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ABSTRACT
Objectives We compared discrete time measures with 
trajectories of adolescent drinking frequency as predictors 
of sustained binge drinking in young adulthood.
Design Prospective longitudinal study.
Setting 10 high schools in Montréal, Canada.
Participants 1293 high- school students followed from 
mean (SD) age 12 (0.6) to 24 (0.7) years.
Primary outcome measures Patterns of drinking 
frequency (self- reports every 3 months from ages 12 to 
17) identified using group- based trajectory modelling. 
Sustained binge drinking was defined as binging monthly 
or more often at both ages 20 and 24.
Analyses Using logistic regression, sustained binge 
drinking was regressed on trajectory group membership 
and on four discrete time measures (frequency of drinking 
at age 12; frequency of drinking at age 17; age at drinking 
onset; age at onset of drinking monthly or more often).
Results We identified seven drinking trajectories: late 
triers (15.2%), decreasers (9.5%), late escalators (10.4%), 
early slow escalators (16.5%), steady drinkers (14.4%), 
early rapid escalators (15.8%) and early frequent drinkers 
(18.2%). Sustained binge drinking was reported by 260 
of 787 participants (33.0%) with complete data at both 
ages 20 and 24. Decreasers did not differ from late triers; 
all other patterns were associated with higher odds of 
sustained binge drinking (adjusted ORs: AORs=1.4–17.0). 
All discrete time measures were associated with sustained 
binge drinking, notably frequency at age 12 (a bit to 
try and drinking monthly: (AORs=2.6 (1.7; 3.9) and 2.8 
(1.3; 6.1), respectively), age of drinking onset <13 years 
(AOR=7.6 (3.0; 24.1)), and any age of onset of drinking 
monthly or more often (AORs=5.1–8.2).
Conclusion Youth at risk of sustained binge drinking 
as young adults can be identified with indicators of 
early drinking as early as 7th grade (aged 12–13 years). 
Identification of easy- to- obtain indicators can facilitate 
screening and intervention efforts.

INTRODUCTION
Alcohol consumption is commonly initiated 
in adolescence.1 2 In 2014–2015, underage 
drinking was reported by 49% of Canadian 

youth including 19% of grade 7–9 students.3 
In 2016, 26% of 8th graders in the USA had 
tried more than a few sips of alcohol, and 
11% reported being drunk at least once.2 
Early alcohol use is associated with adverse 
outcomes in adulthood including binge (ie, 
heavy episodic) drinking, and young adults 
who binge are more likely to experience phys-
ical harm and acute and persistent health 
problems such as altered neurophysiological 
and neurocognitive function.4–6 In addition, 
frequent (ie, ≥3 episodes in the past 2 weeks) 
and sustained binge drinking increases the 
risk of alcohol- use disorders.6 Early interven-
tion may prevent or delay development of 
risky drinking and associated health prob-
lems.7 8 However, the US Preventive Services 
Task Force (USPSTF) concluded in 2013 that 
the current evidence is insufficient to recom-
mend screening for alcohol misuse in adoles-
cents,9 in part because there is no consensus 
on which early drinking patterns lead to 
excessive use or necessitate intervention.10

Strengths and limitations of this study

 ► Strengths include dense observations on alcohol use 
over more than a decade.

 ► Discrete time measures of drinking frequency were 
measured prospectively and compared with trajec-
tories as predictors of sustained binge drinking in 
young adulthood.

 ► We use inverse probability weighting to account for 
attrition in young adulthood.

 ► Limitations include lack of data on binge drinking in 
adolescence.

 ► Since 42% of participants had already used alcohol 
by age 12, our trajectories cannot fully capture the 
natural course of alcohol use.
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Group- based trajectory modelling is frequently used 
to identify adolescent drinking patterns. Over a dozen 
studies estimate trajectories of adolescent alcohol use 
and then use these trajectories to study associated risk 
factors and outcomes.11 Most report a consistently low 
use pattern including abstainers; a consistently high 
use pattern and a ‘normative’ trajectory with abstinence 
at younger ages and increased use in late adolescence. 
Higher levels of alcohol consumption in late adolescence 
track into young adulthood,1 11 and adolescents whose 
use is consistently high are more likely than abstainers to 
have alcohol use disorders in young adulthood.1

Several studies on drinking outcomes have used trajec-
tories of binge drinking—rather than general alcohol 
consumption—across adolescence and early adulthood 
and found that compared with abstainers, individuals 
who engaged in higher levels of binge drinking across 
time were more likely to have poorer physical and mental 
health, to be engaged in crime and to abuse or be depen-
dent on drugs.12–15 Although persistent binge drinking 
is associated with an increased risk of later health prob-
lems,16 no study has examined whether alcohol- use trajec-
tories during adolescence are associated with sustained 
binge drinking in adulthood.

