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Abstract Long-term longitudinal studies that examine
whether there are distinct trajectories of at-risk depressive
symptoms and alcohol use across the high school years
(e.g., high co-occurrence) are rare in normative samples of
adolescent boys and girls; yet, this assessment is of critical
importance for developing effective prevention and inter-
vention strategies. Moreover, the role of self-regulation and
novelty-seeking behavior in differentiating among distinct
subgroups of adolescents is not clear. To address these
gaps, the present study sought to identify subgroups of
adolescent boys and girls that indicated at-risk trajectories
across the high school years for both depressive symptoms
and alcohol use, and examined the role of delay of grati-
fication and novelty seeking at baseline in differentiating
among the subgroups. Canadian adolescents (N = 4,412;
49 % female) were surveyed at four time points (grades 9,
10, 11, and 12). Parallel process latent class growth anal-
yses revealed four distinct subgroups for both boys and
girls, encompassing high co-occurrence, depressive symp-
toms only, alcohol use only, and low co-occurrence. Across
gender, delay of gratification at baseline differentiated
among the four subgroups, with the High Co-Occurrence
Group group scoring the lowest and the Low Co-Occur-
rence Group the highest. Lower novelty-seeking scores at
baseline were associated more with being in the Depressive
Symptoms Only Group relative to the other groups, par-
ticularly the Alcohol Use Only Group for boys. Thus, delay
of gratification and novelty seeking may be useful in
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identifying youth at risk for co-occurring depressive
symptoms and alcohol use trajectories, as well as at-risk
trajectories for only one of these behaviors.
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Introduction

Adolescence often is associated with the onset of inter-
nalizing behaviors such as depressive symptoms (Rohde
et al. 2009) as well as significant increases in risk behaviors
such as alcohol use (Measelle et al. 2006), making it a
sensitive age period for investigating these behaviors.
While many studies have been conducted on adolescent
depressive symptoms and alcohol use, research is limited
on the co-occurrence of at-risk levels of these two behav-
iors within the same individual. Moreover, of the studies on
co-occurrence that have been conducted, many have
focused on early adolescent, clinical, or adult samples (e.g.,
Chen and Simons-Morton 2009; Cranford et al. 2011), and/
or have not included a long-term longitudinal focus on the
trajectories of both of these behaviors over time (e.g.,
Rohde et al. 1996, 2013; Windle and Davies 1999).
Importantly, research also is limited on the role of self-
regulation and novelty-seeking behaviors as predictors of
the co-occurrence of at-risk depressive symptoms and
alcohol use trajectories (although see Eisenberg et al. 2001
for a study with children). The current study addresses this
gap by examining trajectories of depressive symptoms and
alcohol use across the high school years, and by investi-
gating the role of self-regulation and novelty-seeking
behaviors in differentiating among subgroups of adolescent
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boys and girls that exhibit distinct trajectories over time on
both problem behaviors.

Although most of the research on depressive symptoms
and alcohol use among adolescents has examined these
behaviors separately, positive correlations have been found
between depressive symptoms and alcohol use in this age
group (e.g., Marmorstein 2010). As a result, researchers
increasingly have attempted to understand why the two
behaviors might be linked (e.g., Swendsen and Merikangas
2000). One focus has been on exploring common risk
factors. For example, a great deal of attention has been paid
in recent years to the role that self-regulation and novelty-
seeking behaviors might play in adolescent problem
behaviors (e.g., Steinberg 2010). Although self-regulation
has been defined in a number of ways, the most pertinent to
this study are effortful control and delay of gratification.
Effortful control has been described as the efficiency of
executive function, including the ability to inhibit a dom-
inant response while activating a subdominant response
(Rothbart and Bates 2006). Similarly, delay of gratification
is defined as showing a preference for a delayed more
valuable reward versus an immediate but less valuable one
(Mischel et al. 1989). In contrast, novelty-seeking behav-
iors are conceived as the tendency to explore and to
actively seek out new situations (Windle and Lerner 1986).
In the present study, we specifically focus on the role of
delay of gratification and novelty seeking in predicting
distinct trajectories of depressive symptoms and alcohol
use.

