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Abstract
The goal of the present study was to empirically determine the effect of employing different cut
scores for frequency of heavy episodic drinking (HED; an often-used indicator of problematic alcohol
involvement) within a longitudinal framework. Using data from a large prospective (9-wave) college
student sample, the authors used latent class growth analyses to characterize developmental
trajectories of HED based on alternate cut scores that varied in frequency of HED (defined by 5+
drinks per occasion), as well as to measure very heavy episodic drinking (12+ drinks per occasion).
As cut score severity increased and base rates for HED correspondingly decreased, individuals were
increasingly categorized into less severe classes. Concordance between trajectories ranged from
small to moderate, with concordance using highly discrepant definitions of frequent HED being
particularly low. HED trajectories based upon different cut scores were validated against a range of
etiological and consequential correlates. No single cut score was superior to others in explaining
variance in external validity indicators, suggesting that the choice of cut score should be based upon
theoretical and clinical considerations. This study further extends the authors’ prior work examining
the effects of methodological factors that are critical to characterizing the developmental course of
alcohol involvement.
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Given the rise of trajectory-based approaches in characterizing the developmental course of
alcohol involvement over the lifespan, it is critical for researchers to examine the practical
implications of measurement and design issues on the identification and properties of alcohol-
related trajectories. In two previous articles (Jackson & Sher, 2005, 2006), we explored the
influence of methodological features on trajectory identification, such as the type of measure
of alcohol involvement used and the number and timing of assessment occasions. Left
unaddressed in our prior work and by the field at large is the critical question of how different
severities or thresholds of measurement might affect these trajectories. This issue is central
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when categorical indicators of an alcohol-related status (e.g., whether or not an alcohol use
disorder, a symptom, or a certain level of drinking is endorsed) are being considered. In the
present study, we extend our prior investigations on methodological variance in trajectory
identification to consider the effect that differing cut scores in the frequency of heavy episodic
drinking (HED) have on the prevalence of trajectory class membership and the correlates of
trajectories.

We focus on HED, which gauges heavy consumption in a short time frame (Wechsler & Nelson,
2001), because it has been employed as an efficient indicator of risky or problematic alcohol
involvement, particularly for college students who frequently engage in consumption at
potentially harmful levels. HED has generally been defined as five or more drinks (sometimes
four or more for women; Wechsler & Austin, 1998) on a single occasion. Both the National
Institute on Alcohol Abuse and Alcoholism (NIAAA) Advisory Council Task Force (NIAAA,
2004) and the World Health Organization (2000) have endorsed HED definitions
corresponding to roughly five or more drinks per occasion (although the NIAAA criteria
emphasize the imprecision of any definition that fails to account for weight, duration of the
drinking episode, and individual differences in pharmacokinetics, a position we
wholeheartedly embrace). HED is associated with numerous adverse outcomes such as injury,
unplanned sexual behavior, driving after drinking, and alcohol dependence (e.g., Knight et al.,
2002; Wechsler & Austin, 1998; Wechsler, Davenport, Dowdall, Moeykens, & Castillo,
1994; Wechsler, Dowdall, Maenner, Gledhill-Hoyt, & Lee, 1998).

