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Abstract

Background—An important question is whether the high-school entry is a critical 

developmental event associated with escalation of alcohol use. The present study examined 

trajectories of adolescent alcohol use as a function of a normative developmental event, the high-

school entry. In addition, given that at-risk youth may be particularly vulnerable to the stress 

associated with this transition, we examined how these alcohol use trajectories may be shaped by 

a measure of early behavioral risk, early adolescent delinquency.

Methods—Participants included 891 12-year olds from the prospective National Longitudinal 

Survey of Youth-1997 (NLSY97) for whom relevant longitudinal school data were available 

(51.2% boys; 61.4% White).

Results—Alcohol use after high-school entry increased at a significantly greater rate than did use 

during the middle-school years, even after accounting for students’ age at transition. In addition, 

early delinquency emerged as a risk factor such that differences in alcohol use existed prior to the 

transition. That is, children with early delinquency characteristics displayed more rapid 

progression in alcohol use, but this effect was evident only during middle school.

Conclusions—High-school entry appears to be a critical developmental event associated with 

increased social risk for greater alcohol use that goes beyond the simple maturational (i.e., ageing) 

factors. Youth with behavioral problems appear to be at greater risk in middle school, in contrast 

to lower risk youth for whom high school entry may be a more critical event, in part because high 

school is a less restrictive environment and/or because alcohol use becomes more normative at 

that time. Adolescent substance use may be described as a series of distinct developmental stages 

that closely correspond to school transitions, and suggest a critical period for targeted intervention 

that may differ as a function of pre-existing risk.
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Introduction

Rates of alcohol involvement tend to increase during the adolescent years, with young 

adulthood comprising the period of peak prevalence for alcohol use (Johnston et al., 2010). 

Adolescence is arguably the time of greatest change: it includes key biological processes and 

major environmental transitions (Windle et al., 2008) which can contribute to early 

substance use (Abadi et al., 2011). Indeed, developmental science has recognized 

adolescence as a critical period of vulnerability during which alcohol and other substance 

use tends to escalate (Brown et al., 2008). Although both epidemiological and 

developmental literature support age-related increases in drinking, such changes may in fact 

be non-linear and discontinuous, with periods of stasis interspersed with periods of growth 

and decline.

The secondary school environment has been recognized as important social context of early 

alcohol use (Ennett et al., 2008) and a primary platform for substance use prevention efforts 

(Brown et al., 2005, Ellickson et al., 2003). However, less attention has been paid to 

normative developmental changes and shifts associated with school transitions – or how 

such transitions may shape risky behaviors such as alcohol use. An important developmental 

transition, or “turning point” (Elder, 1998), that may lead to escalation in alcohol use is the 

transition from lower to higher educational level, which is generally a time of movement 

from a more controlled to less restrictive school environment. Although the increase in 

alcohol involvement that occurs during the transition from high school to college is well-

documented (Baer et al., 1995, Johnston et al., 2010), less is known about the patterns of 

alcohol use during the transition from middle school to high school; i.e., after high-school 

entry.

A handful of studies have examined changes in alcohol use across the middle school and 

high school ages. Duan et al. (2009) showed a relatively constant increase in drinking 

frequency from grades 6 through 12, but did not note a discrete shift in drinking during the 

transition from middle school to high school. A study by Guo et al. (2000) revealed 

increases in heavy drinking in the transition from the middle school years (ages 13 and 14) 

to the high-school years (ages 15, 16, and 17); however, this study did not explicitly capture 

the high school transition. Guilamo-Ramos and colleagues failed to detect grade effects in 

progression from light experimentation to heavy drinking after one year among 7–11th 

graders (Guilamo-Ramos et al., 2004), but again, this study did not focus specifically on the 

transition between middle school and high school. Finally, Simons-Morton (2004) showed 

that drinking prevalence more than doubled from fall to spring of sixth grade (5.5% vs. 

12.6%) but alcohol use was not examined beyond 6th grade in this study. Several studies 

examining change in alcohol use from adolescence to early adulthood have modeled growth 

separately for the middle school and high school years (Brown et al., 2005, Capaldi et al., 

2009, Crawford et al., 2003, Li et al., 2001). These studies recommend use of piecewise 

models of growth across these two developmental periods (although there is no empirical 

evidence cited in support of this recommendation); these piecewise models tend to show a 

discontinuity in growth rate, suggesting that there is in fact a shift in drinking at the point of 

the high school transition. Thus, an important research question is whether the high school 

transition is a critical period for escalation in adolescent alcohol use.
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In addition, the transition from middle school to high school has been described as a period 

of increased vulnerability when negative outcomes may be especially apparent among youth 

who are already at risk (Sullivan and Farrell, 1999). Difficult temperament and early 

antisocial tendencies (i.e., aggression and delinquent behaviors) are noted independent risk 

factors for adolescent substance use (Tan et al., 2012). Numerous reports document the 

strong and unique association between early adolescent delinquency/conduct problems and 

problematic substance use (Prince and Maisto, 2012, Mason et al., 2010). The association 

between early conduct problems and substance use often persists even after early substance 

use is accounted for (Rossow and Kuntsche, 2013), and it frequently demonstrates a class- 

or dose-response pattern where more specific and more severe antisocial problems are 

associated with greater substance use problems (Eklund and af Klinteberg, 2009). Roeser 

and colleagues noted in several reports that it is during the adolescent years and not later that 

some individuals’ life paths turn in the direction of antisocial activity, academic failure, and 

other risk behavior such as drug use and abuse; that is, some youth are already on a pathway 

toward negative outcomes in later adolescence (Roeser et al., 1999). Thus, it is reasonable to 

expect that some children are particularly vulnerable to the stress associated with the high 

school transition (Reyes and Hedeker, 1993). In support of this idea, Li and colleagues 

found that deviant behavior prior to 9th grade predicted growth in drinking during high 

school (Li et al., 2001), although this was shown to be true only among those with low (but 

not high) alcohol use in middle school.

