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Abstract

Background: The period of college represents a particularly risky developmental stage with 

regards to alcohol use, as college students engage in more risky drinking behaviors than their non-

college peers, and such problematic alcohol use is associated with far-reaching negative 

consequences. Existing findings from genome-wide association studies (GWAS) indicate that 

alcohol consumption has a complex polygenic etiology. Currently, there is a lack of studies 

examining genetic risk for alcohol consumption using polygenic risk scores (PRS) in college 

samples. In this study, we examined whether alcohol-specific and risky-behavior-related PRS were 

longitudinally associated with alcohol consumption among college students and whether this effect 

might be partially mediated by impulsivity domains.

Method: The sample included n = 2,385 European ancestry (EA) and n = 1,153 African ancestry 

(AA) college students assessed over the course of 4 years. To indicate genetic risk, two PRS were 

created based on recent large-scale GWAS: alcohol consumption (Liu et al., 2019) – DPW (drinks 

per week)-PRS, and risky behaviors (Linnér et al., 2019) – RISK-PRS. The main outcome was 

alcohol consumption, measured across four waves of follow-up data. The UPPS-P impulsivity 

subscales were examined as mediators of the genetic effect on alcohol consumption.
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Results: The results from structural equation modeling showed that among European ancestry 

students, both DPW-PRS and RISK-PRS had significant positive effects on alcohol consumption 

above and beyond UPPS dimensions and control variables. RISK-PRS explained larger portion of 

variance in alcohol consumption than DPW-PRS. RISK-PRS showed a significant indirect effect 

on alcohol consumption through sensation seeking; lack of perseverance; no significant indirect 

effect of DPW-PRS was found. No significant association of either PRS and alcohol consumption 

was found for African ancestry participants.

Conclusions: The current results found that PRS related to more broadly-defined risky 

behaviors predicted alcohol consumption across college years, and that this association was 

partially mediated via dimensions of impulsivity.
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Introduction

Risky alcohol use is widespread on college campuses and associated with serious 

consequences among young adults. Risk for alcohol use disorders generally peaks during 

young adulthood (Grant et al., 2015). College students are more likely to drink heavily and 

develop alcohol use disorders than their non-college-attending peers (Barnes et al., 2010; 

Slutske et al., 2004). The latest data from Monitoring the Future showed that the prevalence 

of alcohol use, binge drinking, and drunkenness is higher among college students as 

compared to non-college youth (Schulenberg et al., 2018). College students also face a 

unique set of environmental pressures and social, developmental contexts (Evans et al., 

2009b) such as leaving home and forming new peer groups. These changes and transitions 

usually create increased opportunity for alcohol involvement, leading to elevated risk for 

alcohol problems among college students. Problematic alcohol use is associated with far-

reaching consequences, including decreased academic performance (Meda et al., 2017), 

unwanted sexual encounters, legal consequences, assault, injury, suicide, and even death 

(Hingson et al., 2009; Perkins, 2002). In this way, college years represent a particularly 

critical period for the development and establishment of problematic alcohol use behaviors 

that persist into adulthood (Dick et al., 2018b). Understanding pathways of risk to alcohol 

use problems among college students is critically important for developing effective 

prevention and intervention.

Genetics of Alcohol Use

A large number of studies in the past two decades have shown that alcohol-related 

phenotypes are strongly affected by genetic factors (Dick and Bierut, 2006). The latest meta-

analysis of behavior genetic studies of alcohol use disorder (AUD) estimated that AUD is 

approximately 50% heritable (Verhulst et al., 2015). Twin studies also robustly demonstrate 

that the genetic predisposition to alcohol use outcomes is shared with other outcomes that 

reflect behavioral disinhibition or impulsivity (Hicks et al., 2004; Kendler et al., 2003; 

Khemiri et al., 2016; Krueger et al., 2002; Slutske et al., 2002, 1998). In fact, as much as 2/3 
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of the heritability of alcohol dependence is estimated to reflect genetic influences shared 

across externalizing outcomes (Kendler et al., 2003).

Other alcohol-related phenotypes, such as alcohol consumption, also show a substantial 

genetic component (Dick et al., 2011; Dick and Bierut, 2006). Advances in gene 

identification indicate that alcohol-related phenotypes have a complex polygenic etiology 

affected by a large number of genes with very small effects (Agrawal and Bierut, 2012; Hart 

and Kranzler, 2015; Liu et al., 2019; Sanchez-Roige et al., 2018; Walters et al., 2018). For 

this reason, large-scale genome-wide association studies (GWAS) have become the 

prominent method of estimating genetic risk for behavioral phenotypes. GWAS analyze 

common genetic variants across the genome for associations with a phenotype of interest. 

