicit drug abuse or dependence, par-
ticularly if they also display antisocial personality [14]. In
a study of the relationship between parental alcoholism
and adolescent psychopathology, adolescents with a
parent with comorbid alcohol dependence and drug
dependence showed elevated rates of psychological prob-
lems in adolescence, whereas adolescents with parents
with alcohol dependence only did not show elevated rates
of psychopathology [15]. In a small study of monozygotic
(MZ) and dizygotic (DZ) twin pairs, DSM-III alcohol
dependence in males was found to be heritable only when
comorbid with DSM-IIIT drug dependence or mental disor-
der, but not when the proband had alcohol dependence
alone [16]. In an extension of this work, a latent class
analysis of alcohol-dependent individuals from the Epide-
miological Catchment Area study found that only the
severe alcohol dependence subtype, characterized by sig-
nificantly greater comorbid drug dependence, showed
evidence of genetic influence [17].

More recently, individuals have begun to take this
comorbidity into account in an attempt to understand
specific gene association results more clearly. For
example, Kranzler and colleagues examined whether
heterogeneity related to association results with the
5-HTTLPR polymorphism in the promoter region of the
serotonin transporter gene and alcohol dependence may
be explained by a difference in comorbid drug depen-
dence; however, they found no evidence that this was the
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case in the relation to this polymorphism in their sample
[18]. In the Collaborative Study on the Genetics of Alco-
holism (COGA) sample, approximately half the alcohol-
dependent individuals in the genetic analysis sample
meet criteria for comorbid drug dependence. We previ-
ously conducted follow-up analyses of the association
between a GABA-A receptor gene, GABRA2, and alcohol
dependence reported in the full sample [19] to test for
possible heterogeneity associated with the presence of a
comorbid drug dependence diagnosis. We found that the
evidence for association came entirely from the subset of
alcohol-dependent individuals with comorbid drug
dependence; there was no evidence for association
among the subgroup of alcohol-dependent individuals
without a comorbid drug diagnosis [20].

Here we report parallel analyses for another gene, the
muscarinic acetylcholine M2 receptor gene (CHRM2),
that is associated with alcohol dependence in the COGA
sample [21]. CHRM2 was investigated originally in the
COGA project based on its proximity to a linkage peak
associated with evoked brain oscillations involved in P3
[22], an electrophysiological endophenotype related to
alcohol dependence and drug dependence, as described
above [23]. Muscarinic acetylcholine receptors belong to
a family of G-protein-coupled receptors that activate a
multitude of signaling pathways important for modulat-
ing neuronal excitability, synaptic plasticity and feedback
of acetylcholine release [24]. They are present in the
central nervous system and thought to be involved in
many brain functions, including attention, learning,
memory and cognition [25]. The association observed
between CHRM?2 and alcohol dependence in the COGA
sample has been replicated by an independent group
[26]. Interestingly, in that replication sample, an associa-
tion between CHRM?2 and drug dependence was also
observed. In this study, we first examined the association
between single nucleotide polymorphisms (SNPs) in the
CHRM?2 gene among alcohol-dependent individuals with
and without comorbid illicit drug dependence. We then
conducted further phenotypic analyses comparing these
subgroups of alcohol-dependent individuals.

METHODS
Sample

COGA is a multi-site project, in which families were col-
lected by six centers across the United States: Indiana
University, State University of New York Health Science
Center, University of Connecticut, University of Iowa,
University of California/San Diego and Washington Uni-
versity, St Louis. Probands identified through in-patient
or out-patient alcohol treatment programs by each of
these six sites were invited to participate if they had a
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sufficiently large family (usually sibships > 3 with parents
available) with two or more members in a COGA catch-
ment area [27]. A total of 2282 individuals from 262
multiplex alcoholic families were included in the COGA
genetic analysis sample. Of the total sample, 83% of the
families reported their race as white, 13% as black and
4% of other descent. The mean age of the sample was
39.5 (standard deviation, SD =14.8) (range: 17-91)
[8,14]. The sample includes slightly more women (54%)
than men, although men were more likely to be affected
with alcohol dependence (46% versus 20%). The institu-
tional review boards of all participating centers approved
the study. Additional details about the study have been
published previously [27,28].