Practical clinical decisions related to treatment eligibility, hospitalization, and medication
generally require that the researcher make a categorical distinction between high and low
functioning or caseness (Ellickson, McGuigan, Adams, Bell, & Hays, 1996; Krueger, Watson,
& Barlow, 2005; Widiger & Clark, 2000). For example, alcohol treatment programs may base
eligibility criteria on HED (e.g., two or more HED occasions in the past 30 days, as in Borsari
& Carey, 2005). Unfortunately, such categorical distinctions of what is problematic behavior
are determined based on arbitrary decisions about where cut points should be drawn rather than
on empirical data (Hilton, 1987; Widiger & Samuel, 2005). Some researchers have made a
distinction on the basis of any heavy drinking; others have made a determination on the basis
of their own supposition of what is abnormally frequent (e.g., HED on a weekly basis).
Wechsler and colleagues (e.g., Wechsler & Nelson, 2001; Wechsler et al., 2002) categorized
HED as “frequent” if it occurred three or more times in a 2-week period, and some other
researchers have adapted this definition (LaBrie, Pedersen, & Tawalbeh, 2007; A. M. White,
Kraus, & Swartzwelder, 2006). In a study that characterized developmental course of heavy
drinking, Schulenberg, O’Malley, Bachman, Wadsworth, and Johnston (1996) defined
frequent heavy drinking as two or more HED episodes in 2 weeks; this is consistent with the
notion of weekly HED as an indicator of problematic drinking (as in Greenfield, Midanik, &
Rogers, 2000; Hilton, 1991). Thus, frequent HED is defined in alternative ways by various
investigators with no clear consensus as to where the threshold for frequency should be drawn.
It is also possible to conceive of a different type of cut score based on number of drinks per
occasion as opposed to frequency of HED. For example, an episode of HED may be defined
as consumption of 12 or more drinks per occasion (consistent with other research exploring
alternate definitions of HED; Graham, Demers, & Rehm, 2004; Graham, Massak, Demers, &
Rehm, 2007). Research has not yet systematically addressed the utility of alternate HED
thresholds based on volume (although see Jackson, 2008).

Additionally, the meaning of HED (and thus the implications of a cut score for defining severe
HED) is likely to differ as a function of developmental stage. Among young adults, college
freshman have the highest rates of heavy drinking (Engs, Diebold, & Hanson, 1996), and in
general, HED declines over the transition to young adulthood, although a sizeable minority of
young adults continue to drink at risky levels. Studies of HED trajectories (e.g., Chassin, Pitts,
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& Prost, 2002; Oesterle et al., 2004; Schulenberg, O’Malley, et al., 1996; Schulenberg,
Wadsworth, O’Malley, Bachman, & Johnston, 1996; Tucker, Orlando, & Ellickson, 2003;
Windle, Mun, & Windle, 2005) clearly have shown that the characteristic courses of alcohol
involvement generally appear nothing like the average trajectory of use. For example, although
a mean trajectory may show relative stability over time, there may be subgroups of individuals
whose drinking steadily increases or decreases.

The current study seeks to determine the implications of employing different cut scores in
portraying the developmental courses of heavy alcohol use and to explore the possibility that
there is an optimal cut score that will permit researchers to capture the maximum amount of
heterogeneity in trajectories of heavy alcohol use. Although traditional cut score analyses are
based upon optimizing the trade-off between sensitivity and specificity with respect to a given
criterion, for our purposes, we are interested in cut scores that yield trajectories that show the
greatest variability across a range of external criteria. On a priori grounds we expect a definition
of frequent HED that uses a liberal cut score (e.g., any HED based on the 5+ drink standard
definition) to fail to resolve more than a minimal number of classes (those who do vs. do not
engage in HED). In contrast, the use of a more severe cut score will permit the identification
of a group of individuals who “mature out” of heavy alcohol involvement as well as the
identification of those for whom heavy drinking increases over time. Yet, a cut score that is
too severe will be unable to resolve variability in low frequency drinking and will fail to
characterize problems that might be of clinical and public health concern (but would not be
categorized as such). Understanding how the employment of different cut scores affects the
types of trajectories obtained represents a necessary step in the development of trajectories that
are optimally informative.

Method
Participants and Procedure

Participants were drawn from a sample of 3,720 entering first-time college students aged 19
years or younger who enrolled at a large midwestern university on the first day of classes (54%
female, 46% male; 90% non-Hispanic White, 10% other races/ethnicities; mean age of 18.0
years; for a study overview, see Sher & Rutledge, 2007). During a campus-based freshman
orientation session, participants completed a 30-min paper-and-pencil questionnaire assessing
precollege alcohol and substance use and other relevant domains in a large group setting (a
subset of participants completed mailed questionnaires after the orientation had ended). During
the fall semester, the 3,720 precollege participants were recontacted and invited to participate
in a series of 40- to 60-min web-based assessments that took place during each semester;
participants were included whether or not they remained enrolled at the university. Thus, there
were eight waves over a 4-year period as well as the precollege assessment. The web-based
survey focused on alcohol and substance use during each semester as well as on substance-
related cognitions, peer norms, broad personality domains, and other established etiological
predictors of young adult substance use.

