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ASSOCIATIONS BETWEEN GENETIC RISK FOR TRAIT AGGRESSION AND
ALCOHOL USE PREDICTING ALCOHOL-RELATED AGGRESSION
Kellyn M. Spychala
Dr. Ian R. Gizer, Thesis Supervisor
ABSTRACT
A propensity for aggression and/or alcohol use may be associated with alcoholrelated aggression. Previous research has shown genetic overlap between alcohol use and
aggression, but has not looked at how alcohol-related aggression may be uniquely
influenced by genetic risk for aggression and/or alcohol use. The current study examined
the associations of genetic risk for trait aggression, antisocial behavior, and alcohol use
with alcohol-related aggression using a polygenic risk score (PRS) approach. Using
genome-wide association study (GWAS) summary statistics, PRSs were created for trait
aggression, antisocial behavior, alcohol consumption, and alcohol dependence. These
four PRSs were used to predict alcohol-related aggression in two independent samples,
the University of California at San Francisco (UCSF) Family Alcoholism Study (n=1164)
and the National Longitudinal Study of Adolescent to Adult Health (Add Health;
n=4291). Results indicated significant associations of PRSs for trait aggression, antisocial
behavior, and alcohol consumption predicting alcohol-related aggression in the UCSF
study sample with the most significant results pertaining to verbal aggression. PRSs for
alcohol consumption were also associated with hitting a family member, and PRSs for
alcohol dependence were associated with hitting anyone else in the UCSF study sample.
No significant associations were observed in the Add Health study sample. Together,
these results provide preliminary evidence that genetic influence for alcohol use and
aggression uniquely predict different aspects of alcohol-related aggression.
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Introduction
The American Psychological Association defines aggression as “behavior aimed
at harming others physically or psychologically” (n.d.), and thus, can involve verbal or
physical hostility. The concurrence of aggression and alcohol use is prevalent. For
example, 21% of prisoners, who committed violent crimes, reported they were under the
influence of alcohol at the time of their crime (Bureau of Justice Statistics, 2010).
Additionally, it is estimated that between 30 and 75% of sexual assault perpetrators were
under the influence of alcohol at the time of the assault (Abbey, 2011). This relationship
between drinking and aggression is likely to be bidirectional. Drinking is associated with
increases in physical aggression (Matuszka et al., 2017), and aggressive behavior is
associated with greater alcohol consumption, heavy-drinking occasions and greater rates
of alcohol-related aggression in adolescents (White, Brick & Hansell, 1993; Tremblay &
Ewart, 2005; Chester & Dewall, 2018).
Given the relations between aggression and alcohol use, some have suggested that
shared causal factors may increase risk for both (Jessor et al., 2003; Akers, 1990) and
jointly contribute to alcohol-related aggression (Graham, West, & Wells, 2000).
Specifically, broader personality traits have been proposed as one such mechanism
(Chermack & Giancola, 1997). The five-factor model (FFM), describes five basic
dimensions of personality including neuroticism, agreeableness, conscientiousness,
openness and extraversion (McCrae & John, 1992), and has been used to conceptualize
the personality-driven underpinnings of aggression (Miller, Lynam, Widiger, &
Leukefeld, 2001). A metanalysis of studies examining the relations between aggression
and the FFM traits demonstrated a positive association between neuroticism and
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aggression and negative associations with agreeableness and conscientiousness, with
agreeableness showing the strongest relation to aggression (Miller et al., 2001). This
pattern of associations is similar to the pattern of associations between the FFM traits and
alcohol-involvement and alcohol-related problems, including alcohol-related aggression
(Malouff, Thorsteinsson, Rooke, & Schutte, 2007 and Ruiz, Pincus, & Dickinson, 2003,
respectively), where alcohol-involvement and alcohol problems are positively associated
with neuroticism and negatively associated with conscientiousness and, in the case of
alcohol involvement, also negatively associated with agreeableness. Notably, however, in
a study of male offenders, the personality dimensions of the FFM were not significantly
associated with aggressive behavior over and above trait anger and aggression norms
(Hosie, Gilbert, Simpson, Daffern, 2014). This suggests that trait anger, a dimension of
trait aggression, may play a more central and specific role in the etiology of aggressive
behavior relative to the FFM traits, and thus warrants further investigation into trait
aggression’s causal role in alcohol-related aggression (Boles & Miotto, 2003).
An aggressive personality, or trait aggression, characterized by anger, hostility,
verbal and physical aggression (Buss & Perry, 1992), has been shown to predict
increased aggressive behavior in both laboratory and questionnaire data (Tremblay &
Belchevski, 2004 and Archer & Webb, 2006, respectively). Importantly, a recent factor
analysis of alcohol-related aggression, drug-related aggression, and non-substance-related
aggression demonstrated that while these factors are distinct, alcohol-related aggression
showed strong relations with drug-related and non-substance-related aggression (Chester
et al., 2020). This suggests trait aggression should overlap with and predict alcoholrelated aggression. Studies have further evidenced this relationship by demonstrating how
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trait aggression interacts with alcohol intoxication to predict aggressive behavior in both
lab and real-world settings (Giancola, 2002). For example, one alcohol administration
study reported an interaction between trait aggression and alcohol intoxication indicating
that high scores on trait aggression predicted the highest number of aggressive
verbalizations, defined as verbally articulated thoughts in response to anger arousing
scenarios, in the active alcohol condition as compared to those receiving a placebo or
those low in trait aggression (Eckhardt and Crane, 2008). Further, in an alcohol challenge
study, an aggressive personality, characterized by a latent variable comprised of trait
aggression and trait anger, was associated with increased aggression, as measured by
intensity of shocks administered to a fictitious opponent during the Taylor Aggression
Paradigm (Taylor, 1967) in both the control and alcohol conditions, but this relationship
was significantly stronger in the active alcohol condition (Giancola et al., 2012).
Similarly, a study relying on self-report data found an interaction between physical trait
aggression and alcohol consumption predicting severity of physical aggressiveness in bar
locations, such that only individuals high in trait aggression showed an increase in
physical aggressiveness following alcohol consumption (Tremblay, Graham, & Wells,
2008). Together, this evidence suggests that trait aggression may be a unique risk factor
for both verbal and physical forms of alcohol-related aggression.
Given the heritable nature of alcohol use, trait aggression, and other aspects of
personality, genetics are likely to play an important role in the development of alcoholrelated aggression and could explain some of the overlap between alcohol use and the
described personality traits. Specifically, trait aggression and aggressive behavior
demonstrate heritability estimates of 44% and around 50%, respectively (Tellegen et al.,
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1988; Tuvblad & Baker, 2011), and among adolescents, genetic factors account for up to
65% of the variance in aggressive antisocial behavior (AAB; Burt, 2009). Moderate to
high genetic influences have also been demonstrated among children for aggression and
aggressive behavior syndrome (Hudziak et al., 2000, 2003), defined in those studies by
the Child Behavior Checklist as consisting of 15 characteristic aggressive behaviors
(Achenbach and Ruffle, 2000). Studies suggest that these genetic contributions to
aggression and other phenotypes characterized by aggression (e.g., AAB) remain
relatively stable throughout childhood and adolescence (Burt & Neidherhiser, 2009; Eley,
Lichtenstein, & Moffit, 2003; Hudziak et al., 2003; Porsch et al., 2016; Van Beijsterveldt,
Bartels, Hudziak, & Boomsma, 2003). This stability also extends into adulthood with one
study even demonstrating an increase in the genetic contributions to aggressive behavior
during adulthood (Wesseldijk et al., 2018).
As noted, alcohol use is also influenced by genetic factors. Both normative
alcohol consumption and problematic alcohol use (i.e., alcohol use disorder) show
modest heritability estimates among adults (around 50% and between 31 and 51%,
respectively; Verhulst, Neale, & Kendler, 2015; Rose & Dick, 2004; Hansell et al., 2008)
with common single-nucleotide polymorphisms (SNPs) accounting for approximately
13% of the variability in alcohol consumption and 33% in alcohol dependence (Clarke et
al., 2017; Mbarek et al., 2015). Notably, alcohol consumption and alcohol dependence
also show increases in heritability over time with heritability estimates near 30% in
adolescence (Rose & Dick, 2004 and Dick et al., 2009, respectively) increasing up to
around 50% in adulthood (Rose & Dick, 2004; Hansell et al., 2008; Knopik et al. 2004;
Liu et al. 2004; Sartor et al. 2010; vanBeek et al., 2012).
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While aggression and alcohol use have individually been shown to be influenced
by genetic factors, there is also genetic overlap between the two. For example, twin
studies have provided evidence demonstrating moderate genetic correlations between
aggressive behavior and alcohol dependence (von der Pahlen et al., 2008; McAdams et
al., 2011). Additionally, between 11 and 23% of the variation in alcohol dependence is
accounted for by common genetic influences between conduct disorder and alcohol
dependence (Slutske et al., 1998), though it should be noted that not all facets of conduct
disorder involve aggressive behavior. Compare this to the widely studied genetic overlap
between depression and alcohol dependence; around 21% of the variation in major
depression is accounted for by common genetic influences between major depression and
alcohol dependence (Fu, 2002). These findings suggest a significant genetic overlap
between aggressive behavior and alcohol dependence that is similar in magnitude to the
genetic overlap between depression and alcohol dependence.
Molecular genetics approaches have also been used to examine the genetic
overlap between aggression and alcohol use. Previously, candidate gene studies were
used to explore the genetic relationship between aggression and alcohol use. Most
prominently, GABRA2 has been associated with increased physical aggression, greater
frequency of alcohol consumption (Kiive et al., 2017), alcohol dependence (Kiive et al.,
2017; Zintzaras, 2012), conduct disorder (Dick et al., 2006) and antisocial behavior
(Deak et al., 2019). However, there is limited research on the genetic influences
underlying the specific phenomenon of alcohol-related aggression. Most studies instead
focus on the genetic risk of violence within heavy drinking samples. For example, one
study found the S allele of the promoter polymorphism of 5-HTT, the serotonin
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transporter gene, occurred more frequently among violent alcoholics than non-violent
alcoholics or controls (Hallikainen, 1999). Nonetheless, given the documented
replicability problems of candidate gene studies (Hirschhorn, Lohmueller, Byrne, &
Hirschhorn, 2002), such results should be interpreted with caution.
In addition to difficulties with replication, candidate gene associations are only
able to predict a small amount of variance of a given trait or behavior given the small
effect sizes of individual variants (R2<0.005), thus researchers have started to use
aggregate measures of genetic risk, such as polygenic risk scores (PRSs) to more fully
explore the genetic overlap between traits. Wray and colleagues (2014) discuss the
importance and use of PRSs as a way to simultaneously assess the contributions of
multiple variants to psychiatric disorders. Briefly, the PRS approach involves the
summary statistics from an adequately powered genome wide association study (GWAS)
of a particular trait, which serves as the discovery sample, and a second, smaller study
with GWAS data, which serves as the target sample. PRSs are calculated for participants
in the target sample by counting the number of risk alleles (e.g., 0, 1, or 2) at a genotyped
variant, multiplying this count by the weighted effect size of that variant as estimated in
the discovery GWAS sample, and summing the weighted counts across variants to create
the PRSs. In this manner, high scores indicate greater cumulative genetic propensity for a
specific trait, and the risk scores can then be used to predict the same or a related
phenotype in the target sample.
To date, there have been several studies using PRSs to predict alcohol use
phenotypes (e.g., Kranzler et al., 2019; Barr et al., 2019) and aggression (e.g., Barnes et
al., 2019; Hamshere et al., 2013) individually, but only limited applications of this