Phenotypes

All phenotypic diagnoses were based on interview data
from participants who were administered the Semi-
Structured Assessment for the Genetics of Alcoholism
(SSAGA) interview [29,30]. Life-time alcohol depen-
dence diagnoses were made using the criteria of the
Fourth Diagnostic and Statistical Manual of the Ameri-
can Psychiatric Association (DSM-IV; [31]). The SSAGA
was created at the time that DSM-IV was being developed;
accordingly we included criteria to diagnose alcohol
dependence (the primary phenotype of study in COGA)
according to DSM-IV, while diagnoses of other disorders
were assessed using the established Third Revised (DSM-
IIIR) criteria [29,30]. The rate of alcohol dependence
among the genotyped individuals in the sample was 41%.
Of the alcohol-dependent individuals in COGA, 52% also
met criteria for an illicit drug dependence diagnosis.
There were 477 individuals with alcohol dependence
with comorbid illicit drug dependence and 433 individu-
als with alcohol dependence without comorbid illicit drug
dependence. Of the individuals who met criteria for an
illicit drug dependence: 71.5% (n = 341) met criteria for
marijuana dependence; 58.5% (n=279) met criteria
for cocaine dependence; 18.5% (n = 88) met criteria for
opioid dependence; 33.3% (n=159) met criteria for
stimulant dependence; and 20.1% (n=96) met criteria
for sedative dependence.

Genotyping
Publicly  available  databases, dbSNP  (http://
www.ncbi.nlm.nih.gov/SNP/) and HapMap (http://

www.hapmap.org), were used to identify SNPs within
and flanking the CHRM?2 gene. In addition, a number of
novel SNPs were identified by sequencing. We genotyped
27 SNPs within and flanking CHRM2. SNPs were
selected to cover all exons and flanking intronic
sequence as well as putative upstream promoter regions
and a region of high sequence conservation in intron 3.
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The location of genotyped SNPs across the gene is illus-
trated in [32]. The minor allele frequency was > 0.10 in
all cases (average = 0.45). Genotyping was performed
using a modified single nucleotide extension reaction,
with allele detection by mass spectroscopy (Sequenom
MassArray system; Sequenom, San Diego, CA, USA). All
genotypic data were checked for Mendelian inheritance
of marker alleles with the USERM13 [33] option of the
MENDEL linkage computer programs, which was then
used to estimate marker allele frequencies. Trio data
from Caucasian individuals genotyped in the COGA data
set was entered into the program Haploview [34] to
examine the linkage disequilibrium structure of the
genotyped SNPs (Fig. 1).

Genetic analyses

Multiplex families of alcoholics were used in tests of asso-
ciation between each of the SNPs and each of the pheno-
types studied, using the Pedigree Disequilibrium Test
(PDT) [35]. The PDT can analyze data from extended
pedigrees, using all available trios in a family (two parents
plus child genotyped) as well as discordant siblings. The
PDT tests for (1) overtransmission of a particular allele to
affected individuals and (2) an increased frequency of the
overtransmitted allele in affected siblings compared to
their unaffected siblings. This test produces two statistics:
the ‘PDT-ave’, which averages the association statistic
over all families, and the ‘PDT-sum’, which gives greater
weight to larger families with more informative trios and
discordant siblings [35]. As in previous COGA papers
analyzing CHRM2 [21], the P-values presented are
uncorrected for multiple testing. This allows for compari-
son between the association analyses of CHRM2 reported
previously for the full sample, and the results reported
here separately for the subgroups of alcohol-dependent
individuals with and without drug dependence. Because
no consensus exists for the most appropriate way to
handle the analysis of correlated phenotypes and corre-
lated SNPs, the strategy generally employed by the COGA
group has been to consider as positive a group of SNPs
yielding evidence of overtransmission that correspond
with the pattern of LD, rather than using strict P-value
cut-offs for evaluating evidence for association for a par-
ticular gene. However, the evaluation of the overall
strength of association is less critical in the present paper:
multiple positive reports exist for the association between
CHRM?2 and alcohol dependence [21,26]; accordingly,
the question being addressed in this paper is not the evi-
dence for association per se, but the comparison of results
across the subgroups to test for genetic heterogeneity in
the sample.

