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Abstract

BACKGROUND:The present study is the first to examine the developmental course -of high
intensity drinking (i.e., consuming 10+ drinks in a row) across late adolescende drahsition
to adulthood.
METHODS:National bngitudinal data (N=3,718) from Monitoring tReture were used to
examine trajectories dfo+ high-intensity drinking from age 18 through 25/26 ovenadl across
sociodemographic subgroypssults were compared with similar analysi®-efbinge drinking
trajectories
RESULTS:Results document thad+ drinkers consume not just a greater quantity of alcohol on
a given drinking occasion, but also engage in 5+ drinking more frequently than drinkers who do
not report having 10 or more drinks. Developmental patterns for 10+ adhdnf&ing were
similar, with peak frequencies reported at age 21@@2ater peaks ihoth 10+ and 5+ drinking
were documented among men and among college attenders, compared to women and non-
attenders;respectiveliiowever, there was a steeper decling0r drinking after age 21/22,
indicating that risk for consumption of 10 or more drinks in a rowaseclearly focused on the
early twentiesPatterns of developmental changdoth behaviorsvere driven largely by
collegestudentsno significant ageelated change ih0+ drinking was observed among men and
women who did not go to college, and no significant i@igted change i+ drinking was
observed among female nattenders
CONCLUSIONS:Findings underscore the importance of recognizing mggnsity drinkers as
a unique high-risk group, and that college attendance is associated with @dytetobng peaks
in the developmental course of high-intensity drinking.
KEYWQRDS: high-intensity, extreme binge drinking, college attendance, trajectories,
developmentbinge drinking
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In theresearcHiterature, highquantity alcohol use is usually examined with the highest
category being binge drinking, typically defined as 5 or more drinks in a row on a given occasion
(Johnston et al., 2015; Wechsler and Nelson, 2001). Such 5+ drinking is potentially risky and has
clear links with alcohetelated and other healtetated consequencéShassin et al., 2002;

Courtney and,Polich, 2009; Wechsler et al., 1994). Howéwveistandard 5+ measure also has
limitations(Jackson et al., 2008; Alexander and Bowen, 2004). Factors such as body weight,
alcohol'toleranceand food intake/hydration prior to drinkimgay result inan individual having
arelatively'low(and potentially legaBAC following 5+ drinking.Thus, tre single5+ threshold
does notlwaysdifferentiatethose most at risk for consequenoesulting fromintoxication
levelssurpassing the legal limit.

Considering inclusion of both a 5+ aadhigher threshold is particularly important
becausegioung people often far exceed 5+ drinks. Evidence shows that high school students
(Patrick et al., 2013), college students (White et al., 2006), and young adults more generally
(Hingson and White, 2013) consume many more drinks on some occasions. In fact, during binge
drinking episodes, young adults aged 18 to 24 in the U.S. have an average of over 9 drinks
(Naimi et al.,"2010). Thusye need additional measureshagh-quantity alcohol usto capture
the heteregeneity in binge drinking and to advance our understanding of the etiology of risky
drinking,particularly during late adolescence and the transition to adulthood.

Recent calls for researahclude a focus on the epidemiology and etiology of high-
intensity drinking—defined here as consuming 10 or more drinks in a rowetterunderstand
the acute and'lonterm risks of very high alcohol ugevels(Hingson and White, 2013; Patrick,
2016).0Oneimportantnext step i$o examinethe developmental course of higtiensity
drinking across late adolescence and the transition to adulthood based on longiatdinal
(Patrick,2016). Examining the typical course of 1@nking—how it escalates, peaks, and
subsides among young people overall and among sociodemographic subgriupsevide
essentialnformation for prevention and intervention efforts to target when and with whom to
intervenein.orderto prevent associated consequenbeparticular, importanananswered
guestions invelve similarities and differences betwEen and 5+ drinking in terms of
developmental course and subgroups at greatest risk for such drinking.

There is considerable research on trajectories of 5+ drinking across adolescence and into
adulthood binge drinking prevalence tentisincrease across adstence, peak in the early 20s,
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Trajectories of HigHntensity Drinking 4

and then decline across the niidkate 20s (Chassin et al., 2002; Johnston et al., 2015; Maggs
and Schulenberg, 2004; Patrick and Schulenberg, 2011; Schulenberg and Patrick, 2012). Thus,
5+ drinking,like other risk behaviors, tends to show a developmentally emb@ddiednof

peaking during the transition to adulthood, dravatigntion to howingedrinking relates to the
tasks and transitions of adolescence and earlyrada (Brown et al., 2008; Schulenberg and
Maggs, 2002)..Engaging in 5+ drinking is quite common though not normative during the
transition to"adulthood, with over one-third of those aged 19-24 having at least one episode in a
given two'week period (Johnston et al., 2015). Some young adults may use binge drinking to
facilitate social connectedness (a primary developmeagk) atnd understanding this
developmentahembeddedness is important for inforpregention and interventiagfforts

(Crosnoe, 2011; Schulenberg and Maggs, 2002; Chassin et al., \\@83her the course of
higherintensitydrinking during the transition to adulthood fits a similar developmental pattern is
not known.Similarities ketween the course &f drinking and10+ drinking would suggest
potentially.similar underlying causes and functions; differences in the deveitgpattern

would suggestipotential uniquenasghe predictors and correlateshigh-intensity drinking.

