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Abstract

Background: This study examines the extent to which the developmental pattern of frequent
marijuana use prevalence from ages 18 to 30 (overall and by gender) has varied across historical
time (cohort groups) using data from a national sample of US young adults.

Methods: Self-reported data on frequent marijuana use (use on 20+ occasions in the past 30
days) from modal ages 18 to 30 were obtained from 58,059 individuals from 29 sequential cohorts
(graduating high school classes of 1976—2004) participating in the Monitoring the Future study.
Time-varying effect modeling was used to model cohort group differences in developmental
patterns of frequent use overall and by gender.

Results: Developmental patterns of frequent marijuana use prevalence varied meaningfully
across cohort groups. Frequent use at age 18 differed significantly across cohort groups as
expected based on national data. Among earlier cohort groups (reaching age 30 during 1987-
2008), developmental patterns converged by age 30 to relatively low frequent marijuana use
prevalence. In contrast, among cohort groups reaching age 30 during 2008-2016, frequent
marijuana use at age 30 was significantly higher than all previous cohort groups. Observed cohort
differences did not vary significantly by gender.

Conclusions: Cross-cohort convergence in developmental patterns of frequent marijuana use
prevalence by age 30 was not observed among recent cohort groups, among whom age 30 frequent
marijuana use prevalence was at the highest levels observed since the study began. Higher frequent
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marijuana use prevalence in late young adulthood has meaningful health risk and service provision
implications.

Keywords

Frequent marijuana use; Time-varying effect modeling; Young adult; Developmental pattern;
Developmental trajectory

1. Introduction

Previous research has shown that marijuana use prevalence typically increases from late
adolescence through the early years of young adulthood (roughly ages 21/22) and then
decreases thereafter (Bachman et al., 1997; Substance Abuse and Mental Health Services
Administration, 2017 Schulenberg et al., 2005, 2017; Terry-McElrath and O’Malley, 2011).
Trends in age-specific marijuana use prevalence clearly indicate marked changes across
historical time (Centers for Disease Control and Prevention [CDC], 2015; Johnson et al.,
2015; Miech et al., 2017;Substance Abuse and Mental Health Services Administration, 2017
Schulenberg et al., 2017), but few studies have examined the extent to which the typical
developmental pattern of marijuana use prevalence across age changes over historical time.
One study investigated historical change in the developmental pattern of marijuana use from
ages 18 through 22 using data from 1976 to 2004 (Jager et al., 2013) and found evidence of
a modest increase in the growth rate for past 30-day marijuana use frequency from ages 18
through 22 across cohorts of 12th graders followed into young adulthood. However, the
study did not examine variation in the developmental pattern of marijuana use after age 22.

Possible historical change in the developmental pattern of higher-frequency marijuana use is
particularly important. Those who use marijuana frequently are at heightened risk for many
negative outcomes including addiction (Molkow et al., 2014), cognitive impairment (Gordon
etal., 2013; Becker et al., 2014; Whitlow et al., 2004), some cancers (Gordon et al., 2013),
and other health issues (Hézode et al., 2008; Ishida et al., 2008). Chronic higher-frequency
marijuana use extending into the 30s or beyond is associated with particularly poor
outcomes including increased anxiety symptoms, crime involvement, sexual risk behaviors,
and abuse/dependence symptoms for marijuana, alcohol, and tobacco by age 33 (Epstein et
al., 2015), lower verbal memory measured during the mid-40s to mid-50s (Auer et al.,
2015), and higher likelihood of past 30-day cognitive health problems, past 12-month
psychological visits, and lifetime psychiatric, drug, and alcohol problems by age 50 (Terry-
McElrath et al., 2017). Thus, a developmental pattern that is consistent across historical time
reflecting decreasing higher-frequency marijuana use from the mid-20 s onward is desirable
from a public health viewpoint.

