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Abstract

Study Objectives.—We investigated whether genetic risk for insomnia and sleep duration
abnormalities are associated with AUD and alcohol consumption. We also evaluated the causal
relationships between sleep- and alcohol-related traits.

Methods.—Individual-level phenotype and genotype data from the Million Veteran Program
were used. Polygenic risk scores (PRS) were computed using summary statistics from two
recent discovery GWAS of insomnia (N=453,379 European-ancestry (EA) individuals) and sleep
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duration (N=446,118 EAs) and tested for association with lifetime AUD diagnosis (N=34,658

EA cases) and past-year Alcohol Use Disorders Identification Test-Consumption scale scores
(AUDIT-C, N=200,680 EAs). Bi-directional two-sample Mendelian Randomization (MR) analyses
assessed causal associations between the two sleep traits and the two alcohol-related traits.

Results.—The insomnia PRS was positively associated with AUD at 2/9 PRS thresholds, with
p<0.01 being the most significant (OR=1.02, p=3.48x107°). Conversely, insomnia PRS was
negatively associated with AUDIT-C at 6/9 PRS thresholds (most significant threshold being
p=0.001 (B=-0.02, p=5.6x10"8). Sleep duration PRS was positively associated with AUDIT-C at
2/9 PRS thresholds, with the most significant threshold being p = 1 x 1076 (8=0.01, p=0.0009).
MR analyses supported a significant positive causal effect of insomnia on AUD (14 SNPs;
B=104.14; SE=16.19; p=2.22x107°), although with significant heterogeneity. MR analyses also
showed that shorter sleep duration had a causal effect on the risk of AUD (27 SNPs; p=—63.05;
SE= 3.54; p=4.55x10716), which was robust to sensitivity analyses.

Conclusion.—The genetic risk for insomnia shows pleiotropy with AUD, and sleep continuity
abnormalities have a causal influence on the development of AUD.

Keywords

Sleep initiation and maintenance disorders; sleep duration; alcohol drinking; alcohol use disorder;
mendelian randomization analysis

1. Introduction

1.1 Alcohol consumption.

Alcohol is a psychoactive substance that is consumed by nearly two-thirds of adults in the
United States (US) (Boersma et al., 2020). Among these individuals, almost a third (29.9%)
indulge in heavy drinking, defined as the consumption of >14 standard drinks a week or >4
drinks on any day in men and = 7 drinks a week or >3 drinks on any day in women (Grant
et al., 2017). Heavy drinking is a potentially modifiable risk factor for traumatic injuries
and medical, psychiatric, and sleep-related disorders (Dawson et al., 2008; Gordon et al.,
2008; N.I.A.A.A.). The most common sleep-related disorders that accompany heavy alcohol
consumption and alcohol use disorder (AUD) are insomnia and short (insufficient) sleep
duration.

1.2 Insomnia AUD, and alcohol consumption.

Insomnia is a disorder of sleep continuity that consists of difficulty falling asleep or staying
asleep, or early morning awakening that leads to impaired functioning. Insomnia has a bi-
directional causal relationship with alcohol consumption (Haario et al., 2013). Similarly, the
presence of either insomnia or AUD increases the risk of the other disorder (Chakravorty et
al., 2016b; Crum et al., 2004; Janson et al., 2001). Insomnia associated with heavy drinking
may increase the risk of precipitating or aggravating psychiatric disorders (Chakravorty et
al., 2013; Chaudhary et al., 2020), and suicidal behavior (Chakravorty et al., 2014; Kolla

et al., 2018). Insomnia co-occurring with AUD is associated with an impaired quality of
life, psychosocial problems, suicidal behavior and an increased risk of relapse to drinking
during early recovery (Chakravorty et al., 2016a). A Mendelian Randomization (MR) study
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evaluating the bi-directional relationship between insomnia and AUD in a GWAS of 46,568
individuals showed a significant causal effect of insomnia on the development of AUD, but
no causal effect of AUD on insomnia (Pasman et al., 2020). Further, the study did not show
a causal effect of insomnia on alcohol consumption or vice-versa. Given the high prevalence
of insomnia in individuals with AUD (Chakravorty et al., 2016a) and the sleep disruptive
effects of alcohol consumption (Arnedt et al., 2011), these findings are clinically important,
but they require replication. In addition, the independent association between abnormal sleep
duration and pathological drinking in these individuals needs to be evaluated independently.