A range‘of sociodemographic and educational covariates has been shown to be associated
with the overall developmental trajectory of binge drinking across late adntasand into
adulthoodyincluding gender, race/ethnicity, socioeconomic status, comorbid substance use, high
school academic successd college attendance. The extent and degree to which these
covariates.are associated with the average trajectory of kirgkasity drinking dring the same
developmentahperiod is unknown. Men, compared to women, hitedsacompared to non-
whites havesshown significantly faster rates of change over time in “heavy drinking” (ameas
combining binge drinking with the frequency of getting drunk) (Chen and Jacobson;, th@¥3)
also show. higheprevalenceates of gender-specific binge drinking (5+ for males vs. 4+ for
females; Costanzo et al., 2007) and of having 6+ drinks per occasion throughout the second
decade of lifgMuthén and Muthén, 2000igher parental educati¢an indication of family
of-origin soeioeconomic status) has been found to be associated with lower heavy @tinking
ages 121,"but higher rates ¢ihear and quadratichangeover the next decad€hen and
Jacobson, 2013) and higher rates of binge drinking (Patrick et al., @&y young adulthoad
Binge drinking frequency is highly comorbid with tobacco and margugse across age
(Jackson et al., 2008; Schulenberg et al., 19%6G#) evidence that early use of other substances
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is associated with later development of higdk alcohol us (Nelson et al., 2015). Higher high
school grades have been shown to predict lower adolescent binge d(f&ingk and
Schulenberg, 2010) but to be generally unrelated to the post-high school trajectory of binge
drinking (Schulenberg et al., 1996b). The transition into being airfiudl-collegestudent is
associated.strongly with increased risk of binge drinking. Involvement in binge drinking is
typically lower.among collegbound than other high school students, but then escalates more
quickly post=high school for college students than coltege agemategBrown et al., 2008;
Schulenbergand Patrick, 2012). In an examination of binge drinking from adolescence through
young adulthood as a function of college attendance, Timberlake et al. (2007) found that high
school binge drinking was more common for those who did not go on to attend college, but by
age 19 and‘throughout young adulthood, binge drinking among those who attended college
surpassed that'of those who did not attend college.
The Current Study

Thecurrentstudy is the first to examine the longitudinal course of high-intensity drinking
across lateradolescence and the transition to adultfiboge research ainase examined1)
how 10+ drinkers differ in their level of involvement with 5+ drinking, compared to those who
do not repert 10+ drinking?2) to what degre¢he average trajemty of 10+ drinking frequency
parallek theaverage trajectory 6f drinking frequencyrom age 18 through 25/26; and (3) to
what extensociodemographic and educationhbracteristicaccount for similarities and
differences betweebhO+ and 5+ drinking trajectories, with a particular focus on gender and
college attendance

METHODS

Study Population

Analysesuseddata fromthe Monitoring the Future (MTF) study; detailed methodology is
provided elsewhere (Bachman et al., 2015; Johnston et al.,. Biid)y, anationally
representative sample of approximately 15,000graders (modal age 18) from about 130
schoolss surveyed annually. A subsample of about 2 g&fiors igandomlyselected from
each annual sample for longitudinal follow-up using mailed questionnairestance users are
oversampled (analyses include weights accourliirsgoversample). Respondents are randomly
divided with half surveyedne year after gragtion (modal age 19) and then every two years
after that to age 29, and half surveyed two years after graduation (modal age 20) andyhen eve
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149  two years after that to age.3Biven the current study’s focus on early young adulthood,

150 responses atge 18, 19/20, 21/22, 23/24, and 25/26 are included se #malysestFollow-up

151  questionnaires are mailed in the spring with a modest monetary incentive. Thesliinifer

152  Michigan Behavioral Sciences Institutional Review Board approved the study.

153 The_analyses utilize items asked from 2005 onwards oMadiequestionnaire form (out
154  of six randemly/distributedjuestionnaire forms used for data collection). Thus, the current
155  sample'waslimited to cohonteho were in the 12grade from 1997 to 2013 and had the

156  opportunityto'respond to followp surveys during 2005-201defe Supplemental Table The

157 averageage-18 response rate for these cohorts was 8@grisétall nontesponse at age b@ing
158  due to scheahbsenteeismather than refusdl A total of 5,973 individuals who responded to the
159 relevantquestionnaire at age YW&re selected fdongitudinal follow-up and thukrm the

160  sampleeligible forparticipation in the current paper. Of those, 3, 882%0) respondedo at

161 least one of the fouelevantfollow-up surveydrom 2005to 2014 and providedada on either

162 5+ or 10+ drinking outcomes; data on both outcomes were available for 3,698 (61.9%).

163  Measures

164 High-intensityand binge drinkingThetwo alcohol outcomeasedin these analysesere
165  based onsguestions posed at age 18 and each follow-up survey, as oliowg the last two

166  weeks, bwsmany times have you hadfive or more drinks in a rowf5+ binge drinking];10 or
167  more drinks in a rowP10+ high-intensity drinking]. Response categories included none, once,
168  twice, 35 times, 69 times, and 10 or more times (coded 0-5 for analyisigiccordance with

169  earlier work*onythe topic (e.g., Patrick, 2016; Patrick et al., 2013; White et al., 2006), we
170  operationalizeshighatensity drinking as drinking twice the binge threshaold10+ drinks.

