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ARTICLE INFO ABSTRACT

Keywords: Gender differences in binge drinking have converged in recent cohorts, due in part to faster decreases in con-
Social epidemiology sumption among boys in adolescence, and faster increases in consumption among women in young to middle
Alcohol adulthood. Changes in education and occupation explain a portion, but not all, of these differences; the present
Alcoholism d : h itud b d ligi d family additionall lai h ffe in bi

Gender study examines how attitudes about gender, religion and family additionally explain cohort effects in binge

drinking by sex. Data were drawn from the Monitoring the Future panel studies, including >54,000 participants
who were high school seniors from 1976 through 2006, followed to age 29/30 from 1988 through 2016. The
main effect relationship between cohort and binge drinking was assessed, and 28 items on gender, religion and
family were evaluated to determine if mediation criteria were met; mediation models assessed direct and indirect
effects. Results indicated that gender, religion and family attitudes and beliefs among US adults across the 20 th
and 21 st centuries have shifted dramatically but not monotonically. US adolescents and adults have largely
become less religious; some attitudes on women and family have become less conservative and some more.
Among men, views on marriage showed the largest mediation effects; agreeing with the statement ‘one partner is
too restrictive’ mediated 3.35% of the cohort effect (95% C.I. 2.42, 4.31) and ‘couples should live together before
they are married’ mediated 1.6% of the cohort effect (95% C.I. —2.37, —0.8). Among women, declines in reli-
gious service attendance mediated 2.0% of cohort effects in binge drinking (95% C.I. —3.03, —1.09), as well as
similar family attitudes as men. In conclusion, changes in social roles, as well as some gender, and religious
views, partially mediate cohort effects on binge drinking for men and women. The dynamic changes in how
adolescents and adults view family and gender are important components of alcohol epidemiology.

Gender roles
Young adults
Longitudinal analysis

1. Introduction injury, cancer, cardiovascular disease, and liver disease (Gmel, Kunt-

sche, & Rehm, 2011). Historically, the health consequences of drinking

Alcohol use continues to be an important cause of morbidity and
mortality. Approximately 10% of annual deaths are attributable to
alcohol use in the US (Stahre, Roeber, Kanny, Brewer, & Zhang, 2014),
and evidence indicates that there is no level of alcohol use that is
beneficial for health (Burton & Sheron, 2018; Gallagher et al., 2017;
Hartz et al., 2017, 2018; Voskoboinik et al., 2019). Patterns of drinking
that include binge episodes (consuming 4 or 5 alcoholic drinks in a row)
is associated with particularly deleterious health outcomes, including

are concentrated among men in the United States (White, Castle,
Hingson, & Powell, 2020), as they are more likely to consume alcohol
and consume at high quantities, compared with women (Hasin, Stinson,
Ogburn, & Grant, 2007). However, an accumulating literature indicates
that gender differences are dynamically converging in recent decades
(Grucza et al., 2018; Keyes, Li, & Hasin, 2011). The reasons that gender
differences are converging remains an open area of inquiry; in the pre-
sent paper, we present an argument that social roles, gender, religion
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and family attitudes are strong historical determinants of alcohol use
and binge drinking; that they have also been changing in profound ways
during the end of the 20th century and the beginning of the 21st, and
that they therefore are plausible mediators of cohort effects in binge
drinking. We then test the extent to which changes in social roles,
gender, religion and family attitudes statistically mediate cohort effects
in binge drinking, by gender, using national longitudinal cohort data
from Monitoring the Future.

Men have traditionally consumed more alcohol than women pri-
marily for social reasons. While there is evidence that biological (Frezza
etal., 1990; Lieber, 1997) (though not genetic (Nolen-Hoeksema & Hilt,
2006; Prescott, 2003); average differences between men and women (e.
g. body weight, metabolism) contribute to differences in alcohol use,
such biological effects are small in magnitude (R. W. Wilsnack et al.,
2000). Most literature focuses on social factors such as gendered roles as
well as attitudes and beliefs about gender (Chomak & Collins, 1987;
Huselid & Cooper, 1992; Snell, Belk, & Hawkins, 1987). Women have
historically had social sanctions against heavy alcohol use (Seedat et al.,
2009; R. W.; Wilsnack et al., 2000), and normative gendered roles to
conduct unpaid childcare and domestic labor in the home precluded
engagement in social outlets to drink for women, but not men (Green-
field & Room, 1997). Normative views of womanhood and femininity
have been juxtaposed with leitmotifs of women who drink as deviant
and associated with other characteristics such as sexual promiscuity and
other so-called moral hazards.

Yet alcohol use and binge drinking are dynamic over time and across
development, and additionally, the gender differences in consumption
are themselves dynamic. In adolescence and young adulthood, alcohol
consumption and binge drinking have largely been declining in preva-
lence since the mid-1980s (Patrick et al., 2017; Schulenberg et al.,
2020); gender differences are converging because declines among boys
and men have been greater than declines among girls and women (Jager,
Keyes, & Schulenberg, 2015; Keyes et al., 2019; Miech et al., 2020;
Patrick et al., 2019; Schulenberg et al., 2020). After the transition to
adulthood and in mid-life, alcohol consumption and binge drinking have
been increasing since approximately 2010 (Grucza et al., 2018; Keyes
et al., 2019; White et al., 2015), with the increases almost exclusively
concentrated among women in mid-life (creating another gender
convergence) and those with the highest levels of family income, edu-
cation, and occupational prestige (McKetta & Keyes, 2019, 2020; White
et al., 2015). In summary, gender differences in alcohol consumption
and binge drinking are converging, but this is due to different underlying
dynamics in adolescence and adulthood.

Given that gender differences are converging and that social factors
largely underlie overall gender differences in alcohol use, it is reason-
able to hypothesize that social factors such a social roles and gendered
attitudes and beliefs underlie convergence compared with biological
factors, as they are more prone to historical variation and thus more
likely to underlie historical variation. For social factors and gendered
attitudes and beliefs to explain gender convergence over time, it stands
to reason that there should be historical variation in such factors, and
importantly, the nature of that variation should differ by gender.

