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Abstract

Alcohol expectancies (AEs) are associated with likelihood of alcohol initiation and subsequent 

alcohol use disorders. It is unclear whether genetic predisposition to alcohol use and/or 

related traits contributes to shaping how one expects to feel when drinking alcohol. We 

used the Adolescent Brain Cognitive Development study to examine associations between 

genetic propensities (i.e., polygenic risk for problematic alcohol use, depression, risk-taking), 

sociodemographic factors (i.e., parent income), and the immediate social environment (i.e., peer 

use and disapproval toward alcohol) and positive and negative AEs in alcohol-naïve children 

(max analytic N=5,352). Mixed-effect regression models showed that age, parental education, 

importance of the child’s religious beliefs, adverse childhood experiences, and peer disapproval 

of alcohol use were associated with positive and/or negative AEs, to varying degrees. Overall, 

our results suggest several familial and psychosocial predictors of AEs but little evidence of 

contributions from polygenic liability to problematic alcohol use or related phenotypes.
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INTRODUCTION

Alcohol expectancies (AEs) are personal beliefs about how one anticipates or expects that 

alcohol will impact behavior, mood, and physiology1,2. Typically assessed using self-report 

questionnaires3,4, psychometric approaches broadly categorize these beliefs as positive (e.g., 

“drinking alcohol makes a person feel good or happy”; “drinking makes people worry less”) 

or negative (e.g., “alcohol can make people more careless”) expectations about how alcohol 

will make them feel or behave. Expectancies (anticipated effects of alcohol) are distinct 

from drinking motives (experienced effects of alcohol5), and thus, are ideally evaluated in 

alcohol-naïve samples or in recent drinkers. In such youth cohorts, positive AEs have been 

associated with the initiation and early stages of alcohol use6, as well as greater alcohol use 

and future alcohol use disorders7-9; in contrast, negative AEs are generally associated with 

decreased alcohol use and cessation8,10, although some studies have found negative AEs to 

be predictive of alcohol use problems11. Rooted in expectancy theory, AEs are presumed 

to index memories, environmental impacts and personality attributes that shape cognitions 

surrounding the effects of alcohol, and thus, are considered key proximal contributors to the 

onset and maintenance of alcohol use1,2,12.

Given the cognitive component of AEs, and evidence for heritable influences on cognition as 

well as aspects of alcohol use, including frequency and quantity of drinking and alcohol use 

disorder13,14, researchers have speculated whether AEs have a heritable basis. Interestingly, 

twin studies have yielded mixed results. While some studies found evidence for genetic 

influences on AEs15-17, others have reported null heritability18,19 and instead, documented a 

substantial role of familial environment (i.e., those non-genetic factors that makes members 

of twin and sibling pairs more similar to each other). The heightened influence of familial 

environment is highly plausible as alcohol-naïve youth are often “learning” of the subjective 

effects of alcohol from observing alcohol use in family members and peers. Indeed, both 

parents and peers play a pivotal role in developing and reinforcing expectations towards 

drinking20-22. Likewise, familial factors, such as religiosity23, parental drinking patterns or 

views and practices regarding alcohol use24,25, as well as macro-level environmental factors 

(e.g., alcohol availability, liquor restrictions, taxation26) are likely contributors to AEs.

Expectancy theory posits that an individual’s beliefs about an anticipated behavior are 

likely to shape their level of future engagement in that behavior. Yet, most studies of AEs 

have been conducted in samples where few participants, if any, are alcohol naïve, thus 

confounding expectations regarding the anticipated effects of alcohol with any experienced 
effects of alcohol which may be influenced by genetic and environmental factors to a 

differing degree (e.g., 18). The Adolescent Brain Cognitive DevelopmentSM (ABCD) Study 

provides an ideal sample (N = 11,235) in which to characterize AEs with respect to genetic, 

familial, and other psychosocial factors as the sample consisted of youth, 26% of whom 

reported ever sipping alcohol at the time at which their AEs were assessed. In the subsample 

of youth who had not initiated alcohol use (i.e., not even had a sip of alcohol; N = 8,319), 

we examined whether polygenic liability scores, sociodemographic factors, parent history 

of alcohol use, adverse childhood experiences, and peer use and attitudes toward alcohol 

were associated with positive and negative AEs. These variables were chosen based on 
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prior associations in the literature (e.g., 17,27-30) or hypothesized importance for shaping 

AEs prior to alcohol use. The examination of the extent to which polygenic liability to 

problematic alcohol use, as well as risk-taking (related to anticipated positive reinforcement 

from alcohol) and depression (related to anticipated negative effects of alcohol), were 

associated with AEs was novel to the study; we hoped this would advance our understanding 

of whether AEs are merely a product of familial and peer-related environmental factors or 

whether genetic propensities also shape their development.

METHODS

Target sample description

The ABCD Study® is a long-term study of brain development through adolescence in 

over 11,000 children31. Furthermore, one of the key objectives of the ABCD Study was to 

identify risk and resilience factors associated with the initiation of substance use, making 

this an ideal sample in which to characterize AEs before the onset of alcohol use31. 

Data were initially collected in children ages 9-11 across 22 sites and have subsequently 

been collected each year. Genetic samples were collected from the children in addition to 

demographic and phenotypic data on both the children and their parents. For the current 

study, genetic and phenotypic data were obtained from the ABCD Study Release 3.0. 

We excluded children who reported having sipped alcohol at baseline or the 1-year follow-

up (N sipped = 2,916; N not sipped = 8,319); however, the analytic Ns were smaller 

due to incomplete data on alcohol expectancies, sociodemographic and immediate social 

environment predictors, genetic propensities, and/or covariates (maximum analytic N = 

5,352). See Figure 1 for more details on sample size.

Target sample phenotypes

Alcohol expectancy scores—Alcohol expectancy (AE) scores were generated from 

the 7-item Alcohol Expectancy Questionnaire- Adolescent, Brief32,33. For each item, 

participants rated how much they agreed or disagreed with statements about the effects 

of alcohol on a 5-point scale (1 = Strongly disagree; 5 = Strongly agree). These data were 

collected at the 1-year follow-up, when the participants were 10-12 years old. Consistent 

with past work30,32, we created a positive AE sum score by summing responses to questions 

1, 2, 4, and 6, and created a negative AE sum score by summing responses to questions 3, 

5, and 7 (questions available in Supplemental Table 1, correlations available in Supplemental 

Figure 1). As the AE data were collected at the 1-year follow-up, all other assessments 

described below were also taken from this timepoint, with the exception of demographic 

measures and parental history of alcohol problems which were only collected at baseline.

Child alcohol sipping—We assessed whether children had sipped alcohol at baseline 

and/or the 1-year follow-up using data from the ABCD Youth Substance Use Interview. 