According to the Dual Systems Model (Steinberg 2010),
increases in problem behaviors such as alcohol use in
adolescence may be the result of a temporal gap between
an early maturing socio-emotional system (hypothesized to
be a result of increases in the sensitivity and efficiency of
the dopaminergic system, perhaps linked to puberty, lead-
ing to increases in approach motivation and novelty-seek-
ing behaviors), and a slower maturing self-regulatory
system (hypothesized to be led by the prefrontal cortex,
associated with delay of gratification, which may not be
fully mature until the mid-20 s). In other words, the greater
maturity of the socio-emotional system in early adoles-
cence is thought to lead to increased novelty-seeking
behaviors that may challenge the still developing cognitive
control system, such that the ability to self-regulate is
compromised (Spear 2000; Steinberg 2010). Evidence in
support of this hypothesis comes from longitudinal studies
that have shown that novelty-seeking behaviors (e.g., sen-
sation seeking) increase from age 12-15 and then remain
relatively stable across adolescence until slowly declining
in the 20 s, while self-regulation (e.g., impulsivity) tends to
be highest in childhood and then declines steadily across
the adolescent and young adult years (Harden and Tucker-
Drob 2011; Steinberg et al. 2008).
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Importantly, the focus on novelty seeking and self-reg-
ulation in the Dual Systems Model also can help explain
individual differences in problem behavior across adoles-
cents. For example, research consistently has demonstrated
that adolescents with lower levels of self-regulation are
more likely to engage in problem behaviors than their peers
(e.g., Ernst et al. 2006; Spear 2000; Wills and Stoolmiller
2002). Block and Block (1980; Block and Kremen 1996)
also support the assertion that individuals low in self-reg-
ulation may be prone to problem behaviors. However,
Block and Block also suggest that self-regulation might lie
on a spectrum from over-control to under-control, in which
each end of the spectrum is associated with different
problem behaviors. Specifically, they characterize over-
controlled individuals as being low in approach motivation
and novelty-seeking behaviors, and having a propensity to
overly self-regulate or delay gratification. In such a case,
over-controlled individuals might indiscriminately inhibit
positive as well as negative emotions, putting them at
greater risk than their peers for depressive symptoms.
Support for this hypothesis has been found in a number of
studies (Murray and Kochanska 2002; Wilson et al. 2009).
For example, Murray and Kochanska (2002) examined
differences in self-regulation (low, moderate, high effortful
control) with respect to internalizing (i.e., depressive
symptoms) and externalizing problem behaviors (i.e.,
conduct problems) in a sample of children aged
2.5-5.5 years. Their results indicated that the low effortful
control group (i.e., under-controlled) had the highest
number of externalizing behaviors, the high effortful con-
trol group (i.e., over-controlled) had the highest number of
internalizing behaviors, and the moderate effortful control
group had the fewest problem behaviors. Wilson et al.
(2009), in a sample of children aged 8—11, found the same
pattern of results. Moreover, the finding for internalizing
behaviors also has some support from research on brain
function among adolescents who are depressed, which
reveals decreased striatal reactivity (an area related to
approach motivation and novelty-seeking processing) but
increased medial prefrontal cortex reactivity (an area
linked to self-regulation) to monetary reward stimuli,
suggesting possible overregulation of reward processing in
this population in comparison to a sample of healthy ado-
lescents (Forbes et al. 2009).

In contrast, Smoski et al. (2009) also found decreased
striatal reactivity among individuals reporting depression,
but did not find support for overregulation of reward pro-
cessing. In fact, similar to alcohol use, some researchers
have suggested that low self-regulation is a risk factor for
emotional problems, (e.g., Moriya and Tanno 2008). Spe-
cifically, low effortful control has been shown to predict
internalizing behaviors such as depressive symptoms in
both preadolescents and adolescents (Verstraeten et al.
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2009; Wang et al. 2012), providing some support for the
assertion that alcohol use and depressive symptoms may
share the common risk factor of low self-regulation.

Interestingly, other researchers such as Tice et al. (2001)
suggest that adolescents who exhibit depressive symptoms,
in an effort to reduce emotional distress, may be more likely
to focus on the immediate present and short-term rewards
than they are to prioritize long-term goals. As a result,
adolescents with depressive symptoms may turn to activi-
ties that promise immediate pleasure, such as alcohol use, in
an effort to enhance their mood. In other words, individuals
may exhibit co-occurrence of depressive symptoms and
alcohol use because depressive symptoms are thought to be
alleviated by alcohol use (i.e., the self-medication hypoth-
esis). Alternatively, other researchers hypothesize that
consistent high alcohol use might affect brain chemistry,
which in turn may affect self-regulatory skills (Crews et al.
2000; Lopez-Caneda et al. 2013), and thereby lead to
increased depressive symptoms over time. There have been
mixed findings in the literature with regard to the direction
of effects between alcohol use and depressive symptoms
among adolescents (Hooshmand et al. 2012; Windle et al.
2008), although many of these studies have included com-
posite variables encompassing several health-risk behaviors
(e.g., alcohol, smoking, and marijuana use; Measelle et al.
2006), rather than just alcohol use.

One study explicitly tested the direction of effects
between depressive symptoms and alcohol use using a
longitudinal sample of high school students, but found no
support for the self-medication hypothesis or for the alter-
nate hypothesis that alcohol use leads to greater depressive
symptoms over time (Hooshmand et al. 2012). In fact, most
adolescents increased their frequency and amount of alco-
hol use over the high school years, regardless of their levels
of depressive symptoms in grade 9. Increases in alcohol use
tend to be normative across high school and drinking often
occurs during social activities such as parties (Hooshmand
et al. 2012; Needham 2007). As a result, drinking alcohol
for some youth may be associated with enhanced social
networks and feelings of belongingness. Of course, some
youth may engage in alcohol use for self-medication rea-
sons, but depressive symptoms also often are associated
with social withdrawal (i.e., less approach motivation and
novelty seeking behaviors; Windle and Davies 1999); thus,
some adolescents with higher depressive symptoms may be
less likely than their peers to participate in the social situ-
ations that co-occur with alcohol use (Fleming et al. 2008;
Lewinsohn et al. 2003).

In fact, it may be that some youth engage in alcohol use
because they are depressed, and therefore impulsively use
alcohol to self-medicate, but it also may be that other youth
engage in alcohol use only as a means of socializing with
their friends and their alcohol use is not related to any

depressive symptomatology. Similarly, it could be that
some adolescents exhibit depressive symptoms as a result
of alcohol use, but other adolescents display depressive
symptoms that are not related to any alcohol use. In other
words, some youth may report both depressive symptoms
and alcohol use, while there might be others who exhibit
only alcohol use or only depressive symptoms. To explore
this question, person-centred analyses that specifically
account for heterogeneity (i.e., individual differences)
among adolescents in the pattern of these behaviors over
time are needed. Person-centered analyses specifically
assess subgroup heterogeneity (i.e., is there a group of
youth who exhibit co-occurring alcohol use and depressive
symptom behaviors over time, a group of youth who
exhibit depressive symptoms only, and a group of youth
who exhibit alcohol use only)? To the best of our knowl-
edge, there are no long-term longitudinal studies that
examine different trajectories of depressive symptoms and
alcohol use across the high school years, in order to com-
pare individuals exhibiting the co-occurrence of at-risk
depressive symptoms and alcohol use trajectories to indi-
viduals with at-risk trajectories on only one of these
behaviors. Furthermore, research is limited on how self-
regulation and novelty-seeking behavior might be associ-
ated with different trajectories of depressive symptoms and
alcohol use over time among adolescents.