6

method to research on the genetic overlap between aggression and alcohol use. For
example, two studies relied on polymorphisms in a small number of candidate genes to
create risk scores. The first study created cumulative genetic scores from MAOA and 5HTTLPR polymorphisms which were shown to predict intimate partner aggression (IPA)
among heavy drinking men (Stuart et al., 2014). The second study created risk scores
from only 4 polymorphisms (HTR1B rs13212041, HTR2B rs6437000, 5-HTTLPR, and
MAOA u-VNTR), and surprisingly, found that lower genetic risk for aggression was
associated with increased IPA after consuming alcohol (Christ et al., 2018). These
contradictory findings, along with the poor replication record of candidate gene studies,
demonstrate the potential difficulties of relying on a small set of candidate
polymorphisms for PRS construction relative to the genome-wide approach described
above.
Importantly, PRSs for aggression derived from GWAS statistics have the
potential to explain a greater proportion of the genetic risk for aggression by including
more variants and providing more precise estimates of their influence on aggression. One
such study has been conducted and found that PRSs for trait aggression, using GWAS
summary statistics, were related to both aggression in adolescence and alcohol use in
young adulthood in a cohort of individuals that were followed over time (Elam, Chassin,
& Pandika, 2018). These findings provide additional support for the genetic overlap
between aggression and alcohol use and suggest the potential usefulness of PRSs derived
from GWAS summary statistics for examining the impact of genetic risk for trait
aggression on alcohol-related aggression.
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Though evidence discussing the potential underpinnings of alcohol-related
aggression have been described in general terms, it is important to note that gender and
sex effects are likely critical for understanding these risk mechanisms. This is evident in
the fact that trait aggression and aggressive behavior are higher among men relative to
women (Bacskai, Czobor, & Gerevich, 2011 and Archer, 2004, respectively) as is
drinking (Wilsnack et al., 2009) and alcohol-related physical aggression (Robertson et al.,
2020).
Causes of these higher rates in aggression and drinking are likely both
environmental (e.g., social roles) and biological (e.g., hormone levels) in nature
(Maccoby & Jacklin, 1980; Schulte, Ramo, & Brown, 2009). For example, differences in
rates of alcohol-related aggression among men and women may be due to social norms
favoring masculinity and aggression among men (Berke, Leone, Parrott, & Gallagher,
2019; Miller et al., 2014; Peralta, & Cruz, 2006). Parallel studies have demonstrated
likely biological factors that could contribute to sex differences in alcohol-related
aggression. For example, in a cross-sectional study of males, those with a history of
acting aggressively while intoxicated had higher testosterone levels than males who did
not act aggressively (Lindman, Järvinen, & Vidjeskog, 1987). Given that males in general
have higher levels of testosterone than females (Tyagi et al., 2017), this could explain the
higher rates of alcohol-related aggression among males than females. While there has
been limited support for sex differences in terms of genetic influences underlying
aggression (Vierikko, Pulkkinen, Kaprio, Viken, & Rose, 2003) and problem alcohol use
(Ehlers et al., 2010; Prescott, Aggen, & Kendler, 2006), the described sex and gender
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differences demonstrate the importance of exploring their potential moderating effects on
the relations between aggression and alcohol PRSs and alcohol-related aggression.
Building on the reviewed literature, the purpose of the current study was to extend
the research on the relations between aggression, alcohol use, and alcohol-related
aggression with a focus on exploring how the relative genetic risk for alcohol use and
trait aggression contribute to the development of alcohol-related aggression. Specifically,
the study aims were, (1) to explore whether PRSs of trait aggression, antisocial behavior,
alcohol consumption, and alcohol dependence showed main effects in predicting alcoholrelated aggression, (2) to examine the unique and overlapping variance in alcohol-related
aggression explained by the PRSs, and (3) to investigate whether interactions between the
PRSs explained additional variance over and above the main effects. Within each aim,
sex-specific associations were explored by including sex as a moderator of the relations
between PRSs and alcohol-related aggression. Further, genotype-by-sex interactions were
estimated to determine the sex-specific heritability of alcohol related aggression.
Methods
Discovery Samples
Trait Aggression from Early Genetics and Lifecourse Epidemiology
(EAGLE) consortium. Genome-wide summary statistics for trait aggression generated
from 9 cohorts, resulting in a total of 18,988 children and 2.5 million variants, were used
in the construction of trait aggression PRSs (see Pappa et al, 2015 for information
regarding sample characteristics, genotyping, quality control and analytic methods used).
Participants were between the ages of 3 and 15 and of North European ancestry.
Informed consent was obtained from all participants and the study was approved by
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ethics boards at those institutions where data collection took place. The sample was
chosen because, to date, this is the only published genome-wide association study of trait
aggression. Additionally, the previously stated stability of genetic contributions to
aggressive behavior throughout childhood and adolescence (Eley et al., 2003; Hudziak et
al., 2003; Porsch et al., 2016; Van Beijsterveldt et al., 2003) and even into adulthood
(Bergen et al., 2007; Wesseldijk et al., 2018) indicates a continuity of the genetic
influences that contribute to aggression over time.
To measure trait aggression, four of the nine cohorts used the Aggression scale of
the Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2000, 2001). Mothers
rated behaviors on a 3-point scale (0 = not true, 1 = somewhat true, and 2 = very true),
which were summed to create the Aggression scale score. Examples of the included items
were “My child destroys other’s things” and “My child gets into fights.” Two additional
cohorts measured trait aggression using mother ratings from the conduct problem scale
from the Strengths and Difficulties Questionnaire (Goodman, 1997) with a 3-point scale
similar to that of the CBCL. Examples of items in this measure included “My child steals
from home, school or elsewhere” and “My child often lies or cheats.” Finally, the
remaining three cohorts used similar items from a general questionnaire, such as “My
child's aggressive behavior frequently makes disciplinary action necessary,” to create
aggression scores. Due to the different measures, aggression scores were standardized for
genetic association analysis. Both the CBCL and Strengths and Difficulties Questionnaire
have been well-validated (Achenbach and Rescorla, 2000; 2001; Stone et al., 2010).
Illumina microarray platforms were used for genotyping six out of the nine
cohorts, while Affymetrix microarrays were used for the other three cohorts. All samples
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were imputed to Genome Reference Consortium Human Build 36 (GRCh36) using the
HapMap reference sample. Imputation was performed using either the Markov Chain
Haplotyping algorithm (MaCH) or IMPUTE/IMPUTE2 (Marchini, Howie, Myers,
McVean, & Donnelly, 2007; Howie, Donnelly, & Marchini, 2009). The meta-analysis
was conducted in METAL (Willer, Li, & Abecasis, 2010) using the sample size weighted
z-score method, and the reported association statistics were refined based on minor allele
frequency (MAF > 0.05) and/or imputation quality (IMPUTE INFO > 0.4). Because
genotypes analyzed by the EAGLE consortium were aligned to GRCh36, liftOver
(Rosenbloom et al., 2008) was used to translate the genetic coordinates to GRCh37, the
genome build used to map genotypes in the target samples described below.
Antisocial Behavior PRS (The Complex Trait Genetics lab; CTG). Genomewide summary statistics for antisocial behavior, derived from a meta-analysis with a total
of 16,400 people of European ancestry were used for the construction of antisocial
behavior PRSs (see Tielbeek et al., 2017 for information regarding sample characteristics,
genotyping, quality control and analytic methods used). The mean age of the samples
included in this metanalysis ranged between 6.7 and 43.8. All of the individual studies
were approved by their respective ethics board and informed consent was provided by all
participants. While antisocial behavior includes non-aggressive acts in addition to
aggressive ones (Burt, 2012), this sample was chosen to provide additional evidence of
how genetic risk for aggression impacts alcohol-related aggression. Further, the greater
similarity in mean age (M=21.08. SD=15.9) with those of the target samples may