National data (Miech et al., 2017) show that use of marijuana on 20 or more occasions in the
past 30 days (hereafter referred to as frequent marijuana use) among high school seniors
reached a high of 10.7% in 1978, decreased over time to 1.9% in 1992, increased to 5.8% by
1997, and then remained between 5.0% and 6.6% from 1998 through 2016 (see Fig. 1). To
the extent that the developmental pattern of frequent marijuana use from ages 18 through 30
has remained generally stable in form across cohorts (i.e., increasing from late adolescence
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through roughly ages 21/22 and then decreasing thereafter), one would expect frequent
marijuana use to remain highest through age 30 among individuals in high school cohorts of
the late 1970s and early 1980s (cohorts with the highest age 18 frequent marijuana use) and
to remain lowest for individuals in high school cohorts of the early 1990s (cohorts with the
lowest age 18 frequent marijuana use). If, however, the developmental pattern has varied
significantly across cohorts, the prevalence of frequent marijuana use by age 30 may not be
accurately estimated based on use at age 18. Recent data show that frequent marijuana use
among young adults is at historically high prevalence levels, including among those aged
27-30 (Schulenberg et al., 2017). Such historically high prevalence levels may indicate
meaningful changes in the developmental pattern of frequent marijuana use across age.

There are recognized gender differences in marijuana use throughout adolescence and young
adulthood. Marijuana use prevalence (including frequent use prevalence) is typically
significantly higher for men than women from late adolescence throughout adulthood (Chen
and Jacobson, 2012; Johnston et al., 2017, 2018; Miech et al., 2017; Substance Abuse and
Mental Health Services Administration, 2016). Men increase marijuana use from mid- to
late adolescence at a faster rate than women (Kuhn, 2015) and reach peak use at slightly
later ages than women (Chen and Jacobson, 2012). Jager et al. (2013) found an increase over
time in the growth rate for past 30-day marijuana use frequency for both men and women,
but potential gender differences in the historical stability of the developmental pattern of
marijuana use (particularly frequent marijuana use) from ages 18 through 30 have not been
examined. The observed historically high prevalence levels of frequent marijuana use among
those aged 27-30 have been found for both men and women (Schulenberg et al., 2017).

The current study adds to the marijuana use epidemiology literature by using longitudinal
data from 29 national cohorts of high school seniors (classes of 1976-2004; data collected
from 1976 to 2016) to examine the extent to which both overall and gender-specific
developmental patterns of frequent marijuana use from ages 18 through 30 have varied
across cohorts.

2. Methods

2.1. Sample

Analyses used data from the Monitoring the Future (MTF) study; detailed methodology is
available elsewhere (Bachman et al., 2015; Miech et al., 2017; Schulenberg et al., 2017).
Briefly, US nationally-representative samples of approximately 15,000 12th graders (modal
age 18) from about 130 public and private schools in the contiguous 48 states have been
surveyed annually since 1975. Students complete self-administered surveys, typically during
a normal class period. Since 1976, a sub-sample of about 2400 12th graders has been
selected from each annual sample for longitudinal follow-up (with drug users sampled at a
higher rate). A random half of the follow-up sample receives a series of biennial follow-ups
beginning one year after their senior year (model age 19); the other half receives a series of
biennial follow-ups beginning two years after their senior year (modal age 20). Mailed
questionnaires are used to collect data at six follow-up time points: modal ages 19/20, 21/22,
23/24, 25/26, 27/28, and 29/30. The resulting data include responses at all modal ages from
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18 through 30 (although individual respondents provide data at a maximum of 7 modal
ages). A University of Michigan Institutional Review Board approved the study.

