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Abstract
Background: Fhis study examined the extent to which the developmental pattpravafience
of binge drinkingin the past two weekisom ages 18 through 30 has changed across 29 cohorts
of US young adultsandwhether the changes differbgl gender.
Methods: Analysesusednational longitudinal data from 58,019"M¢@rade student§rom
graduating.high school classes 1976-2QtxtJicipating in the Monitoringhe Future study
followed through modal age 3With age 29/30 data collected from 198716).Weighted time
varying effecttmodeling was used to model cohort group differen@ageirelatedpatterns of
binge drinking.
Results._The'age of peak binge drinking prevalemszeased across cohorts (from ager0
1976-1985 to 22 in 1996-2004 for women, and from 21 in 1976-1985 to 23 in 19962004
men).Historicalchange in the developmental pattern of binge drinking across all ages of young
adulthooddiffered for men and womeikven after controlling for key covariates, women in the
more recent.eohort group reported significantly higher binge drinking prevalemcedhzen in
earlier cohortsrom ages 21 through 30. Men in the more recent cohort group reported higher
binge drinking prevalence at ages 2526t prevalence levels then converged to those seen in
earlier cohort.groups by age 30.
Conclusions. An older age of peak binge drinking amdlecreased rate of declinele
prevalence.obinge drinking in later young adulthood among more recent cohavesesulted
in an extension of individual and societal risks associated with binge drjmrtgcularly br
women across young adulthood. Higisk alcoholuseprevention efforts are needed throughout

at least the third decade of life.
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Introduction

The individual and societal risks associated with binge drinking are well reedgieiz.,
Centers for Disease Control and Prevention, 2017; Naimi et al., 2003; World Health
Organization;2014). Binge drinking often defined as 5+ drinks per occasfery., Dawson et
al., 2015; Miech et al., 2018; Schulenberg et al., 2018; Substance Abuse and Mental Health
Services Administration, 2018). Young adults (and those around them) are at highar risk f
negative consequences resulting from binge drinking compared to other age gheups. T
normative developmental pattern of binge drinking invoks&salatiorfrom late adolescence
into the early20s, followed by some level of moderation or “maturing out” ther@sithgigs
and Schulenberg, 2004; Patrick et al., 2016; Substance Abuse and Mental Health Services
Administration, 2017; Bachman et al., 2002; Bachman et al., 1997; Schulenberg et al., 2018).
This normative developmental pattern is distinct from historical fluctuatobsge drinking
prevalenceThat is,regardless of whether historical trends in binge drinking during late
adolescenchaveincreased, decread or remaied stable, binge drinkingas been observed to
increase fromrage 18 through the early 20s and then decrease through the late 20s. The extent t
which these developmental patterns in the prevalence of binge drinking have changed
historicallyhasnot beercloselyexamined.

It is recognized that etiology, in terms of course of alcohol and other drug use, varies by
history (Schulenberg et al., 2014yith important cohortelated changes itne normative
developmentahpattern of average frequency of binge drinking during the transition to adulthood
(e.g., Jageretal., 2015; Jager et al., 2013). Specifically, using nafiékdngitudinal data
from 28 high school class cohorts (1976 to 20G8ent growth curve models showed that binge
drinking frequencyaccelerated more quickly across ages 18 t@Jager et al., 2015; Jager et al.,
2013)and decelerated more slowly across ages 22 {d&fer et al., 201%9r recent cohorts
compared.to earlier cohortBhereforemorerecent cohorts reported lower frequency binge
drinking at.age 18, but higher frequency binge drinking at age 26 relative to past certs.
focus of thescurrent study, however, is on prevalence of binge drinking—that is, how many
young adults report any binge drinking in the past two weeks. A focus on changvadence
results in the ability texaminevariation in the proportion of the populatiahrisk for negative
alcohol-related consequences at a given age. Change in the frequency of binge drinking, on the
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89 other hand, does natlow for distinguishing between changes in the rate of binge drinking
90 among drinkers from changes in the proportion of the population engaging in any binge drinking.
91 Thatis, an increase in average binge drinking frequency may be the result of a sdbskef
92 increasing how often they binge drink or of a greater proportion of the population engaging in
93 any binge drinking.
94 Historical changes in the developmental pattern of binge dringnegalencénave
95 meaningfulimplicationgor expected individual and societal costs associattdalcohol use,
96 and thus important implications faesearchprevention, and intervention efforts. More young
97 adults initiaing binge drinking in recent years would help explain why the average freqoency
98  binge drinking-from ages 18 to 22 increased in Jager et al. (2013); it wouldedsthat
99 importantreductiondn harmsand costs associated withst decreases auolescenbinge
100 drinking have nonhecessarilyextended to lower risk behavior in young adulthddelayed
101  participation in binge drinking is beneficial in that adolescent binge drinkingasiased with
102  impaiments in memory, decision making, reasoning, attention, and academic performance
103  (Alfonso-Loeches anGuerri, 2011; Crego et al., 2009; Squeglia et al., 2012). However, brain
104 developmen(particularly aspects related to cognitidecision makg, and neural connectivity)
105  continuessat leashrough age 30 (Lebel and Beaulieu, 2011; Pujol et al., 1993; Sowell et al.,
106  1999; Tamnes et al., 2010; Walhovd et al., 2@fgjgesting thgust delayingalcohol usenset
107  and escalation until early adulthood does not fully avoid the potential negative impalcishoi
108  on maturationOne keyindicator ofthe ages at which young adult risk is most concentrated is
109  the age of peak binge drinking prevalence. If this age has changed historically, we neest to ad]
110  our preventien‘and intervention efforts accordingly. In particular, if the age of peak binge
111 drinking has increased, then theks associatedith an increasing population of binge drinkers
112 would extend further into young adulthood. Conversely, if the age of peak binge drinking
113 prevalence has.decreased historicalign risk associated with binge drinking would remain
114  even more highly concentrated in early young adulthasothe period of highest risk would not
115  extend as farinto the 20s.
116 Vulnerability to negative consequences from alcohol use and binge drinking (such as
117  alcohol+elated health anpsychosocial consequences) is higher for women than(ieat al.,
118  2017). The normative developmental pattern of binge drinking has been understood to generally
119  follow similar patterndor both men and women, bwith higher prevalence levelsr men