Genetic analyses were conducted separately for (a)
individuals with alcohol dependence and comorbid drug
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Figure | Haploview plot of linkage disequilibrium structure (D) across the genotyped single nucleotide polymorphisms (SNPs) using

Caucasian individuals from the COGA sample

dependence and (b) individuals with alcohol dependence
without a comorbid drug dependence diagnosis. The
unaffected group was kept constant across analyses, con-
sidering only individuals who reported neither alcohol
nor drug dependence as unaffected. For example, con-
sider a family with three siblings, where Sib1 is diagnosed
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with alcohol and drug dependence, Sib2 is diagnosed
with alcohol without drug dependence and Sib3 does not
meet criteria for alcohol or drug dependence (i.e. unaf-
fected). For the PDT analyses of alcohol and drug depen-
dence, Sib1 is affected, Sib2 is missing (not used in the
analysis) and Sib 3 is unaffected. Therefore, Sib1 is used in
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computing the overtransmission statistic, and Sibl and
Sib3 form the discordant pair. In contrast, for the PDT
analyses of alcohol without drug dependence, Sibl is
missing, Sib2 is affected and Sib 3 is unaffected. There-
fore, Sib 2 is used in evaluating overtransmission, and
Sib2 and Sib3 form the discordant pair. For an example
SNP selected at random, rs1824024, the number of
allelic transmissions from heterozygous parents to
affected offspring was 473 and the number of discordant
sibships was 222 for the alcohol with drug dependence
group; for the alcohol without drug dependence group,
the number of informative transmissions was 460 and
discordant sibships was 145. The exact number of
parent—child transmissions and discordant sibships
varied slightly across SNPs as a function of the heterozy-
gosity and missing rate of the individual SNPs.

Phenotypic analyses

A series of additional analyses was conducted comparing
the alcohol-dependent individuals with and without drug
dependence on a variety of additional phenotypes
assessed by COGA: demographic variables, alcohol use
patterns, comorbid disorders and personality. Personality
was assessed with the Tridimensional Personality Ques-
tionnaire [36]. All other variables were obtained in the
SSAGA interview. Because the age at time of interview
differed significantly between the groups (mean = 42.81,
SD =14.41 among the alcohol-dependence with drug-
dependence group; mean = 33.33, SD = 8.00 among the
alcohol-dependence without drug-dependence group;
P < 0.0001), we compared group differences on the addi-
tional phenotypes of interest using the GLM procedure in
the SAS software program [37] to take into account age
at time of interview.

RESULTS
Genetic analyses

Table 1 shows the P-values from association tests for each
of the markers in CHRM?2 with the alcohol-dependent
individuals split into two groups: those with comorbid
drug dependence and those without drug dependence.
As the table illustrates, the association with alcohol
dependence that was observed previously in the full
COGA sample [21] comes entirely from the subgroup of
individuals with alcohol dependence and comorbid drug
dependence. There is no evidence of association with
CHRM?2 among the alcohol-dependent individuals who
do not have comorbid drug dependence. The failure to
observe an association in the group of individuals who
are alcohol-dependent without drug dependence is not
likely to be due to a lack of power (if the effects are of
equal magnitude), because the numbers of alcohol-
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Table 1 P-values from association tests with CHRM2 SNPs.