It also is not clear whether trajectories of depressive
symptoms and alcohol use might differ across boys and
girls. Indeed, it has been well established in the literature
that gender differences exist in the frequency of depressive
symptoms, with girls exhibiting higher rates of depression
than boys (Lewinsohn et al. 1993; Ruchkin et al. 2006). In
contrast, older adolescent boys tend to engage in more at-
risk alcohol use than girls (e.g., Miller et al. 2007). Thus,
the assessment of gender differences is an important factor
to assess when examining the co-occurrence of depressive
symptoms and alcohol use in adolescence.

The Current Study

The study addressed two primary goals. First, we assessed
the prevalence of distinct trajectories of depressive symp-
toms and alcohol use across the high school years.
Depressive symptoms and alcohol use tend to have their
onset in adolescence and increase during the high school
years (Kandel and Davies 1982; Measelle et al. 2006), but
the prevalence of trajectories that show co-occurrence of
these behaviors within the same individual, across the high
school years, is less clear for a normative high school
sample. We hypothesized that we might find High Co
-Occurrence, Depressive Symptoms Only, Alcohol Use
Only, and Low Co-Occurrence Groups, but this analysis
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was exploratory given the lack of long-term longitudinal
research addressing this issue in a normative adolescent
population.

Second, we assessed whether delay of gratification (a
form of self-regulation) and novelty seeking, both assessed
at baseline, would differentiate among the different sub-
groups of individuals exhibiting distinct trajectories of
depressive symptoms and alcohol use. We hypothesized
that lower delay of gratification and higher novelty seeking
at baseline would be more consistent with an Alcohol Use
Only Group, relative to their peers, consistent with past
research (e.g., Wills and Stoolmiller 2002; Windle and
Davies 1999) and in congruence with the dual systems
model (Steinberg 2010). A Low Co-Occurrence Group was
expected to report the most positive scores on delay of
gratification at baseline. It was not clear what delay of
gratification and novelty-seeking behaviors might look like
for a High Co-Occurrence Group or a Depressive Symp-
toms Only Group, however, given the mixed findings for
depressive symptoms and the more limited research on co-
occurrence. Finally, we investigated whether there would
be gender differences in the results. Two demographic
variables, parental education and at-risk background fac-
tors (e.g., parental divorce, learning disability, etc.), also
were included as covariates in all analyses, given that both
depression and alcohol use are associated with socio-eco-
nomic status (e.g., Huckle et al. 2010; Lorant et al. 2003).

Methods
Sample

Students (N = 4,412, 49 % females; mean age in grade
9 = 14.3) from eight high schools encompassing a school
district in Ontario, Canada, were surveyed in each grade of
high school. This study was part of a larger longitudinal
study on youth lifestyle choices. The overall participation
rate ranged from 83 to 86 % across all the waves of data
collection. Non-participation was due to student absentee-
ism (average of 13.5 %), parental refusal (average of
.06 %), or student refusal (average of 1.4 %). Consistent
with the broader Canadian population (Statistics Canada
2006), 92.4 % of the participants were born in Canada, and
the most common ethnic backgrounds reported other than
Canadian were Italian (31 %) and French (18 %). Data on
socioeconomic status indicated mean levels of education
for mothers and fathers falling between “some college,
university or apprenticeship program” and “completed a
college/apprenticeship/technical diploma” (5 % of parents
did not complete high school and 25 % were university
graduates). Furthermore, 70 % of the respondents reported
living with both birth parents, 12 % with one birth parent
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and a stepparent, 15 % with one birth parent (mother or
father only), and the remainder with other guardians (e.g.,
other relatives, foster parents, etc.).

Procedure

Active informed assent was obtained from the adolescent
participants. Parents were provided with written corre-
spondence mailed to each student’s home prior to the sur-
vey administration outlining the study; this letter indicated
that parents could request that their adolescent not partici-
pate in the study. An automated phone message about the
study also was left at each student’s home phone number.
This procedure was approved by the participating school
board and the University Research Ethics Board. At all time
periods, the questionnaire was administered to students in
classrooms by trained research staff. Students were
informed that their responses were completely confidential.

Measures

Depressive symptoms and alcohol use were assessed in all
four grades. Gender, parental education, at-risk back-
ground, delay of gratification, and novelty seeking were
assessed in grade 9.

Gender
Gender of participants was assessed (1 = boy, 2 = girl).
Covariates

Parental education (one item per parent, averaged for those
reporting on both parents, r = .45) was assessed. Higher
scores indicated greater parental education (1 = did not
finish high school to 6 = professional degree). At-risk
background was measured as the number of risk factors
that participants reported (i.e., participants were asked to
indicate yes or no to whether they have a learning dis-
ability, are living or have lived in foster care, started using
marijuana prior to age 13, have parents/guardians who
engaged in narcotic use, had a teen mother, have parents
who were or are depressed, or have parents who divorced).
Higher scores indicate a greater number of risks.

