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INTRODUC TION

Binge drinking is the consumption of a large amount of alcohol over 
a short period, typically defined as 5 or more drinks in a row, and 

is implicated in more than half of alcohol-attributable deaths in the 
United States (Naimi et al., 2003), through both acute and chronic 
health conditions (Chikritzhs et al., 2001). Reducing the prevalence 
of binge drinking is a significant public health goal, and efforts to 
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Abstract
Background: Binge drinking among adolescents and young adults has changed over 
time, but patterns differ by age and gender. Identifying high-risk groups to target fu-
ture efforts at reducing drinking in this population remains a public health priority. 
Forecasting methods can provide a better understanding of variation and determi-
nants of future binge drinking prevalence.
Methods: We implemented regression-based forecasting models to estimate the 
prevalence and gender differences in binge drinking among cohort groups of U.S. 
young adults, ages 18, 23–24, and 29–30 through 2040. Forecasting models were 
adjusted for covariates accounting for changes in demographic, Big-5 social roles (e.g., 
residential independence), and drinking norms and related substance use, to under-
stand the drivers of forecasted binge drinking estimates.
Results: From the last observed cohort group (years varied by age) through 2040, 
unadjusted binge drinking prevalence was forecasted to decrease from 26% (95% CI: 
20, 33%) (2011–15) to 11% (95% CI: 4, 27%) at age 18, decrease from 38% (95% CI: 
30, 45%) (2006–2010) to 34% (95% CI: 18, 55%) at ages 23/24, and increase from 
32% (95% CI: 25, 40%) (2001–2005) to 35% (95% CI: 16, 59%) at ages 29/30. Gender-
stratified forecasts show a continuation in the narrowing of binge drinking prevalence 
between young men and women, though the magnitude of narrowing differs by age. 
Estimated trends were partially explained by changing norms regarding drinking and 
other substance use, though these indirect effects explained less of the total trend as 
age increased.
Conclusions: Understanding how covariates influence binge drinking trends can guide 
public health policies to leverage the most important determinants of future binge 
drinking to reduce the harm caused by binge drinking from adolescence to adulthood.
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do so must be guided by an understanding of the population-level 
variation and determinants of binge drinking over time.

There is evidence of substantial variation in binge drinking preva-
lence over time, though patterns differ by age. Among high school se-
niors, binge drinking has decreased across cohorts from 1976–2019 
(Miech et al., 2020; Schulenberg et al., 2020). Among young adults, 
binge drinking trends have been uneven across cohorts. Decreasing 
trends have been consistent among 19- to 20-year-olds especially 
since 2005, while among those aged 21–30, binge drinking increased 
through about 2006–2010 and then leveled off in more recent years 
(Schulenberg et al., 2020). Gender differences in alcohol use have 
also been diminishing. Adolescent girls are now as likely as boys to 
initiate alcohol consumption and binge drink (Cheng & Anthony, 
2017; Cheng et al., 2016; Miech et al., 2020), and increases in binge 
drinking prevalence have been greater in young adult women than 
men (Cheng & Anthony, 2017; Patrick et al., 2019; Slade et al., 2016; 
White et al., 2015). Research to identify causes of these changes is 
limited, but trends appear to be related to changing disapproval of 
alcohol (Keyes et al., 2012), as well as gender-specific changes in tra-
ditional gender roles (Seedat et al., 2009), attitudes toward drinking 
(Kuntsche et al., 2011), and the social contexts of drinking (Holmila 
& Raitasalo, 2005).

Together, trends suggest binge drinking should remain an im-
portant focus for future public health priorities. To galvanize sup-
port and optimize the resources needed to meet this priority, future 
levels of binge drinking can be estimated using forecasting models, 
which predict dynamic changes in health outcomes under prespec-
ified conditions (detailed summaries of forecasting methods can 
be found here (Soyiri & Reidpath, 2012)). Forecasting models have 
been used to understand the future burden of other health condi-
tions under current policies and conditions, such as infectious dis-
ease (Choi et al., 2016; Chretien et al., 2014), cancer (Bray & Møller, 
2006), injuries (Ladrón de Guevara et al., 2004; O’Connor, 2005), 
and obesity (Robinson et al., 2013); however, they are underutilized 
in substance use research. One recent study forecasted the prev-
alence of alcohol-related hospital admissions, but estimates were 
limited to 2021 (de Vocht et al., 2017).