Indeed, there is substantial evidence to indicate that social roles are
historically varying. Within industrialized countries, such as the U.S.,
life course options and social structures have become far less differen-
tiated by gender across the last four decades (Arnett, 1998; Maggs,
Jager, Patrick, & Schulenberg, 2012; Mayer, 2004; Settersten & Ray,
2010). Historical changes in labor force structures mean today’s young
adults of different genders are more likely to hold social roles that are
associated with more alcohol consumption, e.g. attending college, not
working full-time, and remaining single and childless (Arnett, 2000;
Bachman, Wadsworth, O’Malley, Johnston, & Schulenberg, 1997; Jager
et al., 2015; Settersten, 2007). However, these historical trends have
been sharply more pronounced for women than for men (Briickner &
Mayer, 2005; Fussell & Furstenberg, 2005; Lopez & Gonzalez-Barrera
Ana, 2014; Mathews & Hamilton, 2016; Mortimer, 2015). For
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example, college attendance is associated with increased alcohol con-
sumption, and women in recent cohorts are much more likely to attend
college compared with women in previous generations and are now
more likely than men to attend college. Additionally, women are
increasingly delaying or declining entirely social roles that are associ-
ated with lower alcohol use such as marriage or cohabitation with a
romantic partner, as well as parenting. Our previous work has demon-
strated that historical increases in social roles linked to more alcohol
consumption lead to gender convergence in alcohol consumption (Jager
etal., 2015; Patrick et al., 2019), and that changes in social roles explain
approximately 20% of the variance in gender differences in alcohol use
across cohorts.

Thus, while historical changes in social roles explain a substantial
portion of historical shifts in gender differences in drinking, the partial
mediation suggests that there are additional mediating factors that
explain differences, and further, the mechanisms through which changes
in these social roles themselves may impact gender differences remains
inadequately understood. Considered through the lens of conceptual
models such as Bronfenbrenner’s ecological model of human develop-
ment (Bronfenbrenner, 1977, 1994), the social ecology consists of nes-
ted contexts ranging from the proximal to distal, and the larger social
role changes are connected to more proximal social ecological mecha-
nisms that may impact alcohol consumption. One set of potential
proximal mechanisms is through changes in gender, religion and family
attitudes and beliefs about the role of women in society, the labor force,
and the family.

Indeed, society’s views about the women and men’s roles in family
life, including the value of women’s labor contributions, have been
changing in many parts of the United States, with concomitant increases
in women in high socioeconomic occupations, representation in political
office, and changing views about gendered norms and roles (Good-
win-White, 2018; Okahana & Zhou, 2018; US Bureau of Labor Statistics,
2019). While women continue to spend more time on unpaid domestic
labor compared with men, rates are converging in time (Bianchi, Sayer,
Milkie, & Robinson, 2012; Sayer, 2005), and the proportion of house-
holds comprised of man-woman couples in which women are the sole or
primary income earner has increased (Boushey, 2009; Livingston,
2018a, 2018b; Ruggles, 2015). These trends also underlie broader
shifting in the meaning and importance of cultural institutions such as
marriage; cohabitation without marriage, and non-monogamous part-
nerships and consensual non-monogamy are increasing in the US
(Daugherty & Copen, 2016; Kuperberg, 2019; Sizemore & Olmstead,
2017; Thornton & Young-DeMarco, 2001), and those who approve of
cohabitation and non-monogamy have more socially liberal views in
general (Axinn & Thornton, 2000; Kuperberg, 2019), which may move
in historically concomitant ways to fewer social sanctions towards
alcohol use. Alcohol may be becoming increasingly accepted within
roles such as marriage and parenting, as potentially indicated by the
growth of advertising and marketing efforts towards ‘moms’ with
alcohol positioned as an appropriate coping response to and reward for
stress (Harding, Whittingham, & McGannon, 2021). Furthermore, the
importance of religion and religious service attendance are reliable
predictors of lower alcohol consumption (Koenig, King, & Carson,
2012), especially among women, and themselves have been declining
among young adults in the US for more than a decade (Twenge, Exline,
Grubbs, Sastry, & Campbell, 2015).

Beliefs and attitudes about gendered roles in family life, including
the importance of marriage, monogamy, religion, and women’s roles,
have differentiated and explained gender differences in drinking in prior
literature. Therefore, it is plausible that changes in these beliefs become
manifest in individual-level attitudes about social and gendered roles
and the roles of women and men in society. This may be especially the
case in the context of cohorts of young adults for whom religious beliefs
are increasingly less relevant to forming attitudes about social roles.
These individual-level gender-related attitudes and beliefs may underlie
changes in gender differences in drinking, over and above that which is
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mediated by social roles such as educational attainment, employment,
marriage, and parenthood. While social identities intersect with gender
in complex and heterogeneous ways vis a vis additional axes of race,
class, sexual orientation, and gender identity, the ways in which average
differences in social roles, gender, religion and family attitudes at a
national level explain national trends in alcohol consumption has not
been fully explored.

The present study examines the role of social roles, gender, religion
and family attitudes and beliefs in mediating historical trends in binge
drinking in the United States. We build on and extend our previous work
using national panel data on more than 54,000 participants who were in
the 12th grade from 1976 through 2006, and followed to age 29/30 from
1988 through 2016. We examine cohort effects on gender differences in
binge drinking across distinct developmental age bands from adoles-
cence through the transition to adulthood; the extent to which gender,
religion and family attitudes and beliefs vary by birth cohort and across
development from adolescence through the transition to adulthood; and
the extent to which they mediate cohort effects on gender differences in
binge drinking over and above historical and development variation in
social roles.

2. Methods

Data source. The Monitoring the Future (MTF) study includes na-
tionally representative samples of approximately 15,000 US high school
seniors (12th grade) surveyed annually since 1976 (Miech et al., 2020).
From the annual survey, 2450 students are randomly selected for lon-
gitudinal follow-up, with oversampling for students who report drug use
(Schulenberg et al., 2020) and weighting algorithms to account for
oversampling. Those selected begin follow-up assessments either one
(modal age 19) or two (modal age 20) years later, and are followed
biennially thereafter; included in the present analysis is data through
modal age 29/30 (Miech et al., 2020; Schulenberg et al., 2020). Sub-
sequent follow-ups were not included in the present analysis as it would
restrict the number of cohorts followed. An Institutional Review Board
of University of Michigan approved the study.