The aggregate measure of these weighted associations is then expressed in the form of a 

polygenic risk score (PRS), quantifying the relative genetic risk for each individual for the 

specific phenotype (Bogdan et al., 2018; Dudbridge, 2016). With expanding GWAS sample 

sizes, the number of genetic variants identified has been increasing and, along with it, the 

explained variance in the phenotype. A recent study on alcohol consumption (drinks per 

week) employed a combined sample of approximately 941,000 individuals to identify 111 

common loci associated with alcohol consumption. The PRS explained 2.5% of variance in 

drinks per day in an independent sample (Liu et al., 2019). A GWAS conducted on ~316,000 

individuals by Linnér et al. (2019) combined drinks per week with other behaviors 

characterized by behavioral disinhibition (automobile speeding propensity, whether one has 

ever been smoker, and number of sexual partners) that all loaded onto a single principal 

component and likely reflect the general disinhibition toward impulsive behavior identified 

in twin studies, as described above. Their results showed a substantial genetic overlap for the 

indicators of risky behaviors and with item reflecting general risk tolerance.

Despite growing sample sizes, GWAS of alcohol phenotypes continue to yield only small 

effects. This may reflect, in part, the notion that there are no genes specifically “for” alcohol 

phenotypes but rather, the genetic factors impact these distal outcomes through intermediary 

traits and pathways (Dick & Hancock, 2015; Dick, 2018).

Externalizing Pathway

One of the most prominent etiological models of problematic alcohol use has been the 

externalizing pathway to alcohol-related problems (Hussong et al., 2007; Zucker, 2008). The 

externalizing pathway framework emphasizes that the risk for the development of alcohol-

related problems is largely affected by an underlying predisposition toward impulsivity/

behavioral disinhibition. This predisposition is first manifested in childhood as a difficult 

temperament, characterized by conduct problems and aggressive behavior (McGue, Iacono, 

& Krueger, 2006; Slutske et al., 1998). Developmental research showed that conduct 

disorders in childhood predicted later development of alcohol problems (Brown et al., 1996; 

Dick et al., 2006). During adolescence, this propensity might progress into risky behaviors 

such as delinquency or substance use, including alcohol use. This risk is exacerbated in risk 

environments, including high parental negativity, low parental warmth and monitoring, 

affiliation with delinquent peers, and living in poor neighborhood, among others (Dick, 

2011; Kendler, Gardner, & Dick, 2011). A large number of previous studies documented the 
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high overlap between externalizing symptoms and alcohol-related problems (King et al., 

2004; Kokkevi et al., 2007; Sartor et al., 2007), or, more specifically, between impulsive 

behaviors and alcohol use (Dick et al., 2010; Lejuez et al., 2010; Stautz and Cooper, 2013).

There have been various approaches to conceptualizing impulsivity. The UPPS scale was 

created as an instrument that seeks to integrate different approaches to impulsivity or 

impulsive-like traits into a common system. Through factor analyzing a large number of 

impulsivity scales, the UPPS is an integration of selected items from multiple instruments 

(Whiteside and Lynam, 2001). The measure, in its latest version as UPPS-P, comprises five 

interrelated but distinct factors – negative urgency, which refers to the tendency to act rashly 

as a result of negative affect, positive urgency or the tendency to act rashly as a result of 

positive affect, lack of premeditation, reflecting inability to “delay action in favor of careful 

thinking and planning”, lack of perseverance or the inability to remain with a task and see it 

finished, and sensation seeking or the tendency to seek out excitement and adventure 

(Lynam et al., 2007). Previous studies have found that UPPS factors significantly predict 

different alcohol phenotypes, including drinking quantity and alcohol dependence 

(Coskunpinar et al., 2013; Stautz and Cooper, 2013), as well as being related to a variety of 

externalizing behaviors (Berg et al., 2015).

Genetics and Racial/Ethnic Diversity

One caveat to the current genetic findings has been the lack of ethnic/racial diversity as the 

vast majority of existing studies on genetic risk for alcohol use have been conducted on 

samples with European ancestry (Hart & Kranzler, 2015). The reason for this has been 

mostly the lack of non-European samples with adequate sample size. However, European-

centered GWAS results might not easily translate to other populations due to different 

patterns of linkage disequilibrium (Martin et al., 2017). As such, there is a pressing need to 

expand studies using genome-wide risk scores to non-European populations to provide 

results that might be more generalizable and inclusive to other populations.