Overview of the present study

The present study draws on a national sample of youth to describe and examine the changes 

in adolescent alcohol use before and during high-school years. As putative continuities, 

discontinuities, and complex patterns in alcohol use may not always be fully described with 

simple linear age models, we examined these behaviors among adolescents by treating time 

flexibly. Specifically, we utilized an “event”-based approach, in which we examined the 

expected non-linear changes in adolescent alcohol use as a function of a specific event (i.e., 

transition to high-school in this case) which is age-related but does not occur at the exact 

same age for all participants.

We drew on a national prospective study that permitted decoupling of high-school 

attendance from chronological age: that is, the confounding between school transition and 

age could be pulled apart in this sample by capitalizing on data on school district regulations 

regarding the grade of high school entry, as well as on individual student differences in 

grade promotion and retention. We examined underage alcohol use in relation to timing of a 

specific event, the high school transition, expecting that alcohol use would increase as 

adolescents get older, but in a non-linear fashion.

Specifically, we were interested in detecting whether the specific ‘event’ of high-school 

transition would shape adolescent alcohol use. We modeled trajectories of adolescent 

alcohol use using a linear spline model, explicitly comparing alcohol use before and after the 

high-school transition. In doing so, we implicitly examined alcohol use trajectories as a 

function of adolescents’ ‘social’ age (i.e., whether or not the youth has transitioned into 

high-school) instead of their simple ‘chronological’ age. Finally, we were interested in 
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whether a measure of early behavioral risk would alter trajectories of adolescent alcohol use. 

Specifically, we examined whether children with early adolescent delinquency tended to 

have greater drinking rates, as well as more rapidly increasing drinking trajectories over 

time, again using our approach of delineating time into pre- and post- high-school periods. 

Method 

Participants and Procedure

Data used in this report were drawn from the publicly available National Longitudinal 

Survey of Youth 1997 (NLSY97) data set, which was designed to describe the transition 

from school to the labor market and into adulthood using a nationally representative youth 

sample (Bureau of Labor Statistics, 2012). The NLSY97 utilized a complex sampling 

strategy and an accelerated longitudinal design, where approximately 9,000 youth born 

between 1980 and 1984 were assessed for the first time in 1997 and then tracked over time 

through annual follow-up surveys. The NLSY97 currently consists of 14 annual waves or 

“rounds” (R) of surveys; at each round, youth completed an in-person or telephone-

administered questionnaire. The present longitudinal study only utilized data from the initial 

six rounds of NLSY because the high school transition did not occur beyond the sixth 

assessment. Retention rates in NLSY97 were very high; for example, 88% of the initial 

sample completed the first six assessments utilized in this report.

For the present study, we utilized data from the youngest cohort 12, i.e., from the 

participants who were 12 years old at R1 (baseline assessment). There were two primary 

reasons for this sub-sample selection. First, because our primary question concerned the 

effects of high-school transition on youth alcohol use, the participants needed to have 

sufficient number of observations for both the middle school and for the high-school period. 

This was most likely among the youngest NLSY97 participants, i.e., among Cohort 12 

members. Second, we were interested in the potential moderating effects of other early 

problem behaviors (i.e., delinquency) on adolescent alcohol use, and baseline assessment of 

delinquency at older cohorts would most likely have a different developmental meaning than 

the baseline assessment of early delinquency at the age of 12. For these reasons, we only 

retained those participants from Cohort 12 who had the meaningful and complete data 

available: i.e., data points for both middle school and high school, as well as the complete 

demographic and personality variables at R1. These inclusion criteria resulted in the analysis 

sample of 891 12-year olds at R1. Approximately half of the analysis sample (51.2%) were 

boys, and almost 2/3 (61.4%) were White. The majority reported being either 13 (R2) or 14 

(R3) years old at the first high-school assessment. Characteristics of the selected analytic 

sample are shown in Table 1.

Measures

Demographics—Basic demographics were assessed in Round 1, and were re-coded into 

dichotomous variables of sex (“1” = boy) and race (“1” = White, including Hispanic 

Whites).

Early adolescent delinquency (R1, age 12)—Participants’ delinquent behaviors was a 

count of ten criminal/delinquent activities such as purposely destroying property, running 
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away from home, and selling drugs. This was an overall low-delinquency sample, with an 

average of 0.9 (1.13) delinquent acts at baseline.

Alcohol use—At each round, participants reported the number of days they drank alcohol 

during the past 30-day period (Frequency), as well as the average number of drinks per day 

during the same period (Quantity); see Table 1. These two drinking indicators were used to 

compute the alcohol use outcome – alcohol average volume – as a product of Quantity and 

Frequency (QxF) items. Because of the skew, this QxF variable was first re-coded (by 

adding a value of 1 to each variable to: a) avoid deleting youth who reported non-drinking 

on only one of the items and b) to enable logarithmic recode) and then log-transformed.

Analytic procedures

Our central question concerned the changes in adolescent alcohol use over time, which we 

modeled as a non-linear pattern marked by a critical developmental point. Thus, we treated 

time somewhat flexibly (Singer and Willett, 2003) and examined alcohol use in relation to 

the timing of a developmentally meaningful event: high-school (HS) entry which occurred at 

different chronological ages for the participants.

