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Inconsistencies in alcohol use measurement across studies and broad conceptualizations 

of post-secondary education experiences of young adults impede the comparison of research 

findings and our understanding of age-related shifts in alcohol use during emerging adulthood. 

This dissertation uses data from the Victoria Health Youth Survey (V-HYS), a 5 wave 

longitudinal study following 662 Canadian youth across the ages of 12-27. Study 1 examined the 

longitudinal associations among four measures of alcohol consumption (frequency, quantity, 

frequency of heavy episodic drinking and volume) from ages 15-25 and compared the ability of 

these measures to predict alcohol-related problems in emerging adulthood. Levels and rates of 

change across alcohol dimensions were moderately associated over time. However, measures of 

alcohol involvement significantly differed in their average rate of growth and in the prediction of 

alcohol-related problems in emerging adulthood. Heavy episodic drinking and volume showed 

the strongest associations in developmental trends and were similarly predictive of alcohol-

related problems. The findings from this study support using measures of heavy episodic 

drinking or volume for assessing alcohol use and alcohol-related problems during emerging 

adulthood. Building on Study 1, Study 2 compared the trajectories of heavy episodic drinking 
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during adolescence and emerging adulthood among youth in four different educational pathways: 

two-year college students, four-year university students, transfer students, and terminal high 

school graduates. This study also examined whether individual level factors could account for 

group differences in heavy drinking among the education groups. Terminal high school 

graduates consistently had the highest levels of alcohol use over time compared to all three post-

secondary groups. Two-year college students had significantly higher levels of heavy drinking 

than university or transfer students when they enrolled, but university students had the greatest 

increases in heavy drinking after enrollment. However, differences in heavy drinking between 

post-secondary groups were completely accounted for by variations in the age at the time of 

enrollment. Taken together, the current findings illustrate that enrolling in post-secondary 

education, regardless of the type of institution, is associated with an increase in the frequency of 

heavy drinking during emerging adulthood and that this increase is greatest for younger students. 

However, the rates of drinking never exceeded that of the terminal high school graduates over 

time. These studies illustrate that the conclusions drawn about alcohol use trends during 

emerging adulthood may be contingent on the alcohol consumption measure used and 

conceptualizations of educational experiences. The results of the current studies provide 

recommendations to researchers about which measures of alcohol involvement to select for 

inclusion in future studies, and inform the optimal timing, targets, and contexts for alcohol 

prevention and intervention efforts during emerging adulthood.   



v 

 

Table of Contents 

Supervisory Committee .................................................................................................................. ii 

Abstract .......................................................................................................................................... iii 

Table of Contents .............................................................................................................................v 

List of Table ................................................................................................................................. viii 

List of Figures ................................................................................................................................ ix 

Acknowledgements ..........................................................................................................................x 

Dedication ...................................................................................................................................... xi 

Chapter 1 ......................................................................................................................................... 1 

General Introduction ................................................................................................................... 1 

Alcohol use in emerging adulthood ......................................................................................... 1 

Alcohol use and post-secondary education ............................................................................. 2 

Heterogeneity in educational choices ...................................................................................... 4 

The multidimensional nature of alcohol use ............................................................................ 7 

Objectives and content overview ........................................................................................... 10 

Chapter 2 ....................................................................................................................................... 12 

General Methodology ................................................................................................................ 12 

Overview of the Victoria Healthy Youth Survey (V-HYS) .................................................. 12 

Procedure ............................................................................................................................... 12 

Participant characteristics ...................................................................................................... 13 

Chapter 3 ....................................................................................................................................... 15 

Study 1: Alternative Measures of Alcohol Use across Adolescence and Emerging Adulthood: 

Implications for Predicting Alcohol-related Problems.............................................................. 15 

Abstract ..................................................................................................................................... 15 

Introduction ............................................................................................................................... 16 

The current study ................................................................................................................... 19 

Method ...................................................................................................................................... 20 

Participants ............................................................................................................................ 20 

Measures ................................................................................................................................ 20 

Missing data and non-normality ............................................................................................ 22 

Data preparation .................................................................................................................... 23 



vi 

 

Assessment of model fit ........................................................................................................ 25 

Analysis plan ......................................................................................................................... 26 

Results ....................................................................................................................................... 28 

Characteristics of the sample ................................................................................................. 28 

Univariate growth models ..................................................................................................... 30 

Multivariate growth models ................................................................................................... 33 

Factor-of-curves (FOC) model .............................................................................................. 36 

Predicting alcohol-related problems ...................................................................................... 37 

Discussion ................................................................................................................................. 40 

Predicting alcohol-related problems in emerging adulthood ................................................. 41 

Limitations ............................................................................................................................. 42 

Conclusions ........................................................................................................................... 43 

Chapter 4 ....................................................................................................................................... 45 

Study 2: The Effect of Post-secondary Education Choices on Heavy Drinking: Does Age of 

Enrollment Matter? ................................................................................................................... 45 

Abstract ..................................................................................................................................... 45 

Introduction ............................................................................................................................... 46 

Heterogeneity in educational pathways ................................................................................. 47 

Common correlates of alcohol use and educational pathways .............................................. 49 

The timing of postsecondary enrollment ............................................................................... 52 

The current study ................................................................................................................... 53 

Method ...................................................................................................................................... 54 

Participants ............................................................................................................................ 54 

Measures ................................................................................................................................ 56 

Data preparation .................................................................................................................... 57 

Plan of analysis ...................................................................................................................... 58 

Results ....................................................................................................................................... 61 

Characteristics of the education groups ................................................................................. 61 

The trajectory of heavy drinking across educational pathways ............................................. 66 

Are education group differences a result of variation in individual difference factors? ....... 69 

Discussion ................................................................................................................................. 72 



vii 

 

The trajectory of heavy episodic drinking from ages 14 to 24 for terminal high school 

graduates ................................................................................................................................ 73 

Group differences in the trajectories of heavy episodic drinking among college, university 

students, and transfer students ............................................................................................... 74 

Sex ......................................................................................................................................... 77 

Living arrangement ................................................................................................................ 77 

Limitations ............................................................................................................................. 78 

Implications ........................................................................................................................... 80 

Conclusion ............................................................................................................................. 82 

Chapter 5 ....................................................................................................................................... 83 

General Conclusions ................................................................................................................. 83 

Key findings and contributions.............................................................................................. 83 

Areas for future research ....................................................................................................... 86 

Bibliography ................................................................................................................................. 89 

Appendix A ................................................................................................................................. 101 

Appendix B ................................................................................................................................. 105 



viii 

 

List of Tables 

  Table 1. Descriptive Statistics for Alcohol Use Indices by Age....................................................29 

Table 2. Summary of Univariate Growth Models for Heavy Episodic Drinking (HED), Volume, 

Quantity and Frequency ............................................................................................................... 31 

Table 3. Correlations Among Alcohol Use Indices from Multivariate Latent Growth Models .... 35 

Table 4. Parameter Estimates from the Factor-of-Curves LGM .................................................. 37 

Table 5. Unstandardized Estimates and Standard Errors for Predicting Average Levels 

(Intercepts) of Alcohol-related Social and Health Consequences and Symptoms of Alcohol Use 

Disorders in Emerging Adulthood ................................................................................................ 39 

Table 6. Characteristics of the Full Sample by Educational Pathway ......................................... 62 

Table 7. Descriptive Statistics for Mean Levels of Heavy Episodic Drinking as a Function of 

Years Pre and Post Entry into Post-secondary Education ........................................................... 63 

Table 8. Correlations Between Heavy Episodic Drinking (HED) and Individual Difference 

Factors .......................................................................................................................................... 65 

Table 9. Education Group Differences in Heavy Drinking Over Time…………………………......68 

 



ix 

 

List of Figures 

Figure 1. The V-HYS accelerated longitudinal design data structure (2003-2011). 
a 
White areas 

represents the data that was used to model the trajectories of alcohol use. 03 = 2003; 05 = 2005; 

07 = 2007; 09 = 2009; 11 = 201 .................................................................................................... 25 

Figure 2. Estimated slopes from the univariate piecewise latent growth models for heavy 

episodic drinking (top left), frequency (top right), quantity (bottom left) and volume (bottom 

right).  Quantity and volume are scaled as the log + 1. ................................................................ 32 

Figure 3. Trajectory of heavy episodic drinking for the full sample ............................................ 59 

Figure 4. Observed means of heavy drinking for each education group over time...................... 64 

Figure 5. Estimated piecewise growth trajectories of heavy episodic drinking for each education 

group……………………………………………………………………………………………..67 

Figure 6. The trajectory of heavy episodic drinking by education group for males (left) and 

females (right) based on parameter estimates from model 3 ........................................................ 70 

Figure 7. The trajectory of heavy drinking for the college, transfer and university group for  

males (top left) and females (top right) after accounting for age of enrollment, high school 

grades, living arrangement, sex and SES (model 5). .................................................................... 72 

 

 

 

 

 

 



x 

 

Acknowledgments 

It is with great pleasure that I thank those who have provided me the tremendous support, 

wisdom, and inspiration needed for this accomplishment.  

First, thank you to my supervisor Dr. Tim Stockwell. Your unwavering confidence in me 

made this thesis possible. I will be forever grateful for all you have taught me. To Dr. Bonnie 

Leadbeater, thank you for your wisdom and guidance. You have encouraged me to ask big 

questions, and challenged me to find the answers. Because of that, I am a better scientist. To Dr. 

Doug Baer, thank you for helping me appreciate the complexities of these statistical analyses. 

This project is stronger because of your assistance. 

Thank you to my colleagues at CARBC who have supported and encouraged me 

throughout this project. A special thanks to Emma Carter and Kate Vallance for their unending 

confidence in me. 

Thank you to the Canadian Institutes of Health Research for funding this project and 

making this accomplishment possible. Thank you to the youth and young adults who graciously 

participated in the V-HYS study and made this work possible.  

Thank you to my parents, Rodney and Carla Murray, for always believing in me and 

inspiring me to reach my dreams. Thank you to my in-laws, Linda Thompson and Gary 

Thompson, for their continued support and encouragement.  

Thank you to my wonderful friends, especially Ashley, Emily, Kayla, and Jacqui, for the 

phone calls, emails, and texts of support when I was overwhelmed! 

 Finally, thank you to my incredible husband Matt and my beautiful son Duncan. Your 

love brings me such happiness and has been my guiding light throughout this process.  

 



xi 

 

Dedication 

 

To Matt 

“Do or do not. There is no try” … I did 

Thank you for your love every step of the way 

 

To Duncan 

Your sweetness reminds me every day what is truly important in life 

I love you 

 

 

 



1 

 

Chapter 1 

General Introduction 

Alcohol use in emerging adulthood  

 The theory of emerging adulthood marks the years from age 18 and 25 as a distinct 

period of development with characteristics unmatched in either adolescence or adulthood 

(Arnett, 2000). In many ways, this period of development is new, and arose out of cultural and 

historical shifts in the typical transitions or tasks that characterize adult status such as being 

married, having children, and being gainfully employed. Compared to several decades ago, the 

period from age 18-25 has changed from a time of settling down into adult roles like marriage, 

parenthood, and work, to a period of exploration, instability, and for many, higher education 

(Arnett, 2005). Schulenberg, Sameroff & Cicchetti (2004) argue that the pervasive and 

simultaneous contextual and social changes that accompany the transition to adulthood make it 

one of the most critical developmental periods across the lifespan.  

One of the most notable characteristics of emerging adulthood is that it is the age period 

when alcohol use is common, largely accepted, and may be considered relatively “normative” in 

developed free-market economies. At the population level, alcohol use typically increases across 

adolescence, peaks in the early twenties, and gradually starts to decrease thereafter (Naimi, 

Brewer & Mokdad, 2003; Jackson, Sher, & Park, 2005).  Internationally, emerging adults engage 

in higher levels of alcohol use than any other age group (Johnston, O’Malley, Bachman, & 

Schulenberg, 2012a; Health Canada, 2010; Saggers, Chikritzhs, & Allsop, 2009). In the 2004 

National Canadian Addiction Survey young adults aged 19-24 reported exceeding the drinking 

criteria for acute and chronic harm more than any other age group (e.g. 43% versus 21% of 25-
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39 year olds) (Stockwell, Zhao, & Thomas, 2009). Accompanying these high drinking rates are 

marked peaks in the prevalence of alcohol use disorders (Littlefield, & Sher, 2010), alcohol-

related injuries (Taylor, Rehm, Room, Patra, & Bondy, 2008) and high risk behaviors such as 

drinking and driving, aggression and risky sexual behaviors (Beck et al., 2010; Neal and 

Fromme, 2007; Mäkelä, & Mustonen, 2000). These high rates of alcohol use and associated 

harms mark emerging adulthood as an important juncture in the etiology of alcohol use that can 

either set the stage for lifelong difficulties with alcohol misuse, or serve as a potential turning 

point for fostering adaptive patterns of use. 

Alcohol use and post-secondary education 

Patterns of alcohol use are related to the numerous developmental transitions that 

typically occur during emerging adulthood. For example, moving out of home is associated with 

increases in alcohol use (Dawson, Grant, Stinson, & Chou, 2004; White, Labouvie, & 

Papadaratsakis, 2005; White et al., 2006) and getting married is associated with decreases in 

alcohol use (Bachman et al., 2002). For nearly 80% of emerging adults (aged 18-26) in Canada, 

post-secondary education is a key developmental transition (Shaienks, & Gluszynski, 2007; 

Shaienks et al., 2008). Participation in higher education has risen considerably during the past 

century, as it has increasingly become a prerequisite for employment in positions that offer 

wages and benefits that can keep pace with the rising cost of living and support a healthy 

lifestyle (Cronce, & Corbin, 2010). Post-secondary education is linked to many positive 

outcomes including higher income, occupational status, and well-being (Andres, & Adamuti-

Trache, 2008), as well as clearer aesthetic and intellectual values, a more distinct identity, social 

confidence, improved self-concept and psychological well-being (Pascarella, & Terenzini, 1996; 
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Eccles, Templeton, Barber, & Stone, 2003). However, it is also linked to high levels of alcohol 

use and alcohol-related harms (Hingson, Zha, & Weitzman, 2009; Jackson, Sher, & Park, 2005).  

There is considerable research evidence documenting higher levels of alcohol use among 

US post-secondary students compared to young adults who do not attend higher education 

(Bachman et al., 2008, 2002; Bachman, Wadsworth, O’Malley, Johnston, & Schulenberg, 1997; 

Dawson et al., 2004; Slutske, 2004; Quinn, & Fromme, 2011; Timberlake et al., 2007). For 

example, summarizing data from five different national US surveys, O’Malley and Johnston 

(2002) concluded that post-secondary students drink less than their non-student peers during high 

school, but show greater increases in heavy drinking after high school graduation and eventually 

surpass their non-student same-aged peers in levels of heavy drinking. As a result of this 

evidence, increases in drinking during emerging adulthood have often been attributed to the 

experience of going to post-secondary education (PSE) (Carter, Brandon, & Goldman, 2010; 

Dowdall, & Wechsler, 2002; Jackson, Sher, & Park, 2005).  

However, recent evidence reveals that non-student young adults also have high rates of 

risky behaviors and alcohol use (White et al., 2006; Reynolds, Magidson, Mayes, & Lejuez, 

2010). Additionally, differences in alcohol use between post-secondary students and same aged 

non-student peers are often small (Quinn, & Fromme, 2011; Dawson et al., 2004; O’Malley, & 

Johnston, 2002).  Moreover, several studies have found no differences in alcohol use between 

students and nonstudents (Lanza, & Collins, 2006; Chen et al., 2004; White et al., 2005), 

particularly after controlling for background characteristics or living arrangements (Gfroerer et 

al., 1997; Schulenberg et al., 1996; White et al., 2006).  

In a recent review of the alcohol-education literature, Carter and colleagues (2010) note 

that the conclusions that can presently be drawn about whether post-secondary attendance per se 
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is associated with greater alcohol consumption are limited by variation in units of analysis 

employed across studies. To date, studies have generally made broad distinctions between 

‘students’ and ‘nonstudents’ in their analysis and the operational definition of ‘students’ and 

‘nonstudents’ vary considerably across studies (Carter et al., 2010). Studies have differentially 

assigned individuals to ‘student’ status based on specific age-ranges, full- or part-time status, and 

attendance at two-year or four-year institutions. ‘Non-student’ status has typically been a catch-

all category for individuals who do not meet the ‘student’ definition, including high school 

graduates (Bingham et al., 2005; Timberlake et al., 2007), those not currently attending post-

secondary (O’Malley, & Johnston, 2002) and those attending other types of vocational 

institutions (White et al., 2006). For example, Bingham et al. (2005) defined postsecondary 

‘students’ as young adults who had obtained a 4 year degree and ‘non-students’ as those with a 

high school degree or less and those with less than 4 years of post-secondary education. Paschall 

(2003) defined ‘students’ as those in post-secondary education full and part-time, and ‘non-

students’ as all other young adults. Some emerging adults have been excluded altogether from 

analysis including young adults attending post-secondary education outside a specified age range 

(i.e., after age 22 – Muthen, & Muthen, 2000) and young adults who dropout (Dawson et al., 

2005), resulting in skewed samples. Given methodological inconsistencies in the units of 

analysis applied across studies, there remain significant gaps in our understanding of the links 

between post-secondary education and alcohol use during emerging adulthood. 

Heterogeneity in educational choices 

 A primary difficulty in choosing a unit of analysis is the substantial heterogeneity in the 

educational experiences of emerging adults. The pathways emerging adults take through higher 

education are diverse, complex, and often move in unpredictable directions. Individuals can 
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choose different educational institutions, obtain different degrees, dropout, re-enrol or switch 

institutions. Young adults vary in their timing of enrolment, as well as their timing of 

completion, and often experience other developmental transitions while still enrolled, such as 

working part-time or becoming a partner or parent. Given this diversity, comparing post-

secondary students to non-students may simply be too broad of a distinction to reach meaningful 

conclusions, but we are only in the early stages of understanding how heterogeneity in 

educational experiences is related to alcohol use patterns in emerging adulthood.  

Formal post-secondary education in Canada includes a mix of university, college, and 

apprenticeship programs (Kirby, 2009). Universities are typically degree-granting institutions 

and are perceived as the most prestigious of higher education institutions. However, in the past 

several decades, the non-university sector has grown dramatically to accommodate the growing 

numbers and diversity of learners. In Canada, colleges, or community colleges, typically are non-

degree granting institutions that provide a mix of occupationally-oriented technical and 

vocational training programs. Apprenticeship is a smaller part of the post-secondary system and 

often has the image of being a second-best option to university or college; however, it is one of 

three essential pillars of the education system. Of the 80% of Canadian emerging adults aged 18-

26 that attended PSE by 2005, 50% were attending a university, 33% were attending a college, 

and 17% were attending other post-secondary institutions (technical institute, trade/vocational 

school, private training institute)(Shaienks & Gluszynski, 2007).  

There is also substantial mobility within Canada’s higher education system. Canada’s 

post-secondary system offers students the flexibility to combine credits from multiple institutions 

to meet their educational goals (Cowin, 2013). As a result, it is common for emerging adults to 

attend more than one type of post-secondary institution during emerging adulthood. At the 
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national level, approximately 8% of Canadian young adults aged 18-26 attended more than one 

type of postsecondary institution (Shaienks, Gluszynski, & Bayard, 2008). Many of these 

students are termed “transfer students”, traditionally defined as students who transition from a 

two-year community college to a four-year university (Cowin, 2013; Association of Canadian 

Community Colleges, 2011; Provasnok & Planty, 2008). Research on transfer students reveals 

that the majority of them planned to transfer prior to enrolling at their original institution and 

often begin at a two-year college because of lower tuition fees, smaller class sizes, and a lack of 

high school grades for direct entry into university (Cowin, 2013; Provasnok, & Planty, 2008).  

Different types of educational paths are selected by individuals with different preexisting 

characteristics (i.e., academic achievement), impose different demands on young people, and 

expose individuals to different environmental and contextual experiences. These contexts present 

young adults with unique challenges and offer alternate contexts in which substance use can 

occur. For example, in a qualitative study about risk taking with 32 university and community 

college students, community college students described having access to different experiences 

than university students (Dworkin, 2005). The majority of community college students reported 

living at home or in their hometown, fewer extracurricular activities, and exposure to a student 

body that was more diverse in terms of age and life stage. Further, the community college 

students described being more certain about career goals and more committed to their education 

then the university students.  