171 Covariates Gender, race/ethnicity, parental education, high school grades, and high
172 school substance use were reported at agédder was coded as male or female.-Self

173  identifiedrace/ethnicity was coded as White, Black, Hispanic, or Other. Black, Hispanic, and
174  Other racegspandents reporteery low prevalence for higimensitydrinking; henceall

175 analyses used a dichotomy of White vensosWhite. A dichotomy for @rental educatiofused
176  asa proxy fer.socioeconomic status; Patrick et al., 2012) indicated whether respaegented
177  that at least one parent had graduated from colfegerage high school grades were asked using
178  a 9point scale ranging from A to D; data were coded into a dichotdr(@) C+ or lower versus
179 (1) B- or aboveHigh school substance use measures were dichotomous and indicated any use of
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(a) cigarettes within the past 30 days, (b) marijuana within the past 12 montls), it
drugs other than marijuana in the past 12 months. College atterwdasmceported at age 19/20
and indicated if the respondent reported beairfigll-time student at a-year college (vs. other).
Analysis

Analyses wereonductedvith Mplus 7.3 (Muthén and Muthén, 1998-2015) udity
information. maximum likelihoo@stimation Missing data on covariategere addressed by
including covariates in the model via modeling variances (Muthén and Muthén, 2010a; 2010b).
For Aim 1(examining 5+ drinking among 10+ drinkergihconditional means were estimated
examine overlap between 5+ and 10+ drinking prevalence and frequeresr, quadratic, and
piecewise growth curve models were explored for Bath 2 (comparisons of 10+ and 5+
drinking trajectoriespndAim 3 (examining trajectories by subgroup®sults indicated
piecewisdatent growth curvanodels provided the best fit for both 10+ and 5+ drinking. In
addition to the interceptwb distinct time periodgéages 18 through 21/22; ag&k/22 through
25/26)were identifiedand modeled with separate latent slogessociations with
sociodemegraphic and educational covariates were examined using\ameant covariate and
grouping modelsin time-invariant covariatenodels direct paths from age 18 covariates were
added to"bethntercept an®lopes direct paths wiee added only to Slopes for collegiendance
(seeSupplemental Figure 1Based on the results of tirmevariant models, twoand four-group
models further investigated associations between gemdieollege statusvith developmental
change in‘both 10+ artg drinking frequencyComparisons of models where estimates were
constrainedtorbe equal across groups versus estimated freely were made usitayrtee S
Bentler scaledchsquare difference tegfatorra and Bentler, 200181l models used maximum
likelihood/estimation with robustandard errorand were weighted using attrition weights.

RESULTS

Supplementarable2 providesdescriptivestatisticsfor outcomes and covariatehe
prevalence 010+ drinking rose from 8.9% at age 18 to 13.8% at age 21/22, and then decreased
to 12.1% bys-age 25/26. In comparisdme prevalence &+ drinking rose from 19% at age 18
to 32.9% atrage 21/22 and remained steady through age 25/26.
Aim 1: Overlap between 10+ and 5+ drinking

To examine the overlap betwegd+ and 5+ drinkingthe samplavas limited to cases
with data on both behaviors (n=3,698). The percerw&§e drinkers who also reported 10+
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211 drinking was highesit agel8, when 45.% of 5+ drinkersalso reported 10+ drinkingn(the

212 total samplel9.4% reported 5 and8.8% reported 10+). The proportioh5+ drinkers who also
213 reportedl O+ drinking diminishedsteadilyto age 25/26, when 36.4% of those reporting 5+

214  drinking also reportedO+ drinking (31.9% reported 5+11.6% reported 10+X.he percentage of
215  those reporting having 5+ drinksit not10+drinks (i.e.,a maximum o05-9 drinks)rosefrom

216 10.3% at age 18 to 19.3% at age 21/22, and then remained essentially steady through age 25/26
217 (20.6%):

218 Mean5+drinkingfrequency was estimated at each age anfanthose reportin§+ but

219  not 10+ drinking, and (kthose reporting+ and 10+ drinkingResults (Figure 1) show that if no
220 10+ drinking was reported, respondents who reported 5+ (i.e., had a max of 5-9 drinks) typically
221 did so between once twicein the past two weeksanging from 150 to 1.58 1="once” and

222 2="twice”). However, 10+ drinkergypically reportecb+ drinkingnearly3-5 times in the past

223 two weeks (ranimg from 2.60 to 2.802="twice” and 3=3-5 times’). Thus, 10+ drinkers

224  engaged irb+ drinking almost twiceasfrequernly asthose who did not drink beyond the 10+

225 threshold Fheaverage frequency b0+ drinking (among those who repeatany) was 186

226  across all ageganging from 1.71 to 1.98, not graphed), or slightly less thartitmes in the

227  past two weeks.