Respondents were grouped by cohort. Cohorts were defined based on
the year that respondents were in the 12th grade. Observed cohort
values ranged from 1976 to 2006. Within and across cohort groups, we
also analyzed data by age. Age was defined over the study period as the
modal age(s) of respondents at: baseline (age 18), first follow-up (age
19/20), second follow-up (age 21/22), third follow-up (ages 23/24),
fourth follow-up (ages 25/26), fifth follow-up (ages 27/28), and sixth
follow-up (ages 29/30). Supplementary Table 1 shows sample sizes by
cohort and follow-up and Supplementary Table 2 provides descriptive
characteristics of the imputed sample.

There was attrition of respondents over the course of the study, and
attrition has increased across historical time. Most attrition occurs be-
tween baseline and the first follow-up, for which attrition ranged from
16.34% for those who were in 12th grade in 1979 to 51.33% in for those
who were in 12th grade in 2005. Among the cohorts who had the chance
to be followed up to age 29/30, attrition ranged from 45.23% in for
those who were in 12th grade in 1977 to 78.08% in for those who were
in 12th grade in 2006. Attrition was more likely among men, non-white
respondents, respondents with lower average GPA, and respondents
who reported binge drinking. Although there is differential attrition
across cohort within MTF; those who were lost-to-follow-up or left the
study did not meaningfully vary by cohort (in terms of race/ethnicity,
gender, H.S. GPA, binge drinking; i.e., all R? < 0.003). Thus, although
the amount of retention within MTF did vary by cohort, the socio-
demographic characteristics of those retained did not meaningfully
vary by cohort. Our previous work has demonstrated through quanti-
tative bias analysis that the magnitude of attrition does not have a
substantial impact on the validity of results for binge drinking in the
MTF cohorts (Keyes et al., 2020), and we mitigated the effects of attri-
tion by using attrition weights in our imputation models. Attrition
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weights were calculated as the inverse probability of participation at
each follow up based on the following covariates measured at age 18:
gender, race/ethnicity, college plans, truancy, high school grades,
number of parents in the home, religiosity, parental education, alcohol
use, cigarette use, marijuana use, other illicit drug use, region, cohort,
and sampling weight correcting for over-sampling of age 18 substance
users.

Measures. A Directed Acyclic Graph of the hypothesized mediational
model as well as observed and unobserved covariates is shown in Sup-
plementary Fig. 1. The MTF questionnaire includes five or six survey
forms (depending on cohort) that are randomized at 12th grade; each
form includes a common core set of questions. Not all items were on the
same randomized survey forms by design (i.e., planned missingness)
(Little & Rhemtulla, 2013).

Binge drinking. Binge drinking was defined at each wave based on the
question, “How many times have you had five or more drinks in a row
over the past two weeks?” Due to heavily skewed distributions, re-
sponses at each wave were dichotomized as any occasion versus none.
Binge drinking is a core question asked of all respondents. Note that
binge drinking for women is often defined as 4+ drinks (National In-
stitutes of Health, 2020), thus this measure may have less sensitivity for
detecting binge drinking among women. However, because any poten-
tial differential sensitivity by gender introduced by this measure would
be systematic or consistent across age and cohort, our measure of binge
drinking should not obscure estimates of age and cohort trends.

Gender, religion and family attitudes and beliefs. We evaluated 28 items
that captured gender, religion and family attitudes and beliefs. The full
question for each item is provided in Supplementary Table 3, as well as
which of the six subforms in the MTF questionnaire these items were
found within. Briefly, items captured attitudes such as “Mothers should
spend more time with their children”, “People will have fuller lives if
they choose legal marriage” and “How much are women discriminated
against in getting equal pay?” Items were coded so that they were in the
same direction as trends over time in binge drinking, which involved
reverse coding some items so that higher score was indicative of lower
alcohol consumption. All items were evaluated to determine whether
they met basic criteria for mediation, i.e. that they were associated with
binge drinking, and that cohort time trends in each were associated the
cohort time trends in binge drinking. Thus, only those items in Sup-
plementary Table 3 that met both criteria were included in the final
analysis.

Social roles. At each wave we dichotomized indicators of respondent
residential independence, marital status, full-time college status, full-
time employment status (e.g., working 35 or more hours per week),
and parenthood. All indicators were self-report, and all indicators were
available at each wave, with the exception of full-time college status and
full-time employment, because all participants at that age were surveyed
in high school. A more detailed summary of the social role measures can
be found in Jager et al. (2015). All social role items were core questions.

Other covariates. All demographic items were core questions and
respondent reported. These included gender, race/ethnicity (Black,
White, Hispanic, Asian, Other), maximum parental education (some
high school, finished high school/some college, finished college or
greater), and average grades in high school (B- or lower, B or greater).

2.1. Statistical methods and analysis

Planned missing imputation. Gender, religion and family attitudes and
beliefs were not all included on the same survey form due to the planned
missing design. We began by including respondents who were assigned
to one of the three forms that included at least one gender, religion and
family attitude and belief variable. We then imputed data for what the
respondent’s likely response would be to indicators on forms for which
they were not assigned. For example, only some respondents were asked
“How much are women discriminated against in getting equal pay?”. For
respondents who were not asked this question, but were asked other
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questions about gender, religion and family attitudes and beliefs, re-
sponses to this indicator were multiply imputed, with imputed datasets
combined using Rubin’s rules for analysis. Multiple Imputation by
Chained Equations (MICE) was used to impute missing data and 10
imputed values were pooled for each respondent. Our imputation
models included items from previous waves to predict values at the
current wave. Variables used to impute results included cohort, survey
form, sex, GPA, parental education, race, all attitude variables that were
candidates for mediators (Supplementary Table 3), social roles, and
items about alcohol, marijuana, and cigarette use. The proportion of the
sample that had imputed data on gender, religion and family attitudes
and beliefs ranged from 6.16% for the question about religious atten-
dance at baseline to 87.39% for the question asking about gender
discrimination in pay at follow up 6. There is a substantial evidence base
underlying the validity and utility of this type of imputation approach
(Little & Rhemtulla, 2013; Noble & Nakagawa, 2018; Rhemtulla & Lit-
tle, 2012; Wood, Matthews, Pellowski, & Harel, 2019), especially in a
planned missing design where data are assumed to be missing
completely at random (which is the case here). For example, Madley--
Dowd, Hughes, Tilling, and Heron (2019) demonstrated through simu-
lation that minimal bias is introduced even in situations with upwards of
80-90% missing data when auxiliary information such as that which is
available in a planned missing design is used for imputation (Madley--
Dowd et al., 2019). In almost all cases, bias and Type II error in using
only those with available observed data is greater than when imputing
data, even in situations with large amounts of missing. Moreover, the
imputation approach allowed us to assess quantitative mediation by
gendered attitudes and beliefs maximizing the available sample, even
when items were on different survey forms.