Most research to date has combined two-year college students with four-year university 

students or focused exclusively on four-year university students (Carter et al., 2010). This 

categorization obscures the potential effects of differing contextual environments on drinking 

patterns. Recent research suggests heterogeneity in educational choices matter. Two recent 
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studies have found that four-year students increase their drinking faster over time and have 

higher levels of alcohol use compared to two-year students (Timberlake et al., 2007; Velazquez 

et al., 2011). However, more research is needed to identify how and why educational choices 

influence trajectories of alcohol use during emerging adulthood.  

The multidimensional nature of alcohol use 

Another unit of analysis issue revolves around variability in alcohol measures employed 

across studies (Presley, Meilman, & Leichliter, 2002). Alcohol use is operationalized many ways 

including: whether an individual has ever used alcohol, frequency of use, quantity of use (typical 

and peak), frequency of heavy episodic drinking (typically defined as 5 or more drinks per 

occasion), as well as subjective measures of consumption such as frequency of getting “drunk” 

or experiencing alcohol-related problems. Moreover, the specific assessment period varies across 

studies. For example, studies have asked participants to report their frequency of heavy episodic 

drinking during the last 2 weeks (Jackson, Sher, & Schulenberg, 2008), the last 30 days (Oesterle 

et al., 2004), or the last 12 months (Timberlake et al., 2007). Nonequivalent alcohol measures 

and assessment periods across studies can create difficulties in interpretation and generalization 

of knowledge. Moreover, research reveals that the alcohol-education link is highly dependent on 

the measure of alcohol consumption employed.  

According to the most recent Monitoring the Future survey, post-secondary students and 

non-student young adults had similar rates of alcohol use when alcohol was measured as lifetime 

use, past-year use and daily alcohol use. However, post-secondary students had significantly 

higher levels of alcohol use when measured as past 30-day use and heavy drinking in the past 

two weeks (Johnston et al., 2012). In a sample of 787 women (19-22 years old), post-secondary 

attendance was associated with higher levels of alcohol use when measured by drinking 
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frequency, binge drinking and frequency of getting drunk, but was unrelated to measures of 

typical quantity (Slutske et al., 2004). Crowley (1991) found that post-secondary students aged 

19-22 years old (n = 5,045) were more likely to drink overall, but consumed fewer drinks per 

occasion and drank less frequently in the last month than young adults not in higher education. 

Overall, some measures of alcohol consumption appear to produce a more robust effect of post-

secondary attendance than other measures, but questions remain as to what measures are best to 

use.  

Using many alcohol measures in a survey helps us achieve a clearer picture of alcohol 

use in a population and researchers have achieved some consensus that the briefest set of 

questions that should be asked to measure alcohol intake adequately are (1) usual quantity, (2) 

overall frequency, and (3) frequency of heavy episodic drinking (HED) (Dawson & Room, 

2000). However, gathering multiple measures of alcohol use is often impractical and there 

continues to be no standard or accepted solution for how to best aggregate indices or how to 

handle the multiple dimensions of use in multivariate analysis once we have collected them. 

Simultaneously considering multiple dimensions in a single analysis is complicated by problems 

with collinearity and hinders the use of common statistical procedures used to adjust or control 

for more than one dimension of alcohol in a single analysis (Room, 2000).  

Alternatively, some researchers have produced categorical typologies to identify common 

multidimensional patterns of alcohol use (Auerbach & Collins, 2006). For example, using a 

sample of 1,143 participants assessed at ages 18, 20 and 22, Auerbach & Collins (2006) used 4 

measures of alcohol use (use in the past year, drinking frequency in the past year, maximum 

quantity consumed in a single occasion, and frequency of heavy episodic drinking, HED, in the 

past month) to identify drinking typologies. Five classes of alcohol use were identified: no use 
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(41.9%), occasional low use (22.1%), frequent high use with HED (17.9%), occasional high use 

(14.8%), and frequent high use (3.3%). Unfortunately, typological approaches, such as latent 

class analysis and latent class growth analysis, result in a loss of power, require large sample 

sizes and reduce variability of drinking patterns into a small set of the most common patterns, 

but not necessarily the most theoretical relevant (Rehm & Gmel, 2000). Moreover, typologies are 

highly contingent on the alcohol measures used, the age of the sample, the number of 

assessments, and the interval between assessments (Faden et al., 2004; Jackson & Sher, 2005; 

2006; Tucker et al., 2005).  

Different alcohol measures can seriously affect the conclusions we reach. More research 

is needed on the congruence of empirical findings based on different alcohol dimensions. In 

particular, given age-related changes in use over time, we need to know whether associations 

between alternate dimensions of alcohol involvement change over time. Certain aspects of 

alcohol use may increase or decrease more quickly than other measures, which could have 

important implications for predicting alcohol-related harm. Further, the alcohol measures that are 

most sensitive to severity of alcohol involvement may be different in adolescence compared to 

young adulthood (Kahler et al., 2009). For example, high frequency of consumption is relatively 

rare during adolescence and may be indicative of significant pathology. Yet, high frequency 

consumption becomes increasingly normative and alone may be of little prognostic significance 

during emerging adulthood (Kahler et al., 2009; Dees, Riggs, Lagnenbucher, Goldman, & 

Brown, 2000; Health Canada, 2005). To date, questions remain about the comparability of 

empirical data obtained with different alcohol measures, particularly longitudinally.  
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Objectives and content overview  

Clearly, there is substantial variation in the conceptualization and operationalization of 

alcohol use and the educational experiences of young adults across studies. This variation has 

made it difficult to determine the extent to which increases in alcohol use during emerging 

adulthood are coupled with post-secondary attendance or simply reflect a “stage of life” 

phenomenon (Jackson et al., 2005; White et al, 2005).  This dissertation research consists of two 

separate but related studies designed to advance our knowledge of how various 

conceptualizations of alcohol use and educational experiences influence empirical findings, and 

broaden our understanding of how experiences of higher education relate to alcohol use during 

emerging adulthood, using a longitudinal study of Canadian youth. 

Given the current lack of consensus about which alcohol measures are best to use, as a 

first step it is essential to empirically examine the congruence of alcohol use trajectories based 

on alternate measures of consumption and compare measures in their ability to predict alcohol-

related harm during emerging adulthood. In study 1, I used multivariate latent growth modeling 

to compare trajectories of alcohol use during adolescence and emerging adulthood across four 

measures of alcohol use (frequency of use, typical quantity per occasion, frequency of heavy 

episodic drinking and volume). Then, using a factor-of-curves model (second-order extension of 

the multivariate model), I also tested whether the four alcohol measures could be indicators of a 

single higher order alcohol use construct. Finally, I compared the four measures on their ability 

to predict social and health harm and alcohol use disorder symptoms in emerging adulthood.  

Building on Study 1, Study 2 used the recommended alcohol measure to examine how 

alcohol use during emerging adulthood is influenced by different educational choices. First, I 

compared the trajectories of alcohol use pre- and post-entry into post-secondary education for 
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students who attended a two-year college, four-year university or a transfer program. I also 

modeled the trajectory of alcohol use for terminal high school graduates from ages 14-25. 

Second, I investigated potential mechanisms that could account for differences in trajectories of 

alcohol use across these educational paths including sex, mother’s education, high school grades, 

living arrangement, and age at the time of enrollment. It is believed that the conclusions drawn 

from these two studies can be applied in order to reduce disparity in findings across studies 

caused by variation in choice of measurement, provide recommendations to researchers about 

which measures of alcohol to select for inclusion in future studies, and inform about the optimal 

timing, targets and contexts for alcohol prevention and intervention efforts.  

Given the universal differences in alcohol use between males and females, sex 

differences are investigated in both of these studies (Wilsnack, Wilsnack, & Obot, 2005). 

Compared to females, males are more likely to drink and consume more alcohol (Health Canada, 

2009; Nolen-Hoeksema, 2004). Despite this, females tend to experience more negative 

consequences from alcohol at lower levels of exposure than men (Dawson, 2009; Nolen-

Hoeksema, 2004). Research suggests that these sex differences may arise from females having 

lower rates of gastric metabolism of alcohol than men, or smaller volumes of body water in 

which alcohol is absorbed (Wilsnack et al., 2005). However, while not explicitly tested in this 

research, any observed sex difference may also be influenced by sociocultural factors such as 

culturally prescribed gender roles (i.e., alcohol consumption is associated with masculinity), 

variations in social sanctions, risk-taking propensity, coping styles, and social responsibilities 

(Wilsnack et al., 2005; Nolen-Hoeksema, 2004).   
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Chapter 2  

General Methodology 

Overview of the Victoria Healthy Youth Survey (V-HYS) 

The data for the following pair of studies was from the Victoria Healthy Youth Survey 

(V-HYS). The V-HYS is a collaborative project between an interdisciplinary group of 

university-based researchers at the University of Victoria in British Columbia, Canada. The V-

HYS followed 662 youth (ages 12-18 at Time 1), biennially, 5 times, between 2003 and 2011. A 

sixth wave is scheduled to be collected in fall 2013 when these young people are aged 22-28 

years. All six waves have been funded by sequential CIHR grants. The V-HYS includes multiple 

measures of five key health indicators: physical health, mental health and well-being, health risk 

behaviours, social support and intimate relationship quality, and accrued labour market and 

economic capital; as well as risk factors (e.g. deviant peer associations, serious injuries and 

relationship aggression) and protective factors (e.g. emotional support from family and peers, 

school engagement, and stable romantic relationships). The V-HYS is the only longitudinal 

Canadian study that includes assessments of health, healthy life styles and social determinants of 

health during this developmental period. 

Procedure 

The V-HYS data is a randomly-selected community sample from the Victoria, BC 

Census Metropolitan Area, a moderate-size Canadian city with a population of 330,000 that is 

predominately Caucasian (85%) with few visible minorities (11%) or Aboriginals (4%). At the 

beginning of the study, 1,036 households with an eligible youth between ages 12 to 18 were 

identified (mean age 15.5 years; SD = 1.9 years) from a random sample of 9,500 telephone 
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listings. Of these, 187 youth refused participation and 185 parents or guardians refused their 

youth’s participation. The total participation rate for eligible adolescents was 64%. 

The V-HYS was administered in the spring of 2003 (T1), 2005 (T2), 2007 (T3), 2009 

(T4) and 2011 (T5). Youth gave written consent for their participation at each wave and received 

an honorarium (gift certificate) for their participation at each interview. At earlier waves 

informed consent was also obtained from parents or guardians. A trained interviewer 

administered the V-HYS survey in the youth’s home or another private place.  Skype or phone 

interviews in later waves were also used when necessary to follow youth across moves and 

absences due to traveling. 

To enhance privacy and increase responding, a portion of the V-HYS survey was strictly 

self-report. These items deal with private topics and emotional issues where youth are 

themselves the best sources of data (e.g., depression, conduct problems). This portion of the 

interview is self-administered and placed in a sealed envelope not accessible to the interviewer. 

Recent research by Bradford and Rickwood, (2012) demonstrates that self-administered 

assessments are the most accepted form of psychosocial screening instruments in young adults, 

and that these enhance engagement and improve rates of disclosure.  While the validity of self-

report data has been debated for many years, self-report data are generally found to be valid (e.g., 

Beggs et al., 1999) and it is frequently the method of choice, particularly in costly longitudinal 

studies. 

Participant characteristics 

Participants of the V-HYS were representative of the Canadian urban population from 

which the sample was drawn (Albrecht, Galambos, & Jansson, 2007). Complete data were 
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available for 662 youth at T1, 578 (87.3% response rate) at T2, 539 (81.4% response rate) at T3, 

459 (69% response rate) at T4, and 464 (70% response rate) at T5. There were approximately an 

equal number of males and females at each time point. Distribution by gender was as follows: T1 

= 342 females, 320 males; T2 = 306 females, 272 males; T3 = 294 females, 244 males, 1 

transgendered; T4 = 254 females, 204 males, and 1 transgendered; T5 = 250 females, 214 males.  

Distribution by age cohort on entry to the study was as follows: age 12 years, n = 83; age 

13, n = 90; age 14, n = 104; age 15, n = 98; age 16, n = 104; age 17, n = 112; age 18, n = 71. 

Mean age at T1 was 15 years (SD = 1.9 years). Participants ranged from 14 to 21 years at T2 (M 

= 17.1 years, SD = 1.9 years), 16 to 23 at T3 (M = 19 years, SD = 1.9 years), 18 to 26 years at T4 

(M = 21.9 years, SD = 1.9 years), and 20 to 27 at T5 (M = 23.7 years, SD = 2 years).  

At Time 1, 85% of the sample was Caucasian, 4% were Asian, 4% were mixed/bi-racial, 

and 3% were Aboriginal. The remaining 4% belonged to other ethnic groups (e.g., Black, 

Hispanic, or other). Nineteen percent of fathers and 19% of mothers finished high school only, 

and 43% of fathers and 49% of mothers completed college or university training. Parental 

occupational categories represent diverse economic groups; including, unskilled or semi-skilled 

(16% of fathers and 15% of mothers), clerical or technical (44% of fathers and 38% of mothers), 

and managerial or professional (38% of fathers and 36% of mothers). At T1, the majority of 

youth lived with their biological (55%; n = 361) or adoptive (1.7%; n = 11) parents. In addition, 

2% of youth (n = 13) had a parent who died, and 42.6% of youth were from families with parents 

who were separated or divorced. Selective attrition was assessed by testing for differences at T1 

on demographic variables between youth who remained in the longitudinal study by (n = 464) 

and those who did not participate at T5 (n = 203). No significant differences were found.  
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Chapter 3  

Study 1: Alternative Measures of Alcohol Use across Adolescence and Emerging 

Adulthood: Implications for Predicting Alcohol-related Problems 

Abstract 

The use of alterative alcohol indices in developmental research may generate conflicting 

findings in the literature. This study examines the longitudinal associations among four 

dimensions of alcohol involvement from age 15-25 and compares their ability to predict alcohol-

related problems in emerging adulthood. Data are from the Victoria Healthy Youth Survey, a 5 

wave multi-cohort study conducted biennially between 2003 and 2011. This study included a 

subsample of 637 randomly recruited adolescents, ages 15-25 years. Four dimensions of alcohol 

use were compared using multivariate growth modeling: frequency, quantity, heavy episodic 

drinking, and volume. Alcohol-related problems included social and health harms and symptoms 

of alcohol use disorder. Levels and rates of change across alcohol dimensions were moderately 

associated over time. However, associations among dimensions of alcohol involvement differed 

over time. Heavy episodic drinking and volume showed the strongest associations in 

developmental trends and were similarly predictive of alcohol-related problems. Using measures 

of heavy episodic drinking and volume may improve our understanding how alcohol use and 

alcohol-related problems unfold over the course of adolescence and emerging adulthood. 

Reliance on drinking frequency or quantity as a sole consumption measures may be problematic.  

Key words: alcohol, measurement, adolescence, young adult, development, latent growth 

modeling 
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Introduction 

Internationally, rates of alcohol use during adolescence and emerging adulthood are 

higher than at any other time across the lifespan (Health Canada, 2010; Johnston, O’Malley, 

Bachman, & Schulenberg, 2012a; Johnston, O’Malley, Bachman, & Schulenberg, 2012b; 

Saggers, Chikritzhs & Allsop, 2009). Accompanying these high drinking rates are marked peaks 

in the prevalence of alcohol abuse and dependence (Littlefield & Sher, 2010), alcohol-related 

injuries (Taylor, Rehm, Room, Patra & Bondy, 2008) and high risk behaviors such as drinking 

and driving (Beck et al., 2010), aggression (Neal & Fromme, 2007) and risky sexual behaviors 

(Mäkelä & Mustonen, 2000). Consequently, understanding how alcohol use and alcohol-related 

problems unfold across adolescence and emerging adulthood continues to be a major focus in 

research, prevention, and policy efforts around the globe.   

Research suggests that alcohol use typically increases across adolescence, peaks in the 

early twenties, and gradually decreases thereafter (Johnston et al., 2012a; Johnston et al., 2012b; 

Maggs & Schulenberg, 2005; Muthén & Muthén, 2000). Yet, the operationalization of alcohol 

use varies considerably across studies and not all studies support this typical pattern (Casswell, 

Pledger & Pratap, 2002). Studies typically use one or more of the following dimensions of 

alcohol involvement: frequency of use (Biehl, Natsauki & Ge, 2007; Browne, Catalano, Fleming, 

Haggerty & Abbot, 2005; Li, Barrera, Hops & Fisher, 2002), typical quantity (Flory, Lynam, 

Milich, Leukefeld & Clayton, 2004; Wiesner, Weichold & Silbereisen, 2007), average volume 

(Chassin, Flora & King, 2004; Jackson & Sher, 2005; Maggs & Schulenberg, 1998), and 

frequency of heavy episodic drinking (HED; consuming 5+ drinks per occasion), which is most 

commonly used (Costanzo et al., 2007; Muthén & Muthén, 2000; Schulenberg, O’Malley, 

Bachman, Wadsworth & Johnston, 1996). However, each dimension captures a different aspect 
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of an individual’s consumption pattern. Understanding the development of typical and atypical 

patterns of alcohol use requires longitudinal designs that can investigate the congruence of 

findings based on alternate conceptualizations of alcohol involvement. In the present study, we 

examined the longitudinal associations among dimensions of alcohol involvement from age 15-

25, and whether these dimensions varied in their prediction of alcohol-related problems in 

emerging adulthood.   

Alcohol use is multidimensional (Auerbach & Collins, 2006; Mason et al., 2008; 

Newcomb, 1992) and can be conceptualized as a constellation of behaviors each capturing 

distinct aspects of an individual’s consumption pattern. Measures of frequency assess overall 

exposure to alcohol but neglect the importance of quantity consumed per occasion. Measures of 

usual quantity evaluate the number of drinks consumed on a typical occasion, but are not 

sensitive to variability in consumption, such as occasions of HED. Measures of total volume 

capture total consumption are a combination of frequency and quantity (multiplying the two 

variables), but may obscure important patterns of alcohol use. For example, an individual who is 

a low-frequency heavy drinker would be indistinguishable from an individual who is a high-

frequency moderate drinker. Finally, measures of HED capture rates of “risky” consumption 

patterns, but do not account for drinking that occurs at lower levels and are insensitive to 

differences between zero and 4 drinks and between 5 or more drinks.  

Researchers have achieved some consensus that the briefest set of questions that should 

be asked to measure alcohol intake adequately are (1) usual quantity, (2) overall frequency, and 

(3) frequency of HED (Dawson & Room, 2000). Nevertheless, there continues to be no standard 

or accepted solution for how to best aggregate indices or how to handle the multiple dimensions 

of use in multivariate analysis (Rehm & Gmel, 2000; Room, 2000). Thus, with little empirical 
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evidence to support prioritizing one dimension over another, most alcohol indices continue to be 

chosen for practical reasons (i.e., data availability) and analysis are generally performed under 

the assumption that common patterns will be observed across indices because they are highly 

correlated. Although cross-sectional research supports that dimensions of alcohol involvement 

are highly correlated at a single point in time (Borsari, Neal, Collins & Carey, 2001; Mason et 

al., 2008; Weitzman & Nelson, 2004; Wyllie, Zhang & Casswell, 1994), longitudinal research 

provides preliminary evidence that dimensions of alcohol use may change differentially over 

time and be differentially related to health and social outcomes (Bondy, 1996; Casswell et al., 

2002; Dawson, Li & Grant, 2008; Duncan, Alpert, Duncan & Hops, 1997; Gmel & Rehm, 2004; 

Rehm et al., 2003; Rehm et al., 1996; Rehm & Gmel, 1999; Single, Brewster, MacNeil, Hatcher 

& Trainor, 1996; Stockwell et al., 2009). 

Following 714 emerging adults (ages 18-26), Casswell et al., (2002) found that typical 

quantity peaked at age 21 and then declined, whereas drinking frequency continued to increase 

steadily over time. Similarly, following 7,344 adolescents from age 12-23, Biehl et al. (2007) 

found that both frequency and HED increased from ages 12-19, but that HED leveled off more 

than frequency after age 19.  Further, prior theory (Stockwell et al., 2009) and research (Rehm et 

al., 2003; Rehm & Gmel, 1999) have supported variation in the strength of association between 

dimensions of alcohol use and alcohol-related harm. Many acute consequences of alcohol, such 

as accidental injury and interpersonal conflict are more strongly associated with HED than 

volume (Bondy, 1996; Single et al., 1996). In contrast, health problems, such as chronic diseases 

and alcohol use disorders, have been more closely linked with average volume (Gmel & Rehm, 

2004; Rehm et al., 2003; Rehm et al., 1996). However, this is not to say that other dimensions of 

alcohol are unrelated to health and social problems. Research shows that HED is also associated 
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with an increased incidence of abuse and dependence (Dawson et al., 2008) and frequency is 

associated with alcohol-related problems, such as interpersonal conflict and financial hardships 

(Duncan et al., 1997).   