Retention rates for any one follow-up survey averaged between 75%-80%. Because 289 (7.8%)
respondents participated only at Wave 0 (precollege assessment) and 373 (10.0%) participated
only in one additional wave beyond Wave 0, we restricted the sample to those participants who
completed at least two waves of the college assessment as well as the precollege assessment
(i.e., at least three measurement occasions total). These participants (N = 3,058; 57.9% female,
42.1% male; 90.4% non-Hispanic White, 4.6% Black, 3.1% Asian, 1.9% other races/
ethnicities; mean age of 17.9 years) were similar to the precollege sample with respect to
ethnicity and age but were more likely to be female (58% vs. 54%). Retained participants were
also more likely to have good high school academic performance (ACT composite score
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percentile), less likely to report substance use during their senior year of high school, and less
likely to associate with peers who drank (Sher & Rutledge, 2007).

Measures
Heavy alcohol consumption—Frequency of HED was assessed with an item which
inquired about the number of times in the past 30 days the participant had consumed five or
more drinks in a row at a single sitting. There were eight response options: 0 = did not in the
past 30 days; 1 = once in the past 30 days, 2 = two to three times in the past 30 days, 3 = once
or twice a week, 4 = three to four times a week, 5 = five to six times a week, 6 = nearly every
day, 7 = every day, 8 = twice a day or more. Due to low base rates in the top four categories
(2.8% at Wave 0, < 2% at Waves 1-8), the top five categories were collapsed into a single
category. Frequency of heavy drinking at each wave is portrayed in Figure 1. For this study,
we alternatively categorized the heavy drinking measure in four ways, creating four
dichotomous variables based on different cut scores (CS); CS 1: 5+ drinks at least once in the
past 30 days; CS 2: 5+ drinks at least two to three times in the past 30 days; CS 3: 5+ drinks
at least once or twice a week; and CS 4: 5+ drinks at least three times a week. In addition, we
created a fifth cut score (CS 5) based on whether or not the participant had consumed 12+
drinks in a row at a single sitting in the past 30 days (response options as above) to compare
thresholds based on volume vs. thresholds based on frequency.

Validity indicators—We sought to validate the HED cut scores using an array of etiological
and consequential correlates. We selected as candidate variables those shown to be predictive
of and/or out-comes of HED (see H. R. White & Jackson, 2004-2005). When possible, we
considered the variable both at study outset (Wave 0; Wave 1 if the variable was not available
at Wave 0) and at study end (Wave 8; Wave 7 if the variable was not available at Wave 8).

Gender data were obtained from the university registrar (when registrar data were not available,
self-reported gender was used). Childhood conduct disorder was assessed at Wave 1 using a
count of 10 items such as “skip school,” “run away,” or “use a weapon” that were endorsed as
having occurred before age 15, consistent with Diagnostic and Statistical Manual of Mental
Disorders (4th ed.; American Psychiatric Association, 1994) criteria. Extent of Greek
involvement at Wave 1 was assessed by asking the respondent “Are you a member of a
fraternity or sorority?” Response options included the following: 0 = no, not member, never
attend; 1 = no, not member, occasionally attend; 2 = no, not member, regularly attend; 3 =
yes.

Novelty seeking at Waves 1 and 7 was assessed using the 13-item short version (Sher, Wood,
Crews, & Vandiver, 1995) of the Novelty Seeking scale of the Short Tridimensional Personality
Questionnaire (Cloninger, 1987b; α = .72). For 239 participants who were not assessed at Wave
1, novelty seeking was assessed at Wave 2 using a supplemental questionnaire. Coping and
enhancement reasons for drinking at Waves 0 and 7 were assessed with a five-item coping
subscale (α = .96) and a five-item enhancement subscale (α = .97) from Cooper’s (1994) 20-
item scale. Response options were 0 = never been a drinker; 1 = strongly disagree; 2 = slightly
disagree; 3 = slightly agree; 4 = strongly agree. Scores were computed only for those
participants who indicated they were “drinkers.”

