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Abstract

Objective: To examine associations between alcohol use disorder (AUD), its psychiatric
comorbidities, and their interactions, with marital outcomes in a diverse high-risk, genetically
informative sample.

Method: Participants included European ancestry (EA, n=4045) and African ancestry (AA,
n=1550) individuals from the multigenerational COGA sample (56% female, Mage ~ 41 years).
Outcomes were lifetime marriage and divorce. Predictors included lifetime AUD, an alcohol
problems polygenic score, and AUD comorbidities, including antisocial personality disorder
(ASP), cannabis dependence/abuse (CAN), frequent tobacco use (TOB), and major depressive
disorder (MDD). Mixed effect Cox models and generalized linear mixed effects models were fit.
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Results: Among EA participants, those with AUD and CAN were less likely to marry (hazard
ratios [HR] 0.70-0.83, ps < 0.01). Among AA participants, those with AUD and TOB were

less likely to marry (HRs 0.66-0.82, ps < 0.05) and those with MDD were more likely to

marry (HR = 1.34, p< 0.01). Among EA participants, AUD, CAN, TOB, and MDD were
associated with higher odds of divorce (ORs 1.59-2.21, ps < 0.01). Among AA participants, no
predictors were significantly associated with divorce. Significant random effects indicated genetic
and environmental influences on marriage, but only environmental factors on divorce.

Conclusions: In a high-risk sample, alcohol use disorder was associated with reduced likelihood
of marriage in European and African ancestry individuals, and increased risk of divorce in
European ancestry individuals. These associations were largely independent of comorbidities.
Genetic and environmental background factors contributed to marriage, while only environmental
background factors contributed to divorce.

Keywords

alcohol use disorder; marriage; divorce; psychiatric comorbidities; Collaborative Study on the
Genetics of Alcoholism (COGA); genetically-informative design

Problematic alcohol use is associated with far-reaching personal and social consequences
(Grant et al., 2015; Rehm et al., 2017), including difficulties establishing and maintaining
marital relationships (Grant et al., 2015; Kessler et al., 1998). In epidemiological samples,
marriage, timing of first marriage, and stability of marriage are associated with alcohol
consumption (Leonard & Rothbard, 1999), heavy drinking, and alcohol dependence
(Forthofer et al., 1996; Fu & Goldman, 1996; Jang et al., 2017; Waldron et al., 2011).
Married individuals consume less alcohol (Fu & Goldman, 1996), in less problematic
patterns (Power & Rodgers, 1999), and are less likely to have a lifetime or past-year alcohol
use disorder (AUD) diagnosis (Grant et al., 2015) than those that never marry or divorce.
Lifetime AUD diagnosis is also associated with increased probability of divorce (Kessler
et al., 1998). The associations between AUD and marital outcomes have tangible costs,
given substantial literature linking marriage to health and well-being (Manzoli et al., 2007;
Schoenborn, 2004) and lower alcohol-related mortality (Herttua et al., 2011).

Despite considerable evidence regarding the associations between AUD and marital
outcomes in population-based samples, little is known about these associations in high-risk
samples. As others have recently posited (Vanyukov et al., 2016), the factors associated
with substance use disorders among individuals low on biological liability may or may not
hold among individuals with high biological risk. Much of the prior work linking AUD
and marital outcomes comes from population-based samples, and the associations between
AUD and marital outcomes observed in the general population may differ from those at
high biological risk, such as those from families with a history of alcohol use disorders.
For example, children with parental AUD history are less likely to marry (Watt, 2002)

and more likely to divorce than those with unaffected parents (Harter, 2000). Moreover,
there is evidence that the correlates and consequences of AUD can differ as a function of
the biological/genetic risk profile of population under study (Hill et al., 2000; Savage et
al., 2018). Taken together, these lines of evidence suggest that the nature of associations
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between AUD and marital outcomes in higher-risk samples cannot be assumed to be
identical to lower-risk population-based samples.

It is equally important to clarify the degree to which the associations between AUD

and marital outcomes are independent of or modified by psychiatric conditions that are
often comorbid with AUD, such as antisocial personality disorder, other substance use
disorders, and major depressive disorder (Grant et al., 2015). In general, these psychiatric
comorbidities, like AUD itself, are also associated with atypical age of first marriage
(Forthofer et al., 1996) and increased risk of divorce (Kessler et al., 1998). Additionally,
there is some evidence that psychiatric comorbidities may magnify the associations between
AUD and marital outcomes. Individuals with AUD and other drug use disorders are more
likely to be never married or divorced as compared to those with AUD only (Saha et al.,
2018). Similarly, individuals with comorbid AUD and major depression are less likely to be
married than those with major depression only (Briére et al., 2014).

