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ABSTRACT. Objective: Young adult substance use is linked with the
risk of substance use disorders (SUDs) later in adulthood. Marriage may
be part of this pathway because of both selection effects (early substance
use reducing marriage) and socialization effects (marriage reducing
later substance use and disorder). We examine whether marital status
mediates the association between young adult substance use and subse-
quent SUDs, using causal mediation methods to strengthen inferences.
Method: Using panel data from high school seniors in 1990-1998, we
examined whether the effects of two exposures (level of alcohol/mari-
juana use at age 19/20) on the outcomes (alcohol use disorder [AUD]/
marijuana use disorder [MUD], nondisordered use, or abstinence at
age 35) were mediated by marital status at age 29/30. Propensity score
weights adjusted for potential confounding regarding both the exposures

and the mediator. Results: Moderate and heavy alcohol/marijuana use
at age 19/20 were associated with higher odds of AUD/MUD and lower
odds of abstinence, each relative to nondisordered use, at age 35. The
association between heavy alcohol use at age 19/20 and subsequent AUD
was partially mediated by being unmarried at age 29/30; the associations
between moderate and heavy marijuana use at age 19/20 and subsequent
marijuana abstinence were partially mediated by being unmarried at age
29/30. Conclusions: Both selection and socialization effects related to
marriage explain the perpetuation of substance use behaviors across
adulthood. Selection effects on marriage seem to occur at different
thresholds for young adult alcohol and marijuana use. (J. Stud. Alcohol
Drugs, 79, 567-5717,2018)

UBSTANCE USE PEAKS during early young adulthood,
after which most individuals mature out of substance use
(Jackson & Sartor, 2016; Schulenberg et al., 2017). However,
some remain at risk or progress to problematic use in adult-
hood (Chassin et al., 2004; Sher et al., 2011). In the United
States in 2015, about 5% of adults age 26 years or older had
an alcohol use disorder (AUD) and 1% had a marijuana use
disorder (MUD) (Center for Behavioral Health Statistics and
Quality, 2016). Because problematic substance use contrib-
utes to numerous public health burdens (e.g., MacDonald et
al., 1999; Miller & Hendrie, 2008; Whiteford et al., 2013),
understanding the mechanisms that contribute to reduction or
continuation of substance use is a critical public health issue.
Adult social roles, like marriage, are associated with
lower levels of concurrent and future substance use (Power
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et al., 1999; Staff et al., 2014). Substance users have lower
rates of marriage (Brook et al., 1999; Green & Ensminger,
2006; Jang et al., 2018; Waldron et al., 2011), and the
lower odds of substance use after marriage are attributable
to preexisting differences between married and unmarried
individuals (i.e., selection effect on marriage) (Dawson et
al., 2013; Gotham et al., 1997; Labouvie, 1996; Miller-
Tutzauer et al., 1991). The literature regarding selection ef-
fects, however, is mixed; some studies show no differences
in alcohol use before marriage (Bogart et al., 2005; Curran
et al., 1998; Lee et al., 2010b; Overbeek et al., 2003; Vergés
et al., 2012) or even show the opposite effect of greater
likelihood of being married among alcohol users (Bachman
et al., 1997; Power et al., 1999). Another explanatory theory
is that marriage exerts a socialization effect on individuals.
That is, marriage is a life-changing transition that may be
accompanied by modifications in values, expectations, and
social network, resulting in changes in substance use (Lee et
al., 2010b; Leonard & Mudar, 2000). Many studies support
the socialization hypothesis, finding associations between
marriage and subsequent reductions in substance use (Dun-
can et al., 2006; Gotham et al., 2003; Jackson et al., 2001;
Lee & Sher, 2017; Staff et al., 2010; Yamaguchi & Kandel,
1985a, 1985b). There are a few notable studies that do not
universally support marriage as a socialization effect (Over-
beek et al., 2003; Vergés et al., 2012).
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Studies examining various degrees of substance use have
found that marriage is particularly important for severe us-
ers (Jackson et al., 2001; Lee et al., 2013, 2015). Greater
declines in alcohol use were observed after marriage among
severe alcohol users, whereas relatively light drinkers con-
tinued their lower-risk alcohol use during the transition to
marriage (Jackson et al., 2001; Lee et al., 2013, 2015). Simi-
larly, having alcohol problems more so than engaging in any
alcohol use is associated with lower odds of marriage (e.g.,
Waldron et al., 2011). The extent to which selection and
socialization related to marriage differ by level of marijuana
use has not been empirically tested. Different mechanisms
or thresholds may underlie the association between marriage
and the continuation or desistance of substance use in young
adulthood, highlighting the importance of differentiating
moderate and heavy substance use when examining the me-
diating role of marriage.