Several knowledge gaps and methodological limitations 
of the literature on adolescent alcohol use inhibit transla-
tion of research findings into recommendations for inter-
vention. First, while early onset is associated with later 
substance use,17 few studies report longitudinal patterns 
of alcohol consumption beginning in early adolescence. 
Second, most studies compare drinkers with non- drinkers 
or low- level drinkers. Because adolescent alcohol 
consumption is so prevalent,2 3 distinguishing among 
patterns of use may be more informative for intervention 
than comparing drinkers and non- drinkers. But low- risk 
and high- risk alcohol- use patterns must be sufficiently 
distinct at one or more key transitions (eg, the beginning 
or end of high school) to identify youth who could benefit 
from intervention. Although trajectories are intuitively 
interpretable and therefore attractive, trajectory model-
ling has been criticised, with some arguing that trajectory 
groups may simply be artefacts of the statistical methods 
used.18 19 Further, estimating trajectories requires that the 
time intervals between measurements are the same across 
all participants, which may not be feasible.

Assuming that collecting data at discrete time points 
is less complex than collecting data required to model 
trajectories, an alternative approach is to take snapshots 
of drinking at major transition points (eg, beginning of 
high school when children transition to larger schools 
with new modes of instruction and unfamiliar students; 
end of high school when parental monitoring or control 
may be waning). Age at first drink and the time point when 
one transitions to more frequent drinking may also relate 
to health outcomes. A large cross- sectional study demon-
strated that age- specific cutoffs in frequency of past- year 
alcohol use had high sensitivity and specificity in iden-
tifying youth with diagnosable alcohol- use disorders.20 

However, no study to date has compared the usefulness of 
discrete time measures against trajectories in predicting 
sustained binge drinking in young adulthood.

To address the relative usefulness of trajectory versus 
discrete time approaches in predicting binge drinking in 
young adulthood, we first describe trajectories of drinking 
frequency from ages 12 to 17 and present four snapshot 
measures of drinking assessed at potentially key transition 
points (ie, beginning of high school, end of high school, 
first report of using alcohol and first report of drinking 
monthly or more often). We then identify which trajecto-
ries and snapshot measures are associated with sustained 
binge drinking between ages 20 and 24. We investigated 
sustained binge drinking in young adulthood because 
evidence suggests that this is a risk factor for later alcohol 
dependence.21 22

METHODS
Participants
Data were drawn from the Nicotine Dependence in Teens 
Study, a prospective longitudinal investigation of 1293 7th 
grade students recruited in 10 Montréal- area (Canada) 
high schools.23 Selected high schools included French- 
language and English- language schools located in urban, 
suburban and rural regions and serving populations of 
high, moderate or low socioeconomic status. Self- report 
questionnaires were administered at school every 3 
months for a total of 20 cycles during high school from 
1999 to 2005 (mean (SD) age=12.7 (0.5) to 17.1 (0.4)), 
and mail or in- person questionnaires in 2007–2008 (cycle 
21) and 2011–2012 (cycle 22) when participants were 
aged 20 and 24 years on average, respectively.

Parents/guardians provided informed consent at base-
line and participants consented in young adulthood. 
This sample was comparable at inception to a provin-
cially representative sample of 13- year- old24 adolescents 
although the prevalence of alcohol use at baseline was 
lower (44% vs 51%).23 Binge drinking at ages 20 and 24 
was also lower in our sample (66%) than in a nationally 
representative sample of young adults (79%).3

Patient and public involvement
It was not appropriate or possible to involve study partic-
ipants or the public in the design, conduct, reporting or 
dissemination plans for this analysis.