Analysis was limited to cohorts who had the opportunity to complete all baseline and
follow-up surveys through age 29/30 as of the date of analysis. The decision to focus on ages
18 through 30 was based on (a) the importance of the developmental period recognized as
young adulthood (Institute of Medicine, National Research Council, 2015), (b) the fact that
historically high prevalence levels for frequent marijuana use have recently been observed
across the ages of 19-22, 23-26, and 27-30 (Schulenberg et al., 2017), and (c) expansion
past the age of 30 would reduce the number of cohorts that could be included in analysis.
Thus, the analytic sample was limited to 12th grade cohorts from 1976 to 2004 (age 29/30
data were collected during 2001-2016). A total of 70,843 individuals were selected for
follow-up participation from relevant cohorts. Cases were limited to 58,076 respondents
(82.0% of the original sample) who participated in baseline data collection and at least one
of the six follow-up data collection efforts. Of these respondents, 58,059 (99.97%) provided
data on frequent marijuana use on at least one occasion. The mean number of responses
regarding frequent marijuana use per respondent in the resulting analytic dataset was 5.3
(range of 1-7). Males constituted 46.4% of respondents. Attrition adjustments are discussed
below.

2.2. Measures

On each survey, respondents were asked, “On how many occasions (if any) have you used
marijuana or hashish during the last 30 days?” (0, 1-2, 3-5, 6-9, 10-19, 20-39, and 40 or
more occasions). In sensitivity analyses, two dichotomies were examined in regards to the
study research questions: use on 20+ occasions versus use on 40+ occasions in the past 30
days. Results were not substantively different. For the current study, individuals who
reported using on 20 or more occasions in the past 30 days were classified as frequent users.
Gender was coded as male or female. Cohort (indicating year of baseline survey) was coded
into seven non-overlapping groups sharing common patterns of change over historical time
in age 18 frequent marijuana use prevalence described in the Introduction and shown in Fig.
1. Atotal of seven cohort groups were used to ensure (1) roughly equal numbers of cohorts
per group and (2) that cohorts within each group reflected similar trends in age 18 frequent
marijuana use prevalence. The specific cohort groups were: 1976-1979 (cohorts with highest
age 18 frequent marijuana use prevalence); 1980-1983, 1984-1987, and 1988-1991 (cohorts
reflecting rapidly decreasing prevalence); 1992—-1996 (cohorts with increasing prevalence);
and 1997-2000 and 2001-2004 (years of generally stable prevalence but well below 1976—
1980 prevalence levels). The modal age of respondents at the 12th grade survey was 18;
modal age increased with each year following the 12th grade survey with final values of 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, and 30. Hereafter, modal age will be referred to
simply as age.

2.3. Analysis

Analyses were conducted using SAS 9.4. The research questions of interest in the current
study focused on temporal change: how the effect of cohort group on frequent marijuana use
varied across age both overall and by gender. Thus, traditional analytic methods such as
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growth curve modeling were not used because the effect of cohort group would be assumed
to be constant across age if cohort was used as a covariate, or, if cohort was used as a
grouping variable, the growth rates would be required to be modeled using parametric
assumptions across cohort groups. Instead, modeled age-varying prevalence and regression
estimates were obtained using time-varying effect modeling (TVEM). TVEM was developed
as a methodological technique to understand complex relations between processes that
unfold over time where the associations between an outcome and one or more predictors can
be modeled as time-invariant and/or time varying (Lanza et al., 2014). TVEM is a
regression-based method of modeling relationships in longitudinal data between covariate(s)
and an outcome over continuous time; no assumptions regarding the association's parametric
form are made (Lanza et al., 2014; Li et al., 2015; Tan et al., 2012). TVEM assumes only
that the relationship changes over time in a smooth manner (i.e., with no sudden break
points; Tan et al., 2012). TVEM allows for inclusion of multiple time-varying and non-time-
varying covariates; this was desirable due to interest in examining not only non-parametric
cohort effects on frequent marijuana use across age but possible non-parametric time-
varying interactions between gender and cohort group on frequent marijuana use across age.
In the current analyses, no non-time-varying covariates were specified.

For the current analyses, time was operationalized as age in years as defined above. The
SAS macro %WeightedTVEM (v. 2.6.0) (Dziak et al., 2017; Weighted TVEM SAS Macro,
2017) was used to fit TVEM models as shown (here predicting the log odds of any frequent
marijuana use by cohort group as a continuous, smoothed function of age from 18 to 30):

P(FrequentMJUSEit =1
N1z P(FrequentMJUSE,, = 1)

: = () + p()Cohorts19801083;
+ Py(t)Cohorts19841087,
+ ,/)’S(Z)Cohortsl988t09li
+ ﬂ4(t)C0h0rtsl992to96l.