Also, most forecasting applications focus solely on variation by 
observed age, period, and cohort patterns, without consideration 
of other known determinants of observed rates. Historical trends 
in binge drinking are influenced by numerous factors, including pa-
rental socio-economic factors in adolescence (Lemstra et al., 2008; 
Patrick et al., 2012), alcohol norms and friends’ alcohol use (Keyes 
et al., 2012), use of cigarettes and marijuana (Bobo & Husten, 2000; 
Midanik et al., 2007; Weitzman & Chen, 2005), and the fulfillment 
of young adult social roles in the transition to adulthood (Jager 
et al., 2015). These “Big 5” social roles (i.e., attending college, finding 
employment, residential independence, getting married, and hav-
ing children) reflect the historical context of labor force and social 
structures and the normative expectations faced during this period 
of life (Settersten Jr, 2007), in ways that are associated with binge 
drinking (Bachman et al., 1997). Finally, binge drinking prevalence 

may vary according to the demographic composition of the popula-
tion. Incorporating information from these covariates, including how 
they have changed over time, serves 2 key purposes. First, it informs 
more accurate forecasting models, overall and for key population 
groups, and second, it highlights important modifiable targets to re-
duce future binge drinking levels. A key purpose of forecasting is 
to guide effective public health policies and understanding how co-
variates influence binge drinking trends can be used to target those 
policies to effectively address the most important determinants of 
future binge drinking.

The current study developed forecasting models to estimate 
binge drinking prevalence and gender differences in cohorts of 
young adults from 2016 through 2040 and to understand the role of 
social and demographic determinants of binge drinking in forecasted 
estimates.

MATERIAL S AND METHODS

Sample

The Monitoring the Future (MTF) study includes nationally repre-
sentative samples of approximately 15,000 high school seniors (12th 
grade) surveyed annually since 1976 (Miech et al., 2020). From the 
annual survey, 2450 students are randomly selected for longitudi-
nal follow-up, with oversampling for students who report drug use 
(Schulenberg et al., 2020). Those selected begin follow-up assess-
ments either 1 (modal age 19) or 2 (modal age 20) years later and are 
followed biennially thereafter through modal age 29/30 (Schulenberg 
et al., 2020). An Institutional Review Board of University of Michigan 
approved the study.

Respondents were grouped by cohort and age, in order to esti-
mate prevalence across cohorts stratified by age. Cohorts were de-
fined based on the year that respondents were seniors in high school 
and grouped in 5-year intervals. Observed cohort groups ranged 
from 1976–1980 to 2011–2015; forecasted cohorts continued to 
2036–2040. Age was defined over the study period as the modal 
age(s) of respondents at baseline (age 18), third follow-up (ages 23–
24), and sixth follow-up (ages 29–30). Ages were selected to broadly 
represent the beginning, middle, and end of the transition to adult-
hood (Waters et al., 2019).

Because of the longitudinal study design, the most recent ob-
served cohort group (and the first forecasted group) differed by age. 
For ages 23–24, the first cohort group was surveyed in 1981 and the 
most recent observed cohort group was surveyed in 2006–2010, so 
forecasts begin with the 2011–2015 cohort group. At ages 29–30, 
the first cohort group was interviewed in 1986–1990 and the most 
recent observed cohort group was 2001–2005, and forecasts begin 
with the 2006–2010 cohort group (see Figure 1). The observed ana-
lytic sample sizes across all groups comprised 97,812 respondents at 
age 18, 85,559 respondents at age 23–24, and 73,298 respondents 
at age 29–30.
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Variables

Binge drinking was defined at each wave as any versus none, based 
on their response to the question, “How many times have you had 
five or more drinks in a row over the past two weeks?”