Measures
In cycles 1–20, participants were asked how often (never, 
a bit to try, once or a couple of times a month, once or a 
couple of times a week, usually every day, coded 1–5) they 
drank alcohol (beer, wine, liquor) in the past 3 months. 
The full range of frequencies was used for trajectory 
modelling. The intraclass correlation coefficient (ICC) 
for drinking frequency within schools was low (ICC=0.01), 
so the analyses did not account for school clustering.

The four discrete time measures were: (1) drinking 
frequency at age 12 (ie, cycle 1 at the beginning of 7th 
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grade); (2) frequency at age 17 (ie, cycle 20 at the end of 
high school); (3) age at drinking onset (ie, the youngest 
age at which participants first reported any alcohol use) 
and (4) age at onset of drinking monthly or more often. 
Drinking 1–6 times per week and drinking every day 
were collapsed into ‘weekly drinking’. The age measures 
were categorised as never, <13, 13–15, >15 years. In sensi-
tivity analyses, we investigated the stability of the snap-
shot measures by considering two additional measures 
that pooled observations over a year, namely (5) modal 
frequency during 7th grade (ie, cycles 1–4) and (6) modal 
frequency during 11th grade (ie, cycles 17–20 in the last 
year of high school). Modal frequency corresponded to 
the value of alcohol use most frequently reported over 
a year. In cases of ties (eg, when a participant reported 
both ‘once or a couple of times a month’ and ‘once or a 
couple of times a week’ two times over the year), modal 
frequency was set to the higher of the two alcohol use 
frequencies.

Participants were asked at ages 20 and 24 how often 
(never, less than once a month, 1–3 times per month, 
1–6 times per week, every day) in the past 12 months they 
drank ≥5 alcoholic beverages on one occasion.25 26 Because 
binging every day was reported by only two participants, 
we collapsed the two highest categories to 1–7 times per 
week (‘weekly’). We created a binary variable for the 
outcome, sustained binge drinking, where 1=monthly or 
more often at both ages 20 and 24, and 0=all other groups 
(ie, never binged, binged less than monthly at either or 
both age(s), binged monthly or more often at only one 
age).4

Descriptive data collected at baseline included mother 
university- educated (yes/no); language (French/other); 
single- parent family (yes/no); parents smoke (yes/no); friends 
smoke (yes/no) and depressive symptoms in past 3 months (6 
items, 4- point scale). Impulsivity (7 items, 5- point scale) 
and novelty- seeking (9 items, 5- point scale) were assessed 
in cycle 14 (mean age=15.8 years). Online supplemental 
table S1 describes the study variables in detail.

Analytical procedure
We identified drinking frequency patterns by estimating 
group- based trajectory models of 2–10 trajectories using 
the PROC TRAJ command in SAS 9.4 for censored- normal 
distributions.27 We estimated models with an increasing 
number of trajectories until the Bayes factor, approxi-
mated by twice the change in the Bayesian Information 
Criterion between consecutive models, failed to decrease. 
We identified the number of trajectories by choosing the 
model that minimised the Bayes factor among models in 
which all trajectory groups had at least 5% of the sample. 
Each participant was assigned a posterior probability of 
belonging to each trajectory group and then assigned 
to the single group for which she/he had the highest 
probability. An average posterior probability (APP) ≥0.7 
indicated satisfactory classification.27 In sensitivity anal-
yses we used estimated trajectories and the probability of 
non- random dropout from each group.28 The probability 

of loss to follow- up was modelled as a function of age, 
sex, mother university- educated and single- parent family. 
The pattern of results was similar, and therefore we report 
results from dropout models.

We contrasted sample characteristics across trajectory 
groups using analysis of variance (ANOVA) for normally 
distributed continuous variables, Kruskall- Wallis tests for 
non- normally distributed variables and χ2 tests for cate-
gorical variables. Post- hoc tests (ie, Tukey- Kramer proce-
dure for ANOVA and Kruskall- Wallis; Holm procedure 
for χ2) identified trajectory pairs with different features 
while accounting for multiple testing and maintaining 
the family- wise error rate at 5%.

