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Because an extended period of heavy alcohol consumption
is the sine qua non of a diagnosis of alcohol use disorder
(AUD), heavy drinking and AUD are often viewed as inter-
changeable traits. However, despite their obvious phenotypic
overlap, neither of the major diagnostic systems—DSM or
ICD—includes a quantitative measure of alcohol consump-
tion as a criterion for the diagnosis of AUD. These diagnostic
systems focus on the biobehavioral elements of AUD that
comprise the alcohol dependence syndrome (1), rather than
alcohol consumption per se, and underscore the differences
between the traits.

Recent large-scale genome-wide association studies
(GWASs) in samples for which both a measure of alcohol
consumption and an AUD diagnosis are available have iden-
tified multiple genetic variants that contribute to both
traits—reflecting their shared genetic risk—as well as genetic
variation unique to each (2, 3). In these studies, alcohol con-
sumption and AUD, although positively genetically corre-
lated, diverge in their genetic correlations with many other
traits. These and other studies (e.g., 4, 5), show that AUD
and the broader phenotype of problematic alcohol use are
positively genetically correlated with a broad range of psy-
chiatric (e.g., schizophrenia, major depression) and sub-
stance use (e.g., tobacco, cannabis) disorders and are
negatively associated with intelligence and socioeconomic
measures (e.g., educational level and material deprivation).
In contrast, a measure of alcohol consumption (such as that
derived from the Alcohol Use Disorders Identification Test
[AUDIT]) (6), shows negative genetic correlations with
some psychiatric disorders and positive correlations with
socioeconomic traits (2, 3, 7). These divergent findings may
reflect true biological effects or confounding by selection
bias, genetic heterogeneity, or measurement error, including
inaccurate self-reports and changes in alcohol consumption
and symptoms over time (3, 8, 9).

The rapid pace of gene identification for alcohol-related
traits was made possible by the availability of increasingly
large study samples, including clinical samples for which
electronic health record (EHR) and genetic data are avail-
able and community-based samples with phenotype data
linked to genetic biobanks. However, EHR data can be
biased by socioeconomic and other environmental character-
istics unique to specific patient populations. They are also
limited by a lack of structured phenotypes, as they were

developed and are maintained to serve clinical and
reimbursement-related, rather than research, aims. Similarly,
individuals whose data come from direct-to-consumer com-
mercial DNA testing companies (e.g., 23andMe) or public
efforts aimed at promoting genetic research (e.g., the UK
Biobank) differ from the general population on socioeco-
nomic factors and other features, which can also contribute
to confounding in genetic analyses.

Recent efforts to assess the impact of these confounders
on the observed inconsistencies in genetic correlations
between alcohol-related traits and other traits include two
studies conducted in the UK Biobank (8, 9) and one in the
Million Veteran Program (3). Xue et al. (8) showed that indi-
viduals in the UK Biobank with a higher disease burden—
based on the number of common diseases they
endorsed—are more likely to misreport or to reduce their
level of alcohol con-
sumption over time
and proposed a method
to mitigate the biases.
Their application of the
correction procedure
led to the removal of
metabolic and cardio-
vascular traits from the
alcohol consumption
GWAS and almost all previously reported negative genetic
correlations between alcohol consumption and common dis-
eases becoming either positive or nonsignificant. Dao et al.
(9) assessed the effects of excluding former drinkers from the
heterogeneous group of current nondrinkers in three over-
lapping GWASs in participants from the UK Biobank. These
investigators compared groups stratified by alcohol consump-
tion level and former drinker or lifetime abstinent status on
the frequency of alleles in rs1229984, a polymorphism in the
ADH1B gene consistently associated in multiple populations
with both alcohol consumption and AUD (2–4, 7). Excluding
former drinkers from a GWAS of alcohol consumption
yielded a stronger association with rs1229984 and three novel
single-nucleotide polymorphisms (SNPs) (9). Kember et al.
(3) also found that excluding individuals from the Million
Veteran Program who reported no drinking in the previous
year increased the level of significance of the association of
the ADH1B SNP with alcohol consumption (measured with

The study byMallard
et al. complements
previous efforts to
mitigate biases in the
genetic analysis of data
from EHRs or other
potentially biased
sources.
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the AUDIT-Consumption [AUDIT-C] score) and increased
the proportion of phenotypic variance explained by all com-
mon SNPs (i.e., the SNP heritability) for both AUD and alco-
hol consumption. Further, this approach revealed positive
genetic correlations of alcohol consumption with psychiatric
traits and a negative correlation with intelligence.