To better understand determinants of binge drinking trends, we 
compared observed binge drinking trends without vs. with adjust-
ment for 3 sets of covariates. Covariates were selected based on 
a priori associations with binge drinking and evidence of variation 
over time and included (1) baseline socio-demographics, including 
sex (male, female), high school GPA (9=A (93–100) 8=A- (90–92) 
7=B+ (87–89) 6=B (83–86) 5=B- (80–82) 4=C+ (77–79) 3=C (73–
76) 2=C- (70–72) 1=D (69 or below)), father's and mother's highest 
reported education (<HS degree, HS degree with/without some 
college, college degree or more), race/ethnicity (non-Hispanic Black, 
non-Hispanic White, Hispanic, Other (including multiple races)); (2) 
(binary) young adult Big-5  social roles (attend 2-/ 4-year college 
full-time, residential independence, have children, married, work 
full-time); and (3) drinking norms and substance use (disapprove of 
having 5 or more drinks on the weekend (1: Don't Disapprove–3: 
Strongly Disapprove), how many of your friends drink (1: None–5: 
All), perceived risk of 5 or more drinks on the weekend (1: No Risk–4: 
Great Risk), use of marijuana and tobacco (past-year marijuana use 
(yes/no), past-year cigarette use (yes/no)). Covariates were lagged by 
1 year to establish temporality.

Baseline socio-demographics were recorded at age 18. Among 
big-5 social roles, college attendance, residential independence, and 
working full-time were only included among the 23–24 and 29–30 age 
groups. For all other variables (i.e., have children, married, drinking 
attitudes, and marijuana/cigarette use), responses varied at each age.

Attrition and missing data

Three variables were missing more than 10% of possible responses 
at age 18: marijuana use (17%), perceived risk of binge drinking 

(41%), and binge drinking disapproval (52%) (see Table S1). There 
were 2 main sources of missing data, study attrition and planned 
missingness.

To account for attrition, all models included attrition weights, 
calculated as the inverse of the probability of participation at each 
age group (i.e., 23–24, 29–30), based on the following baseline char-
acteristics: gender, race/ethnicity, college plans, truancy, high school 
grades, number of parents in the home, religiosity, parental educa-
tion, alcohol use, cigarette use, marijuana use, other illicit drug use, 
region, cohort, and sampling weight (correcting for oversampling of 
age 18 substance users).

Planned missingness arose due to the MTF study design. To 
reduce the survey participation burden, certain survey questions 
are only administered to 1 of 6 randomly assigned subsamples (i.e., 
forms), in addition to a core set of questions. This planned missing-
ness study design feature resulted in some data that were missing 
completely at random. To maximize the study sample size, data were 
multiply imputed across forms. Where data are assumed to be miss-
ing completely at random, this approach has been shown to be a 
valid method to reduce type II error rates (Little & Rhemtulla, 2013; 
Noble & Nakagawa, 2018; Rhemtulla & Little, 2012; Wood et al., 
2019), even when up to 90% of data are missing (Madley-Dowd 
et al., 2019). Twenty models were imputed using chained equations, 
based on all observed exposure, covariate, and outcome data and 
combined with corrected standard errors (Rubin, 2004). Covariate 
distributions did not vary between unimputed and imputed datasets 
(see Table S1).

Analysis

We utilized a linear regression-based approach to build forecasting 
models in a series of 8 steps. All steps were completed separately for 
each age group, and ages 23–24 and 29–30 included age 18 values 
as additional covariates to utilize the longitudinal data. We describe 
each step as applied to 1 covariate (GPA) for clarity.

F I G U R E  1  Correspondence between age, cohort group, and year in observed and forecasted samples. Note: aForecasted population sizes 
are based on the approximate average sample size of observed cohort groups. Dotted red line delineates observed/forecasted values

Year
(1)

76-80
(2)

81-85
(3)

86-90
(4)

91-95
(5)

96-00
(6)

01-05
(7)

06-10
(8)

11-15
(9)

16-20
(10) 

21-25
(11) 

26-30
(12) 

31-35
(13) 

36-40
Age Cohort group (base year)
18 1 2 3 4 5 6 7 8 9 10 11 12 13
23-24 1 2 3 4 5 6 7 8 9 10 11 12
29-30 1 2 3 4 5 6 7 8 9 10 11

n 11888 12226 12331 12337 12266 12250 12261 12253 12200a 12200 12200 12200 12200

a forecasted population sizes are based on the approximate average sample size of observed cohort groups. Dotted red line delineates 
observed/forecasted values.
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Model fitting and validation

Prior to building the forecasting model, we identified the best-
fitting model as a combination of the a priori specified covariates. 
Model fit was assessed using likelihood-ratio tests of nested mod-
els, sequentially adding demographic, big 5, and alcohol norms/
other substance use covariates. To examine the validity of the fore-
casting model, we estimated the accuracy of the model in predict-
ing observed binge drinking prevalence. To do this, we removed the 
observed binge drinking data for the 3 most recently observed co-
hort groups (e.g., 2001–2005, 2006–2010, and 2011–2015 for age 
18) and then forecasted binge drinking prevalence using multiple 
imputation based on the best-fitting regression model. We com-
pared the predicted vs. observed binge drinking values for these 
cohorts. The results are shown in Table S2. The best-fitting pre-
diction model included all covariates, for which the area under the 
curve (AUC) ranged from 0.79 to 0.80 for each age group, indicating 
good accuracy.