Specifically, children were asked “…Have you ever tried a sip of alcohol such as beer, wine 

or liquor (rum, vodka, gin, whiskey) at any time in your life?” We excluded children who 

responded “yes” to this question from all subsequent analyses.
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Demographics—Child’s race was collected from the parent/caregiver report at the 

baseline assessment in the ABCD Parent Demographics Survey with the question “What 

race do you consider the child to be? Please check all that apply.” We collapsed some of 

the response categories to create 7 categories in total: White, Black, Asian, American Indian 

and Alaska Native (AIAN), Native Hawaiian and Pacific Islander (NHPI), “Other” (note: 

this was a caregiver-endorsed category), and Multiracial (for children whose caregivers 

indicated more than one racial category). Child’s ethnicity was also collected at baseline in 

the same survey with the question, “Do you consider the child Hispanic/Latino/Latina?” We 

recoded responses as “yes” = 1 and “no” = 0. Following the example of a prior study30, 

parents’ marital status was recoded into two categories: married and not married. Family 

income was coded as a categorical variable with 3 categories: less than $35,000, $35,000 to 

$99,999, and $100,000 and above. Parental education levels were averaged across the two 

parents/caregivers and analyzed as a continuous variable. Child’s religious denomination 

preference was recoded to create a binary measure of “religious affiliation”, such that 

responses of “atheist”, “agnostic”, or “nothing in particular” were coded as −1, and any 

other denomination was coded as +1. A measure of how important a child’s religious beliefs 

were to their identity (“In general, how important are your child's religious and spiritual 

beliefs in his/her daily life?”) was coded on a scale ranging from 1 (“Not at all”) to 4 

(“Very”).

Family history—Data on self-reported parent alcohol problems were available from the 

Parent Family History Summary Scores. We included both biological father’s history of 

alcohol problems and biological mother’s history of alcohol problems as predictors, both 

coded as binary variables (“yes” = 1, “no” = 0).

Total number of adverse childhood experiences—Data on the total number of 

adverse childhood experiences34 were available from the Mental Health Youth summary 

scores. Specifically, we analyzed the “ple_y_ss_total_bad” overall summary score from the 

PhenX toolkit; this was a summation of all the events that the child judged and reported to 

be negative events.

Peer attitudes and use of alcohol—Three items on peer tolerance of alcohol use were 

taken from the ABCD Youth Substance Use Attitudes questionnaire35. These items included 

the following questions: “How do you think your CLOSE FRIENDS feel (or would feel) 

about YOU doing each of the following things?

• Trying one or two drinks of an alcoholic beverage (beer, wine, liquor)

• Taking one or two alcohol drinks nearly every day

• Having five or more alcoholic drinks once or twice each weekend

These items were assessed on a 3-point scale, with possible responses ranging from 

0 (“Not Disapprove”) to 2 (“Strongly Disapprove”). Because of the strong correlations 

between these measures (rs ranging from 0.59 - 0.75), we created a sum score of all three 

peer tolerance measures (hereafter referred to as “peer disapproval” due to higher scores 

indicating greater peer disapproval of alcohol use).
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Additionally, we assessed three items related to peer alcohol use36, also from the ABCD 

Youth Substance Use Attitudes questionnaire, which queried: “How many of your friends 

currently

• Drink alcohol (full beer, wine, or liquor)?

• Get drunk?

• Have problems with alcohol or other drugs?

Responses were on a 5-point scale, ranging from 0 (“None”) to 4 (“All”). We created a sum 

score from these three variables (correlations ranging from 0.38 - 0.48) with higher scores 

denoting more peers with greater use of alcohol.

Target sample genotyping QC

We used the Rapid Imputation and COmputational PIpeLIne for Genome-Wide Association 

Studies (RICOPILI37) to perform quality control (QC) on the 11,099 individuals with 

available ABCD Study phase 3.0 genotypic data, using RICOPILI’s default parameters. 

The 10,585 individuals who passed QC checks were matched to broad self-report racial 

groups using the ABCD Study parent survey. 6,787 parents/caregivers indicated that their 

child’s race was only “white”, and 5,561 of those individuals did not endorse any Hispanic 

ethnicity/origin. Further, we identified 1,675 parents/caregivers who indicated that their 

child’s race was only “black”, and 1,584 of those individuals did not endorse any Hispanic 

ethnicity/origin. After performing a second round of QC on these sub-samples, 5,556 non-

Hispanic White and 1,584 non-Hispanic Black individuals were retained in the analyses. 

Principal component analysis (PCA) in RICOPILI was used to confirm the genetic ancestry 

of these individuals by mapping onto the 1000 Genomes reference panel, resulting in 

PCA-selected European- and African-ancestry subsets.

Each ancestry subset was then imputed to the TOPMed imputation reference panel38. 

Imputation dosages were converted to best-guess hard-called genotypes, and only SNPs 

with Rsq > 0.8 and MAF > 0.01 were kept for PRS analyses.

Discovery samples for polygenic risk scores

Along with a polygenic score for problematic alcohol use, we also decided to include 

PRS for depression (as a proxy for negative affect) and risk-taking (as a proxy for reward 

sensitivity), as both of these phenotypes may be thought to represent stage-based constructs 

of addiction (e.g., withdrawal/negative emotionality, risk-taking/binging39). We selected 

phenotypes for which there existed a GWAS in both European and African genetic ancestry 

samples to create maximally-predictive PRS for both ancestry groups. Polygenic risk scores 

(PRS) were created using the following discovery GWAS for problematic alcohol use, 

depression, and risk-taking:

Problematic alcohol use: We used a European-ancestry GWAS meta-analysis of alcohol 

use disorder, alcohol dependence, and the problem subscale of the alcohol use disorders 

identification test from Zhou et al.40 (N = 435,563). To create PRS in the African-ancestry 

subset of ABCD, we meta-analyzed a GWAS of alcohol use disorder (derived using ICD 
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codes) in the African ancestry subset of the Million Veteran Program41 with a GWAS of 

alcohol dependence (based on DSM diagnoses) in African ancestry individuals from the 

PGC42 (meta-analyzed N = 62,928).

Depression: We meta-analyzed two European-ancestry GWAS of depression (total N 

750,414, N case= 254,566), one from the Million Veteran Program43 and the other from a 

previous meta-analysis of the UK Biobank and Psychiatric Genomics Consortium44. We also 

used summary statistics from an African ancestry GWAS of depression from the Million 

Veteran Program (N = 59,60043).

Risk-taking: We used the risk tolerance GWAS meta-analysis of the UK Biobank and 

10 replication cohorts from Karlsson Linnér et al.45 (N = 466,571) to create PRS in the 

European ancestry subset of ABCD. This GWAS was based on a single item querying 

whether someone is a risk-taker: “Would you describe yourself as someone who takes 

risks? Yes/No”. For an African ancestry-matched GWAS, we used the Pan UK Biobank 

GWAS of the same item of risk tolerance, which was derived from 6,101 individuals 

(N cases = 2,523) of African descent who were residents of the United Kingdom (https://

pan.ukbb.broadinstitute.org).

Educational attainment: We also created a PRS for educational attainment using 

summary statistics from a GWAS by Lee et al.46 (N = 766,345). This was included as 

an additional predictor in a follow-up analysis described in more detail in the Results section 

below. N.B., this PRS was only scored in the children of European ancestry in ABCD, as we 

were unaware of a GWAS of educational attainment in other ancestry groups.