Genetic epidemiological data indicate that familial factors (genes, rearing environment)
contribute to AUD, marital outcomes, and their covariation. There is a substantial degree of
genetic influence on AUD, with an estimated heritability of ~50% (Verhulst et al., 2014).
Further, marital outcomes aggregate in families (Wolfinger, 2005), and the intergenerational
transmission of marriage and divorce reflects both genetic and environmental influences.
Twin and family studies also demonstrate that marriage and divorce are genetically
influenced (D’Onofrio et al., 2005; Jerskey et al., 2010; Salvatore et al., 2018). Moreover,
there is a substantial genetic correlation between AUD and divorce (Salvatore et al., 2017).
Evidence also suggests that the associations between AUD and social functioning reflect, in
part, shared familial factors (Kendler et al., 2016). These findings underscore the importance
of accounting for familial factors to help delineate the associations between AUD and
marital outcomes, a limitation of prior studies.

Our goal in this study was to examine the associations between AUD and marital outcomes
using the high-risk Collaborative Studies of Genetics of Alcoholism (COGA) sample. This
diverse, genetically informative high-risk family sample enriched for AUD vulnerability
offers an opportunity to examine the AUD-marital associations while accounting for familial
influences. We had three research questions: (1) what are the associations between lifetime
AUD and marital outcomes (marriage and divorce); (2) do these associations remain robust
when considering polygenic loading for alcohol problems as well as other comorbid
externalizing (i.e., conduct or antisocial personality disorder; cannabis dependence/abuse;
frequent tobacco use) and internalizing disorders (i.e., major depressive disorder); and (3)
do polygenic loading for alcohol problems as well as other comorbid externalizing and
internalizing disorders alter the associations between AUD and marital outcomes? We
expected that a lifetime AUD diagnosis would be associated with delays in age at first
marriage, and a higher likelihood of experiencing divorce. We also hypothesized that among
those with a lifetime AUD diagnosis, higher polygenic loading for alcohol problems and
comorbid externalizing or internalizing disorders would be associated with lower odds of
marriage and a greater likelihood of divorce. We focused on lifetime diagnoses because age
of onset was not available for all psychiatric disorders in the COGA sample. This study and
hypotheses were preregistered on the Open Science Framework (osf.io/rtyf3). In addition
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to these pre-registered hypotheses, we leveraged our genetically-informative family-based
sample to examine the degree to which genetic and familial rearing environmental factors
contributed to the aggregation of marriage and divorce in these high-risk families.

Participants came from the Collaborative Study on the Genetics of Alcoholism (COGA), a
diverse, family-based study whose objective is to identify genetic variants associated with
AUD and related disorders (Begleiter et al., 1995; Bucholz et al., 2017; Reich et al., 1998).
Probands were identified through alcohol treatment centers across seven sites in the United
States. Probands along with their families were invited to participate if the family was
sufficiently large (usually sibships greater than 3, with parents available), and had two or
more members in the COGA catchment area. Comparison families were recruited from the
same communities. The Institutional Review Board at all data collection sites approved the
study, and written consent was obtained from all participants.

In the present study, we focused on all COGA participants of European ancestry (EA) and
African ancestry (AA) with genome-wide association (GWAS) data, AUD and psychiatric
comorbidities phenotypes, and marital outcomes information. We defined two analytic
samples within COGA for the marriage and divorce analyses. The first sample, the
marriage analytic sample, included 4045 EA participants (from 986 extended families; 2253
(56%) female; Mage = 36.26 years, age range = 19-84 years) and 1550 AA participants
(from 503 extended families; 863 (56%) female; M,ge = 37.35 years, age range = 21~

79 years). This analytic sample excluded those <23 years of age at their assessment (or
most recent assessment, for those with multiple assessments) who were without a lifetime
AUD diagnosis. We implemented the age minimum to ensure that participants had passed
through the period of highest risk for onset of AUD before being classified as unaffected,

as guided by epidemiological data regarding age of onset for severe AUD (Grant et al.,
2015). Additionally, we excluded those <30 years of age at their assessment (or most recent
assessment, for those with multiple assessments) who were unmarried (never married) from
the marriage analytic sample. Epidemiological data regarding the age at the majority of first
marriages (Goodwin et al., 2009) guided our decision to use age 30 as the cut-off.

The second sample, the divorce analytic sample, was a subset of the marriage analytic
sample, and it excluded those married less than 3 years (and not divorced) at their
assessment (or most recent assessment, for those with multiple assessments). We
implemented this cut-off to ensure that participants had passed through the period of highest
risk for divorce before being classified as not divorced, which is typically in the early years
of marriage (Cherlin, 1992; Mayol-Garcia et al., 2021). In total, the divorce analytic sample
included 3360 EA participants (from 925 extended families; 1938 (58%) female; Mge =
42.30 years, age range = 21-84) and 920 AA participants (from 392 extended families; 532
(58%) female; Mage = 42.94 years, age range = 21-79).