Build a forecasting model with observed covariates

First, we visually assessed variation across cohort group in each co-
variate to determine the functional form of change (e.g., no change, 
linear increase/decrease, nonlinear). Covariates were standardized 
based on deviation of the within-cohort mean from the total sample 
mean (i.e., grand mean). While the values of these variables are not 
interpretable, they facilitate the visualization of trends over time and 
comparison between variables. Subsequent steps utilized unstand-
ardized variables so that model estimates would be interpretable. 
With the specified functional form, we estimated the magnitude of 
change over time by regressing each covariate on cohort. For exam-
ple, the unstandardized cohort mean GPA increased from 5.58 to 
6.52 (on a scale from 1–9), across observed cohort groups. The linear 
regression estimate was 0.15 (SE = 0.003).

Second, the cohort-level covariate means were extrapolated 
based on the form of change across cohort group (see step 1) and 
the previous group mean, starting with the baseline cohort (2001–
05, 2006–10, 2011–15, depending on the age group). For example, 
the average GPA has been linearly increasing by 0.15 points per co-
hort group, and the baseline (2011–15) mean was 6.52, so the 2016–
20 mean was 6.52 + 0.15=6.67. If a variable did not meaningfully 
change across cohort, the baseline value was carried forward. For bi-
nary variables, the covariate means were assigned on the logit scale.

Third, using these extrapolated means, we simulated each indi-
vidual's covariate values in the forecasted cohorts. Each forecasted 
cohort group included 12,200 individuals (i.e., the average size of 
observed cohort groups). Individual covariate values were simulated 
from a distribution with the cohort mean (see step 2) and the standard 
deviation of the baseline cohort group. For example, the 2016–20 
cohort GPA was simulated from X ∼ N(6.67, 1.93). Skew and kurto-
sis measures indicated that continuous variables were approximately 

normally distributed and were thus simulated from a normal distri-
bution; binary variables were simulated from a binomial distribution.

Fourth, a column for binge drinking status was added to the sim-
ulated dataset, with all values set to missing, and merged the simu-
lated and observed datasets.

Multiply impute binge drinking in forecasted cohorts

Fifth, we pooled the multiply imputed datasets with corrected 
standard errors (Rubin, 2004) to estimate binge drinking prevalence 
in forecasted cohort groups, converting the log odds to preva-
lence. We imputed 20 datasets using chained equations, combined 
with corrected standard errors, averaging coefficient vectors, 
variance–covariance matrices, and adding a nonnegative correc-
tion to variance–covariance matrices inversely proportional to the 
predictive ability of the imputation models, effectively widening 
confidence intervals where missing data values are poorly predicted 
by observed data (Pigott, 2009). To reflect the uncertainty around 
the forecasted point estimates, the model residuals were adjusted 
under the assumption of uncorrelated residuals, using the formula 
�̂h = �̂

√

h, where �̂h is the standard deviation of the h-step forecast 
distribution, and �̂ is the residual standard deviation (Hyndman & 
Athanasopoulos, 2018).

Sixth, we added sequential covariate sets to estimate binge 
drinking trends accounting for concurrent patterns in (a) demo-
graphics; (b) (a and) Big-5  social roles; and (c) (a, b, and) drinking 
norms/substance use. This approach was to understand what might 
explain variation in binge drinking trends and was analogous to a 
decomposition approach to estimate distinct mediation pathways, 
rather than a confounding elimination strategy. The unadjusted 
estimates refer to the total cohort group trends (i.e., the effect 
of cohort on binge drinking through all pathways), whereas the 
covariate-adjusted estimates refer to the effect of cohort trends in 
binge drinking, not due to the model covariates (i.e., the controlled 
direct effect). We also calculated the relative difference in binge 
drinking prevalence between unadjusted and adjusted prevalence 
estimates, to quantify the effect of these covariates on binge drink-
ing trends. For example, if unadjusted binge drinking forecasted 
prevalence estimates are greater than those adjusted for big-5 so-
cial roles, this would suggest that those covariates are important de-
terminants of future binge drinking, and the percent change would 
represent the proportion of the estimates that were due to big-5 so-
cial role patterns. To reflect this interpretation, we subsequently 
refer to unadjusted and adjusted model estimates as total-effect 
and direct-effect estimates, respectively.