Documenting whether marital status mediates the effects
of earlier substance use on later substance use disorders
(SUDs) is challenging because individuals cannot be ran-
domly assigned to use substances or get married. Propensity
score techniques are commonly used to reduce or eliminate
confounding and to provide a robust estimation of “causal
effects” in the absence of randomization (McCaffrey et
al., 2013). Because mediation analyses inherently posit a
chain of events linking the exposure to the mediator to the
outcome, propensity score methods have been extended to
mediation analyses to strengthen causal inference in this set-
ting (Coffman & Zhong, 2012; Coffman et al., 2015; Imai
et al., 2010; VanderWeele, 2015). Given the mixed findings
on marriage selection and socialization effects in the extant
literature, the present study used causal inference methods
to examine potential mediating effects of marital status on
the relationship between alcohol and marijuana use in young
adulthood and subsequent alcohol and marijuana use and
disorders. Given the prior findings on different associations
between the level of substance use and the outcome, we
considered three levels of alcohol and marijuana at age 19/20
(nonuse, moderate use, heavy use) and at age 35 (abstinence,
nondisordered use, alcohol/marijuana use disorder). We used
propensity score weighting to adjust for baseline differences
between both young adults with varying levels of alcohol
and marijuana use as well as baseline differences between
those who are married and unmarried at age 29/30. Differen-
tiating selection and socialization effects related to marriage
and identifying thresholds of substance use associated with
potential selection effects on marriage will provide greater
insight into the relationship between substance use and
marriage. We specifically hypothesized that marital status
at age 29/30 would be a significant mediator of the associa-
tions between heavy alcohol and marijuana use at age 19/20
and subsequent alcohol and marijuana use disorders at age
35 and that this mediation would reflect both selection and
socialization effects.

Method
Data

The Monitoring the Future study, started in 1975, in-
cludes annual surveys of nationally representative samples
of high school seniors (modal age = 18 years). Each year,
a subsample (oversampled for drug use) is selected for the
longitudinal study; half are surveyed 1 year later (modal
age = 19 years) and the other half 2 years later (modal age
= 20 years). Individuals are subsequently followed up every
2 years until age 29/30, and every 5 years after that (i.c., at
modal ages 18, 19/20, 21/22, 23/24, 25/26, 27/28, 29/30, and
35 years). The current analyses used longitudinal data from
individuals who were high school seniors in 1990-1998 and
who participated in the age 35 follow-up survey in 2007—
2015 to minimize cohort variances in substance use and
marriage. Weights were used to account for attrition at age
35 and the oversampling of substance users for follow-ups.
Regarding our mediator (i.e., marital status at age 29/30),
we restricted our comparison to individuals who were either
married or never married at each wave between ages 21/22
and 29/30; those who were married at or before age 19/20
(5.6%) or who were separated/divorced or widowed between
ages 18 and 29/30 (9.5%) were excluded from the analyses.
In addition, respondents with missing data on substance
use behaviors (ages 19/20 or 35) or on marital status (ages
21/22-29/30) were excluded from the analyses (15.4% and
11.7% for alcohol and marijuana use analyses, respectively).
These criteria yielded 6,638 respondents for alcohol use
analyses and 6,934 for marijuana use analyses.

Measures

Exposures: Alcohol/marijuana use at age 19/20. Alcohol
use at age 19/20 was assessed with two items: the number
of occasions of drinking any alcoholic beverages during the
last 30 days and the number of occasions of heavy episodic
drinking (HED), namely consuming five or more drinks in a
row, during the past 2 weeks. Responses were trichotomized
for the distinction between moderate and heavy users and
for the parsimonious estimation of propensity scores: (1) no
drinking in the past 30 days (nonuse) (62.1%), (2) drinking
in the past 30 days with up to one occasion of HED in the
past 2 weeks (£1 HED) (12.7%), and (3) two or more occa-
sions of HED in the past 2 weeks (=2 HED) (25.2%). The >2
HED criterion has been used previously to identify frequent
heavy drinkers in adolescence and young adulthood (e.g.,
Jang et al., 2017; Schulenberg et al., 1996).

Marijuana use at age 19/20 was measured by the frequen-
cy of marijuana use during the last 30 days (responses from
0 to 40+ occasions). Responses were also trichotomized into
(1) no use in the past 30 days (nonuse) (80.7%), (2) one to
two occasions of marijuana use in the past 30 days (<2 MJ)
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(6.9%), and (3) three or more occasions of marijuana use in
the past 30 days (=3 MJ) (12.4%).