To model hypothesized developmental discontinuity (Hernández-Lloreda et al., 2004) and 

non-linearity of growth (Singer and Willett, 2003), we utilized a simple linear spline model: 

a piece-wise linear regression model in which schooling time for each participant was 

divided into two developmentally meaningful and distinct segments (i.e., before and after 

HS). This simple linear spline model (or the “broken-stick” model) is easily extended to 

longitudinal growth models of behavioral development (Hernández-Lloreda et al., 2004), 

and it allows flexibility in modeling of an otherwise non-linear pattern by dividing it into a 

series of separate and easily comparable linear slopes. In our case, the pre- and post-HS 

segments were modeled as two independent linear slopes and joined at a single “knot” 

representing the timing of critical event (Chou et al., 2004). Non-equivalence of these slopes 

would demonstrate different rates of alcohol use growth during these distinct periods, 

supporting hypothesized non-linearity in adolescent drinking patterns. In addition, growth in 

alcohol use during these two time periods could be differentially affected by (possibly 

different) predictors, which can also be empirically tested.

Creation of pre- and post-high school time periods—At each annual assessment 

round, participants were asked to provide information about each school they attended that 

round. Based on these reports, we were able to code for the round at which participants 

reported HS attendance for the first time. Because the exact timing of this transition cannot 

be ascertained based on the available NLSY data, the HS transition was estimated to have 

taken place between the two known times: 1) the round of the first reported HS attendance, 

and 2) the previous round (i.e., the last report of middle school attendance). The follow-up 

interviews were generally carried out mid-school year (the majority of participants were 

assessed in January or the immediately preceding/following month); thus, we defined the HS 

transition as the mid-point between the first report of HS attendance and the previous 

assessment (although there were students for whom this transition took place slightly earlier 

or slightly later). Consequently, the metric of time was re-cast to reflect neither the simple 
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chronological age not the current reported grade, but the estimated HS entry for each student 

and corresponding ‘before’ and ‘after’ periods.

All models were estimated as mixed longitudinal models with random intercept and slopes 

and exchangeable covariance structure using the STATA statistical software. Before and 

after-HS periods were created using the STATA mkspline command, which automatically 

segmented and coded ‘time in relation to HS transition’ into ‘before’ and ‘after’ HS periods 

based on time ‘0’ as the selected single knot. The utilized procedure and the general 

hierarchical linear approach permit use of all available data under the Missing-at-Random 

(MAR) assumption and the restricted maximum likelihood (REML) estimation method. Fit 

indices including Akaike’s Information Criterion (AIC) and Bayesian Information Criterion 

(BIC), and Log Restricted Likelihoods were also reported to inform model evaluation.

Results

We fit a set of three nested mixed models predicting adolescent alcohol use. The base model 

(Model 1) addressed whether and how adolescent alcohol use changed over time.1 Putative 

effects of early delinquency on alcohol use were examined using Model 2 and Model 3. 

Specifically, Model 2 built upon Model 1 and examined whether early delinquency elevated 

the risk for alcohol use while controlling for basic demographics (i.e., sex and race); and 

Model 3 examined possible moderating effects of early delinquency by testing the 

hypothesis that children who exhibited early delinquency problems followed different 

alcohol use trajectories.

Complex, non-linear growth of adolescent alcohol use

The simple effects of the HS transition (Table 2) are shown in the results for Model 1. 

Significant increases in alcohol use were observed for both the period before HS (βPre-HS = 

0.10, p = .004) and after HS entry (βPost-HS = 0.26, p < .001). However, even though the 

both periods were marked by a statistically significant growth, alcohol use after HS entry 

increased more rapidly and at a significantly greater rate than did drinking during the 

middle-school years (βPre-HS = 0.10 vs. βPost-HS = 0.26; parameter estimate = −.15, p < .

001).

The effects of early delinquency: Level of adolescent alcohol use

Model 2 tested whether children with greater early delinquency also tended to drink more 

and more often, after accounting for basic demographics. The results revealed a significant 

main effect of early delinquency on alcohol use, such that with each additional delinquent 

act, alcohol QxF scores increased by approximately one-third of a point (βDelinquency = 0.27, 

p < .001).

Note that the models were relatively unaffected, as the slopes of alcohol use before and after 

HS remained stable across Model 1 and Model 2; significantly different both from zero 

1Note that Model 1 is also the unconditional means model, examining only the effects of time and whether there is a sufficient 
heterogeneity in adolescent alcohol use trajectories to warrant further study. Variance components were significantly different from 
zero, thus supporting further investigation of these temporal trends.
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(βPre-HS = 0.13, p < .001 vs. βPost-HS = 0.28, p < .001) and from each other (parameter 

estimate = −.14, p < .001). In other words, even after controlling for basic demographics and 

early delinquency, delineation of alcohol use marked my HS transition remained stable.

The effects of early delinquency: Changes over time in adolescent alcohol use

Finally, Model 3 tested the hypothesis that children with early delinquency problems would 

also exhibit differential and possibly the greatest increase in alcohol use over time. Inclusion 

of an interaction term (Delinquency × Time) was used to test this proposition. We observed 

significant interactions between early delinquency and time, as measured through the timing 

of HS transition. Specifically, there was a significant interaction between delinquency and 

time before HS transition (βDelinquency × Pre-HS = 0.14, p < .001), such that alcohol use before 

HS transition increased at a greater rate for those children who had greater early delinquency 

problems. Furthermore, we observed no significant interactions between delinquency and 

time after HS transition (βDelinquency × Post-HS = 0.002, ns), indicating that during the high-

school years alcohol use increased at the same – perhaps more normative – rate for all 

adolescents, yet the initial levels of alcohol use at the beginning of high-school were very 

different and shaped by adolescents’ early delinquency tendencies. Finally, after accounting 

for the possible interactions of time and delinquency, the growth of alcohol use before HS 

was reduced to non-significance (βPre-HS = 0.03, p = .46, ns) while it remained significant 

during HS years (βPost-HS = 0.28, p < .001). These overall slopes also significantly differed 

from one another (parameter estimate = −.24, p < .001).