This article is protected by copyright. All rights reserved



120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

HISTORICAL CHANGE IN BINGE DRINKING TRAJECTORIES 5

(Patrick et al., 2016; Schulenberg et al., 20Y&}, the gap between men and womeimwerall

alcohol use (including binge drinkingasdecreasd notablyin recent decadgg.g., Dir et al.,

2017; Erol and Karpyak, 2015; Schulenberg et al., 2018; Slade et al., 2016; White et al., 2015).
There is some evidence that women may have a grasesfincrease in binge drinking

frequency frem ages 18 to 22 than men (Jager et al., 2013) and that the rate of decline in binge
drinking prevalenceacross age 35 to 85s slowerfor women than fomen(Karlamangla et al.,
2006).These studies suggest that there may be differences-nelatgd patterns of binge

drinking prevalence for men and women, including different ages of concentratetiaskd

by the age of peak binge drinking prevalence.

Histoerieal change in binge drinking prevalence may be associated with fundamental shifts
in the underlying behavior, with responses to changes in policy and social roles, or witly shifti
demographic characteristidduring the earlyto mid-1970s, the majority of US states lowered
theirminimum legal drinking ageMLDA ) to under 21 years of agé#/agenaar and Toomey,

2002). However, public concern regarding increasing negative aloslhtdd consequences

(e.g., traffiescrashes) led to calls teinstate the MLDA of 21, and the federal government
enacted the Uniform Drinking Age Act of 1984. By 1988, all US states had returned to a MLDA
of 21 (Wagenaar and Toomey, 2002). Evaluations of adolescent and young adult alcohol use in
these changing policy environments found that lower MLDA was associated witfircaigjhy

higher alcohol consumptigi©®’M alley and Wagenaar, 1991; Wagenaar and Toomey, 2002).
Thus, one would expect to see higher binge drinking prevalence during early young adulthood
for cohortssfrom the 1970s through mid-1980s. For both gendstsrital differences in age 18
binge drinkingfrom 1976 to 2004 were significantly linked to MLDAor males only, historical
differences in age 18 to 22 growth in binge drinking from 1976 to 2004 were also significantly
linked to MLDA (Jager et al., 2015MLDA will be included as a control in the current study

Otherpossible contributors to historical variation in binge drinking prevalence include
historical variation in social roles associated with alcoholesg, parenthood, marriage, college
attendancegemployment status; Bachman et al., 2002), and the racial/etlposiiomof the
US population. Specifically, there have been histdrincreases in the percentages of young
adults in social roles associated with higher alcohol use, such as being a college student
(National Center for Education Statistics, 2QX&8)t marriedUS Census Bureau, 2017), not a
parent (Khandwala et al., 2017; Mathews and Hamilton, 2016; Matthews and Hamilton, 2009),
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HISTORICAL CHANGE IN BINGE DRINKING TRAJECTORIES 6

and not employed fuliime (Taylor et al., 2012)r at all(US Bureau of Labor Statistics, 2004-
2017)). Delays in marriage and parenthood and decreasing employment among those of younger
agesmay be contributing to the extension of peak binge drinking age across cohorts. Adjustment
for changes in such social roles explains sbimtorical change in the binge drinking frequency
growth rate.during early adulthood, but not past the age of 22 (Jager et al., 2015). The
racial/ethnic composition ohe US also has changed dramatically. Since thel®irds, the
proportion‘ofthe US population identifying as White has decreased from 81% t(Pé2%o
Research*Center, 201%nd alcohol consumptiaas generally higher among White than non-
White individuals (Delker et al., 2016; Miech et al., 2018; Tédgklrath and Patrick, 2018)
We include these sociodemographic indicators as controls in order to evaluate the extent to
which these‘changinéactors account for observadtorical changes