The current study 

The complex association between alcohol indices is unclear and most studies have been 

conducted with select measures at only one time point (Borsari et al., 2001). An enhanced 

understanding of the longitudinal congruence of alcohol trajectories based on different 

dimensions is needed and could begin to reduce disparity in findings across studies caused by 

variation in choice of measurement.  

First, we asked whether the patterns of alcohol use were associated across alternative 

dimensions of alcohol involvement from ages 15-25. It was hypothesized that levels and rates of 

change across four commonly used dimensions (frequency, quantity, HED and volume) would 

be correlated, but that the strength of this association would vary across indices and time. We 

also tested the possibility that the dimensions are indicators of a higher order alcohol use 

construct with a common intercept and common slope.  

Secondly, we asked which dimension of alcohol involvement accounted for the greatest 

amount of variance in social and health harm and alcohol use disorder symptoms in early 

adulthood. Based on prior theory (Stockwell et al., 2009) and research (Rehm et al., 2003) we 

expected that HED would be the strongest predictor of alcohol-related harm, and volume would 

be more salient in predicting symptoms of alcohol use disorder.  Finally, given that levels of 

alcohol use and rates of change tend to be higher among males compared to females (Casswell et 

al., 2002; Windel, Mun & Windel, 2005), sex was included as a covariate in all analyses.  
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Method 

Participants 

The Victoria Healthy Youth Survey (V-HYS) is a five wave multi-cohort study of young 

people aged between 12 and 27 years. Participants were recruited from a medium-sized Canadian 

city using random digit dialing of 9500 private telephone listings. Of the 1036 eligible 

households with an adolescent aged 12-18 years old, 662 adolescents (M = 15.52; SD = 1.93; 

51% female), agreed to participate (response rate 64%). Participants were assessed biennially 

between 2003 and 2011. Response rates were 87% (n = 578) at Time 2, 81% (n = 539) at Time 3, 

70% (n = 459) at Time 4, and 70% (n = 464) at Time 5. The sample was 85% Caucasian, 4% 

Asian, 4% mixed/bi-racial, 3% Aboriginal and 4% other (e.g., Black, Hispanic, or other). 

Informed consent was obtained from parents or guardians when youth were under 18 years of 

age, and from the youth at each time point. Surveys were administered by trained interviewers 

and respondents received a $35 honorarium per interview. The living situation, parental 

education, and ethnicity reported by participating youth were almost identical to that of the 

population from which the sample was drawn (Albrecht, Galambos, & Jansson, 2007).  

Measures 

Alcohol use: This study used four measures of past year alcohol use assessed at each of 

the five waves. Heavy episodic drinking (HED): ‘How often in the past 12 months have you had 

5 or more drinks on one occasion?’ Frequency: ‘How often in the past 12 months, have you had 

a drink of beer, wine, liquor or any other alcohol beverage?’ Response categories for HED and 

frequency were: never (0); a few times/year (1); a few times/month (2); once a week (3); and 

more than once a week (4). Frequency distributions for HED and frequency at each time point 
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and by age can be found in Appendix A.  Quantity: ‘In the past 12 months, how many drinks did 

you usually have on one occasion?’ Respondents provided the number of drinks. Volume was 

calculated using the quantity-frequency (QF) method (Stockwell, Zhao & Thomas, 2009). The 

QF method multiplies frequency by quantity and divides by 52 yielding the average number of 

drinks per week in the last year. The categorical frequency response was converted to number of 

drinking days in the last 12 months by using the mid-point of the category (a few times/year = 5; 

a few times/month = 25; once a week = 52; and more than once a week = 125). To reduce the 

skew, log transformation was applied to measures of volume and quantity, plus a small constant.  

Alcohol related problems in the last 12 months were assessed only at waves 4 and 

5.Social and health harms were assessed using six items from the Harmful Effects of Alcohol 

Scale adapted from the Personalized Alcohol Use Feedback scale used by the Centre for 

Addictions and Mental Health (http://notes.camh.net/efeed.nsf/feedback). Participants were 

asked: “In the last 12 months, was there ever a time that you felt your alcohol use had a harmful 

effect on your…(1) friendships and social life; (2) physical health; (3) outlook on life; (4) home 

life or marriage; (5) work, studies or employment; and (6) financial opportunities. The number of 

harms experienced was summed to yield a total score out of 6. 

 The Alcohol, Smoking and Substance Involvement and Screening Test (ASSIST) MINI 

plus (Humeniuk et al., 2008) was used to assess alcohol use disorder symptoms. Items on the 

ASSIST MINI tap symptoms of alcohol abuse (4 items) and alcohol dependence (7 items) 

delineated in the Diagnostic and Statistical Manual of Mental Disorders 4
th

 edition (American 

Psychiatric Association, 1994). However, given that the DSM-5 has moved towards a unitary 

construct of alcohol use disorder, varying only in terms of severity, 10 items from the ASSIST 

were summed to yield the number of  symptoms ranging from 0-10  (Dawson, Goldstein, & 

http://notes.camh.net/efeed.nsf/feedback
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Grant, 2013). Participants answered yes or no to the following  items: (1) drinking interferes with 

other responsibilities (e.g. work); (2) intoxicated when physically at risk (e.g. driving a car); (3) 

drinking caused problems with family or others, but kept drinking; (4) need more alcohol to get 

the same effect; (5) hands shake, sweating or agitation; (6) drinking more than planned; (7) tried 

to reduce or stop drinking but failed; (8) spend substantial time obtaining, drinking or recovering 

from alcohol; (9) spend less time working, hobbies or with others because of drinking; (10) kept 

drinking after it caused health or mental problems. One item, legal problems because of drinking, 

was dropped because it is no longer included as a symptom in the DSM-5 revision (Dawson et 

al., 2006).  

Covariates included sex, age at baseline, high school grades, and mother’s education.  

Mother’s education was used as a proxy for socioeconomic status (Ensminger & Fothergill, 

2003) and was assessed as a rating on a five-point scale; 0 = less than high-school, 1 = high-

school, 2 = vocational training, 3 = some college/university, 4 = finished college/university (M = 

3.88, SD = 1.38). High-school grades were based on participants self-report at Wave 1 to the 

question “In general, what were your grades right now?” This item offered a 5-point response: 1 

= mostly F's, 2 = mostly D's, 3 = mostly C's, 4 = mostly B's and 5 = mostly A's (M = 4.05, SD = 

0.79). Ethnicity was dichotomized into Caucasian (n = 561) and other (n = 101).  

Missing data and non-normality 

Selective attrition was assessed by testing for differences at T1 on demographics and 

measures of alcohol involvement between youth who remained in the longitudinal study (n = 

464) and those who did not participate at T5 (n = 198).  No significant differences were found. In 

order to maximize the data and include all possible cases, we used Full Information Maximum 

Likelihood estimation with robust standard errors (FIML with MLR estimator; Arbuckle, 1996), 
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a missing data algorithm available within Mplus 7 (Muthén & Muthén, 2010). FIML uses data 

from all available time points for a given case under the assumption that data is missing-at-

random (as would multiple imputation), which allows for missingness to be related to variables 

included in the analyses (Little and Rubin, 2002). MLR provides full information maximum 

likelihood estimates with robust standard errors by applying a scaling correction for non-

normality. Research shows that FIML with MLR performs well when the data are incomplete 

and non-normal (Savalei, 2010; Rhemtulla, Brosseau-Liard & Savalei, 2012) 

For consistency across alcohol indices, heavy drinking and frequency were treated as 

continuous rather than ordered categorical variables. Longitudinal analysis with categorical 

variables often results in convergence issues because of many low expected cell frequencies (e.g. 

five waves of a five category variable results in 5
5 

or 3125 cells, most of which are likely to be 

empty) which were substantial in our sample as a function of the cohort-sequential design. 

Treating ordinal variables as continuous can lead to biased parameter estimates, incorrect 

standard errors, and model test statistics (Johnson & Creech, 1983). However, a recent 

simulation study indicates that when the number of categories in the data reach five (as is the 

case here), the use of MLR performs as well as categorical approaches.  

Data preparation 

Given our cross-sequential design, our five waves of data were restructured so that the 

time metric was age, rather than wave, using information from all age cohorts simultaneously. 

Research suggests that comparisons of cross-sequential and true longitudinal designs yield 

similar results (Duncan et al., 2006; Little, 2013) and restructuring time as age allowed us to 

model changes in alcohol use during two distinct developmental periods, adolescence and 

emerging adulthood. The multiple-cohort structure of the data can be found in Figure 1.  
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Although no single participant provided more than 5 repeated measures, our 662 participants 

provided 2659 observations to estimate the trajectory of alcohol use spanning ages 12-27. 

However, data observations at ages 12, 13, 14, 26 and 27 were dropped (442 observations 

amounting to 25 participants) due to low covariance coverage and low variance in alcohol use at 

the younger and oldest ages. Thus, analyses in this study included a subsample of 637 

participants (52% female), representing an age range of 15-25 years. Given that excluded 

participants were between the ages of 12 and 14 years, they had lower mean levels of alcohol use 

at T1 on all four alcohol use indices: Frequency, M = 0.48 versus 1.22, F (1, 659) = 10.69, p = 

0.001; quantity, M = 0.48 versus 2.51, F (1, 646) = 10.56, p = 0.001; HED, M = 0.48 versus 2.51, 

F (1, 659) = 7.06, p = 0.008; volume, M = 0.05 versus 1.87, F (1, 660) = 4.12, p = 0.04. Those 

excluded also had lower levels of mother’s education (M = 2.17 versus 2.91, F (1, 641) = 5.15, p 

= 0.02). There were no group differences in gender, χ
2
(1, N = 662) = 2.55, p = 0.11, and high 

school grades at T1 (F (1, 660) = 0.12, p = 0.73). 



25 

 

 

Figure 1. The V-HYS accelerated longitudinal design data structure (2003-2011). 
a 
White areas 

represents the data that were used to model the trajectories of alcohol use. 03 = 2003; 05 = 2005; 

07 = 2007; 09 = 2009; 11 = 2011

 

Assessment of model fit 

Given the unbalanced nature of our data and the patterns of missingness, conventional fit 

statistics (RMSEA, CFI, TLI) were often not available when using the MLR estimator. However, 

given that the parameter estimates from the adjusted models using MLR were identical to the 

parameter estimates in the unadjusted models using FIML, we present model fit statistics from 

the FIML models. These fit statistics were evaluated by the criteria as outlined by Hu and 

Bentler (1999) (comparative fix index (CFI) ≥ .95, Tucker-Lewis Index (TLI) ≥ .95, and root 

mean squared error of approximation (RMSEA) ≤ .06). We caution that these fit indices may not 

perform well given the patterns of missingness as a result of the unbalanced nature of the data 

Age Time 1 Age
a
 

 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

12 03  05  07  09  11       

13  03  05  07  09  11      

14   03  05  07  09  11     

15    03  05  07  09  11    

16     03  05  07  09  11   

17      03  05  07  09  11  

18       03  05  07  09  11 
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(Wu, West, & Taylor, 2009).
1
 Thus, other indicators of model fit were also considered including 

significance of likelihood ratio tests between nested models, significance of the means and 

variance of the estimated growth parameters, the magnitude of the squared multiple correlations, 

and the presence of large and significant modification indices (Curran, Bauer, & Willoughby, 

2004).  

Analysis plan  

First, the trajectory of each alcohol dimension was established separately using piecewise 

growth curve models (Li, Duncan, Duncan & Hops, 2001). Each model had a single intercept 

factor and two growth factors. Slope 1 corresponded with later adolescence and early emerging 

adulthood when alcohol use typically peaks (ages 15- 21) and Slope 2 corresponded with later 

emerging adulthood when alcohol use begins to decline (ages 21-25). The factor loadings for 

slope 1 were -.6 -.5 - .4 -.3 -.2 -.1 0 0 0 0 0 and 0 0 0 0 0 0 0 .1 .2 .3 .4 for slope 2. The intercept 

was centered at age 21, the breakpoint of the piecewise growth model, and was informed by 

examining single piece quadratic models and their maxima.
2
 Age 21 also corresponds the 

developmental age at which alcohol use is believed to peak (Johnston et al., 2012a; Johnston et 

al., 2012b; Maggs & Schulenberg, 2005; Muthén & Muthén, 2000). Plots of the single piece 

quadratic models can be found in Appendix B. The piecewise approach was chosen instead of 

single-piece quadratic model because we felt that the associations among alcohol indices may 

differ during different developmental periods. Further, interpreting covariances between linear 

                                                 
1
 Our data are considered unbalanced because: 1. There is variability in age within the same wave (e.g., 

participants were 12-18 at wave 1); 2. There is variability in the spacing of waves. Ideally, each participant was 
assessed every 2 years, but in reality, the spacing of waves varied somewhat due to scheduling difficulties and 
respondent’s availability; 3. There is variability in the number of waves per respondent (371 had 5 waves of data, 
108 had 4 waves, 25 had 3 waves, 14 had 2 waves and 3 had 1 wave).   
2
 Examination of the fitted values from the single piece quadratic model showed the maxima to be at age 21 for 

HED and volume. Frequency appeared to peak slightly later at age 22 and quantity appeared to peak slightly earlier 
at age 21. However, in order facilitate comparisons of growth parameters across alcohol indices age 21 was used 
for all 4 measures.   
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slopes across alcohol indices was more straightforward than interpreting the expected quadratic 

trends. Thus, the piecewise approach enabled us to make clear comparisons across alcohol 

indices in the different developmental time periods.  

Next, multivariate piecewise growth modeling (Duncan, Duncan & Strycker, 2006) was 

used to assess associations among individual levels (intercepts) and rates of change (slopes 1 and 

2) across alcohol dimensions. A second-order extension of the multivariate model, a piecewise 

factor-of-curves (FOC) model (Duncan et al., 2006) was used to test whether the associations 

among the growth factors of the alcohol dimensions could be adequately described by a high-

order alcohol use construct. In the FOC model, the higher-order alcohol intercept and slope 

factors (common intercept, common slope 1 and common slope 2) were estimated from the 

intercepts and slopes of each of the alcohol indices (i.e., the intercept, slope 1 and slope 2 of 

HED). The higher-order intercepts and slopes are hypothesized to explain the covariance among 

the first-order intercept and slopes, and capture commonality among the alcohol dimensions. To 

identify the FOC model, the residual covariances of the first-order intercepts and slopes are fixed 

to a value of zero, and factor loadings between the first- and second-order factors are held equal 

over time (Duncan, Duncan, Biglan & Ary, 1998). For example, the factor loading of the HED 

intercept on the higher-order intercept is equal to the factor loading of the HED slope 1 on slope 

1 of the high-order factor. Finally, volume was used as the reference scaling for the second-order 

alcohol structure (i.e., all loadings between volume and the higher-order factors were fixed to 1). 

The factor-of-curves model is more parsimonious and preferred if the fit indices approach those 

of the multivariate model, and meet the conventional standards of model fit (Duncan, et al., 

2006; Hu & Bentler, 1999; Marsh, 1985).  
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Finally, given that alcohol-related problems were only measured at waves 4 and 5 we 

could not test whether rates of change in alcohol use were related to rates of change in alcohol 

related problems during emerging adulthood. To use all available information for each 

participant, we modeled the two alcohol problem scales as intercept-only latent growth models 

(no-change model) (Singer & Willett, 2003). By using an intercept-only growth model, both 

within and between person variability in alcohol-related problems across emerging adulthood 

(age 21-25) is captured as a latent factor (intercept). The intercept can be interpreted as the 

average level of alcohol-related problems across all years from ages 20-25 and is referred to as 

the average level from this point onward. Therefore, to examine whether the trajectories of each 

alcohol index predicted alcohol-related problems in emerging adulthood, the average level of 

social and health harms and alcohol use disorder symptoms were regressed on the level of 

alcohol use at age 21 (intercept), the rate of change in alcohol use from ages 15-21 (slope 1) and 

the rate of change in alcohol use from ages 21-25 (slope 2). Adjusted models controlled for the 

influence of sex, ethnicity, mother’s education (a proxy for socioeconomic status) and high 

school grades on the relationships. Separate models were run for each alcohol index because of 

the significant collinearity across measures. Alcohol indices were compared based on the 

proportion of variance in alcohol-related problems explained (R
2
). 

Results 

Characteristics of the sample  

Means and standard deviations for each of the alcohol indices are presented in Table 1. 

For each dimension, the mean increased until age 20 or 21 and then stabilized or declined.  The 

cross-sectional correlations among alcohol indices averaged across ages 15-25 were: HED and 

quantity, r = .70 (range = .56 - .80); HED and frequency, r = .71 ( range = .62 - .70); HED and 
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volume, r = .77 (range = .73 - .81); frequency and volume, r = .70 (range = .64 - .70); volume 

and quantity, r = .72 (range = .62 - .80); frequency and quantity , r = 0.39 (range = .25 - .67).  

The mean number of AUD symptoms reported by participants was 1.71 (SD = 1.89). 

Thirty-three percent reported 2-3 symptoms indicative of a moderate AUD, and 12% reported 

four or more symptoms indicative of a severe AUD (49). The mean number of social and health 

harms reported by participants at T5 was 0.71 (SD = 1.30). Thirty percent reported one or more 

harms.  

Table 1  

Descriptive Statistics for Alcohol Use Indices by Age 

  HED Quantity Frequency Volume 

Age n M SD M SD M SD M SD 

15 176 0.50 0.88 2.08 2.29 1.31 1.11 1.40 3.08 

16 262 0.94 1.10 3.50 3.33 1.60 1.14 2.89 5.52 

17 272 1.15 1.20 4.07 3.13 1.81 1.15 3.40 5.33 

18 253 1.43 1.29 4.78 3.62 2.14 1.24 5.23 7.26 

19 235 1.68 1.26 4.87 3.49 2.61 1.16 6.44 8.49 

20 232 1.77 1.23 5.10 3.60 2.75 1.19 7.62 9.33 

21 212 1.68 1.31 4.48 3.2 2.73 1.17 6.61 7.86 

22 182 1.52 1.17 4.09 2.92 2.70 1.16 5.38 5.79 

23 145 1.81 1.31 4.47 3.38 2.93 1.21 7.27 7.72 

24 135 1.44 1.19 4.04 3.06 2.70 1.21 5.51 6.34 

25 113 1.62 1.22 4.24 3.34 2.86 1.21 6.46 6.68 

Note. These statistics include overlapping individuals who contribute data at multiple ages.  
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Univariate growth models 

Conventional model-fit statistics indicated that, across alcohol indices, the piecewise 

growth models adequately fit the data.
3
 For all indices, alcohol use significantly increased on 

average from ages 15-21 and significantly declined from ages 21-25 (See Table 2). There was 

significant between person variability around the intercepts and slopes of all four alcohol indices. 

Thus, while alcohol use increased from age 15-21 and decreased from ages 21-25 on average for 

this sample, there were differences in the individual trajectories of alcohol use experienced by 

participants.  

Males reported significantly higher levels of alcohol at age 21on all indices, and 

significantly faster increases in HED and volume from ages 15-21 than females. There was also a 

trend for significantly faster increases in frequency for males from ages 15-21 (p = 0.06). Males 

and females did not significantly differ in their rates of decline in alcohol use from ages 21-25.  

The fitted values from each piecewise model are plotted for males and females in Figure 2. 