2.2. Descriptive analysis

All descriptive analyses were stratified by respondent-reported
gender. Two primary descriptive analyses were conducted prior to
building the mediation models.

First, we examined the association between birth cohort and binge
drinking. Using a regression model with binge drinking as the outcome,
we assessed an unadjusted regression model with birth cohort as the
predictor variable. Models were stratified by age, allowing us to assess
the historical trend in binge drinking for each age.

Second, we used a similar approach to examine the historical trend in
each gender, religion and family attitudes and beliefs item (see Sup-
plemental Table 3). We modeled the time trend in each variable by birth
cohort, stratified by age. We also estimated an overall change score, that
is, the difference in the prevalence from the first time point to the last
time point of included data collection (which varied by cohort). The
purpose of this change score was to provide a straightforward indicator
of whether the trend in the gendered attitudes and beliefs across cohort
was generally similar to the trend in binge drinking across the same
cohorts. Only those variables that were associated with mediators
(positive or negative) were considered for possible mediation, since only
gender, religion and family attitudes and beliefs that varied in a his-
torically similar way (either in the same direction or inverse direction)
as the cohort effect in binge drinking could plausibly explain the cohort
effect in drinking.

2.3. Mediation models

Once we identified the social roles, and the gender, religion and
family attitudes and beliefs variables that would be potential mediators,
we proceeded with the mediation analysis. Our primary interest was in
estimating the extent to which observed cohort effects on binge drinking
(i.e., total cohort effects when collapsed or averaged across age) were
mediated by the attitudes and beliefs, and whether this mediation
explained gender differences in alcohol use. We began by estimating the
total association between birth cohort and binge drinking, controlling
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for age, which yielded the total cohort effect collapsed across age (i.e.,
the total cohort effect independent of age). We then entered de-
mographics and social roles into the model, given that previous analyses
from the MTF data have indicated that historical trends in social roles
explain approximately 20% of gender differences in historical trends in
binge drinking (Jager et al., 2015; Patrick et al., 2019). We then entered
gendered attitudes and beliefs that were a) associated with binge
drinking (at p < 0.05); and b) historically varying similarly as binge
drinking (based on direction of the association).

To implement the mediation analysis, we first tested for additive
statistical interaction between cohort and each mediator, to determine
the method needed to estimate a valid indirect effect (VanderWeele,
2015). Next, we specified a logistic mediator model to estimate the
conditional distribution of the mediator given the exposure, and a lo-
gistic outcome model to estimate the conditional distribution of the
outcome given the exposure, mediator, and observed confounders. Each
model’s estimated parameters were used to decompose the direct and
mediated (indirect) parameter estimates in the total mediation model
and calculate the proportion of the total cohort effect explained by each
mediator (Imai, Keele, & Tingley, 2010). This approach estimates
standard errors using quasi-Bayesian Monte Carlo methods based on
normal approximation, to construct 95% confidence intervals around
both the direct and indirect parameter estimates and the proportion of
the total effect that was mediated (Imai, Keele, & Tingley, 2010) for both
linear and binary outcomes (Imai, Keele, & Tingley, 2010; Imai, Keele, &
Tingley, 2010). The methods appendix provides more detail on the
mediation analysis.

We then estimated the proportions of the total cohort effect
explained by each mediator as well as the remaining total effect — or
“direct” effect — left unexplained by the mediators. The proportion
explained could be positive or negative. This arises when the indirect
effect is positive and thus has the opposite sign of the negative total
effect (e.g., positive indirect effect/negative total effect = negative
percent mediated). The interpretation of mediators with negative pro-
portions (and thus positive indirect effects) varies at older and younger
ages: at younger ages (when the effect of cohort is negative) negative
proportions indicate that cohort effects on binge drinking would have
been more pronounced (declines across cohort would have been even
greater) in the absence of historical variation in these mediators; how-
ever, at older ages (when the effect of cohort is positive) negative pro-
portions indicate that cohort effects on binge drinking would have been
less pronounced (increases across cohort would have been less) in the
absence of historical variation in these mediators. Mediators with pos-
itive proportions explained arises when the indirect effect is negative
and thus has the same sign of the negative total effect (e.g., negative
indirect effect/negative total effect = negative percent mediated).
Again, the interpretation of mediators with positive proportions (and
thus negative indirect effects) varies at older and younger ages: at
younger ages (when the effect of cohort is negative) positive proportions
indicate that cohort effects on binge drinking would have been less
pronounced (declines across cohort would have been less) in the absence
of historical variation in these mediators; however, at older ages (when
the effect of cohort is positive) positive proportions indicate that cohort
effects on binge drinking would have been more pronounced (increases
across cohort would have been even greater) in the absence of historical
variation in these mediators. To summarize, for mediators with negative
proportions explained, their historical variation suppressed historical
variation in binge drinking at ages characterized by historical declines in
binge drinking but contributed to historical variation in binge drinking
at ages characterized by historical increases in binge drinking, whereas
the opposite was true for mediators with positive proportions explained.

All statistical analyses were conducted in R (version 3.5.1). Media-
tion models were implemented using the “mediation” package (Tingley,
Yamamoto, Hirose, Keele, & Imai, 2014) using a maximum likelihood
estimator robust to non-normality (Jager, Schulenberg, O'Malley, &
Bachman, 2013).
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3. Results
3.1. Cohort and age trends in binge drinking

Fig. 1 shows the predicted cohort effect in binge drinking for each
cohort. Each solid line represents the cohort effect (the year in which the
student was in the 12th grade increases as the line moves to the right) at
a particular age. Solid lines are for the predicted values, dotted lines are
predicted values after controlling for mediators; results for mediated
models discussed below. Each line represents the historical trend (i.e.
cohort effect) in binge drinking at a specific age range. Estimated pro-
portions are from a regression model adjusted for demographics, age,
linear, quadratic, and cubic terms for cohort, and the interaction be-
tween cohort and age. In terms of the cohort effect, from base year 1976
through 2016, binge drinking declined as each cohort was aged 19/20;
in the predicted models, prevalence decreased from 60.0% among men
who were in the 12th grade in 1976 to 34.55% among men who were in
the 12th grade in 2016 and from 38.47% among women who were in the
12th grade in 1976 to 24.95% among women who were in the 12th
grade in 2016. For men, the cohort effects in binge drinking declined
across historical time at other ages as well, although the magnitude of
the decline also slowed across developmental age. In terms of the age
effect, by the sixth follow up (age 29/30), the predicted prevalence of
binge drinking is low, and the negative trend in slope across historical
time is negligible. The age effect was also apparent for women, as there
is an increasing predicted prevalence of binge drinking across historical
time for all age groups after follow up 1 (age 19/20). The age group with
the highest magnitude of increase is women who are 25/26, observed in
these data from 1983 to 2016.