Analytic methods used to model the developmental pattern of binge drinking have often
employed growth curve modeling with longitudinal data (e.g., Conrod et al., 2008; Jager et al.,
2013; Patrick and Schulenberg, 2011; Patrick et al., 2016; Wood et al., 2010) or age-period-
cohort modelsvith crosssectional data (e.g., Kerr et al., 200Bese methods are very useful
but imposeparametric forms for allssociations antypically assume that the observed
associations are consistent over tifgee also Patrick et al., 2017#Jhen seeking to determine
if the strength of a particular association changes across timevdnyiag effect modeling
(TVEM) providesanalternativemodeling approach (Lanza et al., 2016; Li et al., 2015; Tan et
al., 2012) TVEM models (described igreaterdetail below) allow for not only the behavior of
interest (i.es;"binge drinking) to change across time (i.e., age), bdbatee possible effects of
covariateste-ehangecross time (g., gender over age), with no assumptions of parametric form
for the observed changes.
The Current Study

Previous, studies that examined the average frequency of binge drinking through the mid-
20s with latent.growth curve models (Jager et al., 2015; Jager et al. pO\Li8ed important
insights inteshistorical change in alcohol use epidemiology. The current study exiehagosk
by: (1) expanding the age range to 18-30, (2) testing for gender differergst®orical changes
and the extent to which controlling for key covariates explains obsgerater differenceg3)
focusing on prevalence rather than frequency of binge drinking, (4) using a nonparametic data
analysis techniqyend (5) focusing opeak ag®f binge drinking. Theurrent studyises
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HISTORICAL CHANGE IN BINGE DRINKING TRAJECTORIES 7

TVEM to consider cohort by gendeariation in developmental patteraf binge drinking
prevalencdrom ages 18 through 30 using national palah from29 high school class cohorts.
We give particular emphasis to cohort variation in the peak age of binge dnm&iwajence
following high school graduation.

Method
Participants

Data‘from thenationalMonitoring the Future (MTF) study includetionally
representative"¢coharof US 12" grade students, a portion of wheverefollowed longitudinally
(for detailed methodology, see Bachman et al., 2015; Miech et al., 2018; Schulerddgrg et
2018).Each year since 1975ationally representative sample$ approximately 15,000 12
graders (moedal age 18) from about 130 schools in the contigi®ueresurveyedusing &If-
administeregaper surveys, typically during a normal class pefodm each annuabhort, a
subsample of about 2,40¢as selectetbr longitudinal follow-up drug usersvere oversampled
Respondentaere randomly assigned to begin bienric@low-up eitherone yeatater (at model
age 19) otworyeardater (at modal age 20)sing mailed questionnaires. Therefogr@ng adult
data wee provided at a maximum of seven time points per persom@dal aged.8, 19/20,
21/22, 23124, 25/26, 27/28, and 29/80University of Michigan Institutional Review Board
approved.the study.

Analysis was limited to cohorts with the opportunityctonplete all baseline and follew
up surveys.through age 29/30. The analytic sample included respondents from thgr2@la2
cohortsof 1976-2004birth cohorts of approximately 195886) who were eligible to respond
atage 29/30«(age 29/30 data colembtiuring 1987-2016). A total of 70,843 individuals were
selected for followup participation from the relevant cohgi¥8,076 respondents (82.0%)
participated In at least one of the six follayw data collection efforts, and 58,019 (99.6f6
those wha, participated in a follow-up) provided data on binge drirdirgf least one occasion.
The mean.number @fvailablemeasurements on binge drinkipgr respondent in the resulting
analytic dataset was 5.3 (range of)1The analytic sample was 53.7% femalad 78.50
White, 9.2% Black, 6% Hispanic2.4% Asian, and 3% Other race/ethnicityAttrition
adjustments are discussed below.