Following recommendations for probing interaction terms in growth models (Bauer and 

Curran, 2005, Singer and Willett, 2003), we plotted alcohol use trajectories for those with 

average delinquency problems (dotted line), for those who scored at the top 10th percentile 

(i.e., “high” delinquency group) and for those who scored at the bottom 10th percentile (i.e., 

“low” delinquency group), with remaining covariates (gender, race) set at sample averages. 

Figure 1 summarizes the results from Model 3, showing the fitted trajectories for adolescent 

alcohol use as a function of time before- and after- high-school transition and delinquency 

tendencies. Nonlinearity of alcohol use trajectories is demonstrated by the evident sharp 

‘break’ in the regression lines at the estimated time of HS transition, after which all 

adolescents appear to increase their alcohol use at a significant, yet uniform rate. This was 

indicated by the significant main effect of post-HS time (βPost-HS = 0.28, p < .001), but non-

significant interaction effect of post-HS time and delinquency (βDelinquency × Post-HS = 0.002, 

p = .80, ns), which resulted in parallel slopes of alcohol use for all adolescents during HS 

years (see Figure 1). In contrast, overall rates of alcohol use before HS entry were relatively 

low and flat, save for children with high delinquency problems. This was indicated by the 

non-significant main effect of pre-HS time (βPre-HS = 0.03, p = .46), but significant 

interaction effect of pre-HS time and delinquency (βDelinquency × Pre-HS = 0.14, p < .001), and 

the resulting differential slopes of alcohol use for three delinquency groups during middle 

school years (see Figure 1).

Finally, an identical set of models was estimated with the addition of the chronological age 

at transition as a covariate, in order to control for the possible age effects. Save for the 

anticipated significant main effects of age – where a dose-response effect was observed, 
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such that alcohol use magnified with each additional year of age – the addition of this 

covariate did not substantially change hereby reported results. For example, the model of 

most substantive interest (Model 3) was unaffected by the addition of chronological age, as 

evidenced by identical parameter estimates for the substantive predictors as in the original 

model reported above: βDelinquency (s.e.) = .25 (.02), p < .001; βDelinquency × Before HS (s.e.) 

= .14 (.03), p < .001; βDelinquency × After HS (s.e.) = −.0007 (.01), ns.

Discussion

The goal of this study was to examine trajectories of alcohol use during adolescence and 

across a normative developmental event; the high-school entry. We found that adolescent 

alcohol use increased over time, but in a complex fashion dependent on ‘social age’ marked 

by HS transition. Further, increases in alcohol use were dependent both on the critical 

developmental event (i.e., the HS entry) and on the children’s own early behavioral profiles. 

Specifically, our results suggest the importance of critical yet “normative” ecological 

transitions (Seidman and French, 2004) -- i.e., high-school entry and the associated 

transitions and changes -- and their effect on the progression of alcohol use among 

adolescents. Our analytical approach may tentatively be understood as an implicit test of the 

person-environment interaction in its focus on individual-level delinquency in conjunction 

with two different and unique environments corresponding to middle-school and high-

school. The results underscore the importance of “social age” resulting not only from 

maturation but also from the shifts in children’s social environments, as well as the 

interaction of children’s own delinquent tendencies with those unique environments.

There may be several explanations for why youth engage in increasingly risky behavior, 

including substance use, upon high-school entry. This is arguably a potentially disruptive 

time during which adolescents face increased social and academic stress (Benner, 2011), 

including several specific factors that may elevate their risk for alcohol involvement. High 

school is a less controlled environment than junior high school, usually with a larger and 

more diverse student body, lessened adult monitoring, and greater personal freedoms and 

opportunities (Gillock and Reyes, 1996). This also is a time when adolescents are redefining 

themselves in terms of their roles (Roeser et al., 1999) and they may feel social pressure to 

establish new peer groups – not only are preexisting peer groups disrupted, but youth can 

lose status as they go from being the oldest in middle school to the youngest in high school. 

The literature consistently shows that peers are one of the greatest influences on youth 

drinking (Maxwell, 2002) and the importance of peers relative to family is heightened 

during adolescent years (Zhang et al., 1997).

Further, extant literature demonstrates that norms and expectations regarding alcohol use 

change over time, with high-school potentially being an important junction. For example, 

with each additional grade, middle school students increased their perceptions of what is 

normative substance use among their peers (Pedersen et al., 2013), and by high-school, 

students tend to overestimate prevalence of peer substance use (Page et al., 2002), leading to 

an increased tendency to drink more themselves (D'Amico and McCarthy, 2006). A study 

examining alcohol use over the college transition showed that high school students who held 

the belief that heavy drinking is typical in college were more likely to drink in college 
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(Stappenbeck et al., 2010); a similar phenomenon may occur in the transition from middle 

school to high-school. Finally, alcohol access increases in high-school (Storvoll et al., 2008), 

and greater availability of alcohol is associated with alcohol use and problems (Komro et al., 

2007). A study comparing sources of alcohol among 6th, 9th, and 12th graders found that 

whereas 6th graders predominantly obtained alcohol from parents and other family members, 

friends and parties were much more frequently endorsed for 9th and 12th graders (Harrison et 

al., 2000).