Outcomes: AUD/MUD status at age 35. At age 35,
respondents were asked about problems caused by their
alcohol and marijuana use, separately, over the last 5 years,
including failure to fulfill role obligations, continuous use
despite hazards to physical health, continuous use despite
recurrent or persistent social problems, needing more of
the drug to get the same effect, withdrawal, desire to cut
down or quit but could not, health issues, and inability to
resist use. These measures are not a clinical diagnosis but
are largely consistent with items of AUD and MUD used in
other surveys (e.g., Harford & Muthén, 2001; Muthén, 1996;
Muthén et al., 1993; Nelson et al., 1998) and are comparable
with the Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition (American Psychiatric Association, 2013).
Responses for each substance were trichotomized into (1)
abstinence (no use over the last 5 years) (10.0% for alcohol,
76.9% for marijuana), (2) nondisordered use (used over the
last 5 years and reported 0—1 problem) (60.0% for alcohol,
17.2% for marijuana), and (3) AUD/MUD (used over the last
5 years and reported =2 problems) (30.0% for alcohol, 5.9%
for marijuana) (Patrick et al., 2011, 2016; Schulenberg et al.,
2015).

Mediator: Marital status at age 29/30. Respondents were
asked about their marital status (married, engaged, separated/
divorced, widowed, or single) at each follow-up. Marital
status at age 29/30 was coded as 1 = married, 0 = never
married (i.e., single or engaged at all ages 21/22-29/30).
Note that we excluded individuals who married before age
21/22 and who were separated/divorced or widowed before
age 29/30.

Potential confounders with respect to the exposures. All
potential confounders of the two exposures (i.e., alcohol
use and marijuana use at age 19/20) were measured in 12th
grade, before assessment of the exposures. These include
sex, race/ethnicity, high school grade point average, evenings
out, high school program, religiosity, cohort, parental educa-
tion, living with two parents, and high school substance use
behaviors (cigarette use, HED, marijuana use, and use of
other illicit drugs) (Appendix Table Al). Substance use be-
haviors at age 18 were included so that the models examine
whether substance use during early young adulthood (regard-
less of previous substance use history) affects subsequent
marital status and SUDs in adulthood.

Potential confounders with respect to the mediator. The
potential confounders of the mediator (i.e., marital status at
age 29/30) were measured between ages 21/22 and 27/28
(after exposure but before the mediator), and therefore did
not affect the exposure nor were affected by the mediator
(Coffman, 2011). These included parenthood, educational
attainment, income, employment status, cohabiting status,
living with parents, religiosity, and substance use behaviors
(cigarette use, HED, marijuana use, and use of other illicit

drugs) (Appendix Table Al). Parenthood and educational
attainment at age 27/28 were included, as they were cumula-
tive measures.

Analysis

Overview of propensity score weighting for casual infer-
ence. We used propensity score weighting to control for
potential confounders of both the exposures (alcohol use
and marijuana use at age 19/20) and the mediator (marital
status at age 29/30). As defined by Rosenbaum and Rubin
(1983), the propensity score is the probability that an indi-
vidual receives a particular level of the exposure (or media-
tor) variable, given measured baseline confounders. In our
context, exposure propensity score models estimated the
respective probabilities of levels of alcohol and marijuana
use at age 19/20, given baseline characteristics measured in
12th grade. The mediator model estimated the probability of
being married at age 29/30 (compared with never married),
given characteristics measured across ages 21/22-27/28. We
used the inverse probability of treatment weighting (IPTW),
in which an individual’s weight was the inverse of his or her
probability of receiving the exposure (or mediator) that he
or she actually received. Conceptually, IPTW transforms the
observed sample to mimic a randomized population in which
the distribution of covariates is the same across groups to the
extent that all relevant confounders have been measured and
accounted for by the propensity scores (Austin, 2011; Mor-
gan & Todd, 2008). Additional technical details are available
elsewhere (Coffman & Kugler, 2012; Coffman & Zhong,
2012; Coffman et al., 2015; Imai et al., 2010; VanderWeele,
2015).

Inverse probability of treatment weighting. Separate ex-
posure IPTWs were estimated for alcohol use and marijuana
use by including the exposure confounders (Table 1). Miss-
ingness indicators of all confounders (0.2%—4.5% for alco-
hol use and 0.4%—4.3% for marijuana use) were included in
the propensity score regression, such that exposure groups
were balanced both on observed covariate values and degree
of missingness (Cefalu et al., 2015). These propensity scores
were used to construct alcohol use [IPTW and marijuana use
IPTW, respectively.

Mediator IPTW adjusted for preexisting differences
between married and never-married individuals at age
29/30 (Table 2). Missingness indicators for each covariate
(5.5%—14.4% for alcohol use and 5.4%—14.7% for marijuana
use) were included in the propensity score model estimation.
These propensity scores were used to construct the marriage
IPTW.