Seventh, we repeated step 7 in models stratified by gender to 
estimate gender differences in forecasted binge drinking.

All analyses were implemented in R (version 4.0.2), and multiple 
imputation was implemented with the “MICE” package (Buuren & 
Groothuis-Oudshoorn, 2010). Syntax to implement these steps can 
be found in the Supplementary materials.
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RESULTS

Trends in social determinants of binge drinking across 
cohorts

Figure 2 and Tables S3–S5 present trends across cohorts in co-
variates used to forecast binge drinking for age 18, 23–24, and 29–
30 groups. The cohort trends were linear for all covariates, except 
non-Hispanic Black prevalence, which did not change over the study 
period. Cohort trends were generally similar for all ages, except per-
ceived risk and disapproval of binge drinking, which increased at 
ages 18 and 23–24 and decreased at ages 29–30.

Forecasted binge drinking prevalence trends

Total- and direct-effect binge drinking prevalence trends across 
cohort are presented graphically in Figure 3 and estimates are pro-
vided in Table S6. For parsimony, we focus on contrasts in binge 
drinking estimates between models with no covariates versus 
those with all covariates. Differences between these 2 models 

were most appreciable, and the latter model had the best fit to 
the data. Sequentially adjusted model estimates are presented in 
Figures S1–S3.

Among age 18 respondents, total-effect (i.e., unadjusted) 
binge drinking prevalence decreased from 48% (95% CI: 42–55%) 
in the 1976–1980 cohort to 11% (95% CI: 4–27%) in the 2036–
2040 cohort group. In the direct-effect (i.e., fully adjusted) mod-
els, age 18 decreases in binge drinking prevalence were much 
smaller, decreasing to 36% (95% CI: 14–65%) in the 2036–2040 
cohort group. Among age 23–24 respondents, total-effect ob-
served binge drinking prevalence decreased from 41% (95% CI: 
34–49%) in the 1981–1985 cohort group to 34% (95% CI: 18–55%) 
in the 2036–2040 cohort group. In the direct-effect models, ob-
served and forecasted binge drinking prevalence estimates ranged 
from 41% (95% CI: 33–51%) to 45% (95% CI: 36–54%) across co-
hort groups, with no clear pattern of change over time. Among 
age 29–30 respondents, total observed binge drinking prevalence 
was 29% (95% CI: 23–36%) in the 1986–1990 cohort group and 
35% (95% CI: 16–59%) in the 2036–2040 cohort. The direct-
effect binge drinking prevalence was 34% (95% CI: 15–59%) in the 
2036–2040 cohort group.

F I G U R E  2  Ages 18, 23–24, and 29–30 observed trends across cohorts in covariates used to forecast binge drinking. Note: Standardized 
means correspond to the average value within each cohort, where 0 equals the average value across the total sample; no line indicates no 
change across cohorts; years vary by age, based on the number of observed cohorts; NH = non-Hispanic; Friends drink = How many of your 
friends drink alcoholic beverages? (None–All), Risk of weekend binge = How much do you think people risk harming themselves (physically 
or in other ways) if they have 5 or more drinks once or twice each weekend (No Risk–Great Risk), Disapprove of weekend binge = Do you 
disapprove of people (18 or older) having 5 or more drinks once or twice each weekend (Don't Disapprove–Strongly Disapprove)
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The relative difference between total- and direct-effect esti-
mates are presented in Table S8 (shown visually in Figure 3), quanti-
fying the magnitude of the effect that each set of covariates had on 
binge drinking rates for each cohort group. Compared with direct-
effect estimates in the first cohort group, the total-effect estimates 
were 227% lower for age 18 (i.e., 11% vs. 36%), 26% lower for ages 
23–24, and 3% higher for ages 29–30 in the 2036–2040 cohort 
group.