We used logistic regression models to test associations 
between sustained binge drinking and trajectory group 
membership and each of the four discrete time vari-
ables, adjusting for the loss of participants during high 
school using the inverse probability of attrition weights 
based on age, sex, mother university- educated and single- 
parent family. Covariates in the logistic regression models 
included contextual factors associated with early and 
binge drinking (ie, mother university- educated, language, 
single- parent family, parents smoke, friends smoke).16 29 30 
We replaced missing values for these variables at base-
line with the earliest non- missing value within year 1 of 
the study (ie, cycles 2–4). Online supplemental table S2 
shows missingness patterns for these variables. Partici-
pants for whom missing values could not be replaced were 
excluded from these analyses. Given sex differences in 
alcohol use, we also adjusted for sex. Testing whether sex 
modified the association between alcohol use and binge 
drinking was performed using interaction terms between 
sex and alcohol use variables that were examined jointly 
using likelihood ratio tests.31 We do not report sex- specific 
analyses because none of the tests for effect modification 
were statistically significant.

To account for the uncertainty in classifying individuals 
into trajectory groups, we included weights proportional 
to the individual posterior probabilities of trajectory 
membership in the logistic models and computed 95% 
confidence bands using bootstrap.32 Hosmer- Lemeshow 
goodness of fit tests were performed on adjusted logistic 
models. We assessed the predictive value of each alcohol 
use variable by evaluating the additional predictive infor-
mation provided by the inclusion of the alcohol variable 
in the model that only contains covariates.33 34 The addi-
tional predictive information was computed as 1- (LRA/
LRAB), where LRA and LRAB are likelihood ratio χ2 statis-
tics corresponding respectively to the model containing 
covariates only and the model with covariates and the 
alcohol use variable.

RESULTS
Trajectory group analyses
The seven- group trajectory model (figure 1) was selected 
(see online supplemental table S3 for fit statistics of all 
models). ‘Late triers’ (15.2% of participants; APP=0.85) 

https://dx.doi.org/10.1136/bmjopen-2019-035939
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began drinking infrequently toward the end of follow- up; 
‘decreasers’ (9.5% of participants; APP=0.87) decreased 
frequency of alcohol use over time and ‘late escalators’ 
(10.4% of participants; APP=0.85) abstained at younger 
ages and started drinking more frequently at age 15. 
There were two early escalating groups including a rapid 
group (‘early rapid escalators’; 15.8%; APP=0.76) and a 
slow group (‘early slow escalators’; 16.5%; APP=0.83). 
Finally, 14.4% of participants maintained a relatively stable 
frequency of alcohol use over time (‘steady drinkers’; 
APP=0.77), and the largest group, ‘early frequent 
drinkers’ (18.2%; APP=0.86) drank once or a couple of 
times a month at baseline, increased consumption over 
3 years and then plateaued at age 15. The trajectories of 
early frequent drinkers, early rapid escalators and steady 
drinkers converged towards the end of follow- up. Late 
triers and decreasers also had similar alcohol use frequen-
cies at the end of follow- up. Table 1 describes baseline 
characteristics of participants assigned to each of the 
seven trajectory groups.

In pairwise comparisons (see online supplemental table 
S4) of baseline characteristics, trajectory groups were best 
differentiated by drinking frequency and having friends 
who smoked. Sex and age differed among higher- risk 
trajectories (ie, early rapid escalators, steady drinkers, 
early frequent drinkers). Differences in novelty- seeking 
and impulsivity were observed between late triers and 
the other trajectory groups, and depressive symptoms 
differed between early frequent drinkers and the other 
trajectory groups.

Loss to follow- up was <2% in all trajectory groups in 
cycles 1–20 (see online supplemental figure S1) and stable 
over time. Reasons for loss to follow- up included lack of Ta
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Figure 1 Group- based trajectories of adolescent alcohol 
consumption frequency, Nicotine Dependence in Teens 
(1999–2011). Alcohol consumption frequency in the past 3 
months was coded as 1=‘never’; 2=‘a bit to try’; 3=‘1–2 times 
a month’; 4=‘1–2 times a week’; 5=‘usually every day’.
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time, lack of interest and moving to a non- participating 
high school. By age 24 (cycle 22), 81% of participants 
remained in the cohort.23 From ages 12 to 17, relatively 
more early frequent drinkers were lost to follow- up. By age 
17, the probability of loss to follow- up was slightly higher 
among decreasers, steady drinkers, early rapid escalators 
and early frequent drinkers compared with other groups.