Past-year (Wave 0) and past 3-month (Wave 8) alcohol consequences (e.g., “Have you had a
blackout from drinking?”) were assessed with a 37-item expanded item set based upon the
Young Adult Alcohol Problems Screening Test (Hurlbut & Sher, 1992).
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Analytic Approach
To identify trajectories of heavy drinking at each cut score, we used a mixture modeling
procedure (Jones, Nagin, & Roeder, 2001; B. Muthén, 2001; B. Muthén & Muthén, 2000),
latent class growth analysis. This technique is a form of latent growth modeling that identifies
homogeneous classes of individuals on the basis of their pattern of endorsement over time.
This analysis has some important advantages over other techniques used to derive
developmental courses of substance use (e.g., cluster analysis, latent class analysis), as it treats
group membership as a latent (error-free) variable, and it is appropriate for prospective data.
Note that this “person-based” model can be conceptualized as an analog to factor analysis,
where groups of individuals (rather than sets of variables) are extracted. In the present study,
the latent class growth analyses were based on a basic latent growth model which included
intercept as well as linear and quadratic slopes (set according to the interval between
assessments; see Figure 2). In latent class growth analysis, no variation across individuals
within a class is assumed (Nagin, 1999; Roeder, Lynch, & Nagin, 1999). Although this might
seem like an unnecessary restriction, permitting variation around the group mean results in a
far more complex model (Nagin & Tremblay, 2005); in practice, relaxing this assumption
frequently results in greater likelihood of encountering convergence problems.

Trajectory models were estimated using Mplus (Version 4.10; L. K. Muthén & Muthén,
1998-2006). Models were estimated with automatically generated random start values using
full information maximum likelihood, which assumes data are missing at random. We relied
on three criteria to determine number of classes. As recommended by B. Muthén (2004), model
fit was primarily evaluated using a likelihood ratio test for relative improvement in fit, the
Vuong-Lo-Mendell-Rubin likelihood ratio test (VLMR LR; Lo, Mendell, & Rubin, 2001).1
Given the large sample size, we used a conservative criterion of α = .01 to determine whether
a model yielded improved fit according to the VLMR LR test. We also considered an
information criteria fit index (Bayesian information criterion; Schwarz, 1978) as well as class
interpretability (the extent to which an additional class provided unique information) when
determining number of classes.

Results
Identification of Trajectories

We tested a one- through seven-class model for each cut score (see Table 1). On the basis of
the VLMR LR test, the five-class model was generally the best-fitting model and yielded the
most interpretable classes. Although four classes were sufficient for the most severe 5+ cut
score (at least three times per week) according to the VLMR LR test, the Bayesian information
criterion supported a five-class model, and we preferred the five-class model for comparability
across solutions using alternative cut scores. Although prevalences were small for the most
severe classes in this model, our sample size was large, and we felt that these classes were
clinically meaningful. In addition, although the six-class solution was best for the second cut
score analysis (two to three times in the past 30 days), the additional class was not informative,
corresponding to a moderate likelihood of engaging in HED at all time points.

Figure 3 presents the developmental courses for the five HED cut scores. Group membership
for each was characterized by the following trajectories: (a) an increasing class that showed a
some-what early onset and a chronic high progression (ranging from 2% to 21%), (b) a later-
onset increase class (from 9% to 15%), (c) a chronic high class (from 3% to 40%), (d) a class
that decreased over time (from 8% to 17%), and (e) a non-HED class (from 16% to 68%).

1Although B. Muthén (2004) also recommended use of the parametric bootstrapped likelihood ratio test (McLachlan & Peel, 2000), we
found that the significance of the test exceeded p > .0001 in only 1 of the 35 (seven classes × five cut score models) analyses.
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Comparison of Trajectories
To determine concordance of class membership across cut scores, we assigned respondents to
their most likely class membership for each cut score. Contingency tables were created for
each of the 10 pairwise comparisons (e.g., CS 1 vs. CS 2, CS 1 vs. CS 3, CS 2 vs. CS 3, etc.).
For each of the comparisons, agreement was low to moderate in magnitude: Cramer’s V, a
normed measure of association that represents percentage of maximum possible variation
between two variables, ranged from .25 to .55 (see upper diagonal of Table 2) and Cohen’s
(1960) kappa ranged from .07 to .47 across the pairwise comparisons (see lower diagonal of
Table 2). The greatest concordance was observed between HED of 12+ drinks at least once in
the past 30 days (CS 5) and HED of 5+ drinks at least once or twice a week (CS 3; κ = .47),
although the latter was also highly associated with HED of 5+ drinks at least two to three times
in the past 30 days (CS 2; κ = .44). Concordance between pairwise trajectories that used highly
discrepant definitions was low (e.g., κ = .07 for CS 1 vs. CS 4).