increase predictability of the PRSs in comparison to the trait aggression PRSs developed
from a significantly younger sample.
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Each of the five samples included in the meta-analysis used a different measure to
assess antisocial behavior. Two studies assessed childhood conduct disorder based on
DSM-IV (American Psychiatric Association, 1994) criteria either via the Semi-Structured
Assessment for the Genetics of Alcoholism (SSAGA; Bucholz et al., 1994) or the
Development and Wellbeing Assessment (Goodman et al., 2000). Another study assessed
the number of DSM-IV symptoms of antisocial personality disorder. The fourth sample
used the rule-breaking behavior scale of the Teacher Report Form (TRF; Achenbach &
Rescorla, 2000). This measure includes items related to setting fires, truancy, and using
obscene language, that are rated by the teacher using the same scale as the CBCL
described previously. The final sample assessed antisocial behavior via the Antisocial
Process Screening Device (APSD; Frick & Hare, 2001), which is a self-report measure
for adolescents that includes items related to getting angry when corrected and making
fun of others that are scored on a 3-point scale ranging from “not at all true” to
“definitely true.”
Four out of the five cohorts used Illumina microarray platforms for genotyping,
while the other cohort used Affymetrix microarrays. Each sample was imputed to
GRCh37 using 1000 Genomes phase 1 version 3 as a reference sample. Either MaCH or
IMPUTE2 was used for performing imputation. The meta-analysis was conducted with
METAL, which used the sample size weighted z-score method described above. Unlike
the previously described meta-analysis, results were refined by excluding polymorphisms
with a MAF < 0.01, IMPUTE INFO < 0.6, and missing p-value, beta or standard error
information.
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Alcohol Consumption PRS (GWAS and Sequencing Consortium of Alcohol
and Nicotine use; GSCAN). Genome-wide summary statistics for alcohol consumption,
derived from a meta-analysis with a total of 537,349 people and 11.9 million variants,
was used in the construction of alcohol consumption PRSs (see Liu et al., 2019 for
information regarding sample characteristics, genotyping, quality control and analytic
methods used). The meta-analysis only included participants of European ancestry and
genome-wide Illumina and Affymetrix microarrays were used for genotyping. Informed
consent was obtained from all participants, and protocols were approved by the
University of Minnesota institutional review board. Research activities at the
participating sites were approved by their respective IRBs.
Alcohol consumption was measured as the number of drinks consumed in the past
week or the average number of drinks consumed per week in the past year. For analyses
across the samples, an average number of drinks per week was calculated and then log
transformed. When a sample relied on binned responses (i.e.,1-4 drinks per week), the
midpoint was taken as the number of drinks per week (i.e., 2 drinks). The average drinks
per week across samples was 7.66 (SD = 4.02).
A majority of the studies imputed genotypes using the Haplotype Reference
Consortium panel (McCarthy et al., 2016) carried out on the University of Michigan
imputation server. Those that did not use the server were imputed using either 1000
Genomes phase 3, UK10K, the Haplotype Reference Consortium, or a combination of
these reference panels. All studies used either IMPUTE2 or Minimac3 (Howie et al.,
2009; Das et al., 2016), for imputation. The meta-analysis was conducted in the software
package rareGWAMA using a fixed effects model approach involving aggregating Z-
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score statistics, which was developed by the researchers to account for imputation and
allele frequency differences between studies.
Alcohol Dependence PRS (The Psychiatric Genomics Consortium; PGC).
Genome-wide summary statistics for alcohol dependence for a subset of 46,568 (11,569
alcohol dependent cases, 34,999 controls) individuals of European ancestry were used in
the construction of alcohol dependence PRSs in the University of California-San
Francisco (UCSF) sample (see Walters et al., 2018 for information regarding sample
characteristics, genotyping, quality control and analytic methods used). In the National
Longitudinal Study of Adolescent to Adult Health (Add Health) sample a subset, of
28,757 (8,485 alcohol dependent cases and 20,272 controls) individuals of European
ancestry were used for the construction of alcohol dependence PRSs. This set of
summary statistics, despite its smaller sample size, was chosen to prevent sample overlap
between target and discovery samples as Add Health was a contributing sample to the
larger set of summary statistics.
Alcohol dependence was assessed in the PGC samples using DSM-IV (American
Psychiatric Association, 1994) criteria via structured interviews or clinician ratings.
Informed consent was obtained from all participants, and protocols were approved by the
respective study’s institutional review board.
Studies included in the PGC meta-analysis reported using several types of
microarrays for genotyping, such as Illumina and Affymetrix microarrays. All samples
were imputed to the 1000 Genomes Project reference sample using the
SHAPEIT/IMPUTE2 pipeline (O’Connell et al., 2014; Howie et al., 2009). Resulting
SNPs were filtered for low minor allele frequency (MAF > 0.01) and/or imputation
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quality (INFO score > 0.8). The meta-analysis was conducted in METAL (Willer et al.,
2010) using inverse-variance weighted fixed effects.
Target Samples
University of California-San Francisco (UCSF). Participants represent a subset
drawn from the University of California – San Francisco (UCSF) Family Alcoholism
Study (Vieten, Seaton, Feiler, & Wilhelmsen, 2004). This study included 1164
participants with both genetic and phenotypic data. Proband participants, meeting
screening criteria for lifetime alcohol dependence criteria (ICD-10; World Health
Organization, 1993), along with their family members, were recruited for the study. Prior
studies have shown that differences in LD across ancestral populations lead to reductions
in the predictive ability of PRSs if the target sample differs in ancestral background from
the discovery sample (Martin et al., 2017; Otto, Gizer, Bizon, Wilhelmsen & Ehlers,
2016). Because the discovery GWAS were conducted using European ancestry
participants, the UCSF target sample was restricted to those participants of European
ancestry. The resulting sample is composed of 719 family pedigrees, which range in size
from 1 to 8 individuals, with 93% of families containing less than 5 individuals. The
sample is 56.4% female with a mean age of 47.5 (SD=12.1). Institutional Review Board
committees approved all data collection, and participants provided informed consent
prior to participation.
Measures. UCSF lifetime alcohol-related aggression was assessed using a
modified version of the SSAGA (Bucholz et al., 1994). Five variables were generated
using responses to dichotomous (yes/no) questions. The first question assessed verbal
aggression: “Did you ever get into arguments when you had been drinking?” The other
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four items referred to different forms of physical aggression: “Did you ever hit things or
throw something when you had been drinking?”, “Did you ever hit anyone in your family
when you had been drinking?”, “Did you ever hit anyone else when you had been
drinking without getting into a fight?”, and “Did you ever get into physical fights while
drinking?” Previous studies have used similar dichotomized questions about alcoholrelated aggression experiences, such as getting into physical fights while drinking
(Kachadourian, Quigley, & Leonard, 2014; Sicilano et al., 2013).
Alcohol dependence was assessed using a set of items from the SSAGA assessing
the DSM-IV (American Psychiatric Association, 1994) dependence criteria. The SSAGA
was also used to assess the maximum drinks consumed daily during a period of regular
drinking using an open-ended item: “What was the largest number of drinks you would
drink almost every day?”
Whole genome sequencing. UCSF genotyping procedures have previously been
described (Gizer et al., 2018). The sample was sequenced on HiSeq2000 sequencers
(Illumina, San Diego, CA) with a majority of the sample sequenced at a coverage depth
across the genome between 2x and 6x. Variants were called with the LD-aware variant
caller Thunder (Li et al., 2011) to account for relatedness of the participants in this
sample. The sample was also genotyped using Affymetrix microarrays. Genotypes from
this microarray were used to assess the relative quality of variant calls from the sequence
data. Comparison of the methods resulted in a high match rate of 98%. Genome-wide
Complex Trait Analysis software (GCTA; Yang, Lee, Goddard & Visscher, 2011) was
used to conduct principal component analysis (PCA; Price, Zaitlen, Reich & Patterson,
2010) from variants with a minor allele frequency (MAF) > 0.01 in order to derive