Predicting binge drinking in young adulthood
Of 1293 participants at baseline, 61% (n=787) had data 
on binge drinking at both ages 20 and 24, and there-
fore comprised the analytical sample for these analyses. 
Compared with participants without binge drinking 
data in young adulthood (n=506), participants in the 
analytical sample were 2.4 months younger on average, 
fewer were men (45% vs 53%) and more had university- 
educated mothers. Fewer had used alcohol at baseline or 
had parents or friends who smoked (table 2).

Sustained binge drinking was reported by 260 partici-
pants (33%). No estimated logistic model fit poorly (ie, 
all p values for Hosmer- Lemeshow were >0.1). The prev-
alence of sustained binge drinking varied between 14% 
in late triers and 53% in early frequent drinkers. Except 
for decreasers, members of all other trajectory groups 
were more likely to sustain binge drinking than late triers 
(table 3). Early frequent drinkers had a higher prevalence 
of sustained binge drinking and a markedly higher AOR 
(53%; AOR (95% CI)=17.0 (7.5, 61.2)) than late escala-
tors (27%; AOR=3.5 (1.4, 10.0)); the prevalence of binge 
drinking was similar across the remaining trajectories.

Compared with never drinkers at age 12, trying alcohol 
and drinking once or a couple of times per month were 
associated with higher odds of sustained binge drinking. 
Compared with never drinkers at age 17, weekly drinkers 
had the highest prevalence and AOR of sustained binge 

drinking (56%; AOR=5.5 (3.2, 9.9)), followed by monthly 
drinkers (34%; AOR=3.2 (1.7, 4.6)), suggesting a dose–
response relationship that was not apparent at age 12. 
Age at drinking onset was also related to sustained binge 
drinking: participants who began drinking before age 
13 had higher odds than those who began between ages 
13 and 15 or later than age 15. Finally, adolescents who 
began drinking monthly or more often, regardless of age 
of onset, had higher odds of sustained binge drinking 
than never drinkers, although differences in prevalence 
and AORs were not as large as those for drinking onset. 
Results from the models using modal frequencies were 
consistent with those using frequency at age 12 or 17.

Including trajectories in the model predicting sustained 
binge drinking increased predictive information by 60% 
over information provided by a model containing covari-
ates only. Frequency of alcohol use at age 17 and drinking 
frequency in 11th grade increased predictive information 
by 57% and 59%, respectively. The remaining alcohol use 
variables increased predictive information more modestly 
(38%–48%).

Because any binge drinking carries risk, we conducted 
sensitivity analyses with any (ie, including less than 
monthly) versus no sustained binge drinking as the 
outcome. Results were substantively similar (see online 
supplemental table S5).

DISCUSSION
This is the first study to assess the associations between 
alternate measures of adolescent drinking and sustained 
binge drinking in young adulthood. It extends the usual 
drinker versus non- drinker comparison by comparing how 
informative trajectories of drinking frequency are relative 
to discrete time measures in identifying adolescents at 

Table 2 Baseline characteristics of participants with and without binge drinking data in young adulthood, Nicotine 
Dependence in Teens Study (Canada, 1999–2005)

Characteristic

Binge drinking data

P valueYes (n=787) No* (n=506)

Male (%) 45.1 53 0.007

Age (year, mean (SD)) 12.7 (0.5) 12.9 (0.6) <0.001

Mother university- educated (%) 46.7 38.5 0.026

Single- parent family (%) 8.3 10.9 0.16

French spoken at home (%) 33 27.6 0.235

No. cigs/month (mean (SD)) 7.2 (47.7) 13.8 (73.5) 0.087

Used alcohol at baseline (%) 40.3 47.4 0.018

Parents smoke (%) 35.2 44.6 0.001

Friends smoke (%) 33.9 41.2 0.01

Depressive symptoms (mean (SD)) 2.1 (0.6) 2.1 (0.7) 0.43

Impulsivity (mean (SD)) 2.3 (0.9) 2.4 (1.0) 0.105

Novelty- seeking (mean (SD)) 2.9 (0.8) 3.0 (0.9) 0.158

*Participants’ missing data on binge drinking at either age 20 or 24 were excluded from the analyses.

https://dx.doi.org/10.1136/bmjopen-2019-035939
https://dx.doi.org/10.1136/bmjopen-2019-035939
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Table 3 Unadjusted and adjusted* ORs (AORs) and 95% CIs from logistic regression models of the association between 
adolescent drinking frequency and sustained binge drinking in young adulthood (n=787), Nicotine Dependence in Teens (1999–
2011)