Statistical analyses

We used PRS-CS47 to calculate polygenic risk scores in the European ancestry subset of 

the ABCD sample, using effect sizes from the discovery GWAS summary statistics. We 

used the ‘auto’ function of PRS-CS, allowing the software to learn the global shrinkage 

parameter from the data. To maximize prediction in the African ancestry subset of ABCD, 

we used PRS-CSx’s ‘meta’ option48 to create polygenic risk scores that leveraged the larger 

sample size of the European ancestry version of the discovery GWAS by meta-analyzing 

those weights along with weights from the smaller, ancestry-matched discovery GWAS.

After deriving SNP weights using PRS-CS and PRS-CSx, we then used PLINK 1.9’s49 

--score command to produce PRS in the ABCD sample. All subsequent analyses were 

performed using R Statistical Software50. We scaled the PRS to a mean of zero and standard 

deviation of one before including them in regression models. All regression models included 

age and sex as fixed covariates, while family ID and recruitment site were included as 

random intercepts. Parent-reported race and Hispanic ethnicity were included as covariates 

in Models 1 & 2 (see below), while ten genetic ancestry principal components were included 

as covariates in Models 3-6. For the meta-analyses reported in Models 3-6, we used the 

metafor package51 in R and employed a fixed-effects meta-analysis across ancestry groups. 

We performed Bonferroni corrections within each model (see below), correcting for the 

number of model-wise predictors that were interpreted.
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We analyzed positive and negative expectancies separately due to their relatively small 

correlation (Spearman’s ρ = −0.11), their separate treatment in prior literature (e.g.,20,30), 

and their potentially distinct pattern of associations with future alcohol use and alcohol use 

disorders8-10. We analyzed the ABCD data using a series of six models:

Model 1: Sociodemographic and immediate social environment predictors 
of positive AEs.—Regressing positive alcohol expectancy sum scores onto 

sociodemographic factors and immediate social environment (parent history, adverse 

childhood experiences, and peer disapproval and use) predictors and covariates (age, sex, 

race, and ethnicity) in the full sample of children who have not sipped alcohol.

Model 2: Sociodemographic and immediate social environment predictors 
of negative AEs.—Regressing negative alcohol expectancy sum scores onto 

sociodemographic factors and immediate social environment (parent history, adverse 

childhood experiences, and peer disapproval and use) predictors and covariates (age, sex, 

race, and ethnicity) in the full sample of children who have not sipped alcohol.

Model 3: Genetic propensity predictors of positive AEs.—Regressing positive 
alcohol expectancy sum scores onto all three PRS - the problematic alcohol use PRS, the 

risk-taking PRS, and the depression PRS - along with covariates (age, sex, and ten genetic 

principal components); models were run separately in samples of genetically-determined 

European ancestry and African ancestry children who had not sipped alcohol, and the results 

were then meta-analyzed across ancestry groups.

Model 4: Genetic propensity predictors of negative AEs.—Regressing negative 
alcohol expectancy sum scores onto all three PRS - the problematic alcohol use PRS, the 

risk-taking PRS, and the depression PRS - along with covariates (age, sex, and ten genetic 

principal components); models were run separately in samples of genetically-determined 

European ancestry and African ancestry children who had not sipped alcohol, and the results 

were then meta-analyzed across ancestry groups.

Model 5: Genetic propensities, sociodemographic, and immediate social 
environment predictors of positive AEs.—Regressing positive alcohol expectancy 

sum scores onto all three PRS, all sociodemographic and immediate social environment 

predictors, and covariates (age, sex, and ten genetic principal components); models were run 

separately in samples of genetically-determined European ancestry and African ancestry 

children who had not sipped alcohol, and the results were then meta-analyzed across 

ancestry groups.

Model 6: Genetic propensities, sociodemographic, and immediate social 
environment predictors of negative AEs.—Regressing negative alcohol expectancy 

sum scores onto all three PRS, all sociodemographic and immediate social environment 

predictors, and covariates (age, sex, and ten genetic principal components); models were run 

separately in samples of genetically-determined European ancestry and African ancestry 

children who had not sipped alcohol, and the results were then meta-analyzed across 

ancestry groups
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RESULTS

Demographic and psychosocial measures and PRS in ABCD

Descriptive statistics are provided in Table 1. Correlations between the three PRS ranged 

from 0.16 to 0.20 and from 0.004 to 0.05 in the European and African ancestry subsets of 

ABCD, respectively.

The children who were excluded from the present study for having sipped alcohol (N = 

2,916) were significantly older than the children who had not sipped (mean age = 11.0 

years, SD = 0.64; p = 1.4e-9) and significantly fewer were female (43.5% vs. 49.1%; p = 

1.9e-7). The distribution of self-reported race differed across sipping status (p < 2e-16), with 

a greater proportion of children who reported sipping identifying as “White”. Specifically, 

0.07% of children who reported sipping identified as being Native Hawaiian or Pacific 

Islander, 0.38% of these children identified as being American Indian or Alaskan Native, 

1.9% identified as Asian, 7.9% identified as Black, 10.9% identified as Multiracial, 74.2% 

identified as White, and 4.8% identified as belonging to an “Other” category. The proportion 

of children with fathers who reported a history of alcohol problems (13.5%) or mothers 

who reported a history of alcohol problems (3.5%) were not significantly different from the 

subset of children who had not sipped. Children who were of European genetic ancestry 

and reported having sipped alcohol (analytic N = 1,669) had a higher mean risk-taking 

PRS (mean = 0.05) compared to children of European genetic ancestry who had not sipped 

alcohol (analytic N = 3,713; mean = −0.02; p = 0.03). No other polygenic risk scores 

significantly differed by sipping status. Mean positive alcohol expectancy scores were higher 

in children who reported sipping compared to those who had not sipped alcohol (means = 

7.9 vs. 7.0, p < 2e-16), while the difference in mean negative alcohol expectancy scores was 

smaller yet significant (means = 12.2 vs. 12.0, p = 0.008).

Alcohol expectancies

In the sample of children who had not sipped alcohol, positive AE scores ranged from 4 to 

20, with a mean of 7.03, while negative AE scores ranged from 3 to 15 with a mean of 12.04 

(see distributions in Supplemental Figure 2). As mentioned above, the correlation between 

positive and negative AEs was relatively small and negative (Spearman’s ρ = −0.11; see 

Supplemental Figure 1 for correlations between individual items). There was no significant 

difference in mean positive AEs between males and females but mean negative AEs were 

significantly higher in males (male mean = 12.1 vs. female mean = 11.9, t-test p = 0.002). 

For both positive AEs and negative AEs, the mean scores were lower in children of Hispanic 

ethnicity than those who did not report being of Hispanic ethnicity (positive AE mean = 6.8 

vs. 7.1, t-test p = 7.9e-5; negative AE mean = 11.8 vs. 12.1, t-test p = 6.0e-5). There was a 

significant difference in mean positive AEs by race (F(6, 8001) = 3.7, p = 0.001); in post-hoc 

tests, significant differences were found between the “Other” and “Multiracial” groups (p = 

1.3e-4; “Other” mean = 6.6 vs. “Multiracial” mean = 7.4) and the “Multiracial” and “White” 

groups (p = 0.02; “Multiracial” mean = 7.4 vs. “White” mean = 7.0). We also found a 

significant difference in mean negative AE scores by race (F(6, 8001) = 13.7, p = 1.8e-15). 