Gender-stratified estimates

Gender-stratified binge drinking prevalence estimates for the 1976–
1980 through 2036–2040 cohort groups are presented in Figure 4 
and Table S7. At age 18, total-effect binge drinking decreased from 
60% (95% CI: 56–79%) to 14% (95% CI: 5–38%) among men and from 
37% (95% CI: 30–45%) to 9% (95% CI: 2–23%) among women. After 
adjustment, direct-effect estimates were 44% (95% CI: 16–76%) 
and 29% (95% CI: 10–60%) among men and women in 2036–2040 
cohort group. At ages 23–24, total-effect binge drinking decreased 

from 54% (95% CI: 44–63%) to 40% (95% CI: 20–65%) among men 
and decreased from 29% (95% CI: 21–37%) to 28% (95% CI: 12–51%) 
among women. After adjustment, direct-effect estimates were 54% 
(95% CI: 46–62%) among men and 33% (95% CI: 46–62%) among 
women in 2036–2040 cohort group. At ages 29–30, total-effect 
binge drinking trends did not change from 41% (95% CI: 34–49%) 
among men and increased from 20% (95% CI: 12–32%) to 28% (95% 
CI: 11–56%) among women. Compared with total effects, direct-
effect binge drinking estimates were 43% (95% CI: 19–71%) among 
men and 24% (95% CI: 8–52%) among women in 2036–2040 cohort 
groups. The relative difference between total- and direct-effect es-
timates stratified by gender is presented in Table S8.

DISCUSSION

Forecasting provides useful information to estimate future burden 
from health outcomes and behaviors and understand important de-
terminants of future health patterns, in order to determine resources 
and priorities accordingly. To our knowledge, this is the first paper to 

F I G U R E  3  Ages 18, 23–24, and 29–30 binge drinking prevalence (with 95% prediction intervals) from 1976–2040. Adjusted for 
demographic, big 5 social roles, and drinking norms/substance use covariates. Note: Dotted red line depicts the beginning of the forecasted 
estimates; direct-effect models adjusted for demographics: sex, high school GPA, father's and mother's highest reported, race/ethnicity; Big-
5 social roles: attending college full-time, not living with parents, have children, married, work full-time; Drinking norms & other substance 
use: disapproval of having 5 or more drinks on the weekend, proportion of friends who drink alcohol, perceived risk of 5 or more weekend 
drinks, and past-year use of marijuana and cigarettes
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apply forecasting methods to estimate future binge drinking trends 
in young adults. We highlight 4 key findings. First, in line with ob-
served trends in binge drinking, total-effect rates of binge drink-
ing through 2040 were estimated to continue to decline at age 18, 
holding steady at ages 23–24, and increase slightly at ages 29–30. 
Second, these trends were partially due to changing drinking norms 
and related substance use, though these indirect effects explained 
less of the total trend as age increases. Third, gender-stratified fore-
casts suggested further convergence in binge drinking prevalence 
between men and women, though trends in base rates differ by age. 
Fourth, gender-specific convergences were partially due to chang-
ing trends in binge drinking norms and cigarette and marijuana use.

Binge drinking declined substantially among 18-year-olds from 
1976 to 2015 (Miech et al., 2019; Patrick et al., 2017; Schulenberg 
et al., 2019), and our models extend those trends to forecast further 
decline, falling to nearly 10% by 2040. This echoes previous work 
in this (Patrick et al., 2019) and similar samples (Grucza et al., 2009), 
showing decreases among young adults. Among ages 23–24, simi-
lar trends were also forecasted, though less sharply across cohorts. 
Binge drinking has typically peaked between ages 20–23 (Patrick 

et al., 2019); therefore, decreasing trends in this age group are a 
hopeful sign that binge drinking will attenuate during the transition 
to adulthood. On the other hand, we found continued increases in 
binge drinking among ages 29–30, concordant with recent evidence 
of an upward shift in the peak ages of binge drinking (Patrick et al., 
2019). While relatively small (i.e., from 30–35% over 13 cohorts), this 
trend suggests that strategies to reduce binge drinking should be 
prioritized throughout early adulthood.