16

ancestry estimates of the sample, which were then used as covariates in the described
analyses.
The National Longitudinal Study of Adolescent to Adult Health (Add
Health). Participants represent a subset of individuals from the Add Health study (Harris
et al., 2009). This study included 4291 unrelated participants of European ancestry with
both genetic and phenotypic data. Participants were recruited at Wave 1 (W1) through
their schools in 1994-95 as 7th -12th graders and thus far have completed 4 additional
waves of data collection of which 2 were used in this study. Wave 2 (W2) took place in
1996 and Wave 3 (W3) was conducted in 2001-2002. Institutional Review Board
committees approved all data collection, and participants provided informed consent
prior to participation.
Measures. During the first three waves past year alcohol-related aggression was
measured among drinkers using one item: “Over the past 12 months, how many times did
you get into a physical fight because you had been drinking?” Possible response options
to this item included “never,” “once,” “twice,” “3-4 times”, and “5 or more times.” At
W1 (ages 11-15), 9,639 participants responded to this item, 6,423 responded at W2 (ages
16-20), and 10,817 responded at W3 (ages 21-28).
Frequency of past year alcohol consumption in the first three waves was assessed
with the item, “During the past 12 months, on how many days did you drink alcohol?”,
which included 7 response options ranging from “never” to “every day or almost every
day” (n = W1-11,589, W2-6,916, & W3-11,511). A similar item was used to assess
frequency of getting drunk (n = W1-9625, W2-6,417, W3-10,802). Typical quantity of
past year alcohol use was measured with the open-ended item, “Think of all the times you
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had a drink during the past 12 months. How many drinks did you usually have each
time?” (n = W1-9,587, W2-6,413, & W3-10,798). Past year binge drinking was assessed
with the item “Over the past 12 months, on how many days did you drink 5 or more
drinks in a row?”, which included the same response options as the frequency of alcohol
consumption item (n = W1-9,625, W2-6,417, & W3-10,809).
Frequency of past year physical aggression in the first two waves was assessed
with one item: “During the past 12 months, how often did you get into a serious physical
fight?” (n = W1-20,616, & W2-14,691). Response options for this item included “never,”
“1 or 2 times,” “3 or 4 times,” and “5 or more times.”
Due to the variability of age at each wave, the data was restructured in order to
conduct an age-based analysis. Since Wave 1 and Wave 2 were not exactly a year apart,
some individuals were the same age for both assessments. For these cases, when data was
available at both waves the individual’s W2 response was selected for analyses and W1
was treated as missing.
Genotyping. Add Health genotyping procedures have previously been described
(Highland et al., 2018). In Wave IV, saliva samples were collected from 15,701
participants and two Illumina platforms were used for genotyping with 609,130 genetic
variants common to both platforms. All European samples were imputed to Release 1 of
the Haplotype Reference Consortium panel using the same methods as GSCAN as
described above. GCTA (Yang et al., 2011) was used to conduct a principal components
analysis (PCA; Price et al., 2010) and to compare the genetic similarity of participants in
this sample to the populations in the 1000 Genomes dataset in order to derive ancestry
estimates. These ancestry estimates were used as covariates in the described analyses.
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Polygenic Risk Scores.
PRSs were generated using the GWAS summary statistics from the EAGLE
Consortium, CTG, GSCAN and PGC for trait aggression, antisocial behavior, alcohol
consumption, and alcohol dependence, respectively. Strand orientation differences for
non-ambiguous SNPs between discovery and target samples were resolved by matching
phase 3 of the 1KG European-cohort (The 1000 Genome Project Consortium, 2015)
genotypes to the UCSF and Add Health target sample genotypes and to each set of
summary statistics to examine allele coding agreement between discovery and target
samples.
For each trait, the genetic variants included in both the discovery and target
samples that were also present in the European-ancestry cohort of 1KG phase 3 and had a
P-value < 0.5 in their respective GWAS were subjected to linkage-disequilibrium (LD)
pruning. Pruning prior to creation of PRS was conducted using PLINK (Purcell et al.,
2007) for the UCSF sample and PRSice-2 (Choi et al., 2020) for the Add Health sample.
This pruning step identified variants that are highly correlated with each other and
selectively retained the variant showing the strongest association with the trait of interest
in a given genomic region (Purcell et al., 2007). This process ensured that only unique
genetic signals were included in the PRS.
Next, the PRSs for each trait were created by summing allele counts weighted by
effect sizes reported in the discovery GWAS for each individual in the target sample
using PLINK for UCSF and PRSice-2 for Add Health. The SNP weights were defined as
the reported association statistics (i.e., regression coefficients, Z statistics) from their
respective GWAS. The polygenic scores thus represent a composite measure of genetic
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risk with higher scores indicating higher genetic propensity for trait aggression, antisocial
behavior, alcohol consumption, or alcohol dependence. Because there is no accepted cut
point for including SNPs in the formation of PRSs, scores were created for eight P-value
thresholds (P < 0.001, P < 0.01, P < 0.05, P < 0.1, P < 0.2, P < 0.3, P < 0.4, P < 0.5)
corresponding to a more conservative to more liberal inclusion criterion. Thus, for a
given trait, each participant had 8 risk scores representing the additive influences of the
included SNPs on that trait.
Data Analysis
General Approach. As stated previously, data were restricted to members of
European descent in the UCSF and Add Health samples to enhance predictive ability of
the risk scores (Martin et al., 2017; Otto et al., 2016). In the UCSF sample, multilevel
mixed-effect models were used to account for the random effect of family membership.
All linear and logistic analyses were conducted in the R statistical software platform (R
Core Team, 2019) using the package pedigreemm (Bates & Vasquez, 2014), which fits
linear mixed models and also provides the option to specify binary responses.
Pedigreemm accounts for relatedness of the sample by allowing responses within families
to covary. This is done through the use of pedigree data to indicate family membership.
In order to leverage the multiple waves of data in Add Health and increase
statistical power, data was combined across the ages. Ordinal regression models fit with a
logit link function were conducted in R using the MASS package (Venables & Ripley,
2002) as a way to account for the ordered factor response in which the distance between
response types is unequal. To confirm the appropriateness of this method, the Brant test
was conducted to test the assumption of parallel lines which supported the use of ordinal
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regression models. Allowing for the differences in statistical procedures, all of the
analyses described in the following sections followed the same basic progression in terms
of model testing for both the UCSF and Add Health samples.
Preliminary Analyses. As a preliminary step, aggression, alcohol consumption,
and alcohol dependence variables were used for validation of their respective PRSs.
Alcohol consumption PRSs were validated in both the UCSF and Add Health sample,
alcohol dependence PRSs were validated in the UCSF sample, and trait aggression PRSs
were validated in the Add Health sample. Specifically, the aggression, alcohol
consumption and alcohol dependence variables were regressed on each of the 8 risk
scores for their respective predictors (i.e., aggression, alcohol consumption or alcohol
dependence) along with sex, age, age-squared, and ancestry estimates included as
covariates. Associated statistical tests, using an alpha of 0.05, were used to examine the
validity of these risk scores.
Testing for Main Effects of the PRSs on Alcohol-Related Aggression. In order
to address Aim 1 and evaluate the significance of each predictor when predicting alcoholrelated aggression in the UCSF sample, logistic regression models were used for each
PRS and the 5 alcohol-related aggression items included in the SSAGA due to the
dichotomous nature of the outcome variables. Specifically, the alcohol-related aggression
variables were regressed on each of the 8 risk scores for the 4 predictors (i.e., trait
aggression, antisocial behavior, alcohol consumption and alcohol dependence PRSs),
along with covariates (sex, age, age-squared and the first five ancestry PCs). For the Add
Health sample, ordinal logistic regression models were used to predict the ordinal
outcome variable from the 4 sets of risk scores. In both samples, models with risk scores
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were compared to models with just covariates to assess the incremental contributions of