AD with DD AD without DD

Marker name  Position (bp)  Sum Ave. Sum Ave.

rs1424558 135988926 1.00 0.64 0.68 0.84
rs1424574 136006288 0.92 0.61 0.26 048
rs13247260 136010518 0.16 0.51 0.80 0.33
rs1424569 136026671 0.51 0.77 091 0.19
rs1424387 136046865 0.09 0.35 0.96 0.68
rs2350780 136050224 0.07 0.16 0.88 0.79
rs978437 136071433 0.001* 0.003* 0.94 0.86
rs36210734 136080468 0.04* 0.04* 0.66 0.81
rs36210735 136080901 0.02* 0.01* 0.97 0.98
rs7782965 136081388 0.01* 0.02* 0.74 0.70
rs7800170 136081575 0.005* 0.01* 0.84 0.91
rs1455858 136088958 0.05* 0.06 0.86  0.69
rs1378646 136092256 0.007* 0.006* 0.90 0.98
rs1824024 136100949 0.004* 0.004* 0.94 0.89
rs2061174 136118655 0.05* 0.09 0.61 0.72
rs7799047 136128813 0.26 0.26 0.44 095
rs2350786 136133825 0.42 0.30 0.34 0.68
rs36210736 136134189 0.10 0.46 1.00 0.86
rs6948054 136138056 0.08 0.07 0.38 0.84
rs324640 136146251 0.07 0.07 091 0.96
rs324650 136150916 0.06 0.06 0.81 0.58
rs324651 136156516 0.03* 0.01* 0.75 0.75
rs8191992 136158563 0.06 0.05* 093 0.66
rs8191993 136158818 0.11 0.13 0.22  0.33
rs1378650 136162406 0.17 0.10 0.74  0.88
rs1424548 136167015 0.74 0.65 0.25 0.14
rs324656 136171367 0.47 0.78 0.52  0.39

AD = alcohol dependence; DD = drug dependence; SNPs (single nucle-
otide polymorphisms) in bold type significant at P = 0.05 shown with an
asterisk.

with and without

dependence are comparable.

dependent individuals drug

Phenotypic analyses

These findings led us to conduct analyses comparing the
alcohol-dependent individuals with and without comor-
bid drug dependence on a variety of additional pheno-
types to understand more clearly the differences between
these groups (Table 2).

Males were slightly over-represented among the indi-
viduals with comorbid drug dependence, although this
difference did not reach statistical significance. The
alcohol-dependent individuals with comorbid drug
dependence endorsed a significantly higher number of
DSM-IV criteria and were significantly more likely to
exhibit high-risk drinking patterns, as indicated by a
younger age of onset of alcohol dependence, a younger
age of onset of regular drinking and first drunkenness, a
higher maximum number of drinks consumed in
24 hours and increased rates of bingeing and with-
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Table 2 Comparison of alcohol-dependent individuals with and without comorbid drug dependence; percentages or means (with

standard deviations) presented.

AD with DD AD without DD
m=477) m=432) P-value*
Demographics and drinking variables
Gender (% male) 68.97% 62.96% 0.06
Ethnicity (% black/white) 13.4/82.6% 11.1/86.6% 0.48
Number DSM-IV symptoms 5.63 (1.44) 4.86 (1.41) <0.0001
Age onset AD 20.76 (5.28) 26.81 (10.02) < 0.0001
Treatment for a drinking problem 66.25% 47.92% <0.0001
Age started regular drinking 16.13 (3.92) 18.61 (5.56) 0.0003
Age first drunk 14.32 (3.74) 17.15 (5.10) < 0.0001
Maximum drinks in 24 hours 32.88 (21.71) 24.27 (15.03) < 0.0001
Bingeing 65.41% 46.99% <0.0001
DSM-IV withdrawal 55.46% 42.92% < 0.0001
Withdrawal symptoms 3.28 (3.08) 2.36 (2.91) <0.0001
SRE: first drinking 4.44 (2.68) 5.04 (3.99) 0.1133
Personality
Harm avoidance 14.56 (7.43) 13.91 (7.45) 0.2236
Novelty seeking 18.55 (5.18) 15.68 (5.26) < 0.0001
Reward dependence 12.48 (3.81) 12.62 (3.79) 0.17
Comorbidity
Antisocial personality disorder 34.38% 7.03% <0.0001
Conduct disorder 40.04% 12.38% < 0.0001
Anxiety disorders 15.55% 10.33% 0.0261
Eating disorders: 4.61% 2.34% 0.2549
Major depressive disorder 57.65% 38.52% 0.0004
Mania 4.62% 1.64% 0.0392
Habitual smoking 87.58% 79.58% < 0.0001