Psychol Addict Behav. Author manuscript; available in PMC 2023 June 01.
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Marital outcomes.—Marriage and divorce measures came from the Semi-Structured
Assessment for the Genetics of Alcoholism interview (SSAGA,; for those individuals 18
years of age or older) or adolescent version of the SSAGA (for those individuals between
12-17 years of age; Bucholz et al., 1994; Hesselbrock et al., 1999). Marriage and divorce
were limited to legal marriages. We excluded cohabiting marriage-like relationships as there
was no information collected regarding the timing of those relationships to calculate age

at initiation or dissolution. We examined first marriage and divorce for those with multiple
marriages.

Alcohol use disorder.—L.ifetime diagnoses (binary) of AUD were made based on

the Diagnostic and Statistical Manual of Mental Disorders (5th ed; DSM-5; American
Psychiatric Association, 2013) and were assessed from the adult or adolescent version of the
SSAGA interviews.

Psychiatric comorbidities.—L.ifetime diagnoses (binary) of comorbidities were
obtained from the SSAGA. Conduct disorder or antisocial personality disorder (depending
on age; ASP) and cannabis dependence or abuse (CAN) diagnoses were measured using
DSM-IV criteria (American Psychiatric Association, 1994). We operationally defined
lifetime frequent tobacco use (TOB) as someone having smoked a total of at least 100
cigarettes over their lifetime (Bondy et al., 2009) and having a >0 score on the Fagerstrom
Test for Nicotine Dependence (FTND; Heatherton et al., 1991), as some people consider
themselves non-smokers even when they have consumed >100 cigarettes in a lifetime
(Pomerleau et al., 2004). FTND was assessed with a lifetime timeframe, and thus is
inclusive of ex-smokers. Absence of frequent tobacco use was defined as non-smokers,

or someone with >100 lifetime cigarettes with a zero on FTND. Because FTND was not
administered during the early phase of COGA data collection, a separate yes/no question
from the SSAGA (“Have you ever smoked cigarettes daily for a month or more?”) was
substituted to define frequent tobacco use for those without the FTND data. Lifetime
major depressive disorder (MDD) was determined with DSM-IV (American Psychiatric
Association, 1994) or DSM-I1II-R criteria (American Psychiatric Association, 1987).

Genotyping, ancestry, and genetic relatedness matrix.—Participants’ DNA
samples were genotyped using the Illumina Humanl1M array, the lllumina Human
OmniExpress 12V1 array, the Illumina 2.5M array, or the Smokescreen genotyping arrays.
A full description of data processing, quality control, and imputation is available elsewhere
(Lai et al., 2019). EA sample data were imputed to Haplotype Reference Consortium, and
the AA sample data to the 1000 Genomes Phase 3. Single nucleotide polymorphisms (SNPs)
with a genotyping rate < 0.95, that violated Hardy-Weinberg equilibrium (p < 1076), or had
minor allele frequency < 0.01 were excluded from analysis in both the EA and AA samples.

To avoid population stratification (Cardon & Palmer, 2003), we conducted our analyses
separately by ancestry group. Genetic ancestry principal components were computed from
GWAS data using Eigenstrat (Price et al., 2006) and the 1000 Genomes, Phase 111 reference
panel. These principal components reflect continuous variation in allele frequencies

Psychol Addict Behav. Author manuscript; available in PMC 2023 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas et al.

Page 6

representing ancestral differences. Individuals were assigned an ancestry classification
(European, African, or Other) based on the first two principal components. Our analyses
included participants of European and African ancestry. We note that genetic ancestry refers
to the population(s) from which an individual’s biological ancestors originated (Peterson

et al., 2019), and ancestry and self-report racial/ethnic background are not identical. In the
United States, individuals of European ancestry and African ancestry often self-identify as
White/European American and Black/African American, respectively.

A genetic relatedness matrix (GRM) was estimated from a pruned set of semi-independent
SNPs using the command line software GCTA (Yang et al., 2011) to facilitate estimation
of the degree to which genetic factors contributed to marriage and divorce. In view of
linkage disequilibrium (LD) differences across ancestral groups (Campbell & Tishkoff,
2008), separate GRMs were estimated for the EA (n SNPs = 423,096) and AA (n SNPs =
562,983) samples.

Alcohol problems polygenic scores (PRS).—Genetic risk for alcohol problems was
indexed using genome-wide polygenic scores (PRS). Genome-wide PRS represents the
state of the science approach to index an individual’s overall genetic liability for a given
trait/behavior using molecular genetic data (Wray et al., 2014). This approach uses the
results from a genome-wide association study (GWAS) in a large-scale gene identification
discovery sample to calculate a personalized measure of genetic risk for individuals in a
target sample. A polygenic score is calculated by summing over the number of alleles for
each single nucleotide polymorphism (SNP), weighted by the effect size drawn from a
GWAS. Thus, a PRS is a weighted sum of risk-increasing alleles that an individual carries
across their genome (for more extensive reviews, see Bogdan et al., 2018). We used PRS-CS
“auto” (Ge et al., 2019) to calculate an alcohol problems PRS. This approach employs a
Bayesian regression and continuous shrinkage method to correct for the non-independence
among nearby SNPs in the genome.