The Current Study

The aim of the current study was to assess whether dimensions of impulsivity, measured by 

UPPS-P, would serve as mediators between genetic risk and alcohol use. Acknowledging the 

complex nature of alcohol-related outcomes and grounded in the literature suggesting that 

the externalizing pathway is related to alcohol consumption, we employed findings from two 

recent large-scale meta-analytic GWAS to create polygenic risk scores (PRS) to test the idea 

that genetic factors may influence alcohol use via impulsive personality traits. These GWAS 

focused on the following phenotypes: drinks per week – DPW-PRS (Liu et al., 2019), and 

risky behaviors – RISK-PRS (Linnér et al., 2019). We selected these particular GWAS to 

evaluate and compare the effects of genetic risk for alcohol consumption indexed by a 

narrowly-defined PRS (drinks per week [DPW] PRS) with PRS reflecting a broader, less-

alcohol specific risky propensity (risky behaviors [RISK] PRS). Both DPW-PRS and RISK-

PRS stem from the largest available discovery samples to date and as such, reflect the best 

current genetic approximation of alcohol consumption and behavioral disinhibition, 

respectively.
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Using data from a large, longitudinal study of college students, we examined a primary 

research question of whether dimensions of impulsivity mediate the effect of genetic risk on 

alcohol consumption across the college years. Using data from the Spit for Science study, we 

assessed this research question within two ancestral groups – African and European.

We hypothesized that:

1. DPW-PRS and RISK-PRS will be associated with more alcohol consumption.

2. The associations between DPW-PRS and RISK-PRS and alcohol consumption 

will be mediated through various dimensions of impulsivity as measured by the 

UPPS subscales.

Materials and Methods

Sample

The Spit for Science (S4S) project is an ongoing, longitudinal, university-wide project at a 

large, urban university focused on genetic and environmental influences on college students’ 

substance use and behavioral health outcomes (Dick et al., 2014). S4S invites incoming 

students aged 18 or older to participate in an online survey at the beginning of the fall 

semester of their freshman year and provide a saliva sample for genotyping. Participants 

subsequently complete a follow-up online survey each spring while attending college. Data 

collection for S4S began in the fall of 2011, and five cohorts of incoming freshman students 

have been enrolled in the study. Study data were collected and managed using REDCap 

(Research Electronic Data Capture). REDCap is a secure, web-based application designed to 

support data capture for research studies, providing 1) an intuitive interface for validated 

data entry; 2) audit trails for tracking data manipulation and export procedures; 3) automated 

export procedures for seamless data downloads to common statistical packages; and 4) 

procedures for importing data from external sources (Harris et al., 2009). Of the more than 

12,000 participants, the sample size was narrowed down for the present study using the 

following inclusion criteria: First, the genotypic data for analyses were available only for 

cohorts 1 – 3 (N = 5,943). For this reason, only those cohorts were included in the analytic 

sample. Furthermore, we focused our analyses on European and African ancestry 

subsamples, as these were the only ancestral subsamples with adequate sample sizes 

required for the longitudinal analyses, resulting in 3,010 European ancestry (EA) and 1,339 

African ancestry (AA) participants. Lastly, we removed all participants who had no data on 

alcohol use in any of the spring follow-ups (n = 571 European and n = 162 African 

participants). After removing outliers (see Plan of Analysis), the final analytic sample size 

was N = 2,385 European ancestry and N = 1,156 African ancestry participants at the first 

assessment.

Genotyping.—Participants’ DNA samples were obtained via saliva and genotyped on the 

Affymetrix BioBank Array that contains 653k both common and rare genetic variants. 

Genotyping was performed at Rutgers University Cell and DNA Repository, with quality 

control performed locally following procedures from the Psychiatric Genomics Consortium. 

Imputation was conducted using the HapMap 1000 genomes Phase 3 reference panel. Single 

nucleotide polymorphisms (SNPs) with a genotyping rate <0.95 or that violated Hardy–
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Weinberg equilibrium (p< 10−6) or with minor allele frequency <0.005 were excluded from 

analysis.