3.2. Selection of mediator variables

Eight variables met criteria to possibly mediate cohort effects in
binge drinking: frequency of religious service attendance, importance of
religion, and the following attitudes: “Most mothers should spend more
time with their children than they do now”, “Most people will have fuller
and happier lives if they choose legal marriage rather than staying single
...”, “Most fathers should spend more time with their children than they
do now”, “Having a close intimate relationship with only one partner is
too restrictive ...”, “It is usually a good idea for a couple to live together
before getting married ...”, and “To what extent are women discrimi-
nated against in getting equal pay for equal work”. Historical time trends
in these variables are available in Supplementary Figs. 2-8. As is clear
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from the figures, there is both marked historical variation in all in-
dicators, as well as substantial variation across indicators. Supplemen-
tary Table 4 provides the mean values of each potential mediator at the
first and last observation period, along with standard deviation, to
provide information on the magnitude of the changes over time. Mag-
nitudes varied across indicators, with the largest magnitude of change
for “fathers should spend more time with their children”, which
decreased 37% of a standard deviation among 12th grade male re-
spondents, and religious attendance, which decreased 50% of a standard
deviation among 29/30 year old female respondents. Religious affilia-
tion and involvement declined across age and cohort. However, not all
attitudes follow similar patterns. For example, Supplementary Fig. 7
indicates that across time, for all ages and birth cohorts, more re-
spondents agreed that it is a good idea for a couple to live together
before marriage. However, per Supplementary Fig. 4, young adults at 18
increasingly believed that people live fuller and happier lives if they
choose legal marriage rather than staying single or living with someone.
Generally respondents were less likely to believe that women are
discriminated against in getting equal pay over time.

An example of one variable that met criteria for mediation is shown
in Fig. 2, which asks respondents how much they agree with the state-
ment “Having a close intimate relationship with only one partner is too
restrictive for the average person.” Responses were reverse coded, so
higher scores were associated with lower levels of alcohol consumption.
Across historical time, respondents at younger ages were more likely to
disagree that one partner is too restrictive, whereas at older ages, re-
spondents were less likely to disagree that one partner is too restrictive.
This is in line with trends in binge drinking, with younger ages engaging
in less binge drinking over time, and older ages engaging in more binge
drinking over time.

3.3. Results of mediation models

Mediation analyses are shown in Table 1 among women, and Table 2
among men. As indicated in Table 1, for men the unadjusted total effect
of cohort on binge drinking was —0.011 (95% Confidence Interval [C.I.]
—0.011, —0.010) and the adjusted total effect was —0.010 (95% C.I.
—0.011, —0.010). As indicated in Table 2, for women the unadjusted
total effect of cohort on binge drinking was —0.009 (95% C.I. —0.010,
—0.008) and the adjusted total effect of cohort was —0.010 (95% C.1I.
—0.011, —0.009). Although the direction of cohort effects differed by
age (i.e., cohort effects were negative at younger ages when binge
drinking declined across cohort but positive at older ages when binge

Model
+ Mediators

— No mediators

Follow up (age)
1 (19/20)
2 (21/22)
3 (23/24)
4 (25/26)
5 (27/28)
- 6 (29/30)

N > D \Z
W@ WQQ ,LQQ &
Cohort, defined by year respondent was 18
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Fig. 1. Predicted cohort effect (solid line) in binge drinking; predicted cohort effect in binge drinking after all mediators are in model (dotted line; both models

adjusted for demographics) stratified by gender.
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Men

Follow up (age):
change score

0(18): 0.241

% — — 1(19/20) 0.215

— — 2(21/22) 0.108
/“""_——-— — 3(23/24) 0.042

08- — 4 (25/26) -0.065
5 (27/28) -0.09

- 6(29/30) -0.14

Mean score
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Fig. 2. Trends in attitudes towards monogamy over time and across age be stratified by gender: Response options were 1 = “Disagree” 2 = “Mostly Disagree” 3 =
“Neither” 4 = “Mostly Agree” 5 = “Agree”. Responses were centered and standardized to calculate score, and regression lines fit through mean scores. Change score is

mean score at most recent year minus mean score in earliest year, by wave.

drinking increased across cohort; Fig. 1), the fact that the total effects of
cohort are all negative (regardless of gender or whether adjusted or
unadjusted) indicates that cohort effects when combined across age are
negative. Thus, when collapsing across the 18 to 30 age band examined
here, binge drinking declined across cohort regardless of gender and
adjustments for demographics and all other mediators. Furthermore, it
should be noted that while the unadjusted and adjusted total effects
were small for the effect of a single year change on binge drinking, they
are relatively large effects when considered across a longer band of
historical time.

Provided in Tables 1 and 2 are the proportions of the total cohort
effect explained by each mediator as well as the remaining total effect —
or “direct” effect — left unexplained by the mediators. Indirect effect sizes
are provided in Supplementary Tables 5 and 6 Among men (Table 1), the
proportions of the total effect of cohort explained by social roles were
generally negative (with the exception of full-time employment status).
For some mediators the proportion explained was negative—religious
attendance, agreeing that it’s good for a couple to live together before
marriage (reverse coded), living with parents, marital status, and full-
time college. This indicates that for ages characterized by historical
declines in binge drinking, historical declines would have been more
pronounced if it were not for historical variation in social roles, while for
ages characterized by historical increases in binge drinking, historical
increases would have been less pronounced if it were not for historical
variation in social roles. Social roles varied in the proportion of the total
effect of cohort that they explained, with marital status mediating the
largest portion of the cohort effect, with —7.2% (95% C.1. —9.44, —5.34)
in the fully adjusted model. In contrast to social roles, for gendered at-
titudes and social norms the proportions of the total effect explained
were generally positive (with the exception of couple’s should live
together before marriage, which was reverse-coded). This indicates that
for ages characterized by historical declines in binge drinking, historical
declines would have been less pronounced if it were not for historical
variation in gender attitudes and social norms, while for ages charac-
terized by historical increases in binge drinking, historical increases
would have been more pronounced if it were not for historical variation
in gender attitudes and social norms. The gender attitudes and social
norms also varied in the proportion of total effect explained. The largest
mediation effect was found for agreeing with the statement ‘one partner
is too restrictive’ (reverse coded), mediating 3.35% of the effect (95% C.
I. 2.42, 4.31). Among men, neither religious service attendance nor
religion importance explained an appreciable portion of the cohort

effect. There was also a substantial mediation effect in the opposite di-
rection for ‘couples should live together before they are married’
(reverse coded), mediating 1.6% of the cohort effect (95% C.I. —2.37,
—0.8).