the PRSs in terms of variance explained in the dependent variable. For analyses
conducted in the UCSF sample, the Nyholt-Sidak correction (Nyholt, 2004), which
accounts for the correlation among tested items (number of outcomes tested N=5 in the
UCSF sample) to determine the effective number of independent tests was used to
establish a critical P-value threshold of P<0.0114 for the tests of the PRSs.
To evaluate the unique and overlapping contributions of trait aggression, alcohol
consumption, and alcohol dependence PRSs when predicting alcohol-related aggression
as described in Aim 2, a second set of logistic or linear regression models were
conducted. Specifically, an optimized P-value threshold for each trait's PRS was chosen
based on the predictive ability (i.e., proportion of variance explained) of the PRS across
each of the P-value thresholds. We then conducted a set of regression analyses in which
the selected PRS for each trait (i.e., trait aggression, antisocial behavior, alcohol
consumption, and alcohol dependence) was entered as a single predictor and contrasted
this with a model in which two PRSs were included as predictors. These analyses were
conducted in a pairwise manner (i.e., trait aggression-alcohol consumption, trait
aggression-alcohol dependence, alcohol consumption-alcohol dependence). When three
different PRSs significantly predicted an outcome, models with two PRSs were compared
to models including three PRSs (e.g., alcohol consumption and alcohol dependence vs.
trait aggression, alcohol consumption and alcohol dependence) to understand the unique
variance of the third PRS (e.g., trait aggression). The observed changes in variance
explained and associated statistical tests, using an alpha of 0.05, were used to examine
the unique and overlapping influences of these risk scores.
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Examining Interactions Among the PRSs. As part of Aim 3, a third set of
regression analyses were conducted to investigate whether interactions between the PRSs
explained additional variance. Again, the optimized P-value threshold for each trait's PRS
as described above, even when the PRS was nonsignificant, was used for two-way, threeway, and four-way interaction terms between the optimized PRSs for each trait (i.e., trait
aggression, antisocial behavior, alcohol consumption, and alcohol dependence). These
models were contrasted with the models in which only the main effects of the two PRSs
were included, or in which the two-way interaction terms were included when evaluating
the contributions of three-way interactions, and evaluated by changes in variance
explained and associated statistical tests. For these analyses a Bonferroni multiple testing
correction (UCSF-N=55; Add Health- N=11) was used to establish a critical P-value
threshold of P<0.0009 for analyses conducted in the UCSF sample and P<0.004 for the
Add Health sample. These analyses were conducted in the same grouping manner as
described in Aim 2.
Because interpretations of main and interaction effects estimated from models
including multiple trait PRSs may not be straightforward and are relatively novel in the
literature, we explored the inclusion of alcohol dependence diagnosis as a way to further
explore observed results. For example, main effects of the alcohol consumption and
aggression PRSs or their interaction predicting alcohol-related aggression could result
from individuals exhibiting high levels of consumption having higher rates of alcohol
dependence. To illustrate, we would follow-up the described possibility by constructing a
model in which alcohol dependence diagnostic status was included as a covariate when
testing the main and interacting effects of the alcohol consumption and trait aggression
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PRSs on likelihood of alcohol-related aggression. In this model, the optimized P-value
threshold for the trait aggression and alcohol consumption PRSs and their interaction
term would be included as predictors, along with an alcohol dependence diagnosis
variable, in linear or logistic regression models for each outcome variable. This model
would then be contrasted with the model just including the main effects and interaction of
the PRSs. The observed changes in parameter estimates, variance explained and
associated statistical tests, using the same corrected P-value thresholds as the primary
analyses, were used to examine the effects of the additional variables.
Examining Sex-Specific Genetic Effects. Finally, given previous research which
suggests sex and gender differences in propensity for aggression and drinking (Maccoby
& Jacklin, 1980 and Schulte, Ramo, & Brown, 2009, respectively), exploratory analyses
were conducted to examine sex-specific genetic effects on alcohol-related aggression.
These analyses evaluated whether PRSs for trait aggression, antisocial behavior, alcohol
consumption and alcohol dependence have different patterns of associations with alcoholrelated aggression for males and females. For these analyses, the optimized P-value
threshold for each trait's PRS, even when the PRS was nonsignificant, was included as a
predictor in linear or logistic regression models for each outcome along with PRS-by-sex
interaction terms. These models were contrasted with models including only the main
effects of the PRS and sex. For these analyses a Bonferroni multiple testing correction
(UCSF-N=20; Add Health- N=4) was used to establish a critical P-value threshold of
P<0.002 for analyses conducted in the UCSF sample and P<0.0125 for the Add Health
sample to examine whether sex-specific associations exist.
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As a way to further examine the effect of sex on genetic associations with
alcohol-related aggression, a genotype by covariate interaction (GCI-GREML) method to
estimate heritability was explored as described by Robinson et al. (2017). This method
estimates the variance contributed to a phenotype from the genotype-covariate interaction
using a likelihood ratio test comparing the interaction model with a model estimating a
single genetic variance component. Using the Add Health sample this method was
conducted in GCTA to examine the influence of a genotype-sex interaction on heritability
estimates of maximum reported alcohol-related aggression frequency across the waves
controlling for age at reported maximum frequency and the first five ancestry PCs.
Results
UCSF sample. Descriptive statistics for the UCSF sample are provided in Table
1. Of the 1164 participants, 868 (74.5%) of them indicated experiencing at least one
incident of alcohol-related aggression during their lifetime. Specifically, 69% of
respondents reported “getting into arguments when drinking”, 44% reported “hitting or
throwing objects,” 30% reported “getting into physical fights,” 22% reported “hitting a
family member,” and 22% reported “hitting anyone else other than a family member.”
Correlations between the alcohol-related aggression items ranged from small to moderate
(r= 0.22-0.49, P < 0.001).
Add Health sample. Descriptive statistics for the Add Health sample are
provided in Table 1. After combining data across the three waves there were a total of
7731 observations for the 4291 participants with 957 (22.3%) participants having
observations at all three waves. Of the 7731 observations, 976 (12.6%) indicated at least
1 incident of alcohol-related aggression. Collapsing across waves, 794 (18.5%)
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participants reported at least 1 incident of alcohol-related aggression with a mean
reported frequency of 0.21 (SD=0.63).
Preliminary Analyses
UCSF. As a next step, PRSs were validated in the sample when a validation
outcome variable was available (i.e., alcohol consumption and alcohol dependence).
PRSs for alcohol consumption predicted maximum number of drinks in a day at all
thresholds (Ps<0.05). Additionally, PRSs for alcohol dependence predicted alcohol
dependence diagnosis at all thresholds (Ps<0.008).
Add Health. In this sample, validation analyses were conducted for alcohol
consumption, trait aggression, and antisocial PRSs. PRSs for alcohol consumption at 7
thresholds predicted frequency of drinking at W1 (Ps < 0.04) and at 8 thresholds at W3
(Ps <0.01), but did not significantly predict frequency of drinking at any threshold at W2.
Additionally, PRSs for alcohol consumption negatively predicted frequency of getting
drunk at 7 thresholds at W1 (Ps < 0.05), but positively predicted frequency of getting
drunk at 8 thresholds at W3 (Ps < 0.04). Preliminary analyses suggest that the alcohol
consumption PRS negatively predicts frequency of consumption during early
adolescence, but by young adulthood this association becomes positive. The alcohol
consumption PRSs also positively predicted W3 quantity of drinking at 8 thresholds (Ps <
0.05). While PRSs for alcohol consumption negatively predicted W1 frequency of binge
drinking at 2 thresholds (Ps <0.04), they positively predicted W3 frequency of binge
drinking at 8 thresholds (Ps < 0.02). PRSs for trait aggression and antisocial behavior did
not predict frequency of getting into physical fights at either W1 or W2.
Testing for Main Effects of the PRSs on Alcohol-Related Aggression