Measures

Polygenic risk scores (PRS).—We used genome-wide association estimates from two 

of the most recent and largest genome-wide association studies (GWAS) related to alcohol 

outcomes and risky behavior to calculate PRS in our target sample. These discovery GWAS 

included a GWAS of alcohol consumption (i.e., drinks per week) conducted by the GWAS & 

Sequencing Consortium of Alcohol and Nicotine use (GSCAN), with a discovery sample of 

941,000 participants (Liu et al., 2019) and a GWAS of risky behaviors with the available 

discovery sample of n ~ 316,000 from UKBiobank (Linnér et al., 2019). In the discovery 

GWAS, the GSCAN drinks per week (DPW) was computed for the number of drinks 

participants had in a week; risky behaviors (RISK) was computed in the original article as 

the first principal component of four self-reported risky behaviors available in UKBiobank: 

automobile speeding propensity, drinks per week, ever smoker, and lifetime number of 

sexual partners.

After removing palindromic SNPs (which can be ambiguous with respect to the reference 

allele when going across samples), we used the clump and score procedures in PLINK 1.9 to 

sum each individual’s total number of minor alleles from the score SNPs, with each SNP 

weighted by the negative log of the GWAS association p value and sign of the association 

(beta) statistic (Chang et al., 2015; Purcell et al., 2007). Clumping was done with respect to 

the linkage disequilibrium (LD) pattern in the 1000 Genomes Phase 3 reference panel using 

a 500kb physical distance and an LD threshold of r2 greater than or equal to 0.25. Thus, the 

polygenic scores were constructed of SNPs that capture independent genetic association 

signals from the discovery GWAS. We calculated a series of scores in Spit for Science for 

each PRS that included SNPs meeting increasingly stringent p-value thresholds from the 

discovery GWAS sample (p < 0.50, p < 0.40, p < 0.30, p < 0.20, p < 0.10, p < 0.05, p < 0.01, 

p < 0.001, p < 0.0001). Given there are no set criteria for selecting the PRS threshold with 

the highest predictive ability, we selected the most predictive one by regressing each one of 

them on the outcome while controlling for sex, age, their interaction term, and ancestral 

segregation by using 10 ancestry principal components, which adjusts for genetic differences 

by superpopulation (Peterson et al., 2017; Su et al., 2018). The PRS with the largest 

explained variance (indicated by largest ΔR2 explained by the predictor as compared to other 

thresholds) was selected to be used in subsequent structural models (Evans et al., 2009a).

Given that the above-mentioned PRS were derived from GWAS conducted on primarily 

European ancestry participants, applying them to participants with African ancestry (AA) 

might result in biased estimation due to different patterns of linkage disequilibrium (Martin 

et al., 2017). Thus, for the AA subsample, we employed the multiPRS method described in 

Márquez-Luna, Loh, and Price (2017) to create PRS; this method has been shown to 

improve predictive accuracy in samples of non-European ancestry (see Appendix I for the 

description of multiPRS approach).
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Alcohol consumption (Assessed: spring freshman, sophomore, junior, senior 
year).—Alcohol consumption was operationalized as grams of ethanol consumed per 

month. We used data on alcohol consumption from participants’ four assessments, from 

spring freshman year to spring senior year. For the first assessment (spring freshman year) of 

the first cohort, alcohol consumption was assessed by asking participants about the number 

of days they had drunk alcohol during the past 30 days, with one-day interval responses 

ranging from 0 to 30. The participants that answered anything but zero were then asked 

about the number of drinks they had on a typical day, with a one drink interval responses 

ranging from 1 through 20 to “more than 20.” For subsequent cohorts and follow-up 

assessments, alcohol consumption was computed based on items from the Alcohol Use 

Disorders Identification Test (AUDIT; Bohn, Babor, & Kranzler, 1995). These participants 

were asked to rate the frequency of their alcohol use with the following categories: “never”, 

“monthly or less”, “2 to 4 times a month”, “2 to 3 times a week”, “4 or more times a week.” 

Further, they were asked to specify the number of drinks they had on a typical day when 

drinking, using the following categories: “1 or 2”, “3 or 4”, “5 or 6”, “7, 8, or 9”, and “10 or 

more”. The responses on the number of drinking days were converted to the midpoints of 

ranges for each option, i.e., never = 0, monthly or less = 0.5, 2 to 4 times a month = 3, 2 to 3 

times a week = 10.7, four or more times a week = 23.54. Similarly, the responses to the 

number of drinks per drinking occasion were converted to their midpoints, i.e., 1 or 2 drinks 

= 1.5, 3 or 4 = 3.5, 5 or 6 = 5.5, 7, 8, or 9 = 8, 10 or more = 15.5 (21 used as an upper bound 

to match first cohort). Then, the number of days participants were drinking was multiplied 

by the number of drinks per occasion, and this was multiplied by 14, reflecting 14 grams of 

pure alcohol, which is roughly the amount of alcohol included in a standard drink. This scale 

was first used in Salvatore et al. (2016).