228  Aim 2: Comparisons of trajectoriesof 10+ and 5+ drinking frequency

229 Unconditional growth model estimates of both 10+ and 5+ drinking frequdenai}

230 respondentare reported in Tablk (together with fit statisticandestimated means ageaphed
231 in Figure 2/Panel A While some individuals reported 10+ drinking on 10 or nomeasionsn

232 the past 2'weeks at each agale of 5 on 0-Scalg, estimatednean frequency of 10+ drinks
233 across the total samplemained below once in the past 2 weeks (value of 1'ed2l¢ at all

234  ages, rising from 0.175 (age 18) to 0.Z&3e 21/22) and then decreasing to 0.200 (age 25/26).
235  Estimates,of meab+ drinking frequency also remained below oircthe past two week$ut

236  were higher.thaestimatedlLO+ drinking frequency (rising from 0.391 at age 18 to 0.683 at age
237  21/22, and.then decreasing to 0.627 by age 25I2@)rats of increase fod 0+ and 5+ drinking
238 fromage 18:ithrough 21/22 (Slope 1¢mboth significant (0.046 and 0.14&spectively. The

239 rates of decrease from a@d/22through25/26 (Slope 2jor both 10+ drinking and 5+ drinking
240  were similar {0.033 vs. 0.028), but only10+ drinking achieved significance.
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For both 10+ and 5+ drinking, significant and negative correlations betweszodptand
Slope 1 indicadthat individuals with lower initiafrequencyincreasednore quickly through
age 21/22. The lack significant associations betwebtiercept and Slope 2 indieattha the
rateof changan both 10+ and 5+ drinkingrom age 21/22 through 25/26 was unrelateddge
18 use frequency. For both drinking behavisignificant negative correlations betwegiopes
1 and 2 indicadthat individuals reporting the strongest rates of incréaseage 18 through
21/22 werealso those who reported the strongest decfeavesge 21/22 through 25/26.

Aim 3: Subgroup differencesin trajectories of 10+ and 5+ drinking

Multivariabletime-invariant covariatenodels §ee Tabld for estimates and fit statistics)
indicated consistent patterns of association between covgp#tes than high school grades)
and Interceptsi(age 18 use frequency) for both 10+ and 5+ drinknidarSassociationsvere
observedetween covariates and ratef change in both behaviasross the transition to
adulthood. he rats of increase in frequendpr Slope 1from age 18 through 21/22)exe
significantly higher for males (vs. females) and those who reported attendingaacbiege
full-time atrage 19/20 (vs. non-attenders). Conversely, the Slope 1 rates of change for both
behaviors weresignificantly lower for those who reported past 12-month illicit drug use other
than marijuana as high school seniors (vs. mggrs) Significant Slope Associations between
race/ethnieity and high school cigarette use that were observed doinkihg were not
observed for 10+ drinking. For both 10+ and 5+ drinking, only colkétpmdance at age 19/20
was significantly and negatively associated wattesof change in use frequentyr Slope 2
(from age 21722 through 25/26).

Two=and four-group models were run to further investigateder and college
attendance@ssociationgvith 10+and5+ drinking. Resultsare reported in Table 2 and Figure 2
(Panels B.and Gwo-group models The wo-group modefor gender confirmed that, at age 18,
men reported.higher frequency of 10+ anddsifiking than womenlid. Both men and women
showed significant increasesif+ and 5+ drinking from age 18 through 21/22, although the
Slope 1 ratesof increase was higher for nisth men and women had significant decreases in
10+ and 5+drinking frequen@cross Slope,dutthe rates of decrease observed did not differ
between genders

The wo-group model for college status showed thagge 18, medinequencieof 10+
and 5+ drinkingverehigher for nonattenderghan college attenderislo significant

This article is protected by copyright. All rights reserved



272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302

Trajectories of HigHntensity Drinking 10

developmental change in 10+ drinking frequency was observed across either Slopapg @r Sl
for non-attenders. In contrast, the mean frequency of 5+ drinking significantly increased a
non-attenders from age XBrough 21/22 (Slope 1) and then remainedstedily stablefrom
age 21/22 through 25/26. Amongllege attenderd.0+ and 5+ drinking both significantly
increased frem age 1Brough 2122, andthen significantly decreasew thatby age 25/26, they
returned tdb+ and 10+ frequency rates similar to or below those ofattamders

To 'investigate the associations across gender and college attendance simultaneously, a
four-groupmodeivas usd. Resultglarified that developmental changel0+ drinkingwas
driven by collegestatuspoth Slope 1 and Slopee3timatesould be constrained to be equal for
men and women within college attendarfeer 5+ drinking, he increasé&rom age 18 through
21/22 was highest for college-attending men, followed by college-attending women, ang, finall
non-attending men. Non-attending women showed no significant age-related ichahge
drinking. No significant change in 5+ drinking frequency from age 21/22 through ®a£6
observed for either men or women non-attenders. Armoolgge atteners the significant
decrease iB+drinking frequency from age 22/22 through 25/26 could be constrained to be
equal for mensand women.