Although describing agreement between trajectories is useful, it would be informative to
understand the extent to which agreement is a function of particular combinations of courses
(e.g., whether certain cells in each contingency table were particularly influential in
contributing to agreement or disagreement). To examine this issue, we computed cell chi-
squares for each of the cells in the contingency table. Significant cell chi-square values can
reflect values greater than would be expected by chance (indicating that a particular
combination of courses contribute to agreement) or lower than would be expected by chance
(indicating that a particular combination of courses contribute to disagreement). However,
presenting each of the 10 contingency tables would be cumber-some. Instead, we present a
summary figure (see Figure 4) documenting the extent to which each of the cells contributed
to agreement. Cell chi-square statistics for each cell were plotted on bar graphs for each of the
10 pairwise comparisons; hence, there are 10 bars for each cell. The height of each of the bars,
thus, reflects deviation from chance (i.e., base rate) agreement between pairs of trajectories.
As expected, corresponding courses (i.e., cells falling along the diagonal) were observed at a
rate greater than would be expected by chance (represented by dark hatching), particularly for
the chronic high and nondrinker groups, suggesting some stability in low drinking and in very
heavy drinking. Level of agreement on the off-diagonal was consistently lower than chance
agreement (represented by light hatching), particularly for comparisons with a non-HED class.

Three important off-diagonal associations are worth noting. First, those categorized as early
onset increasers according to a less severe CS were likely to be categorized as later onset
increasers according to a more severe CS, suggesting a somewhat lagged effect between less
vs. more frequent HED. Second, those categorized in the chronic class according to a less
severe CS were likely to be categorized as an early onset increaser according to a more severe
CS, perhaps reflecting tolerance to alcohol that in turn brought about heavier drinking. Finally,
those categorized in a chronic class according to a less severe CS score were also likely to be
categorized in a decreasing class according to a more severe CS, indicating that the majority
of individuals who continually drank heavily in low frequency were drinking with great
frequency only during early college years, consistent with findings that those who have reached
legal drinking age engage in less HED than do those who are underage.

Construct Validity
To determine which cut score was maximally associated with individual covariates,
respondents were assigned to their most likely class, and dummy-coded class membership
served as a predictor in a series of regression analyses for 11 criterion variables across
trajectories based upon different cut scores. In all cases, examination of specific betas indicated
that heavier drinking classes yielded higher scores on the correlates (e.g., men, those high on
novelty seeking, and those with enhancement drinking motives were more likely to belong to
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heavy drinking groups). We examined proportion of variance accounted for after controlling
for gender (see Table 3, columns labeled Full). Visual inspection of the R-square values
suggests that the two lowest cut scores (any HED and HED at least two to three times in the
past 30 days; CS 1 and CS 2) explained the greatest variance for most outcome measures,
although gender and conduct disorder were most strongly associated with the highest cut score
(CS 5).2

Next, we addressed the extent to which the association between the cut scores and the correlates
was due to the distinction between those who do versus do not engage in HED. We conducted
a final set of analyses that excluded those belonging to the non-HED group for a given cut
score (see Table 3 columns labeled Without non-HED). R-square values were substantially
attenuated, particularly for cut scores marked by frequent HED of 5+ drinks (CS 3 and CS 4).
Although we are not aware of a simple, formal test by which we can identify variation that is
due to (differences from) the non-HED class, it appears that there is some tendency for there
to be more meaningful variation not associated with the abstaining class when lower thresholds
are used.