All IPTW estimation was conducted with the Toolkit for
Weighting and Analysis of Nonequivalent Groups (twang)
package in SAS and R (Cefalu et al., 2015; Ridgeway, 2015),
which uses generalized boosted modeling (GBM). GBM is a
nonparametric machine learning algorithm that automatically
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TaBLE 1. Sample characteristics of alcohol and marijuana use at age 19/20 before and after inverse probability of treatment weighting
Alcohol use Marijuana use
Unweighted Weighted Unweighted Weighted
Variable Nonuse <1 HED 2>2HED Nonuse <1 HED 2>2HED Nonuse <2MJ 2>3MJ Nonuse <2 MJ >3 MJ
N 4,121 846 1,671 - - - 5,597 480 857 - - -
Age 18 substance use
Cig. (range: 1-7) 1.41 1.79 2.17 1.60 1.637t 1.68" 1.45 1.96 2.70 1.61 1.637t 1.74%
HED (range: 1-7) 1.27 1.74 2.54 1.59 1.621f 1.70f 1.46 2.09 2.56 1.63 1.677t 1.77
MI (range: 1-7) 1.28 1.65 2.19 1.50 1.51f 1.581f 1.21 1.88 3.50 1.48 1.51f 1.63f
OTM (0 = no, 1 = yes) 0.16 0.29 0.39 0.23 0.23%f 0.26f 0.16 0.37 0.60 0.22 0.25% 0.27%
Demographic factors
Female 0.64 0.55" 0.45 0.59 0.577% 0.58"% 0.60 0.577% 0.49 0.59 0.58"* 0.56"
Race/ethnicity
Black 0.08 0.03 0.01 0.06 0.04% 0.04% 0.07 0.04% 0.02 0.06 0.04% 0.061f
Hispanic 0.06 0.05% 0.04% 0.06 0.047t 0.047% 0.06 0.07 0.03% 0.06 0.06"* 0.04"
Other 0.08 0.06" 0.04* 0.07 0.06"* 0.06" 0.08 0.05" 0.06"* 0.07 0.05% 0.06"
GPA (range: 1-9) 6.68 6.48" 6.32F 6.59 6.587t 6.567" 6.64 6.50" 6.04 6.57 6.6471 6.457
Truancy (range: 1-7) 1.46 1.70f 1.87 1.56 1.577% 1.607% 1.48 1.83 2.16 1.58 1.637% 1.65F
Eve out (range: 1-6) 3.27 3.65 4.01 3.48 3.521f 3.59% 3.35 3.87 4.24 3.48 3.597 3.707
College prep 0.66 0.69" 0.68"* 0.67 0.697* 0.68" 0.67 0.69" 0.61F 0.66 0.70% 0.671%
Religiosity
Very important 0.34 0.21 0.17 0.28 0.26f 0.261f 0.31 0.16 0.14 0.29 0.24% 0.281f
Parent college-educated 0.71 0.76" 0.80 0.74 0.75f%  0.757F 0.72 0.76" 0.78F 0.73 0.76" 0.757%
Two-parent home 0.78 0.791% 0.791% 0.79 0.807* 0.79'% 0.79 0.76" 0.74% 0.79 0.797% 0.74%
Cohort
1990 0.11 0.11%F 0.13% 0.11 0.11%f 0.121f 0.12 0.12%F 0.08" 0.11 0.121f 0.107
1991 0.12 0.14% 0.107f 0.12 0.13%f 0.117f 0.12 0.117F 0.117F 0.12 0.121f 0.12ff
1992 0.13 0.137% 0.11F 0.12 0.137* 0.137 0.13 0.147% 0.08" 0.12 0.137* 0.09*
1993 0.11 0.12%f 0.117f 0.11 0.121f 0.11%f 0.12 0.11%F 0.117f 0.12 0.14% 0.09%
1994 0.12 0.10%f 0.117f 0.11 0.10%f 0.11f 0.11 0.11%F 0.13f 0.12 0.10%f 0.121f
1995 0.12 0.12F 0.12f 0.12 0.121f 0.117f 0.12 0.09% 0.137f 0.12 0.117f 0.137f
1996 0.11 0.12f% 0.12f% 0.11 0.117% 0.127% 0.11 0.117% 0.13" 0.11 0.117% 0.137
1997 0.10 0.097% 0.107* 0.09 0.097% 0.097 0.09 0.107 0.13f 0.10 0.097% 0.117%
1998 0.10 0.08* 0.107f 0.10 0.10%f 0.11f 0.09 0.11%F 0.11% 0.09 0.09f 0.12f

Notes: Cig. = cigarette use; HED = heavy episodic drinking; MJ = marijuana use; OTM = other than marijuana use (other illicit drug use); GPA = grade point
average. TASMD < 0.2; fTASMD < 0.05 (compared with nonuse). *<1 HED (drinking up to 1 occasion of HED in the past 2 weeks), >2 HED (>2 occasions
of HED during the last 2 weeks); *<2 MJ (1 to 2 occasions of marijuana use during the last 30 days), 23 MJ (=3 occasions of marijuana use during the last

30 days).

includes covariate interactions and nonlinearities (Lee et
al., 2010a). It has been shown to have optimal performance
for less biased results relative to logistic regression for
propensity score estimation (Lee et al., 2010a; McCaffrey
et al., 2004, 2013). After IPTW estimation, we assessed
whether the weights adequately balanced exposure and me-
diator groups with respect to covariates using the absolute
standardized mean difference (ASMD) metric. The ASMD
quantifies the difference in the means for a given covariate
across exposure groups (or mediator groups), standardized
by the overall sample standard deviation (McCaffrey et al.,
2014). Smaller ASMD values indicate better balance on
covariates across exposure groups; ASMD values less than
0.20 indicate sufficient balance (Cohen, 1992).