1.3 Sleep duration abnormalities AUD, and alcohol consumption.

Sleep duration, another aspect of sleep health, is the total duration of sleep obtained, either
during nocturnal sleep or across a 24-hour period (Kline, 2013) with a range of 7-9 hours
recommended to support optimal health in adults (Consensus Conference et al., 2015a).
Abnormalities of sleep duration, especially short sleep duration (<6 hours a night), are
associated in cross-sectional studies with an increased risk of adverse health consequences
such as mortality, suicide, physical injuries, cardio-metabolic and psychiatric comorbidities
(Consensus Conference et al., 2015b), and heavy drinking and AUD (Chaput et al., 2012;
John et al., 2005; Krueger and Friedman, 2009). As of now, it is unclear whether short sleep
duration is a cause or a consequence of heavy drinking or AUD. Furthermore, are genetic
risk variants associated with sleep duration abnormalities also associated with pathological
alcohol consumption?

1.4 Polygenic risk scores of these sleep traits and alcohol-related traits.

Genetic factors influence variation in both alcohol- and sleep-related traits (Wray and
Visscher, 2008). Recent estimates of the SNP-based heritability (i.e., that attributable to
common genetic variation) among European-ancestry (EA) individuals is 7-11% for alcohol
consumption based on the Alcohol Use Disorders Identification Test-Consumption (AUDIT-
C) measure (Kranzler et al., 2019; Sanchez-Roige et al., 2019), 6-16% for AUD (Kranzler
etal., 2019; Vrieze et al., 2013), 7-17% for insomnia (Jansen et al., 2019; Lane et al.,
2019), and 10% for sleep duration (Dashti et al., 2019). A polygenic risk score (PRS), an
individual’s estimated genetic predisposition for a given trait, is computed as the sum of the
alleles associated with the trait, weighted by the risk allele effect sizes (Choi et al., 2020).
PRS have been used to validate genetic links to disease, dissect pleiotropic associations
across traits, and provide a quantitative measure of an aggregated genetic burden for illness
in an individual, although no such studies involving PRS exist at this interface of sleep-

and alcohol-related traits. Here, we evaluated the associations between insomnia or sleep
duration-related PRS and two alcohol-related phenotypes (AUD and alcohol consumption)
to investigate whether the genetic risk for sleep-related traits is associated with alcohol-
related traits and whether the association is indicative of pleiotropy, although the PRS does
not explain the nature of causal relationships between them.

1.5 Causal relationships between sleep- and alcohol-related traits.

The availability of large biobanks such as the United Kingdom Biobank (UKB) and the
Million Veteran Program (MVP), which include a range of phenotypic data, has allowed
researchers to conduct genome-wide association studies (GWAS) for traits like insomnia,

Drug Alcohol Depend. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chakravorty et al.

Page 4

sleep duration, AUD, and alcohol consumption (Dashti et al., 2019; Jansen et al., 2019;
Lane et al., 2019). In addition to serving as discovery samples for the calculation of PRS,
summary statistics from these GWASs can be used to conduct Mendelian Randomization
(MR) studies to understand causal relationships between traits. MR studies can provide
evidence supportive of causal relations because genetic variants are not substantially
modifiable and are free from reverse confounding (Davies et al., 2018; Hemani et al., 2018).
An MR study uses genetic variation identified in GWAS to create exposure and outcome
instruments that determine the causal effect of the exposure (e.g., insomnia) on an outcome
(e.g., AUD) (Davey Smith and Hemani, 2014; Hemani et al., 2018).

1.6 Gaps in the current literature.

The above literature shows that despite the heritability of these sleep- and alcohol-related
traits, and the clinical association between these traits, it is unclear whether a genetic
predisposition for insomnia or sleep duration abnormalities increases the risk for AUD or
alcohol consumption. In a recent study, insomnia had a causal effect on the development
of AUD, but there was no causal effect of AUD on insomnia. Also, neither insomnia

nor the level of alcohol consumption had causal effects on one another (Pasman et al.,
2020). Further, a growing body of cross-sectional studies has shown a negative relationship
between sleep duration abnormalities and pathological drinking, but the causal pathways
underlying these relationships are unclear.

In this study, we attempt to untangle these relationships and extend the literature at the
interface of sleep- and alcohol-related traits. As a first step, we evaluated the association
between PRS for two common sleep-related traits (insomnia and sleep duration) and two
alcohol-related traits (AUD and alcohol consumption). As a next step, we repeated the