The article by Mallard et al. (10) in this issue of the Jour-
nal sought to evaluate and account for heterogeneity in the
AUDIT itself. This 10-item self-report instrument was devel-
oped and widely used to screen clinical and population
groups for hazardous or harmful drinking (6). The AUDIT
has also been widely used in research as a measure of alco-
hol involvement. Recently, AUDIT data have been used in
GWASs of both alcohol consumption (based on responses to
the first three items, i.e., the AUDIT-C subscale) (2, 3, 7)
and alcohol-related problems (based on responses to items
4–10, i.e., the AUDIT-Problems or AUDIT-P subscale) (5, 7).
Mallard et al. conducted an item-level GWAS of the 10
AUDIT items in 160,824 individuals from three population
cohorts. Then, using genomic structural equation modeling
to mitigate biases, they identified novel patterns among the
items. Their findings showed a correlated genetic structure
comprising two factors (alcohol consumption and alcohol-
related problems factors) consistent with prior evidence of
phenotypic and genetic differences between these traits (7).
Using empirically derived weights for each item, they cre-
ated latent factors (i.e., variables that are not directly
observed but are inferred statistically) of consumption and
problems. Importantly, these factors were positively geneti-
cally correlated with alcohol dependence and other meas-
ures of psychiatric and substance use disorders but not with
measures of intelligence or socioeconomic status. Mallard
et al. also observed key differences between the consump-
tion and problems factors in gene- and transcriptome-based
analyses, suggesting partially divergent biological mecha-
nisms for the two latent factors. In a multivariate GWAS,
they identified novel genetic variants associated with one,
the other, or both factors, consistent with a model of over-
lapping but distinct genetic etiologies for alcohol consump-
tion and alcohol-related problems.

The analyses by Mallard et al. also revealed that the
items in the AUDIT are not equally informative. The first
AUDIT item, which measures the frequency of alcohol con-
sumption, was generally less genetically correlated with the
other items and had a smaller factor loading and larger
residual variance than they did. The resultant “frequency
residual” was positively associated with intelligence and
education level and negatively associated with psychopathol-
ogy (e.g., major depressive disorder, alcohol dependence),
suggesting that it may be particularly susceptible to biases
introduced by environmental or socioeconomic factors. This
finding is consistent with epidemiological studies of drinking
behavior (11), which show that greater frequency of alcohol
consumption is associated with higher socioeconomic status
and lower risk of other psychiatric and substance use disor-
ders. In contrast, greater intensity of drinking (i.e., the

number of drinks per occasion) and frequency of intoxica-
tion—the other two items in the three-item AUDIT-C—show
the opposite associations with socioeconomic and psycho-
pathologic features.

The study byMallard et al. complements the previous efforts
(3, 8, 9) to mitigate biases in the genetic analysis of data from
EHRs or other potentially biased sources. Each of these four
approaches (3, 8–10) yielded novel genetic loci for alcohol-related
traits.Thus, efforts arewarranted to combine the approaches in a
manner appropriate to the sample being studied to enhance phe-
notypic accuracy and increase the statistical power of GWASs,
thereby substantially advancing gene discovery for alcohol-
related traits. Confounding in the measurement of alcohol con-
sumption and AUD phenotypes has exaggerated the differences
between these traits. However, even if itwere possible to account
for all confounding in the measurement of these two traits, real
genetic differences between themwould remain.
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