Mediation analyses

Separate mediation analyses for alcohol and marijuana
were conducted to examine the effect of alcohol use (nonuse,
<1 HED, >2 HED)/marijuana use (nonuse, <2 MJ, >3 MJ) at
age 19/20 on adult alcohol/marijuana use at age 35 (AUD/

MUD, nondisordered use, or abstinence) and the mediated
effects of marital status at age 29/30. First, we fit a weighted
regression model of marital status on young adult alcohol/
marijuana use (Figure 1: path a), employing alcohol/marijua-
na use IPTW. Second, we fit a weighted regression model of
age 35 alcohol/marijuana use on young adult alcohol/mari-
juana use (Figure 1: path c¢), employing alcohol/marijuana
use IPTW. Last, we fit a weighted regression model of age
35 alcohol/marijuana use on young adult alcohol/marijuana
use at age 19/20 (Figure 1: path ¢”) and marital status at age
29/30 (Figure 1: path b). The weights for this regression
model are the product of the alcohol/marijuana use IPTW
and marriage IPTW; this composite weight controls for
potential confounding with respect to both the exposure and
the mediator.

A mediation model with categorical outcomes is differ-
ent from that with continuous outcomes in which the usual
decomposition of effects is used (direct effect [¢’] + indirect
effect [a x b] = total effect [c]) (Kenny, 2013; MacKinnon &
Dwyer, 1993). In logistic regression, the scales of predictors
are different across equations, and thus standardized coeffi-
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TaBLE 2. Sample characteristics by marital status at age 29/30 before and after inverse probability of treatment weighting

Alcohol use model Marijuana use model
Unweighted Weighted Unweighted Weighted
Never Never Never Never
Variable married Married married Married married Married married Married
N 2,834 3,804 - - 2,945 3,989 - -
Income (range: 0—17)
At age 21/22 6.17 6.691 6.19 6.50" 6.19 6.691 6.23 6.491
23/24 8.56 9.10% 8.68 8.941 8.57 9.09" 8.69 8.941
25/26 11.04 11.39F 11.14 11.321 11.02 11.407 11.15 11.321
27/28 12.38 12.447% 12.53 12.577% 12.35 12.447% 12.51 12.54%
Employment
(0 =no, 1 =yes)
Part-time
At age 21/22 0.34 0.31F 0.33 0.321f 0.34 0.317f 0.33 0.33%f
23/24 0.19 0.16" 0.18 0.16%f 0.19 0.15% 0.18 0.16%f
25/26 0.11 0.09" 0.09 0.09f 0.11 0.08" 0.09 0.09f
27/28 0.07 0.081f 0.06 0.07tf 0.07 0.081f 0.07 0.07tf
Full-time
At age 21/22 0.33 0.40% 0.36 0.37tf 0.34 0.39% 0.36 0.37tf
23/24 0.58 0.64" 0.62 0.621f 0.58 0.64" 0.62 0.63f
25/26 0.69 0.75% 0.72 0.74%f 0.69 0.76" 0.73 0.74%f
27/28 0.71 0.79% 0.74 0.77% 0.71 0.78" 0.74 0.77%
Cohabited (0 = no,
1 = cohabited)
At age 21/22 0.08 0.12f 0.10 0.10%f 0.08 0.11% 0.10 0.10%f
23/24 0.11 0.15F 0.13 0.13ff 0.11 0.15% 0.13 0.13%f
25/26 0.14 0.14%f 0.15 0.14%f 0.14 0.14%f 0.14 0.14%f
27/28 0.19 0.09 0.15 0.12f 0.18 0.08 0.15 0.12f
Have any child at age
27/28 (0 = no, 1 = yes) 0.13 0.44 0.23 0.32f 0.13 0.45 0.24 0.33%
College or more at age
27/28 (0 = no, 1 = yes) 0.63 0.65%f 0.63 0.65% 0.63 0.65%f 0.62 0.65%
Live with parents
(0 =no, 1 =yes)
At age 21/22 0.35 0.271 0.33 0.307 0.36 0.28f 0.33 0.307
23/24 0.35 0.22 0.31 0.27% 0.36 0.22 0.31 0.27%
25/26 0.28 0.10 0.21 0.16" 0.28 0.10 0.21 0.17%
27/28 0.20 0.04 0.13 0.09" 0.21 0.04 0.13 0.09"
Religiosity (very important)
At age 21/22 0.22 0.30f 0.25 0.28 0.22 0.31% 0.25 0.28"
23/24 0.22 0.307 0.25 0.27% 0.22 0.31% 0.26 0.281f
25/26 0.22 0.33 0.25 0.29% 0.22 0.33 0.26 0.29%
27/28 0.21 0.34 0.25 0.307 0.21 0.34 0.26 0.307
Substance use
Cig. (range: 1-7)
At age 21/22 1.88 1.67F 1.78 1.75%f 1.87 1.65% 1.75 1.73f
23/24 1.84 1.59% 1.72 1.67tf 1.81 1.58% 1.69 1.661f
25/26 1.79 1.52 1.67 1.60f 1.77 1.51 1.65 1.597%
27/28 1.77 1.43 1.61 1.52f 1.75 1.42 1.60 1.52%
HED (range: 1-7)
At age 21/22 2.07 1.88% 1.96 1.961f 2.06 1.86F 1.94 1.94%f
23/24 2.00 1.69 1.86 1.821f 1.98 1.67 1.85 1.79%f
25/26 1.95 1.55 1.77 1.69% 1.91 1.53 1.74 1.66%
27/28 1.89 1.45 1.71 1.59f 1.86 1.44 1.68 1.57F
MIJ (range: 1-6)
At age 21/22 1.80 1.39 1.61 1.52F 1.77 1.37 1.59 1.50%
23/24 1.71 1.32 1.54 1.44% 1.69 1.30 1.51 1.42%
25/26 1.65 1.25 1.45 1.37F 1.63 1.23 1.43 1.35F
27/28 1.60 1.21 1.41 1.33% 1.58 1.20 1.40 1.32f
OTM (0 = no, 1 = yes)
At age 21/22 0.21 0.12 0.18 0.14% 0.20 0.11 0.17 0.14%
23/24 0.20 0.10 0.16 0.13% 0.20 0.09 0.16 0.12f
25/26 0.19 0.09 0.15 0.12f 0.18 0.08 0.15 0.11%
27/28 0.19 0.08 0.14 0.11% 0.18 0.07 0.13 0.11%

