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Background: Adolescence is a critical period for experimenting with alcohol, and these early experiences have
long-term influences on alcohol-related behaviours throughout adulthood. This study examined the utility of
genome-wide polygenic scores (GPS) for predicting alcohol use during adolescence and young adulthood.
Methods: We used GPS based on the Genome-wide association study and Sequencing Consortium of Alcohol and
Nicotine use (GSCAN) study on drinks per week to predict alcohol use in a longitudinal, UK-representative
sample of unrelated adolescents aged 16 through to 22 years (Nmax = 3390).
Results: At age 16, the GSCAN GPS predicted variance in alcohol consumption on a typical day (0.58 %), intake
frequency (0.89 %), and hazardous drinking (i.e. ≥6 units at one occasion) (1.07 %). At age 22, the predictive
power of the GPS had increased, explaining variance in alcohol consumption (0.61 %), intake frequency (1.69
%), and hazardous drinking (1.19 %).
Conclusions: The predictive validity of GPS for phenotypic alcohol use was evident in adolescence and increased
in young adulthood. The findings suggest that GPS, which are available from birth, may be potentially useful for
identifying individuals at risk for harmful and hazardous alcohol use. However, because the overall effect sizes
were small, the utility of the GPS that are currently available is limited for the prediction of individual-level
alcohol use.

1. Introduction
Adolescence is a critical period for experimenting with alcohol, and
these early experiences have long-term influences on alcohol-related
behaviours throughout adulthood (Marshall, 2014). For example,
young people who start drinking alcohol before the age of 15 years are
reported to be four times more likely to meet the diagnostic criteria for
alcohol dependence later in life (Grant and Dawson, 1997). However,
few predictors of adolescent alcohol use have been identified (Dick et al.,
2013; Stephenson et al., 2020). Family socioeconomic status (SES),
which typically exerts long-term pervasive influence on lifespan devel
opment (Bradley and Corwyn, 2002), is inconsistently and weakly
associated with adolescent alcohol use (Grittner et al., 2013; Heckley
et al., 2017; Kendler et al., 2014). Behavioural risk factors that can be
reliably observed in early life, such as smoking and substance use, tend
to cluster and co-occur with adolescent alcohol drinking: because these
risk factors are contemporaneous with alcohol use, they cannot predict

problems before they occur.
A systematic source of influence on alcohol use is genetic factors. The
heritability of alcohol use is estimated to be 43 % (Vrieze et al., 2013)
and due to many thousand DNA variants that each have a very small
effect size (Liu et al., 2019). It follows that individual differences in
alcohol-related behaviours map onto a continuum with most people
being at average genetic risk for adverse alcohol use. It has recently
become possible to aggregate the DNA variants – known as
single-nucleotide polymorphisms (SNPs) – that are associated with
alcohol use into genome-wide polygenic scores (GPS) that capture an
individual’s genetic propensity for drinking. GPS are the sum of the
effect alleles across an individual’s genome, weighted by each allele’s
strength of association with the target trait in an independent
genome-wide association study (GWAS). GPS based on GWAS of
alcohol-related behaviours have been shown to successfully predict
alcohol consumption, although their predictive validity varies as a
function of GWAS sample size, SNP heritability of the trait and selection
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thresholds for SNP inclusion (Dudbridge, 2013). For example, a GPS
based on a GWAS of 941,280 individuals for the number of alcoholic
drinks consumed per week, known as GSCAN (i.e. GWAS and
Sequencing Consortium of Alcohol and Nicotine use), accounted for 2.4
% and 2.2 % of the phenotypic variance in the drinks consumed per
week in independent samples with 3712 and 5483 adults aged 24–32
and 55–64 years, respectively (Liu et al., 2019). Based on the same
GSCAN, GPS in 1201 Finnish adults aged 20–26 years accounted for up
to 1.1 %, 1.4 %, and 1.6 % of the variance in drinking frequency,
intoxication frequency, and alcohol dependence, respectively (Barr
et al., 2019). However, using summary statistics from a different GWAS
of 67,000 individuals for alcohol intake in grams per day (Schumann
et al., 2016), GPS created in 6705 Dutch adults aged 18–83 years pre
dicted only 0.1 % of the variance in alcohol consumption (Mies et al.,
2018).
Because alleles do not change during the life course, GPS can be used
to signal an individual’s behavioural predispositions from birth, long
before problems occur. Yet, a GPS-based approach has not been imple
mented to study genetic influences on the onset and development of
alcohol use in a longitudinal sample, although it was recently tested in
the prediction of alcohol use disorders (Barr et al., 2020). Here, we
created GPS based on the summary statistics from GSCAN (Liu et al.,
2019) and tested their association with alcohol-related phenotypes –
alcohol consumption on a typical day, intake frequency, and hazardous
drinking (≥6 units of alcohol on one occasion) – in a longitudinal pop
ulation sample that was assessed at ages16 and 22.

function in R within each sample to ease interpretation of effect sizes.
2.4. Statistical analyses