Discussion
The goal of the present study was to examine the implications of different cut scores on the
characterization of trajectories of HED, with consideration of prevalence rates, concordance,
and associations with theoretical and clinical criteria. Although we were interested in exploring
whether there was a single cut score that optimized meaningful variability in course, we
recognize that any such cut score could be sample, stage of life, and criterion specific.

Across the five cut scores, we identified five trajectories that varied in age of onset (early vs.
late), degree of change (increasing vs. decreasing), and severity (level) of use. These
trajectories are consistent with Zucker’s (1994) conceptualization of subgroups of alcoholics
based on both course and chronicity of alcohol dependence (e.g., developmentally limited,
developmentally cumulative alcoholics) as well as with other researchers’ empirical work
documenting heavy drinking trajectories (e.g., Chassin et al., 2002; Tucker et al., 2003; Windle
et al., 2005), including a study that used a frequent heavy drinking cut score that corresponded
to our CS 2 (5+ drinks at least two to three times in the past 30 days) (Schulenberg, O’Malley,
et al., 1996; Schulenberg, Wadsworth, et al., 1996). These studies generally have identified a
nonuser/low user course, a chronic high course, a decreasing course, and an escalating course.
Our findings also are consistent with typologies that categorize individuals on the basis of
alcohol use disorder severity (Type A vs. Type B: Babor et al., 1992; Type I vs. Type II:
Cloninger, 1987a) and age of onset (Buydens-Branchey, Branchey, & Noumair, 1989; Lee &
DiClimente, 1985). It is reassuring that a five-trajectory model was observed for each of the
cut scores, consistent with our prior work showing similarity in cut scores using alternate
indexes of alcohol involvement (Jackson & Sher, 2005).

Not unexpectedly, as the severity of a drinking cut score increased (e.g., increasingly frequent
HED), individuals were increasingly categorized into less severe classes. This finding is almost
tautological and requires no further consideration; however, it is important to bear in mind that
an individual who is not categorized in an HED class based on a more severe cut score may
still be engaging in some level of HED and, hence, may be at risk for adverse alcohol-related
outcomes. When “frequent” HED is defined by three or more HED episodes per 2 weeks

2We are not aware of any statistical tests that would permit us to compare R-squares for different sets of variables (with four dummy
codes reflecting the nominal class variable). Conceptually, this is an extension of the test for dependent correlations (e.g., Meng, Rosenthal,
& Rubin, 1992), considering R-square rather than r. As such, we looked for trends in the association between increasingly severe cut
scores and correlates.
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(roughly corresponding to our CS 3), those who engage in frequent HED consume alcohol in
quantities well beyond the 5+ to 4+ threshold (A. M. White et al., 2006), and the number of
HED episodes in the past 2 weeks can far exceed three occasions (LaBrie et al., 2007).

As we anticipated, classes characterized by a change in HED over time were more nuanced
when frequent HED was defined by a severe cut score: For CS 4, two separate groups whose
drinking declined were observed, but this was not true for lower cut scores. Less severe cut
scores tended to have greater resolution in identifying nonabstaining HED classes; lower cut
scores tended to show greater separation of classes (i.e., greater area between the trajectories).
As cut scores increase in severity, potentially meaningful patterns become subsumed in the
non-HED class; correspondingly, the prevalences of HED classes become lower. The two most
severe cut scores (CS 4 and CS 5) yielded chronic high groups with very low prevalences (3%
and 2%, respectively), suggesting that these two cut scores may not be optimally capturing the
maximum amount of heterogeneity in the HED course.

When we use highly discrepant definitions of what constitutes frequent HED, we observe
strikingly low concordance between trajectories despite similar “looking” trajectory classes.
When there was agreement, courses generated by different cut scores paralleled each other,
either in a contemporaneous or a lagged fashion. Of interest given the limited work examining
a very high heavy consumption threshold (12+ drinks), many individuals who reported drinking
5+ drinks on a frequent basis also reported consuming 12+ drinks per occasion.