26

UCSF. The main effect analyses of all PRSs yielded at least one association with
“getting into arguments,” “hitting a family member,” and/or “hitting anyone else other
than a family member” items after multiple testing corrections. These are described in
turn below (see Tables 2-6 for complete results). While PRSs for trait aggression showed
positive relations with “hitting or throwing objects” (𝛽= 0.15, SE= 0.063, P= 0.02) and
“getting into physical fights” (𝛽= 0.15, SE= 0.069, P= 0.02), these did not survive
multiple testing corrections. Further, PRSs for antisocial behavior, alcohol consumption,
and alcohol dependence did not predict “hitting or throwing objects” or “getting into
physical fights,” and thus, these items are not discussed further (see Tables 3 and 4 for
complete results).
PRSs predicting arguments. For the analyses of the “getting into arguments”
item, PRSs for trait aggression were significantly and positively related at three of the
eight P-value thresholds after corrections for multiple testing with the strongest
association observed for the PRS with a P-value threshold <0.01 (𝛽= 0.22, SE= 0.066,
P= 0.0006, pseudo-ΔR2= 0.011). Additionally, PRSs for alcohol consumption
significantly positively predicted “getting into arguments” at two P-value thresholds after
corrections. For these analyses the strongest association was observed for the PRS with a
P-value threshold <0.5 (𝛽= 0.43, SE= 0.169, P= 0.008, pseudo-ΔR2= 0.004). Finally, and
contradictory to our hypotheses, PRSs for antisocial behavior negatively predicted
“getting into arguments” at the P-value threshold <0.3 (𝛽=-0.17, SE=0.065, P= 0.007,
pseudo-ΔR2= 0.003). Analyses examining the alcohol dependence PRSs did not detect
significant associations between these PRSs and getting into arguments. See Table 2 for
complete results.
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PRSs predicting hitting a family member. For the analyses of the “hitting a
family member” item, PRSs for alcohol consumption were significantly positively related
to reporting hitting a family member at one of the eight P-value thresholds (P< 0.5) after
corrections for multiple testing (𝛽= 0.50, SE= 0.191, P= 0.008, pseudo-ΔR2= 0.004). In
contrast, alcohol dependence, trait aggression, and antisocial behavior PRSs were not
significantly associated with hitting a family member. See Table 5 for complete results.
PRSs predicting hitting anyone else. For the analyses of the “hitting anyone else
other than a family member” item, the alcohol dependence PRS was significantly
positively related to hitting a non-family member at a single P-value threshold (P < 0.01)
after corrections for multiple testing (𝛽= 0.20, SE= 0.074, P= 0.006, pseudo-ΔR2=
0.003). Analyses examining the alcohol consumption, trait aggression, and antisocial
behavior PRSs did not detect significant associations between these PRSs and hitting
anyone else after multiple testing corrections. See Table 6 for complete results.
Unique and overlapping contributions of PRSs predicting alcohol-related
aggression. As a next step, we examined the correlations between the PRSs. The only
significant correlation was between the optimized PRSs for trait aggression and antisocial
behavior and that relation was relatively modest (𝛽= 0.06, SE= 0.023, P= 0.013). We
next examined whether the trait aggression, alcohol consumption, and antisocial behavior
PRSs were explaining unique or overlapping variance in responses to the “getting into
arguments while intoxicated” item. These Aim 2 analyses were only performed for this
item because no other outcomes were significantly predicted by multiple trait PRSs after
multiple testing corrections. The trait aggression PRS using a P<0.01 threshold, the
alcohol consumption PRS using a P<0.5 threshold, and the antisocial behavior PRS using
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P<0.3 were selected for analysis. When included in the same model, trait aggression
(𝛽=0.24, SE= 0.066, P= 0.0002), alcohol consumption (𝛽=0.17, SE= 0.066, P= 0.007),
and antisocial behavior (𝛽= -0.19, SE= 0.066, P=0.003) remained significant. Each PRS
was then tested for its incremental contribution in predicting “getting into arguments”
over and above the others. The pseudo ΔR2 for the trait aggression PRS over and above
the alcohol consumption and antisocial behavior PRSs was 0.016. The pseudo ΔR2 for the
alcohol consumption PRS over and above the trait aggression and antisocial behavior
PRSs was 0.008, and the pseudo ΔR2 for the antisocial behavior PRS over and above the
trait aggression and alcohol consumption PRSs was 0.010. Notably, chi-square difference
tests, indicated that the addition of each PRS over and above the others was significant
(trait aggression -χ! =14.08, p=0.0001; alcohol consumption -χ! = 7.47, P=0.006;
antisocial behavior- χ! =8.95, P=0.002).
Add Health. In the Add Health sample, PRSs for trait aggression, antisocial
behavior, alcohol consumption, and alcohol dependence were not significantly related to
“getting into physical fights while drinking.” Thus, we did not conduct the Aim 2
analyses to examine unique and overlapping variance of the PRSs in this sample. See
Table 7 for complete results.
Examining Interactions Among the PRSs
UCSF. As a final step in examining the combined influence of the PRSs on
alcohol-related aggression in the UCSF sample, PRS interactions were examined in the
prediction of “getting into arguments”, the only outcome variable with significant
associations with multiple traits. There were no significant two-way (i.e., trait aggression
x antisocial behavior, trait aggression x alcohol consumption and antisocial behavior x
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alcohol consumption (Ps= 0.170 - 0.863) or three-way interactions (𝛽=-0.04, SE= 0.072,
P= 0.504). When adding alcohol dependence diagnosis as a covariate, the trait aggression
PRS remained significant (𝛽 = 0.21, SE= 0.067, P= 0.001), but the alcohol consumption
PRS failed to reach significance after multiple testing corrections (𝛽 = 0.16, SE= 0.068,
P= 0.015). The two-way interaction between the optimized trait aggression and alcohol
consumption PRSs was also nonsignificant (𝛽 = 0.09, SE= 0.071, = 0.174).
In order to fully examine the effects of the PRSs, PRS interactions were examined
for the other outcome variables, even when the main effects were nonsignificant. Using
the more stringent significance criteria (P< 0.0009) as described above, there were no
significant two-way, three-way or four-way interactions for any of the alcohol-related
aggression items (Ps > 0.004).
Add Health. Despite a lack of significant findings in the Aim 1 results for Add
Health, the combined influence of the PRSs on alcohol-related aggression was still
examined by examining interactions among the optimized PRSs for each trait. All PRS
interactions, two-way, three-way and four-way, were nonsignificant (Ps > 0.07).
Examining Sex-Specific Genetic Effects
UCSF. Across all of the significant associations between PRSs and alcoholrelated aggression items reported in the UCSF sample (i.e., significant main effects), no
significant interactions between PRS and sex were observed (Ps > 0.06). In order to fully
examine the effects of the PRSs, PRS interactions with sex were examined for the other
outcome variables, even when the main effects were nonsignificant. Using the more
stringent significance criteria (P< 0.002) as described above, there were no significant