Depressive Symptoms

Depressive symptoms were measured in grades 9 through
12 using the Center for Epidemiological Studies Depression
Scale-Revised (CESD-R) (Eaton et al. 2004; Radloff 1977,
1991; Van Dam and Earleywine 2011). Participants indi-
cated how often they experienced 20 symptoms (e.g., “I
could not get going”) using a 5-point scale, with 0 = none
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of the time to 4 = most of the time. The scale has been
shown to have good reliability with adolescent samples
(e.g., Kim and Ge 2000; Radloff 1991). Ratings were
rescored so that the CESD-R has the same range (0-60) as
the original CESD (see htttp://cesd-r.com/cesdr/), and
summed such that higher scores indicate greater depressive
symptoms. Cronbach’s alphas across grades 9, 10, 11, and
12 ranged from .90 to .93 for boys, and .92 to .03 for girls.

Alcohol Use

Alcohol use was measured in grades 9 through 12 by fre-
quency of use with an 8-pt scale, with 0 = never to
7 = every day, and average consumption per drinking
episode was assessed with a 6-point scale, with 0 = less
than 1 drink to 5 = 4 or more drinks (Adlaf et al. 1997,
Willoughby et al. 2004). The scores on the 8-pt scale were
re-coded to a 6-pt scale and then the two items were aver-
aged. Correlations between frequency of use and average
consumption per episode in grades 9, 10, 11, and 12 were
.69, .70, .65, .68 for boys and .74, .71, .68, .66, for girls,
respectively. Higher scores represent higher alcohol use.

Delay of Gratification

Delay of gratification was measured in grade 9 with five
items (e.g., “I usually do what I want when I want to, I don’t
think about what it will mean to me later”; I have difficulty
saving money to buy something several weeks later”), on a
5-point scale, 1 = usually to 5 = never (adapted from
Chen et al. 2004; Simons and Carey 2002; Wills et al.
2001). Cronbach’s alphas were .74 for boys and .77 for
girls. Higher scores represent more delay of gratification.

Novelty Seeking

Novelty seeking was measured in grade 9 with five items
from the approach subscale (e.g., “I am interested in new
objects shown to me”; “I like trying new things™) of the
Dimensions of Temperament Questionnaire (Windle and
Lerner 1986), using a 4-point scale of 1 = never to
4 = always. Previous research has shown that the approach
subscale is correlated with novelty seeking (e.g., Wills
et al. 1998). Cronbach’s alphas were .71 for boys and .70
for girls. Higher scores represent higher novelty seeking.

Missing Data

There were missing data because some participants did not
complete a wave of data collection due to absenteeism or
because they moved to a school in another region, and
because some students did not finish the entire question-
naire (10 % of data, consistent with other longitudinal

survey studies, e.g., Hyde and Petersen 2009). We included
three versions of the survey at each time period so that the
same scales were not always near the end of the survey.
Participants who completed the survey at all time periods
were not significantly different from participants missing
one, two, or three waves on any of the study measures, with
the exception that participants who completed the survey at
all four time periods reported significantly less alcohol use
in grade 9 than their peers (Wilks A < .001; n* = .015;
mean difference of .08, .15, and .10 for comparisons with
three-wave, two-wave, and one-wave participants, respec-
tively). Missing values were imputed using the EM
(expectation-maximum) algorithm, with all demographic
and study measures used in the imputation process. EM is
an iterative maximum-likelihood (ML) procedure in which
a cycle of calculating means and covariances followed by
data imputation is repeated until a stable set of estimated
missing values is reached. Methodological research has
demonstrated that ML estimation is preferable to pair-wise
deletion, list-wise deletion, or means substitution (Schafer
and Graham 2002).

Plan of Analysis

Preliminary analyses included descriptive statistics for all
variables. For all primary analyses, parental education and
at-risk background were included as covariates. Analyses
were conducted using MPlus (Version 7.0; Muthén and
Muthén 1998-2012). Alpha level was set at .01 for all
analyses given the large sample size. Growth curve anal-
yses were first conducted to test if average change over
time for depressive symptoms and alcohol use was linear or
non-linear, and whether the growth shape was similar
across boys and girls. A well-specified model fit was
indicated by a comparative fit index (CFI) of >.95 and a
root-mean-square error of approximation (RMSEA) of
<.06 simultaneously (Hu and Bentler 1999).

A parallel-process latent class growth analysis (Nagin
2005) then was conducted simultaneously on the best fit-
ting growth curve models for depressive symptoms and for
alcohol use to identify if there were distinct co-occurring
trajectories over time. Latent class growth modeling is a
person-centered analysis that specifically explores sub-
group heterogeneity in change over time in frequency of
the behaviors. In order to determine which number of
trajectory groups were best represented by the data, several
criteria were considered: (a) interpretability of the classes,
(b) Bayesian information criterion (BIC), such that smaller
values of BIC indicate a better fit model, (c) significance of
the Lo-Mendell-Rubin Adjusted Likelihood Ratio Test
(LMR-LRT) and/or the Bootstrap Likelihood Ratio Test
(BLRT), which compare a particular model to a model with
one fewer classes (i.e., a significant p value indicates that
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Table 1 Means and standard deviations on study measures as a function of grade and gender