MR analysis between insomnia and AUD using data from a GWAS of AUD in a sample

of 202,004 individuals to evaluate the bidirectional relationship between these traits. We
also re-assessed bidirectional relationships both between insomnia and alcohol consumption
using data from a GWAS of alcohol consumption involving 200,680 individuals. Finally,
we explored the bi-directional relationships between habitual reported sleep duration

and both AUD and alcohol consumption. We evaluated AUD and AUDIT-C as separate
alcohol-related traits as they have overlapping, but unique genetic architectures (Kranzler

et al., 2019) and thus may have different associations with sleep-related phenotypes. We
hypothesized that genetic risk for insomnia is positively associated with AUD and alcohol
consumption, and despite a bidirectional causal effect between insomnia and AUD no such
relationship exists for alcohol consumption. We also hypothesized that genetic risk for sleep
duration is inversely associated with AUD and alcohol consumption and vice-versa. These
analyses could improve our understanding of these relationships and help in the development
of individualized care at this important clinical interface (Torkamani et al., 2018). If the
PRS of insomnia or sleep duration is associated with AUD or drinking, then future PRS
from GWAS with larger sample sizes could be used to identify people at risk for AUD

or unhealthy drinking during the premorbid state before the onset of insomnia or alcohol
use, similar to the recent studies in substance use disorders (Kranzler et al., 2023), and

in cardiovascular disorders (O’Sullivan et al., 2022). If either insomnia or sleep duration
abnormalities are a risk factor for the development of AUD or heavy drinking, then treating
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insomnia or improving sleep duration could decrease the risk of developing AUD or heavy
drinking.

2. Materials and methods

2.1. Overview.

We used GWAS summary statistics from the UKB and individual-level data from MVP to
construct polygenic risk scores for insomnia and sleep duration and test their association
with alcohol-related phenotypes (Choi et al., 2020). We used MVP GWAS summary
statistics for alcohol-related phenotypes and UKB summary statistics for insomnia and sleep
duration to test their causal relations.

2.2 Standard protocols and informed consent:

We used summary level data from the UKB, a large biobank study investigating the
contributions of genetic predisposition and environmental exposure to the development

of disease. All UKB subjects provided written informed consent to participate and

make their de-identified data publicly available (Sudlow et al., 2015). The MVP is an
observational cohort study and biobank supported by the U.S. Department of Veterans
Affairs (VA) (Gaziano et al., 2016). Phenotypic data were collected from MVP subjects
using questionnaires, the VA electronic health record (EHR), and a blood sample for genetic
analysis. The MVP provided access to patient-level AUDIT-C scores and AUD diagnoses,
GWAS summary statistics, and approved the data analysis. The MVP study followed all
relevant ethical regulations for research with human subjects and obtained informed consent
from all participants.

2.3. Data source.

2.3.1. Insomnia GWAS: We obtained summary statistics from the published GWAS

of insomnia in EA participants in the UKB (N=453,379) (Lane et al., 2019). This study
assessed insomnia symptoms using the question (data field 1200), “Do you have trouble
falling asleep at night or do you wake up in the middle of the night?” The responses

were primarily evaluated as a binary case-control variable, with cases reporting insomnia
symptoms as “usually” or “sometimes” and controls endorsing “never/rarely.” This insomnia
question has a sensitivity of 98% and a specificity of 96% in discriminating questionnaire-
defined insomnia disorder cases from unaffected controls (Hammerschlag et al., 2017).

2.3.2. Sleep duration GWAS: We obtained the GWAS summary statistics for sleep
duration in EA participants from the UKB (N=446,118). The study assessed sleep duration
using the question (data field 1160), “About how many hours sleep do you get in every

24 hours?” The response was recorded as a whole integer within a range of 1 to 23, but
responses <3 and >18 hours were excluded from the GWAS analysis (Dashti et al., 2019):
This self-reported sleep duration meaure is correlated with accelerometric recorded sleep
duration (Jones et al., 2019).

Drug Alcohol Depend. Author manuscript; available in PMC 2024 October 01.
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2.3.3. Alcohol-related GWAS: We used the GWAS summary statistics for AUDIT-C
score and AUD in EA participants from the MVP (AUDIT-C [N= 200,680]; AUD [N =
202,004])(Kranzler et al., 2019).

2.3.4. Alcohol phenotypes in the Million Veteran Program (MVP): We used the
individual-level AUDIT-C scores (Bush et al., 1998) and AUD diagnostic codes from the
VA EHR. The AUDIT-C consists of the first three items of the Alcohol Use Disorders
Identification Test and measures typical quantity (question 1) and frequency (question 2)

of drinking, and frequency of heavy drinking (question 3). The AUDIT-C is a mandatory
annual assessment for all veterans seen in primary care within the VA health system.
Alcohol-related disorders were identified using International Classification of Diseases
(ICD), 9" revision (ICD-9) codes 303.X (dependence) and 305-305.03 (abuse) and ICD,
10t revision (ICD-10) codes F10.1 (abuse) and F10.2 (dependence). EA participants with at
least one inpatient or two outpatient alcohol-related ICD-9/10 codes (N = 34,658) from 2000
to 2018 were assigned a diagnosis of AUD (Kranzler et al., 2019).