Measures

This article is protected by copyright. All rights reserved
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HISTORICAL CHANGE IN BINGE DRINKING TRAJECTORIES 8

On each survey, respondentsre asked tthink back over the lastvo weeks when
answering the questiphHow many times have you had five or more drinks in a row?” with
response options of none, once, twice, 3-5 times, 6-9 times, and 10 or more times. Binge
drinking was caded as a dichotomous variable indicating any consumption of five or more drinks
during the &st.itwo weeks (yes, no)

Covariates at 12grade includedelf-reported gendgmale female)andrace/ethnicity
(coded for-analysis as actiotomy of non-White vs. WhiteTime-varying @variates seif
reportedat'each'followup from age 19 through 30 included college attendance (currently
attending ‘a fouearcollege vs. not); employment (haviagleast 1 fultime or parttime job
vS. no paidswerl; maital status(married vs. not); and pareahistatugany dildren vs. no
children).Age was based on the modal year of age per survey from 18%ta8® MLDA was
coded based on the state and year in which the respondent answerdtgtazié Zurvey and
was used as a continuous meastaacge 18 through 21policy datawereobtained from
Hedlund et.al., 2001; Hoxie and Skinner, 1987).

Cohert«(indicating year of {2grade survey) was coded into three non-overlapping
groups: 1976-1985, 198895, and 1992004. The decision to define cohort groups in this way
was based.otwo considerations. First, these groups reftBstinctchanges in age 18 binge
drinking prevalence (Miech et al., 2018p76-1985verecohorts with higher prevalence, 1986-
1995werecohorts with decreasirt?” gradeprevalenceand1996-2004verecohorts with
morestable12" gradeprevalenceSecondprior researcifJager et al., 201%)dicated that the
historical rateethange in binge drinking frequency from ages 18 to 26 differed meaningfully,
with the reperted differences generally following the three cohort groupseddiere. Aalyses
for the current paper also showed that, averaged across age, binge drinking ana covariat
prevalence/means differed significantly across thiessee cohort groups (see Supplenaént
Tablel). Smilar,levels ofwithin-cohort groupvariability wereevidenced by similar standard
errorsfor cohort-group specific binge drinking and covariesémates other than race/ethnicity
(which showed increasing variability over time) and MLDA (which showed deageasi
variability over.time).

Data Analysis
All analyses were conducted using SAS Jithe-varying effect modeling (TVEM) was

used to &tisticaly modelregression coefficients (i.e., intercepts and slopes) as flexible, non
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243  parametric functions of age. In other words, prevaléevss and associations betweame or
244  more covariates and an outcomereestimated across agea smooth manner, making no
245  assumptions abotite parametric forsof the coefficient functions (Lanza et al., 2014; Li et al.,
246 2015; Tan et al,, 2012). In all models reported here, timeopasationalized as modal age in
247  years.TVEM.models were fit using the SAS macro %WeightedTVEM (v. 2.@R@)ak et al.,
248  2014; Weighted TVEM SAS Macro, 201 7he coefficient functionsgresented in figur@sre
249  expressedasdds rdéios (ORs)or adjusted odds ratios (AORsr bivariateor multivariable
250  associationswith point-wise 99% confidence intervals (CIs) for each smoothed point along
251 continuous agéan alpha of 0.01 was used in order to yield more conservative significance
252  testing).Coefficients weresignificant afp<.01 at points where Cls do not contain 1.0. The
253  optimal number of knots (corresponding to smoothness) for each coefficient fumaton
254  selected basedjolmmparison of pseudolikelihood AIC and BIC values from unpenalized B-
255  spline regression models (Dziak et al., 2017).
256 Before examining the main research questiansnterceponly TVEM was usedo
257  show the overall developmental pattern of binge drinkireyalencdrom ages 18 to 30 fall
258  cohorts and genders combinedctompare wittpreviously-reportedtudies Then,to addresshe
259  main research questiorsnge drinkingwasregressedimultaneusly on cohort, gender, and
260 gender byseohort interaction ternigased on significantemnder by cohort interactions, gender-
261  specific models theaxamined where there were significant cohort effects for men and women
262  separatelyThe TVEM including cohorgroup, gender, and gend®y cohort interactionsising
263  1976-1985asthe referent categoay be written as
, ( P(BINGE;, = 1) )
1 +4P(BINGE;;, = 1)

= Bo(t) + B1(t)Cohorts86to95; + B,(t)Cohorts96to04; + B;(t)Male;

+ B, (t)Male; x Cohorts86to95; + Bs(t)Male; x Cohorts96to04;
264  wheret indicates continuous agendi denotes data for individualHere,Bo is the intercept

265 reflecting theslogodds of binge drinking across age for females in the earliest cohort §roup
266  and P, are the slope functions describing the age-varying association between cohort group
267  (referent = cohort group 1976-1985) and binge drinking among fenfiglessthe slope function
268 describing the age-varying association between gemtkbinge drinkng among young adults
269 in the earliest cohort groypeferent = femaleshnd 4 and Bs are the slope functions describing
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HISTORICAL CHANGE IN BINGE DRINKING TRAJECTORIES 10

the age-varying gender differences in cohort group differences in the log-odds of bingeydrink
Finally, genderspecific multivariable models were run for ages309pecifying time-varying
associations focohort group as well asne-varying effects of control variables including
race/ethnicity, college attendance, employmeatiital statusparental statysand MLDA.
Multivariable.models were limited to ages-3@becauseeveral measurdparticularly college
attendance, but alsoaritalandparental statusggainred meaningful variance only after
completion“of*high school. A total of 56,3i&lividuals (97.1% of those included in
gender/cohert'group models) provided data on all covariates and were included in rablévari
models.