Across all ages, adjustment for several sets of sociodemographic 
determinants of binge drinking suggested that the strongest driv-
ers of past and future binge drinking patterns are related to alco-
hol norms, peer use, and use of cigarettes and marijuana. In other 
words, had these variables not changed in the way they did, change 
in binge drinking trends would have been far less substantial. This 
builds on prior work showing the importance of binge drinking dis-
approval (Keyes et al., 2012), by examining multiple measures of 
norms about substance use, and forecasting how these measures 
may influence future rates of binge drinking. By age, we found ev-
idence that trends in drinking norms have been reversing across 
early adulthood. Specifically, disapproval and perceived risk of binge 

F I G U R E  4  Ages 18, 23–24, and 29–30 binge drinking prevalence from 1976–2040, stratified by sex. Adjusted for demographic, big 
5 social roles, and drinking norms/substance use covariates. Note: dotted red line depicts the beginning of the forecasted estimates; 
demographics: sex, high school GPA, father's and mother's highest reported, race/ethnicity; Big-5 social roles: attending college full-time, 
not living with parents, have children, married, work full-time; drinking norms & other substance use: disapproval of having 5 or more drinks 
on the weekend, proportion of friends who drink alcohol, perceived risk of 5 or more weekend drinks, and past-year use of marijuana and 
cigarettes
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drinking have been increasing among 18-year-olds and decreasing 
among ages 29–30 (age 23–24 time trends are somewhat static). 
Likewise, trends in any drinking among the respondent's friends 
have followed similar patterns. Concordant with other surveys, we 
found that use of cigarettes and marijuana also decreased across all 
ages. Use of these substances often co-occurs with alcohol (Bobo & 
Husten, 2000; Midanik et al., 2007; Weitzman & Chen, 2005), and 
while their decreasing popularity can be considered public health 
successes in their own right, they also appear to be meaningfully 
related to decreasing binge drinking trends. Additionally, the effects 
of adjusting for covariates diminished with age, suggesting that ei-
ther any cohort effects at age 29–30 are completely mediated by 
age 18 trends, or different determinants of binge drinking behavior 
are more important at later ages (e.g., income). Taken together, these 
findings suggest that future prevention activities should continue to 
focus on changing norms among young adults and consider addi-
tional determinants of binge drinking trends that may be more sa-
lient among adults approaching middle adulthood.

Gender-stratified forecasts show a continuation in the narrow-
ing of binge drinking prevalence between young men and women 
(Keyes et al., 2019); however, patterns in the gender-specific base 
rates changed with age. Among those ages 18 and 23–24, the nar-
rowing was due to greater decreases in binge drinking among men 
than women, while among ages 29–30, the narrowing was driven 
by greater increases in binge drinking among women than men. In 
line with prior research (Keyes et al., 2019), these estimates highlight 
the need to integrate historical and developmental perspectives to 
accurately describe age differences in the present and future burden 
of binge drinking. Attenuating alcohol use among women as they ap-
proach middle adulthood should be a priority.

At all ages, adjustment for alcohol use norms and co-occurring 
substances diminished the observed gender convergence, which 
implies that historical variation in these covariates has been a 
partial driver of gender convergence. That is, had covariates not 
changed the way they did, gender convergence would be less ev-
ident at every age. However, there were distinct patterns in rates 
among men and women. At ages 18 and 23–34, trends in total ef-
fects (i.e., unadjusted estimates) were lower than direct effects 
(i.e., covariate-adjusted estimates) for both genders; however, the 
gap between total effects and direct effects was larger for men 
than women. However, at ages 29–30, trends in total effects were 
lower than direct effects for males but higher for females, suggest-
ing that for females the changes in binge drinking determinants 
have increased binge drinking levels. This finding for females is 
contrary to what was found at other ages; however, it is consis-
tent with prior research that has found changing acceptability of 
heavy alcohol use among adult women (Keyes et al., 2012; Skog, 
1985). These norms have changed in concert with (or as a result of) 
targeted marketing toward women in this age group through mar-
keting (Kindy & Keating, 2016; Petticrew et al., 2017) and targeted 
social media campaigns (Lyons et al., 2017). These trends appear 
to be especially strong among women with higher socio-economic 
status (Kuntsche et al., 2011; Lui et al., 2018), a group which has 

grown substantially during the study period, driven by increasing 
college attendance and employment.