DISCUSSION

High=intensity drinkers (i.e., individuals who report consuming 10 or more drinks in a
row) drink alcoholin not onlygreaterguantity but also greater frequency than binge drinkers
(i.e., those.who report consuming 5 or more drinks in a rokis. replicates earlier work with
college students showing that frequent bidgekers were more likely to drink to higher
qguantities (White et al., 200@}ligh-intensity drinkers report having 1@kinks almost twicen
the past two weeksnd having 5+ drinks about3times(among those who do not report 10+
drinking, the averagfrequency of having 5-9 drinks between once and twic&iven that+
drinking has.clear links with alcohotlated and other healtklated consequences (Chassin et
al., 2002; Courtney and Polich, 2009; Wechsler et al., 1994; Schulenberg et al., in press), high-
intensitydrinkers appear to be a particularly higék populationfor intoxicationrelated
consequencdsoth to themselves and to others who may be affected by themsdtnis
extends previous work that has documented rates of high-intensity drinking among high school
students (Patrick et al., 2018pllege student@Patrick et al., 2016; White et al., 2006), and
young adultgPatrick and TernMcElrath, in review; TerryMcElrath and Patrick, 2016).
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Theobserved developmental pattern in high-intensity drinking across the transition to
adulthoodwassimilar to that documented for binge drinking, but indéddbhat risk for
consumption of 10+ drinks in a raworeclearly concentrated ithe early twentiePeak
frequencie®f bath 10+ and 5+ drinking were reported at age 21/&h-ktensity drinking
frequency significantlyleclined after age 21/22, while binge drinking frequency did not show a
statistically.significant declindrevious research has shown a significant decredse in
drinkingprevalencefter age 21/22 (Johnston et al., 2015; Patrick and Schulenberg, 2011).

Greaterpeaks ihigh4ntensityand binge drinking were documented among men than
women Developmental changa both behaviorsvasdriven largely by collegattendanceFor
10+ drinking «there was no significant agegated changa frequencyamong men and women
who did not‘go‘to college&ignificant agerelated change in 5drinking wasnot observed among
non-college womenand showed only a modest peak at age 21/22 focdtage men.
Frequencies of bothO+ and 5+drinking among college attenders decredsethe mid-20s to
approximately match noattenders.College is a period of acute, tinfiazited risk for very
heavy alceholwuse, including both 5+ and 10+ drinking, for those who attend (Hingson et al.,
2009; Perkinsy2002; Wechsler et al., 1994).

Strengthof the study include theational multi-wave, multicohort longitudinal data
that allow.examination of average trajectories and subgroup analyses across eighthgears
risk of heavy drinking tends teach its lifetimgpeak However, the findings should be
considered withirthe limitationsof this study, which include the usea$choolbased 19
grade sampleeicluding high school drop-oytsand seHreport alcohol use measures with two
year gaps between assessmamile the @rticipation rateseported in the Methods section
were typical for recent mail data collectionaets (Dillman et al., 2014)there was noted
attrition. Analyses(not shown) indicated that study participatairage 19/20 (but not later ages)
was significantly lower in multivariable models for individuals with higher Egjalcohol
involvement, thus possibly resulting in underestimation of alcohol use prevalence anddyeque
in the absence of attrition weightinghe use of attrition weights the currentinalyses adjust
for such underestimation. Such limitations notwithstandimg, i the first study to chart the
normative developmental course of high-intensity drinking, using national longitudiaal dat
spanning late adolescence and the transition to adulthood. Future research shouddt@vesti
whether there amultiple trajectories othigh-intensity drinkinghat mirrorthe multiple
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334 trajectorieghat have been documented liinge drinking(Jackson et al., 2008; Maggs and

335  Schulenberg, 2004; Nelson et al., 2015; Schulenberg et al., 1996a). Additional consideration of
336  psychosociapredictors andime-varying covariatess warranted{o examinepotential

337 differences between riskndprotective factors fohigher-intensity drinkingcompared to 5+

338  drinking. Finally, it will be important to evaluate the consequences afebelopmental course

339  of high-intensity drinking and binge drinking, includindpether the behaviors differentially

340 predict alcohol'use disorders and other health outcomes in midlife.

341 References

342  Alexander EN & Bowen AM 2004. Excessive drinking in college: behavioral outcome, not

343 binge,qas a basis for preventidwdict Behaw29:1199-205.

344 Bachman JG, dohnston LD, O'Malley PM, Schulenberg JE & Miech RA ZBiE5Monitoring
345 the Future project after four decadesefign and procedures (Monitoring the Future
346 Occasional Paper No. 82Ann Arbor, Mi, Institute for Social Research.

347 httpi/monitoringthefuture.org/pubs/occpapers/mtf-occ82.pdf

348  BrownSAgMeGue M, Maggs J, Schulenberg J, Hingson R, Swartzwelder S, Martin C, Chung T,

349 Tapert'SF, Sher K, Winters KC, Lowman C & Murphy S 2008. A developmental

350 perspective on alcohol and youths 16 to 20 years ofRfsghatrics121: S290-310.

351  Chassin LyPitts SC & Prost J 2002. Binge drinking trajectories from adolesoesoerging

352 adulthood in a highisk sample: predictors and substance abuse outcdrassult Clin
353 Psychol70.67-78.

354 Chassin LgPresson CC & Sherman SJ 1989. ‘Constructive’ vs. ‘destructive’ deviance in
355 adoleseent health behaviodsYouth Adolest8245-262.