Dimensions of impulsivity (Fall freshman year1).—An abbreviated 15-item version 

of the original UPPS-P scale (Lynam et al., 2007) was used. This version was created and 

provided to us by the authors of the original UPPS-P scale. This self-reported scale 

comprises 5 subscales – lack of perseverance (sample item: “I generally like to see things 

through to the end”[reverse-scored]), lack of premeditation (“My thinking is usually careful 

and purposeful” [reverse-scored]), negative urgency (“When I am upset I often act without 

thinking”), positive urgency (“I tend to lose control when I am in a great mood”), and 

sensation seeking (“I quite enjoy taking risks”), with 3 items per each subscale. The items 

are Likert-type, rated on a 1–4 scale, ranging from 1 = disagree strongly, to 4 = agree 

strongly. We tested the psychometric validity of the short UPPS scale in a multigroup CFA 

model with 5 intercorrelated factors. The model showed a good fit to the data, χ2(160) = 

502.639, CFI = .96, RMSEA = .04, 90% CI RMSEA [.03, .04], RMSEA p close = 1.00, 

SRMR = .04, and has shown metric invariance across EA and AA, Δχ2(10) = 13.09, p = .

219, suggesting that the factor structure and item loadings are invariant for EA and AA 

subsamples.

1For Cohort 1, the UPPS was not assessed in Fall semester of the freshman year but instead, in the Spring semester. In order to include 
Cohort 1, we decided to use their spring scores (while using fall scores for cohorts 2 and 3).
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Covariates (Fall freshman year).—These included sex (coded as 0 = male, 1 = female), 

age, and ancestral segregation (a total of ten principal components were used in all analyses 

to control for genetic variation within ancestry).

Plan of Analysis

The hypotheses of the study were analyzed within a structural equation modeling framework 

employing latent variables. Capitalizing on the longitudinal nature of the design, we used the 

reported alcohol consumption in each follow-up wave as indicators of levels of alcohol 

consumption across four years of college in the full structural model, along with the CFA 

model for UPPS. In this way, latent variables were used to represent the UPPS subscales and 

alcohol consumption, with indicators represented as items (in the case of UPPS) or sum of 

grams of ethanol per month across four timepoints.

The structural models regressed the alcohol consumption on five UPPS subscales as well as 

the two PRS of interest (DPW-PRS, RISK-PRS) in separate models for each. The UPPS 

subscales were regressed on each PRS as well to serve as hypothesized mediators between 

PRS and alcohol outcomes. The full model is shown in Figure 1. The model was estimated 

separately for EA and AA subsamples. All models controlled for age, sex, and principal 

components of subancestral groups. All models were estimated in Mplus 8.0. To handle 

missing data, maximum likelihood with robust standard errors (MLR) was used.

We checked for outliers on our predictors (UPPS) as well as dependent variables. For UPPS, 

we removed cases based on Mahalanobis distance with p <.001 (21 cases) as well as cases 

that showed patterned responses (defined as more than 12 identical values across the 15 

UPPS items = 52 cases altogether). For dependent variables, we removed participants who 

indicated that they consumed more than 5,000 grams of alcohol per month at any of the four 

timepoints (29 cases), as this was a value we considered highly improbable (this would equal 

12 drinks each day for 30 days in a row). As an estimator of choice, MLR is robust to non-

normality of the data, which is especially pertinent to our alcohol use outcomes, which are 

expected to be skewed (Muthén & Muthén, 1998-2017). A bootstrapping procedure with 

10,000 resamples was used to obtain bias-corrected standard errors of the indirect effects.

Results

First, we computed descriptive statistics and zero-order polychoric correlations for the five 

UPPS subscales, alcohol consumption, and covariates including sex and age. These are 

shown in Table 1, with EA estimates below diagonal and AA above diagonal. They showed 

that UPPS subscales were significantly positively intercorrelated with the exception of 

sensation seeking, which was not correlated with lack of perseverance in the European 

subsample (EA) and negatively correlated in the African subsample (AA). Alcohol 

consumption showed relative stability from one year to another (rs ranging .54 – 62). Higher 

levels of baseline sensation seeking were significantly associated with more alcohol 

consumption across all four waves for both groups. positive urgency showed positive 

associations with alcohol consumption for AA across all four waves, whereas for EA, it was 

significantly associated for only the first two follow-ups. lack of perseverance showed 

significant positive associations with consumption for first three waves among EA, but 
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associations for AA were not significant. Conversely, higher levels of negative urgency were 

associated with more alcohol consumption for three waves among AA, but only for the first 

follow-up among EA. lack of premeditation showed significant positive associations with 

alcohol consumption for all four follow-ups among EA and for the first three among AA. 