                                                 
3
 Model fit for quantity was slightly below recommended levels for CFI. Fit of quantity is improved when the break-

point is set at 20, rather than 21 (χ
2
(65) = 137.59***. RMSEA = 0.04, CFI = 0.91). However, an examination of other 

indicators of model fit such as the significance of the means and variance of the estimated growth parameters (see 
assessment of model fit section for more details) indicated that the fit of the this model was adequate. Further, 
maintaining the breakpoint at 21 enabled comparison of the growth parameters with other alcohol indices.  
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Table 2 

Summary of Univariate Growth Models for Heavy Episodic Drinking (HED), Volume, Quantity and Frequency 

Alcohol Index 

Level at Age 21 

(Intercept) 

Yearly change from age 14-21 

(Slope 1) 

Yearly Change from age 21-25 

(Slope 2) 

Mean Variance Mean  Variance Mean  Variance 

  Est. (SE) Est. (SE) Est. (SE) Est. (SE) Est. (SE) Est. (SE) 

HED       

Estimate
1
 2.23 (0.09)*** 1.38 (0.10)*** 2.26 (0.19)*** 2.86 (0.59)*** -1.46 (0.31)*** 4.54 (1.39)*** 

Sex
2
 -0.63(0.12)*** - -0.50 (0.23)* - 0.38 (0.40) - 

Model fit
3
: χ

2
(65) = 152.30***. RMSEA = 0.05. CFI = 0.91 

Volume 

Estimate 2.01 (0.07)*** 0.83 (0.06)*** 2.06 (0.15)*** 1.96 (0.35)*** -1.04 (0.25)*** 2.32 (0.90)** 

Sex -0.52 (0.09)*** - -0.47 (0.18)** - 0.42 (0.31) - 

Model fit: χ
2
(65) = 172.87***, RMSEA = 0.05, CFI = 0.90 

Quantity 

Estimate 1.77 (0.05)*** 0.29 (0.03)*** 0.76 (0.11)*** 0.90 (0.23)*** -0.65 (0.17)*** 0.87 (0.52)† 

Sex -0.24 (0.06)*** - 0.02 (0.14) - 0.03 (0.20) - 

Model fit: χ
2
(65) = 148.08***. RMSEA = 0.05, CFI = 0.84 

Frequency 

Estimate 3.15 (0.08)*** 1.16 (0.10)*** 2.85 (0.18)*** 3.29 (0.63)*** -0.85 (0.31)** 4.28 (1.57)** 

Sex -0.43 (0.10)*** - -0.43 (0.24)† - 0.54 (0.41) - 

Model fit: χ
2
(65) = 98.55**. RMSEA = 0.03, CFI = 0.95 

Note. 
1
 Estimates are from MLR models adjusted for non-normality. 

2  
Males = 0 and females = 1 thus parameter estimates represent 

the coefficient for females. 
3
 Model fit statistics for HED are presented from FIML models because RMSEA and CFI are not provided 

by MRL in the presence of our missing data patterns. Parameter estimates from the FIML model and the MLR model are identical. 

RMSEA = Root Mean Square Error of Approximation. CFI = Comparative Fit Index.
.  

* p< .05 **p< .01 ***p<.001 
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Figure 2. Estimated slopes from the univariate piecewise latent growth models for heavy episodic drinking (top left), frequency (top 

right), quantity (bottom left) and volume (bottom right).  Quantity and volume are scaled as the log + 1.  
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Multivariate growth models 

To examine the developmental relations among the four alcohol indices, we tested a 

multivariate piecewise growth model in which the growth factors (intercepts, slopes 1 and slopes 

2) for all four indices were intercorrelated. The multivariate model fit the data well, χ
2
 (1819.80, 

n = 637) = 886.00, p = 0.000, RMSEA = 0.04, CFI = 0.92, TLI = 0.91. The model explained 

between 46% and 78% of the variance in HED over time, between 52% and 95% of the variance 

in volume, between 52% and 80% of the variance in quantity, and between 52% and 90% of the 

variance in frequency. Further, while not exactly identical, the intercept and slopes means and 

variances from the univariate models for each alcohol index were similar to the parameter 

estimates and alpha values in the multivariate model indicating that the trajectory of each alcohol 

dimension remained the same even after controlling for the other three alcohol indices.     

Parameter estimates of the associations among growth parameters are presented in Table 

3. Associations among levels of alcohol use at age 21 (intercept) across all four indices were 

positive and strong in magnitude. Correlations ranged from .63 to .94. The strongest correlations 

were between volume and HED (.94), and volume and frequency (.90).  Associations among 

rates of change in alcohol use from ages 15-21 (slope 1) were also positive and ranged from 

moderate to strong in magnitude ( rrange = .49 to .82). The strongest correlations were between 

volume and frequency (.82), and volume and HED (.81). The weakest correlation was between 

quantity and frequency (.49). Finally, associations among rates of change in alcohol from ages 

21-25 (slope 2) were also positive and were small to strong in magnitude ( rrange = .23 to .83). 

The strongest correlation was between volume and frequency (.83) and quantity and frequency 

were uncorrelated.  

The findings indicate that individuals who showed increases in one dimension from ages 
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15-21 also tended to show increases in the other dimensions during that time. Individuals with 

higher levels of use at age 21 in one alcohol dimension tended to have high initial levels on the 

other alcohol dimensions. Individuals who showed a decline in one alcohol dimension from ages 

21-25, also tended to show declines in the other alcohol dimensions. Overall, the strongest 

correlations were between volume and frequency, which shared 81% of their variance in levels 

of drinking at age 21, 67% of the variance in change from ages 15-21, and 69% of the variance 

in change from ages 21-25, and between volume and HED which shared 88% of their variance in 

levels of drinking at age 21, 66% of the variance in change from ages 15-21, and 41% of the 

variance in change from ages 21-25.  

Further, rates of change in drinking from ages 15-21 were positively correlated with 

levels of drinking at age 21 (intercept with slope 1), both within each alcohol dimension and 

across dimensions, indicating that individuals who increased their drinking faster from ages 15-

21 had higher levels of alcohol use at age 21 compared to individuals who increased their 

drinking more slowly. Moreover, higher levels of alcohol at age 21 were negatively associated 

with rates of decrease in alcohol use from ages 21-25 (intercept with slope 2), both within each 

index and across indices. This suggests that individuals with higher levels of alcohol use at age 

21 failed to decline in their drinking as fast as those with lower levels of alcohol at 21. Finally, 

for each index, faster rates of increase in alcohol use from ages 21-25 was associated with slower 

declines in alcohol use from ages 21-25 (i.e., slope 1 of HED with slope 2 of HED). Further, 

those with faster rates of increase in volume from ages 15-21, had significantly slower rates of 

decrease in HED, quantity and frequency from ages 21-25 (slope 1 of volume with slope 2 of 

HED, quantity and frequency). 
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Table 3 

Correlations Among Alcohol Use Indices from Multivariate Latent Growth Models 

 HED Quantity Frequency Volume 

Intercept  Slope 1 Slope 2 Intercept  Slope 1 Slope 2 Intercept  Slope 1 Slope 2 Intercept  Slope 1 

HED intercept 1.00 

        

  

HED slope 1
a
 0.72*** 1.00 

       

  

HED slope 2
b
 -0.44*** -0.46*** 1.00 

      

  

Quantity intercept 0.85*** 0.64*** -0.38*** 1.00 

     

  

Quantity slope 1 0.17* 0.52*** -0.18 0.45*** 1.00 

    

  

Quantity slope 2 -0.28** -0.44*** 0.49*** -0.43*** -0.43*** 1.00 

   

  

Frequency intercept 0.79*** 0.61*** -0.28** 0.68*** 0.16* -0.24* 1.00 

  

  

Frequency slope 1 0.30*** 0.57*** -0.07 0.32*** 0.49*** -0.26 0.63*** 1.00 

 

  

Frequency slope 2 -0.31*** -0.28** 0.51*** -0.22* -0.09 0.23 -0.42*** -0.37*** 1.00   

Volume intercept 0.94*** 0.67*** -0.35*** 0.86*** 0.23*** -0.32*** 0.90*** 0.45*** -0.36***   

Volume slope 1 0.58*** 0.81*** -0.25* 0.64*** 0.63*** -0.43*** 0.70*** 0.82*** -0.36*** 0.72*** 1.00 

Volume slope 2 -0.40*** -0.38*** 0.64*** -0.44*** -0.25* 0.63*** -0.40*** -0.32** 0.83*** -0.47*** -0.46*** 

a
 Slope 1 refers to the rate of change in alcohol use during adolescence (ages 15-21  years); 

b 
Slope 2 refers to the rate of change in alcohol use during 

emerging adulthood (ages 21-25 years); * p < 0.05; ** p < 0.01; *** p < 0.001
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Factor-of-curves (FOC) model 

Given the strong associations among alcohol dimensions, the multivariate model was re-

parameterized as a FOC model to test whether a higher order alcohol use factor with a common 

intercept, common slope 1 and common slope 2 might be tenable. Although the loadings of the 

first-order intercepts and slopes on the higher–order factors were significant (HED  =  1.18 

(0.02), p <0.001; Quantity = 0.57 (0.02), p < 0.001; Frequency = 1.16 (0.02), p < 0001), and the 

higher-order intercept and slopes accounted for a substantial proportion of the variation in initial 

levels and rates of change
4
, fit indices were outside the ranges associated with acceptable overall 

model fit, χ
2
 (538, n = 637) = 1502.38, p < 0.001, RMSEA = 0.06, CFI = 0.80, TLI = 0.81. An 

examination of modification indices suggested that the common factor model did not sufficiently 

account for the correlations among the intercepts of volume and frequency (M.I = 141.69), slope 

2 of volume and frequency (M.I. = 121.26), and slope 2 of quantity and frequency. As such, the 

data did not support the idea that the trajectories of the four alcohol indices could be explained 

by a common set of growth factors across adolescence and young adulthood. Thus, while there is 

evidence of substantial shared covariation among intercepts and rates of change across alcohol 

use dimensions, the poor fit of this model indicates that pairs of these alcohol dimensions 

correlate more or less strongly over time than would be implied by a model positing a single 

latent alcohol use factor. Table 4 presents the parameter estimates for the factors-of-curves 

model. 

 

                                                 
4
 The higher order factors accounted for approximately 100%, 97% and 96% of the variation in the first order 

intercepts of HED, frequency and quantity, respectively. Approximately, 93%, 92% and 74% of the variation in the 
first-order slopes from age 15 to 21 for HED, frequency, and quantity was accounted for by the higher order 
structure. Approximately, 81%, 86% and 75% of the variation in the first order slopes from age 21-25 for HED, 
frequency, and quantity was accounted for by the higher order structure. Variances for volume were fixed to 1. 
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Table 4 

 

 

 

 

 

 

 

 

 

 

 

 

Predicting alcohol-related problems 

Average levels of alcohol-related problems were estimated using intercept-only models. 

These models fit the data well; social and health harms, χ
2
 (5, n = 387) = 12.97, p = 0.02, 

RMSEA = 0.06, CFI = 1.00, TLI = 1.00, and alcohol use disorder symptoms, χ
2
 (14, n = 488) = 

9.04, p =0.82, RMSEA = 0.01, CFI = 1.00, TLI = 1.00. The average level of social and health 

harm for the sample was 0.99 (p < 0.001) with significant between-person variability (1.28, p < 

0.001). The average level for alcohol use disorder symptoms was 1.83 (p < 0.001) with 

significant between-person variability (2.27, p < 0.001).   

Parameter Estimates from the Factor-of-Curves LGM 

 Coeff. (SE) 

Means  

Intercept 1.78 (0.05)*** 

Slope 1 1.89 (0.10)*** 

Slope 2 -1.08 (0.16)*** 

Variances   

 Intercept 1.11 (0.08)*** 

Slope 1 4.12 (0.32)*** 

Slope 2 7.46 (0.87)*** 

Covariance   

Intercept with Slope 1 1.49 (0.13)*** 

Intercept with Slope 2 -1.68 (0.21)*** 

Slope 1 with Slope 2 -3.07 (0.42)*** 

Note: *** p < 0.001 
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Table 4 shows the effects of each alcohol use trajectory over time on average levels of 

alcohol-related problems in emerging adulthood (ages 21-25). Levels of alcohol use at age 21 

accounted for the greatest amount of variance in alcohol-related problems. Across alcohol 

dimensions, higher levels of alcohol at age 21 (intercept) were significantly associated with 

higher levels of social and health harms and alcohol use disorder symptoms during emerging 

adulthood, even after adjusting for individual differences in sex, SES, ethnicity and high school 

grades. In general, rates of change were not significantly associated with alcohol-related 

problems after accounting for sex, SES, ethnicity and high school grades. There were trends (p’s 

= 0.09) for the relations between the rate of change from age 21-25 for volume and both social 

and health harms and symptoms of alcohol-use disorders, indicating that slower decreases in 

volume were associated with more alcohol-related problems. This trend (p = 0.09) was also 

present for the relation between the rate of change from age 21-25 in quantity and alcohol use 

disorder symptoms. Overall, HED and volume explained the greatest amount of variance in 

social and health harm (36% and 35% respectively), followed by quantity (29%) and frequency 

(26%) (see Table 4). HED accounted for greatest among of variance in alcohol use disorder 

symptoms (83%) and frequency explained the least amount of variance in alcohol use disorder 

symptoms (57%).  
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Table 5 

Unstandardized Estimates and Standard Errors for Predicting Average Levels (Intercepts) of 

Alcohol-related Social and Health Consequences and Symptoms of Alcohol Use Disorders in 

Emerging Adulthood  

Alcohol Index 

Social and Health Consequences Alcohol Use Disorder Symptoms 

Unadjusted 

coeff. (S.E) 

Adjusted 

coeff. (S.E) 

Unadjusted 

coeff. (S.E) 

Adjusted 

coeff. (S.E) 

Model 1: HED 

Intercept 0.88 (0.10)*** 0.90 (0.10)*** 1.46 (0.11)*** 1.51 (0.10)*** 

Slope 1 -0.78 (0.37)* 0.01 (1.21) -0.02 (0.11) 0.06 (0.10) 

Slope 2 0.15 (0.09) 0.14 (0.09) 0.97 (0.87) 0.13 (0.09) 

R
2
 0.36 (0.09)*** 0.36 (0.06)*** 0.93 (0.13)*** 0.83 (0.07)*** 

Model 2: Volume 

Intercept 1.00 (0.11)*** 1.22 (0.12)*** 1.69 (0.10)*** 1.78 (0.12)*** 

Slope 1 -0.38 (0.27) -0.39 (0.26) -0.22  (0.19) 0.19 (0.32) 

Slope 2 0.21 (0.12) 0.20 (0.12) 0.42 (0.14)** 0.23 (0.13) 

R
2
 0.35 (0.07)*** 0.35 (0.08)*** 0.76 (0.07)*** 0.77 (0.07)*** 

Model 3: Quantity 

Intercept 1.36 (0.19)*** 1.48 (0.20)*** 2.22 (0.18)*** 2.23 (0.19)*** 

Slope 1 0.09 (0.24) 0.09 (0.22) -0.36 (0.20) -0.32 (0.20) 

Slope 2 0.26 (0.34) 0.20 (0.28) 0.65 (0.39) 0.58 (0.35) 

R
2
 0.27 (0.06)*** 0.29 (0.07)*** 0.61 (0.09)*** 0.60 (0.08)*** 

Model 4: Frequency 

Intercept 0.71 (0.10)*** 0.73 (0.11)*** 1.29 (0.10)*** 1.26 (0.11)*** 

Slope 1 -0.29 (0.14)* -0.27 (0.17) -0.27 (0.12)* -0.26 (0.14) 

Slope 2 0.05 (0.08) 0.02 (0.10) 0.11 (0.08) 0.15 (0.10) 

R
2
 0.26 (0.07)*** 0.26 (0.07)*** 0.55 (0.06)*** 0.57 (0.07)*** 

Note: Adjusted models controlled for sex, ethnicity, SES and high school grades. * p < 0.05; ** p < 

0.01; *** p < 0.001. 
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Discussion 

Although previous studies have found that dimensions of alcohol involvement are highly 

correlated at a single point in time, research has not examined the longitudinal concordance in 

their rates of change. Across dimensions alcohol use increased from ages 15-21, peaked at age 

21, and then gradually declined from ages 21-25. This pattern is mostly consistent with 

developmental trends reported in past research (Casswell et al., 2002; Johnston et al., 2012a; 

Johnston et al., 2012b; Muthén & Muthén, 2000).  Moreover, the multivariate models showed 

that levels and rates of change in frequency, quantity, HED and volume were highly related. 

Individuals who reported high levels at age 21 on one dimension of alcohol use also tended to 

report high levels on the other dimensions of use. Furthermore, alcohol dimensions overall 

tended to increase or decrease together overtime, such that individuals who showed growth or 

decline in one dimension of alcohol use also tended to exhibit similar changes on the other 

indices during both adolescence and emerging adulthood. However, there was variation across 

dimensions in the rate of these changes. For example, while we could not explicitly test this, 

quantity appeared to increase the slowest during adolescence, whereas frequency appeared to 

increase the fastest during adolescence. Moreover, out of the four indices, HED and volume 

appeared the most similar in their average trends over time. The multivariate findings support 

these differences and similarities.  For example, during adolescence, HED and volume shared 

approximately 65% of their variance in change over time, whereas HED shared only 27% of its 

variance with quantity and only 32% of its variance with frequency.  

Further, associations between pairs of alcohol dimensions varied in magnitude. For 

example, volume and frequency showed the greatest correspondence in trajectories, sharing 67% 

of the variance in change from ages 15-21, and 69% of the variance in change from ages 21-25. 
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The strong concordance between frequency and volume is not surprising given that volume is the 

product of quantity and frequency. However, close behind is the strong relation between volume 

and HED which shared 66% of the variance in change from ages 15-21, and 41% of the variance 

in change from ages 21-25. This is consistent with findings from Jackson and Sher (2005), who 

found moderate agreement in the developmental courses of HED and volume during emerging 

adulthood (age 18-30). In contrast, frequency of use and quantity of use shared only 24% of the 

variance in change from ages 15-21 and only 5% of the variance in change from ages 21-25.  

Predicting alcohol-related problems in emerging adulthood 

This study highlights the specific relations between the development of drinking 

behaviours and the young adult harms arising from these patterns. Understanding how patterns of 

alcohol use influence alcohol-related harms may yield information about the optimal timing and 

targets for decelerating or preventing acceleration of alcohol use across adolescence and 

emerging adulthood. Our findings are consistent with past research showing strong links between 

levels of alcohol use and alcohol-related problems in emerging adulthood, including alcohol use 

disorders (Bonomo, Bowes, Coffey, Carlin & Patton, 2004; Viner & Taylor, 2007; D’Amico, 

Ellickson, Collins, Martino & Klein, 2005) and other alcohol-related harms (Duncan et al., 

1997). Further, there was some evidence that rates of change from ages 21-25 were also related 

to related to alcohol-related problems in emerging adulthood. Specifically, youth who decreased 

their volume of consumption fastest had fewer social and health harms and fewer alcohol use 

disorder symptoms in emerging adulthood.  

HED and volume explained the greatest amount of variance in both of these outcomes. In 

contrast, frequency explained the least amount of variance for both social and health harms and 

alcohol use disorder symptoms. Epidemiological studies have long recognized the limitations of 
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using measures of drinking frequency alone (Rehm, 1998) and cross-sectional studies have 

shown that alcohol-related harm, particularly acute consequences, are affected more by the 

quantities consumed per occasion than by the frequency of drinking (Rehm et al., 1996). Further, 

a recent study by Kahler, Hoppner & Jackson (2009), showed frequency shifts from being an 

important indicator of alcohol severity during adolescence to a less severe indicator of severity 

during emerging adulthood.  

These findings point to the importance of choice of alcohol indices for understanding the 

relation between consumption and alcohol-related problems. Importantly, these relations are not 

captured equally well across all the dimensions of alcohol involvement. Overall, patterns of use 

that are captured by measures of HED and volume, rather than  exposure and typical levels of 

use captured by frequency and quantity, are better predictors of alcohol-related problems in 

emerging adulthood and are more similar in their trajectories over time than other measures. 

Overall, drinking frequency as a sole measure of alcohol consumption over time was a relatively 

poor predictor of these alcohol-related problems, consistent with trends in epidemiological 

research (Rehm et al., 1996). 

Limitations 

The ethnic make-up and economic diversity of participants are consistent with the 

population sampled (Statistics Canada, 2001). Additionally, the prevalence of alcohol-related 

problems and alcohol use are similar to other Canadian studies (Health Canada, 2005). Despite 

this, these findings may not be generalizable to other cultures or high risk populations. Further, 

while we examined four of the most commonly used alcohol dimensions, it should be 

acknowledged that measures of these dimensions can vary considerably across studies. For 

example, the reference period may be past year, past month, past week or most recent drinking 
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occasion. A past-year reference period has been recommended when the research goal is to link 

alcohol use with outcomes measures (Dawson & Room, 2000) and was used in this study. 