356 Chen P & Jacobson KC 2013. Longitudinal relationships between college education and patterns
357 of heavy,drinking: a comparison between Caucasians and Affigericans.J Adolesc
358 Health53.356-62.

359 Costanzo PR, Malone PS, Belsky D, Kertesz S, Pletcher M & Sloan FA 2007. Longitudinal
360 differences in alcohol use in early adulthod&tud Alcohol Drug68:727-37.

361 Courtney KE & Polich J 2009. Binge drinking in young adults: daedinitions, and

362 determinantsPsychol Bull135142-156.

363  Crosnoe R 201Fitting in, standing out: Navigating the social challenges of high school to get
364 an educationNew York, NY, Cambridge University Press.

This article is protected by copyright. All rights reserved


http://monitoringthefuture.org/pubs/occpapers/mtf-occ82.pdf�

Trajectories of HigHntensity Drinking 13

365 Dillman DA, Smyth JD & Christian LM 2014nternet, mail, and mixediode surveys: The

366 tailored design method (4th edpboken, NJ, Wiley & Sons.

367 Hingson RW & White A 2013. Trends in extreme binge drinking among US high school seniors.
368 JAMA Pediatrl67.:996-8.

369 Hingson RW;.Zha W & Weitzman ER 2009. Magnitude of and trends in alceladéd

370 mortality and morbidity among U.S. college students ages 18-24, 1998260kl

371 Alcohol'DrugsSuppl. 16 12-20.

372 Jackson KM;'Sher KJ & Schulenberg JE 2008. Conjoint developmental trajectories of young
373 adult substare useAlcohol Clin Exp Re82723-37.

374  Johnston LD#O'Malley PM, Bachman JG, Schulenberg JE & Miech RA R0driitoring the

375 Future national survey results on drug use, 1975-2014: Volume I, college students and
376 adults ages 1%5, Ann Arbor, MI, Institute for Social Research, The University of

377 Michigan. http://monitoringthefuture.org/pubs/monographs/mtf-vol2_2014.pdf

378 Maggs JL & Schulenberg JE 2004. Trajectories of alcohol use during the transition hoadiult
379 AlcoholiResearch and Heal#8 195-201.

380  Muthén BO &Muthén LK 2000. The development of heavy drinking and alaeteted

381 problems from ages 18 to 37 in a U.S. national sardud Alcohob1:290-300.

382  Muthén LK*& Muthén BO 1998-20134plus User’s Guide. Seventh Editidrgs Angeles, CA,
383 Muthén & Muthén.
384  Muthén LK & Muthén BO 2010aVlissing Data Modelingl.os Angeles, CA, Muthén and

385 Muthémbttp://www.statmodel.com/discussion/message/22/22.html
386  Muthén LK:&Muthén BO 2010bMplus Version History: Mplus Version 6119s Angeles, CA,
387 Muthén and Muthémttp://www.statmodel.com/vhistory.shtml

388 Naimi TS, Nelson DE & Brewer RD 2010. The intensity of binge alcohol consumption among

389 U.S..adultsAm J Prev Me@®8.201-7.

390 Nelson SE, \an Ryzin MJ & Dishion TJ 2015. Alcohol, marijuana, and tobacco use tragctori

391 fromsage 12 to 24 years: demographic correlates and young adult substance use problems.
392 Dev'Psychopathd@7:253-77.

393  Patrick ME 2016. A call for research on high-intensity alcohol Akmhol Clin Exp Res

394 40:256-9.

This article is protected by copyright. All rights reserved


http://monitoringthefuture.org/pubs/monographs/mtf-vol2_2014.pdf�
http://www.statmodel.com/discussion/message/22/22.html�
http://www.statmodel.com/verhistory.shtml�

395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

Trajectories of HigHntensity Drinking 14

Patrick ME, Cronce JM, Fairlie AM, Atkins DC & Lee CM 2016. Biayday variations in high-
intensity drinking, expectancies, and positive and negative alcelavéd consequences.
Addict Behawb8110-116.

Patrick ME & Schulenberg JE 2010. Alcohol use and heavy episodic drinking prevalence and
prediectors among nationalregles of American eighttand tenth-grade studendsStud
Alcohol.Drugs71:41-45.

Patrick ME"& Schulenberg JE 2011. How trajectories of reasons for alcohol aisetoel
trajectories of binge drinking: National panel data spanning late adolesoerantyt
adulthoodDev Psycho#t7:311-317.

Patrick ME; Sehulenberg JE, Martz ME, Maggs JL, O'Malley PM & Johnston LD 2013. Extreme
binge drinking among 12tgrade students in the United States: Prevalence and
predictors JAMA Pediatricsl67:1019-25.

Patrick ME & Terry-McElrath Y in review. Heavy and high-intensity drinking by underage
young adults in the United States.

Patrick MEpWightman P, Schoeni RF & Schulenberg JE 2012. Socioeconomic status and
substance use among young adults: A comparison across canatrdatrugs] Stud
Aleehol Drugs73.772-782.

Perkins HW"2002. Surveying the damage: A review of research on consequences of alcohol
misuse in college populations Stud AlcohoB1-100.