2. Methods

Using logistic regression models, we tested whether GPS predicted
alcohol use initiation at ages 16 and 22, adjusting for the covariates of
age, gender, SES, first ten principal components (i.e. population strati
fication), and genotyping array (see Supporting information). Associa
tions between GSCAN GPS and alcohol-related phenotypes were tested
using linear regressions, adjusting for the same set of covariates. The
predictive power of the GPS was calculated as the change in McFadden’s
pseudo-R2 and R2 (variance) for the logistic and the linear regression,
respectively, between the full regression model that included GPS along
with all the covariates and the baseline model without GPS. We calcu
lated 95 % confidence intervals (CI) around all R2 values with 10,000
bootstrapped repetitions. We employed a Bonferroni corrected P-value
of 0.008 (0.05/6, 2 age groups and 3 phenotypes) to adjust for multiple
testing, which might be an overly conservative approach when studying
associations with small effect sizes, as in the current study. We also
conducted supplementary analyses to investigate whether the GPS for
educational attainment (EA), one of the most powerful GPS in the pre
diction of behavioural outcomes (Lee et al., 2018), influenced
alcohol-related outcomes at ages 16 and 22. Here, we created EA GPS
from the largest available GWAS on EA (Lee et al., 2018), before adding
them to the regression model that also included the GSCAN GPS and the
covariates (see Supporting information). All statistical analyses were
preregistered as part of a wider set of analyses (https://osf.io/q4gkh/)
and conducted using R statistical software (R Core Team, 2018).

2.1. Study population

3. Results

Participants were drawn from the Twins Early Development Study
(TEDS) (Rimfeld et al., 2019), a longitudinal study that enrolled over 10,
000 twin pairs born 1994–1996 in England and Wales. Despite consid
erable attrition, TEDS participants and their families are representative
of families in the UK (Rimfeld et al., 2019). Project approval was granted
by King’s College London’s ethics committee for the Institute of Psy
chiatry, Psychology and Neuroscience (05.Q0706/228). Genotypes were
processed using stringent quality control procedures followed by SNP
imputation using the Haplotype Reference Consortium (release 1.1)
reference panels. Following imputation, we excluded variants with
minor allele frequency <0.5 %, Hardy-Weinberg equilibrium P-values of
<1 × 10− 5. For a full description of quality control, imputation pro
cedures, and attrition see Supporting information.

Descriptive statistics for our sample are presented in Table 1. As
expected, alcohol consumption, intake frequency and hazardous drink
ing all increased substantially from age 16 to 22. Alcohol-related phe
notypes were positively correlated with each other at age 16
(r = 0.29− 0.72, P < 0.001) and age 22 (r = 0.15− 0.56, P < 0.001)
(Fig. S1). Males drank more frequently and were involved in hazardous
drinking at both ages (P < 0.001).
We found that GSCAN GPS predicted alcohol initiation at age 16
(McFadden’s pseudo-R2 = 0.27 %), and this prediction improved at age
22 (McFadden’s pseudo-R2 = 0.90 %). At age 16, a standard deviation
increase in GPS for alcohol use was associated with 15 % (95 % CI: 0.02,
0.26) greater odds to have ever consumed alcohol (NDrinkers = 2630; 86
% of sample). At age 22, a standard deviation increase in the GPS was
associated with 35 % (95 % CI: 0.08, 0.52) greater odds to have ever
consumed alcohol (NDrinkers = 3286; 97 % of the sample). In exploratory
analyses, the interaction between gender and GPS in predicting whether
alcohol was ever consumed was not significant at age 16 (β = 0.128, 95
% CI: -0.11, 0.36; 55 % females) or age 22 (β=-0.139, 95 % CI: -0.58,
0.31; 63 % females). This suggested that the GPS prediction did not

2.2. Alcohol measures
Alcohol use initiation (i.e. having ever consumed alcohol), alcohol
consumption (i.e. units of alcohol consumed on a typical day), intake
frequency, and hazardous drinking (i.e., ≥6 units of alcohol on one
occasion) were assessed at ages 16 and 22 using questionnaires (see
Supporting information). Data on alcohol measures and genotype was
available for 3063 and 3390 unrelated individuals at ages 16 and 22,
respectively. We excluded individuals who stated never to have
consumed alcohol by the age of 16 (N = 433) or 22 (N = 104) from all
analyses, except for the alcohol use initiation analysis.

Table 1
Descriptive sample summary statistics.

