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Alcohol use disorders (AUDs) are complex psychiatric 
disorders that can be viewed as the progression of a series 
of transitions (e.g., initiation of use, escalation to hazard-
ous drinking, and transition to compulsive and harmful 
use despite negative consequences) – each influenced by 
different sets of risk factors. Despite this, the field of psy-
chiatric genetics has traditionally used case-control de-
signs to compare individuals who meet diagnostic criteria 
for a particular disorder, such as AUD, to those who do 
not. While this approach is extremely valuable for under-
standing pathological states, it can also be slow and ex-
pensive. Moreover, it can obfuscate genetic associations 
that may be relevant to specific symptoms or clinical pre-
sentations, as it treats continuous and multifaceted phe-
nomena as categorical and unidimensional. However, 
several of these concerns can be ameliorated by using di-
mensional phenotypes, like various aspects of alcohol 
consumption, which conceptualize and measure psychi-
atric phenomena as quantitative traits [1, 2].

Dimensional phenotypes, which are more easily col-
lected in population-based cohorts via self-report ques-
tionnaires, can complement the study of psychiatric diag-

noses in several ways. In this editorial, we review the op-
portunities offered by studying dimensional traits 
together with psychiatric conditions, using alcohol con-
sumption and AUD as exemplars. We go on to discuss 
relevant challenges and the solutions that we and others 
have employed to overcome them. In essence, this edito-
rial attempts to address the following questions: To what 
extent can we use dimensional phenotypes in nonclinical 
populations to learn about the etiology of psychiatric dis-
orders? What considerations should be taken when work-
ing with dimensional phenotypes? Can our existing statis-
tical methods overcome the challenges associated with as-
certainment and related biases?

Over the past decade, genome-wide association stud-
ies (GWASs) have proved to be useful tools for advancing 
our knowledge of genetic influences on complex traits 
like AUD. In 2018, the Psychiatric Genomics Consortium 
(PGC) Substance Use Disorder Workgroup performed 
the inaugural trans-ancestral GWAS of alcohol depen-
dence. This case-control study of a diagnostic phenotype, 
which combined data from nearly 53,000 participants, 
served as the gold standard for modern genetic associa-
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tion studies of AUDs [3]. However, despite its method-
ological rigor and large sample size, the study only identi-
fied 2 genome-wide significant loci – both located in the 
familiar ADH1B gene and previously reported in the lit-
erature [4]. It is now abundantly clear that to better un-
derstand the massively polygenic architecture of AUDs, 
we need to increase statistical power even further.

Dimensional phenotypes measured in large-scale co-
horts provide a means of accomplishing this goal. Dimen-
sional measures of psychopathology can be inexpensively 
collected in large cohorts with hundreds of thousands to 
millions of participants [5]. Indeed, numerous GWASs 
have now used this approach, leveraging the large popu-
lation-based cohort of UK Biobank (UKB), the mega-bio-
bank of US veterans, the Million Veteran Program (MVP), 
and other smaller population-based cohorts to identify 
hundreds of loci associated with alcohol-related pheno-
types [6–14]. In this piece, we will focus on 2 of these stud-
ies – both of which are GWASs of the Alcohol Use Disor-
ders Identification Test (AUDIT [15]) that we conducted 
[7, 16] – in order to illustrate how self-reported dimen-
sional phenotypes can serve as cost-effective strategies to 
complement more traditional, clinically ascertained phe-
notypes.

The AUDIT is a prime example of such a phenotype. It 
is a 10-item self-report questionnaire, with well-estab-
lished psychometric properties, that can assess 2 different 
dimensions of AUD risk: alcohol consumption (AUDIT-
C, items 1–3) and problematic consequences of drinking 
(AUDIT-P, items 4–10). Using this tool, we showed that 
genetic influences on consumption and misuse are only 
partially overlapping [7], emphasizing the value of study-
ing separate dimensions of AUD symptoms. In addition, 
and unexpectedly, AUDIT-C and AUDIT-P showed a di-
vergent set of genetic correlations that puzzled many of us 
at first [7]. For example, AUDIT-C (a composite measure 
of frequency and quantity of drinking – including binge 
drinking) measured in the UKB was only modestly geneti-
cally correlated with alcohol dependence (rg ∼0.3), where-
as there was a large degree of genetic overlap between al-
cohol dependence and AUDIT-P (rg ∼0.6). While this 
finding in and of itself might be intuitive (i.e., most people 
drink alcohol without developing physical or mental 
health problems), it was unexpected given the clear ge-
netic (and conceptual) link between alcohol consumption 
and AUDs (e.g., genetic variation in alcohol metabolizing 
genes directly influences alcohol consumption, which, in 
turn, directly influences the individual’s likelihood of de-
veloping an AUD) [17, 18]. We were further surprised by 
the positive genetic correlations between AUDIT-C and 

well-being and socioeconomic status and negative genetic 
correlations with several psychiatric conditions [7]. Nota-
bly, these findings were not observed for AUDIT-P [7, 19]. 
As these relationships were consistent with those reported 
by other studies of alcohol consumption phenotypes in 
independent cohorts (AUDIT-C in MVP [10] and in a 
hospital-based cohort [19]; drinks per week in UKB [13]; 
and alcohol consumption in GSCAN, 23andMe, UKB, 
and other smaller cohorts [11]), we initially concluded 
that measures of alcohol consumption were not a viable 
proxy for studying AUD.