2.4. Genetic Correlations:

We used the cross-trait Linkage Disequilibrium (LD) score regression to calculate genome-
wide genetic correlations (rg) between insomnia, sleep duration, and alcohol use phenotypes,
using precomputed LD scores for European individuals from the 1000 Genomes Project
(Bulik-Sullivan et al., 2015).

2.5. Polygenic risk scores (PRS):

We used the clumping and thresholding method (Choi et al., 2020) to create the PRS for
insomnia and sleep duration in EA individuals (N=209,020). The PRS was calculated using
the dosage information for each variant under an additive model as the sum of all alleles
carried, weighted by the effect size of the allele in the GWAS. We performed p-value
informed clumping using the 1000 Genomes EA participants as the LD background, with r2
= 0.1 and a distance threshold of 250 kb. The PRS was computed for nine p-value thresholds
(p < 0.000001, 0.00001, 0.0001, 0.001, 0.01, 0.05, 0.1, 0.5, and 1) and standardized the
PRS with a mean = 0, and SD = 1. Linear regression (for AUDIT-C score as the outcome)
and binary logistic regression (for AUD cases and controls) evaluated their association with
PRS as the predictor after adjusting for covariates that included age, sex, and the first five
principal components of their genetic ancestry (PCs) (Figure 1). A Bonferroni-corrected
p-value (0.05/9=0.0056) was used to account for multiple testing.

2.6. Mendelian randomization analyses (MR):

We harmonized the GWAS summary statistics for insomnia and alcohol-related phenotypes
before conducting genetic correlation analyses, bidirectional MR analyses, and sensitivity
analyses. The primary MR method was random-effects inverse-variance weighted (1VW)
regression for balanced horizontal pleiotropy and mode-based estimator for majority
horizontal pleiotropy (Hemani et al., 2018; Yavorska and Burgess, 2017) with sleep
(duration or insomnia) and alcohol-related variables (AUDIT-C score or AUD diagnosis)
alternately used as exposure or outcome. We employed a stringent clumping threshold

of r2 = 0.001. For dichotomous phenotypes (insomnia and AUD), a one-unit increase
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in the genetic instrument reflects a doubling in the odds of the exposure trait (Burgess

and Labrecque, 2018). MR provides strong evidence for causality provided the following
assumptions are met for the genetic instrument: (1) it is strongly associated with the
exposure, (2) it is not associated with confounders, and (3) there is no horizontal pleiotropy,
i.e., it only affects the outcome through its effect on the exposure (Davies et al., 2018).

We performed sensitivity analyses using more robust genetic instruments for insomnia to
address the first assumption. The use of randomly distributed alleles as the instrumental
variables and the adjustment for population stratification in the GWAS satisfied the second
assumption. We used multiple models robust to various forms of pleiotropy to evaluate the
third assumption. The MR analyses included two studies of the causal effect of insomnia on
alcohol consumption and AUD and two studies of the causal effect of alcohol consumption
and AUD on insomnia (Figure 2). Thus, the four insomnia-related MR analyses yielded

a Bonferroni-adjusted alpha threshold of 0.05/4 = 0.0125. Similarly, the four separate

sleep duration-related MR analyses used a Bonferroni-adjusted alpha threshold of 0.05/4

= 0.0125. P-values lower than the corrected alpha thresholds represent significant evidence
for causal effects, and p<0.05 provides nominal evidence for a causal effect. We used
Cochrane’s Q-statistic to assess SNP effect heterogeneity (Bowden et al., 2018) and single-
SNP analysis and the leave-one-out 1VVW analyses to evaluate the disproportionate effects
of single SNPs in the models (Hemani et al., 2018). The F-scores for the sleep and alcohol-
related instruments ranged from 40.06-90.71. Wherever horizontal pleiotropic effects were
suspected based on the scatter plot results, median or mode-based estimators were applied,
as applicable. The median-based approach provides an unbiased estimate in the presence
of unbalanced horizontal pleiotropy, and the causal estimate from the mode-based estimator
is unbiased if the SNPs contributing to the largest cluster are valid instruments. (Hemani

et al., 2018) The data underlying this article are available in the article and in its online
supplementary material.

2.7. Statistical Software.

The genetic correlations were analyzed using LDSC v1.01,(Bulik-Sullivan et al., 2015) PRS
analysis was conducted using PLINK version 2 (Purcell et al., 2007), and MR analysis was
performed in R version 4.1.2(Team, 2018) using the TwoSampleMR package version 0.5.6
(Hemani et al., 2018).

We present this investigation using the STREGA-STROBE reporting recommendations.