We used ancestry-specific discovery GWAS results to calculate alcohol problems polygenic
scores in the COGA EA and AA samples. For the EA sample, the alcohol problems

PRS was derived using meta-analyzed GWAS weights (detailed in Barr et al., 2020) from
the Psychiatric Genomic Consortium’s GWAS of alcohol dependence analyses (COGA
removed; Walters et al., 2018) and UK Biobank’s problem subscale from the Alcohol

Use Disorders Identification Test (AUDIT-P) analyses (Sanchez-Roige et al., 2018) for
individuals of European ancestry. For the AA sample, the alcohol problems PRS was derived
using GWAS weights from the Million Veteran Program GWAS of alcohol use disorder
analysis for individuals of African ancestry (Kranzler et al., 2019). Higher polygenic scores
indicated higher polygenic loading for alcohol problems.

Covariates.—We included age, sex, birth cohort, and the first ten genetic ancestry
principal components (PC1-10) in all analyses. Birth cohort was indexed using four dummy
coded variables following the generation status scheme (Bourdon et al., 2020): silent [prior
to 1945]; baby boomer [1946 to 1964]; generation X [1965 to 1980]; and millennial [1981 to
1996], with baby boomer set as reference.

Psychol Addict Behav. Author manuscript; available in PMC 2023 June 01.
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Statistical Analysis

Results

We examined time-to-marriage in mixed effects Cox regression models using the coxme
package (Therneau, 2020) for R (R Development Core Team, 2019). We examined the
likelihood of divorce with generalized linear mixed effects models with a logit link using the
Ime4qt/ package (Ziyatdinov et al., 2018).

In the main effects for the time-to-first-marriage and divorce models, we included AUD, the
alcohol problems PRS, and psychiatric comorbidities as predictors. A random intercept for
subject with correlation structure defined by a genetic relatedness matrix (GRM) was used
to estimate for the additive genetic variance contributing to marriage/divorce. An additional
random intercept for family grouping with independence correlation structure was used to
account for familial environment variance contributing to marriage/divorce. Age was mean
centered. The alcohol problems PRS and 10 PCs were standardized to have a mean of 0 and
standard deviation of 1.

The interactive effects models included two-way interaction terms to examine multiplicative
relationships between lifetime AUD, the alcohol problems PRS, and the psychiatric
comorbidities (ASP, CAN, TOB, MDD), in addition to their main effects.

The initial specification of the models predicting marriage converged, and no adjustments
were necessary. The initial model specifications of the models predicting divorce did not
converge. Troubleshooting revealed that the subject-level random intercept had very low
variance, suggesting that additive genetic variance did not make a substantive contribution
to the likelihood of divorce in our sample. Convergence was achieved by removing the
subject-level random intercept. Nakagawa’s pseudo-/2 are presented for random effects
from the generalized linear mixed effects model predicting divorce (Nakagawa et al., 2017).

In all mixed effects Cox regression models, violations of the proportional hazards
assumption for fixed effects were investigated with a non-zero slope of Schoenfeld residuals
versus time using the cox.zph function in the survival package (Therneau et al., 2021) in R.

In all models, we explored potential sex differences in patterns of results. Because there was
no evidence of sex differences, results are reported with females and males combined, with
sex included as a covariate in all models. For all a priori hypotheses, we used a p-value
threshold of p < .05 for inference criteria.

Descriptive Statistics

Descriptive statistics for key study variables for the marriage and divorce analytic samples
are presented in Table 1. Representativeness analyses of the marriage and divorce analytic
samples are summarized in Supplement, section S1. The divorce analytic sample was
derived from the marriage analytic sample, as marriage is a prerequisite for divorce. Thus,
in the EA and AA samples respectively, 283 and 521 participants were excluded as they
were never married. Further, 283 and 110 additional participants in the EA and AA marital
analytic samples, respectively, were removed to form the divorce analytic sample because

Psychol Addict Behav. Author manuscript; available in PMC 2023 June 01.
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they had not yet been married long enough to pass through the initial risk period of divorce
(i.e., less than 3 years without divorcing). Differences between the marriage and divorce
samples as a function of AUD and comorbid disorders are summarized in the Supplement,
section S1.

Time-to-event (first marriage) analyses

Results for the testing of violations of the proportional hazard associated with a predictor
remains proportional over time are presented in Supplement, Tables S1-S4 and visually
depicted in Supplement, Figures S1-S4.