Furthermore, an alternate measure of volume is the graduated frequency (GF) approach that asks 

respondents how often during the designated reference period they drank various quantities of 

standard drinks. Research shows that the GF method yields higher estimates of overall alcohol 

consumption compared to the QF approach, particularly for young adults (age 18-24)(Stockwell 

et al., 2004). Future research should examine the association among alcohol dimensions 

including the GF approach in addition to the QF approach already examined in this study.  

Further, the five category ordinal measures of HED and frequency were treated as 

continuous. Research supports the use of this approach when the number of categories is five or 

more and MLR is used to adjust for non-normality and incomplete data (Rhemtulla, Brosseau-

Liard, & Savalei, 2012). Despite this, given the relatively few cases in the most extreme levels of 

consumption (more than once a week) at the earliest time points, it is possible that the standards 

errors may still be biased. These findings should be replicated with larger sample sizes. 

Moreover, more research is needed to help us understand how parameter estimates and standard 

errors perform when using longitudinal data with variables that change in skewness over time. 

Finally, the comparison of alcohol indicators in this article was not a rigorous test of reliability or 

validity, which has been extensively investigated and reviewed elsewhere (Gmel & Rehm, 2004; 

Rehm, 1998; Room, 1990). 

Conclusions 

Despite moderate to strong cross-sectional correlations among alcohol dimensions over 

time, the present study highlights important differences in the associations among the each of the 

four dimensions, variations in their rates of change over time, and their associations with 
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alcohol-related problems in emerging adulthood. Researchers should be cautious in generalizing 

longitudinal patterns and predictive relationships across different dimensions of alcohol 

involvement. Based on the present findings, HED and volume show the greatest concordance in 

developmental trends and predictive validity of alcohol-related problems. Much research on 

trajectories of alcohol use has relied on measures of HED, especially among emerging adults, 

and the current findings support the continued use of this measure, as it performs as well or 

better than the other alcohol consumption measures examined here.  
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Chapter 4 

Study 2: The Effect of Post-secondary Education Choices on Heavy Drinking: Does Age of 

Enrollment Matter? 

Abstract 

This study compared the trajectories of heavy drinking during adolescence and emerging 

adulthood among youth in four educational pathways: two-year college students, four-year 

university students, transfer students and terminal high school graduates. We also examined 

whether individual level factors could account for group differences in heavy drinking across 

groups. Data were from the Victoria Healthy Youth Survey, a 5 wave multi-cohort study 

conducted biennially between 2003 and 2011.  Analyses included a subsample of 521 randomly 

recruited adolescents, ages 12-26 years. Terminal high school graduates consistently had the 

highest levels of alcohol use over time compared to all three post-secondary groups. College 

students had significantly higher levels of heavy drinking than university or transfer students 

when they enrolled, but university students had the greatest increases in heavy drinking after 

enrollment. Yet, after accounting for age at the time of enrollment differences in heavy drinking 

between the college, transfer and university groups were completely accounted for. The current 

findings indicate that enrolling in post-secondary education is associated with an increase in the 

frequency of heavy drinking and that this increase is greatest for youth who enter at a younger 

age. However, post-secondary students did not surpass the levels of heavy drinking of non-post-

secondary young adults. Future research should consider how the timing of enrollment fits in 

with larger contextual influences of attending post-secondary education. 

Keywords: alcohol use, emerging adulthood, post-secondary education, college, piecewise 

growth curve modeling,  
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Introduction 

Entry into emerging adulthood marks a developmental shift across the lifespan that 

coincides with age-graded increases in alcohol use as well as many contextual shifts typically 

associated with this transition. At the population level, alcohol use during emerging adulthood 

typically accelerates, peaks around age 21 and then gradually declines (Maggs & Schulenberg, 

2005). These changes in drinking are a result of interactions between pre-existing individual 

characteristics, changing contexts and normative developmental processes occurring during this 

time (Arnett, 2005; Schulenberg & Maggs, 2002). For example, during emerging adulthood 

youth transition out of high school, reach the legal drinking age and enter into higher education 

or the work force. Due to the high rates of alcohol use and its associated harms (Health Canada, 

2010; Johnston, O’Malley, Bachman, & Schulenberg, 2012; Littlefield & Sher, 2010; Thompson, 

Stockwell & MacDonald, 2012), drinking among young adults has garnered the attention of 

parents, post-secondary educators, researchers and policy makers.  

Increases in drinking during emerging adulthood have often been attributed to the 

experience of going to post-secondary education (PSE) (Carter, Brandon, & Goldman, 2010; 

Dowdall & Wechsler, 2002; Jackson, Sher & Park, 2005). There is strong evidence of high rates 

of alcohol consumption and alcohol-related harms experienced by post-secondary students 

internationally (Dantzer, Wardle, Fuller, Pampalone, & Steptoe, 2006; Gliksman, Adlaf, Demers, 

& Newton-Taylor, 2003; Jackson, et al., 2005; Karam, Kypri, & Salamoun, 2007). However, the 

evidence documenting differences in alcohol use between post-secondary students and same-

aged peers who do not attend PSE is inconsistent. A recent review by Carter et al (2010) 

summarized the findings from all 18 US studies comparing drinking between PSE students and 

their age-matched peers.  Across studies the level of alcohol use among PSE students has been 
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found to be greater (O’Malley, & Johnston, 2002; Slutske, et al., 2004), equal (Chen, Dufour, & 

Yi, 2004; Gfroefer, Greenblatt, & Wright, 1997; White et al., 2006), and less than (Lanza & 

Collins, 2006; Muthen & Muthen, 2002) non-attending peers. To our knowledge, only one study 

has been conducted outside the US. This New Zealand study found that the prevalence of heavy 

drinking was significantly higher among university students compared to the same age group in 

the general population (Kypri et al., 2009).  

However, rather than reflecting an inconsistency, these findings may reflect the 

considerable within group variability in this age group including: 1. heterogeneity in the types of 

educational paths; 2. individual difference factors, such as high school grades and living with 

parents; and, 3. differences in the timing of enrollment in post-secondary education. Hence, we 

have been unable to determine the extent to which developmental shifts in alcohol use during 

emerging adulthood are coupled with PSE attendance or simply reflect a “stage of life” 

phenomenon (Jackson, et al., 2005; White, Labouvie & Papadaratsakis, 2005).  Using 

longitudinal data that span from early adolescence through to end of emerging adulthood, the 

present study compares the trajectory of heavy drinking for young adults following four different 

educational paths: no post-secondary education, two-year college, four-year university, and 2- to 

four-year transfer. If there are group differences in the trajectory of heavy drinking, we also ask, 

to what extent group differences can be explained by individual difference factors and age of 

enrollment in post-secondary education? 

Heterogeneity in educational pathways 

Failure to differentiate among types of educational paths has been identified as a specific 

shortcoming of the alcohol-education literature (Carter et al., 2010; Fleming, White, Haggerty, 

Abbott, & Catalano, 2012). In 2005, 80% of Canadian emerging adults (aged 18-26) attended a 
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postsecondary education institution (Shaienks & Gluszynski, 2007), but only 50% of them 

attended a four-year university; 33% attended a two-year community college and 17% attended a 

vocational institution. Further, approximately 8% of Canadian PSE students attended more than 

one type of PSE institution by the age of 24-26 (Shaienk, Gluszynski, & Bayard, 2008; Cowin, 

2013). Most commonly, these students transfer from a two-year college to a four-year university 

(Association of Canadian Community Colleges, 2011; Cowin, 2013; Provasnok & Planty, 2008).  

Different educational paths are selected by individuals who have different preexisting 

characteristics (i.e., academic achievement), and they expose individuals to different 

environmental and contextual experiences (i.e., living arrangements) that can affect changes in 

alcohol use. For example, compared to four-year university students, two-year community 

college students tend to be older, more ethnically diverse, married, have children, not live with 

parents, work more hours, have lower high-school grades and are of lower SES (Shaienks, & 

Gluszynski, 2007; Sheffield, Darkes, Del Boca, & Goldman, 2005; Velazquez, et al., 2011).  

Rates of heavy drinking and alcohol-related harms are high among both community college 

students and university students (Sheffield et al., 2005; Jackson et al., 2005). However, only two 

studies have empirically compared differences in the alcohol use of these two groups 

(Timberlake et al., 2007; Velazquez et al., 2011).  

Following a sample of 7,082 adolescents (aged 13-24), Timberlake and colleagues (2007) 

compared the trajectories of alcohol use between two-year college students, four-year university 

students, PSE dropouts and individuals who never enrolled in PSE. They found that four-year 

students had the greatest increases in alcohol use and the highest drinking levels during emerging 

adulthood compared to all other groups. In their cross-sectional study of 13,700 students, 

Velazquez et al (2011) also found evidence that four-year students, particularly males, had a 
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higher prevalence of risky drinking compared to two-year students. However, these differences 

were no longer significant after controlling for age, ethnicity, relationship status, dependent 

children, weekly hours worked and living arrangement. Further, with a cross-sectional sample of 

12,993 young adults, Paschall and colleagues (2005) compared the drinking rates of four-year 

students and nonstudents, and two-year students and nonstudents. They found that four-year 

students had significantly higher levels of heavy drinking compared to nonstudents, but there 

were no differences in drinking between two-year students and nonstudents (Paschall et al., 

2005). Four-year students and two-year students were not directly compared with each other. 

Only one study has examined the trajectory of alcohol use for transfer students in 

comparison to other educational pathways. Using a community sample of 921 youth aged 15-23, 

Fleming and colleagues (2012) found that, at age 19, four-year university students had higher 

levels of heavy drinking compared to transfer students, but transfer students had a significantly 

greater acceleration in heavy drinking after age 19. The authors propose this acceleration in 

drinking may correspond with transfer student’s transition into a four-year institution, but 

additional research is needed to test this hypothesis. Overall, the findings suggest that studies 

categorizing post-secondary education pathways together may be unable to identify group 

differences in alcohol use for PSE students pursuing a variety of paths.  

Common correlates of alcohol use and educational pathways 

Risk factors for alcohol use during emerging adulthood are also highly related to 

educational pathways. Further, group differences in alcohol use between PSE students and non-

student peers are often attenuated by including individual differences factors, such as age, race, 

gender and living situation (Gfroerer et al., 1997; Velazquez et al., 2011; White et al., 2006). 

Having shared common predictors raises questions as to whether enrollment into various 



50 

 

education paths exerts a unique influence on developmental shifts in alcohol use during 

emerging adulthood or whether group differences are a function of uncontrolled individual 

differences. In this study, we examine the explanatory power of several individual difference 

factors including gender, parental education, high-school grades and living arrangement. A brief 

review of the literature regarding these factors is presented below.    

Sex. Both men and women increase their drinking during the transition to emerging 

adulthood but, at any given time, men drink more and are at a greater risk of developing alcohol 

abuse or dependence relative to females (Bingham, Shope, & Tang, 2005; Ham & Hope, 2003; 

O’Malley & Johnston, 2002; Stone, Becker, Huber, & Catalano, 2012). Women tend to have 

slightly higher rates of participation in PSE and lower rates of dropping out compared to men 

(Shaienks et al., 2008). Further, some evidence suggests that the effect of post-secondary 

attendance on drinking may be stronger for women than men (Crowley, 1991; Slutske, et al., 

2004), but other research has found stronger effects for men (Velazques et al., 2011; White et al., 

2005).  

Parent Education. Participation in post-secondary education strongly relates to parent 

education (Shaienks & Gluszynski, 2007; White et al., 2005). The proportion of Canadian young 

adults who participate in PSE increased as parent education increased and parental education was 

more strongly associated with university participation than college participation (Shaienks & 

Gluszynski, 2007). Research relating parent education to alcohol use in emerging adulthood is 

inconsistent (Stone et al., 2012). Some studies have found a positive association (Jackson, Sher, 

& Wood, 2000; Merline, Jager, & Schulenberg, 2008; Patrick, Wightman, Schoeni, & 

Schulenberg, 2012) and others have found no association (Bryant, Schulenberg, O’Malley, 

Bachman, & Johnston, 2003; White et al., 2005). It is likely that other parenting variables such 
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as parental monitoring, or parental rules and expectations are more strongly related to alcohol 

use in emerging adulthood than SES specifically (Ryan, Jorm, & Lubman, 2010).  

High School grades. Having better high school grades has consistently been linked to 

lower levels of heavy drinking during adolescence and emerging adulthood (Bachman et al., 

2008; Crosnoe & Reigle-Crumb, 2007; Merline et al., 2008). Further, adolescents with higher 

high school grades are more likely to enter PSE overall and are more likely to enter university 

programs specifically (Bachman et al., 2008; Shaienks & Gluszynski, 2007; Tomkowicz & 

Bushnik, 2003). On the other hand, students with poorer high school grades are more likely to 

delay enrollment in PSE, enter a two-year college than a four-year university, and drop out 

(Hango, 2011; Shaienks & Gluszynski, 2007; Tomkowicz & Bushnik, 2003). 

Living arrangement. Moving out of parent’s home is associated with an increased risk of 

alcohol use and alcohol-related problems (Dawson, Grant, Stinson & Chou, 2004; White et al., 

2005; White et al., 2006). Further, group differences in drinking between PSE students and non-

students are moderated by living situation (Carter et al., 2010). PSE students who do not live 

with their parents have the highest levels of alcohol consumption, PSE students who live with 

their parents have the lowest levels of alcohol consumption, and nonstudents fall somewhere in-

between (Dawson et al., 2004; Gfroerer et al., 1997; Park, Sher, & Krull, 2009; O’Malley & 

Johnson, 2002; Jackson, et al., 2005). Further, Velazquez et al. (2011) and Paschall et al. (2005) 

found that two-year college students are more likely to live with their parents compared to four-

year students and living situation completely accounted for group differences in heavy drinking 

between two-year and four-year students.  
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The timing of postsecondary enrollment 

Both alcohol use and enrollment in post-secondary education are age related. Alcohol use 

increases most before and when individuals reach the legal drinking age (18 or 19 in Canada), 

which often coincides with enrollment in post-secondary education (Hango, 2011). However, the 

average age of enrollment varies across individuals who choose different educational paths. 

Generally, those who attend university are more likely to go into PSE within a few months of 

high school completion, whereas those attending colleges or other institutions are more likely to 

delay their enrollment (Bozick & Deluca, 2005; Cowin, 2013). For example, O’Rand, Hamil-

Liker & Elman (2009) found that students enrolled  in a community college were on average 2.5 

years older than those who enrolled in a university (mean age 23.69 years versus 21.42 years). 

Velazquez et al. (2011) also reported that the mean age for two-year college students was 28.4 

for females and 26.7 for males, compared to 22.7 years for females and 23.1 years for males at a 

four-year university. Thus, university students are typically younger when they enter PSE 

compared to those attending other institutions. 

Research to date has not examined the relation between the age of PSE enrollment and 

alcohol use. However, the timing of PSE enrollment correlates strongly with predictors of 

alcohol use. For example, youth who delay enrollment are more likely to be male, have lower 

educated parents and have lower high school grades (Tomkowicz & Bushnik, 2003; Hango, 

2011; Bozick & DeLuca, 2005). Further, differences in alcohol use between students and 

nonstudent peers are often age specific. Crowley (1991) found PSE students were drinking 

significantly higher quantities than their nonstudent peers at age 19 to 20, but there were no 

differences at age 21 to 22.  Velazquez et al. (2011) found significant differences in the 

prevalence of binge drinking between males attending four-year colleges and males attended 
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two-year colleges only when they restricted their sample to youth aged 18-25 years.  The age at 

which students enroll in PSE may affect educational paths and drinking patterns, but no research 

has examined age of PSE enrollment as a potential moderator of group differences in alcohol 

consumption between young adults following different educational paths.  

The current study 

This study extends the current literature in several important ways. First, only one other 

study has prospectively modeled how individual drinking trajectories shift as a function of entry 

into post-secondary education (see White et al., 2006). Second, we distinguished between several 

different types of educational paths including two-year community college students, four-year 

university students and transfer students. Transfer students are an understudied group. Canadian 

research indicates that the majority of transfer students planned to transfer prior to enrolling at 

their original institution and begin at a two-year college because of lower tuition fees, smaller 

class sizes, and a lack of high school grades for direct entry into university (Cowin, 2013; 

Provasnik & Planty, 2008).  Examining the diversity in educational paths will add clarity to the 

alcohol-education literature and help identify priority targets and timing for alcohol prevention 

initiatives.  

Finally, we extend the predominantly US literature on alcohol use and post-secondary 

education by using a Canadian sample. Important macrocontextual differences between the US 

and Canada are likely to influence the generalizability of previous findings (Wienser et al., 

2007). For example, Canada’s lower legal drinking age (age 19 in most of Canada versus 21 in 

most of the US) means that the majority of emerging adults attending PSE are of legal drinking 

age. Further, in 2012 only 12% of Canadian students lived in a residence hall compared to 40% 

of US students and only 2.6% of Canadian students reported being a member of a fraternity or 
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sorority compared to nearly 12% of US students (American College Heath Association, 2013a; 

2013b). These factors could result in fewer differences in alcohol use across educational paths 

among Canadian, compared to American, youth.  

Using longitudinal data spanning from adolescence to mid-twenties, the present study 

asked: 1. how does enrolling in postsecondary education affect the developmental trajectory of 

heavy drinking during emerging adulthood? 2. Are there disparities in drinking trajectories 

among young adults who enroll in different PSE paths (two-year college, four-year university, or 

transfer)? 3. To what extent are disparities among educational groups a result of individual 

difference factors, including gender, parental education, high school grades, living arrangement, 

and age at the time of enrollment? 

We hypothesized that trajectories of alcohol use among two-year college students would 

be more similar to terminal high school graduates due to shared risk factors (i.e., more likely to 

be male, have lower high school grades, and lower socioeconomic status), and that both two-year 

college students and terminal high school graduates would have higher levels of alcohol use 

compared to four-year university students and transfers. We also hypothesized that differences in 

heavy drinking between education groups would be partially accounted for by preexisting 

individual differences. Moreover, we expected that differences between types of post-secondary 

paths would be accounted for by variation in the age of enrollment across groups.  

Method 

Participants 

The Victoria Healthy Youth Survey (V-HYS) is a five wave multi-cohort study of young 

people aged between 12 and 27 years. Participants were recruited from a medium-sized Canadian 

city using random digit dialing of 9500 private telephone listings. Of the 1036 eligible 
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households with an adolescent aged 12-18 years, 662 adolescents (M = 15.52; SD = 1.93; 51% 

female) agreed to participate (64%). Participants were assessed biennially between 2003 and 

2011. Response rates were 87% (n = 578) at Wave 2, 81% (n = 539) at Wave 3, 70% (n = 459) at 

Wave 4, and 70% (n = 464) at Wave 5. The sample was 85% Caucasian, 4% Asian, 4% 

mixed/bi-racial, 3% Aboriginal and 4% other (e.g., Black, Hispanic, or other). Nineteen percent 

of fathers and 19% of mothers finished high school only, and 43% of fathers and 49% of mothers 

completed college or university training. Informed consent was obtained from parents or 

guardians if youth were under 18 and from the youth at each Wave. Surveys were administered 

by trained interviewers and respondents received a $35 honorarium per interview. The living 

situation, parental education, and ethnicity reported by participating youth were almost identical 

to that of the population from which the sample was drawn (Albrecht, Galambos, & Jansson, 

2007). 

Our analytic sample was restricted to 521 participants who had data at Waves 4 or 5 

when detailed information about post-secondary education was collected. Seventy-two percent of 

the sample had all five waves of data, 21% had four waves and 7% had two or three waves. 

Compared to the 141 youth who had dropped out by Waves 4 or 5, our subsample of 521 

participants reported higher grades at Wave 1 (M = 3.11 versus 2.81), F (1, 657) = 17.01, p = 

0.001 (d = 0.38) and higher levels of mother’s education (M = 2.98 versus 2.56), F (1, 641) = 

9.79, p = 0.002 (d = 0.30). There were no differences in gender, χ
2
(1, N = 662) = 3.50, p = 0.06, 

age at Wave 1, F (1, 660) = 0.14, p = 0.71, and frequency of heavy episodic drinking at Wave 1, 

F (1, 659) = 0.09, p = 0.77.  
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Measures 

Alcohol use: Frequency of heavy drinking was used to measure alcohol use because 

recent research suggests it performs as well or better than other alcohol measures in the 

prediction of alcohol-related problems during emerging adulthood (Thompson, Stockwell, 

Leadbeater & Homel, 2013). Participants were asked to report ‘How often in the past 12 months 

have you had 5 or more drinks on one occasion?’ The five possible response categories were: 0 = 

never, 1 = a few times/year, 2 = a few times per month, 3 = once a week and 4 = more than once 

a week (see appendix A, Tables 1 and 2, for the frequency distributions of heavy drinking by 

wave and by age). 