3. Results

3.1. Genetic Correlations.

Insomnia was positively genetically correlated with AUD (rg = 0.17, p = 3.00 x 1078), but
negatively correlated with AUDIT-C (rq = -0.15, p = 1.27 x 1079). Sleep duration was
positively correlated with AUDIT-C (ry = 0.12, p = 1.59 x 1074) but not AUD (rg=0.05p=
9.99 x 1072; supplementary table 1.
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3.2. Insomnia

3.2.1. Insomnia PRS is associated with alcohol consumption and AUD.—At
two of the PRS thresholds there was a significant positive association of insomnia PRS

with AUD, with the most significant being p<0.01 [Odds Ratio (OR) = 1.02, p = 3.48 x
107, Figure 3a and Supplementary Table 2]. In contrast, insomnia PRS was significantly
associated with lower AUDIT-C scores for six of the nine thresholds, the most significant of
which was p=0.001 (Beta = —0.02, p = 5.6 x 1078; Figure 3b and Supplementary Table 2).
A secondary analysis showed no relationship between the mean insomnia PRS score and the
individual AUDIT-C scores from 0-12 (Supplementary Figure 1).

3.2.2. MR analyses support the causal effects of insomnia on AUD.—The
scatter plot showed heterogeneity and the resultant mode-based estimator showed a
significant positive causal effect of insomnia on AUD (14 SNPs; beta = 104.14; SE = 16.19;
p = 2.22 x 1075, Figure 4, Supplementary Table 3, and Supplementary Figure 2). There was
a significant weighted mode estimator in the sensitivity analyses for insomnia as an exposure
(beta = -82.62, SE = 5.50, p = 1.38 x 1079, Supplemental Figure 2). The leave-one-out
analysis did not support excluding any SNPs from the analysis (Supplementary Table 3,
Supplementary Figure 3). All 14 single-SNP analyses showed significant correlations, with
p-values that ranged between 2.42 x 1078 to 1.08 x 10716, Of these, 7 SNPs were positively
correlated, and 7 SNPs were negatively correlated. There was heterogeneity (Cochrane’s Q
test p<0.0001) but no evidence of horizontal pleiotropy (p = 0.69).

3.2.3. Other findings.—The weighted median estimator showed a nominally positive
causal effect of AUD on insomnia (10 SNPs; beta = 0.01; SE = 0.007; p = 0.01;
Supplementary Table 4 and Supplementary Figures 4 and 5) although there was
heterogeneity in the data (Cochrane’s Q test p = 6.24 x 1078) but no horizontal pleiotropic
effects. Sensitivity analyses for AUD showed a significant weighted mode estimator (beta =
0.02, SE =0.008, p = 0.02).

The IVW estimator showed a nominally significant negative causal effect of insomnia on
AUDIT-C score (16 SNPs; beta = —0.45; SE = 0.17; p = 0.008; Supplementary Figure 6).
Sensitivity analysis using the Egger regression estimate, weighted median, simple mode, and
weighted mode showed no association. Neither heterogeneity (p = 0.25) nor a horizontal
pleiotropic effect (p < 0.80) was seen, Supplementary Table 5. There was no causal effect of
AUDIT-C on insomnia using the IVW estimator (12 SNPs; p = 0.92; Supplementary Table
6).

3.3. Sleep Duration

3.3.1. Sleep Duration PRS is not associated with AUD but is associated with
alcohol consumption.—The PRS for sleep duration did not show an overall significant
association with AUD (Bonferroni-adjusted p-value of 0.0056), though there was a non-
significant trend for a negative association with AUD at a p-value cutoff of 0.001 (OR =
0.98, p = 0.006; Figure 3c and Supplementary Table 7). The PRS for sleep duration was
positively associated with AUDIT-C at two significance thresholds, the most significant of
which was p = 1 x 1076 (Beta = 0.01, p = 0.0009; Figure 3d and Supplementary Table 7).
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3.3.2. MR analyses support the causal effect of sleep duration on AUD but
not the reverse.—The mode-based estimator using 27 SNPs showed a significant negative
causal effect of sleep duration on AUD (beta = —63.05; SE = 3.54; p = 4.55 x 1071;
Supplementary Table 8). The causal effect of sleep duration on AUD was significant

in sensitivity analyses with the weighted mode (beta = -51.66; SE = 2.68; p = 6.21

x 10717) and weighted median estimator (beta = —21.78; SE = 3.80; p = 1.02 x 1078)
(Supplementary Table 8, Supplementary Figure 7). In single-SNP analyses all the SNPs

had a significant effect, with p-values ranging from 1.41 x 1078 to 1.55 x 10712, None of

the 27 SNPs in the leave-one-out sensitivity analysis resulted in a significantly unbalanced
model (Supplementary Figure 8). The Cochrane’s Q test (p <0.0001) showed the presence of
heterogeneity, with 14/27 SNPs showing an inverse association (Figure 5) but no horizontal
pleiotropy was seen (p = 0.78). However, AUD was not causally associated with sleep
duration using the IVW estimator (10 SNPs, p = 0.34 (Supplementary Table 9)).