Indeed, it is not difficult to imagine that alcohol con-
sumption is an example of a phenotype for which the 
population matters greatly. Drinking customs differ from 
country to country, as well as within a country, and they 
are related to socioeconomic status, age, and gender. 
However, it is worth noting that the aforementioned 
studies have used large population-based cohorts (e.g., 
23andMe and UKB), which tend to have sampling strate-
gies that inadvertently recruit individuals who are health-
ier or of higher socioeconomic status than the broader 
population. Therefore, although the apparent divergence 
might reflect true differences in the biology associated 
with alcohol consumption versus problems, we suspected 
that the unexpected genetic correlations may be con-
founded by other factors, such as sources of ascertain-
ment or selection bias [20].

We also hypothesized that the unusual relationships 
might be a consequence of the sum score approach used 
to construct the AUDIT-C and AUDIT-P phenotypes. As 
sum scores assume each survey item is equally informa-
tive of the construct that is being measured, it is possible 
that this approach may be confounded by genetic hetero-
geneity among alcohol phenotypes (frequency, quantity, 
and binge drinking) in a way that yielded incongruous 
associations. In this sense, using “incorrect” item weights 
might have introduced error in downstream genetic anal-
yses, such as those reported above. We anticipated that 
we might be able to resolve some of the previous para-
doxical associations by implementing an approach that 
allowed survey items to vary in their contribution to the 
target construct (e.g., giving more weight to quantity and 
binge drinking and less weight to frequency of drinking). 
Furthermore, we hypothesized that this approach might 
refine the polygenic signal of interest, strengthening the 
relationship between alcohol consumption and AUD.

To test these hypotheses, we used Genomic Structural 
Equation Modeling (Genomic SEM) [21] to analyze each 
individual AUDIT item in a novel multivariate frame-
work that modeled 2 latent genetic factors, Consumption 
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and Problems. These 2 factors conceptually paralleled 
AUDIT-C and AUDIT-P but, critically, allowed for more 
nuanced and empirically derived weights to be applied to 
each of the AUDIT items. This was a stark departure from 
our previous sum score approach that assumed that all 
items were equally informative of alcohol consumption 
and problematic use. By giving appropriate weights to 
each phenotype, we resolved the paradoxical associations 
and identified strong positive genetic correlations be-
tween both Consumption and Problems and alcohol de-
pendence (both rg ∼0.7). Moreover, although Problems 
was more strongly genetically correlated with psychiatric 
disorders, Consumption was no longer negatively corre-
lated with major depressive disorder or ADHD, as we 
previously reported [7].

This multivariate approach also allowed us to partition 
and characterize the genetic variance that was unique to 
each AUDIT item (i.e., the residual variance that was not 
related to the broader latent construct). For example, in-
spection of the latent genetic factor model revealed that 
the residual genetic variance in item 1 (i.e., frequency of 
consumption) was negatively related to alcohol depen-
dence and other psychiatric disorders and positively re-
lated to socioeconomic outcomes like educational attain-
ment, household income, and intelligence. This would 
suggest that many of the puzzling genetic correlations 
that we and others previously reported for alcohol con-
sumption were partially driven by variance related to so-
cially stratified differences in behavior rather than vari-
ance related to the alcohol phenotypes of clinical interest. 
These findings emphasize how some phenotypes may be 
more strongly influenced by known (and unknown) sam-
ple characteristics than others (e.g., the effect of socioeco-
nomic status on frequency vs. quantity of consumption 
[22]). As these relationships have primarily been studied 
in low-risk populations, it will be critical to determine 
whether they are consistent across the full spectrum of 
alcohol consumption (i.e., normative consumption to 
high-intensity drinking) in higher-risk populations.

Collectively, these findings exemplify how dimension-
al phenotypes in population-based cohorts can be used to 
advance genetic discovery for psychiatric disorders with-
out solely relying on clinical diagnostic phenotypes. We 
advocate for the use of multivariate methods, like Ge-
nomic SEM, which can be used to (i) increase GWAS 
sample size by studying the joint genetic architecture of 
related phenotypes [23] and (ii) partition genetic variance 
that is specific to particular phenotypes [24]. With regard 
to alcohol genetics, we may be able to use these methods 
to leverage the enormous samples with alcohol consump-
tion phenotypes in future gene discovery efforts for 
AUDs. By disentangling genetic effects that are specific to 
a given phenotype from those that influence a broader 
psychological construct, we may also be able to generate 
novel hypotheses that advance translational research.

In closing, this editorial has used the AUDIT to exem-
plify how dimensional phenotyping and multivariate 
methods can be combined to increase sample size and 
refine the polygenic signal of interest. This work, we be-
lieve, sets the stage for discoveries related to many other 
psychiatric conditions in the years to come.
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