Women showed significantly lower levels of positive urgency and sensation seeking, and 

higher levels of negative urgency in EA sample only.

Next, we tested nine p-value thresholds for each PRS on alcohol consumption to select the 

most predictive threshold within each, estimated as increase in R2 when the PRS is added to 

the baseline model (baseline R2 = .056 in EA and .069 in AA). Table 2 shows the 

standardized results across all thresholds. This showed that in EA sample, both DPW-PRS 

and RISK-PRS were positively predictive of alcohol consumption. For DPW-PRS, the PRS 

with p <.20 (β = .081, p = .001) and for RISK, the PRS with p < .10 (β = .115, p < .001) 

was the strongest predictor, explaining an additional .6% and 1.3% of variance respectively 

in alcohol consumption above and beyond baseline model including sex, age, their 

interaction, and principal components. For AA sample, no significant associations between 

either DPW-PRS or RISK-PRS and alcohol consumption were found (the only statistically 

significant association was in negative direction). In this way, the results did not provide 

support for the expected associations of PRS and our outcome of interest, as observed in the 

EA sample. For this reason, we decided to carry on with the further analyses employing the 

full structural model using only the EA sample.

We selected the two most predictive thresholds and expanded the models by adding the five 

interrelated UPPS factors to each model. The model fit of both models (for DPW-PRS and 

RISK-PRS) was adequate, χ2(319) = 814.487/808.748, CFI = .95/.95, RMSEA = .026/.025, 

SRMR = .025/.025. lack of perseverance (β = .09 and .08, p <.040) and sensation seeking (β 
= .29 and .29, p <.001) significantly and positively predicted alcohol consumption. No 

significant effects of lack of premeditation, negative or positive urgency were found for 

alcohol consumption. Further, RISK-PRS significantly predicted all UPPS subscales, except 

for lack of perseverance; but DPW-PRS did not significantly predict any UPPS subscales. 

The direct effects of both DPW-PRS (β = .07, p =.007) and RISK-PRS (β = .09, p <.001) 

remained significant, but decreased in size when the UPPS-P subscales were included in the 

model. The full models explained 17% of variance in alcohol consumption.

The results from the mediation analyses are presented in Table 3. They show that the 

longitudinal effect of RISK-PRS on alcohol consumption was partially mediated by 

sensation seeking, β = .02, 95% BcCI [.002, .032], as well as lack of perseverance, β = .01, 

95% BcCI [.001, .015]. On the other hand, no significant mediation effects were found for 

DPW-PRS and alcohol consumption. This was due to DPW-PRS not being significantly 

predictive of any of the UPPS-P subscales, while remaining a significant predictor of alcohol 

consumption above and beyond UPPS subscales and covariates.

Discussion

The current study investigated the longitudinal effect of alcohol consumption and risky 

behaviors PRS on alcohol consumption in a sample of European and African ancestry 

Ksinan et al. Page 9

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



college students. Impulsivity dimensions, assessed through UPPS-P, were proposed as 

phenotypic mediators of the hypothesized genetic effect on alcohol consumption. The main 

findings from the European subsample can be summarized in the following way: 1) Both 

polygenic risk scores reflecting alcohol consumption (DPW-PRS) as well as broader risky 

behaviors (RISK-PRS) were shown to be positively predictive of alcohol consumption 

among college students; 2) The RISK-PRS was a stronger predictor of alcohol use than 

DPW-PRS based on the amount of variance explained; 3) RISK-PRS was significantly 

associated with UPPS-P dimensions, with sensation seeking, lack of perseverance mediating 

part of its effect on alcohol consumption; and 4) The effect of DPW-PRS on alcohol 

consumption was not mediated by dimensions of impulsivity. No significant effects of either 

PRS were found for the African subsample. These findings are discussed below in more 

detail.

Consistent with our hypothesis, DPW-PRS and RISK-PRS were associated with higher 

levels of alcohol consumption. However, both PRS explained only a small portion of 

variance in alcohol consumption. Although the discovery samples of both PRS were large, 

PRS for alcohol-related traits continue to account for only small proportions of variance 

(Evangelou et al., 2018; Liu et al., 2019; Walters et al., 2018). It is likely that moderate 

heritability and significant heterogeneity in pathways that contribute to alcohol consumption 

will necessitate extremely large GWAS discovery sample sizes to reliably detect associated 

SNPs that account for more substantial portions of variance as well as more well-refined 

phenotypic measurements (such as larger samples of individuals diagnosed with AUD, for 

example).