3.3.3. Other findings.—AUDIT-C showed a nominally positive causal effect on

sleep duration using the IVW estimator (12 SNPs, Beta = 0.10, SE = 0.04, p = 0.03
(Supplementary Table 10 and Supplementary Figures 9 and 10), although heterogeneity was
seen (Cochrane’s Q-test p= 1.13 x 10721), but no horizontal pleiotropic effect (p = 0.49).
Sensitivity analyses showed no association and there was heterogeneity in the data. Sleep
duration was not significantly causally associated with AUDIT-C using the mode-based
estimator (Supplementary Table 11).

4. Discussion

Using data from four of the largest available GWASs of insomnia, sleep duration, AUD,

and AUDIT-C scores in EA individuals, we evaluated whether genetic risk for sleep-related
traits was associated with alcohol-related traits. We also investigated causal relationships
between the sleep- and alcohol-related variables using bi-directional MR studies. We found
that higher insomnia PRS was associated with greater risk of AUD and lower AUDIT-C
score. MR studies showed a significant positive causal effect of insomnia on AUD, though
the relationship was mitigated by heterogeneity. AUD also showed a small but statistically
reliable positive causal effect on insomnia. The sleep duration PRS was positively associated
with AUDIT-C. There was a nominally positive causal effect of AUDIT-C on sleep duration,
but no causal effect of sleep duration on AUDIT-C. Finally, although shorter sleep duration
had a positive causal effect on AUD, the reverse effect was not present.

Insomnia co-occurs with AUD and at a prevalence rate of 36-91% (Chakravorty et al.,
2016a). Novel findings in this study help to elucidate this co-occurrence. First, we found

a positive association between an insomnia PRS and AUD, suggesting genetic pleiotropy
between the two disorders. This implies that there are common underlying biological
pathways for insomnia and AUD, one such candidate for which is the orexinergic system
that mediates wakefulness and drug use (Fragale et al., 2021). The insomnia PRS may also
help in the future to characterize the course of individuals with insomnia that co-occurs
with AUD based on their clinical presentation and long-term clinical outcomes for drinking
or insomnia as shown recently for AUD (Kranzler et al., 2023), and for the response to
treatment, as has been implemented in cardiovascular medicine (O’Sullivan et al., 2022).
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Epidemiological studies have shown that insomnia is a risk factor for the development of
AUD (Ford and Kamerow, 1989; Weissman et al., 1997). This association may result from

a greater preference for alcohol in individuals with insomnia (Ancoli-Israel and Roth, 1999;
Johnson et al., 1998; Kaneita et al., 2007; Roehrs et al., 1999), or the rapid development of
tolerance to the hypnatic effect of alcohol (Roehrs and Roth, 2018). Our study also provided
an important replication of Pasman and colleagues’ finding that insomnia has a causal effect
on AUD. This finding implies that there is a need to treat persistent insomnia to avoid the
development of AUD, i.e., before a patient resorts to frequent alcohol use to self-medicate
the insomnia. Although insomnia had a causal relationship with AUD, the relationship may
be confounded by other co-occurring conditions, such as psychiatric and metabolic disorders
(Chaudhary et al., 2020; Jansen et al., 2019; Kolla et al., 2020). Heterogeneity in the MR
analyses may be due to the use of a binary outcome variable, or variation in the diagnosis

of AUD, as the diagnoses were derived from ICD-9 or ICD-10 clinical codes from the VA
electronic health record rather than being obtained using a structured interview or another
method aimed at ensuring diagnostic reliability. In contrast, a nominal causal effect was seen
for AUD on insomnia, which is concordant with epidemiologic literature (Crum et al., 2004;
Janson et al., 2001), but needs to be validated in future MR studies with larger samples.

Another novel finding in this study was that sleep duration had a negative causal effect on
AUD, i.e., individuals with insufficient sleep duration were at increased risk of developing
AUD. These results are consistent with a prior epidemiologic study in which individuals
with current AUD or those recovering from AUD were 1.3-1.9 times more likely to report
short sleep duration (< 6 hours a night), than those without AUD (John et al., 2005).
Screening for insufficient sleep duration during the premorbid or early during their drinking
career may help to identify individuals at risk for developing AUD. However, we did not
find that AUD had a causal effect on sleep duration abnormalities in, perhaps because
individuals with AUD compensate for their sleep deficit by napping during the day (Currie
etal., 2003).