Measures Grade 9 Grade 10 Grade 11 Grade 12

Boys Girls Boys Girls Boys Girls Boys Girls

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Depressive symptoms  14.88 (8.38) 18.40 (9.63) 16.46 (9.40) 20.73 (10.53) 19.40 (11.02) 21.21 (10.65) 20.28 (10.16) 21.77 (10.00)
Alcohol use 0.77 (0.76)  0.78 (0.81) 1.51 (1.07) 1.28 (0.95) 2.00 (1.14) 1.65 (0.97) 2.32 (1.10) 1.89 (0.88)
At-risk background 0.48 (0.77)  0.43 (0.71) N/A N/A N/A N/A N/A N/A
Parental education 3.29 (1.05) 3.21 (1.05) N/A N/A N/A N/A N/A N/A
Delay of gratification ~ 3.29 (0.53)  3.28 (0.60) N/A N/A N/A N/A N/A N/A
Approach 2.81 (0.44) 279 (0.46) N/A N/A N/A N/A N/A N/A

N = 2,245 for boys; 2,167 for girls. Higher scores indicate higher levels of each variable

the estimated model provides a better fit to the data than the
model with fewer classes), and (d) average latent class
posterior probabilities close to 1.00 (Nylund et al. 2007).
Entropy (an index of confidence that individuals belong to
the correct class and that adequate separation between
latent classes exists) also was examined; scores >.80 are
good but there is no set cut-off criterion for entropy (Jung
and Wickrama 2008). Finally, membership in the different
trajectory groups was used as an outcome in multinomial
logistic regression analyses with the covariates, delay of
gratification, and novelty seeking included as predictors.

Results
Preliminary Analyses

All variables demonstrated acceptable skewness and kur-
tosis. Table 1 presents the means and standard deviations
of the variables. On average, depressive symptoms and
alcohol use increased over time. There were no gender
differences in grade 9 for alcohol use, delay of gratifica-
tion, or novelty seeking. However, girls reported higher
depressive symptoms than boys, F(1, 4410) = 167.35,
p < .001, 172 = .037. For grades 10, 11, and 12, girls also
reported significantly greater depressive symptoms than
boys (all ps < .001, 172 ranged from .005 to .044, with the
larger effect sizes occurring in grades 9 and 10), but boys
reported significantly greater alcohol use than girls (all
ps < .001, #° ranged from .012 to .044, with the larger
effect sizes occurring in grades 11 and 12).

Primary Analyses
Univariate Growth Trajectories
Prior to conducting the latent class growth analyses, uni-

variate latent growth curve (LGC) models were conducted
to test for linearity, and were first conducted separately for
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boys and girls to ensure that their growth shapes were
similar (Muthén 2005). Separate growth models were
identified for depressive symptoms and alcohol use by
(a) first testing each variable on a linear growth model, in
which the paths from the slope factor to the measured
variables were fixed in a linear progression (i.e., 0 = grade
9; 1 = grade 10; 2 = grade 11; 3 = grade 12), (b) next
testing a model for each variable in which the slope factor
was replaced with a shape factor in order to test for non-
linearity (Duncan et al. 2006), in which the loadings were
set to 0 in grade 9, 1 in grade 12, and freely estimated in
grades 10 and 11, and (c) then testing a quadratic model in
which a quadratic factor was added to a linear slope factor,
again to test for non-linearity. The Chi square difference test
for depressive symptoms indicated that the model with the
shape slope factor best fit the data for boys in comparison to
the linear model, xz diff (2) = 35.40, p < .001, while the
quadratic model best fit the data for girls, x> diff
(4) = 67.83, p <.001. Boys increased in depressive
symptoms over time, with a steeper increase between grade
10 and grade 11 than between the other grades, while girls
had a smaller increase over time, with little change in the
senior grades. The fit for the models was well-specified for
both boys, CFI = .997; RMSEA = .038 (.018-.060) and
girls, CFI = .998; RMSEA = .066 (.034—.105). Chi square
difference tests for alcohol use revealed that the quadratic
model best fit the data for both boys and girls (boys: ¥ diff
(4) = 757.85, p <.001, girls: ¥* diff (4) = 812.05,
p < .001), in comparison to the linear model. Furthermore,
the fit for the quadratic model was well-specified for boys,
CFI = 1.00; RMSEA = .020 (.000-.051), and for girls,
CFI = .998; RMSEA = .046 (.026-.069). Examination of
the best fitting models revealed that the estimated variances
of the intercepts and slope factors in the models were all
different significantly from zero. This finding indicated that
there was significant variability in individual trajectories,
and therefore substantiated the use of latent class growth
analyses (Nagin 2005) to examine subgroup heterogeneity.
Given that the growth shapes for depressive symptoms were
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Table 2 Fit indices and classification precision indices for parallel 60
process latent class models for boys and girls 2 50
z 504
Class 2
g 404
2 3 4 5 R
o 30
>
Boys 2
o 20
BIC 105,811.541 104,664.171 103,819.045 103,345.793 S
Entropy .84 81 83 83 2 10
LMR- Sig Sig Sig NS 0 .
LRT Grade 9 Grade 10 Grade 11 Grade 12
BLRT Sig Sig Sig Sig
Girls 5
BIC 83,604.39 81,928.548  80,722.939  80,141.163 4]
Entropy .84 .85 .86 .86 9
LMR-  Sig Sig NS NS 2 34
LRT £
BLRT  Sig Sig Sig Sig = 2
BIC = Bayesian information criterion (smaller values indicate better 1 ge="""
model fit); Entropy (higher values indicate well-identified classes); s
LMR-LRT = Lo-Mendell-Rubin Adjusted Likelihood Ratio Test and 0 :
Grade 9 Grade 10 Grade 11 Grade 12

BLRT = Bootstrap Likelihood Ratio Test (tests of fit between the
model of interest (e.g., three-class model) and the model with one less
class (e.g., two-class model). Sig = significant; NS = non-significant

different between boys and girls, separate latent class
growth analyses were conducted for boys and girls (see
Muthén 2005). The best fitting growth curve models for
boys and girls were used in the latent class growth analyses.