+ /}5 (t)Cohortsl 997t0()0i

+p 6([) Cohorts2001 [0041‘

where findicates continuous age, and 7denotes data for individual /. Here, g (the intercept)
reflects the log-odds of frequent marijuana use for individuals in the earliest cohort group
(1976-1979); B1 through Pg are slope functions describing age-varying associations between
cohort group (referent = cohort group 1976-1979) and frequent marijuana use.

The %WeightedTVEM macro allows for modeling of clustering and survey weights,
supports unpenalized B-splines without random effects, and provides robust standard errors
using Taylor linearization (Dziak et al., 2017). The macro uses the SAS
SURVEYLOGISTIC procedure for analyses with binary outcomes (such as those modeled
here). Comparison of pseudolikelihood AIC and BIC values from unpenalized B-splines are
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used to select the optimal number of knots (corresponding to smoothness) for each
coefficient function. Figures present coefficient functions in the form of odds ratios (ORs)
and point-wise 99% confidence intervals (Cls) for each smoothed point along continuous
age. For points when Cls do not contain 1.0, coefficients are significant at p< .01 (p< .01
was selected as appropriate given the large sample size).

To test for overall cohort group differences in the developmental pattern of frequent
marijuana use, TVEM models regressed frequent use on dichotomous cohort group terms
using 1976-1979 as the referent. To test for differences by gender in observed cohort-
specific patterns, TVEM models regressed frequent use on cohort group terms (using 1976—
1979 as the referent), gender (using female as the referent), and gender by cohort group
interactions. Intercept-only TVEM models provided figures showing unadjusted
developmental patterns of frequent marijuana use by cohort group across age overall and by
gender. All analyses accounted for clustering of repeated measures within individuals.
Further, all analyses were weighted using follow-up specific attrition weights, calculated as
the inverse of the probability of responding at each age based on covariates measured at age
18 (gender, race/ethnicity, college plans, high school grades, number of parents in the home,
religiosity, parental education, alcohol use, cigarette use, marijuana use, region of country,
cohort, and sampling weight correcting for over-sampling of age 18 substance users).

3. Results

3.1. Overall cohort group differences in developmental patterns of frequent marijuana

use

Fig. 2 presents the modeled estimates of frequent marijuana use by cohort group.
Supplemental Fig. 1 presents odds ratios of frequent marijuana use by cohort group (referent
=1976-1979, the cohort group characterized by the highest age 18 frequent marijuana use
prevalence levels). As expected based on trends reported in Fig. 1, cohort groups varied
significantly in regards to prevalence at age 18. Under the assumption that developmental
patterns of frequent marijuana use have remained generally stable across cohorts, we
expected to observe that frequent marijuana use prevalence would remain highest through
age 30 among individuals in the earliest cohorts (those with the highest age 18 frequent
marijuana use) and would remain lowest for individuals in cohorts of the early 1990s
(cohorts with the lowest age 18 frequent marijuana use). However, the developmental
patterns for the first five cohort groups converged by age 30. That is, regardless of
differences in frequent marijuana use prevalence at age 18 between the first five cohort
groups, by age 30, no significant differences in prevalence remained. Among the first five
cohort groups, age 18 frequent marijuana use prevalence ranged from 1.9% (99% CI 1.6,
2.2) 10 8.6% (8.1, 9.2). By age 30, prevalence in these cohort groups ranged only from 2.3%
(1.7, 3.0) to 3.8% (2.3, 3.8).