The findings from PRS and MR analyses involving the AUDIT-C contradict the
preponderance of existing epidemiological studies on sleep (Canham et al., 2015; Chaput
et al., 2012; Haario et al., 2013; John et al., 2005; Krueger and Friedman, 2009), although
they are in line with recent genetic studies showing that AUD and AUDIT-C have divergent
effects, some of which may be due to confounding and non-linear relationships involving
AUDIT-C (Kranzler et al., 2019). The PRS for insomnia was negatively associated with
alcohol consumption, suggesting that the genetic risk for insomnia is associated with a
propensity for lower alcohol consumption. Similarly, the genetic risk for sleep duration
abnormalities was associated with an increased risk of alcohol consumption, implying

that the genetic propensity for longer sleep duration is associated with greater alcohol
consumption. Thus, underlying neurobiological pathways for sleep continuity disturbances
could be protective against alcohol consumption, in contrast to the results of epidemiological
studies (Canham et al., 2015; Haario et al., 2013). This finding warrants further study.

The MR studies of AUDIT-C showed that insomnia had a negligible negative causal effect
on alcohol consumption, despite prior literature showing that individuals with insomnia
prefer alcoholic beverages to non-alcoholic ones (Kaneita et al., 2007; Roehrs et al.,
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1999), that alcohol causes sleep fragmentation (Arnedt et al., 2011), and that there is a
bidirectional relationship between alcohol consumption and insomnia (Haario et al., 2013).
Larger study samples and additional genetic instruments may be needed to replicate the
findings of epidemiological studies. The lack of a causal effect of drinking on insomnia
replicates findings by Pasman and colleagues (Pasman et al., 2020). Additionally, alcohol
consumption had a nominal causal effect on greater sleep duration, contrary to the decreased
sleep duration seen in many prior studies (Chaput et al., 2012; Krueger and Friedman,

2009; Palmer et al., 1980). However, sleep duration did not have a causal effect on

drinking. Because many of the findings involving alcohol consumption contradict the
existing literature, heterogeneity in the AUDIT-C data could have contributed to the findings.
These data were extracted from the clinical charts of Veterans screened annually for alcohol
consumption. The clinical sample comprised of individuals with heavy drinking, moderate
alcohol use, those who were abstinent after previously having AUD, and those who were
lifetime abstainers. Veterans also have a higher prevalence of sleep disorders, such as
insomnia, than the general population, which could lead to shorter sleep duration (Alexander
et al., 2016), and insomnia can occur during all phases of the drinking career in individuals
with AUD (Chakravorty et al., 2016a). This heterogeneity in drinking status could explain
the lack of a dose-response relationship between insomnia PRS and AUDIT-C scale scores,
as shown in Supplementary Figure 1. This assumption was also supported by the finding in
the original GWAS in which AUD and AUDIT-C showed genetic correlations in opposite
directions for many traits and disorders (Kranzler et al., 2019).

In contrast to prior findings of insomnia showing a clear causal effect on AUD (Pasman et
al., 2020), we found the relationship to be heterogeneous. Our study used summary statistics
from a larger sample of individuals (202,004 compared to 46,568 in the prior study (Pasman
et al., 2020). Further, the AUD diagnoses in the MVP GWAS were clinically based and
required the presence of either one instance of an inpatient diagnosis or two outpatient
diagnoses made at different times. In contrast, the prior study (Pasman et al., 2020) used
GWAS data from participants whose AUD diagnoses were made using clinician ratings or
semi-structured interviews (Walters et al., 2018). Finally, the earlier study (Pasman et al.,
2020) may have introduced confounding by using the Steiger filtering methodology where
SNPs that explain more variance in the outcome than the exposure are excluded. In contrast,
in the present analysis, SNPs that explained significantly more variance in the exposure
(p<0.05) were retained in our MR methodology.

Our study has limitations. The currently available PRS are under-powered to serve as
clinically useful predictors for these traits. We expect that future GWAS with larger
sample sizes will lead to better predictive capability, especially in conjunction with other
pertinent variables in a risk prediction model. Although we included sensitivity analyses
to assess horizontal pleiotropy, we could not exclude this potential bias completely, using
mode-based estimators as needed. Because we conducted our analyses using data from
the UK Biobank and MVP the results are not representative of the general population
because of selection biases in the samples as the US Veterans have a higher prevalence of
insomnia and pathological drinking. Further, the use of AUDIT-C and ICD-9/-10 diagnosis
of AUD from the patient charts and self-reported sleep data from the UKB may have
introduced another potential bias in the investigation. Future studies should compute PRS
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using techniques such as Polygenic Prediction via Bayesian Regression and Continuous
Shrinkage Priors (PRS-CS) — methods that are robust to varying genetic architectures and
enable multivariate modeling of local linkage disequilibrium patterns. Furthermore, studies
should investigate these relationships in ancestral groups other than European, evaluate
accelerometric sleep duration, and use the effect estimates from the accelerometer based
GWAS. Despite limitations, this is the first study to evaluate the association between

PRS based on common sleep-related traits and alcohol-related traits. It is also the first to
assess causal relationships between subjective sleep duration and alcohol-related traits. Our
work here highlights the relationship between sleep and pathological drinking and suggests
potential benefits to treating both disorders simultaneously in these individuals.