This study highlighted the role of modifiable risk factors in 
influencing binge drinking prevalence. Norms may be modified 
through targeted interventions to increase knowledge of the dan-
ger and decrease the social acceptability of heavy alcohol use, 
adapting prior research on college campuses (Borsari & Carey, 
2003; Scott-Sheldon et al., 2009) as well as decades of success-
ful smoking cessation interventions (Bruvold, 1993; Viswesvaran 
& Schmidt, 1992). The impact of decreased cigarette and mar-
ijuana use on binge drinking suggests that policies to diminish 
the use of one harmful substance may have spillover effects for 
other co-occurring substances. These types of interventions are 
consistently needed, in order to counteract the actions of alcohol 
producers to influence norms for alcohol use in emerging priority 
groups (e.g., young adult women).

Limitations

These findings should be interpreted in light of the following limi-
tations. All survey responses were based on self-report, the sam-
ple design excluded high school dropouts, and attrition was higher 
among substance users than nonusers. These issues are addressed 
by using attrition weights; however, there may be residual selec-
tion bias. There were additional limitations concerning the forecast-
ing approach. First, forecasting introduces inherent uncertainty 
into regression models, which in the MTF were amplified by the 
imputation-based forecasting procedure. However, we accounted 
for this uncertainty given the MTF data structure at 3 points in the 
methods: (1) Future covariate values are randomly chosen (from a 
known distribution); (2) individual forecasted binge drinking sta-
tus is multiply imputed with 20 imputed datasets, which are then 
pooled and corrected to avoid spuriously small standard errors; and 
(3) confidence intervals were horizon-adjusted, to acknowledge the 
uncertainty in forecasting long-term future values. Furthermore, 
the utility of forecasting methods is not to provide one correct es-
timate, but rather predict general trends. We have transparently 
described how we derived and validated model estimates to un-
derstand the levels of morbidity that might be expected, given pat-
terns of several sets of binge drinking determinants. Second, we 
sought to identify the potential effect of determinants of future 
binge drinking by lagging covariates; however, lag time may differ 
for specific determinants (i.e., short for norms, longer for having 
children). In general, prior research suggests that norm changes 
typically precede behavior changes (Borsari & Carey, 2003) and in-
terventions that reduce multiple comorbid substance use outcomes 
would be highly effective from a public health standpoint. Third, 
from 1976 to 2004, racial identification was limited to one response 
per person. Beginning in 2005, respondents were able to select 
multiple races; however, to maintain consistency across all years 
of observation, we limited race to a single response and included 
multiple responses in the “Other” category. Future research should 
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include a more detailed study of binge drinking trends among indi-
viduals who identify as having multiple races. Finally, unmeasured 
covariates may be important determinants of forecasted estimates. 
However, the initial validation steps suggested that the forecasting 
model performed well overall. While beyond the scope of the cur-
rent analysis, future research could optimize forecasting models by 
age and gender, incorporating more variables and effect modifiers.

Fourth, in building the forecasting models, we made the unver-
ifiable assumption that the observed variables will follow the same 
future trends. Trends in most covariates were relatively consistent 
from 1976 through 2015, increasing our confidence that a similar 
continuation was the most valid assumption regarding future trends. 
However, unanticipated events may substantially impact forecasted 
estimates. For example, our forecasting did not account for the 
COVID-19 pandemic, which has influenced widespread social, eco-
nomic, and health trends that will likely impact short- and long-term 
rates of binge drinking (Clay & Parker, 2020). While empirical evi-
dence is currently limited (Dumas et al., 2020; Pollard et al., 2020), 
public health researchers have issued growing concern around an 
increase in alcohol intake and alcohol-related harms (Clay & Parker, 
2020; Ramalho, 2020). More research is needed to further under-
stand the long-term effects of the pandemic on binge drinking, and 
future forecasting models should incorporate additional predictors 
as they become available.

CONCLUSION

This paper utilized data from a large US nationally representative 
study of 40 cohorts of high school seniors followed into adulthood, 
in order to understand historical and developmental trends in alcohol 
use and related factors and forecast future binge drinking through 
2040. Overall, we identified important gender- and age-specific dif-
ferences in forecasted future levels of binge drinking, and important 
determinants of those trends. No one study can estimate a true ob-
served effect, much less a true future effect; however, forecasting 
methods are valuable tools, and robust future patterns that emerge 
across multiple studies will be useful to inform a proactive model of 
public health planning to reduce the harm caused by binge drinking 
from adolescence to adulthood.
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