Parallel-process latent class growth analyses

Fit indices for model comparisons are shown in Table 2.
For boys, the four-class solution was considered the opti-
mal model. The LMR-LRT became non-significant at five
classes, indicating that adding the fifth class did not sig-
nificantly improve the model. The entropy value for four
classes was .83, and the average latent class posterior
probabilities ranged from .88 to .92, indicating that a high
proportion of boys were correctly classified. There also was
good distinction among the four classes and they were
consistent with our expectations. Finally, the drop in the
BIC from four to five classes was much smaller than the
drop from three to four classes, again suggesting that the
four class solution best fit the data. Figure 1 shows the
trajectories of the four classes, which included (a) a High
Co-Occurrence Group [scores on the depressive symptoms
measure indicated risk for depressive disorder (i.e., a cutoff
of 28 on the CESD-R has been suggested by Radloff
1991)], and an at-risk level of alcohol use [i.e., on average,
binge drinking level and high frequency of alcohol use
(i.e., once a week)—see Willoughby et al. 2004); (b) a
Depressive Symptoms Only Group (scores on the depres-
sive symptoms measure indicated risk for depressive

«++-+ High Co-Occurrence 10.1%
—#— High Alc Only 31.6%

=& -High Dep Only 14.5%

=@= Low Co-Occurrence 43.8%

Fig. 1 Sub-group trajectories for depressive symptoms and alcohol
use across 4 years of high school for boys. Notes Dep = Depressive
Symptoms; Alc = Alcohol Use

disorder but scores on the alcohol measure did not indicate
at-risk levels of alcohol use); (c) an Alcohol Use Only
Group (scores on the depressive symptoms measure did not
indicate risk for depressive disorder but scores on the
alcohol measure indicated at-risk levels of alcohol use);
and (d) a Low Co-Occurrence Group (scores on both the
depressive symptoms and alcohol use measures were at low
levels and did not indicate at-risk levels).

For girls, the LMR-LRT became non-significant at four
classes, indicating that adding the fourth class did not sig-
nificantly improve the model. Examination of the three
class model indicated good distinction among the three
classes but a Depressive Symptoms Only Group did not
emerge. This was unexpected given that girls are more
likely than boys to report depressive symptoms and to
exhibit lower alcohol use. In contrast, examination of the
four class model included a Depressive Symptoms Only
Group model and also indicated good distinction among the
classes. The entropy value for the fourth class increased to
.86 from .85 in the third class, and the average latent class
posterior probabilities ranged from .90 to .95 (identical to
the third class model), indicating that a high proportion of
girls were correctly classified. Finally, the drop in the BIC
from three to four classes was still large, in contrast to the
smaller drop in the BIC from four to five classes, again
suggesting that the four class solution might be the best
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Fig. 2 Sub-group trajectories for depressive symptoms and alcohol
use across 4 years of high school for girls. Notes: Dep = Depressive
Symptoms; Alc = Alcohol Use

fitting model. As the four class model was more interpret-
able (see Jung and Wickrama 2008, Nylund et al. 2007), we
chose the four class model as the final solution. Figure 2
shows the trajectories of the four classes, which included
(a) a Moderately High Co-Occurrence Group [scores on the
depressive symptoms measure indicated close to at-risk
levels for depressive disorder (scores ranged from 26 to 27
but the recommended cutoff for at-risk levels is at 28—see
Radloff 1991), and scores on the alcohol measure indicated
high levels of alcohol use]; (b) a Depressive Symptoms
Only Group (scores on the depressive symptoms measure
indicated risk for depressive disorder but scores on the
alcohol measure did not indicate at-risk levels of alcohol
use); (c) an Alcohol Use Only Group (scores on the
depressive symptoms measure did not indicate risk for
depressive disorder but scores on the alcohol measure
indicated moderate levels of alcohol use); (d) a Low Co-
Occurrence Group (scores on both the depressive symptoms
and alcohol use measures were at low levels).

To check whether the High Co-Occurrence Groups
might have higher alcohol use or depressive symptoms
than the Depressive Symptoms Only and Alcohol Use Only
Groups, repeated measures ANOVAs comparing alcohol
scores across grades between the High Co-Occurrence and
Alcohol Use Only Groups, as well as depressive symptom
scores across grades between the High Co-Occurrence and
Depressive Symptoms Only Groups, were conducted. For
boys, there was no significant difference in alcohol use
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between the High Co-Occurrence and Alcohol Use Only
Groups, but there was a significant main effect for group
with depressive symptoms, F(1, 550), p < .001, 172 = .11.
The High Co-Occurrence Group had higher overall
depressive symptoms scores (M = 30.57) than the
Depressive Symptoms Only Group (M = 27.04), although
it is important to note that the Depressive Symptoms Only
Group had at-risk scores in the senior grades.

For girls, there was a significant interaction between
group and grade for depressive symptoms, F(3,
1773) = 11.512, p < .001, nz = .02, with the Moderately
High Co-Occurrence Group reporting lower depressive
symptoms scores than the Depressive Symptoms Only
Group, with the differences wider in the middle grades (see
Fig. 2; although again the scores on the depressive symp-
toms measure for the Moderately High Co-Occurrence
Group indicated very close to at-risk levels). There also
was a significant interaction between group and grade for
alcohol use, F(3, 3330) = 44.825, p < .001, nz = .04, with
the Moderately High Co-Occurrence Group reporting
higher alcohol use scores than the Alcohol Use Only
Group, with the differences wider at the lower grades.