Among the earlier cohort groups, convergence by age 30 was possible only because of very
different developmental patterns of frequent marijuana use from ages 18 to 30. While some
cohort groups (e.g., 1976-1979) followed a clear pattern of increasing use during the early
20s followed by rapidly decreasing prevalence, others (e.g., 1988-1991) actually reflected
higher prevalence by age 30 than was observed at age 18. These cohort group differences in
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developmental patterns are likely associated with macro-level social changes affecting
marijuana use at all ages. For example, individuals in the 1976-1979 cohorts reached age 30
during the years 1987-1991. Age 18 frequent marijuana use prevalence decreased strongly
during these years (see Fig. 1); this trend likely helped drive prevalence down as individuals
aged. In contrast, individuals in the 1988-1991 cohorts reached age 30 during 1999-2003.
As Fig. 1 shows, age 18 frequent marijuana use prevalence reached its lowest levels recorded
in the MTF survey during these years (1992), followed by increasing prevalence through
1997 and generally stable use thereafter. Thus, as individuals from the 1988-1991 cohorts
aged, social trends may have encouraged higher prevalence over age.

The developmental patterns of frequent marijuana use among the two more recent cohort
groups (1997-2000 and 2001-2004) did not reflect the age 30 convergence observed in
earlier cohort groups’ developmental patterns. Among these more recent cohort groups,
frequent marijuana use prevalence by age 30 diverged from prior cohort groups and reached
4.0% (3.2, 5.0) for 1997-2000 and 5.1% (4.0, 6.7) for 2001-2004. In fact, the prevalence of
frequent marijuana use at age 30 among individuals in the most recent cohort group (2001-
2004) was significantly higher than in all prior cohort groups other than 1997-2000.

3.2. Gender and cohort group differences in the developmental pattern of frequent
marijuana use

In the TVEM model regressing frequent marijuana use on gender, cohort group, and gender
by cohort group interaction terms (referent = 1976-1979), none of the gender by cohort
group interaction terms were statistically significant at any age, indicating that the cohort-
related changes in the developmental pattern of frequent marijuana use from ages 18 to 30
did not vary significantly between men and women (figures reporting resulting non-
significant coefficients not shown). Given the lack of significant interactions, Fig. 3 presents
gender-specific modeled estimates of frequent marijuana use by cohort group. Men reported
significantly higher prevalence of frequent marijuana use than women across ages 18 to 30
for most cohort groups (prevalence converged at age 30 for men and women in the 1980—
1983, 1984-1987, and 2001-2004 cohort groups), yet the degree to which developmental
patterns changed across cohorts did not differ significantly between men and women. While
frequent marijuana use prevalence varied significantly at age 18 across cohort groups for
both men and women, by age 30, convergence was observed in the developmental patterns
for all cohort groups other than 2001-2004. By age 30, frequent marijuana use prevalence
was significantly higher for men and women in the most recent cohort group (2001-2004)
compared with the first cohort group (1976-1979): 6.9% (4.9, 9.7) versus 4.1% (3.1, 5.2) for
men and 3.8% (2.6, 5.6) versus 1.6% (1.1, 2.3) for women.

4. Discussion

Using national samples of US high school graduates, the current study found that
developmental patterns of frequent marijuana use prevalence across ages 18-30 showed
meaningful variation across cohorts. Among earlier cohort groups (1976-1979, 1980-1983,
1984-1987, 1988-1991, and 1992-1996), by age 30, developmental patterns of frequent
marijuana use prevalence converged regardless of significant differences in prevalence
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observed from ages 18 through the early 20s. Similar convergence by age 30 was not
observed for the more recent cohort groups of 1997-2000 and 2001-2004. By age 30,
individuals from the more recent cohort groups reported higher frequent marijuana use
prevalence levels than all other cohort groups among the sample overall. No significant
differences between men and women were found in regards to cohort group differences in
the developmental pattern of frequent marijuana use from ages 18 to 30.