We hypothesized that children with early delinquency problems would show more rapidly 

increasing drinking trajectories over time, with the expectation that youth who enter high 

school with already elevated risk will be more sensitive to a range of changes generally 

associated with high-school entry. However, the present study findings appear more 

complex. There were indeed important differences in alcohol use as a function of the 

transition to a new environment and pre-existing risk (early delinquency), but the elevated 

risk associated with early delinquency was evident only in middle school. That is, alcohol 

use trajectories during the high-school years were parallel, but youth with high delinquency 

entered the transition with significantly greater alcohol use than their low-delinquency peers, 

and consequently remained at elevated use trajectory. In a more restrictive environment such 

as that experienced by middle schoolers, at a time when alcohol may be more difficult to 

obtain and its use may be less normative, it was only those children with pre-existing 

behavioral problems who displayed rapid progression in alcohol use. One might speculate 

that these youth are seeking out environments that support alcohol consumption (deviant 

peers, identifying sources of alcoholic beverages). Following the high school transition, 

however, all adolescents increased their alcohol use; this may reflect the social reality of 

high-school environment, when alcohol use becomes more accessible, acceptable, and 

perhaps even implicitly expected of all students. Although our study cannot speak to these 

mechanisms, each of these possibilities is consistent with our findings and with the literature 

showing high-school to be both a substantively distinct environment and a unique 

developmental period. Future research using datasets that include measures such as alcohol 

availability and alcohol-norms at the school level is necessary to make more concrete 

inferences as to the processes underlying this phenomenon.

Implications for Substance Use Prevention

The present study pinpointed the timing of a critical period characterized by discontinuity in 

development, and it implied specific person-environment interactions based on the risk of 

early delinquency. Further, these findings characterize alcohol use trajectories for both high-

delinquency and for more “normative” adolescent behavioral profiles over this sensitive 

developmental period, possibly suggesting differential prevention strategies – both in terms 

of timing and targeted groups. The literature on universal interventions emphasizes the 

importance of timing program implementation to occur during the developmental window 

when adolescents are just beginning to initiate substance use (Spoth et al., 2009). Despite a 

lack of clear empirical evidence showing a jump in substance use during the transition from 

middle school, many prevention programs are initiated in the middle school years, including 

Project CHOICE (D'Amico and Edelen, 2007), Project ALERT (Ellickson et al., 2003), the 

Family Check-Up (Van Ryzin et al., 2012) and the Iowa Strengthening Families Program 
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and Preparing for the Drug Free Years Program (Spoth et al., 2009).Clearly, underage 

substance use interventions are well-informed by considering the role of development upon 

behavior (D'Amico et al., 2005, Weinstein et al., 1998).

The present study provides empirical support for a critical period of risk for targeted 

interventions, supporting the idea that adolescent substance use is characterized as distinct 

developmental stages of use that correspond to school transitions, rather than as one 

continuous developmental trajectory (Crawford et al., 2003). Interventions tailored to stage 

of alcohol acquisition have shown success (Werch et al., 1996) although clearly the value of 

using this targeted approach lies in the ability to identify risk factors that predict movement 

among stages (Weinstein et al., 1998). In addition, it is critical to evaluate the impact of 

prevention programs among at-risk adolescents making a developmental transition because 

they are more liable than others to progress to regular use of alcohol. As expected, early 

delinquency emerged as a general risk factor for substance use (Hayatbakhsh et al., 2008, 

King et al., 2004): our results point yet again to children with externalizing behavioral 

problems as being the most likely to progress into alcohol use both more rapidly and more 

severely. Most importantly, perhaps, is that this elevated risk was manifested well in 

advance of the normative trends in alcohol use that are characteristic of late adolescence. 

Clearly these youth are the strongest candidates for targeted early interventions (van Lier et 

al., 2009, Castellanos-Ryan et al., 2013), and programs that aim to reduce delinquency may 

result in delayed drinking onset or reduced rates of risky drinking.

Strengths and Limitations

The present study drew on a large general population sample of adolescents and young 

adults that permitted coding of school transition timing, and de-coupling of chronological 

age and school attendance timing. This enabled us to conduct more precise examination of 

the hypothesized transition effects by using linear spline models that explicitly compared the 

growth in drinking before and after the high-school transition. Nevertheless, our analyses 

were somewhat constrained by the NLSY study timing and design, including the somewhat 

dated data (i.e., majority of the NLSY97 sample entered high-school during 1998–1999) and 

annual spacing of assessments which did not permit a fine-grained consideration of 

transition effects (e.g., temporarily elevated drinking resulting from the stress of the 

transition). Similarly, one would ideally examine these alcohol use trajectories for different 

ages and delinquency profiles; however, that would require multiple time-varying covariates 

and multiple higher-order interactions with time (i.e., age X delinquency X time, for both 

school-delineated segments). There is also no information on characteristics of the transition 

itself (e.g., school size and quality, stability of friends/peers across the transition). Further, 

as noted above, although the high school transition is likely associated with changes in peer 

status, unfortunately the NLSY did not obtain information on peer alcohol use beyond the 

first wave of the survey; this hindered our ability to examine whether the uniform increase in 

alcohol-related behaviors observed after high-school entry is due to contemporaneous 

beliefs and expectations of peer alcohol use as normative during high-school years. We hope 

that these findings will stimulate future research that considers this important turning point 

not only for identifying youth at greatest risk but also for identifying potentially modifiable 

stage-specific mechanisms underlying various risk profiles. Future research on the critical 
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high school transition is necessary to further our understanding of the processes and risk 

factors underlying patterns of underage alcohol use.