Multinomial Logistic Regression Group Comparisons

Means and standard deviations for the study measures (i.e.,
delay of gratification, novelty seeking, at-risk background,
and parental education) across the different co-occurring
groups are shown in Table 3 for boys and Table 4 for girls.
Both delay of gratification (p < .001) and novelty seeking
(p = .002) significantly differentiated among the four
groups for boys. Boys with higher delay of gratification
scores at baseline had increased odds of being in the Low Co-
Occurrence Group in comparison to the High Co-Occur-
rence, OR = 4.881, p <.001 (95 % CI = 3.652-6.523),
Depressive Symptoms Only, OR = 2.730, p < .001 (95 %
CI = 2.085-3.575), and Alcohol Use Only, OR = 2.844,
p < .001 (95 % CI = 2.292-3.530) Groups. In turn, higher
delay of gratification scores at baseline also was associated
with increased odds of being in the Depressive Symptoms
Only and Alcohol Use Only Groups in comparison to the
High Co-Occurrence Group [OR = 1.788, p < .001 (95 %
CI = 1.304-2.450), and OR = 1.716, p < .001 (95 %
CI = 1.312-2.245, respectively)]. In terms of novelty
seeking, the only significant finding was that individuals with
higher novelty-seeking scores at baseline had increased odds
of being in the Alcohol Use Only Group in comparison to the
Depressive Symptoms Only Group, OR = 1.755, p < .001
(95 % CI = 1.291-2.385) Groups.

Both delay of gratification and novelty seeking also sig-
nificantly differentiated among the four groups for girls,
ps < .001. Identical to boys, girls with higher delay of grati-
fication scores at baseline had increased odds of being in the
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Table 3 Means and standard deviations on the study measures as a function of groups for boys

Measures High co-occurrence High depressive symptoms only High alcohol use only Low co-occurrence
n =227 n = 325 n =709 n = 984
(10.1 % of N) (14.5 % of N) (31.6 % of N) (43.8 % of N)
M (SD) M (SD) M (SD) M (SD)
At-risk background .62, (0.92) 46, (0.71) 48, (0.72) 46, (0.77)
Parental education 3.29, (1.09) 3.34, (1.07) 3.27, (1.01) 3.29, (1.07)
Delay of gratification 3.03. (0.68) 3.214 (0.52) 3.205 (0.50) 3.44, (0.46)
Approach 2.79,p (0.46) 2.75y (0.46) 2.85, (0.44) 2.80,5 (0.43)

N = 2,245. Means within the same row that share subscripts are not significantly different. Individuals were assigned to their highest probability
class, but it is important to note that there is error involved with assigning individuals into groups based solely on posterior probabilities

Table 4 Means and standard deviations on the study measures as a function of groups for girls

Measures Moderately high co-occurrence  High depressive symptoms only Moderate alcohol use only Low co-occurrence
n = 300 n =293 n = 802 n=772
(13.8 % of N) (13.5 % of N) (37.0 % of N) (35.6 % of N)
M (SD) M (SD) M (SD) M (SD)
At-risk background 47, (0.69) .53, (0.81) 41, (0.68) 47, (0.69)
Parental education 3.08, (1.06) 3.13, (1.06) 3.17, (1.01) 3.34, (1.07)
Delay of gratification 2.834 (0.57) 3.10. (0.64) 3.25, (0.51) 3.55, (0.52)
Approach 2.77, (0.47) 2.65;, (0.46) 2.83, (0.44) 2.81, (0.47)

N = 2,167. Means within the same row that share subscripts are not significantly different. Individuals were assigned to their highest probability
class, but it is important to note that there is error involved with assigning individuals into groups based solely on posterior probabilities

Low Co-Occurrence Group in comparison to the Moderately
High Co-Occurrence, OR = 11.224, p < .001 (95 % CI =
8.434-14.936), Depressive Symptoms Only, OR = 4.813,
p < .001 (95 % CI = 3.643-6.358), and Alcohol Use Only
Groups, OR = 3.071,p < .001 (95 % CI = 2.493-3.784).In
turn, higher delay of gratification scores at baseline also was
associated with increased odds of being in the Depressive
Symptoms Only and Alcohol Use Only Groups in comparison
to the Moderately High Co-Occurrence Group, [OR = 2.332,
p < .001 (95 % CI = 1.744-3.118); OR = 3.655, p < .001
(95 % CI = 2.844-4.696, respectively)], and being in the
Alcohol Use Only Group relative to the Depressive Symptoms
Only Group, OR =1567, p=.001 (95 % CI=
1.213-2.024). Finally, lower novelty-seeking scores at base-
line was associated with increased odds of being in the
Depressive Symptoms Only Group in comparison to the Low
Co-Occurrence, OR = 1941, p<.00l O5% CI=
1.414-2.664), Alcohol Use Only, OR = 2437, p < .001
(95 % CI = 1.790-3.319), and Moderately High Co-Occur-
rence, OR = 1.950, p <.001 (95 % CI = 1.351-2.815)
Groups.

Discussion

Although past studies indicate that depressive symptoms
and alcohol use tend to increase in adolescence and are

positively correlated (Kandel and Davies 1982; Marmor-
stein 2010; Measelle et al. 2006), the longitudinal exami-
nation of the co-occurrence of these behaviors within the
same individual, across the high school years, is limited.
Yet, identifying whether problem behaviors co-occur may
be critical for developing effective prevention and inter-
vention strategies. The present study addressed this gap by
examining the prevalence of distinct trajectories of
depressive symptoms and alcohol use (e.g., high co-
occurrence, high alcohol use only, etc.) across grades 9-12
in a normative adolescent sample, and by examining the
predictive role of self-regulation (i.e., delay of gratifica-
tion) and novelty-seeking behavior, assessed at baseline, in
differentiating among these distinct trajectories.