EA Marriage.—4045 participants were retained for analysis. 3640 participants were
married and the remaining 405 were censored. The mixed effects Cox regression model

of marriage indicated that the variance component associated with the additive genetic
random effect was 0.30 (SD = 0.55). In the context of Cox mixed-effects models, this

effect does not have a direct conversion to estimate heritability. Rather, this component is
exponentiated and interpreted as the relative risk of marriage attributable to additive genetic
factors for individuals who are one standard deviation above or below the baseline level

of risk (Pankratz et al., 2005). This corresponds to a relative risk of marriage that is 1.73
(i.e., exp(0.55) = 1.73) higher or lower than the baseline hazard rate, meaning that the
individual-specific relative risk of marriage attributable to genetic relatedness for subjects
who are one standard deviation above or below the baseline level of risk was 1.73 times
larger or smaller than the average likelihood of marriage. Said another way, one’s individual
likelihood of marriage increases when they are genetically more similar to others who are
married, and decreases when they are genetically more similar to others who are unmarried.
The variance component associated with the familial environment random effect was 0.30
(SD=0.54). This corresponds to a relative risk of marriage that is 1.72 higher or lower

than the baseline hazard rate, meaning that the family-specific relative risk of marriage was
1.72 times larger or smaller than the average likelihood of marriage for families who are one
standard deviation above or below the baseline level of risk. In other words, likelihood of
being married (or not) clusters within families.

The results from the models of marriage as a function of AUD, PRS, and psychiatric
comorbidities are summarized in Table 2. AUD and CAN were associated with lower odds
of marriage. TOB was associated with higher odds of marriage. There were no statistically
significant associations between the alcohol problems PRS, ASP, and MDD and marriage.
Relative to baby boomers, odds of marriage were 79% higher for those in the silent
generation, and 47% lower among millennials. Odds of marriage were 72% higher among
females compared to males. Age at assessment was not associated with odds of marriage.

Results from the models including the interactive effects between AUD, the alcohol
problems PRS, and psychiatric comorbidities model are summarized in Table 2. There was
a significant AUD by CAN effect, suggesting that CAN modified the association between
AUD and marriage. As summarized visually in Figure 1, comorbid AUD and CAN was
associated with lower odds of marriage beyond the additive combination of the two effects.

Psychol Addict Behav. Author manuscript; available in PMC 2023 June 01.
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AA Marriage.—1550 participants were retained for analysis. 1029 participants were
married and the remaining 521 were censored. The mixed effects cox regression model

of marriage indicated that the variance component associated with the additive genetic and
familial environment random effects were 0.05 (S0 = 0.22) and 0.28 (SD = 0.53). This
corresponds to relative risks of marriage that were 1.25 or 1.70 higher or lower than the
baseline hazard rate based on genetic makeup and family environment, respectively.

Results from the models of marriage as a function of AUD, the alcohol problems PRS, and
psychiatric comorbidities are summarized in Table 3. AUD and TOB were associated with
lower odds of marriage. MDD was associated with higher odds of marriage. The alcohol
problems PRS, ASP, and CAN were not associated with odds of marriage. Relative to baby
boomers, odds of marriage were 136% higher in silent generation participants, and 27%
lower among millennials. Age was also related to higher odds of marriage. In the interactive
effects model, there was no evidence that the alcohol problems PRS nor psychiatric
comorbidities modified the associations between AUD and marriage (Supplement, Table
S5).

Analyses of likelihood of divorce

EA Divorce.—3360 participants were retained for analysis. The random intercept for
family grouping accounted for 16.30% of the variance in divorce. Results from the models
of divorce as a function of AUD, PRS, and psychiatric comorbidities are summarized in
Table 4. AUD, CAN, TOB, and MDD were associated with higher likelihood of divorce. The
alcohol problems PRS was not associated with divorce. Relative to baby boomers, odds of
divorce were 54% lower for those in the silent generation, and 70% lower in millennials.
Odds of divorce were 42% higher among females. Odds of divorce were 2% higher per year
of age (at assessment). In the interactive effects model, no multiplicative interaction terms
were associated with the likelihood of divorce (Supplement, Table S6).

AA Divorce.—920 participants were retained for analysis. The random intercept for family
grouping accounted for 11.59% of the variance in divorce. Results from the models of
divorce as a function of AUD, PRS, and psychiatric comorbidities are summarized in Table
4. AUD, the alcohol problems PRS, and psychiatric comorbidities were not associated

with divorce. Relative to baby boomers, odds of divorce were 80% lower for those in the
silent generation. Odds of divorce were 6% higher per year of age (at assessment). In

the interactive effects model, no multiplicative interaction terms were associated with the
likelihood of divorce (Supplement, Table S7).