Notes: Cig. = cigarette use; HED = heavy episodic drinking; MJ = marijuana use; OTM = other than marijuana use (other illicit drug use).
fFASMD < 0.2; "TASMD < 0.05.
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FiGure 1. Conceptual mediation models of (a) level of alcohol use at age 19/20 on alcohol use at age 35 as medi-
ated through marital status at age 29/30 and (b) level of marijuana use at age 19/20 on marijuana use at age 35 as
mediated through marital status at age 29/30. Note: <1 HED (up to 1 occasion of HED in the past 2 weeks), >2
HED (22 occasions of HED in the past 2 weeks), AUD (alcohol use disorder). <2 MJ (1-2 occasions of marijuana
use in the past month), 23 MJ (=3 occasions of marijuana use in the past month), MUD (marijuana use disorder).

cients are used for comparison (Kenny, 2013; MacKinnon &
Dwyer, 1993). The significance of the mediated effects was
tested by PRODCLIN (distribution of the PRODuct Confi-
dence Limits for the INdirect effects) in SAS (MacKinnon
et al., 2007).

Results
Sample characteristics for the exposure groups

Before weighting, both <1 HED (drinking up to 1 occa-
sion of HED in the past 2 weeks) and =2 HED (=2 occasions
of HED in the past 2 weeks) reported greater substance use
at age 18 than nonusers (Table 1). Nonusers were more
likely to be Black, reported fewer evenings out, and were

more religious than both <1 HED and >2 HED. Individuals
in the 22 HED group were more likely to be male, report
truancies, and have a college-educated parent than nonus-
ers. After IPTW, groups were balanced across all of these
characteristics as each ASMD value was less than 0.2.

Similarly, before weighting, both <2 MJ (1 to 2 occa-
sions of marijuana use in the past 30 days) and >3 MJ (=3
occasions of marijuana use in the past 30 days) reported
more frequent substance use at age 18 than nonusers (Table
1). Nonusers reported fewer truancies and evenings out and
were more religious than both <2 MJ and >3 MJ. Individuals
in the 23 MJ group were less likely to be female or Black
or to report lower grade point averages than nonusers. After
IPTW, the groups were similar; ASMD values for all vari-
ables were less than 0.2.
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Level of alcohol use

(a)
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at age 29/30
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¢’ path
<1 HED: 1.62 [1.53,1.72]
>2 HED: 2.33 [2.20, 2.47]

b path
0.65[0.62, 0.68]

AUD at age 35

at age 19/20
(ref: nonuse)

Level of alcohol use

¢ path: total effect
<1 HED: 1.58 [1.46,1.71]
22 HED: 2.28 [2.11,2.47]

(ref: nondisordered use)

AUD at age 35

at age 19/20
(ref: nonuse)

a path
<1 HED: 0.94 [0.87, 1.01]
>2 HED: 0.82 [0.76, 0.88]

Level of alcohol use

(b)

(ref: nondisordered use)