Acknowledgments

Preparation of this paper was supported by National Institute on Alcohol Abuse and Alcoholism grant K02 
AA021761 to Kristina M. Jackson and National Institute on Drug Abuse grant K01 DA024109 to Jasmina 
Burdzovic Andreas.

References

ABADI MH, SHAMBLEN SR, THOMPSON K, COLLINS DA, JOHNSON K. Influence of Risk and 
Protective Factors on Substance Use Outcomes Across Developmental Periods: A Comparison of 
Youth and Young Adults. Substance Use & Misuse. 2011; 46:1604–1612. [PubMed: 21899434] 

BAER JS, KIVLAHAN DR, MARLATT GA. High-risk drinking across the transition from high 
school to college. Alcoholism, Clinical and Experimental Research. 1995; 19:54.

BAUER DJ, CURRAN PJ. Probing interactions in fixed and multilevel regression: Inferential and 
graphical techniques. Multivariate Behavioral Research. 2005; 40:373–400.

BENNER AD. The Transition to High School: Current Knowledge, Future Directions. Educational 
Psychology Review. 2011; 23:299–328. [PubMed: 21966178] 

BROWN EC, CATALANO RF, FLEMING CB, HAGGERTY KP, ABBOTT RD. Adolescent 
substance use outcomes in the Raising Healthy Children project: a two-part latent growth curve 
analysis. J Consult Clin Psychol. 2005; 73:699–710. [PubMed: 16173857] 

BROWN SA, MCGUE M, MAGGS J, SCHULENBERG J, HINGSON R, SWARTZWELDER S, 
MARTIN C, CHUNG T, TAPERT SF, SHER K, WINTERS KC, LOWMAN C, MURPHY S. A 
developmental perspective on alcohol and youths 16 to 20 years of age. Pediatrics. 2008; 121:S290–
S310. [PubMed: 18381495] 

CAPALDI DM, STOOLMILLER M, KIM HK, YOERGER K. Growth in alcohol use in at-risk 
adolescent boys: Two-part random effects prediction models. Drug and Alcohol Dependence. 2009; 
105:109–117. [PubMed: 19625141] 

CASTELLANOS-RYAN N, SEGUIN JR, VITARO F, PARENT S, TREMBLAY RE. Impact of a 2-
year multimodal intervention for disruptive 6-year-olds on substance use in adolescence: 
randomised controlled trial. British Journal of Psychiatry. 2013; 203:188–195. [PubMed: 23929441] 

CHOU CP, YANG D, PENTZ MA, HSER YI. Piecewise growth curve modeling approach for 
longitudinal prevention study. Computational Statistics & Data Analysis. 2004; 46:213–225.

CRAWFORD AM, PENTZ MA, CHOU CP, LI C, DWYER JH. Parallel developmental trajectories of 
sensation seeking and regular substance use in adolescents. Psychology of Addictive Behaviors. 
2003; 17:179–192. [PubMed: 14498812] 

D'AMICO EJ, EDELEN MO. Pilot test of Project CHOICE: A voluntary afterschool intervention for 
middle school youth. Psychology of Addictive Behaviors. 2007; 21:592–598. [PubMed: 
18072844] 

D'AMICO EJ, ELLICKSON PL, WAGNER EF, TURRISI R, FROMME K, GHOSH-DASTIDAR B, 
LONGSHORE DL, MCCAFFREY DF, MONTGOMERY MJ, SCHONLAU M, WRIGHT D. 
Developmental considerations for substance use interventions from middle school through college. 
Alcoholism-Clinical and Experimental Research. 2005; 29:474–483.

D'AMICO EJ, MCCARTHY DM. Escalation and Initiation of Younger Adolescents' Substance Use: 
The Impact of Perceived Peer Use. Journal of Adolescent Health. 2006; 39:481–487. [PubMed: 
16982381] 

DUAN L, CHOU CP, ANDREEVA VA, ANN PENTZ M. Trajectories of peer social influences as 
long-term predictors of drug use from early through late adolescence. Journal of Youth and 
Adolescence. 2009; 38:454–465. [PubMed: 19636757] 

EKLUND JM, AF KLINTEBERG B. Alcohol use and patterns of delinquent behaviour in male and 
female adolescents. Alcohol and Alcoholism. 2009; 44:607–614. [PubMed: 19131390] 

Andreas and Jackson Page 11

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ELDER GH. The life course as developmental theory. Child Development. 1998; 69:1–12. [PubMed: 
9499552] 

ELLICKSON PL, MCCAFFREY DF, GHOSH-DASTIDAR B, LONGSHORE DL. New inroads in 
preventing adolescent drug use: Results from a large-scale trial of project ALERT in middle 
schools. American Journal of Public Health. 2003; 93:1830–1836. [PubMed: 14600049] 

ENNETT ST, FOSHEE VA, BAUMAN KE, HUSSONG A, CAI L, REYES HL, FARIS R, HIPP J, 
DURANT R. The social ecology of adolescent alcohol misuse. Child Dev. 2008; 79:1777–91. 
[PubMed: 19037949] 

GILLOCK KL, REYES O. High school transition-related changes in urban minority students' 
academic performance and perceptions of self and school environment. Journal of Community 
Psychology. 1996; 24:245–261.