Among women (Table 2), the same countervailing pattern held for
social roles (proportions of total effects explained were generally
negative) and gendered roles and attitudes (proportions of total effects
explained were generally positive). However, among women there were
larger mediating effects for social roles, with marital status (—12.84,
95% C.I. —16.76, —9.49), full-time college (—1.71% 95% C.I. —2.16,
—1.33), and full-time employment (1.14%, 95% C.I. 0.6, 1.68) each
mediating a substantial portion of the cohort effect on binge drinking.
Among women religious service attendance also explained a negative
proportion of total effects, with declines in religious service attendance
mediating 2% of cohort effects in binge drinking (95% C.I. —3.03,
—1.09). Similarly to men, gender attitudes and social roles did not
provide substantial additional mediation, and also similarly to men, the
largest mediating effects were found for ‘one partner is too restrictive’
(reverse coded) (4.75%, 95% C.I. 3.75, 5.77), and ‘couples should live
together before they are married’, mediating 2.1%% of the cohort effect
(95% C.I. —2.92, —1.22).

To summarize, although more pronounced for women, for different
genders historical variation in social roles is linked to an upward shift in
the effect of cohort on binge drinking regardless of age: it is linked to less
of a decline in binge drinking across cohort at younger ages and more of
an increase in binge drinking across cohort at older ages. The same
pattern held for historical variation in religious service attendance, but
only for women. However, for different genders the opposite pattern
generally held for historical variation in gendered roles and attitudes: it
is linked to more of a decline in binge drinking across cohort at younger
ages and less of an increase in binge drinking across cohort at older ages.
As a result of these countervailing patterns, the collective effects of the
mediators was modest for women and inconsequential for men. Indeed,
returning to Fig. 1, the dashed line indicates predicted binge drinking
after controlling for the mediators including social roles and gendered
attitudes and belief, and thus can be interpreted as the direct effect of
cohort that is not mediated by social roles or gendered attitudes and
beliefs. The results indicate that there remained a substantial portion of
the effect that was not explained by variables we examined. The asso-
ciation between cohort and binge drinking was reduced on average by
0.6% among men and 4.7% among women in magnitude after control-
ling for all mediators, including attitudes, religiosity, and social roles.
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Table 1

Estimated proportions of cohort effect mediated and average direct cohort ef-
fects and from causal mediation analysis (Men), base years 1976-2016, N =

Table 2
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Estimated proportions of cohort effect mediated and average direct cohort ef-
fects and from causal mediation analysis (Women), base years 1976-2016, N =

21,297. 22,090.
Unadjusted model Model adjusted for Unadjusted model Model adjusted for
Total cohort effect: 0.010 demographics and all other Total cohort effect: 0.009 demographics and all other
(-0.011, —0.010) mediators (—0.009, —0.008) mediators
Total cohort effect: 0.010 Total cohort effect: 0.010
(-0.011, —0.010) (—0.010, —0.009)
Mediator Proportion Direct Proportion Direct Mediator Proportion Direct Proportion Direct
of the total cohort of the total cohort of the total cohort of the total cohort
effect effect that effect effect that effect effect that effect effect that
mediated is not mediated is not mediated is not mediated is not
(%) through (%) through (%) through (%) through
the the the the
mediator mediator mediator mediator

Social roles Social roles

Residential -0.32 —0.010 —0.48 —0.010 Residential —0.08 —0.008 —-0.05 —0.010
independence (-0.97, 0.33) (-0.011, (—1.43, 0.53) (-0.011, independence (—0.89, 0.75) (—0.009, (-1.32,1) (-0.011,

—0.010) —0.010) —0.007) —0.009)

Marital status —4.57 —0.011 -7.19 —0.011 Marital status —8.82 —0.010 —12.84 —-0.010

(-5.19, (—0.011, (—9.44, (-0.011, (—14.08, (-0.010, (-16.76, (-0.011,
—-3.15) —0.011) —5.34) —0.010) —7.05) —0.009) —9.49) —0.009)
Parenthood 0.28 (—0.73, —0.011 0.13 (-0.41, —0.010 Parenthood —1.52 —0.009 -0.89 —0.010
1.36) (-0.011, 0.6) (-0.011, (—4.14,0.72)  (-0.010, (-1.92,0.36) (-0.011,
—0.010) —0.010) —0.008) —0.009)

Full-time college ~ —0.54 —-0.010 —0.55 —0.010 Full-time college  —2.66 —0.009 -1.71 —-0.010

status (-0.78, (-0.011, (-0.85, (-0.011, status (-3.33, (—0.009, (-2.16, (-0.011,
—0.32) —0.010) —0.31) —0.010) —2.05) —0.008) —1.33) —0.009)

Full-time 0.3 (0.14, —-0.010 0.69 (0.37, —0.010 Full-time 1.76 (0.98, —0.008 1.14 (0.6, —-0.010
employment 0.5) (-0.011, 1.07) (-0.011, employment 2.6) (—0.009, 1.68) (-0.011,
status —0.010) —0.010) status —0.007) —0.009)

Religious Religious
involvement involvement

Religious —2.46 —0.011 —0.55 —0.010 Religious —6.93 —0.009 —2.04 —0.010
service (—4.73, (-0.011, (-1.54,0.48) (-0.011, service (-10.23, (-0.010, (-3.03, (-0.011,
attendance —0.35) —0.010) —0.010) attendance —3.94) —0.009) —1.09) —0.009)

Religious 0.46 (—1.62, —0.011 0.36 (—0.54, —0.010 Religious -1.59 —0.009 —-0.85 —0.010
importance 2.43) (-0.011, 1.29) (-0.011, importance (—-4.73,1.37) (-0.010, (—2.14, 0.44) (-0.011,