AD = alcohol dependence, DD = drug dependence. TAgoraphobia, obsessive-compulsive disorder, social phobia, panic disorder; fanorexia nervosa,
bulimia. *P-values associated with all comparisons except for gender and ethnicity are corrected for age at time of interview.

drawal. They were also more likely to report treatment for
a drinking problem. Interestingly, the group of individu-
als with alcohol dependence without drug dependence
reported higher initial sensitivity to alcohol on their
initial drinking occasions.

In the personality comparisons, individuals with
alcohol dependence comorbid with drug dependence had
higher novelty seeking scores. There were no differences
in scores on the harm avoidance or reward dependence
scales.

Finally, alcohol-dependent individuals with comorbid
drug dependence had significantly elevated rates of
comorbid psychiatric disorders, across virtually all cat-
egories of psychiatric disorders assessed in the SSAGA.
Due to the low number of individuals who reported spe-
cific anxiety disorders or eating disorders, individual
diagnoses were collapsed to compare overall rates of
these problems. The most pronounced differences were a
nearly fivefold increase in the rate of antisocial personal-
ity disorder (ASPD) and a greater than threefold increase
in the rate of conduct disorder among the individuals
with comorbid alcohol dependence and illicit drug depen-
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dence. Major depressive disorder was also significantly
more common among individuals with comorbid alcohol
dependence and drug dependence. This difference was
reduced when only independent episodes of depression
(those not related to alcohol use) were considered
(27.60% in the alcohol dependence with drug depen-
dence group versus 20.42% in the alcohol dependence
without drug dependence group), but the difference
remained significant (P =0.038). There was no signifi-
cant difference in rates of eating disorders between the
two groups, although this may have been due to the small
number of individuals endorsing these problems. Rates of
habitual smoking, as measured by interview report of
smoking at least one pack a day for 6 months or longer,
were also significantly higher among the alcohol-
dependent individuals with comorbid drug dependence.

DISCUSSION

We found evidence that the association between CHRM2
and alcohol dependence reported previously [21] and
replicated [26] is driven entirely by the subset of the
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COGA sample with alcohol dependence with comorbid
drug dependence. In fact, the association observed in the
alcohol-dependent group with comorbid drug depen-
dence yields P-values very similar in magnitude to the
overall sample [21], despite a nearly 50% reduction in
sample size. There was no evidence of association with
CHRM2 in the alcohol-dependent individuals without
comorbid drug dependence. These results from CHRM2
parallel those from GABRA2 [19,20]. Thus, across two
genes associated with alcohol dependence in the COGA
sample, and replicated by independent groups, we find
evidence that the association with alcohol dependence is
driven entirely by the subset of individuals with alcohol
dependence with comorbid drug dependence.

More detailed phenotypic comparisons of these two
groups of alcohol-dependent individuals suggest that the
subgroup with comorbid drug dependence differs signifi-
cantly on many other characteristics. The individuals
who meet diagnostic criteria for both alcohol dependence
and illicit drug dependence have a more severe alcohol
dependence, as indicated by a higher number of DSM-IV
criteria met, an earlier age of regular drinking and of first
being drunk and an earlier onset of alcohol dependence.
This group has a higher frequency of individuals who
binge drink and who have experienced withdrawal. They
also have a higher maximum number of drinks within a
24-hour period. We do note that the group reporting
alcohol dependence with drug dependence was signifi-
cantly older at time of interview (43 years of age) than
the group reporting alcohol dependence without drug
dependence (33 years of age). However, we do not believe
this could be entirely responsible for the pattern of
results, as (1) the P-values associated with differences
between the groups were significant, even after taking
into account age at time of interview, and (2) both
alcohol-dependent groups show no censoring for many of
the severity items, such as age of onset of regular drink-
ing, age at first drunkenness and age of onset of alcohol
dependence, and these indices also yield a pattern of
results suggesting greater severity in the comorbid group.