Married
at age 29/30
(ref: never married)

b path
1.11[1.00, 1.22]

¢’ path
<1 HED: 0.28 [0.25,0.32]
22 HED: 0.20[0.17,0.23]
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Abstinence at age 35

at age 19/20
(ref: nonuse)

Level of alcohol use

¢ path: total effect
<1 HED: 0.28 [0.24,0.33]
22 HED: 0.17 [0.14,0.21]

(ref: nondisordered use)

Abstinence at age 35

at age 19/20
(ref: nonuse)

(ref: nondisordered use)

FIGURE 2.  Odds ratios from mediation model of level of alcohol use at age 19/20 on (a) alcohol use disorder and
(b) alcohol abstinence at age 35 as mediated through marital status at age 29/30 (N = 6,638). Note: <1 HED (up to
1 occasion of HED in the past 2 weeks), 22 HED (=2 occasions of HED in the past 2 weeks), AUD (alcohol use
disorder). 95% confidence intervals are in brackets. Bold indicates statistically significant associations at p < .05.
Estimation was conducted using sequential regression models.

Sample characteristics for the mediator groups

As presented in Table 2, differences between married and
never-married individuals were very similar in both alcohol
and marijuana samples before IPTW. Married individuals
were more likely to have children, were more religious at
ages 25/26 and 27/28, reported less substance use across
ages 21/22-27/28, and were less likely to have lived with
parents across ages 23/24-27/28. After IPTW, the groups
were similar with regard to the sample characteristics in both
alcohol and marijuana models.

Total effect of alcohol/marijuana use at age 19/20 on adult
alcohol/marijuana use at age 35

After IPTW, both <1 HED and >2 HED at age 19/20,
compared with nonuse, were significantly related to higher

odds of AUD at age 35 and lower odds of abstinence com-
pared with nondisordered use (Figure 2: path c). Similarly,
both <2 MJ and >3 MJ at age 19/20, compared with nonuse,
were significantly related to higher odds of MUD at age 35
and lower odds of abstinence compared with nondisordered
use (Figure 3: path c).

Direct effect of alcohol/marijuana use at age 19/20 on
adult alcohol/marijuana use at age 35

The direct effects were similar in direction and magni-
tude to the total effects. Controlling for marital status at age
29/30, both <1 HED and =2 HED at age 19/20, compared
with nonuse, were significantly associated with higher odds
of AUD at age 35 and lower odds of abstinence compared
with nondisordered use (Figure 2: path ¢’). Likewise, after
we controlled for marital status at age 29/30, both <2 MJ
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a path
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(ref: never married)

Level of marijuana use

¢’ path
€2 MJ:1.49[1.29,1.71]
23 MJ: 2.93[2.58, 3.34]

b path
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MUD at age 35

at age 19/20
(ref: nonuse)

Level of marijuana use
at age 19/20

c path: total effect
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23 MJ: 2.85[2.40, 3.38]
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MUD at age 35
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a path
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Level of marijuana use

(b)

Married
at age 29/30
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¢’ path
<2 MJ: 0.33[0.31, 0.36]
>3 MJ: 0.21[0.19, 0.22]

(ref: nondisordered use)

b path
1.98[1.87, 2.09]

Abstinence at age 35

at age 19/20
(ref: nonuse)

Level of marijuana use
at age 19/20

¢ path: total effect
<2 MJ: 0.35[0.32, 0.38]
>3 MJ: 0.20[0.18, 0.22]

(ref: nondisordered use)

Abstinence at age 35

(ref: nonuse)

(ref: nondisordered use)

FiGure 3.  Odds ratios from mediation model of level of marijuana use at age 19/20 on (a) marijuana use disorder
and (b) marijuana abstinence at age 35 as mediated through marital status at age 29/30 (N = 6,934). Note: <2 MJ
(1-2 occasions of marijuana use in the past month), 23 MJ (=3 occasions of marijuana use in the past month),
MUD (marijuana use disorder). 95% confidence intervals are in brackets. Bold indicates statistically significant
associations at p < .05. Estimation was conducted using sequential regression models.

and >3 MJ at age 19/20, compared with nonuse, were sig-
nificantly associated with higher odds of MUD at age 35 and
lower odds of abstinence compared with nondisordered use
(Figure 3: path ¢’).

Mediated effect of marriage

Having >2 HED was significantly associated with lower
odds of being married at age 29/30, but the effect of <1 HED
on marital status was not significant (Figure 2: path a). Be-
ing married at age 29/30, compared with never married, was
associated with lower odds of AUD at age 35 (Figure 2: path
b). Marital status was a significant mediator; being unmar-
ried at age 29/30 partially mediated the association between
>2 HED and elevated odds of AUD (Appendix Table 2).