Educational paths: Participants were categorized into four groups. The two-year college 

group (n = 124) included those who enrolled in a sub-baccalaureate program at a two-year 

community college. The transfer group (n = 88) included youth who started at a two-year 

community college with the intention of transferring to a four-year university and youth who 

started in a two-year community college and transitioned to a four-year university within three 

months of finishing their two-year program. The four-year university group (n = 180) included 

those who enrolled in a four-year baccalaureate-granting university. The terminal high school 

graduates group (n = 129) included participants who had not enrolled in any PSE. Group 

membership did not differentiate between those who completed the program and those who did 

not given the small percentage of dropouts in each group. Approximately 60% of those enrolled 

in PSE completed their program or were still enrolled at the time of their last interview. Of the 

remaining 40%, 23% had left the program without completing, and 18% had changed programs. 

Participants who had changed programs were categorized according to the first institution they 

had enrolled in.  
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Background characteristics: We examined measures of gender, socioeconomic status, 

high school grades (wave 1), living arrangement at the time of PSE entry, and age at the time 

enrollment as predictors of alcohol use. Mother’s education was used as a proxy for 

socioeconomic status (Ensminger & Fothergill, 2003)5. High school academic achievement was 

based on participants self-report at Wave 1 to the question “In general, what were your grades 

right now?” This item offered a 5-point response option that ranged from 0 (mostly F’s) to 4 

(mostly A’s). At Waves 4 and 5 participants reported their living situation from ages 15 through 

27, thus retrospectively providing data about who they were living with at each age. The living 

situation data was matched to participant’s reported age at the time of enrollment in post-

secondary education (and age 19 for the high school group). Responses for living arrangement at 

the age of enrollment were coded as ‘living with parents (0)’ or ‘not living with parents (1)’. 

Thus, living arrangement is a measure of whether participants were living with their parents 

during the first year that they enrolled in post-secondary education.  

Data preparation  

Our five waves of data were restructured so that the time metric was centered on the 

event of enrolling in post-secondary education in order to model changes in alcohol use pre and 

post entry into PSE. For those who entered into a post-secondary institution by the end of the 

study (n = 392),  zero was coded as the year participants reported enrolling in their first post-

secondary institution. Zero in the high school group was coded as age 19, which corresponded to 

                                                 
5
 Mother’s education is the most commonly used SES measure in the literature (Ensinger & Forthergill, 2003). 

However, composite measures of SES that consider parent income, education and occupational status are often 
considered to be the gold standard (Cirino et al. 2002). Measures of parent income were unavailable in this survey.   
Measures of parent occupational status using the Hollingshead Occupational Status Scale (Hollingshead, 1975) 
were interviewer coded based on child response to the question “What paid job does your “father” usually 
do?. All parent measures were child report potentially introducing significant measurement error.  Analyses were 
repeated using parent occupational status as a proxy for SES instead of mother’s education; however the effect of 
SES on heavy drinking remained non-significant.  
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the average age of PSE enrollment for the full sample. Each individual’s observed alcohol use 

data was then restructured around zero (Table 1). Although no single participant provided more 

than 5 repeated measures, our 521 participants provided a total of 2366 observations to estimate 

a trajectory of alcohol use spanning 17 years  (-8 years pre-enrollment to 8 years post 

enrollment). However, 210 observations at the earliest (-8, -7, and -6) and latest (7 and 8) time 

points were dropped from the analysis due to low covariance coverage, yielding a total of 2156 

observations (n = 521).  

Plan of analysis  

The trajectories of heavy episodic drinking and the relationship between educational 

paths and heavy drinking were modeled using piecewise latent growth curve models (Li, 

Duncan, Duncan, & Hops, 2001). Slope 1 described changes in alcohol use pre-entry into PSE 

(or pre age 19 for the high school group) and Slope 2 corresponded with changes in alcohol use 

post-entry in PSE (or post age 19 for the high school group). The intercept was centered at year 

of PSE entry (age 19 for the high school group). A piecewise approach was chosen instead of a 

growth curve analysis with higher-order polynomials because it allowed us to directly test the 

effect of going to PSE on changes in alcohol use and make comparisons across groups in alcohol 

use during different time periods of interest, pre- and post- enrollment in post-secondary 

education. As shown in Figure 3, our piecewise model with linear growth pre-entry and linear 

and quadratic growth post-entry provided as good of fit to the data as a single-piece quadratic 

growth curve model (Single-piece quadratic: χ
2
 (62, n = 521) = 122.20, p = 0.000, RMSEA = 

0.04, CFI = 0.93, TLI = 0.93; Two-piece quadratic: χ
2
 (68, n = 521) = 145.68, p = 0.000, 
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RMSEA = 0.05, CFI = 0.91, TLI = 0.92)
6
 and provided a good fit to the observed values of 

heavy drinking at each time point. However, a piecewise model allowed us to examine the 

unique trajectory of heavy drinking before and after enrollment.  

 

 

Figure 3. Trajectory of heavy episodic drinking for the full sample 

 

First, an unconditional growth model (model 1) was run to examine the means and 

variances of the growth factors of heavy drinking over time for the whole sample. We then 

created dummy coding variables for the educational groups, which were regressed on each of the 

growth parameters to test group differences in the trajectory of heavy drinking over time (model 

2). Finally, we examined whether any of the education group differences in the growth 

parameters of heavy drinking could be attributed to gender and SES (model 3), high school 

grades and living arrangement (model 4) and age at the time of enrollment (model 5). Model 5 

                                                 
6
 Model fit statistics are based on FIML estimation – the default in Mplus 7.0.  
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excluded participants in the high school group given that they did not have an age of enrollment. 

Gender-by-education-group interaction effects on the growth parameters were also tested. 

Interaction terms were created by multiplying gender by each of the education dummy variables. 

Initial models used the university group as the reference group. However, analysis were repeated 

using the high school group and the college group as reference groups to test contrasts between 

all different pairs of educational paths.  

All parameters were estimated using a full-information maximum likelihood estimator 

with robust standard errors, implemented as MLR in MPlus 7.0 (Muthén and Muthén, 1998-

2010). This approach uses data from all available time points for a given case under the 

assumption that data are missing-at-random (as would multiple imputation), which allows for 

missingness to be related to variables included in the analyses (Little and Rubin, 2002). MLR  

also offers protection against inflated alpha values as a result of incomplete data, non-normality 

and small sample sizes (Savalei, 2010; Rhemtulla, Brosseau-Liard & Savalei, 2012), all of which 

are present in the current sample. Heavy drinking was treated as continuous rather than ordered 

categorical due to the computational burden of longitudinal categorical analysis in the presence 

of missing data. Longitudinal analysis with categorical variables often results in convergence 

issues because of many low expected cell frequencies (e.g. five waves of a five category variable 

results in 5
5 

or 3125 cells, most of which are likely to be empty) which were substantial in our 

sample as a function of the cross-sequential design. Treating ordinal variables as continuous can 

lead to biased parameter estimates, incorrect standard errors, and model test statistics (Johnson & 

Creech, 1983). However, a recent simulation study indicates that when the number of categories 

in the data reaches five, the use of MLR performs as well as categorical approaches (Rhemtulla 

et al., 2012).  
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Given the patterns of missingness in the data, conventional fit statistics (RMSEA, CFI, 

TLI) were not available with MLR. Thus, model fit was evaluated by considering the 

significance of likelihood ratio tests between nested models, significance of the means and 

variance of the estimated growth parameters (linear, quadratic), the magnitude of the squared 

multiple correlations, and the presence of large and significant modification indices (Curran, 

Bauer, & Willoughby, 2004). Additionally, given that the parameter estimates (not standard 

errors) from the adjusted models using MLR were identical to the parameter estimates in the 

unadjusted models using FIML, we present model fit statistics from the FIML models. These fit 

statistics were evaluated by the criteria as outlined by Hu and Bentler (1999) (comparative fix 

index (CFI) ≥ .95, Tucker-Lewis Index (TLI) ≥ .95, and root mean squared error of 

approximation (RMSEA) ≤ .06). However, we caution that these fit indices may not perform 

well given the patterns of missingness as a result of the unbalanced nature of the data (Wu, West, 

& Taylor, 2009).
7
  

Results 

Characteristics of the education groups 

Table 6 shows the descriptive characteristics for the educational groups. The college 

group had a greater proportion of males compared to all other groups. Mother’s education and 

high school grades were lowest in the high school group compared to all other groups. The four-

year university group had the highest grades during high school, followed by the transfer group 

and two-year college group. Also, transfer students were significantly more likely to be living 

                                                 
7
 Our data set is considered unbalanced because: 1. There is variability in age within the same wave (e.g. 

participants were 12-18 at wave 1); 2. There is variability in the spacing of waves. Ideally, each participant was 
assessed every 2 years, but in reality, the spacing of waves varied somewhat due to scheduling difficulties and 
respondent’s availability; 3. There is variability in the number of waves per respondent (371 had 5 waves of data, 
108 had 4 waves, 25 had 3 waves, 14 had 2 waves and 3 had 1 wave).   
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with parents at the time of enrollment compared to the high school group. Finally, significant 

group differences were found in the average age of enrollment. The university group was the 

youngest when they enrolled and the college group was the oldest.  

Table 7 shows group differences in mean levels of heavy drinking overtime and Figure 4 

plots the observed means for each education group over time. The high school group and college 

group had higher mean levels of heavy episodic drinking (HED) pre-entry (-3 years to 0 years), 

compared to the transfer group and university group. Correlations among HED and the 

background characteristics for the total sample are shown in Table 8. 

 

Table 6 

Characteristics of the Full Sample by Educational Pathway 

 Full sample 

(n = 521) 

High school 

(n = 129) 

College 

(n = 124) 

Transfer 

(n = 88) 

University 

(n = 180) 

 % % % % % 

Male
1
 46.4 47.3

a
 59.7

b
 37.5

a
 41.1

a
 

Living with parents at 

the time of enrollment
2
 

65.3 55.8
a
 66.9

a,b
 75.6

b
 65.9

a,b
 

 M (SD) M (SD) M (SD) M (SD) M (SD) 

Mother's Education
3
 2.89 (1.38) 2.48 (1.48)

a
 2.97 (1.30)

b
 2.98 (1.33)

b
 3.32 (1.15)

b
 

High school Grades
4
 3.05 (0.79) 2.56 (0.72)

a
 2.91 (0.72)

b
 3.18 (0.67)

c
 3.61 (0.55)

d
 

Age of Enrollment
5
 

19.06 

(1.49) 
-- 

19.63 

(1.71)
a
 

19.10 

(1.48)
b
 

18.45 

(0.88)
c
 

Note. estimates that do not share a superscripted letter significantly differ from one another. The 

high school group does not have an age of enrollment because they have not yet enrollment in a 

post-secondary education program. 

 
1
 ∆χ

2
df=3 = 13.66, p = 0.003; 

2
∆χ

2
df=3 = 9.31, p = 0.03; 

3 
F (3, 508) = 10.20, p = 0.001; 

4
 F (3, 515) 

= 68.52, p = 0.001; 
5
F (2, 386) = 29.61, p = 0.001 
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Table 7 

Descriptive Statistics for Mean Levels of Heavy Episodic Drinking as a Function of Years Pre and Post Entry into Post-secondary Education  

Years 

Pre- and 

Post-

Entry 

Number of Observations Mean of Heavy Episodic Drinking (SD) 

 Full 

sample 

(n = 521) 

High 

school 

(n = 129) 

College 

(n =124) 

Transfer 

(n = 88) 

University 

(n = 180) 

Full 

Sample 

High 

school 
College Transfer University 

-5 116 43 25 13 35 0.24 (0.65) 0.40 (0.79) 0.20 (0.58) 0.23 (0.60) 0.09 (0.51) 

-4 129 33 44 19 33 0.69 (1.16) 0.84 (1.20) 0.95 (1.29) 0.32 (0.58) 0.42 (1.12) 

-3 177 58 42 26 51 0.77 (1.06) 1.05 (1.16)
a
 0.90 (1.10)

a,b
 0.77 (1.14)

a,b,c
 0.33 (0.71)

c
 

-2 203 50 57 31 65 1.09 (1.23) 1.56 (1.36)
a
 1.44 (1.27)

a
 0.90 (1.14)

a,b
 0.51 (0.85)

b
 

-1 218 53 50 40 75 1.17 (1.22) 1.70 (1.35)
a
 1.30 (1.30)

a,b
 0.98 (1.03)

b
 0.80 (1.01)

b
 

0 264 49 68 47 100 1.42 (1.22) 2.02 (1.33)
a
 1.65 (1.19

)a,b
 1.21 (1.14)

b,c
 1.08 (1.08)

c
 

1 201 46 47 37 71 1.69 (1.31) 2.07 (1.36) 1.77 (1.40) 1.43 (1.07) 1.54 (1.30) 

2 246 47 62 44 93 1.66 (1.22) 1.74 (1.42) 1.82 (1.21) 1.55 (1.02) 1.57 (1.22) 

3 172 37 37 31 67 1.62 (1.29) 1.57 (1.30) 1.68 (1.42) 1.58 (1.23) 1.64 (1.25) 

4 188 28 41 36 83 1.58 (1.20) 2.07 (1.36) 1.44 (1.14) 1.47 (1.06) 1.53 (1.21) 

5 112 29 22 23 38 1.56 (1.26) 1.76 (1.41) 1.23 (1.15) 1.61 (1.34) 1.58 (1.18) 

6 130 24 21 26 59 1.44 (1.22) 1.88 (1.42) 1.48 (1.25) 1.35 (1.06) 1.31 (1.19) 

Note. 0 years for the high-school group was defined as age 19 because they do not have a year of enrollment. Estimates that do not share a 

superscripted letter significantly differ from one another. Group differences in mean levels of heavy drinking were found at years -3, F (3, 173) = 

4.72, p = 0.003; -2, F (3, 199) = 10.27, p = 0.0001; -1, F (3, 214) = 6.64, p = 0.0003; 0, F (3, 260) = 8.46, p = 0.0001  
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Figure 4. Observed means of heavy drinking for each education group over time 

 

0

1

2

3

-5 -4 -3 -2 -1 0 1 2 3 4 5 6

H
ea

v
y
 e

p
is

o
d

ic
 d

ri
n

k
in

g
 

Years 

High school

College

Transfer

University

Pre-entry 
Post-entry 



65 

 

 

 

Table 8 

Correlations Between Heavy Episodic Drinking (HED) and Individual Difference Factors  

 
Sex 

Mother’s 

education 

Age of 

enrollment 

High 

School 

Grades 

Living away 

from parents at 

the time of entry 

Sex (0 = male) - - - - 
 

Mother’s education 0.01 - - - 
 

Age of enrollment -0.06 -0.09 - - - 

High school grades 0.22
**

 0.18
**

 -0.37
**

 - - 

Living with parents 0.02 0.01 0.29
**

 -0.09
*
 - 

HED  -5 years 0.09 -0.06 0.47** -0.17 0.10 

HED  -4 years -0.02** -0.03 0.51** -0.37** 0.25** 

HED  -3 years -0.03 -0.06 0.29** -0.33** 0.02 

HED  -2 years -0.20** -0.06 0.35** -0.26** 0.25** 

HED  -1 years -0.18** -0.10 0.25** -0.26** 0.13 

HED   0 (year of entry) -0.30** -0.06 0.29** -0.27** 0.18** 

HED  1 years -0.24** 0.06 0.04 -0.12 0.08 

HED  2 years -0.27** -0.01 0.14* -0.15* 0.12 

HED  3 years -0.26** 0.14 0.06 -0.05 0.09 

HED  4 years -0.31** -0.14 -0.02 -0.07 0.14 

HED  5 years -0.26** -0.01 -0.09 -0.004 -0.05 

HED  6 years -0.21* 0.03 0.06 -0.12 0.15 

Note. * p < 0.05, ** p < 0.01, *** p < 0.001 
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The trajectory of heavy drinking across educational pathways 

The unconditional model of heavy drinking (model 1, Table 9) fit the data well (χ
2
(62) = 

122.20***, RMSEA = 0.04, CFI = 0.93)
8
 and showed that the frequency of heavy episodic 

drinking in this sample increased significantly prior to and immediately after enrollment in post-

secondary education. Moreover, as shown in Figure 5, the frequency of heavy drinking peaks 

approximately 3 years after enrollment and is followed by a significant deceleration in the rate of 

heavy drinking as indicated by the significant negative quadratic growth factor. There was also 

significant between-individual variation in each of the growth factors (Table 9).  

As indicated by shared superscripted letters and significant alpha values in model 2 Table 

9, there are a number of significant differences between educational groups with respect to the 

trajectory of heavy drinking over time (χ
2
(86) = 148.02***, RMSEA = 0.04, CFI = 0.94). With 

respect to linear growth in heavy drinking pre-PSE enrollment (slope 1), the high school group 

significantly increased their frequency of heavy drinking faster during this time more so than any 

other group. At the time of enrollment (intercept), the high school group had the highest levels of 

heavy drinking compared to all other groups, but the college group also had significantly higher 

levels of heavy drinking compared to both the university group and the transfer group.  

Following enrollment (slope 2), the university group experienced significantly greater 

increases in heavy drinking compared to both the high school group and college group. In fact, 

frequency of heavy drinking in the high school group began to decline during this period (see 

Figure 5). However, despite the large increase in the frequency of heavy drinking for the 

university group, their level of heavy drinking is consistently lower than the high school group 

over time. Further, the university group had significant greater rates of deceleration (quadratic) 

                                                 
8
 Fit indices are presented from the FIML models (see analysis section for details). 
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in heavy drinking frequency than the high school group and college group approximately 3 years 

after enrollment. When we compared the groups against the high school group as the reference, 

the transfer group also had significantly greater increases in heavy drinking post-enrollment 

(slope 2) and faster deceleration (quadratic) in heavy drinking later compared to the high school 

group. Thus, while university students and transfer students initially experienced a greater 

increase in heavy drinking following enrollment, essentially “catching up”, but not surpassing, 

the level of heavy drinking by their peers in college group or high school group, they also 

experienced significantly faster declines their heavy drinking later. There were no significant 

differences in any of the growth parameters of heavy drinking between the university group and 

transfer group. Figure 5 shows the estimated alcohol trajectories for the four educational 

pathways.  