When we conducted post-hoc tests, we found significant mean differences between “White” 

and “AIAN” groups (p = 0.006; “White” mean = 12.2 vs. “AIAN” mean = 10.6), between 
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the “White” and “Black” groups (p < 2e-16; “White” mean = 12.2 vs. “Black” mean = 11.5), 

between the “White” and “Other” groups (p = 0.02; “White” mean = 12.2 vs. “Other” mean 

= 11.8), between the “Multiracial” and “AIAN” groups (p = 0.02; “Multiracial” mean = 12.1 

vs. “AIAN” mean = 10.6), and between the “Multiracial” and “Black” groups (p = 2.5e-5; 

“Multiracial” mean = 12.1 vs. “Black” mean = 11.5).

Models 1 & 2: sociodemographic and immediate social environment predictors of AEs

Age (betas = 0.02; 0.03, 95% confidence intervals = [0.01 to 0.03]; [0.02 to 0.04], ps < 

1.5e-5), parental educational attainment (betas = 0.07; 0.10, 95% confidence intervals = 

[0.03 to 0.11]; [0.06 to 0.15], ps < 4.2e-4), and peer disapproval of alcohol use (betas 

= −0.21; 0.18, 95% confidence intervals = [−0.29 to −0.13]; [0.09 to 0.26], ps < 3.8e-5) 

were all significantly associated with both positive and negative AEs after correcting for 

the number of predictors tested (Table 2). Interestingly, the directions of associations for 

age and education remained consistent for both positive and negative AEs, such that older 

age and greater parental education were associated with greater positive and negative AEs. 

Greater peer disapproval of alcohol drinking was positively associated with negative AEs 

and negatively associated with positive AEs. Overall, the sociodemographic factors and 

immediate social environment predictors (and covariates) explained an additional 3.6% 

variance in positive AEs, compared to a null model. These predictors explained an additional 

2.4% variance in negative AEs.

The more important the child’s religious beliefs, the less likely that the child was to 

endorse positive expectations about alcohol (beta = −0.17, 95% confidence interval = 

[−0.27 to −0.08], p = 5.2e-4). In a follow-up model, we tested whether religious affiliation 

and importance of religious beliefs interacted to influence AEs; the interaction was not 

significant. Lastly, a larger number of adverse childhood experiences was associated with 

greater likelihood of positive AEs (beta = 0.13, 95% confidence interval = [0.09 to 0.17], p = 

3.0e-12).

Models 3 & 4: genetic propensity predictors of AEs

After correction for multiple testing, there were no significant associations between the PRS 

and negative or positive AEs. The strongest association was between the risk-taking PRS 

and negative AEs (beta = 0.10, 95% confidence interval = [0.01 to 0.19], p = 0.02). Taken 

together, the PRS and covariates explained an additional 1.3-2.2% variance in positive AEs, 

compared to a null model, and an additional 1.3-1.6% variance in negative AEs.

Models 5 & 6: genetic propensities, sociodemographic, and immediate social environment 
predictors of AEs

Including independent variables from Models 1-4 (both PRS and non-PRS measures) in 

the same model did not substantively alter the findings, except that importance of religious 

beliefs was no longer significantly associated with positive AEs. Age (betas = 0.03; 0.04, 

95% confidence intervals = [0.02 to 0.04];[0.02 to 0.05], ps < 9.6e-6), parental educational 

attainment (betas = 0.10; 0.12, 95% confidence intervals = [0.04 to 0.16]; [0.06 to 0.18], 

ps < 0.002), and peer disapproval of alcohol use (betas = −0.22; 0.16, 95% confidence 

intervals = [−0.32 to −0.11]; [0.06 to 0.27], ps < 0.002) were associated with both positive 
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and negative AEs, while total number of adverse childhood experiences was associated only 

with positive AEs (beta = 0.17, 95% confidence interval = [0.12 to 0.22], p = 2.8e-12). 

All together, the PRS, sociodemographic and immediate social environment predictors, 

and additional covariates (e.g., genetic PCs) explained an additional 4.8-7.1% variance in 

positive AEs, and an additional 2.3-7.8% variance in negative AEs, compared to a null 

model.

Given the robust associations between AEs and parental educational attainment, and the 

moderate heritability of educational attainment, we tested follow-up models in the European 

ancestry subset of ABCD where a PRS for educational attainment was included as an 

additional predictor to estimate the extent to which polygenic contributions to educational 

attainment account for this association. We found that the educational attainment PRS did 

not substantively alter the associations between parental educational attainment and positive 

AEs or negative AEs, though the associations were somewhat attenuated (positive AEs: beta 

= 0.086, 95% confidence interval = [0.02, 0.16] vs. beta = 0.077, 95% confidence interval 

= [0.01, 0.15]; negative AEs: beta = 0.10, 95% confidence interval = [0.04, 0.17] vs. beta = 

0.087, 95% confidence interval = [0.02, 0.16]).

DISCUSSION

In a sample of predominantly alcohol-naïve youth, positive and negative AEs were 

associated with older age, greater parental education, and greater peer disapproval of alcohol 

use, while adverse childhood experiences and greater importance of religious beliefs were 

only associated with positive AEs. These findings were broadly consistent with a prior study 

by Murphy et al.30 that was conducted in the ABCD sample, but some distinctions also 

emerged, discussed in more detail below. Notably, none of the genetic propensities tested – 

polygenic scores for problematic alcohol use, depression, or risk-taking – were associated 

with negative or positive AEs. Our data suggest that AEs, particularly in alcohol-naïve 

youth, are more strongly shaped by familial and environmental experiences and influences 

than polygenic risk scores for problematic alcohol use, risk-taking, or depression.

As in Murphy et al.30, we found that older age was significantly associated with both 

positive and negative AEs. While the link between age and increasingly positive AEs is 

well-documented, the relationship between age and negative AEs has been more mixed; 

however, our findings are consistent with a recent systematic review that found an overall 

positive association between older age and an increase in negative AEs as well as positive 

AEs52. Other findings that might appear counterintuitive were also supported by the extant 

literature. For instance, we found that higher parental educational attainment was related to 

both greater positive and greater negative AEs, and this was not substantively attenuated 

when we accounted for a polygenic score of educational attainment. Greater educational 

attainment has consistently been linked to greater likelihood of daily alcohol use53,54. 

Furthermore, parental education is often used as a proxy for socio-economic status, and such 

socio-economically advantaged environments may depict and promote socially accepted 

drinking, thus providing a context for positive expectancies. At the same time, greater 

parental education may also relate to greater insight into the harms associated with heavy 
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alcohol use and thus, correspond with less permissive attitudes towards alcohol or greater 

caution and oversight surrounding youth access to alcohol55.