GUILAMO-RAMOS V, TURRISI R, JACCARD J, WOOD E, GONZALEZ B. Progressing from light 
experimentation to heavy episodic drinking in early and middle adolescence. Journal of Studies on 
Alcohol. 2004; 65:494–500. [PubMed: 15376824] 

GUO J, COLLINS LM, HILL KG, HAWKINS JD. Developmental pathways to alcohol abuse and 
dependence in young adulthood. Journal of Studies on Alcohol. 2000; 61:799–808. [PubMed: 
11188485] 

HARRISON PA, FULKERSON JA, PARK E. The relative importance of social versus commercial 
sources in youth access to tobacco, alcohol, and other drugs. Preventive Medicine: An 
International Journal Devoted to Practice and Theory. 2000; 31:39–48.

HAYATBAKHSH MR, NAJMAN JM, JAMROZIK K, AL MAMUN A, BOR W, ALATI R. 
Adolescent problem behaviours predicting DSM-IV diagnoses of multiple substance use disorder. 
Social Psychiatry and Psychiatric Epidemiology. 2008; 43:356–363. [PubMed: 18301851] 

HERNÁNDEZ-LLOREDA MV, COLMENARES F, MARTÍNEZ-ARIAS R. Application of 
piecewise hierarchical linear growth modeling to the study of continuity in behavioral 
development of baboons (Papio hamadryas). Journal of Comparative Psychology. 2004; 118:316–
324. [PubMed: 15482059] 

JOHNSTON, LD.; O'MALLEY, PM.; BACHMAN, JG.; SCHULENBERG, JE. Monitoring the Future 
National Survey Results on Drug Use, 1979–2009. Bethesda, MD: National Institute on Drug 
Abuse; 2010. 

KING SM, IACONO WG, MCGUE M. Childhood externalizing and internalizing psychopathology in 
the prediction of early substance use. Addiction. 2004; 99:1548–1559. [PubMed: 15585046] 

KOMRO KA, MALDONADO-MOLINA MM, TOBLER AL, BONDS JR, MULLER KE. Effects of 
home access and availability of alcohol on young adolescents' alcohol use. Addiction. 2007; 
102:1597–1608. [PubMed: 17854336] 

LI FZ, DUNCAN TE, HOPS H. Examining developmental trajectories in adolescent alcohol use using 
piecewise growth mixture modeling analysis. Journal of Studies on Alcohol. 2001; 62:199–210. 
[PubMed: 11327186] 

MASON WA, HITCH JE, KOSTERMAN R, MCCARTY CA, HERRENKOHL TI, HAWKINS JD. 
Growth in adolescent delinquency and alcohol use in relation to young adult crime, alcohol use 
disorders, and risky sex: a comparison of youth from low- versus middle-income backgrounds. 
Journal of Child Psychology and Psychiatry. 2010; 51:1377–1385. [PubMed: 20659188] 

MAXWELL KA. Friends: The role of peer influence across adolescent risk behaviors. Journal of 
Youth and Adolescence. 2002; 31:267–277.

PAGE RM, HAMMERMEISTER J, ROLAND M. Are high school students accurate or clueless in 
estimating substance use among peers? Adolescence. 2002; 37:567–73. [PubMed: 12458693] 

PEDERSEN ER, MILES JNV, EWING BA, SHIH RA, TUCKER JS, D'AMICO EJ. A longitudinal 
examination of alcohol, marijuana, and cigarette perceived norms among middle school 
adolescents. Drug and Alcohol Dependence. 2013; 133:647–653. [PubMed: 24012070] 

PRINCE MA, MAISTO SA. THE CLINICAL COURSE OF ALCOHOL USE DISORDERS: USING 
JOINPOINT ANLYSIS TO AID IN INTERPRETATION OF GROWTH MIXTURE MODELS. 
Alcoholism-Clinical and Experimental Research. 2012; 36:78A–78A.

REYES O, HEDEKER D. Identifying high-risk students during school transition. Prevention in 
Human Services. 1993; 10:137–150.

Andreas and Jackson Page 12

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ROESER RW, ECCLES JS, FREEDMAN-DOAN C. Academic functioning and mental health in 
adolescence: Patterns, progressions, and routes from childhood. Journal of Adolescent Research. 
1999; 14:135–174.

ROSSOW I, KUNTSCHE E. Early onset of drinking and risk of heavy drinking in young adulthood: A 
13-year prospective study. Alcoholism-Clinical and Experimental Research. 2013; 37:E297–E304.

SEIDMAN E, FRENCH SE. Developmental trajectories and ecological transitions: A two-step 
procedure to aid in the choice of prevention and promotion interventions. Development and 
Psychopathology. 2004; 16:1141–1159. [PubMed: 15704831] 

SIMONS-MORTON B. Prospective association of peer influence, school engagement, drinking 
expectancies, and parent expectations with drinking initiation among sixth graders. Addictive 
Behaviors. 2004; 29:299–309. [PubMed: 14732418] 

SINGER, JD.; WILLETT, JB. Applied longitudinal data analysis: Modeling change and event 
occurrence. New York, NY US: Oxford University Press; 2003. 

SPOTH R, TRUDEAU L, GUYLL M, SHIN C, REDMOND C. Universal intervention effects on 
substance use among young adults mediated by delayed adolescent substance initiation. Journal of 
Consulting and Clinical Psychology. 2009; 77:620–632. [PubMed: 19634956] 

STAPPENBECK CA, QUINN PD, WETHERILL RR, FROMME K. Perceived norms for drinking in 
the transition from high school to college and beyond. Journal of Studies on Alcohol and Drugs. 
2010; 71:895–903. [PubMed: 20946747] 

STORVOLL EE, PAPE H, ROSSOW I. Use of commercial and social sources of alcohol by underage 
drinkers: The role of pubertal timing. Addictive Behaviors. 2008; 33:161–166. [PubMed: 
17553624] 

SULLIVAN TN, FARRELL AD. Identification and impact of risk and protective factors for drug use 
among urban African American adolescents. Journal of Clinical Child Psychology. 1999; 28:122–
136. [PubMed: 10353073] 

TAN R, BRANDON KO, GREENBAUM PE, GOLDMAN MS. USING LINEAR GROWTH 
MODELS TO EXAMINE CHANGES IN ALCOHOL EXPECTANCIES IN RELATION TO 
THE ONSET OF PUBERTY. Alcoholism-Clinical and Experimental Research. 2012; 36:50A–
50A.