All analyses accounted for clustering of repeated measures within indiviuals
providing rebust standard ersousing Taylor linearizatiofDziak et al., 2017)-urther, all
analyses were weighted using follow-ygesific attrition weights, calculated as the inverse of
the probability of responding at each age based on covariates measured atagerLad¢gion
of country,.gender, race/ethnicity, parental education, number of parents in the homeityeligios
college plansyhigh school grades, alcohol use, cigarette use, marijuana use, and saiybit
correcting foriever-sampling of age 18 substance users).

Results

DescriptiveBackground: Age-&atedChanges in Binge Drinking

Figure 1presents the estimated prevaleatbinge drinking from ages 18 to 30 among
all respondent§.e., all high school cohorts 1976-200#pm an intercepbnly TVEM. Binge
drinking prevalence rose frol2.2% (99% CI 31.6, 32.7) at age 18 to a p&Had0.8% (40.2,
41.4)at ages2yand then decreasgdadually across the remainder of young adulthood, reaching
28.26 (27.4, 29.2) by age 30. This overall developmental pattern has been reported previously
(e.g., Patrick and Schulenberg, 2011; Schulenberg et al., 2018). The current study sought to
identify gender.and cohort variations in this pattern.
Cohort byGenderinteractions in the Age-Relatedfern ofBinge Drinking

To_examine the main research questions, models regressing binge drinking on cohort,
gender, andigender by cohort interactions were examiinede was evidence of significant
gender-by-cohort moderation in the developmental patterns of binge drinking. In the mioglel usi
1976-1985 as the referent cohort group, the male*1986-1995 interaction term was significant
from ages 18 through 22, and the male*12964 interaction term was significant at all ages. In
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the model using 1996-2004 as the referent group, the male*1986rit8&tction term was
significant at age 18s well asages21 through 30. Therefore, to address our research questions
pertaining to gendespecific cohort differences in developmental patterns and to increase
interpretability of resultingigures, the analysis proceeded with gergfggeific models
regressing_binge drinking on cohort. Figure 2 presents modeled estimates of binge drinking
prevalence from ages 18 through 30 separately by cohort group for women and men. TVEM
results regressiniginge drinking on cohort groups separately for women and men are presented
in Figures*3'and 4, respectively.
Modeled Prevalence of Peak Age of Binge Drinking by Cohort and Gender

As Figure 2 shows, the pattern of binge drinking across age for both men and women in
all cohort groups was best described as increasing from age 18 through varying ageariy the
20s when an inflection point was reached, followed by decreasing prevalence theteafigh(
age 30). For women, binge drinking prevalence for the 1976-1985 cohort group peaked at age 20
(specifically, agel9.70" at 32. 36% [31.16, 33.H9 for the 1986-1995 group at age 21
(specificallypage20.55at 29.55% [28.39, 30.74]), and for the 1996-2004 group at age 22
(specifically, age21.64at 33.29% [32.02, 34.59]). For men, binge drinking prevalence for the
1976-1995.cohort group peaked at 2dgspecifically, ag@0.67 at 54.14% [52.76, 55 1for
the 1986-1995 group at age @pecifically, age1.76at50.41% [48.88, 51.93]), and for the
1996-2004 group at age 2pecifically, age2.97at51.40% [49.54, 53.3h
Modekd CehortDifferencedn the AgeRelated Pattern of Binge Drinking

Comparing the earliest high school cohorts (1976-398%nore recent cohorts (1986
1995 and 1996-2004The odds of binge drinking were significantly lower for individuals in the
1986-1995 cohort group (vs. the 1976-1985 grau@ges 121 for womenFigure3) and ages
18-22 for mer(Figure4), and statistically similar thereafter (differences were significantly larger
for men than.women). The odds of binge drinking for individuals in the 1996-2004 cohort group
(vs. the 1976-1985 group) were significantly loweages 1819 for women and ages 18-21 for
men, and_significantly highetages 2230 for women and 25-28 for men (differences were

! Readers are reminded that TVE®ports estimates using smoothed points along continuous agefahle die100
points has been used in these analyses, and thus the specifigp&hkaainteger. Rounding is used for most age
reporting in the current paper, but for these analyses vidicis on historical change in peak age across cohorts, we
also provide specific values.
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significantly larger for men during early young adulthood, but significantly largerdorem
during later young adulthood).