2.3. Genome-wide polygenic scores
We computed GPS for TEDS participants from GSCAN based on the
target phenotype "average number of alcoholic drinks consumed per
week" (Liu et al., 2019). We obtained summary statistics excluding the
23andMe sample (N = 537,349) and used LDpred (Vilhjalmsson et al.,
2015) for GPS construction, computing the score for a fraction of causal
markers = 1 (i.e. allowing all SNPs to contribute to trait variation) (see
Supporting information). The GPS were standardized using the scale

Age 16 (N = 3063)

Age 22 (N = 3390)

Characteristic/Variable

Mean/
(N)

SD/
(%)

Mean/
(N)

SD/
(%)

Age
Male
Alcohol use
Alcohol consumption (units in a
typical day)
Alcohol intake frequency
Hazardous drinking (≥6 units on
one occasion)

16.32
1379
2630
1.86

0.68
45.0 %
85.9%
1.16

22.26
1257
3286
4.79

0.91
37.0%
96.9%
3.01

1.21
0.62

0.69
0.78

1.91
1.56

1.02
0.96

*One unit of alcohol is: ½ pint average strength beer/lager OR one glass of wine
OR on single measure of spirits, SD = standard deviation.
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differ for males and females for the initiation of alcohol use.
We also found that GSCAN GPS significantly predicted alcoholrelated behaviour at age 16 in individuals who had ever consumed
alcohol (NDrinkers = 2630). As illustrated in Fig. 1, we observed positive
linear associations between the GPS and age 16 alcohol-related pheno
types, including alcohol consumption (R2 = 0.58 %, β = 0.092,
P = 5.78e–04), alcohol intake frequency (R2 = 0.89 %, β = 0.067,
P = 4.49e–06), and hazardous drinking (R2 = 1.07 %, β = 0.082,
P = 2.58e–06) (Table S1). At age 22 (NDrinkers = 3286), a consistent in
crease in the predictive validity of the GPS was observed for all three
outcome measures, specifically for alcohol consumption (R2 = 0.61 %,
β = 0.045, P = 3.14e–04), alcohol intake frequency (R2 = 1.69 %,
β = 0.133, P = 4.80e–12), and hazardous drinking (R2 = 1.19 %,
β = 0.107, P = 3.24e–08) (Table S1). SES did not show any significant
association with alcohol use outcomes at age 16, and was only associ
ated with intake frequency at age 22 (b = 0.186, P ≤ 2.2e–16, Table S1),
indicating that higher-SES individuals drank more frequently.
Our exploratory analyses revealed that the EA GPS did not affect the
association between the GSCAN GPS and the alcohol use phenotypes
(see Supporting information, Table S2). We observed one significant
association between the EA GPS and alcohol intake frequency at age 22
(β = 0.063, P = 0.002), with the EA GPS accounting for 0.3 % of the
variance, independent from the GSCAN GPS (Table S2).

Fig. 1. Genome-wide polygenic score prediction of alcohol use at age 16 and 22
(pink and blue bars respectively). Error bars are 95 % confidence intervals
estimated with 10,000 bootstrapped repetitions. Note. Alcohol consumption
assessed the number of units consumed on a typical day when drinking; fre
quency referred to how often alcoholic beverages were consumed; and haz
ardous drinking assessed the frequency of having six or more units of alcohol on
a single occasion (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article).

4. Discussion
This is the first study to use a GPS based approach to investigate
developmental trends in the genomic prediction of alcohol use behav
iours from adolescence to young adulthood. We report an increase in the
predictive validity of a GPS for alcohol use (GSCAN) from age 16 to 22
years by 5% for alcohol consumption, 90 % for alcohol intake frequency,
and 11 % for hazardous drinking, with overall small effect sizes (Fig. 1).
This finding is in line with other studies that observed increases in the
heritability of behavioural phenotypes from childhood to adulthood
(Allegrini et al., 2019; Bergen et al., 2007; Briley and Tucker-Drob,
2014). The increase in the predictive validity of GPS for phenotypic
alcohol use from adolescence through young adulthood suggests that
GPS, which are just as predictive at birth as in later life, may be
potentially useful for identifying individuals at risk for harmful and
hazardous alcohol use.
The variance explained by the GSCAN GPS in alcohol consumption
on a typical day at the ages of 16 and 22 years (0.58 % and 0.61 %) was
lower than that reported in a sample of adults aged 24–32 years (2.4 %;
(Liu et al., 2019). However, our estimates for alcohol intake frequency
and hazardous drinking at age 22 (1.7 % and 1.2 %) approximated the
predictive validity reported in a Finnish sample aged 20–26 years (1.1 %
and 1.4 %). These findings suggest that even though the effect sizes
associated with the GPS for alcohol consumption in the prediction of
alcohol use outcomes are small, they are fairly consistent across samples.
Because drinking behaviours in adolescence have been shown to be
influenced by family background (Marees et al., 2019), we controlled for
family SES in all our analyses. We found no association between family
SES and alcohol use outcomes at age 16, except a relation at age 22 with
drinking frequency. These results suggest an unstable pattern of asso
ciation between family SES and alcohol consumption, at least by age 22.
Because the overall effect sizes were small, the utility of the GPS that
are currently available is limited in the prediction of individual-level
alcohol use. That said, GWAS are widely expected to improve in the
near future, for example by including even larger population samples
and using whole-genome sequencing (Chatterjee et al., 2013; Khera
et al., 2019). These studies will in turn beget GPS that are more powerful
for identifying individuals at risk for harmful or hazardous alcohol use.
Including more powerful GPS as a risk factor for alcohol use in adoles
cence may help to prevent individuals at risk from suffering long-term
impairments from early alcohol use. However at present, the clinical
utility of GPS for alcohol use appears limited.
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