Results from the current study indicated that developmental patterns of frequent marijuana
use from ages 18 through 30 have not been consistent over historical time. Work by Jager et
al. (2013) had identified meaningful cohort differences in the growth rate of marijuana use
frequency from age 18 through 22. The current study found that developmental patterns of
frequent marijuana use from the early 20s through age 30 exhibited significant change
across cohorts. Some of the observed changes are likely attributable to broader social trends
in marijuana use (as discussed in Section 3.1). However, the notable change from
developmental pattern convergence by age 30 (with generally low frequent marijuana use
prevalence of approximately 2%-3% for cohort groups 1976-1979 through 1992-1996) to
diverging significantly higher age 30 prevalence among more recent cohort groups
(approximately 4%-5% for cohort groups 1997-2000 and 2001-2004) is cause for concern.
While 4%-5% may appear to represent only a small number of individuals, based on U.S.
Census Bureau estimates, 4.5% of those who were 30 years of age during 2008-2016 is
estimated to be approximately 1.7 million individuals (U.S. Census Bureau, 2004, 2014).

As noted previously, those who use marijuana frequently are at increased risk for addiction,
cognitive impairment, and other health concerns (Becker et al., 2014; Gordon et al., 2013;
Volkow et al., 2014; Whitlow et al., 2004; Hézode et al., 2008; Ishida et al., 2008), and the
highest health risks are associated with chronic use that extends into age 30 and beyond
(Auer et al., 2015; Epstein et al., 2015; Terry-McElrath et al., 2017). Results from the
current study indicate that the number of individuals at high risk for such negative health
outcomes due to frequent marijuana use at age 30 has increased markedly among recent
cohorts. Increased prevalence of frequent marijuana use among those entering their 30s is
also likely to increase a range of other social and economic costs associated with marijuana
use including decreased job productivity (Hickox, 2012) and motor vehicle injuries and
fatalities (Asbridge et al., 2012; Hartman and Huestis, 2013), etc.

The risks associated with higher frequent marijuana use prevalence for those in more recent
cohort groups have also risen due to the consistently increasing potency of marijuana in the
US. Analysis of illicit marijuana and related cannabis products seized by the US Drug
Enforcement Administration shows that average potency (i.e., A%-tetrahydrocannabinol or
THC content) has increased significantly since 1992 from approximately 3% to
approximately 12% in 2014 (EISohly et al., 2000, 2016). At the same time, other compounds
in marijuana such as cannabidiol or CBD (the primary therapeutic agent in marijuana for
conditions such as chronic pain, etc.) have been decreasing (EISohly et al., 2016). While
CBD is believed to be neuroprotective, THC has been found to exacerbate alterations in
brain regions such as the prefrontal cortex and hippocampus, and higher doses of marijuana
use are particularly associated with such alterations (Lorenzetti et al., 2016). In states with
legal marijuana markets (such as Washington), average THC levels for cannabis extracts
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have been found to be more than three times those for cannabis flowers (Smart et al., 2017).
Frequent use of high-potency marijuana has been associated with dependence severity
(Freeman and Winstock, 2015), and increases in potency have been linked with increases in
first-time admissions to drug treatment for problems associated with cannabis (Freeman et
al., 2018). It may be that one factor influencing higher prevalence of frequent marijuana use
by age 30 for individuals in the more recent cohorts is higher potency and associated higher
levels of dependence.

An additional factor that may be associated with the higher prevalence of frequent marijuana
use by age 30 in recent cohorts is the observed weakening of the association between
perceived risk of marijuana use and actual use among recent cohorts of US young adults.
Specifically, research indicates that for individuals who were high school seniors in both
1990-1994 and 1995-1999 cohort groups, the statistical association between perceived risk
and marijuana use generally was consistent across ages 18 through 30, but for individuals in
the 2000-2004 cohort group, the association weakened from the mid- to late 20s (Terry-
McElrath et al., in press). Individuals from the more recent cohorts have experienced a much
different marijuana policy landscape than those from earlier cohorts, most notably the
emerging state-level legalization of adult recreational marijuana use. Change in the policy
landscape toward legalization has resulted in arguably lower risks for marijuana use in
regards to arrest, prosecution, penalty severity, and even social/relational risks (Terry-
McElrath et al., in press). A weaker perceived risk/use association during the mid- to late
20s would be consistent with higher frequent marijuana use prevalence levels during these
ages.