Validity analyses based upon association with drinking-relevant criteria failed to identify a
single cut score that was clearly superior to others, although in our analyses comparing the 12
+ threshold with the 5+ threshold for HED, drinking behavior at the level of 12+ drinks per
occasion seems to have clear clinical significance for women insofar as heavy drinking is
associated with numerous adverse health consequences (e.g., unintentional injury; Smith,
Branas, & Miller, 1999). The finding that that no single cut score outperformed the others
suggests that general theories may hold regardless of how frequent heavy drinking is
operationalized and that a parsimonious definition may be ideal (e.g., any HED vs. no HED).
There was some evidence that the lowest cut scores (CS 1 and CS 2) explained the greatest
variance for most outcome measures (and they certainly did no worse than other cut scores),
suggesting that the frequent HED measure defined by three or more HED episodes in the prior
2-week period (corresponding to our CS 3) used by some researchers may in actuality be too
severe to adequately capture much of the meaningful variability in a behavior of interest. Some
interesting patterns emerged whereby less severe cut scores seemed to be associated with more
normative items (e.g., enhancement motives), whereas more deviant behaviors were better
discriminated by more severe cut scores (e.g., coping motives). Our findings must be
considered preliminary given the descriptive nature of the analyses and the limited set of
validity indicators. In addition, there is a tendency for there to be more meaningful variation
not associated with the non-HED class when lower thresholds are used. If true, this is likely
due to two reasons: (a) Base rates are higher for different HED trajectories when lower cut
scores are used, and (b) using too severe a cut score potentially masks serious but subthreshold
drinking.

Implications for Assessment and Intervention
The current work extends traditional cut score analyses to a developmental framework where
determination of an optimal cut score was not simply based on a single measurement occasion
but was set in the context of intraindividual patterning over time. Influential theorists have
suggested that early alcohol involvement provides critical information for defining drinking
typologies, and our findings clearly indicate that whether frequent HED is early onset versus
late onset depends upon the cut score employed. This general principle of where to apply a
threshold for problematic alcohol involvement extends to other domains, such as number of
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dependence symptoms (Langenbucher et al., 2004; Winters, Latimer, & Stinchfield, 1999),
number of alcohol consequences that are meaningful, and number of drinks in a given period
(Jackson, 2008).

Selection of a cut score will almost certainly depend on the goals of intervention; cutoff points
that are optimal for one clinical decision are not necessarily optimal for another (Kendler,
1990), and cut scores should be meaningful and specific to different social and clinical
decisions (Widiger & Samuel, 2005). Given that considerable risk for alcohol-related
consequences exists at as low as one drink per day (Weitzman & Nelson, 2004), a very liberal
cut score such as endorsement of any heavy drinking (CS 1) might be a suitable goal for
universal prevention programs (e.g., alcohol intervention programs upon college entry).
Indeed, our analyses suggest that traditional definitions of frequent heavy drinking (e.g., five
or more occasions per month) represent too high a frequency threshold for identifying
individuals who are likely to experience significant problems and exhibit chronic courses.
Consequently, indicated prevention programs (e.g., mandated interventions to combat risky
alcohol use) might target any individuals whose risky alcohol involvement is unlikely to remit.
Because our findings indicate the relative nature of “remission,” clinicians should fully
understand that clients can show a reduction in frequency of heavy drinking while still
maintaining a chronic pattern likely to incur negative consequences. In general, the clinical
relevance of various subtypes increases with increasing thresholds, but many individuals who
were categorized as belonging to the non-HED class based on CS 3 or CS 4 are engaging in
regular (e.g., more than once per month) HED and may still be of clinical concern. In any
clinical prediction context, the choice of cut scores will be highly dependent on the relative
costs and benefits of Type I and Type II errors (the relative importance of sensitivity vs.
specificity for a given clinical or public health problem; Hurlbut & Sher, 1992). Perhaps the
most useful clinical information to be gleaned from the trajectories derived in the present study
concerns prognosis. The types of data reported here, if extended to populations beyond the
present college student sample, could provide useful information concerning the likelihood of
chronic versus remitting courses as a function of level (i.e., frequency) of HED. These actuarial
predictions are useful both to clinicians and to clients who want to evaluate the potential value
of intervention.