VAN LIER PAC, HUIZINK A, CRIJNEN A. Impact of a preventive intervention targeting childhood 
disruptive behavior problems on tobacco and alcohol initiation from age 10 to 13 years. Drug and 
Alcohol Dependence. 2009; 100:228–233. [PubMed: 19046833] 

VAN RYZIN MJ, STORMSHAK EA, DISHION TJ. Engaging parents in the family check-up in 
middle school: Longitudinal effects on family conflict and problem behavior through the high 
school transition. Journal of Adolescent Health. 2012; 50:627–633. [PubMed: 22626491] 

WEINSTEIN ND, ROTHMAN AJ, SUTTON SR. Stage theories of health behavior: Conceptual and 
methodological issues. Health Psychology. 1998; 17:290–299. [PubMed: 9619480] 

WERCH CE, ANZALONE DM, BROKIEWICZ LM, FELKER J, CARLSON JM, 
CASTELLONVOGEL EA. An intervention for preventing alcohol use among inner-city middle 
school students. Archives of Family Medicine. 1996; 5:146–152. [PubMed: 8620255] 

WINDLE M, SPEAR LP, FULIGNI AJ, ANGOLD A, BROWN JD, PINE D, SMITH GT, GIEDD J, 
DAHL RE. Transitions into underage and problem drinking: developmental processes and 
mechanisms between 10 and 15 years of age. Pediatrics. 2008; 121(Suppl 4):S273–89. [PubMed: 
18381494] 

ZHANG L, WELTE JW, WIECZOREK WF. Peer and parental influences on male adolescent 
drinking. Substance Use & Misuse. 1997; 32:2121–2136. [PubMed: 9440157] 

Andreas and Jackson Page 13

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Changes in adolescent alcohol use as a function of high-school transition and early 

delinquency.
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Table 1

Sample demographics.

Variable N % or M (SD)

Gender (% male) 891 51.2%

White a 891 61.4%

Delinquency at age 12 (R1) 891 .90 (1.32)

Age (round) at first high-school report b

13 (R2) 415 46.6%

14 (R3) 372 41.8%

15 (R4) 78 8.8%

16 (R5) 13 1.5%

17 (R6) 13 1.5%

Number of drinking days past month c

R1 890 .18 (1.54)

R2 887 .62 (2.03)

R3 877 1.08 (3.13)

R4 874 1.32 (3.28)

R5 851 1.67 (3.39)

R6 854 2.51 (4.55)

Number of drinks per day past month c

R1 890 .19 (2.77)

R2 886 .66 (3.55)

R3 875 .93 (3.07)

R4 873 1.62 (5.04)

R5 851 1.83 (3.84)

R6 850 2.29 (4.59)

a
About 1/3 (188/547) of the above defined “Whites” were ethnically Hispanic. The remaining sample was African American (24%), Asian (10%), 

and mixed race/other (4%).

b
Age (Round) at which participants from the selected cohort first reported attending high-school as part of the NLSY annual assessments.

c
Drinking indicators are hereby reported as distributed in the original NLSY data set -- across assessment waves (rounds), as opposed to across 

chronological ages or school years (as examined in this report).
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Table 2

Changes over time in adolescent alcohol use using event-based approach, as a function of demographic and 

personality characteristics.

Estimate (s.e.) Estimate (s.e.) Estimate (s.e.)

Model 1 Model 2 Model 3

Intercept .27*** (.02) −.06 (.05) −.02 (.04)

Time before HS .10*** (.04) ↑ .13*** (.04) ↑ .03 (.04)

Time after HS .26*** (.01) ↑ .28*** (.01) ↑ .28*** (.01) ↑

Sex (boy) .04 (.04) .04 (.04)

White .19*** (.04) .18*** (.04)

Delinquency .27*** (.01) .24*** (.02)

Delinquency × Before HS .14*** (.03) ↑

Delinquency × After HS .002 (.01)

Fit statistics

 AIC/BIC
 LL

16,733/16,773
−8,360

16,416/16,475
−8,199

16,398/16,470
−8,188

Note:

N = 891.

*
p ≤ .05;

**
p ≤ .01,

***
p ≤ .001.

Arrows in all models indicate terms associated with statistically significant changes in adolescent alcohol use over time (a log-transformed 
Frequency × Quantity measure of past month alcohol use). Smaller AIC/BIC fit indices suggest a better model fit.

In the estimated spline models, parameter estimates for “Before HS” and “After HS” represent individual slopes for pre- and post-HS intervals 
(default coding by STATA mkspline command, without invoking the ‘marginal’ option), and the associated p-values show whether these 
individual slopes significantly differ from zero, or whether there is a significant growth in alcohol use over those distinct time periods. Additional 
probing of these effects was conducted, indicating a significant difference between these slopes for every ‘event-based’ model as well: parameter 
estimate β (s.e.) = −.16 (.04), p < .001 for Model 1; parameter estimate β (s.e.) = −.14 (.04), p < .001 for Model 2, and parameter estimate β (s.e.) = 
−.24 (.05), p < .001 for Model 3.
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