As mentioned above, an earlier paper from Murphy et al.30 examined the associations 

between AEs and alcohol sipping in the ABCD Study® when a subset of the 1-year follow-

up data (n = 4,951) had been released. The authors included demographic variables (e.g., 

race, religiosity) and parental history of alcohol problems as predictors in their models 

and found that positive AEs in the ABCD sample were positively associated with age, 

ethnicity, and alcohol sipping and negatively associated with religious affiliation, while 

negative AEs were only significantly associated with age. We also saw that alcohol sipping 

was correlated with AEs in our study, with positive AEs showing a larger association 

with sipping than negative AEs (although unlike Murphy et al., we did not include other 

predictors in this test). Like Murphy et al., we were also interested in examining the 

factors that shape positive and negative AEs in the ABCD Study, but we focused on 

associations that were present before the onset of alcohol use. Interestingly, and in contrast 

to Murphy et al.30, we did not find a significant association between religious affiliation 

and AEs. However, we did note a significant association between greater importance of a 

child’s religious beliefs, a measure not evaluated by Murphy et al, and less endorsement 

of positive AEs. One possibility is that the relative importance of the child’s religious 

beliefs is a stronger predictor of positive AEs, and as it was significantly correlated with 

religious affiliation (r = 0.65), the importance variable suppressed the variance explained 

by religious affiliation in our regression models. Indeed, when we tested a model where 

positive AEs were regressed on all the demographic and psychosocial variables except 
for importance of religious beliefs, religious affiliation was significantly associated with 

positive AEs, such that religious beliefs were associated with lower positive AEs (beta = 

−0.21, p = 4.0e-6). The relative importance of religious beliefs over religious affiliation has 

been documented in the literature56,57. It is also worth noting that the religious affiliation 

measure did not account for denominations with greater drinking proscriptions and thus is 

a heterogeneous representation of religious beliefs surrounding alcohol. Future studies with 

more fine-grained assessments of individuals’ religious and spiritual beliefs surrounding 

alcohol may find an influence of specific denominations or beliefs on AEs58.

Unlike previous studies59,60, we did not find significant associations between history of 

paternal or maternal alcohol problems and child’s AEs, even in follow-up analyses that 

included father’s alcohol problems or mother’s alcohol problems as predictors in separate 

models. There are several potential explanations for this observation. First, the prevalence 

of family history of alcohol problems was rather low in the sample, suggesting either 

volunteer bias (i.e., those without alcohol problems are more likely to enroll their children 

and consistently participate in longitudinal studies) or perhaps limitations of the assessment 

instrument. Second, studies suggest that observation of parental alcohol use, rather than 

family history, may be more relevant in shaping childrens’ AEs61,62. This finding also 

resonates with the limited role of genetic influences on AEs. Indeed, if familial effects on 

AEs are enacted via memories of drinking episodes, rather than via inheritance of genetic 

predispositions, then parents in remission or those who conceal their problem drinking may 

not be actively influencing their offspring’s AEs.
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Youth who thought that their peers would disapprove of drinking were, overall, less likely 

to have positive AEs and more likely to report negative AEs, as noted previously63,64. By 

contrast, respondent report of observed or perceived peer alcohol use was not significantly 

associated with positive or negative AEs. We suspect this is largely due to the relatively low 

endorsement of peers who use alcohol at this time in this sample (~6%); it is likely that 

youth are not yet exposed to the experiences that their peers may have with alcohol.

Similar to findings from a previous study of adolescents in Taiwan65, we found that a greater 

total number of adverse childhood experiences was associated with greater positive AEs. 

One possible explanation is that adversity in early life may make someone more likely 

to view alcohol as a future source of tension reduction65 (helps a person relax, feel less 

tense) or empowerment in a vulnerable context (do things better, feel more powerful). This 

hypothesis regarding the expectation that drinking facilitates coping with negative mood or 

trauma is well-supported, such that persons reporting tension reduction as a drinking motive 

have been found to be particularly vulnerable to later drinking problems66,67. Liquid courage 

(the idea that alcohol bestows strength, power, cognitive improvements) has also been linked 

to college binge drinking68,69 and other risky behaviors that are also elevated in individuals 

with prior trauma exposure70,71.

In general, our null results for the PRS predictors are in line with the findings from twin and 

family studies, which have generally reported no significant contribution of additive genetic 

factors, or, if significant, a relatively modest heritability15-19. The strongest association was 

between the risk-taking PRS and greater negative AEs (beta = 0.10, 95% confidence interval 

= [0.01, 0.19], p = 0.02), but this association was attenuated in a model that included 

the sociodemographic and immediate social environment predictors (beta = 0.07, 95% 

confidence interval = [−0.03, 0.17], p = 0.19). We suspect that this attenuation is largely 

due to the inclusion of the peer disapproval of alcohol and alcohol use variables, based 

on evidence from follow-up analyses. Specifically, when we analyzed only the European 

ancestry subset of ABCD (which showed the strongest association between risk-taking PRS 

and negative AEs in the PRS-only model: beta = 0.10, p = 0.03) and we included all 

sociodemographic and immediate social environment variables except peer disapproval and 

use of alcohol, the association increased to beta = 0.12, p = 0.02 (compared to beta = 0.08, p 

= 0.14 in the full model). This suggests that peer tolerance for alcohol use and peer alcohol 

use and polygenic liability for risk-taking may share some amount of variance that is related 

to negative AEs; indeed, this is supported by genetic correlations between alcohol use and 

risk-taking72.

There are several important limitations to note regarding the current study. First, we 

only looked at the composite “positive” and “negative” AE scores and did not analyze 

specific AE items (e.g., “liquid courage”, increased sociability). Second, we note that we 

did not assess parental motives for drinking, which are likely relevant to childrens’ AEs. 

Relatedly, we did not have parental genotype data to parse direct genetic effects on AEs 

from “genetic nurture”, or indirect effects on AEs 73. Third, while we could have assessed 

many more predictors putatively linked to alcohol use, we ultimately chose to focus on 

the immediate social environment and sociodemographic variables, especially those that 

had been previously associated with AEs. Future studies that assess a wider range of 
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phenotypes may provide insight into additional predictors of AEs. Finally, we note that the 

ancestry-matched discovery GWAS used to create the PRS in children of African genetic 

ancestry in the ABCD sample were much smaller in general than the equivalent GWAS in 

individuals of European ancestry (the largest GWAS in individuals of African ancestry n = 

62,928, compared to the equivalent European ancestry GWAS n > 435,000). Combined with 

the smaller target sample of children in ABCD of African genetic ancestry (n = 628 with 

non-missing data in Models 5 & 6), our PRS models were likely underpowered in the subset 

of ABCD children with African genetic ancestry.

The ABCD Study is longitudinal and as the children in ABCD begin to initiate alcohol use, 

and even more involved drinking behaviors, future analyses could examine the predictive 

role of AEs in these drinking milestones. Our study documents that such associations are 

unlikely to be due to shared genetic predispositions but rather, shaped by personal, familial 

and other psychosocial factors that provide youth with the framework for their expectations 

for alcohol.
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Figure 1. 
Analytic sample size flowchart for the present study.
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Table 1.
Descriptive statistics of the ABCD sample of children who had not sipped alcohol at the 1-
year follow-up.

Mean (SD) provided for continuous variables, number (% of analytic sample) provided for categorical 

variables.