5. Conclusion

The genetic determinants of sleep traits and alcohol-related traits are partially overlapping.
The genetic risk for insomnia has pleiotropic effects on alcohol consumption and AUD, and
insomnia has a causal effect on AUD. Short sleep duration may causally influence AUD
risk and interventions that increase sleep duration may be a promising therapeutic target for
AUD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Insomnia and sleep duration abnormalities are commonly associated with
drinking and AUD

. Polygenic risk score (PRS) analysis evaluates the genetic burden for a trait

. Mendelian randomization studies investigate the causal relationship between
traits

. Insomnia PRS was associated with AUD at 2/9 thresholds and insomnia had a
causal effect on AUD

. Decreased sleep duration also had a causal effect on the risk for AUD
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Base Data (European ancestry) Target Data (European ancestry)
1) GWAS of Insemnia (UKE), N=453,379) 1} Aleohel consumpticon (MVE, N=200,6380)

2) GWAS of Sleep Ouration (30] {UKE, N=446, 118} | 2} AUD [MVF, N=34,658)

PES computed using desage infermation for each varant under an
additive madel of the sum of variants/effect size of each variant

P-value infarmed clumping using the 1000-genome background
R* = 0.1, distance threshold = 250 kb

o Different p-value thresholds computed: ps0.000001, 0.00001,

0.0001, 0.001, 0.01, 0.05, 0.1, and 0.5 Covariates: age, 5o,
112 5§ PC of assaciarion
Insemnla-drinking PRS Insomnla-ALD PRS 50-drinking PR3 SD-AUD PRS
{linear regression) (binary log regrassion| {lingar regression) (binary log regression)

Figure 1.
PRS methodology in the current study

Footnote: GWAS = genome-wide association study; UKB = United Kingdom Biobank;
MVP = Million Veteran Program; PRS = Polygenic Risk Score; AUD = Alcohol Use
Disorder; PC = Principal Components.
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F ™
GWAS and Genetic Prowies fram

Sleep Duration and Insomnia derived
from UK Biobank {N=453 379}

Page 19
I.N"
GWAS and Genetic Proxies from
AUDIT-C {N=200,680) and AUD
L derived from MVP {N=202,004)

!

Data Hanmonlzathon

!

| Bidirectional MR analyses |

!

l MR sensitivity analyses I

Figure 2.
Mendelian Randomization analysis pipeline in the current study

Footnote: GWAS = gene-wide association study; AUDIT-C = Alcohol Use Disorder
Identification Test — Consumption (a measure for drinking); AUD = Alcohol Use Disorder
(“alcoholism”); MVP = Million Veteran Program; PC = Principal Components; MR =
Mendelian Randomization study.
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Figure 3a. The various cutoff values of PRS
| evaluating insomnia and AUD
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Figure 3b. The various cutoff values of PRS
| evaluating insomnia and AUDIT-C total score
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Figure 3c: The various cutoff values of PRS
| evaluating sleep duration and AUD diagnosis

_| evaluating sleep duration and AUDIT-C total score |

Figure 3d: The various cutoff values of PRS
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Figure 3:

Polygenic Risk Score Analysis of sleep- and alcohol-related variables
Footnote: PRS = polygenic risk score; AUD = Alcohol Use Disorder; AUDIT-C = Alcohol
Use Disorder Identification Test — Consumption; Beta = coefficient of regression; OR = odds

ratio; SE = standard error.
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Figure 4.
Forest Plot of the causal effect of Insomnia (exposure) on Alcohol Use Disorder (AUD,
outcome)
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Figure 5.

Forest Plot of the causal effect of sleep duration (exposure) on AUD (outcome)
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AUDIT-C Sleep duration

Insomnia

Red arrows — positive causal effect
Blue arrows — negative causal effect

Figure 6.
A conceptual diagram of the relationships between sleep (insomnia and sleep duration) and

alcohol (AUD and AUDIT-C) variables

Footnote: AUD = Alcohol Use Disorder; AUDIT-C = Alcohol Use Disorder Identification
Test — Consumption. Solid arrows depict statistically associations. Broken arrows depict
nominally significant associations.
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