Satorra A'& Bentler PM 2001. A scaled difference-stpiiare test stigtic for moment structure
analysisPsychometrik&®6:507-514.

Schulenbergd; O'Malley PM, Bachman JG, Wadsworth KN & Johnston LD 1996a. Getting
drunk and growing up: Trajectories of frequent binge drinking during the transition to
young adulthood] Stud Alcohob7:289-304.

Schulenberg JE & Maggs JL 2002. A developmental perspective on alcohol use and heavy
drinking/during adolescence and the transition to young adultddsid Alcohol
Drugs54-70.

Schulenberg JE & Patrick ME 2012. Historical and developmental patterns of alodiarug
use among college students: Framing the probienhite, HR & Rabiner, D (eds.)
College Drinking and Drug UsKew York, NY: Guildford.

This article is protected by copyright. All rights reserved



425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442

Trajectories of HigHntensity Drinking 15

Schulenberg JE, Patrick ME, Kloska DD, Maslowsky J, Maggs JL & O’Malley PM is pres
Substance use disorder in early midlife: A national prospective study on healtel&nd w
being correlates and lortgrm predictorsSubstance Abuse: Research and Treatment

Schulenberg JE, Wadsworth KN, O’Malley PM, Bachman JG & Johnston LD 1996b.s&eote
risk faetors for binge drinking during the transition to young adulthood: variable- and
patterncentered approaches to charigev PsychoB2659-674.

Terry-McElrath"YM & Patrick ME 2016. Intoxication and Binge and Higitensity Drinking
AmongUS Young Adults in Their Midwenties.Subst Abu®.

Timberlake DS, Hopfer CJ, Rhee SH, Friedman NP, Haberstick BC, Lessem JM & Hewitt JK
2007. College attendance and its effect on drinking behaviors in a longitudinal study of
adolescentsAlcohol Clin Exp Re81:1020-30.

Wechsler H, Davenport A, Dowdall G, Moeykens B & Castillo S 1994. Health and behavioral
consequences of binge drinking in college: A national survey of students at 140
campusesIAMA2721672-7.

Wechsler H&Nelson T 2001. Binge drinking and thmerican college student: what's five
drinks?Psychol Addict Behal/5:287-291.

White AMyKraus CL & Swartzwelder H 2006. Many college freshmen drink at levels far
beyond the binge thresholélcohol Clin Exp Re80:1006-10.

This article is protected by copyright. All rights reserved



Trajectories of HigHntensity Drinking 16

Table 1. Piecewise Trajectories of Past 2-Week 10+ High-Intensity and 5+ Binge Drinking

among U.S. Young Adults: Unconditional Growth Modelsand Time-Invariant Covariates

Unconditional growth models Mean estimates (unstandar dized)
| (Age18) S1(Age18-21/22)  S2 (Age 21/22-25/26)
Est p Est p Est p
10+ High-intensity drinking 0.175 <.001 0.046 <001  -0.033 0.001
5+ Binge drinking 0.391 <001 0146 <001 -0.028  0.066
Correlations (standar dized)
l,S1 I, S2 S1, 2
r p r p r p
10+ High-intensity. drinking -0.377 <001 0101 0473 -0.824  <.001
5+ Binge drinking -0.269 0.008 -0.022 0.866 -0.406 0.002
Time-invariant covariate models? Coefficients (standar dized)
I S1 S2
B p p p B p
10+ High-intensity, drinking
Male 0.177 <.001 0.109 0.001 -0.110 0.125
White race/ethnicity 0.067  0.025 0.042 0.201 -0.072 0.257
At least onesparent with college degree 0.010 0.760 -0.033 0.352 0.094 0.156
Averagerhigh school grades 8 higher 0.027  0.488 0.022 0.611 -0.196 0.094
Past 3edaycigarette us¢age 18) 0.246 <.001 -0.065 0.238 0.005 0.950
Pastl2-monthmarijuana uséage 18) 0.175 <.001 -0.006 0.901 -0.081 0.316
Past 12monthother illicit druguse(age 18) 0.224  <.001 -0.095 0.046 -0.060 0.446
College attendance (age 19/20) -- -- 0.108 <.001 -0.206 0.037
5+ Bingedrinking
Male 0.152 <.001 0.108 0.002 0.085 0.106
White race/ethnicity 0.069 0.016 0.080 0.024 -0.042 0.416
At least one parent with college degree 0.020 0.513 -0.017 0.653 0.031 0.553
Average high school grades & higher 0.076 0.039 -0.008 0.860 -0.120 0.104
Past 36day cigarette uséage 18) 0.310 <.001 -0.120 0.031 0.058 0.420
Past@2monthmarijuana uséage 18) 0.340 <.001 -0.023 0.632 -0.090 0.198
Past 12monthather illicit druguse(age 18) 0.228  <.001 -0.114 0.019 0.034 0.600
College attendandgge 19/20) -- -- 0.179 <.001 -0.139 0.025
X? (df) p CFI TLI RMSEA

Model fit statistics
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10+ High-intensity drinking
Unconditional model
Multivariable model

5+ Binge drinking
Unconditional'model

Multivariable model
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4132 (5) 0531  1.000
26.899  (22) 0.215  0.995

3.555  (6) 0.737  1.000
33206 (23 0.076  0.994

1.006
0.988

1.006
0.986

<.001
0.008

<.001
0.011

Notes: Ns(unweightedpr 10+ high-intensity drinking= 3,716 for 5+ binge drinking = 3,700 = Intercept; S1 =

Slope 1; S2.= Slope 2All covariates entered simultaneously in timeariant covariate models.