Supplemental analyses

While our pre-registered hypotheses refer specifically to whether the associations between
AUD and marital behaviors were robust to or modified by the alcohol problems PRS

and other common psychiatric comorbidities, results from models run with each predictor
included in a separate model predicting age at marriage and likelihood of divorce are
summarized in Supplement Table S8 and Table S9, respectively. In addition, the results of
the association between the alcohol problems PRS and AUD are summarized in Supplement
Table S10.
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Discussion

Although AUD is associated with marriage and divorce in population-based samples,

little is known about whether these associations are also observed in high-risk samples.

In the present study, we examined the associations between lifetime AUD and marital
outcomes in a sample enriched for AUD vulnerability. We tested whether the effects of
AUD on marital behaviors are robust to or modified by one’s polygenic loading for alcohol
problems and psychiatric comorbidities in a high-risk sample of European and African
ancestry participants. Importantly, our analysis allowed for simultaneous estimation of these
phenotypic AUD-marital outcome associations while accounting for familial factors that are
genetically and environmentally clustered in the multigenerational COGA sample.

We first asked whether AUD was associated with marriage. In the EA sample, we extended
the previous findings from population-based samples (Fu & Goldman, 1996; Grant et al.,
2015; Waldron et al., 2011) and found that lifetime AUD was also associated with a reduced
likelihood of marriage in a high-risk sample, after controlling for alcohol problems PRS
and common psychiatric comorbidities. Consistent with previous findings that psychiatric
disorders are associated with marital outcomes (Forthofer et al., 1996), we found that
cannabis dependence/abuse was associated with lower likelihood of marriage. These
associations may partly reflect the incompatibility between problematic substance use and
the social roles expectations typically associated with marriage. Frequent tobacco use was
associated with higher likelihood of marriage. Although not expected, this finding mirrors
prior evidence that there is less role conflict between marriage and tobacco compared

to other substances of abuse (Salvatore et al., 2019). Importantly, the effect of AUD on
marriage was independent of the effects of common psychiatric comorbidities and polygenic
loading for alcohol problems. Expanding on previous literature, we also found that the
association between AUD and lower odds of marriage was more pronounced among those
with comorbid cannabis dependence/abuse.

In the AA sample, we found that AUD and frequent tobacco use were associated with

a lower likelihood of marriage. We note that the direction of association for tobacco is
opposite from what was observed in the European ancestry group. Although the exact
mechanisms that give rise to this pattern of effects is not clear, it is consistent with

prior evidence that there are racial/ethnic differences in the associations between complex
behavioral health outcomes and marriage (Sobal et al., 2009), and may reflect differences

in how smoking is perceived of on the marriage market. Additionally, since our measure

of frequent tobacco use was inclusive of lifetime regular smokers (i.e., not excluding

former smokers), it is also possible that there were more ex-smokers in the European
ancestry group, given prior evidence that Black smokers experience lower rates of successful
smoking cessation than White smokers (King et al., 2004). Contrary to our expectation,
major depressive disorder was associated with a higher likelihood of marriage. Although the
exact mechanisms underlying this effect are unknown, we note that others have documented
associations among marriage and depression in African American samples (Assari, 2017;
Bennett et al., 1989).
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We next examined the associations between AUD and divorce. In the EA sample, we found
that lifetime AUD and psychiatric comorbidities, including cannabis dependence/abuse,
frequent tobacco use, and major depressive disorder, were all independently associated with
higher likelihood of divorce, while also accounting for the alcohol problems polygenic
score. These findings are consistent with prior evidence in population-based samples
(Kessler et al., 1998; Waldron et al., 2011). Neither the alcohol problems polygenic

score nor psychiatric comorbidities altered the association between AUD and divorce. This
highlights the unique predictive power of AUD on divorce above and beyond the potentially
confounding effects of genetic predispositions and common comorbid externalizing and
internalizing disorders.

In the AA sample, AUD was not associated with divorce. Moreover, none of the psychiatric
comorbidities were associated with divorce. These null effects may partly be attributable

to reduced statistical power due the smaller AA sample size. Alternatively, because the
divorce analytic sample was a subsample of those who got married, we explored whether
the null effects might reflect a thresholding effect of SES among those who married.
However, supplemental analyses did not support this possibility. Although those in our

AA sample who married had higher educational attainment than those who did not, the
difference was negligible (12.64 vs. 12.26 years; Supplement, section S2). AA populations
are underrepresented in studies of the social correlates and consequences of AUD and
psychiatric disorders, and our findings should be considered as initial evidence. It is also
possible that ethnic differences in alcohol use behaviors (Zapolski et al., 2014) and marital
outcomes (Bryant et al., 2010; Dixon, 2009; Raley & Sweeney, 2020) could be driving
differences in the associations of AUD and other psychiatric comorbidities and divorce
observed in this study. Clearly, additional research on AUD and marital outcomes/processes
in diverse populations is needed.