N
Sustained binge 
drinking† (%) OR (95% CI) AOR (95% CI)

Predictive 
value‡

Drinking frequency 
trajectory groups

Late triers 121 14 Ref Ref 0.6

Decreasers 61 21.3 2.0 (0.7–5.7) 1.6 (0.4–5.0)

Late escalators 96 27.1 3.4 (1.5–9.2) 3.5 (1.4–10.0)

Early slow escalators 136 31.6 4.4 (2.2–11.6) 5.5 (2.6–15.1)

Steady drinkers 109 35.8 5.1 (2.4–13.4) 5.8 (2.7–16.8)

Early rapid escalators 123 35.8 5.7 (2.7–15.0) 7.5 (3.4–23.2)

Early frequent drinkers 141 53.3 15.6 (7.6–41.1) 17.0 (7.5–61.2)

Drinking frequency at 
age 12§

Never 449 24.9 Ref Ref 0.38

A bit to try 225 44 2.7 (1.8–4.0) 2.6 (1.7–3.9)

1–2 times a month 63 46 3.0 (1.5–6.1) 2.8 (1.3–6.1)

Weekly¶ 15 46.7 3.2 (0.6–7.3) 2.2 (0.4–12.8)

Drinking frequency at 
age 17§

Never 188 19.1 Ref Ref 0.57

A bit to try 56 14.3 0.6 (0.2–1.4) 0.6 (0.2–1.5)

1–2 times a month 227 33.5 2.2 (1.4–3.5) 2.7 (1.7–4.6)

Weekly¶ 134 57.5 5.7 (3.3–9.8) 5.5 (3.2–9.8)

Age of drinking onset Never 79 13.9 Ref Ref 0.39

<13 years 142 41.6 7.8 (3.3–23.8) 7.6 (3.0–24.1)

13–15 years 281 31 4.5 (1.8–13.7) 4.9 (1.9–15.7)

>15 years 86 23.3 3.3 (1.2–10.9) 3.2 (1.1–11.0)

Age at onset of drinking 
monthly or more often**

Never 158 18.4 Ref Ref 0.48

<13 years 127 44.9 8.3 (3.9–19.0) 8.2 (3.7–19.6)

13–15 years 113 36.1 5.8 (3.0–12.4) 6.6 (3.3–14.8)

>15 years 189 32.3 4.6 (2.3–10.1) 5.1 (2.4–11.5)

Sensitivity analyses

  Drinking frequency 7th 
grade††

Never 439 24.6 Ref Ref 0.41

A bit to try 186 40.9 2.3 (1.5–3.4) 2.3 (1.5–3.6)

1–2 times a month 113 49.6 3.7 (2.3–6.2) 3.4 (2.0–6.0)

Weekly¶ 33 51.5 4.3 (1.6–11.5) 4.4 (1.6–12.5)

  Drinking frequency 
11th grade††

Never 181 17.7 Ref Ref 0.59

A bit to try 47 14.9 0.9 (0.3–2.0) 0.8 (0.3–1.9)

1–2 times a month 260 32.3 2.3 (1.5–3.8) 3.2 (1.9–5.4)

Weekly¶ 149 56.4 6.7 (4.0–11.5) 7.5 (4.4–13.3)

*Adjusted for sex, mother university- educated, family status, language spoken at home, parent smoking and friends smoking at baseline. 
Because of missing values on covariates, 186 participants were excluded from adjusted analyses.
†Percentages are unadjusted.
‡The predictive value of each alcohol use variable represents the additional predictive information provided by the inclusion of the 
variable in the model compared with the information provided by a model containing covariates only. Likelihood ratio tests for all 
predictive value estimates were statistically significant at p<0.001.
§Drinking frequency was measured in cycle 1 at age 12 years on average, and cycle 20 at age 17 years on average.
¶Due to the low number of participants endorsing the ‘usually every day’ response option, we collapsed this and the ‘once or a couple 
of times a week’ option into a ‘weekly’ category.
**Drinking monthly or more often included participants who endorsed the ‘once or a couple of times a month’, ‘once or a couple of times 
a week’, or the ‘usually every day’ response options.
††Drinking frequency in each grade is represented by the participant’s modal frequency over the four cycles in the grade (ie, cycles 1–4 
for 7th grade; cycles 17–20 for 11th grade).
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risk of sustained binge drinking, a risk factor for alcohol 
dependence, in young adulthood.21 22