Both <2 MJ and =3 MJ at age 19/20 were significantly
associated with lower odds of being married at age 29/30

(Figure 3: path a). Being married at age 29/30 was signifi-
cantly associated with higher odds of marijuana abstinence
at age 35 (Figure 3: path b). Marital status was a significant
mediator, as being unmarried at age 29/30 partially mediated
the associations between both <2 MJ and >3 MJ and lower
odds of abstinence (Appendix Table 2).

Discussion

The current study investigated the associations between
young adult substance use and adult substance use behaviors
and whether marital status acted as a mediator of these as-
sociations. This study is novel in that we used propensity
score weighting techniques (i.e., causal inference methods)
to control for observed confounders regarding both the ex-
posure and mediator and thus to provide a robust estimation
of the mediated effect (Coffman, 2011).
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Our results showed significant associations of both mod-
erate and heavy alcohol/marijuana use at age 19/20 with
greater odds of AUD/MUD and with lower odds of absti-
nence at age 35 compared with nondisordered use. These
findings are consistent with previous research showing long-
term effects of adolescent and young adult substance use on
later outcomes (Grant et al., 2006; Patrick et al., 2011). Our
mediation analyses found that marital status at age 29/30
was a significant partial mediator of the associations between
heavy alcohol use at age 19/20 and AUD at age 35 and of the
association between moderate and heavy marijuana use at
age 19/20 and marijuana abstinence at age 35. Heavy alcohol
users had greater odds of AUD and both moderate and heavy
marijuana users had lower odds of abstinence, each relative
to nondisordered use, in part because they were less likely
than nonusers to be married at age 29/30. Remaining unmar-
ried may be an important mechanism in the continuation of
heavy alcohol use and moderate and heavy marijuana use.
On the other hand, the association between moderate alcohol
use in young adulthood and subsequent alcohol outcomes at
age 35 was not significantly mediated by marital status. For
moderate alcohol users, marital status may not be an impor-
tant mechanism predicting whether their use changes.

Second, we found evidence for selection effects on mar-
riage among those with heavy alcohol use and those with
moderate and heavy marijuana use at age 19/20. That is,
after adjusting for preexisting confounders, there is a lower
probability of being married during young adulthood among
heavy alcohol users and moderate and heavy marijuana us-
ers, with concomitant risks for continued use into middle
adulthood. This finding suggests differing threshold effects
of alcohol and marijuana use in young adulthood on marital
status at age 29/30 (Bogart et al., 2005; Brook et al., 1999;
Curran et al., 1998; Duncan et al., 2006), which may reflect
different social norms and tolerances for degrees of alcohol
versus marijuana use. Future research testing the association
of substance use with other outcomes should take into account
these different thresholds for alcohol and marijuana use.

Furthermore, our findings showed that being married at
age 29/30 was associated with higher odds of abstinence
from marijuana and lower odds of AUD at age 35 compared
with nondisordered use. Given our adjustment for preexist-
ing differences between married and never-married individu-
als, this suggests that being married may play a protective
role for subsequent AUD and marijuana use. Of note, our
mediation results provide evidence that marital status may
perpetuate SUD risk among individuals rather than serving
as a clear turning point that reduces the risk of SUDs as
described in previous literature (e.g., Rutter, 1996; Schul-
enberg & Maggs, 2002), especially for heavy alcohol users
and moderate and heavy marijuana users. The nonsignificant
associations of marital status with alcohol abstinence and
with MUD may reflect different mechanisms, which needs
further exploration in the future.

A few limitations should be noted. Although we used pro-
pensity score methods to adjust for preexisting differences
across both exposure and mediator groups with respect to a
comprehensive set of measured confounders, residual con-
founding may still be present due to unobserved confounders
(e.g., personality, mental health conditions). Potential bias
because of unmeasured confounders is inherent in all obser-
vational studies; in mediation analyses, confounding may be
present with respect to either the exposure or mediator. Our
findings assessed the mediated effects of marital status at age
29/30 and may not generalize to other ages or those who are
divorced or widowed. Differential missingness on substance
use behaviors or on marital status may have also introduced
biases to our analyses. Monitoring the Future study is a
school-based survey, and thus our results may not generalize
to individuals who dropped out of high school. Last, from
our measure of SUD status at age 35, we cannot determine
whether SUD status represents the onset or continuation
from young adulthood.

Documenting the mechanism for maturing out of sub-
stance use via marriage has been challenging because
randomization of individuals to substance use groups or to
married/never-married groups is not possible. Using causal
inference methods, the present study provides robust evi-
dence of marital status as a partial mediator of the associa-
tions between young adult heavy alcohol use and AUD at
age 35 and of the associations between moderate and heavy
marijuana use and marijuana abstinence at age 35. Remain-
ing unmarried may be an important mechanism that perpetu-
ates substance use among heavy alcohol users and moderate
and heavy marijuana users. Future research may expand our
findings by examining marriage as a moderated mediator and
using causal inference methods in the study of mechanisms
of maturing out of substance use. This would further refine
our understanding of the continuity and discontinuity of
substance use via adult roles.
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