30

interactions between PRSs and sex for any of the alcohol-related aggression items (Ps >
0.008).
Add Health. When predicting alcohol-related aggression in Add Health, no
significant interactions between PRS and sex were observed (Ps > 0.08). The genotypesex interaction using the CGI-GREML method for predicting heritability was also nonsignificant (LRT =0.00, P= 0.500) with the general heritability estimate around 0 (S.E.=
0.277).
Discussion
To examine the relative influence of genetic risk for trait aggression, antisocial
behavior, alcohol consumption, and alcohol dependence on alcohol-related aggression,
this study generated PRSs for these phenotypes in two independent samples. One of the
discovery samples was a family-based study enriched for alcohol dependence, and the
other was an unselected, population-based longitudinal study spanning from adolescence
into young adulthood. Each of the four PRSs were created in each sample and used to
predict alcohol-related aggression, though only a single item referencing getting into
physical fights while intoxicated was included in both samples. Given that there has not
been a study examining molecular genetic risk factors for partaking in alcohol-related
aggression, this represents a relatively novel study.
In the UCSF Family Alcoholism study sample, a number of alcohol-related
aggression behaviors were assessed ranging from verbal arguments to physical fights.
Consistent with expectations, PRSs for increased trait aggression and for increased
alcohol consumption were significantly positively associated with getting into verbal
arguments. Contrary to expectations, however, PRSs for antisocial behavior were
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negatively related to this behavior. Verbal aggression while drinking has been shown to
be more common than physical forms of aggression in this study and in others (Laslett et
al., 2011), which may indicate that verbal aggression while drinking is more of a
normative experience and may not represent antisocial behavior. Nonetheless, this would
not fully explain the significant negative relation, and thus, requires further replication.
In addition to verbal instances of alcohol-related aggression, PRSs for alcohol
consumption were also positively related to hitting a family member and PRSs for
alcohol dependence were positively related to hitting non-family members. When
combined in the same model the optimized PRSs for trait aggression, alcohol
consumption, and antisocial behavior remained significant with each accounting for
incremental variation (trait aggression-ΔR2 =0.016; alcohol consumption- ΔR2 =0.008;
antisocial behavior- ΔR2 = 0.010), and the addition of each PRS over and above the other
was significant, suggesting that each PRS accounts for unique variance. However, there
were no significant interactions among these optimized PRSs or interactions with sex.
This latter result is consistent with the lack of evidence for sex effects influencing genetic
associations with aggression (Vierikko, Pulkkinen, Kaprio, Viken, & Rose, 2003) or
problem alcohol use (Ehlers et al., 2010; Prescott, Aggen, & Kendler, 2006; Verhulst et
al., 2015).
In the Add Health sample, tests of associations between the PRSs and the one
alcohol-related aggression item (“get into a physical fight while drinking”) were
nonsignificant. While it may appear as though findings did not replicate in Add Health, it
should be noted that a similar item assessed in the UCSF study sample also failed to show
significant associations with the PRSs. Additionally, the null result in the Add Health
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sample could be due to sample differences. For example, the UCSF Family Study sample
was ascertained for the presence of alcohol dependence, whereas the Add Health sample
is a nationally representative community sample. Further, the age of the Add Health
sample ranges from 11 to 28 years old, whereas the UCSF family sample ranges in age
from 17 to 89 years old. This could lead to differences in associations between the
samples because the influence of genetic factors related to problematic alcohol use tend
to change across this developmental period (Rose & Dick, 2004 and Dick et al., 2009).
Thus, the genetic influences on alcohol-related aggression may be masked by more
prominent environmental risk factors at younger ages. This is supported by prior studies
suggesting that environmental risk factors, such as neighborhood disadvantage, can
further alter heritability estimates of antisocial behavior among adolescents (Tuvblad,
Grann & Lichtenstein, 2006). This is also complicated by the low frequency of alcoholrelated aggression in community samples, which, along with antisocial behaviors
(including aggression) decrease across this time period (Moffitt, 1993; 1997; Moffitt &
Caspi, 2001). Thus, while genetic influences may be more prominent among young
adults relative to adolescents, low endorsement of this phenotype in individuals 24 and
older also led to reductions in statistical power, which could have led to further
difficulties in detecting genetic effects by age.
Despite the lack of significant findings in the Add Health sample, the results from
the UCSF sample suggest genetic propensity for trait aggression and problem alcohol use
increase risk for partaking in several types of alcohol-related aggression, particularly
getting into arguments. Further, an examination of the associated effect sizes indicated
that genetic risk for trait aggression is particularly influential on the endorsement of
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getting into arguments. Nonetheless, the lack of overlap in explained variance suggests
that the genetic risk for these phenotypes uniquely increase risk for alcohol-related
aggression. Thus, while a genetic propensity for trait aggression is the predominant
genetic risk factor for behaving aggressively while under the influence of alcohol, genetic
propensity for increased alcohol consumption may further increase risk for this behavior.
With respect to sex effects, we generally saw significantly higher rates of physical
alcohol-related aggression among males relative to females, particularly getting into
physical fights. It should be noted that this latter finding conflicts with at least one prior
study suggesting that male and female college students report similar frequencies of
getting into physical fights while drinking (Barnett et al., 2014). Nonetheless, the low
endorsement of this item, particularly among females, in the present samples reduced
statistical power, thus limiting the ability to detect sex differences. This had the largest
impact on the genome-based restricted maximum likelihood (GREML) analyses
conducted in the Add Health sample as this was the only alcohol-related aggression item
assessed in that study. However, given that we could not conduct this analysis in the
UCSF study sample due to the family structure and small sample size, the analysis using
the Add Health data represents the best available test of a genotype by sex interaction
influencing frequency of alcohol-related aggression that was available.
There are several other limitations of this study which should also be considered
when attempting to interpret the findings. First, comparisons across the target samples are
complicated by the differences in measurement of alcohol-related aggression. In the
UCSF sample, dichotomous items (i.e., yes/no) related to lifetime experiences of several
types of this behavior were used, whereas in Add Health there was only one ordinal item
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(i.e., 0-4) to assess past year alcohol-related aggression. Similarly, Add Health utilized a
longitudinal design rather than the cross-sectional design of the UCSF Family
Alcoholism Study. Thus, the need for individuals in the UCSF study sample to report on
alcohol-related aggression across their entire lifetime could yield responses that are more
prone to recall bias.
Second, the age differences among the discovery and target samples may have
influenced the ability of each of the PRSs to predict the phenotype in each sample.
Primarily, a majority of the studies contributing to the PGC and GSCAN summary
statistics included samples with individuals at least 18 years of age, which may have
limited the predictive power of the PRSs in the Add Health sample, given that many of
the assessments occurred prior to age 18 and the literature has shown that the genetic
influence on problematic alcohol use increases from adolescence to adulthood (vanBeek
et al., 2012). While this may have also posed similar problems when using the trait
aggression PRSs in the UCSF sample, these PRSs explained the most variance in the
UCSF sample relative to the other PRS, which is consistent with other studies
demonstrating that the genetic contributions to aggression remain relatively stable across
the lifespan (Eley et al., 2003; Hudziak et al., 2003; Porsch et al., 2016; Van Beijsterveldt
et al., 2003).
Third, due to sample overlap between the PGC alcohol dependence summary
statistics and Add Health, summary statistics with a smaller sample size excluding the
Add Health sample were used for the generation of alcohol dependence PRSs in this
sample. Thus, the lack of associations between this PRSs and alcohol-related aggression
in the Add Health sample may be due to limited power. This is evidenced by a power
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analysis conducted in the avengeme package (Dudbridge, 2013) in R, which suggested
that the power of the alcohol dependence PRSs to predict a quantitative low prevalence
trait was about 0.41. Further, Wray et al. (2014) states that as sample size increases in the
discovery sample, the ability to account for more variance in the target sample will
become greater, suggesting that these summary statistics would have limited power in
comparison to the larger PGC summary statistics used in the UCSF sample. Thus, a
larger GWAS of problem alcohol use that does not include Add Health should be used in
future analyses when it becomes available.
Finally, the only measure of alcohol-related aggression in the Add Health sample
was regarding getting into physical fights as a result of drinking. It has been
demonstrated in the literature that there is more variability in less severe forms of
aggression, such as verbal or relational aggression, that include items in which
adolescents may be more willing to endorse (Robertson et al., 2020), especially via an
interview which is how the data were collected in these samples. This increase in
phenotypic variability could also result in an increase in detectable genetic influence.
Further, this one item does not represent all types of alcohol-related aggression, including
verbal aggression, relational aggression and more general anger and hostility (Robertson
et al., 2020). As shown in the UCSF sample, the different forms of alcohol-related
aggression show different associations with different PRSs. Thus, future studies utilizing
a variety of items to assess alcohol-related aggression may be better equipped to detect
genetic predictors of the behavior and will more fully illuminate the etiology of alcoholrelated aggression in general.
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Despite these limitations, the current study provides additional evidence for the
genetic overlap between alcohol use and aggression, and the differential genetic
associations of these phenotypes with alcohol-related aggression specifically. More
research is warranted to further elucidate how alcohol and aggression genetically
influence different types of alcohol-related aggression and how other factors, genetic or
environmental, may moderate and increase risk for this behavior. Additionally,
longitudinal samples with more comprehensive assessments of alcohol-related aggression
will help to more fully elucidate the genetic influences on this behavior in adolescence
and whether these influences change from adolescence into adulthood. Furthermore,
additional GWASs of trait aggression with older samples would allow for the comparison
of how age similarity between discovery and target samples may impact the predictive
power of PRSs. Finally, the use of additional methods for assessing the genetic overlap
between alcohol and aggression, such as genetic correlations and genomic SEM, can
further provide evidence for their genetic relationship and relative influence on alcoholrelated aggression.
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Table 1. Descriptive statistics
UCSF
N
Male, n (%)
Age, mean(SD)
Alcohol-Related Aggression, n(%)
Arguments
Hit or Throw Objects
Hit Anyone Else
Hit Family Member
Physical Fights
Alcohol-Related Aggression > 0
n(%)
Add Health
N
Male, n (%)
Alcohol-Related Aggression, mean(SD)
Physical Fights
Alcohol-Related Aggression > 0
n(%)

58

1164
508(43.6)
47.5 (12.1)
801(69)
510(44)
255(22)
251(22)
347(30)
868(74.5)
4291
1999(46.5)
0.21(0.63)
794(18.5)

59

∆χ

2

𝛽
SE

P
∆χ

2

𝛽
SE

Antisocial Behavior
P
∆χ

2

𝛽
SE

P

Alcohol Consumption
∆χ

2

𝛽

SE

Alcohol Dependence
P

coefficients after adjusting for multiple testing are denoted by bold. P= Polygenic risk score p-value thresholds, ∆χ = Chi-squared difference test

2

0.001
5.12
0.15
0.067
0.02
0.09 -0.01 0.064
0.76
0.4 0.04 0.069
0.53 0.01 -0.006 0.066 0.92
0.01
11.49
0.22
0.066
0.0006
3.59 -0.11 0.064
0.05 0.52 0.05 0.074
0.47 2.34 0.09 0.065 0.13
0.05
8.83
0.19
0.067
0.003
4.12 -0.12 0.065
0.04
2.9 0.15 0.088
0.09 1.12 0.06 0.066 0.29
0.1
6.66
0.17
0.067
0.009
4.79 -0.13 0.065
0.02 5.01 0.25 0.116
0.02 0.32 0.03 0.066 0.57
0.2
5.08
0.15
0.067
0.02
5.71 -0.15 0.065
0.01 4.98 0.33 0.152
0.03 0.44 0.04 0.066 0.51
0.3
5.83
0.16
0.067
0.02
7.15 -0.17 0.065 0.007 6.21 0.40 0.164 0.012 0.25 0.03 0.066 0.61
0.4
6.32
0.16
0.067
0.011
5.44 -0.14 0.065
0.01 6.52 0.41 0.166 0.010 0.18 0.02 0.066 0.67
0.5
5.62
0.16
0.067
0.02
4.36 -0.13 0.065
0.03 6.98 0.43 0.169 0.008 0.16 0.02 0.066 0.69
Note: Analyses were conducted with multilevel mixed-effect logistic regressions using 5 principal components, sex and age as covariates. Significant

P

Trait Aggression

Table 2. UCSF Sample: Main Effects of Polygenic Risk Scores at each Significance Threshold on Arguments.