Based on the amount of variance explained in the current study, the RISK-PRS proved to be 

a stronger predictor of alcohol consumption than DPW-PRS, explaining double the portion 

of variance (1.3% vs .6%). This indicates that among college students, the genotypic risk 

score based on broader risk-taking behaviors was a stronger predictor of alcohol 

consumption as compared to a risk score based solely on variants associated with alcohol 

consumption. This is perhaps unsurprising since alcohol consumption reflects one 

phenotypic manifestation of a series of externalizing behaviors that have been shown to 

share underlying genetic variance (Kendler et al., 2011; Slutske et al., 2002). Employing risk 

scores reflecting broader risky behaviors might be a viable option for capturing more 

variance in alcohol outcomes than what might be indexed by risk scores based on alcohol 

phenotypes alone (Agrawal and Bierut, 2012; Hart and Kranzler, 2015).

We also hypothesized that both PRS would be significantly positively associated with 

dimensions of impulsivity, which would in turn predict alcohol consumption. We found that 

lack of perseverance, sensation seeking, and negative urgency were predictive of higher 

amounts of alcohol consumed. sensation seeking or the tendency to seek out thrills has been 

consistently found to be predictive of higher substance use (Sargent et al., 2010), including 

alcohol consumption (Hittner and Swickert, 2006; MacPherson et al., 2010). In this study, 

sensation seeking was comparatively the strongest predictor of alcohol consumption from all 

UPPS-P subscales, confirming the findings from previous studies (Adams et al., 2012; 

Cyders et al., 2009; Stautz and Cooper, 2013). lack of perseverance emerged as the second 

significant predictor of alcohol consumption. lack of perseverance refers to individual’s 
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inability to see through finishing a boring or difficult task and has been closely related to 

self-discipline (Whiteside and Lynam, 2003). A previous meta-analysis by Coskunpinar et 

al. (2013) found that lack of perseverance was the strongest predictor of drinking frequency. 

Furthermore, negative urgency or the tendency to act rashly as a reaction to negative mood 

was found to be predictive of alcohol consumption. This result was unexpected as previous 

studies have generally found that both types of Urgency, but especially negative urgency, 

were more predictive of alcohol problem behaviors, such as alcohol dependency, as opposed 

to alcohol consumption, as was the focus here (Adams et al., 2012; Coskunpinar et al., 2013; 

Dick et al., 2010). No significant associations were found between lack of premeditation and 

positive urgency and alcohol consumption in our study.

Furthermore, the RISK-PRS was significantly positively associated with four out of five 

UPPS-P subscales, suggesting that the genetic basis for risky behaviors indexed by this PRS 

might be partially phenotypically manifested as impulsive traits (Sanchez-Roige et al., 

2019). Importantly, part of the main effect of RISK-PRS on alcohol consumption was found 

to be significantly mediated through sensation seeking and lack of perseverance. These 

results provide evidence for a genetically-influenced externalizing pathway to alcohol use 

where individuals with elevated levels of impulsivity traits are more likely to consume 

higher volume of alcohol (Hussong et al., 2007; Zucker, 2008). A previous study also found 

that sensation seeking mediated the effect of alcohol dependence PRS on alcohol use 

problems in adolescence (Li et al., 2017).

Contrary to our hypothesis, DPW-PRS did not show any significant association with 

impulsivity dimensions and mainly for this reason, no significant indirect effects of DPW-

PRS on alcohol consumption via impulsivity were found. However, both DPW-PRS and 

RISK-PRS remained significantly associated with alcohol consumption in the full model 

where impulsivity dimensions were considered. In this sense, it is possible that the genetic 

basis of DPW-PRS, as indexed by the GSCAN DPW-PRS is related to more alcohol-specific 

genetic risk that does not overlap with impulsive behaviors (Kendler et al., 2011).

Strengths and Limitations

The current study has several strengths worth mentioning. First, it employed a large sample 

of college students with alcohol consumption assessed at multiple timepoints, spanning the 

college years. College students are a particularly high-risk group for the development of 

many problem behaviors, including alcohol-related phenotypes (Schulenberg et al., 2018). 

Exploring the antecedents of alcohol consumption in this age group is critical for informing 

prevention and intervention efforts at college campuses (Dick and Hancock, 2015).