Implications for Research Using Trajectory-Based Modeling
Given the rise of trajectory-based approaches in characterizing the developmental course of
alcohol involvement over the lifespan, it is critical for researchers to consider the practical
implications of measurement and design issues on the identification and properties of
empirically derived trajectories. The present study findings underscore the need for caution
when interpreting the findings of an investigation and when synthesizing findings across
multiple studies that employ different definitions of risky drinking. Although two sets of
trajectory classes from two different studies may appear similar with regard to developmental
course, the meaning of and membership in the classes can vary dramatically. These conclusions
are consistent with and extend our prior work (Jackson & Sher, 2005, 2006) that examined
methodological aspects of trajectory-based approaches to modeling course of alcohol use.
These earlier investigations led us to conclude that trajectory membership is highly dependent
upon the specific measures employed as well as on study design (i.e., participant age, frequency
and timing of measurements). Despite a similar trajectory structure across models with varying
methodological characteristics, agreement across trajectories was low. It is reassuring that in
our prior work as well as in the present study that there was relatively high consistency in
construct validation. On the basis of our programmatic work to date, we conclude that these
types of mixture analyses, rather than “carving nature at her joints,” yield informative and
useful taxonomies of individuals’ drinking careers that are highly method dependent. In
general, these demonstrations, addressing practical design issues, have added to the discussion
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surrounding cautions in these techniques that have been raised by methodologists (e.g., Bauer
& Curran, 2003; but see Cudeck & Henly, 2003; B. Muthén, 2003).

Conclusion
In conclusion, we established that alternate definitions of frequent HED yield developmental
trajectories distinguished by differing points of onset and course shape and with markedly
different prevalences. It is also clear that no single cut score is sufficient to characterize
correlates of HED, and researchers must be thoughtful about their decision to identify criteria
for extreme heavy drinking. We hope this study has shed some light on measurement issues
in defining risky drinking and will extend our prior work characterizing the developmental
course of alcohol involvement that highlights the method-dependent nature of longitudinal
trajectories.
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Figure 1.
Proportion endorsing heavy episodic drinking options at the precollege assessment (Wave 0)
and each semester of college (Waves 1-8). A: Frequency of drinking 5+ drinks per occasion.
B: Frequency of drinking 12+ drinks per occasion. N ranges from 2,140 (Wave 8) to 3,054
(Wave 0).
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Figure 2.
Figure depicting the latent growth model underlying the latent class growth analysis for
characterizing trajectories of heavy alcohol use. Factor loadings were set according to the
interval between assessments (in months). For the linear slope factor, the loadings were fixed
to 0, 0.5, 1.0, 1.7, 2.2, 2.9, 3.4, 4.1, and 4.6 at Waves 0 through 8, respectively. For the quadratic
slope factor, the loadings were fixed to 0, 0.25, 1.0, 2.89, 4.84, 8.41, 11.56, 16.81, and 21.16
at Waves 0 through 8, respectively. Correlations between intercept and linear and quadratic
slope factors were estimated but are not presented in the figure. W = wave; HED = heavy
episodic drinking.
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Figure 3.
Latent class growth analysis models for five cut scores of frequent binge drinking, weighted
by estimated class probabilities. The panels correspond to the five frequent heavy episodic
drinking (HED) cut scores (CS). A: Drinking 5+ drinks at least once in the past 30 days. B:
Drinking 5+ drinks at least two to three times in the past 30 days. C: Drinking 5+ drinks at
least once or twice a week. D: Drinking 5+ drinks at least three times a week. E: Drinking 12
+ drinks at least once in the past 30 days. N = 3,058.
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Figure 4.
(opposite). Summary of trajectory agreement represented by cell chi-square values (as
indicated on the y-axis) for each of the heavy episodic drinking (HED) cut scores (CS).
Agreement reflects the association between a given CS A and CS B; particular combinations
are noted in the legends beneath each column of bar graphs. Dark hatching reflects cell chi-
square values that are greater than would be expected by chance, and light coloring indicates
cell chi-square values that are lower than would be expected by chance, based on the marginals.
To retain meaningful scaling, any cell chi-square statistic that exceeded 200 was graphed at
200. Note that a chi-square value with a single degree of freedom of 3.84 is significant at p < .
05, and a chi-square value with a single degree of freedom of 6.64 is significant at p < .01.
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