—0.010) —0.010) —0.008) —0.009)

Gender roles and Gender roles and
attitudes attitudes

People have 0.73 (-0.8, —-0.011 0.08 (—0.73, —0.010 People have -0.78 —0.009 —0.5 (—1.43, —-0.010
fuller lives if 2.09) (-0.011, 0.85) (-0.011, fuller lives if (-2.91,1.18) (-0.010, 0.36) (-0.011,
they choose —0.010) -0.010) they choose —0.008) —-0.009)
legal marriage legal marriage

Fathers should 0.09 (-1.16, —0.011 0.58 (-0.07, —0.010 Fathers should 0.48 (—1.04, —0.009 0.57 (0,1.17)  —0.010
spend more 1.25) (-0.011, 1.24) (-0.011, spend more 1.76) (-0.010, (-0.011,
time with —0.010) —0.010) time with —0.008) —0.009)
their children their children

Mothers should 3.18 (2.2, —0.010 0.5 (0.3, —0.010 Mothers should 4.49 (3.29, —0.008 0.63 (0.41, —0.010
spend more 4.07) (-0.011, 0.72) (-0.011, spend more 5.81) (—0.009, 0.9) (-0.011,
time with —0.010) —0.010) time with —0.008) —0.009)
their children their children

One partner is 4.56 (3.39, —0.010 3.35(2.42, -0.010 One partner is 8 (6.26, 9.78) —0.008 4.75 (3.75, -0.010
too restrictive 5.74) (-0.011, 4.31) (-0.011, too restrictive (—0.009, 5.77) (-0.011,
(reverse —0.010) —0.010) (reverse —0.007) —0.009)
coded) coded)

Couples should —2.5(-3.87, —0.011 -1.56 —0.010 Couples should —5.09 —0.009 -2.13 —-0.010
live together -1.11) (-0.011, (-2.37, (-0.011, live together (-7.23, (-0.010, (-2.92, (-0.011,
before —0.010) -0.8) —0.010) before —3.34) —0.008) -1.22) —0.009)
marriage marriage
(reverse (reverse
coded) coded)

How much are 0.15 (0.2, —0.011 0.31 (-0.05, —0.010 How much are 0.5 (0.31, —0.009 0.79 (0.5, —0.010
women 0.48) (-0.011, 0.74) (-0.011, women 0.73) (—0.009, 1.1) (-0.011,
discriminated —0.010) —0.010) discriminated —0.008) —0.009)
against in against in

getting equal
pay

getting equal
pay

Note: the direct cohort effect is the cohort effect that is not explained by the
mediator. For all models, the direct cohort effect was consistently —0.010 (95%

CI: 0.011, 0.010).

Note: the direct cohort effect is the cohort effect that is not explained by the
mediator. For all models, the direct cohort effect was consistently —0.010 (95%

CI: 0.011, 0.009).
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Among men, social roles and gendered attitudes and beliefs collectively
explained almost none of the observed cohort effects. However, it should
be noted that the overall cohort trends are quite substantial, given that
the estimates are the associations for a one year increase in cohort.

4. Discussion

The present study documents the role of changing social, family and
religious views on binge drinking across 20th and 21st century cohorts
of young adults using multi-cohort longitudinal panel data from Moni-
toring the Future. The background for this investigation is that alcohol
consumption and binge drinking are dynamically changing in preva-
lence across both historical and developmental time by cohort, as are
gender differences (Keyes et al., 2019). In particular, while binge
drinking is rapidly declining among adolescents, it is rapidly increasing
in those same cohorts at accelerated rates across young adulthood, more
so for women than for men, suggesting that women are increasingly an
at-risk group for heavy alcohol use. Within this background, we docu-
ment three central findings of the present analyses. First, adolescents’
and adults’ views on gender and social roles, and the importance of
religiosity, have changed substantially across both historical and
developmental time, and many of these views are associated with cohort
effects on binge drinking. Religious affiliation and attendance are
rapidly decreasing across both age and cohort, but attitudes and views
on gender and family, which are typically more restrictive among those
who participate actively in religious practices, are not changing at
uniformly similar rates. Views on motherhood, monogamy, and
women’s roles in society are shifting, and indicate greater endorsement
that women should spend more time with their children (whereas there
is less endorsement that men should spend more time with children),
and fewer respondents in recent years believe that women are discrim-
inated against in getting equal pay. Thus, the assumption that one reason
women are increasing alcohol consumption more than men is due to a
loosening of attitudes towards gender and greater women'’s liberation is
not uniformly supported in the data.

Second, gender, social role, and religious views are situated within
changing statuses and roles for women in the US, including increased
college attendance, and delayed and/or foregone transitions into union
formation and child rearing. These statuses and roles are also histori-
cally linked to binge drinking (Jager et al., 2015). Third, we documented
that changes in social roles, as well as some gender, social role, and
religious views, partially mediate cohort effects on binge drinking.
Views on parenthood and female discrimination explain small portions
of cohort effects. Taken together, these results indicate that explanations
for the dynamic changes in alcohol consumption by gender and devel-
opmental age across historical time include not only changing social
roles but how those roles potentially influence historically socially
constricting views.

Religious involvement, both service attendance and salience, was
among the factors that was the strongest mediator of cohort effects on
binge drinking for women. Our results, which align with other surveys,
indicate that the salience of religion is declining across men and women
in the US (Twenge et al., 2015). Given that religious involvement is
historically strongly associated with higher rates of alcohol abstinence
and lower binge drinking (Castaldelli-Maia & Bhugra, 2014; Koenig,
2009), it is consistent with the existing literature that declines in the
salience of religion to many people in the US would mediate the accel-
eration of binge drinking in the US. Furthermore, within the social
norms of many religious groups in the US, there are additional sanctions
on women'’s roles, sexuality, and occupational attainment (Cassese &
Holman, 2016). The declining religiosity in the US may thus impact
women to a greater extent than men in terms of loosening social re-
strictions overall, underlying a greater increase in alcohol use. The
impact of additional views on gender and gendered social roles may also
be a reflection of changing religious salience; for example, changing
views on monogamy and parental involvement with children were
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among the strongest mediators of the cohort effect on binge drinking.
Sexual sanctions and gendered roles within families are strongly
patterned by religion (Cochran, Chamlin, Beeghley, & Fenwick, 2004;
Lefkowitz, Gillen, Shearer, & Boone, 2004; McFarland, Uecker, &
Regnerus, 2011), suggesting that, overall, recent historical changes to-
wards a more secular society may impact view of women, family, and
have downstream effects on norms around health behaviors such as
alcohol use.