Our analysis allowed us to examine the associations between AUD and marital outcomes
while accounting for and estimating the familial factors that contribute to marriage and
divorce. Consistent with prior findings from population-based EA samples (D’Onofrio et al.,
2005; Jerskey et al., 2010), we found significant familial clustering for marriage, with both
latent genetic and familial environmental factors contributing to the aggregation of marriage
across ancestries in these high-risk families. We also found that familial environment
contributed to the aggregation of divorce in families. It is notable that we did not find
evidence of genetic factors contributing to the familial aggregation of divorce in either the
EA or AA samples, which is different from evidence in samples of EA population cohorts
(Jerskey et al., 2010; Salvatore et al., 2018). These findings underscore the importance of
accounting for familial influences to understand the associations between AUD and marital
outcomes.

Our results should be interpreted within the context of the following limitations. First,
COGA is a high-risk sample with most participants from extended families enriched for
AUDs. Findings may not be generalizable to other populations or samples ascertained
with different risk profiles. Second, we used lifetime diagnoses of AUD and psychiatric
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comorbidities in view of incomplete age of onset information for these conditions within
the COGA sample. As such, our analyses do not provide insights regarding the direction
of the effects. Future work incorporating timing of diagnoses would be valuable. Third,
our analyses included only participants’ AUD and psychiatric comorbidities information.
Partner effects may play a role as well. For example, there is evidence that a spouse’s
AUD is associated with their partner’s as well as their own marital adjustment (Cranford et
al., 2011). Spousal discordance in their alcohol use patterns is linked with greater marital
dissatisfaction (Homish & Leonard, 2007) and greater likelihood of divorce (Ostermann
et al., 2005). Thus, incorporating dyadic data is an important next step in future research.
Fourth, we focused on legal marriage, and first marriage/divorce for those with multiple
marriages. Future research can consider marriage-like cohabiting relationships as well as
remarriages.

Fifth, we considered whether the associations between AUD and marital outcomes were
robust to or modified by polygenic loading for alcohol problems. Polygenic scores provide
a useful global marker of genetic risk, though we recognize that at present polygenic
scores generally account for a small amount of variance in alcohol phenotypes (Kranzler
etal., 2019; Sanchez-Roige et al., 2018; Walters et al., 2018). Sixth, in the mixed effect
Cox regression analyses of predicting marriage, several violations of the proportional
hazards assumptions were detected. In the presence of a violation of proportional hazards
assumptions, the estimated coefficient is interpretable as an average effect over time,
although the coefficient can be biased to the extent that the slope of plotted residuals across
time varies in magnitude and direction (Xu & Gamst, 2007). Seventh, we explored and did
not find any evidence of sex differences in the pattern of results. However, likelihood of
marriage and divorce were higher among females compared to males, which mirrors national
data (Aughinbaugh et al., 2013).

Finally, we conducted analyses separately by ancestry group, and did not formally test

for ethnic-racial differences. Our study thus is not informative about any factors that

might contribute to the differences across ancestry groups, and we urge caution in making
comparisons of results across the ancestry groups. Incorporating diverse populations in
biomedical research and understanding sources of disparities between different sociocultural
groups remains an important topic for future research.

In conclusion, the present study adds to the literature by examining the associations
between alcohol use disorder and marital outcomes in a diverse sample enriched for risk.
We capitalized on COGA’s multigenerational family-based sample to account for familial
components (measured genetic relatedness and familial environment) to better understand
the phenotypic associations between AUD and marital outcomes. AUD was associated
with marriage in both EA and AA samples, and these effects were largely independent

of polygenic predispositions for alcohol problems and common comorbid externalizing
and internalizing disorders, and also held when controlling for shared familial factors
that contribute to marriage. AUD was associated with divorce in the EA, but not AA,
sample. Our results demonstrate the importance of AUD for both marriage and divorce even
in a high-risk population. Future studies addressing questions such as what mechanisms
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contribute to these associations and the degree to which the associations reflect causal and
non-causal processes would further help in clarifying the social consequences of AUD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public health significance:

The social correlates/consequences of alcohol use disorder in high-risk populations are
not well established. The results from this study indicate that, in a sample enriched for
risk, those with alcohol use disorder and related conditions were less likely to marry,
and more likely to divorce, with some evidence for differences in European and African
ancestry groups.
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Figure 1.
Survival functions for pattern of timing at first marriage by alcohol use disorder (AUD)

diagnoses vary as a function of cannabis dependence/abuse (CAN) among individuals of
European ancestry
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Hazard ratio of timing of first marriage as a function of alcohol use disorder, alcohol problems polygenic