Table 2. Piecewise Trajectories of Past 2-Week 10+ High-Intensity and 5+ Binge Drinking

among U.S. Y oung Adults: Unconditional Growth Models Grouped by Gender and College

Attendance

Two-groupamodel: gndef

Females

Males

Mean estimates (unstandar dized):

| (Age18) S1(AQe18-21/22)  S2 (Age 21/22-25/26)

Two-group model: allege attendance

Norattending
Attending

Fourgroup model: gnder andollege attendanée

Not attendingsFemales
Not attending Males
Attending-;Females

Attending- Males

Two-group'model: gndef

Females
Males

Two-groupsmodel: allege attendande

Non-attending
Attending

Fourgroup model: gnderand ollege attendanée

Not attending Females

N Est p Est p Est p
10+ High-intensity drinking
2,153 0.089 <.001 0.022 0.014 -0.026 0.001
1,563 0.266 <.001 0.068 <.001 -0.026 0.001
1,593 0.171 <.001 0.016 0.254 0.002 0.871
1,434 0.134 <.001 0.088 <.001 -0.075 <.001
910 0.083 <.001 0.010 0.389 0.007 0.578
683 0.279 <.001 0.010 0.389 0.007 0.578
896 0.042 <.001 0.069 <.001 -0.058 <.001
538 0.283 <.001 0.069 <.001 -0.058 <.001
5+ Bingedrinking
2,146 0.275 <.001 0.105 <.001 -0.035 0.015
1,554 0.509 <.001 0.207 <.001 -0.035 0.015
1,589 0.401 <.001 0.080 <.001 0.006 0.802
1,427 0.308 <.001 0.254 <.001 -0.092 <.001
907 0.296 <.001  0.040 0.084 <.001 0.987
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Not attending Males 682 0.497 <.001 0.142 <.001 <.001 0.987
Attending- Females 893 0.202 <.001 0.213 <.001 -0.091 <.001
Attending- Males 534 0.443 <.001 0.323 <.001 -0.091 <.001

Notes: | = Intercept; S1 = Slope 1; S2 = Slope 2. Decisiofied¢mr constrain estimates to be equal across groups

based on results &atorraBentler scaled chéquare difference testFor 10+ and 5+ gender grouping models,
Slope 2 meanrand, variance were constrained to be equal across endér and 5+ college status grouping
models, Slope 2 variance was constrained to be equal across stdliege For the forgroup gender and college
status medels;:Slepe 1 and Slope 2 means were constraime@doal across gender within college status groups
for 10+; Slope 2 mean was constrained to be equal across gendercoiitge status groups for 5+.

2 x%(df)=8.454(12); RMSEA=.00% CFI=1.000; TLI=1.026.

b x2(df)=12.063(10); RMSEA=0.012; CFI=0.99P} |=0.984.

¢ Attending = Fulitime student at-4ear college at age 19/20.

4 X2(df)=32.264(30): RMSEA=0.010; CFI=0.991; TLI=0.988.

© x(df)=20.926(14); RMSEA=0.016; CFI=0.989; TLI=0.985.

" x?(df)=26.255(11); RMSEA=0.030; CFI=0.977; TLI=0.959.

€ X?(df)=44.440(28); RMSEA=0.028; CFI=0.975; TLI=0.964.
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Figure 1. Comparing Frequency of Past 2-Week 5+ Binge Drinking among U.S. Young
Adults Based on 10+ High-Intensity Drinking Participation
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Note: Frequencyfange of (0) none, (1) once, (2) twice, (3) 3-5 times, (4) 6-9 times, (5) 10 or more times.

5+ drinks[(High=intensity drinkers) = mean frequency of 5+ drinks if respondent reported any 10+ drinking.

5-9 drinks (Binge but not high-intensity drinkers) = mean frequency of 5+ drinks if respondent reported 5+ but not
10+ drinking,
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Figure 2. Estimated Trajectories of Past 2-Week 10+ High-Intensity and 5+ Binge Drinking
Frequency among U.S. Young Adults
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B. Trajectories by Gender
5+ Drinks Male 5+ Drinks Female

e 10+ Drinks Male == == 10+ Drinks Female

o
>
(]
]
~
=

Mean Frequency

18 19/20 21/22 23/24 25/26
Age
C. Trajectories by College Status at Age 19/20
-_— 5+ Drinks College 5+ Drinks Non-college

10+ Drinks College = = 10+ Drinks Non-college

o

)

(o)
o
[aRY

90 QO
(6, Mo ) RN Blo s [ Vo]

7.

Mean Frequency
in Past 2 Weeks (0-5)

o .
=

[=N)
N W
'
|
|
|
{

(None) 0 T T T T 1
18 19/20 21/22 23/24 25/26

Age

Notes: Model fit statistics reported in Table 1 for overall trajectories and in Table 2 for trajectories by gender and
college status.
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