60

∆χ

2

𝛽
SE

P
∆χ

2

𝛽
SE

P
∆χ

2

𝛽
SE

P
∆χ

2

𝛽

SE

Alcohol Dependence
P

coefficients after adjusting for multiple testing are denoted by bold. P= Polygenic risk score p-value thresholds, ∆χ = Chi-squared difference test

2

0.001
5.86
0.15
0.063
0.02
2.94 0.10 0.062 0.09
0.53 0.04 0.065 0.47 2.66 0.10 0.063 0.11
0.01
5.08
0.14
0.062
0.02
0.003 0.003 0.060 0.95
1.89 0.09 0.070 0.17 4.09 0.12 0.062 0.04
0.05
3.59
0.12
0.063
0.06
0.16 0.02 0.062 0.69 0.0004 -0.001 0.083 0.98 2.33 0.09 0.063 0.13
0.1
2.64
0.10
0.063
0.10
0.38 0.03 0.061 0.54
0.30 -0.05 0.110 0.59 1.09 0.06 0.063 0.30
0.2
4.05
0.12
0.063
0.04
0.34 0.03 0.063 0.56
0.26 -0.07 0.144 0.61 1.32 0.07 0.063 0.26
0.3
4.13
0.13
0.063
0.04
0.30 0.03 0.063 0.58
0.27 -0.07 0.154 0.60 1.51 0.07 0.063 0.22
0.4
4.44
0.13
0.063
0.04
0.84 0.05 0.063 0.36
0.25 -0.07 0.156 0.62 2.06 0.08 0.063 0.16
0.5
4.98
0.14
0.063
0.03
1.36 0.07 0.064 0.25
0.59 -0.11 0.158 0.45 1.85 0.08 0.063 0.18
Note: Analyses were conducted with multilevel mixed-effect logistic regressions using 5 principal components, sex and age as covariates. Significant

P

Table 3. UCSF Sample: Main Effects of Polygenic Risk Scores at each Significance Threshold on Hit Throw Objects.
Trait Aggression
Antisocial Behavior
Alcohol Consumption

61

∆χ

2

𝛽
SE

P
∆χ

2

𝛽
SE

P
∆χ

2

𝛽
SE

P
∆χ

2

𝛽

SE

Alcohol Dependence
P

coefficients after adjusting for multiple testing are denoted by bold. P= Polygenic risk score p-value thresholds, ∆χ = Chi-squared difference test

2

0.001
3.87
0.13
0.070
0.21
0.92 0.06 0.068 0.34
0.43 0.04 0.073 0.51 1.63 0.08 0.071 0.21
0.01
5.15
0.15
0.069
0.08
0.45 0.04 0.067 0.51
0.17 0.03 0.078 0.68 3.11 0.11 0.069 0.08
0.05
3.54
0.12
0.070
0.13
2.39 0.10 0.069 0.13
0.21 0.04 0.093 0.65 2.32 0.10 0.071 0.13
0.1
1.94
0.10
0.070
0.13
1.59 0.08 0.069 0.21
0.05 -0.02 0.123 0.82 2.34 0.10 0.071 0.13
0.2
2.02
0.10
0.071
0.17
1.06 0.07 0.070 0.31
0.05 -0.03 0.161 0.81 1.94 0.09 0.070 0.17
0.3
1.47
0.08
0.071
0.15
0.81 0.06 0.071 0.38
0.03 -0.03 0.173 0.86 2.13 0.09 0.070 0.15
0.4
1.44
0.08
0.071
0.16
1.50 0.08 0.071 0.23
0.14 -0.06 0.175 0.71 2.02 0.09 0.071 0.16
0.5
1.27
0.08
0.071
0.15
1.70 0.09 0.071 0.20
0.58 -0.13 0.177 0.45 2.15 0.10 0.070 0.15
Note: Analyses were conducted with multilevel mixed-effect logistic regressions using 5 principal components, sex and age as covariates. Significant

P

Table 4. UCSF Sample: Main Effects of Polygenic Risk Scores at each Significance Threshold on Physical Fights.
Trait Aggression
Antisocial Behavior
Alcohol Consumption

62

∆χ

2

𝛽
SE

P
∆χ

2

𝛽
SE

P
∆χ

2

𝛽
SE

P
∆χ

2

𝛽

SE

Alcohol Dependence
P

coefficients after adjusting for multiple testing are denoted by bold. P= Polygenic risk score p-value thresholds, ∆χ = Chi-squared difference test

2

0.001
0.43
-0.04
0.074
0.51
0.15 0.02 0.073 0.69
1.61 0.09 0.079
0.2
1.83 0.10 0.076 0.18
0.01
1.39
0.08
0.077
0.24
1.04 -0.07 0.072 0.31
0.99 0.08 0.085 0.32 3.23 0.13 0.074 0.07
0.05
1.54
0.10
0.083
0.22
1.73 -0.09 0.074 0.19
2.3 0.15
0.1
0.13 5.70 0.18 0.075 0.02
0.1
0.41
0.05
0.083
0.53
2.02 -0.10 0.074 0.16
3.64 0.24 0.131 0.05 4.49 0.16 0.076 0.03
0.2
0.03
0.01
0.085
0.85
1.76 -0.09 0.075 0.19
3.58 0.31 0.172 0.05 4.37 0.15 0.076 0.04
0.3
0.11
-0.02
0.086
0.74
2.18 -0.10 0.076 0.14
4.56 0.39 0.186 0.03 5.97 0.18 0.076 0.014
0.4
0.14
-0.03
0.087
0.71
1.08 -0.07 0.076 0.31
4.78 0.40 0.188 0.03 5.88 0.18 0.076 0.02
0.5
0.02
-0.01
0.086
0.86
0.75 -0.06 0.076 0.39
7.15 0.50 0.191 0.008 5.38 0.17 0.076 0.02
Note: Analyses were conducted with multilevel mixed-effect logistic regressions using 5 principal components, sex and age as covariates. Significant

P

Table 5. UCSF Sample: Main Effects of Polygenic Risk Scores at each Significance Threshold on Hit Family Member.
Trait Aggression
Antisocial Behavior
Alcohol Consumption

63

∆χ

2

𝛽
SE

P
∆χ

2

𝛽
SE

P
∆χ

2

𝛽
SE

P
∆χ

2

𝛽

SE

Alcohol Dependence
P

coefficients after adjusting for multiple testing are denoted by bold. P= Polygenic risk score p-value thresholds, ∆χ = Chi-squared difference test

2

0.001
1.11
0.07
0.073
0.29
4.98 0.16 0.074 0.02
0.16 0.03 0.078 0.69 3.20 0.14 0.076 0.07
0.01
3.17
0.13
0.077
0.07
1.16 0.07 0.072 0.28
0.30 0.04 0.083 0.58 7.55 0.20 0.074 0.006
0.05
3.93
0.16
0.083
0.05
4.47 0.15 0.073 0.03 0.007 0.008 0.099 0.93
4.9
0.16 0.075 0.03
0.1
2.05
0.11
0.084
0.15
4.60 0.15 0.073 0.03
0
7.0e-4 0.131 0.99 4.51 0.16 0.075 0.03
0.2
0.79
0.07
0.086
0.37
3.61 0.13 0.074 0.05
0.01 -0.02 0.171 0.89 4.07 0.15 0.075 0.04
0.3
0.66
0.06
0.086
0.42
2.44 0.11 0.074 0.11 0.003 0.01 0.184 0.95
4.9
0.16 0.075 0.03
-4
0.4
0.72
0.07
0.087
0.39
3.53 0.13 0.074 0.06 1.0e 0.001 0.186 0.99 5.08 0.17 0.075 0.02
0.5
0.61
0.06
0.087
0.43
4.25 0.15 0.074 0.03 0.006 -0.01 0.188 0.93 5.39 0.17 0.075 0.02
Note: Analyses were conducted with multilevel mixed-effect logistic regressions using 5 principal components, sex and age as covariates. Significant

P

Table 6. UCSF Sample: Main Effects of Polygenic Risk Scores at each Significance Threshold on Hit Anyone Else.
Trait Aggression
Antisocial Behavior
Alcohol Consumption

64

3.48

1.57

1.31

1.80

2.24

2.23

0.01

0.05

0.1

0.2

0.3

0.4

0.05

0.05

0.04

0.03

0.04

0.06

0.04

𝛽

0.039

0.039

0.039

0.039

0.040

0.040

0.039

SE

0.19

0.18

0.23

0.31

0.27

0.10

0.29

P

0.19

0.34

0.78

0.58

0.87

1.77

1.51

LRT

-0.01

-0.02

-0.03

-0.02

-0.03

-0.04

-0.04

𝛽

0.038

0.039

0.038

0.039

0.039

0.039

0.039

SE

0.69

0.60

0.42

0.49

0.40

0.23

0.2

P

0.02

0.01

0.08

0.28

0.61

0.10

0.04

LRT

SE

P

LRT

0.038 0.63 0.01

0.038 0.47 0.02

0.039 0.68 0.02

0.005
0.005

0.005

-0.01

𝛽

P

0.039 0.91

0.039 0.89

0.039 0.88

0.038 0.71

SE

-0.01

0.037 0.78 0.01 -0.003 0.038 0.92
-0.003 0.038 0.92 0.13 -0.01 0.039 0.74
-0.005 0.038 0.89 0.15 -0.01 0.039 0.73

0.01

0.02

-0.04

-0.007 0.039 0.85 0.16

𝛽

0.5
2.04
0.04
0.039
0.21
0.19
-0.01
0.038
0.69 0.001 0.001 0.039 0.97 0.09 -0.01 0.039 0.77
Note: Analyses were conducted with ordinal regressions using 5 principal components, sex and age as covariates. Significant coefficients after
adjusting for multiple testing are denoted by bold. P= Polygenic risk score p-value thresholds, LRT= Likelihood ratio test

1.46

LRT

0.001

P

Table 7. Add Health Sample: Main Effect of Polygenic Risk Scores at each Significance Threshold on Alcohol-Related Aggression
Alcohol Consumption
Alcohol Dependence
Trait Aggression
Antisocial Behavior