Because of the high prevalence of alcohol use in 
adolescence, experts have advocated for universal 
preventive intervention before youth transition to work 
or higher education and/or screening to detect at- risk 
youth, enabling more efficient targeted intervention. 
However, although several screening tools exist (ie, 
AUDIT, AUDIT- C, single- questions),10 the USPSTF 
argues that there is insufficient evidence to identify the 
optimal timing for such screening during adolescence. 
Our findings coincide with reports that, between ages 12 
and 15, any drinking is associated with symptoms of alco-
hol- use disorders,20 and support that early screening for 
frequency of drinking is useful in identifying youth at risk 
of sustaining binge drinking as young adults.

The seven trajectories identified herein portray highly 
variable drinking frequency patterns during high school, 
although several converged in 11th grade. Five of the 
seven trajectory groups (ie, all except decreasers) were 
more likely than late triers to sustain at least monthly binge 
drinking into young adulthood, aligning with previous 
work showing a link between frequent alcohol use in 
adolescence and later alcohol- use disorders.11 Although 
trajectories relate to later binge drinking and were most 
informative in predicting sustained binge drinking, it 
takes years to determine an individual’s trajectory group. 
Discrete time measures were also informative and have 
the added benefit of being substantially easier to assess 
in clinical or school settings. Drinking frequency at age 
17 was marginally less informative than trajectory group 
membership, and drinking frequency at age 12,age at first 
drink, and transitioning to at least monthly drinking all 
had predictive value. Because asking how often an adoles-
cent drinks is easy and because early preventive effort is 
likely more effective than later prevention, discrete time 
measures offer distinct advantages over trajectories.

Early drinking is associated with risky drinking and 
alcohol- use disorders in adulthood. In studies assessing 
drinking in early adolescence, age at onset was the stron-
gest predictor of hazardous drinking at age 19 after 
controlling for risk factors associated with drinking 
onset.35 Furthermore, initiating drinking prior to age 14 
was associated with more frequent drinking and binge 
drinking, as well as higher scores on two measures of 
problem drinking at ages 36 and 42.36 Finally, in adults 
for whom age at first drink was assessed retrospectively, 
earlier onset drinking was strongly associated with 
hazardous drinking at the 3- year follow- up.37

We observed a dose–response between drinking 
frequency in adolescence and sustained binge drinking 
in young adulthood. However, 14% of late triers and 21% 
of decreasers later reported sustained binge drinking 
at least monthly. While early frequent alcohol use can 
identify at- risk youth, the normative nature of binge 
drinking in university and college38 39 must be addressed. 
There is evidence that students with the most significant 

alcohol- related problems in adulthood are those who 
continue to binge drink frequently after university.40

Strengths and limitations
Strengths of our study include dense observations on 
alcohol use over more than a decade, use of inverse prob-
ability weighting to account for attrition in young adult-
hood, comparison of discrete time measures of drinking 
frequency with trajectories as predictors of sustained binge 
drinking and prospective assessment of age at onset.

Limitations include that many participants were lost to 
follow- up. However, adjustment for attrition in the trajec-
tory analyses did not affect the shape or number of trajecto-
ries identified. Furthermore, inverse probability weighting 
accounted for missing binge drinking data. We lacked 
data on binge drinking in adolescence. However, because 
binge drinking is less useful than drinking frequency in 
identifying youth with alcohol problems,20 this should not 
affect the application of our results to intervention efforts. 
Finally, since 42% of participants had already consumed 
alcohol by age 12, our trajectories do not fully capture the 
natural course of alcohol use. Studies investigating drinking 
patterns in elementary schools are needed to fully charac-
terise the natural course of alcohol consumption and iden-
tify early drinking patterns that necessitate intervention.10

CONCLUSION
Measures of age at onset and frequency of drinking before 
age 13 are useful in identifying youth at risk of sustained 
binge drinking as young adults. Since alcohol- use disor-
ders are rare among adolescents aged 12–13 years,20 iden-
tifying at- risk youth early may facilitate prevention of the 
onset of drinking- related problems.
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