score, and psychiatric comorbidities in the European ancestry sample

Main EffectsOnly Main & Interaction Effects

HR  95% CI HR 95% ClI
Age (years) 100 [0.99,1.01] 1.00 [0.99, 1.01]
Sex (female) 172 [158,1.88 1.73 [1.59,1.89]
Silent Generation 179 [147,219] 181 [1.49, 2.22]
Generation X 0.80 [0.70,0.92] 0.80 [0.69,0.92]
Millennial 053 [045,062] 052 [0.45, 0.62]
AUD 0.83 [0.75091] 0.88 [0.76, 1.00]
Alcohol problems PRS  0.98 [0.94,1.02] 0.97 [0.91, 1.03]
ASP 1.00 [0.88,1.13] 1.28 [0.98,1.67]
CAN 070 [0.62,0.78] 0.85 [0.69, 1.04]
TOB 120 [1.09,132] 121 [1.06, 1.37]
MDD 1.07 [0.96,1.18] 1.01 [0.86, 1.18]
AUD x PRS - 1.02 [0.94, 1.11]
AUD x ASP - 0.74 [0.55, 1.00]
AUD x CAN - 0.78 [0.62, 0.99]
AUD x TOB - 0.98 [0.82, 1.17]
AUD x MDD - 1.10 [0.90, 1.34]

Note. HR = hazard ratio; Cl = confidence interval. AUD = alcohol use disorder. PRS = alcohol problems polygenic score. ASP = conduct disorder
or antisocial personality disorder. CAN = cannabis dependence or abuse. TOB = frequent tobacco use. MDD = major depressive disorder. All
analyses included genetic ancestry principal components (PC1-10) as covariates in the models. Birth cohort was dummy-coded indexing generation
status, defined as: silent [b. prior to 1945]; baby boomer [b. 1946 to 1964]; generation X [b. 1965 to 1980]; and millennial [b. 1981 to 1996], with
baby boomer set as reference.

Bold type indicates estimate p < .05.
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Hazard ratio of timing of first marriage as a function of alcohol use disorder, alcohol problems polygenic

score, and psychiatric comorbidities in the African ancestry group

HR  95% CI
Age (years) 1.02 [1.00, 1.03]
Sex (female) 1.05 [0.90,1.22]
Silent Generation 236 [1.60, 3.48]
Generation X 0.92 [0.73,1.15]
Millennial 0.73 [0.54,0.97]
AUD 0.66 [0.56, 0.77]
Alcohol problems PRS  1.02  [0.95, 1.10]
ASP 0.90 [0.75,1.09]
CAN 1.01  [0.84,1.21]
TOB 0.82 [0.70, 0.96]
MDD 134 [1.11,1.62]

Note. HR = hazard ratio. Cl = confidence interval. AUD = alcohol use disorder. PRS = alcohol problems polygenic score. ASP = conduct disorder
or antisocial personality disorder. CAN = cannabis dependence or abuse. TOB = frequent tobacco use. MDD = major depressive disorder. Analysis
included genetic ancestry principal components (PC1-10) as covariates in the model. Birth cohort was dummy-coded indexing generation status,
defined as: silent [b. prior to 1945]; baby boomer [b. 1946 to 1964]; generation X [b. 1965 to 1980]; and millennial [b. 1981 to 1996], with baby

boomer set as reference.

Bold type indicates estimate p < .05.
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Likelihood of divorce as a function of alcohol use disorder, alcohol problems polygenic score, and psychiatric

comorbidities in the European and African ancestry samples

European Ancestry

African Ancestry

OR 95% CI OR 95% CI
Intercept 0.22 [0.18,0.28] 0.68 [0.46,1.01]
Age (years) 1.02 [1.00,1.03] 1.06 [1.03,1.09]
Sex (female) 142 [118,1.72] 1.05 [0.74,1.48]
Silent Generation 0.46 [0.31,0.69] 0.2 [0.09,0.42]
Generation X 0.57 [0.42,0.78] 0.74 [0.43,1.29]
Millennial 0.3 [0.20,045] 0.85 [0.40,1.82]
AUD 1.87 [153,228] 097 [0.68,1.38]
Alcohol problems PRS  1.03 [0.94,1.13] 1.15 [0.99, 1.35]
ASP 112 [0.86,1.46] 1.00 [0.65, 1.54]
CAN 159 [1.27,199] 126 [0.85,1.89]
TOB 19 [157,230] 137 [0.98,1.92]
MDD 221 [178,2.74] 1.38 [0.91,2.08]

Note. OR = odds ratio. Cl = confidence interval. AUD = alcohol use disorder. PRS = alcohol problems polygenic score. ASP = conduct disorder
or antisocial personality disorder. CAN = cannabis dependence or abuse. TOB = frequent tobacco use. MDD = major depressive disorder. Analysis
included genetic ancestry principal components (PC1-10) as covariates in the model. Birth cohort was dummy-coded indexing generation status,
defined as: silent [b. prior to 1945]; baby boomer [b. 1946 to 1964]; generation X [b. 1965 to 1980]; and millennial [b. 1981 to 1996], with baby

boomer set as reference.

Bold type indicates estimate p < .05
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