Variable Mean (SD) or N (%)

Age (years) 10.9 (0.64)

Female 4,074 (49.1%)

Race

AIAN 46 (0.6%)

Asian 178 (2.2%)

Black 1,434 (17.6%)

Multiracial 880 (10.8%)

NHPI 12 (0.1%)

Other 518 (6.3%)

White 5,092 (62.4%)

Hispanic ethnicity 1,737 (21.2%)

Caregivers married 5,551 (67.5%)

Parents’ income

<$35k 1,705 (22.5%)

$35k - $100k 2,900 (38.3%)

>$100k 2,976 (39.3%)

Years of parental educational attainment 16.2 (2.8)

Religious affiliation (not atheist, agnostic, or “nothing in particular”) 5,883 (74.7%)

Importance of religious beliefs (scale of 1, “not at all”, to 4, “very”) 2.9 (1.1)

Father history of alcohol problems 1,010 (12.7%)

Mother history of alcohol problems 349 (4.3%)

Total number of adverse childhood experiences 2.4 (2.3)

Peer disapproval of alcohol sum scores (range: 0-6) 5.6 (1)

Peer alcohol use sum scores (range: 0-12) 0.1 (0.53)

AIAN = American Indian and Alaska Native; NHPI = Native Hawaiian and Pacific Islander.

Behav Genet. Author manuscript; available in PMC 2023 May 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Johnson et al. Page 20

Ta
b

le
 2

.
R

es
ul

ts
 (

B
et

a 
[9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
])

 f
ro

m
 m

od
el

s 
re

gr
es

si
ng

 a
lc

oh
ol

 e
xp

ec
ta

nc
y 

su
m

 s
co

re
s 

on
 s

oc
io

de
m

og
ra

ph
ic

, i
m

m
ed

ia
te

 s
oc

ia
l 

en
vi

ro
nm

en
t,

 a
nd

 g
en

et
ic

 p
ro

pe
ns

it
y 

pr
ed

ic
to

rs
.

M
od

el
 1

So
ci

od
em

og
ra

ph
i

c 
an

d 
im

m
ed

ia
te

so
ci

al
en

vi
ro

nm
en

t
pr

ed
ic

to
rs

 o
f

po
si

ti
ve

 A
E

s 
in

fu
ll 

sa
m

pl
e

N
 =

 5
,3

52

M
od

el
 2

So
ci

od
em

og
ra

ph
i

c 
an

d 
im

m
ed

ia
te

so
ci

al
en

vi
ro

nm
en

t
pr

ed
ic

to
rs

 o
f

ne
ga

ti
ve

 A
E

s 
in

fu
ll 

sa
m

pl
e

N
 =

 5
,3

52

M
od

el
 3

G
en

et
ic

pr
op

en
si

ty
pr

ed
ic

to
rs

 o
f

po
si

ti
ve

 A
E

s
m

et
a-

an
al

yz
ed

ac
ro

ss
 b

ot
h

ge
ne

ti
c 

an
ce

st
ry

gr
ou

ps

N
 =

 4
,8

60

M
od

el
 4

G
en

et
ic

pr
op

en
si

ty
pr

ed
ic

to
rs

 o
f

ne
ga

ti
ve

 A
E

s
m

et
a-

an
al

yz
ed

ac
ro

ss
 b

ot
h

ge
ne

ti
c 

an
ce

st
ry

gr
ou

ps

N
 =

 4
,8

60

M
od

el
 5

G
en

et
ic

pr
op

en
si

ti
es

,
so

ci
od

em
og

ra
ph

ic
, a

nd
 im

m
ed

ia
te

so
ci

al
en

vi
ro

nm
en

t
pr

ed
ic

to
rs

 o
f

po
si

ti
ve

 A
E

s
m

et
a-

an
al

yz
ed

ac
ro

ss
 b

ot
h

ge
ne

ti
c 

an
ce

st
ry

gr
ou

ps

N
 =

 3
,3

98

M
od

el
 6

G
en

et
ic

pr
op

en
si

ti
es

,
so

ci
od

em
og

ra
ph

ic
, a

nd
 im

m
ed

ia
te

so
ci

al
en

vi
ro

nm
en

t
pr

ed
ic

to
rs

 o
f

ne
ga

ti
ve

 A
E

s
m

et
a-

an
al

yz
ed

ac
ro

ss
 b

ot
h

ge
ne

ti
c 

an
ce

st
ry

gr
ou

ps

N
 =

 3
,3

98

C
ov

ar
ia

te
s

A
ge

0.
03

 [
0.

02
, 0

.0
4]

 *
0.

02
 [

0.
01

, 0
.0

3]
 *

0.
03

 [
0.

02
, 0

.0
4]

 
*

0.
03

 [
0.

02
, 0

.0
4]

 
*

0.
04

 [
0.

02
, 0

.0
5]

*
0.

03
 [

0.
02

, 0
.0

4]
 *

Se
x

0.
06

 [
−

0.
09

, 0
.2

2]
0.

14
 [

−
0.

02
, 0

.3
1]

0.
17

 [
−

0.
00

3,
 

0.
34

]
0.

17
 [

0.
00

1,
 

0.
34

]
0.

11
 [

−
0.

09
, 0

.3
1]

0.
07

 [
−

0.
13

, 0
.2

6]

R
ac

e

A
si

an
−

0.
03

 [
−

1.
40

, 1
.3

3]
1.

06
 [

−
0.

37
, 2

.5
0]

-
-

-
-

B
la

ck
−

0.
16

 [
−

1.
42

, 1
.1

0]
0.

59
 [

−
0.

74
, 1

.9
1]

-
-

-
-

M
ul

ti
ra

ci
al

0.
11

 [
−

1.
15

, 1
.3

8]
0.

97
 [

−
0.

35
, 2

.3
0]

-
-

-
-

N
H

P
I

0.
43

 [
−

1.
88

, 2
.7

5]
−

0.
87

 [
−

3.
30

, 1
.5

6]
-

-
-

-

O
th

er
−

0.
20

 [
−

1.
49

, 1
.0

9]
0.

94
 [

−
0.

41
, 2

.2
9]

-
-

-
-

W
hi

te
−

0.
09

 [
−

1.
33

, 1
.1

6]
1.

00
 [

−
0.

31
, 2

.3
1]

-
-

-
-

H
is

pa
ni

c 
et

hn
ic

it
y

−
0.

13
 [

−
0.

38
, 0

.1
2]

−
0.

07
 [

−
0.

34
, 0

.1
9]

-
-

-
-

So
ci

od
em

og
ra

ph
ic

 
ba

ck
gr

ou
nd

C
ar

eg
iv

er
s 

no
t 

m
ar

ri
ed

−
0.

12
 [

−
0.

33
, 0

.1
0]

−
0.

02
 [

−
0.

25
, 0

.2
1]

-
-

0.
06

 [
−

0.
24

, 0
.3

6]
−

0.
02

 [
−

0.
32

, 0
.2

8]

In
co

m
e

-
-

>$
10

0k
0.

01
 [

−
0.

19
, 0

.2
0]

−
0.

10
 [

−
0.

31
, 0

.1
0]

-
-

0.
09

 [
−

0.
16

, 0
.3

3]
−

0.
11

 [
−

0.
35

, 0
.1

3]

<$
35

k
−

0.
09

 [
−

0.
34

, 0
.1

7]
−

0.
26

 [
−

0.
53

, 0
.0

1]
-

-
0.

13
 [

−
0.

25
, 0

.5
0]

−
0.

48
 [

−
0.