In an attempt to understand further whether the
genetic heterogeneity observed in the sample was a func-
tion of comorbid drug dependence, or just a reflection of
the greater severity of alcohol dependence in the comor-
bid group, we conducted a number of exploratory analy-
ses testing for parallel patterns of results when dividing
the sample based on other indices of severity. We com-
pared subgroups of the sample based on an earlier onset
of alcohol dependence (<25 years; 66% of alcohol-
dependent individuals); an earlier age of onset of regular
drinking (< 17 years; 52% of alcohol-dependent indi-
viduals); a higher maximum number of drinks in
24 hours [>29; 38% of the sample (distribution of
maximum drinks made a split closer to 50-50 impos-
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sible)]; and the presence of withdrawal (reported by 50%
of alcohol-dependent individuals). Only the variable age
of onset of regular drinking produced a parallel pattern of
results to that observed for the drug dependence sub-
groups, whereby the association was concentrated in one
subgroup: e.g. for the most significant SNP, rs978437,
PDT-sum P-value = 0.0006 among those who reported
regular drinking prior to age 17, and P =0.79 among
individuals who reported regular drinking starting at age
17 or later. In addition, we compared overtransmission
rates across classes of alcohol-dependent individuals
meeting an increasing number of DSM-IV criteria to look
for a pattern of increasing evidence for genetic associa-
tion among the alcohol-dependent individuals with
higher symptom counts. We found no evidence that this
was the case. Accordingly, a younger age of onset of
regular drinking also appears to index a particularly
severe form of alcohol dependence that is influenced
strongly by genetic factors. A striking association
between an early onset of drinking and the subsequent
development of alcohol dependence has been reported
previously [38,39], with a twin study suggesting that this
association reflects a genetic propensity toward develop-
ing alcohol dependence [40]. Furthermore, age at first
drink has also been associated with reduced P3 ampli-
tude, an electrophysiological marker thought to index
genetic vulnerability to alcohol dependence, as well as
with a broad range of disinhibitory psychopathology,
including illicit drug dependence [39]. The rate of illicit
drug dependence was also very high (64%) among those
reporting early regular drinking in our sample; thus, it is
impossible to tease apart these variables completely.

The subgroup with comorbid drug dependence also
shows a significant increase in virtually all comorbid psy-
chiatric disorders. Most notable are the substantially
elevated rates of ASPD (4.9-fold) and conduct disorder
(3.2-fold). In addition, the alcohol-dependent individuals
with comorbid drug dependence have higher levels of
novelty seeking. Twin studies have demonstrated that a
single genetic factor can account for the comorbidity
observed across alcohol and drug dependence, conduct
disorder, ASPD and disinhibitory personality traits, and
that this latent factor is highly heritable (> 80%) [41-43].
Accordingly, it is possible that the subgroup associated
with CHRM2 represents individuals with this highly
heritable predisposition toward general disinhibitory
psychopathology. The association between CHRM2 and
electrophysiological endophenotypes that are shared
across disinhibitory disorders [22] would also seem to
support this. Follow-up analyses aimed at further investi-
gating the potential role of CHRM2 in general external-
izing psychopathology are ongoing.

In conclusion, we find evidence that the association
between CHRM2, GABRA2 and alcohol dependence
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observed in the COGA sample is driven entirely by the
subset of alcoholic individuals with comorbid drug
dependence. These results match neatly with previous
evidence from twin, family and adoption studies suggest-
ing that the extent to which genetic factors are important
in the development of alcohol dependence can vary as a
function of several characteristics [44,45]. In particular,
there is evidence that alcohol dependence with comorbid
drug dependence represents a more heritable form of the
disorder [46]. Interestingly, the study making that obser-
vation discussed the possibility that this information
could be used to improve our ability to detect specific
genetic effects [46]. Here, we find evidence that this is
the case.
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