While the current study cannot determine the specific factors at play, the lack of continued
decrease in frequent marijuana use prevalence through the end of young adulthood indicates
a need for increased interventions aimed at use reduction or cessation specifically targeting
individuals in their late 20s and early 30s. The current paper spans older adolescents (in their
final year of high school) to young adults entering their 30s (navigating decisions and roles
related to family and work). The different developmental tasks and roles of these ages have
been associated with change in the likelihood of substance use in several prior publications
(e.g., Bachman et al., 1997, 2002; Kandel et al., 1986; Kandel and Raveis, 1989; Staff et al.,
2010). According to a lifespan developmental stage-approach to substance use
programming, each developmental stage calls for unique program characteristics for
successful development and implementation (Sussman, 2013). Such efforts should be
targeted toward men and women equally, as the current study’s findings show no significant
differences between men and women in regards to observed cohort differences. While the
overall number of frequent marijuana users who are men continued to be higher than women
from ages 18 through 29, both genders experienced significantly higher frequent marijuana
use prevalence by age 30 among recent cohorts than earlier cohorts. Among the most recent
cohort group, no significant differences in frequent marijuana use prevalence were observed
between men and women at age 30.
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4.1. Strengths and limitations

While the current study has several notable strengths (including large representative
samples, consistent measurement over 40 years, longitudinal data spanning ages 18 through
30, and use of an innovative analytical methodology), the results should be considered
within their limitations. Given that the sample for this study involved high school seniors,
results may not generalize to individuals who drop out of high school before 12th grade;
lower educational attainment has been found to be significantly associated with higher
marijuana and other substance use (Tice et al., 2017). Data were based on self-reports;
however, such data have been found to be reasonably reliable and valid under conditions
provided in the MTF study (Brener et al., 2003; Miech et al., 2017; O’Malley et al., 1983).
While attrition may also have affected generalizability, the use of attrition weighting has
been found to provide reasonable adjustment for nonresponse in other school-based samples
(McGuigan et al., 1997). Finally, the current analyses utilize a single measure of marijuana
use reflecting use on 20+ occasions in the past 30 days. More detailed measures of
marijuana use (e.g., further differentiating the number of days of use and number of use
occasions per day of use or measures of heavier use) would be informative. These
limitations notwithstanding, the current study provides important results that contribute
significantly to available knowledge on the developmental patterns of frequent marijuana use
among US young adults in recent decades.

5. Conclusions

Developmental patterns of frequent marijuana use from ages 18 through 30 exhibited
meaningful change across cohorts for both men and women. While earlier cohort groups
evidenced convergence in frequent marijuana use prevalence by age 30, more recent cohort
groups exhibited significantly higher prevalence levels of frequent marijuana use prevalence
by age 30. There is a growing number of adults (both men and women) at high risk for the
negative effects associated with frequent marijuana use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Historical trends in prevalence of past 30-day frequent marijuana use in grade 12.

Note: Frequent use defined as use on 20 or more occasions in the last 30 days. Source: The
Monitoring the Future Study, the University of Michigan (Miech et al., 2017).
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Fig. 2.
Modeled prevalence of frequent marijuana use among US young adults aged 18 through 30
by cohort groups.

Notes. N (unwtd.) = 310,197 time points from 58,059 individuals. Estimates obtained from
time-varying effect models. Dotted lines indicate 99% confidence intervals. Frequent
marijuana use defined as using on 20 or more occasions in the past 30 days.
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Fig. 3.
Modeled prevalence of frequent marijuana use among US young adults aged 18 through 30

by gender and cohort groups.

Notes. N (unwtd.) = 173,029 time points from 31,148 women; 137,168 time points from
26,911 men. Estimates obtained from time-varying effect models. Dotted lines indicate 99%
confidence intervals. Frequent marijuana use defined as using on 20 or more occasions in the
past 30 days.
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