86
, −

0.
09

]

E
du

ca
ti

on
al

 
at

ta
in

m
en

t
0.

07
 [

0.
03

, 0
.1

1]
 *

0.
10

 [
0.

06
, 0

.1
5]

 *
-

-
0.

10
 [

0.
04

, 0
.1

6]
 *

0.
12

 [
0.

06
, 0

.1
8]

 *

Behav Genet. Author manuscript; available in PMC 2023 May 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Johnson et al. Page 21

M
od

el
 1

So
ci

od
em

og
ra

ph
i

c 
an

d 
im

m
ed

ia
te

so
ci

al
en

vi
ro

nm
en

t
pr

ed
ic

to
rs

 o
f

po
si

ti
ve

 A
E

s 
in

fu
ll 

sa
m

pl
e

N
 =

 5
,3

52

M
od

el
 2

So
ci

od
em

og
ra

ph
i

c 
an

d 
im

m
ed

ia
te

so
ci

al
en

vi
ro

nm
en

t
pr

ed
ic

to
rs

 o
f

ne
ga

ti
ve

 A
E

s 
in

fu
ll 

sa
m

pl
e

N
 =

 5
,3

52

M
od

el
 3

G
en

et
ic

pr
op

en
si

ty
pr

ed
ic

to
rs

 o
f

po
si

ti
ve

 A
E

s
m

et
a-

an
al

yz
ed

ac
ro

ss
 b

ot
h

ge
ne

ti
c 

an
ce

st
ry

gr
ou

ps

N
 =

 4
,8

60

M
od

el
 4

G
en

et
ic

pr
op

en
si

ty
pr

ed
ic

to
rs

 o
f

ne
ga

ti
ve

 A
E

s
m

et
a-

an
al

yz
ed

ac
ro

ss
 b

ot
h

ge
ne

ti
c 

an
ce

st
ry

gr
ou

ps

N
 =

 4
,8

60

M
od

el
 5

G
en

et
ic

pr
op

en
si

ti
es

,
so

ci
od

em
og

ra
ph

ic
, a

nd
 im

m
ed

ia
te

so
ci

al
en

vi
ro

nm
en

t
pr

ed
ic

to
rs

 o
f

po
si

ti
ve

 A
E

s
m

et
a-

an
al

yz
ed

ac
ro

ss
 b

ot
h

ge
ne

ti
c 

an
ce

st
ry

gr
ou

ps

N
 =

 3
,3

98

M
od

el
 6

G
en

et
ic

pr
op

en
si

ti
es

,
so

ci
od

em
og

ra
ph

ic
, a

nd
 im

m
ed

ia
te

so
ci

al
en

vi
ro

nm
en

t
pr

ed
ic

to
rs

 o
f

ne
ga

ti
ve

 A
E

s
m

et
a-

an
al

yz
ed

ac
ro

ss
 b

ot
h

ge
ne

ti
c 

an
ce

st
ry

gr
ou

ps

N
 =

 3
,3

98

R
el

ig
io

us
 

af
fi

lia
ti

on
−

0.
09

 [
−

0.
21

, 0
.0

2]
−

0.
09

 [
−

0.
21

, 0
.0

4]
-

-
−

0.
17

 [
−

0.
33

, −
0.

01
]

−
0.

07
 [

−
0.

22
, 0

.0
9]

Im
po

rt
an

ce
 o

f 
re

lig
io

us
 b

el
ie

fs
−0

.1
7 

[−
0.

27
, −

0.
08

]*
0.

06
 [

−
0.

04
, 0

.1
6]

-
-

−
0.

13
 [

−
0.

26
, −

0.
00

4]
0.

03
 [

−
0.

11
, 0

.1
7]

Im
m

ed
ia

te
 s

oc
ia

l 
en

vi
ro

nm
en

t

F
at

he
r 

al
co

ho
l 

pr
ob

le
m

s
0.

16
 [

−
0.

08
, 0

.4
1]

0.
01

 [
−

0.
25

, 0
.2

6]
-

-
0.

18
 [

−
0.

14
, 0

.5
1]

0.
10

 [
−

0.
22

, 0
.4

3]

M
ot

he
r 

al
co

ho
l 

pr
ob

le
m

s
0.

14
 [

−
0.

28
, 0

.5
7]

0.
12

 [
−

0.
32

, 0
.5

6]
−

0.
33

 [
−

0.
87

, 0
.2

2]
0.

15
 [

−
0.

40
, 0

.6
9]

To
ta

l n
um

be
r 

of
 

ad
ve

rs
e 

ch
ild

ho
od

 
ex

pe
ri

en
ce

s

0.
13

 [
0.

09
, 0

.1
7]

 *
0.

05
 [

0.
01

, 0
.0

9]
-

-
0.

17
 [

0.
12

, 0
.2

2]
*

0.
07

 [
0.

02
, 0

.1
2]

P
ee

r 
di

sa
pp

ro
va

l 
su

m
 s

co
re

−0
.2

1 
[−

0.
29

, −
0.

13
] 

*
0.

18
 [

0.
09

, 0
.2

6]
 *

-
-

−0
.2

2 
[−

0.
32

, −
0.

11
] 

*
0.

16
 [

0.
06

, 0
.2

7]
 *

P
ee

r 
us

e 
su

m
 

sc
or

e
0.

04
 [

−
0.

10
, 0

.1
9]

−
0.

01
 [

−
0.

16
, 0

.1
4]

-
-

0.
03

 [
−

0.
17

, 0
.2

4]
−

0.
03

 [
−

0.
23

, 0
.1

8]

G
en

et
ic

 p
ro

pe
ns

it
ie

s

PA
U

 P
R

S
-

-
0.

05
 [

−
0.

04
, 

0.
14

]
−

0.
00

3 
[−

0.
09

, 
0.

08
]

0.
09

 [
−

0.
02

, 0
.1

9]
 #

0.
01

 [
−

0.
09

, 0
.1

1]

D
ep

 P
R

S
-

-
−

0.
05

 [
−

0.
13

, 
0.

04
]

0.
04

 [
−

0.
04

, 
0.

13
]

−
0.

03
 [

−
0.

13
, 0

.0
8]

0.
11

 [
0.

01
, 0

.2
1]

R
is

k-
ta

ki
ng

 P
R

S
-

-
0.

05
 [

−
0.

03
, 

0.
14

]
0.

10
 [

0.
01

, 0
.1

9]
−

0.
00

3 
[−

0.
10

, 0
.1

0]
0.

07
 [

−
0.