 

Figure 5.Estimated piecewise growth trajectories of heavy episodic drinking for each 

 education group 
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Table 9 

Education Group Differences in Heavy Drinking Over Time 
 

 Model 1 Model 2 Model 3 Model 4 Model 5
1
 

 Coeff. (SE) Coeff. (SE) Coeff. (SE) Coeff. (SE) Coeff. (SE) 

Linear slope pre-entry  

(slope 1) 

    

Mean 2.40 (0.15) *** 2.01 (0.22)*** 2.61 (0.28)*** 2.74 90.30)*** 2.56 (0.34)*** 

High School  1.22
a,b

(0.37)*** 1.19
a,b

 (0.38)** 1.34
a,b 

(0.49)** - 

College  0.65
b
 (0.40) 0.35

b
 (0.40) 0.32

b
 (0.43) 0.54 (0.43) 

Transfer  0.10
a
 (0.41) 0.12

a
 (0.42) 0.22

a
 (0.46) 0.58 (0.47) 

University  - - - - 

Gender (1 = female)   -1.02 (0.30)*** -1.21 (0.31)*** -1.04 (0.34)*** 

SES   0.01 (0.12) 0.02 (0.11) 0.04 (0.13) 

High School Grades    0.14 (0.26) -0.15 (0.30) 

Living arrangement 

(1 = not with 

parents) 

   0.11 (0.31) 0.46 (0.35) 

Age of enrollment     -0.03 (0.01)* 

Level at entry 

(intercept) 

     

Mean 1.46 (0.06)*** 1.07 (0.08)*** 1.39 (0.11)*** 1.36 (0.17)*** 1.45 (0.13)*** 

High School  0.97
a,b

(0.15)*** 0.92
a,b

(0.15)*** 0.73
a,b

(0.18)*** - 

College  0.60
b,c

(0.14)*** 0.48
b
 (0.14)*** 0.36

b
 (0.15)* 0.21 (0.16) 

Transfer  0.15
a,c 

(0.15) 0.17
a 
(0.15) 0.15

a
 (0.15) 0.08 (0.16) 

University  - - - - 

Gender (1 = female)   -0.52 (0.11)*** -0.52 (0.11)*** -0.51 (0.12)*** 

SES   -0.001 (0.04) -0.01 (0.04) 0.01 (0.05) 

High School Grades    -0.15 (0.09)†  -0.15 (0.10) 

Living arrangement 

(1 = not with 

parents) 

   0.36 (0.11)*** 0.28 (0.14)* 

Age of enrollment     0.01 (0.01)* 

Linear slope post-entry  

(slope 2) 

    

Mean 1.65 (0.35) *** 3.44 (0.49)*** 3.91 (0.68)*** 3.66 (0.78)*** 3.58 (0.89)*** 

High School  -4.69
a 
(0.88)*** -4.59

a 
(0.95)*** -3.75

a
 (1.19)** - 

College  -2.80 (0.89)** -2.80 (0.93)** -2.25 (1.05)* -1.49 (1.13) 

Transfer  -1.33
a
 (1.01) -1.09

a
 (1.02) -0.71

a
 (1.08) -0.42 (1.10) 

University  - - - - 

Gender (1 = female)   -0.91 (0.69) -1.11 (0.69) -1.64 (0.76)* 

SES   0.19 (0.27) 0.16 (0.27) -0.12 (0.31) 

High School Grades    0.80 (0.56) 0.48 (0.64) 

Living arrangement 

(1 = not with 

parents) 

   -0.41 (0.75) -0.06 (0.91) 

Age of enrollment     -0.07 (0.03)** 

Quadratic change post-entry     

Mean -2.75 (0.64)*** -5.21 (0.87)*** -6.03 (1.22)*** -5.75 (1.38)*** -6.17 (1.65)*** 

High School  6.40
a
 (1.58)*** 6.22

a
 (1.68)*** 5.44

a
 (2.16)* - 

College  3.71 (1.70)* 3.85 (1.76)* 3.30 (2.01) 2.47 (2.20) 

Transfer  1.97
a 
(1.79) 1.93

a
 (1.81) 1.49

a 
(1.94) 1.16 (1.99) 

University  - -- - - 

Sex (1 = female)   1.58 (1.24) 1.83 (1.25) 2.85 (1.37)* 
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Are education group differences a result of variation in individual difference factors?  

Model 3 examined the effects of sex and SES on the trajectory of heavy drinking (χ
2
(102) 

= 166.23***, RMSEA = 0.04, CFI = 0.94). Sex was significantly associated with growth in 

heavy drinking pre-enrollment (slope 1), and with the level (intercept) of heavy drinking at the 

time of enrollment. Females reported significantly slower rates of increase in the frequency of 

heavy drinking during adolescence and lower levels of heavy drinking at the time of enrollment. 

We also tested interaction terms between the education groups and sex as covariates of the 

growth parameters. Parameter estimates were not significant and inclusion of the interaction 

SES   -0.32 (0.49) -0.27 (0.49) 0.20 (0.54) 

High School Grades    -0.82 (1.03) -0.60 (1.20) 

Living arrangement 

(1 = not with 

parents) 

   0.25 (1.40) -0.20 (1.72) 

Age of enrollment     0.05 (0.06) 

Variance      

    Slope 1 4.34 (1.14)*** 4.00 (1.07)*** 3.70 (1.01)*** 1.00 (0.10)*** 0.97 (0.11)*** 

    Intercept 1.26 (0.11)*** 1.10 (0.11)*** 1.03 (0.11)*** 4.01 (0.71)*** 4.51 (0.70)*** 

    Slope 2 17.54 (5.20)** 15.03 (25.01)** 15.18 (5.07)*** 15.32 (4.97)** 19.67 (5.25)*** 

    Quadratic 39.33 (16.74)* 36.49 (16.45)* 36.71 (17.11)* 36.09 (17.06)* 47.64 (18.84)* 

Covariances      

Slope 1 with      

Intercept 1.88 (0.32)*** 1.67 (0.30)*** 1.55 (0.29)*** 1.64 (0.26)*** 1.87 (0.28)*** 

Slope 2 0.50 (1.98) 1.27 (1.85) 1.00 (1.84) 0.51 (1.66) -2.63 (1.70) 

Quadratic -2.30 (3.37) -2.93 (3.23) -2.39 (3.21) -1.89 (3.00) 2.72 (3.13) 

Intercept with       

Slope 2 -1.29 (0.62)* -0.64 (0.59) -0.78 (0.60) -0.82 (0.57) -1.15 (0.58)* 

Quadratic 0.93 (0.97) 0.15 90.94) 0.40 (0.96) 0.49 (0.94) 0.96 (0.93) 

Slope 2 with      

Quadratic -24.81 (8.81)** -22.00 (8.61)* -22.18 (8.82)* -22.18 (8.75)* -29.08 (9.43)** 

Model fit
2
      

-2LL -2986.90 -2955.02 -2896.87 -2854.23 -2129.74 

df 26 38 46 53 49 

AIC 6025.80 5986.04 5885.74 5814.23 4357.48 

BIC 6136.80 6147.76 5934.69 6038.67 4551.70 

Note: Coeff. = regression coefficient; SE = standard error; χ
2 
= chi-square; df = degrees of freedom;. AIC = Akaike 

information criterion; BIC = Bayesian information criterion. 
1
Model 5 excluded the high school group because they 

did not have an age of enrollment (n = 383). 
2
 RMSEA, CFI and TFI were not available in MLR thus model fit using 

ML models are given in the text (see analysis section for more details). Models were first tested using university as 

the reference group and parameter estimates represent significant differences between the university group and all 

other educational pathways. Analyses were repeated using the high school group and the college group as reference 

groups to contextualize group differences. A shared superscripted letter indicates significant differences (p < 0.05) 

between pairs of educational paths from these analyses. * p < 0.05, ** p < 0.01, *** p < 0.001 
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terms did not significantly improve model fit (∆χ
2 

= 14.06, ∆ df =12, p = 0.30) over the model 

that included the education groups, sex and SES. Thus the findings indicate that although there 

were sex differences in the trajectories of heavy drinking, the associations between educational 

paths and heavy drinking did not different for males and females. SES was unrelated to growth 

in heavy drinking over time. Further, after taking account of sex and SES, education group 

differences in growth parameters did not change, except that the difference in the level of heavy 

drinking (intercept) between the college group and transfer group was no longer significant (p = 

0.07). Figure 6 shows the trajectories of heavy drinking broken down by sex. 

 

 

 

Figure 6. The estimated trajectory of heavy episodic drinking by education group for males (left) 

and females (right) based on parameter estimates from model 3 

To assess whether high school grades and living with parents during the first year of post-

secondary education accounted for education group differences in heavy drinking trajectories, 

model 4 included high school grades and living arrangement as predictors of growth parameters 

in addition to sex and SES (χ
2
(119) = 181.91***, RMSEA = 0.03, CFI = 0.94) (Table 9). Result 

Males Females 
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showed that better high school grades were associated with lower levels of heavy drinking at the 

time of enrollment (intercept, p = 0.09), but were unrelated to rates of change in heavy drinking 

over time. Living with parents at the time of enrollment also had a significant protective effect 

on levels of heavy drinking at enrollment (intercept). Youth who lived with their parents during 

their year of enrollment had lower levels of heavy drinking at the time of enrollment. However, 

living with parents did not influence growth in heavy drinking over time.  Moreover, as a result 

of adding high school grades and living arrangement, there were still no changes in education 

group differences in heavy drinking.  

Finally, model 5 examined whether age at the time of enrollment accounted for group 

differences in the growth parameters of heavy drinking for the college group, transfer group and 

university group (n = 392) (χ
2
(83) = 103.86, RMSEA = 0.03, CFI = 0.97). The results showed 

that youth who were older when they enrolled in post-secondary education had slower increases 

in heavy drinking prior to enrollment (slope 1), higher levels of heavy drinking when they 

enrolled (intercept), but slower increases in heavy drinking following enrollment (slope 2). Age 

of enrollment did not significantly influence deceleration (quadratic) in heavy drinking. 

Moreover, group differences between the college, transfer and university group were no longer 

significant after accounting for age of enrollment. The college group no longer had higher levels 

of heavy drinking at the time of enrollment than the university group and the university group no 

longer experienced a significantly greater rate of increase in heavy drinking following enrollment 

than the college group. These findings suggest that education group differences in drinking are 

not intrinsic to type of post-secondary institution youth attend, but instead are a function of 

education group disparities in age of enrollment. Figure 7 shows the college, transfer and 
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university growth trajectory estimates after controlling for age of enrollment, as well as high 

school grades, living arrangement, sex and SES.   

 

 

Figure 7. The estimated trajectory of heavy drinking for the college, transfer and university 

group for  males (top left) and females (top right) after accounting for age of enrollment, high 

school grades, living arrangement, sex and SES (model 5). 

Discussion 

This study had several advantages over previous research examining associations 

between heavy drinking and post-secondary attendance. First, we centered time around the event 

of enrollment in post-secondary education, allowing us to pin-point the specific effect of going to 

post-secondary education on age-related shifts in heavy drinking. Second, we included three 

different types of educational paths to broaden our understanding of whether contextual variation 

across educational institutions influences alcohol use. Third, we examined factors that could 

explain education group differences in heavy drinking. 

Educational pathways were associated with different trajectories of heavy episodic 

drinking over time. Compared to all other groups, terminal high school graduates had the highest 

Males Females 
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and most persistent levels of alcohol use over time. Among the three PSE groups, two-year 

college students had the highest levels of HED at the time of enrollment, but university students 

and transfer students showed the greatest increases in heavy drinking after enrollment. However, 

these group differences in heavy drinking among the college, university and transfer groups were 

completely accounted for by age at the time of enrollment. This finding suggests that the age at 

which you enroll in post-secondary education has a significant effect on subsequent changes in 

heavy drinking. Younger students experienced a faster rate of increase in heavy drinking than 

older students, regardless of the type of institution they attended. Nevertheless, none of the PSE 

groups surpassed the heavy drinking levels of the high school group, even after controlling for 

sex, SES, high school grades and living arrangement.  

The trajectory of heavy episodic drinking from ages 14 to 24 for terminal high school 

graduates 

Terminal high school graduates had significantly steeper increases in heavy drinking 

during adolescence compared to all three post-secondary education groups. They also had higher 

levels of heavy drinking at age 19, which is the legal drinking age in BC and the mean age of 

enrollment in post-secondary education for this sample. After age 19, terminal high school 

graduates had slightly declining levels of heavy drinking during emerging adulthood but 

remained higher than all three post-secondary education groups over time. This pattern of 

alcohol use over time is generally consistent with prior research with this group of young adults 

(Fleming et al., 2012; Timberlake et al., 2007; Schulenberg, O’Malley, Bachman, Wadsworth, & 

Johnston, 1996). Moreover, the findings are consistent with several US studies that found the 

rate of heavy episodic drinking to be higher among terminal high school graduates than post-

secondary students (Bingham et al., 2005; Lanza & Collins, 2006).  
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In our sample, this group of young adults also had the lowest high school grades, the 

lowest socioeconomic status and the highest mean levels of alcohol use during adolescence. It is 

likely that early heavy drinking for this group is associated with poor school performance, which 

closes off options for pursuing higher education, and leads to the early adoption of other adult 

roles (i.e., full-time employment) that are associated with decreases in alcohol use during 

emerging adulthood (Bachman, Wadswoth, O’Malley, Johnston, & Schulenberg, 1997).  Osgood 

and colleagues (2005) found this group of young adults, labeled “fast starters”, tends to be 

partners, parents, living independently and in long-term employment by the age of 24. Further, 

past research shows that youth without post-secondary education have higher levels of alcohol-

related consequences than young adults in post-secondary education (Bingham et al., 2005; 

White et al. 2005). Given their early startup and persistent heavy drinking over time, this group 

of young people remains an important target for interventions efforts during the high school 

years and in young adulthood.  

Group differences in the trajectories of heavy episodic drinking among college, university 

students, and transfer students 

Initial comparisons of heavy drinking trajectories between two-year college students, 

four-year university students and transfer students revealed similar rates of change in heavy 

drinking prior to enrollment in PSE. However, these groups differed in their levels of heavy 

drinking when they entered post-secondary education and in growth in heavy episodic drinking 

after enrollment. On average, two-year college students had the highest levels of heavy drinking 

when they enrolled compared to university and transfer students. However, four-year university 

students experienced much greater increases in heavy drinking after enrollment. Further, 

university students also experienced the fast rates of deceleration several years later. Limited 
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research has compared the drinking trajectories of individuals following different educational 

paths (Fleming et al., 2012; Timberlake et al., 2007; Velazquez et al., 2011), but generally our 

findings are consistent with this research. For example, the trajectory of alcohol use among two-

year college students was more similar to the trajectory of terminal high school graduates than 

the four-year university or transfer group, and four-year university students had a greater 

increase in heavy drinking after enrollment compared to two-year college students (Paschall et 

al. 2005; Timberlake et al., 2007). In contrast to previous research however (i.e., Timberlake et 

al., 2007), the university students did not exceed the drinking levels of college students, but 

essentially just “catch-up” to college students approximately three years post-enrollment.  

Contrary to expectations, these group differences remained after accounting for group 

differences in sex, SES, high school grades and living arrangement. Partially this may reflect the 

lack of differences between education groups in the proportion of participants living with parents 

at the time of enrollment. However, as expected, group differences in heavy drinking among 

two-year college students, four-year university students and transfer students were reduced to 

non-significance after accounting for age at the time of enrollment. This suggests that education 

group differences in heavy drinking may not be intrinsic to specific types of post-secondary 

institutions, but instead are a function of group differences in the average age of the population 

when they start attending the institution. Overall, the influence of post-secondary education on 

heavy drinking patterns is much greater for younger students. On average, two-year college 

students were 1.2 years older than four-year university students and 0.5 years older than transfer 

students when they enrolled. Further, two-year college students had the greatest variability in age 

of enrollment (range 17 to 26 years of age). Thus, because two-year college students were older 
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when they enrolled, they had higher levels of use at the time of enrollment and experienced less 

of an increase in heavy drinking following enrollment.  

The effect observed for age of enrollment on alcohol use is largely consistent with what 

we would expect given the normative age-graded trend in alcohol use which typically peaks in 

the early 20’s and then declines. Students who enter post-secondary education directly out of 

high school simply have much further to go in their drinking than students who have delayed 

enrollment. Student who are older when they enrol are more likely to be of legal drinking age 

and to have reached their “peak” in heavy consumption (approximately age 21; Johnston et al., 

2012a). Further, young adults who enroll in post-secondary education at an older age are more 

likely to be balancing education with other responsibilities, such as employment, marriage and 

parenthood, associated with desistance in alcohol use in emerging adulthood (Bachman et al., 

1997; 2002; Oesterle et al., 2011), which may explain the attenuated the effect of post-secondary 

attendance on increases in alcohol use for young adults who enroll at older ages.  

Transfer students are a unique group that has rarely been studied. Despite starting out at a 

two-year college, the trajectory of heavy drinking of the transfer group was more similar to four-

year university group than to two-year college group. This finding is somewhat surprising given 

the different contextual environments of two-year and four-year institutions (i.e., residential 

housing) that are often theorized to explain group differences (Carter et al., 2010). Transfer 

students were on average a half year younger than the college group at the time of enrollment 

and had less variability in age than the college group which could possibly explain some of these 

differences. Moreover, there may be other unexplored individual level similarities between 

transfer and four-year university students that outweigh contextual differences. For example, 

research indicates that the majority of transfer students have planned to transfer prior to enrolling 
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at their original institution (Cowin, 2013; Provasnik & Planty, 2008). Transfer students and four-

year university students may have similar educational plans and future educational goals during 

adolescence that might explain some of the similarities in their alcohol trajectories over time 

(Provasnik & Planty, 2008). Overall, the finding suggests that transfer students may be 

qualitatively different from other two-year college students and that differentiating between them 

may be important for understanding links between educational paths and wellbeing in adulthood.  

Sex 

Previous research suggests that the relation between post-secondary attendance and 

alcohol use may be different for males and females (Velazquez et al., 2011; Bingham et al., 

2005). In this study, there were no sex differences in the associations between educational paths 

and heavy drinking. The overall patterns of heavy drinking over time were similar for males and 

females across groups, however males had significantly greater increases in heavy drinking prior 

to enrollment and higher levels of heavy drinking at the time of enrollment compared to females. 

These findings are consistent with past research that suggests that males generally drink at higher 

levels than females. Moreover, the findings suggest that sex specific drinking patterns are 

established early in adolescence and tend to persist into young adulthood despite variation in 

educational pathways. Fewer sex differences may have been found had a sex specific heavy 

drinking measure been used specifying four or more drinks for women and five or more drinks 

for men (Wechsler, Dowdall, Davenport, & Rimm, 1995).   

Living arrangement 

Previous research has found that living arrangement, specifically moving out of home, is 

associated with higher levels of alcohol use, independent of college attendance (Dawson et al., 
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2004; White et al., 2006). Further, living arrangement moderated group differences between 

students and non-students (White et al., 2005) and two-year and four-year students (Velazquez et 

al., 2011). However, our data showed no differences in the proportion of participants living with 

parents at the time of enrollment between two-year college students, four-year university 

students, and transfer students. Further, while living with parents was associated with lower 

levels of heavy drinking at the time of enrollment, it did not attenuate growth in heavy drinking 

following enrollment nor did it account for education group differences heavy drinking over 

time.  

Much of the previous research on the links between living arrangement and alcohol use 

has been cross-sectional, identifying time-specific or concurrent associations between living 

arrangements and drinking levels. However, as shown here, living arrangement may not be 

associated with long-term changes in alcohol use. The effect of living away from parents on 

levels of alcohol use may be age-related and diminish as individuals get older. More longitudinal 

research is needed to examine associations among changes in living arrangements and alcohol 

use over time.  

Limitations 

This study was based on a random community sample and the ethnic make-up and 

economic diversity of our participants is consistent with the population sampled (Statistics 

Canada, 2001). Further, the prevalence of alcohol-related problems and alcohol use are similar to 

other Canadian studies (Health Canada, 2005). However, given variations in macro-contextual 

factors, such as the legal drinking age, the findings may not be applicable to other cultural 

contexts. Although, we note that many of our findings are consistent with at least some US 

studies linking post-secondary education and alcohol use.  
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Despite examining dimensions of heterogeneity in educational paths that have received 

little attention in prior research, we opted not to further subdivide participants on the basis of 

other dimensions that may also be important (i.e., part-time or full-time status or dropouts versus 

completers) due to the small percentage of part-time students and dropouts in each of the 

education groups. A larger sample size would allow for examining how heavy drinking is 

additionally influenced by these dimensions. Moreover, other factors such as whether students 

work full-time or part-time while during attending post-secondary education, or whether they are 

married or have children could influence the relation between going post-secondary education 

and substance use and should be considered in future studies.  

Additionally, many of the participants attended the same schools. Of those who attended 

a community college, 79% attended the community college in the city from which the sample 

was drawn. The majority (86%) of transfer students also started at this community college. 

Further, approximately 58% of the university group attended the same university. Students 

clustered in the same schools may confound the effects of pursuing different educational paths. 

There is a danger of attributing, for example, a two-year community college effect to what may 

be a local effect. However, the proportion of our sample attending post-secondary education 

(75%) and the proportion in each education groups were similar to national averages (Shaienks 

& Gluszynski, 2007). Nonetheless, we encourage further investigation of the relation between 

educational paths and alcohol use using youth from multiple institutions to improve the 

generalizability of these findings.  Also, future research might consider using nested models to 

account for the nesting of students within schools.  

Finally, the five category ordinal measure of HED was treated as continuous. Research 

supports the use of this approach when the number of categories is five or more and MLR is used 
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to adjust for non-normality and incomplete data (Rhemtulla, Brosseau-Liard, & Savalei, 2012). 

Despite this, given the relatively few cases in the most extreme levels of consumption (more than 

once a week) at the earliest time points, it’s possible that the standards errors may still be biased. 

These findings should be replicated with larger sample sizes.  