Second, the study tested genetic effects on alcohol consumption using PRS from GWAS 

with the largest available discovery samples for alcohol consumption and general risk 

behavior. The results showed that the genetic etiology of alcohol phenotypes can be reliably 

detected with more broadly defined PRS reflecting risky behavior, and it might potentially 

explain more systematic variance than PRS reflecting alcohol phenotypes only. These 

findings suggest that on-going efforts using multivariate genetic techniques (Grotzinger et 

al., 2019) to identify genetic variants associated with broad externalizing behaviors (The 
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Externalizing Consortium; Dick et al., 2018a) may further advance our ability to study 

genetically-influenced pathways of risk in college students.

Finally, the study proposed found partial confirmation for the hypothesis that impulsivity 

dimensions would mediate the association between genetic risk and alcohol consumption. 

This suggests that genetic basis for broadly-defined risky behaviors might find phenotypic 

expression in a variety of behaviors and traits, with elevated levels of impulsivity and 

alcohol consumption as phenotypic manifestations of this underlying vulnerability. In this 

way, the current study suggests that personality factors such as impulsivity might serve as an 

earlier manifestation of genetic risk for the development of alcohol-related problems. As the 

estimations of polygenic risk score become more precise in the near future, information 

from such PRS might inform alcohol prevention efforts by identifying at-risk individuals 

early on in their lifespan, preferably before the onset of alcohol use. This would lead to 

creating more targeted prevention and intervention efforts characterized by personalized 

feedback stratified based on individual’s estimated genetic risk for high impulsivity. Such 

tailored prevention efforts might, for instance, focus on motivational processes underlying 

the impulsive traits and provide high-impulsivity individuals with coping skills to offer 

alternatives to using alcohol as a means of coping (Conrod et al., 2011; Newton et al., 2016).

The study also has several limitations worth mentioning. First, given the specificity of the 

college environment and young adulthood as an age group with regards to alcohol use, the 

results might not be generalizable to other, non-college samples (Evans et al., 2009b; 

Schulenberg et al., 2018). Second, for our analyses, we used a subset of the data which had 

complete genotypic information and included at least one follow-up data point. Although the 

missing data from subsequent timepoints were estimated using full-information maximum 

likelihood utilizing all available information from baseline (Enders and Bandalos, 2001), the 

analytic sample remains a subset of the dataset and might not be fully representative of the 

college population as a whole.

Finally, our analysis in the African ancestry subsample found no significant associations 

between the proposed PRS and alcohol consumption. The lack of association might be due 

to the fact that the discovery sample of our PRS of interest included predominantly 

individuals with European ancestry, which, given the divergent patterns of linkage 

disequilibrium across populations, potentially compromises the predictive power of PRS 

when applied to a non-European ancestry population. Even though we tried to ameliorate 

this issue by employing a multiPRS approach (Márquez-Luna et al., 2017), the observed 

effects were lower and much less stable across the p-value thresholds when compared to the 

European subsample. The lack of large non-European discovery samples in the existing 

GWAS (Popejoy and Fullerton, 2016) posits a serious issue for studies with diverse 

populations like our sample. More importantly, research not actively addressing this 

limitation creates a potential for perpetuating existing health disparities (Dick et al., 2017). 

In this sense, it is essential for the field as a whole to include large samples of individuals of 

diverse ancestry to make sure that the genetic findings are generalizable and can be of 

benefit to everyone (Su et al., 2018).

Ksinan et al. Page 12

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions

This study examined the longitudinal effect of genetic risk indicated by two PRS, one related 

to drinks per week and one to risky behaviors, on alcohol consumption in a college sample 

followed across four years. Furthermore, it tested whether dimensions of impulsivity would 

mediate this association. The results showed that among European ancestry participants, 

both DPW-PRS and RISK-PRS were significantly associated with college alcohol 

consumption, with RISK-PRS explaining more variance than DPW-PRS. The effects of the 

RISK-PRS were partially mediated by sensation seeking, lack of perseverance, whereas 

DPW-PRS showed only a direct longitudinal effect on alcohol consumption. The current 

results underscore the complex nature by which genetic predispositions impact alcohol 

consumption through a number of intermediary traits.
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Figure 1. 
The proposed mediation model. DPW-PRS, drinks per week PRS; RISK-PRS, first principal 

component of risky behavior PRS; SS = sensation seeking; PU = positive urgency; NU = 

negative urgency; LoPe = lack of perseverance; LoPm = lack of premeditation; Y1S = year 1 

spring; Y2S = year 2 spring; Y3S = year 3 spring, Y4S = year 4 spring.
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