Comparing the most recent high school cohorts (1996-2004) vs. the earlier cohorts
(1976-1985 and 1986-1995)he odds of binge drinking were significantly higher for
individuals_inthe 1986-1995 cohort group (vs. the 1996-2004 group) at age 18 for men, and
significantly loweratages 2680 for women and 24-28 for men (again, men had significantly
larger cohort'differences at early ages, while women had significantly larger cohort differences at
later ages)Among women, the magnitude of difference between the 1996-2004 cohort group
versts other cohort groups grew consistently from ages 20 through 24, and then generally
stabilized(at ages 2430, 1976-1985 cohort group OR ranged 0.68-0.69; 1986-1995 cohort group
OR rangd'0.72-0.74). Binge drinking prevalence in the 1996-2004 cohort group was statistically
higher than in all other cohort grougisages 2-B0 for women. In contrast, binge drinking
prevalence in the 1998004 cohort group was statistically higher than in all other canotips
only atages 258 for men. Among men, the magnitude of difference between the 1996-2004
cohort grouprversus other cohort groups gradually increstssges 24£7 (reaching a maximum
OR of 0.86"[0:77, 0.95] for the 1976-1995 cohort group, and 0.85 [0.77, 0.95] for the 1986-1995
cohort group), and then gradually decreased dwaies 2728.

Stability of cohort associations within gender from age8Q @fter controlling for
covariates After controlling for covariates (race/ethnicity, college attendance, employment,
marital statusparental statysand MLDA), within-gender cohort group differences showed some
degree of attenuation, but the overall findings remaingakticularly for laér young adulthood
(see Supplemental Figures 1 and®ijth the earliest high school cohorts (1976-1985) as
referent, the adjusted odds of binge drinking remained significantly lower for the 1986-1995
cohort group, but only at age 19 for women and ages 19-20 for men. The adjusted odds of binge
drinking were.no longer significantly lower for women in the 1996-2004 versus 1976-1985
cohort groups.at ages 18-19, but were significantly hifgheages 2130. Among men, the
adjusted odds of binge drinking for the 1996-2004 versus 1976-1985 cohort groups retained
significancesbut at smaller age ranges: lower at age&d 18nd higher at ages 25-27.

When using 1996-2004 as referent, the adjusted odds of binge drinking for those in the
1986-1995 cohort group remained significantly loweaigds 2680 for women and 24-26 for
men. The magnitude of difference between women in the 1996-2004 cohort group versus other
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cohort groups continued to show consistent growth through age 24, and then generally stabilized.
Among women, the adjusted odds of binge drinking remained higher in the 1996-2004 cohort
group tharin all other groups from ages 21:30ese differences were foundly at ages 25-26
for men

Sensitivity analyse&ensitivity analyses were conducted to examine if different findings
emerged when‘examining the prevalence of multiple binge occasions within the past two weeks;
resulting conclusions were substantively unchanged from those using any binge drinking.

Discussion

The current studis the first to examinhistorical shifts in te peak age of binge drinking
during youngsadulthoodJsing multi-cohort national samples of US young adati®ss three
decade§12™grade cohorts of 1976-2004, which equate approximately with birth cohorts of
1958-1986)we dservedhatthe actual age of peak binge drinking prevalence has increased
significantly across cohorts for both men and women. Within the 1976-1985 cohort group, binge
drinking prevalence peaked at age 20 for women and 21 farthereafter, peak age for
women mevedsto 21 for the 1986-1995 cohorts, and then to 22 for the 1996-2004 cohorts.
Among men, the peak age moved to age 22 and then age 23 for cohort groups 1986-1995 and
1996-2004,.respectively. Furthermore, historical changes in the course of binge drinking
prevalencahroughout young adulthoatid not reflect asimpleshift up the age spectrum.
Rather, the age-related pattern of the increase, peakleanehse in the prevalence of binge
drinking changed and significantly varied by gender; such changes were not fully explained by
controllingderpolicy, social role, and racial/ethnic covarialéesel VEM-basedesults for the
prevalencewefbinge drinking from ages 18 to 30 extend pgmarch on the average frequency
of binge drinking from ages 18 to 26 using latent growth curve modeling thagédlohort
changes in ageelated increasaand decrease(Jager et al., 2015; Jager et al., 2013).