There has been substantial speculation that increases in alcohol use
among women may be driven by changing attitudes in other domains,
for which we found less support. Factors such as historical trends in
attitudes toward discrimination against women in the workplace,
women spending time with children and family do not in any mean-
ingful proportion explain trends in binge drinking in recent cohorts.
Other literature documents that increased alcohol use among women in
mid-life is primarily concentrated among those with high prestige and
high wage occupations (McKetta, Prins, Bates, Platt, & Keyes, 2021),
those with the highest levels of education (McKetta & Keyes, 2020), and
those without children (McKetta & Keyes, 2019). Our results suggest
that the underlying reasons for increases in drinking among these
women may be primarily driven by factors such as increased income and
resources, rather than changes in attitudes. Additionally, these results
highlight that alcohol policies to reduce potential population health
consequences of increased alcohol use may be optimally focused uni-
versally on price and access (Chaloupka, Grossman, & Saffer, 2002;
Wagenaar, Tobler, & Komro, 2010), rather than high-risk approaches
such as reducing alcohol use among certain groups (e.g. women) or
diffuse approaches such as changing attitudes.

Further, the present analytical results should be considered alongside
other results from Monitoring the Future and other data sources which
document the substantial historical and developmental shifts in role and
status among men and women in the US (Jager et al., 2015; Patrick,
Schulenberg, & O’Malley, 2016), and the impact of those role and status
changes on alcohol and other substance use (Jager et al., 2013, 2015;
Patrick et al., 2019). College attendance is increasing, especially for
women, and traditional roles such as living independently of parents,
getting married, and having children, are being delayed or foregone
altogether (Bianchi, Robinson, & Milke, 2006; Goldin, Katz, &
Kuziemko, 2006; Goldin & Katz, 2002; Rosenzweig & Schultz, 1985;
Rosenzweig & Seiver, 1982). These factors mediate approximately 20%
of gender differences historical changes in alcohol use, and a substantial
proportion of other drug use as well (Jager et al., 2013, 2015). It is these
role and status changes, perhaps, rather than the downstream effects on
social and gender attitudes, that have the greatest influence on alcohol
use among US emerging adults.

The present study focused on the gender, religion and family atti-
tudes and beliefs reported by men and women, but an important future
direction of our work is to examine how non-binary and gender-
nonconforming identities, as well as men and women who experience
gender transitions, influence attitudes and beliefs and subsequent
alcohol use. While understudied, available evidence indicates that non-
binary and gender-nonconforming adolescents and adults are at higher
risk than cisgender young adults for heavy alcohol use (Gilbert, Pass,
Keuroghlian, Greenfield, & Reisner, 2018), although the literature base
suffers from methodological limitations. Further, gender and social
identities interact with and are dynamic across many other identities,
including race, ethnicity, sexual orientation and class that affect social
roles, attitudes and beliefs about family, and social sanctions towards
alcohol use. The present study is an average across these groups, but
interrogating how the intersection of multiple identities shape world-
views and subsequently alcohol use is critical as a next step. Addition-
ally, establishing the timing of population changes in social attitudes
and events and the functional form of population changes (e.g., do social
changes predict population variation in binge drinking at time lags, and
if so which lag is most predictive; do social changes produce changes in
binge drinking at a tipping point, or is a continuous relationship) in
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alcohol use is important future research to inform public health.

Limitations should be considered. First, while the MTF study has a
range of variables capturing social and gender attitudes across a long
historical period, these variables have not been psychometrically tested,
their meanings may change across historical time and age and become
more or less relevant, and the construct capture is not comprehensive.
However, the MTF is the only US national study to our knowledge that
includes any attitudinal measures with the combined historical time
scale back to the 1970s as well as developmental longitudinal timescale
spanning adolescence to adulthood. Additionally, binge drinking
commonly defined in recent years as 4+ drinks in a drinking session for
women (National Institutes of Health, 2020). Although the MTF mea-
sure of binge drinking has the advantage of being invariant across time,
it may undercount binge drinking among women. In total, while addi-
tional measures would be valuable, the study and the present variables
are uniquely informative. Second, all measures are based on self-report,
including alcohol use; alcohol use is likely under-reported substantially,
and there may be trends over time in the quality of reporting that cannot
be captured in self-reported data. Third, there is substantial attrition and
losses to follow-up in the MTF study across time. However, we have
conducted extensive quantitative bias analysis in binge drinking mea-
sures which document that it is not the amount of attrition that has an
impact on bias, but the relationship between exposure variables and
binge drinking outcomes among those lost to follow-up (Keyes et al.,
2020). Our previous results demonstrate that conclusions regarding
associations with binge drinking are largely robust to various assump-
tions about the distributions of binge drinking in those lost to follow-up,
limiting concerns about implications for bias. Third, the sample excludes
adolescents who dropped out of high school or were absent on the day of
the initial 12th grade survey; thus, the results can only be generalized to
high school attending adolescents. Finally, our analytic plan averaged
the magnitude of the mediating effects across age; mediating effects may
themselves be moderated by age, and therefore these analyses are
foundational and can be probed for further interaction effects in future
work.

In summary, the dynamics of alcohol use and binge drinking vary
according to gender, and within gender, by social roles and attitudes
about women, family, and society. The way in which these social roles
and attitudes have changed over time have implications for alcohol
consumption, and underlie increases among women, along with
declining levels of religiosity that traditionally sanction drinking. Other
attitudes that may be impacted by these overall societal shifts contribute
less to cohort effects on alcohol use, such as changing views of families
and the roles of women within them. However, the results of the present
study should not deter from broader public health messaging. The most
effective interventions to reduce the population health consequences of
excessive alcohol use are those that are universal in their impact and
coverage (Anderson, Chisholm, & Fuhr, 2009; Burton et al., 2017), such
as price increases through taxation and limiting hours and days of sale,
thus increasing interventions to reduce alcohol access should be
considered. As we consider regulation of alcohol as a commodity that
can cause substantial harm to population health, reconsidering the risk
groups who consume alcohol to increasingly include women is impor-
tant for public health resource allocation.
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