Implications 

It is clear that heavy drinking is not limited to a particular subset of emerging adults, such 

as those who go to university. Rather, our concern about heavy drinking and associated problems 

should be broader, recognizing the potential threat of alcohol misuse to all adolescents and 

young adults. Given the strength of the association between heavy drinking and age, a direct 

policy implication is to strengthen and tighten alcohol regulations to reduce adolescent access to 

alcohol. Currently, the effectiveness of the minimum legal drinking age in Canada is undermined 

by policies that permit individuals under the legal drinking age to drink under specific 

circumstances. For example, in British Columbia it is illegal for underage adolescents to 

purchase and possess alcohol, but not to consume it (British Columbia Liquor Control and 

Licensing Branch, 2013). Moreover, in most provinces, parents can legally serve alcohol to their 

adolescent in their home (Giesbrecht et al., 2013).  

Of additional concern, the current legal drinking age (19 in BC) coincides with the 

normative social timetable for transitioning out of high school, into post-secondary education, 

driving independently and moving out of parents homes. Schulenberg and Maggs (2002) 

theorized that multiple simultaneous transitions within a short time frame can overwhelm young 

adults’ coping capacities and result in increased health risk behaviors. Thus, increasing the legal 

drinking age would help stagger the timing of these various transitions, helping reduce stress and 

substance use.  A comprehensive review conducted by Wagenaar and Toomey (2002) concluded 
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that implementing a legal age of 21 for both purchases and consumption of alcohol is the most 

effective strategy in reducing alcohol-related problems among younger drinkers.  

In addition to broad policy changes, there is also a need for prevention and intervention 

efforts that are sensitive to characteristics of particular subgroups. Despite similar increasing 

trends in alcohol use across educational paths, the factors associated with these increases may be 

quite different. For example, whereas increased alcohol use among four-year university students 

may relate to living on-campus, this is not relevant for understanding the drinking patterns of 

community college students (Sheffield et al., 2005). Differences across campus environments 

and student body composition will have implications for design and delivery of alcohol use 

interventions. While campus wide initiatives may be useful on four-year university campuses 

where there is a well-defined campus culture, they may not be readily applied to community 

colleges where students spend less time on campus. Rather, targeted locations for prevention, 

such as classrooms, or high-traffic areas such as libraries or food courts may be more appropriate 

for community college students. Overall, our findings suggest the optimal timing for targeting 

alcohol use during emerging adulthood will be prior to leaving high school, particularly for those 

who do not intend to pursue post-secondary education. For those enrolling in post-secondary 

education, interventions should target young adults prior to, or immediately following enrollment 

(i.e., during on-campus orientation activities). Future work is needed to identify the unique 

individual and contextual factors that predict increases in alcohol use across subgroups of 

emerging adults and to identify optimal implementation strategies for delivery of interventions in 

different environmental contexts (i.e., college versus university).  
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Conclusion 

Across all groups of emerging adults examined, terminal high school graduates appear to 

be the worst off given their high rates of early and persistent heavy drinking. We need a better 

understanding of this group and how to reach out to them, particularly during emerging 

adulthood. Further, taken together, the current findings illustrate that enrolling in post-secondary 

education, regardless of the type of institution, is associated with an a significant increase in the 

frequency of heavy drinking during early emerging adulthood. Despite not exceeding the 

drinking levels of the high school group, the rapid increase in the frequency heavy drinking 

following enrollment is still of concern. Rapid increases in the frequency of heavy drinking may 

make it more likely that young people will experience injuries as a result of their drinking given 

their low levels of tolerance to high levels of intoxication. It may be the tolerant social 

environment and freedom from responsibility that accompany attendance at post-secondary 

institutions which are associated with increases in heavy drinking, rather than a specific 

contextual environment. However, it is important to note that increases in heavy drinking were 

attenuated by the age of individuals when they enroll. Age of enrollment has not previously been 

examined, but given the current findings, it will be important for future research to consider how 

the timing of enrollment fits in with the larger contextual influences of post-secondary education. 
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Chapter 5 

General Conclusions 

Emerging adulthood is an important juncture in the trajectory of alcohol use that can 

either set the stage for lifelong difficulties with alcohol misuse or serve as a potential turning 

point for fostering adaptive patterns of use. The primary goal of my research was to advance our 

understanding of age-related shifts in the trajectory of alcohol use across adolescence and 

emerging adulthood through examining how different conceptualizations of alcohol use and 

educational experiences influence our empirical findings. As part of this process, I have 

contributed a longitudinal comparative analysis of four of the most commonly used alcohol 

consumption measures, and identified which alcohol indices are the strongest predictors of 

alcohol-related problems during emerging adulthood. As well, I investigated whether enrollment 

in different types of post-secondary education altered trajectories of alcohol use during emerging 

adulthood and examined potential confounders that might account for differences in alcohol 

trajectories across educational groups.  

I conclude this research by summarizing the key findings that have emerged from this 

research and outlining the various contributions I have made to the alcohol and education 

literature. Finally, throughout my research I have identified a number of areas for future 

research, which I conclude with as areas to take my research moving forward.  

Key findings and contributions  

The ultimate goal of many research studies investigating alcohol use during adolescence 

and emerging adulthood is to identify specific patterns of consumption, or individuals, who are at 

risk for alcohol-related harm. To do so, it is important to use measures of alcohol use that 
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accurately capture alcohol use patterns and can predict the likelihood of experiencing alcohol-

related harm. In study 1, I characterized the trajectory of alcohol use over adolescence (age 15-

21) and emerging adulthood (age 21-25) with four measures of alcohol involvement (frequency, 

quantity, frequency of heavy episodic drinking and volume) and compared these measures in 

terms of their baseline levels, rates of change over time, and their prospective associations with 

two types of alcohol-related harms. I found that measures of volume and frequency of heavy 

episodic drinking had the greatest concordance in alcohol trends over time and were more 

predictive of alcohol-related problems than either quantity or frequency alone.  

This study is unique in that it is the first to examine correlations among alcohol use 

measures longitudinally. Moreover, this is the only study to focus on alcohol measurement 

during adolescence and emerging adulthood specifically. Study 1 was submitted to the journal 

Addiction, a preeminent journal in the substance abuse field. The choice of venue for this work 

was motivated not simply by its impact in the substance abuse field, but also due to its 

international and multi-disciplinary readership base. As such, it is hoped my work will provide 

guidance to researchers selecting measures of alcohol involvement to include in future studies, 

and also offer empirical evidence about which measures may be best to use for the purpose of 

modeling alcohol use and related-harms during adolescence and emerging adulthood. Hopefully, 

these findings can contribute to reducing disparities in findings across studies caused by 

variation in choice of measurement.   

Building on this methodological study, Study 2 examined the trajectory of heavy episodic 

drinking for emerging adults who followed different educational pathways. This is one of the 

first studies to empirically test whether there is a shift in alcohol use as a function enrollment in 

post-secondary education and the only paper to examine these associations among Canadian 
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youth. Moreover, few studies have considered whether different types of educational paths 

differentially affect trajectories of alcohol use. Theoretically, the development and 

implementation of alcohol prevention and intervention strategies is reliant on the ability to 

accurately target individuals at risk for alcohol-related harm and identify specific risky contexts.  

There are several key findings from this study that help us do this. First, compared to young 

adults enrolled in any type of post-secondary education, young adults who never enrolled had 

higher and more persistent levels of heavy drinking over time, marking them as an important 

target for early intervention. Second, there were significant differences in the trajectory of heavy 

drinking for those enrolled in different types of post-secondary education. Specifically, 

university students showed the greatest increases in heavy drinking following enrollment and are 

an important at-risk group at the point of enrollment. Third, differences in heavy drinking among 

college, university and transfer students were completely explained by variations in age at the 

time of enrollment. Therefore, younger students were particularly at risk for increased 

consumption after enrollment in post-secondary education, regardless of the type of institution 

they attended.  

Through my research, I have identified enrollment in post-secondary education as an 

important juncture in one’s trajectory of alcohol use, particularly for youth who enroll at age 18 

or 19. Moreover, heterogeneity in the timing of post-secondary enrollment across different 

educational groups is largely responsible for differences in heavy drinking across education 

groups and attenuates the impact of post-secondary enrollment on increases in heavy drinking 

post-enrollment. One of the key contributions of this study is that it highlights the importance of 

the timing of life events over and above the effect of the event itself. I hope the findings from 
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this study encourage future researchers to consider individual variability in the timing of 

developmental transitions during emerging adulthood, rather than just their occurrence.  

This is also the first Canadian study to examine the relation between alcohol use and 

post-secondary education among Canadian emerging adults.  Generally, there has been an 

overreliance on US samples to draw conclusions about trajectories of alcohol use during 

emerging adulthood and the alcohol-education relationship. Differences in macro-contextual 

factors are likely to influence the generalizability of US findings to Canadian samples (Wiesner 

et al., 2007). Specifically, the legal drinking age in most Canadian provinces is 19 years of age 

(it is 18 years of age in Quebec, Alberta and Manitoba), as opposed to 21 years of age in most of 

the US. Consequently, the trajectories of alcohol use may peak earlier for Canadian youth 

compared to American youth. Moreover, the legal drinking age in Canada coincides with the 

normative social timetable for transitioning into post-secondary education. Thus, the majority of 

post-secondary students are of legal drinking age in Canada, which may have important 

implications for the link between post-secondary education and alcohol use. Broadly, my 

research findings are consistent with some US literature but cross-cultural research is needed to 

truly understanding how different policy contexts influence the relation between alcohol and 

post-secondary education.  

Areas for future research 

 It can be concluded from these studies that alcohol use trends during emerging adulthood 

are highly contingent on the alcohol consumption measure used and conceptualizations of 

educational experiences. However, these studies only scratch the surface in terms of potential for 

evaluating the implications of this heterogeneity.  
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First, my research found that measures of volume and heavy episodic drinking were on a 

par with each other in terms of their ability to predict alcohol-related problems and in their 

alcohol trends over time. However, these measures capture distinct aspects of an individual’s 

consumption pattern and both are needed to fully describe an individual’s alcohol consumption 

and estimate risk for harm. Due to collinearity between the measures, it remains unclear how we 

can aggregate these measures to use them in the same statistical model. Two promising 

approaches need to be explored. First, a particularly promising method for assessing 

consumption is the graduated frequency measure (Stockwell et al., 2004). This method asks how 

often people drink specified amounts of alcohol in one day. One of the main advantages of the 

graduated frequency measure is that it captures both volume of consumption, as well as specific 

patterns of consumption such as the frequency heavy episodic drinking in the same measure. As 

a result, indices do not have to be aggregated; rather each individual has a single score 

representing their total volume of alcohol use accounting for patterns of heavy use.  This type of 

measure may better capture overall consumption and predict alcohol-related harm.  

Second, typological approaches, such as latent class analysis and latent class growth 

analysis, can provide a nuanced understanding of the associations among different alcohol 

measures. These statistical models use categorical latent variables to describe the relationships 

among a set of observed variables, such as different alcohol consumption measures (Muthén & 

Muthén, 2000), and identify distinct patterns of consumption that can be modeled over time. One 

of the primary advantages of using a typological approach is the opportunity it provides to 

identify, summarize, and communicate complex patterns of data in flexible and meaningful 

ways. The primary disadvantage of this method, however, is that the latent groups or alcohol 

patterns identified are influenced by variation in study characteristics, such as the alcohol 
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measures used and the number and interval between assessments (Faden et al., 2004; Jackson & 

Sher, 2005; 2006), limiting the generalizability of the alcohol patterns identified. Additionally, 

given the number of parameters estimated in typological models they require large sample sizes.  

From a methodological approach, my future research will explore how these two methods 

can help elucidate the multivariate associations among alcohol measures and better predict 

alcohol-related problems in emerging adulthood. The V-HYS introduced a graduated frequency 

measure at wave 4. Thus, I hope to conduct a cross-sectional comparison of the graduate 

frequency measure with measures of volume and frequency of heavy episodic drinking using 

wave 4 of the V-HYS.  

Second, my research has highlighted the importance of the timing of post-secondary 

enrollment. There is a growing trend of delaying enrollment in post-secondary education. Hango 

(2010) reports that 43% of Canadian young adults delay enrollment longer than 4 months. 

However, we do not know why some young adults delay enrollment and others do not, nor do we 

know the potential consequences of delayed enrollment on health, wellbeing, and economic 

capital in later adulthood.  Delayed entry may provide young adults with an opportunity for self-

reflection, facilitating better-informed decisions about degree plans and future career options 

(Hango, 2011). However, delaying enrollment puts young adults “off-time”, placing them in 

classes with younger students and making it more likely they will be balancing family or work 

commitments that could interfere with their studies (Bozick & Deluca, 2005).  Thus, another area 

of future work is to examine factors that influence the timing of post-secondary enrollment, as 

well as the consequences of delayed enrollment on health and well-being during adulthood, 

including substance use.  
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Appendix A 

Table 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample Descriptives of the Frequency of Heavy Episodic Drinking by Wave 

 

  

N 

2003 2005 2007 2009 2011 

661 577 534 457 459 

Mean (SD) 0.60 (1.00) 1.14 (1.24) 1.55 (1.29) 1.62 (1.28) 1.51 (1.21) 

Skewness (SE) 1.63 (0.10) 0.79 (0.10) 0.41 (0.11) 0.46 (0.11) 0.47 (0.11) 

Kurtosis (SE) 1.75 (0.19) -0.48 (0.20) -0.90 (0.21) -0.84 (0.23) -0.70 (0.23) 

Distribution (%) 

     Never 444 (67%) 250 (43%) 140 (26%) 97 (21%) 108 (16%) 

A few times a year 98 (15%) 124 (22%) 142 (27%) 148 (32%) 142 (31%) 

A few times a month 70 (11%) 110 (19%) 122 (23%) 96 (21%) 110 (24%) 

Once a week 37 (6%) 60 (10%) 78 (15%) 62 (14%) 63 (14%) 

More than once a 

week 

12 (2%)  33 (6%) 52 (10%) 54 (12%) 36 (8%) 
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Table 2  

 

 

 

 

Sample Descriptives of the Frequency of Heavy Episodic Drinking by Age 

 

  

N 

15 16 17 18 19 20 21 22 23 24 25 

176 262 272 253 235 232 212 182 145 135 113 

Mean  

(SD) 

0.5 

(0.88) 

0.95 

(1.10) 

1.15 

(1.20) 

1.43 

(1.29) 

1.68 

(1.26) 

1.78 

(1.23) 

1.68 

(1.31) 

1.52 

(1.17) 

1.81 

(1.31) 

1.44 

(1.19) 

1.62 

(1.22) 

Skewness 

(SE) 

1.82 

(0.18) 

0.95 

(0.15) 

0.72 

(0.15) 

0.53 

(0.15) 

0.30 

(0.16) 

0.27 

(0.16) 

0.36 

(0.17) 

0.40 

(0.18) 

0.26 

(0.20) 

0.72 

(0.21) 

0.47 

(0.23) 

Kurtosis  

(SE) 

2.60 

(0.36) 

-0.02 

(0.3) 

-0.57 

(0.29) 

-0.78 

(0.31) 

-0.86 

(0.32) 

-0.86 

(0.32) 

-0.94 

(0.33) 

-0.72 

(0.36) 

-1.02 

(0.40) 

-0.37 

(0.41) 

-0.69 

(0.45) 

Distribution 

(%) 

     

      

Never 

122 

(69%) 

124 

(47%) 

111 

(41%) 

80 

(32%) 

50 

(21%) 

38 

(16%) 

47 

(22%) 

40 

(22%) 

26 

(18%) 

29 

(22%) 

21 

(19%) 

A few times 

a year 

31 

(18%) 

63 

(24%) 

65 

(24%) 

60 

(24%) 

60 

(26%) 

67 

(29%) 

57 

(27%) 

58 

(32%) 

40 

(28%) 

57 

(42%) 

39 

(35%) 

A few times 

a month 

13  

(7%) 

47 

(18%) 

52 

(19%) 

61 

(24%) 

66 

(28%) 

62 

(27%) 

52 

(25%) 

44 

(24%) 

35 

(24%) 

21 

(16%) 

26 

(23%) 

Once a week 

9  

(5%) 

21 

(8%) 

33 

(12%) 

28 

(11%) 

34 

(15%) 

39 

(11%) 

28 

(13%) 

29 

(16%) 

23 

(15%) 

17 

(13%) 

16 

(14%) 

More than 

once a week 

1  

(1%) 

7 

(3%) 

11 

(4%) 

24 

(10%) 

25 

(11%) 

26 

(11%) 

28 

(13%) 

11 

(6%) 

21 

(16%) 

11 

(8%) 

11 

(10%) 
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Table 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample Descriptives of the Drinking Frequency by Wave 

 

  

N 

2003 2005 2007 2009 2011 

661 577 538 454 459 

Mean (SD) 1.19 (1.12) 1.90 (1.32) 2.44 (1.25) 2.68 (1.19) 2.75 (1.25) 

Skewness (SE) 0.73 (0.10) 0.15 (0.10) -0.24 (0.11) -0.44 (0.11) -0.53 (0.11) 

Kurtosis (SE) -0.17 (0.19) -1.04 (0.20) -0.99 (0.21) -0.83 (0.23) -0.97 (0.23) 

Distribution (%) 

     Never 220 (33%) 102 (18%) 38 (7.1%) 20 (4.4%) 19 (4%) 

A few times a year 206 (31%) 129 (22%) 90 (16%) 58 (12.8%) 75 (16%) 

A few times a month 152 (23%) 165 (29%) 156 (29%) 125 (28%) 91 (20%) 

Once a week 53 (8%) 84 (15%) 103 (19%) 96  (21%) 90 (20%) 

More than once a 

week 

30 (5%) 97 (17%) 151 (28%) 155 (34%) 184 (40%) 
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Table 4 

 

Sample Descriptives of Drinking Frequency by Age 

 

  

N 

15 16 17 18 19 20 21 22 23 24 25 

175 262 272 256 235 231 212 182 145 135 113 

Mean  

(SD) 

1.30 

(1.11) 

1.60 

(1.14) 

1.82 

(1.15) 

2.14 

(1.16) 

2.61 

(1.16) 

2.76 

(1.19) 

2.73 

(1.17) 

2.70 

(1.16) 

2.93 

(1.21) 

2.71 

(1.21) 

2.86 

(1.21) 

Skewness 

(SE) 

0.699 

(0.18) 

0.42 

(0.15) 

0.29 

(0.15) 

-0.03 

(0.15) 

-0.34 

(0.16) 

-0.53 

(0.16) 

-0.49 

(0.17) 

-0.45 

(0.18) 

-0.73 

(0.20) 

-0.46 

(0.21) 

-0.59 

(0.23) 

Kurtosis  

(SE) 

-0.22 

(0.36) 

-0.46 

(0.30) 

-0.61 

(0.29) 

-0.86 

(0.31) 

-0.83 

(0.32) 

-0.72 

(0.32) 

-0.68 

(0.33) 

-0.74 

(0.36) 

-0.73 

(0.40) 

-0.84 

(0.41) 

-0.92 

(0.45) 

Distribution 

(%) 

     

      

Never 

45 

(26%) 

46 

(18%) 

33 

(12%) 

29 

(11%) 

9 

(4%) 

10 

(4%) 

9 

(4%) 

7 

(4%) 

4 

(3%) 

6 

(4%) 

3 

(3%) 

A few times 

a year 

68 

(40%) 

83 

(32%) 

81 

(30%) 

45 

(18%) 

32 

(14%) 

25 

(11%) 

21 

(10%) 

21 

(12%) 

20 

(14%) 

17 

(13%) 

16 

(14%) 

A few times 

a month 

34  

(19%) 

82 

(31%) 

89 

(33%) 

91 

(36%) 

70 

(30%) 

63 

(27%) 

63 

(30%) 

52 

(29%) 

26 

(18%) 

37 

(27%) 

25 

(22%) 

Once a week 

20 

(11%) 

31 

(12%) 

41 

(15%) 

42 

(16%) 

54 

(23%) 

46 

(20%) 

44 

(21%) 

41 

(23%) 

27 

(19%) 

26 

(19%) 

19 

(17%) 

More than 

once a week 

8  

(5%) 

20 

(8%) 

28 

(10%) 

49 

(19%) 

70 

(30%) 

86 

(38%) 

75 

(35%) 

61 

(34%) 

68 

(45%) 

49 

(36%) 

50 

(44%) 
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Appendix B 

 

Figure 1. Estimated slopes from single-piece quadratic models for heavy episodic drinking (top left), frequency (top right), quantity 

(bottom left) and volume (bottom right).  