Controlling for covariates somewhat attenuated the observed cohort groupndeftoe
ages 1920, particularly for woran (leaving significant differences between women in the 1976-
1985 and_1986-1995 cohort groups only at age 19, and no significant differences between
women in the,1976-1985 and 1996-2004 cohort gratipges 1220). However, even after
controlling for covariates, the adjusted odds of binge drinking among women remainedrhigher
the 1996-2004 cohort group than all other grdopsiges 2130, and amongnenfor ages 2526.
These findings support those from prior research (Jager et al., 2015), which foundwiiat gr
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rates for binge drinking frequency mesomewhag¢xplained by MLDA and social roles only
during early young adulthood. Thus, it appears that a fundamental shift in binge drinking
behavior is occurring-particularly among womesrduring the mid to late 20s. As new cohorts
of high school graduates move through young adulthood, the course of binge drinking appears
poised to reflect an even longer duration of increasing prevaéenoss late adolescence and
early young adulthood than that observed in earlier cohorts, with a further delayed p8ak age.
the extentto'which levels of binge drinking remain elevated into later ages, the elevated risks
associated with'binge drinking also extend further into young adulthood.
Meaningfulgender differencewere observeth the ways that theedelopmentapatterrs
of binge drinkingprevalencéave changedcross recent decadés the current study,
significant'gender by cohort differences were found aabsges 18 through 30 for the most
recent cohorts compared to earlier cohansluding during théate 20s whih is a perioaf
normative decline in binge drinking (Patrick and Schulenberg, 201 particular, fom age1
through 30, women in the more recent cohort group (high school graduating classes of 1996-
2004) hadssignificantly higher binge drinking prevalence than women in earlier c@8x6
1985 and 1986-1995). However, the magnitude of difference between binge drinking prevalence
among woemen in the 1996-2004 cohort group and prior cohort groups stabilipP 4t
remaining-generally consistent thereafiden in the more recent cohort group had higher binge
drinking prevalence at ages 254@n men in earlier cohortsut theprevalencef binge
drinking converged to levelsimilar to those of earlier cohtagroups by age 2for men Thus,
while bothsmen,and women experienced a more rapid rate of acceleration in bikgeydri
prevalencesfrem ages 18 through the mid-20s in the more recent cohort groupeadisus
cohort groups (which supports prior research with binge drinking frequency through age 26
(Jager et al., 2015; Jager et al., 2013)), higher binge drinking prevalence continued for women i
the more recent cohort group (vs. earlier cohorts) through age 30. In contrast, for men, cohort
differences.in binge drinking prevalence disappeared between ages 27 and 30, such that by age
30 binge drinking prevalence did not differ between the 1996-2004 cohorts and the prior cohorts.
Alcohol.use during later young adulthobds received less research attentiam the
years of earlyto mid-young adulthood. Howevea, gradual but generally steady historical
increase in binge drinking prevalence among US young adults at &ges B@en observed
(Patrick et al., 2017b; Schulenberg et al., 2018). Future studies that can examine cohort
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differences in binge drinking into the 30s and beyond may find that, among women, binge
drinking prevalence converges across cohort gratipdater ageHowever, extrapolating from
the generally stable magnitude of difference in binge drinking prevalenages 2430 between
women in the more recent cohort group versus earlier cohort groups, binge drinking prevalence
(and associated risks) may remain elevated among women in the more recespeshage
30.

The eonsistently higher likelihood of binge drinking for womdi#tnot mer—in the
most recent'cohort groigpmpared with eadr cohortdrom ages 21 through 38 consistent
with thenarrowing gender gap in alcohol ubathas largely been driven by increasesong
women(Slade-et al., 2016). Further, the current study’s findsuggort projecdons of decreases
in alcohol use from middle age onward tovieaker for women than méKarlamangla et al.,
2006). As mentioned above, social role charaggsear tdave some level @xplanatory role
(e.g., delayed childbearing has been shown to be associgtesigmificantly increased
generational odds of heavy alcohol consumption in longitudinal studies of mother-daughter
dyads (Alativetal., 2014). Key historical differences in alcohol industry product gevetd and
marketingalsomay have played a meaningful role, with concerted efforts by the alcohol industry
to developsproducts and campaigns specifically targeting w¢Aieohol Beverage Retalil,
2018; Eurepean Centre for Monitoring Alcohol Marketing, 2008; Parsons, 2010). Marketing for
a range of alcohol products to women has increased notably, and—for women in the more recent
cohort groups—may bleading to increaseinge drinking (Kindy and Keating, 2016) through
age 30 and"possibly beyond.
Limitationstand Strengths