03
, 0

.1
7]

%
 C

ha
ng

e 
in

 p
se

ud
o-

R
2

3.
6%

2.
4%

1.
3%

 (
E

ur
op

ea
n 

an
ce

st
ry

);
 2

.2
%

 
(A

fr
ic

an
 

an
ce

st
ry

)

1.
3%

 (
E

ur
op

ea
n 

an
ce

st
ry

);
 1

.6
%

 
(A

fr
ic

an
 

an
ce

st
ry

)

4.
8%

 (
E

ur
op

ea
n 

an
ce

st
ry

);
 

7.
1%

 (
A

fr
ic

an
 a

nc
es

tr
y)

2.
3%

 (
E

ur
op

ea
n 

an
ce

st
ry

);
 

7.
8%

 (
A

fr
ic

an
 a

nc
es

tr
y)

B
et

as
 [

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

] 
fr

om
 a

ll 
si

x 
an

al
yt

ic
 m

od
el

s 
ar

e 
pr

es
en

te
d,

 a
lo

ng
 w

ith
 th

e 
ch

an
ge

 in
 p

se
ud

o-
R

2  
fo

r 
ea

ch
 m

od
el

 (
es

tim
at

ed
 b

y 
su

bt
ra

ct
in

g 
th

e 
ps

eu
do

-R
2  

of
 a

 n
ul

l, 
in

te
rc

ep
t-

on
ly

 m
od

el
 

fr
om

 th
e 

ps
eu

do
-R

2  
of

 th
e 

fu
ll 

m
od

el
).

 F
or

 M
od

el
s 

3-
6,

 th
e 

ch
an

ge
 in

 p
se

ud
o-

R
2  

w
as

 e
st

im
at

ed
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 g

en
et

ic
 a

nc
es

tr
y 

gr
ou

p.
 M

od
el

s 
1 

an
d 

2 
in

cl
ud

ed
 o

nl
y 

so
ci

od
em

og
ra

ph
ic

 a
nd

 im
m

ed
ia

te
 

so
ci

al
 e

nv
ir

on
m

en
t p

re
di

ct
or

s;
 a

na
ly

se
s 

w
er

e 
co

nd
uc

te
d 

in
 th

e 
fu

ll 
sa

m
pl

e 
(N

 =
 5

,3
52

).
 M

od
el

s 
3 

an
d 

4 
in

cl
ud

ed
 o

nl
y 

ge
ne

tic
 p

ro
pe

ns
iti

es
 (

PR
S)

 a
s 

pr
ed

ic
to

rs
, a

nd
 p

re
se

nt
 th

e 
co

ef
fi

ci
en

ts
 a

ft
er

 b
ei

ng
 

Behav Genet. Author manuscript; available in PMC 2023 May 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Johnson et al. Page 22
m

et
a-

an
al

yz
ed

 a
cr

os
s 

bo
th

 g
en

et
ic

 a
nc

es
tr

y 
gr

ou
ps

 (
m

et
a-

an
al

yz
ed

 N
 =

 4
,8

60
).

 M
od

el
s 

5 
&

 6
 in

cl
ud

ed
 b

ot
h 

th
e 

ge
ne

tic
 p

ro
pe

ns
iti

es
 a

nd
 s

oc
io

de
m

og
ra

ph
ic

 a
nd

 im
m

ed
ia

te
 s

oc
ia

l e
nv

ir
on

m
en

t p
re

di
ct

or
s,

 
an

d 
pr

es
en

t t
he

 c
oe

ff
ic

ie
nt

s 
af

te
r 

be
in

g 
m

et
a-

an
al

yz
ed

 a
cr

os
s 

bo
th

 g
en

et
ic

 a
nc

es
tr

y 
gr

ou
ps

 (
m

et
a-

an
al

yz
ed

 N
 =

 3
,3

98
).

 F
or

 b
re

vi
ty

, t
he

 c
oe

ff
ic

ie
nt

s 
fo

r 
th

e 
10

 g
en

et
ic

 p
ri

nc
ip

al
 c

om
po

ne
nt

s 
(i

nc
lu

de
d 

in
 

M
od

el
s 

3-
6)

 a
re

 n
ot

 s
ho

w
n,

 n
or

 w
er

e 
th

ey
 in

te
rp

re
te

d.
 B

ol
de

d 
an

d 
st

ar
re

d 
es

tim
at

es
 r

ep
re

se
nt

 c
oe

ff
ic

ie
nt

s 
th

at
 p

as
se

d 
a 

m
od

el
-w

is
e 

m
ul

tip
le

 te
st

in
g 

co
rr

ec
tio

n 
(i

.e
., 

fo
r 

M
od

el
 1

, w
e 

co
rr

ec
te

d 
fo

r 
20

 te
st

s;
 f

or
 

M
od

el
 3

, w
e 

co
rr

ec
te

d 
fo

r 
5 

te
st

s;
 f

or
 M

od
el

 5
, w

e 
co

rr
ec

te
d 

fo
r 

16
 te

st
s)

. T
he

 r
ef

er
en

ce
 c

at
eg

or
y 

fo
r 

se
x 

w
as

 f
em

al
e,

 th
e 

re
fe

re
nc

e 
ca

te
go

ry
 f

or
 r

ac
e 

w
as

 A
IA

N
, a

nd
 th

e 
re

fe
re

nc
e 

ca
te

go
ry

 f
or

 in
co

m
e 

w
as

 
$3

5k
-1

00
k.

 A
E

Q
 =

 a
lc

oh
ol

 e
xp

ec
ta

nc
ie

s 
qu

es
tio

nn
ai

re
; A

IA
N

 =
 A

m
er

ic
an

 I
nd

ia
n 

an
d 

A
la

sk
a 

N
at

iv
e;

 N
H

PI
 =

 N
at

iv
e 

H
aw

ai
ia

n 
an

d 
Pa

ci
fi

c 
Is

la
nd

er
; P

A
U

 =
 p

ro
bl

em
at

ic
 a

lc
oh

ol
 u

se
; D

ep
 =

 d
ep

re
ss

io
n;

 P
R

S 
=

 p
ol

yg
en

ic
 r

is
k 

sc
or

e.

# 
= si

gn
if

ic
an

t t
es

t f
or

 h
et

er
og

en
ei

ty
 a

cr
os

s 
an

ce
st

ry
 g

ro
up

s 
in

 m
et

a-
an

al
ys

is
 [

Q
(d

f 
=

 1
)]

 a
t p

 <
 0

.0
5.

Behav Genet. Author manuscript; available in PMC 2023 May 05.


	Abstract
	INTRODUCTION
	METHODS
	Target sample description
	Target sample phenotypes
	Alcohol expectancy scores
	Child alcohol sipping
	Demographics
	Family history
	Total number of adverse childhood experiences
	Peer attitudes and use of alcohol

	Target sample genotyping QC
	Discovery samples for polygenic risk scores
	Problematic alcohol use:
	Depression:
	Risk-taking:
	Educational attainment:

	Statistical analyses
	Model 1: Sociodemographic and immediate social environment predictors of positive AEs.
	Model 2: Sociodemographic and immediate social environment predictors of negative AEs.
	Model 3: Genetic propensity predictors of positive AEs.
	Model 4: Genetic propensity predictors of negative AEs.
	Model 5: Genetic propensities, sociodemographic, and immediate social environment predictors of positive AEs.
	Model 6: Genetic propensities, sociodemographic, and immediate social environment predictors of negative AEs.


	RESULTS
	Demographic and psychosocial measures and PRS in ABCD
	Alcohol expectancies
	Models 1 & 2: sociodemographic and immediate social environment predictors of AEs
	Models 3 & 4: genetic propensity predictors of AEs
	Models 5 & 6: genetic propensities, sociodemographic, and immediate social environment predictors of AEs

	DISCUSSION
	References
	Figure 1.
	Table 1.
	Table 2.