The findings of the current study should be considered within their limitations. The
current analysiselied on repeatechationaly representativeample of 12" grade students, thus
excluding those who dropped out of schpibr to 12" grade (school dropout is associated with
increased binge drinking; Tice et al., 201F)rther, all data were seléport,used a general
measure of:5+ drinks for both men and women (rather than gepéeeific levels of 4+ for
women and«5+ drinks for men per occagieny., Centers for Disease Control and Prevention,
2015; Kann et al., 2018)), and focused on binge drinking within a relatively short time frame
(i.e., past two weeks). However, in 2013, WM€F prevalence estimater past two week binge
was35.1% for individuals aged 128 in MTF(Schulenberg et al., 201,8yhich is comparable to
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37.9% for pastmonth binge prevalence among individuals aged 18-25 in @tieréSurvey on
Drug Use andHealth(Center for Behavioral Health Statistics and Quality, 2046l 25.8%or
pastmonth binge prevalence among those 18 and older in the National Epidemiologic Survey on
Alcohol and Related Conditions Il (Dawson et al., 2015). Finally, attrition across young
adulthood is.a.limitation, somewhat mitigated by adjustsma weighting. However, the
current analysis has a numbeiliraportantstrengthsparticularly utilization of national
longitudinal'data with cohorthathave been assessed with consistent measurement across three
decadesThe"use of TVEM haallowed models to focus on complex associations between both
cohort and gender across age without the assumption of parametric associatioaspoiotihe
need to specify,inflection point§he study is the first tehow that the peak age of binge
drinking prevalence is increasing during young adulthood.
Implicationsand Conclusions

The results of the current study highlighatthe developmental course of alcohol use has
varied in important ways across adjacent cohorts, and underscores the fact that historical change
in etiologyseanwoccur relatively rapidly. With such changes in course, other components of
etiology—including riskfactors and consequences of alcohol uae-also shifting, and these
are important directions for future resea(Slchulenberg et al., 2014). The observed delays in
the peak.age of binge drinking frequency and elevated prevalence levels of such drinking into the
late 20s for men and women hawgortant theoretical and practical implicatiodghile it
remains the case that binge drinkprgvalence tends to escalaadter high school, peak during
the early 20s;7and then declitieere are also fundamental shifts in the shape of these
developmental'patternsh& peak age has shifted upward bye@rsover the past 3 decades
(from age20 to 22 for women, and froage21 to 23 for men). In addition, women in the more
recent cohort groups more commonly report binge drinking through age 30, while men in these
same cohorts.are returninggrevalencéevels similar to those from earlier cats by age 30.
Both of these fundamental shifts result in an extension of individual and socks$shssociated
with binge.drinkingnto and througbut the 20s.The extent to which historical variation in the
peak age oftbinge drinking prevalence found here generalizes to other binge drinking indicators,
including binge drinking frequency and higttensity(or extreme bingedrinking (Patrick et al.,
2016; Patrick et al., 2017b), is not clear. Consequently, future research should examitenthe ex
to which peak age varies historically for these other indicators. The majoalyotiol
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483  prevention and intervention efforts have focused on adolescents and early college student

484  populations, but the current findings underscore the need to extend intervention efforts to young
485  adults more broadly and increasingly to wonmEmere is a need to ensure thagh-risk alcohol

486 intervention efforts are developed and implemented to reach individuals throughouttthe thir

487  decade of lifeg,and to alert clinicians to the importance of screening for aledéield problems

488  throughoutthis’key developmental period.
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Figure L egends

Figure 1. Modeled prevalence of binge drinking among US young adults aged 18 through 30
(from 12" grade cohorts 1976-2004 combined)

Notes N(unwtd.) = 306,814 time points from 58,019 individuals. Estamabtained from timgarying effect
models. Dashelines indicate 99% confidence intervals. Binge drinking defametaving 5+ drinke a row at

least oreduring the past two weeks.
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Figure 2. Modeled prevalence of binge drinking by gender among US young adults aged 18
through 30 by cohort groups

Notes N(unwtd.) = 181,140 time points from 31,156 women; 135,674 timaphiom 26,863 men. Estimates
obtained fromtimerarying effect modeldDashedines indicate 99% confidence intervals. Binge drinking defined

as having 54 drinks in a row at least odeging the past two weeks.

Figure 3. @dds ratios and corresponding 99% confidence intervals to test for age-varying
associations hetween cohort groups and the odds of binge drinking among US young adult

womenaged. 18 through 30

Notes N(unwtd.) = 181,140 time points from 31,156 women. Estimatesnaiotfrom timevarying effect models.
Dashedines indicate 99% confidence intervals. Binge drinking defindthasg 5+ drinks in a row at least once

during the past two weeks.

Figure 4. Odds ratios and corresponding 99% confidence intervals to test for age-varying
associations 'between cohort groups and the odds of binge drinking among US youmgadult
aged 18 through 30

Notes N(unwtd.) = 135,674 time points from 26,863 men. Estimalained from timevarying effect models.
Dashedines.indicate 99% confidence intervals. Binge drinking defindthasg 5+ drinks in a row at least once

during the pasttwo weeks.
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