Our data identified four distinct trajectories of depres-
sive symptoms and alcohol use across the high school
years, for both boys and girls. Ten percent of boys and
14 % of girls were classified as being in a High Co-
Occurrence Group, while 15 % of boys and 14 % of girls
were classified as being in a Depressive Symptoms Only
Group. In contrast, prevalence rates for the Alcohol Use
Only Groups were 32 % for boys and 37 % for girls
(although mean levels of alcohol use levels were at a
moderate level for girls, rather than at a high level as with
the boys), and similar to the rates of Low Co-Occurrence
Groups, which were 44 % for boys and 36 % for girls.
These findings support extensive research outlining the
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prevalence of alcohol use among adolescents (e.g., see
Hooshmand et al. 2012), but also highlight the significance
of depressive symptoms among this group of adolescents,
both concurrently with at-risk alcohol use and also inde-
pendent of at-risk alcohol use.

Importantly, delay of gratification at baseline signifi-
cantly differentiated among the four groups for both boys
and girls. The greatest difference on delay of gratification
was seen between the High Co-Occurrence and Low Co-
Occurrence Groups, with the Depressive Symptoms Only
and Alcohol Use Only Groups in the middle. Moreover, the
pattern of findings generally was consistent across gender,
and was found for girls even though the Moderately High
Co-Occurrence Group had lower depressive symptoms that
the Depressive Symptoms Only Group. This finding sup-
ports the hypothesis that lower delay of gratification is a
common risk factor for depressive symptoms and alcohol
use in adolescence (Tice et al. 2001; Wills and Stoolmiller
2002), and confirms the expectations outlined by the Dual
Systems Model (Steinberg 2010) that individual differ-
ences in self-regulation should predict higher levels of
problem behavior among adolescents. Critically, delay of
gratification differentiated between individuals with two
co-occurring problem behaviors and individuals with one
problem behavior. Indeed, the assessment of delay of
gratification may be particularly relevant for the consid-
eration of adolescent boys and girls who are at risk for co-
occurring depressive symptoms and alcohol use. Delay of
gratification, however, also significantly differentiated the
Depressive Symptoms Only and Alcohol Use Only Groups
from the Low Co-Occurrence Group. An important impli-
cation of these results, therefore, is that developing pro-
grams for adolescents that focus on improving delay of
gratification may be particularly helpful for reducing co-
occurring depressive symptoms and alcohol use, but even
for reducing at-risk depressive symptoms and alcohol use
that occur independently of each other. Moreover, the
measure of delay of gratification used in the current study
is related to the broader concept of self-regulation, which is
thought to encompass many characteristics, such as plan-
ning, impulsivity, and effortful control, among others.
Prevention and intervention programs that address multiple
characteristics of self-regulation, therefore, may be par-
ticularly effective.

In no case was higher delay of gratification at baseline
associated with higher depressive symptoms (i.e., over-
control), in contrast to findings reported by Murray and
Kochanska (2002) and Wilson et al. (2009). While the
present study used a person-centered analysis and a similar
conceptualization of delay of gratification as that used in
these previous studies, it varied in the methodology used
and the age range of participants (adolescents vs children).
In particular, the present study used self-report measures
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whereas Murray and Kochanska (2002) and Wilson et al.
(2009) wused parent and teacher reports for problem
behaviors (e.g., depressive symptoms). Inferring depressive
symptoms from mother or teacher reports may be more
difficult than using self-report measures as depressive
symptoms can be challenging to accurately observe. Future
research, however, should explore these conflicting find-
ings further in a longitudinal study that examines the role
of delay of gratification in depressive symptoms across
both childhood and adolescence.

An interesting finding in the present study was that there
were limited differences between the Depressive Symp-
toms Only and Alcohol Use Only Groups on the study
measures, with the exception of novelty seeking, indicating
that novelty seeking might be one way to discriminate
between these two groups. Partial support was given to our
hypothesis that higher novelty-seeking scores would be
associated more with the Alcohol Use Only Group than
with the other groups. Specifically, we found this result
only for boys, and it was only the Depressive Symptoms
Only Group that had lower novelty-seeking scores than the
Alcohol Use Only Group. For girls, the Depressive
Symptoms Only Group had lower novelty-seeking scores
than all of the other groups, with no other differences
among the groups. These findings suggest that, in our
sample, novelty seeking appears to be negatively related to
depressive symptoms more so than positively and uniquely
related to alcohol use. Furthermore, these results are con-
sistent with research on brain function among adolescents
who are depressed that has found decreased striatal reac-
tivity (an area related to novelty seeking processing) to
monetary reward stimuli (e.g., Forbes et al. 2009; Smoski
et al. 2009), as well as research that has indicated that
depressive symptoms often are associated with social
withdrawal (Fleming et al. 2008; Lewinsohn et al. 2003;
Windle and Davies 1999). Given that alcohol use typically
occurs in social situations, social withdrawal might explain
why individuals in the Depressive Symptoms Only Group
engaged in low levels of alcohol use in comparison to their
peers.

In contrast, given their high scores on both depressive
symptoms and alcohol use, the individuals in the High Co-
Occurrence Groups, in particular, may drink alcohol in
order to self-medicate, rather than only as a way to
socialize with friends. Alternatively, it also is possible that
high levels of alcohol use in the High Co-Occurrence
Groups may have led to greater depressive symptoms over
time (e.g., see Fergusson et al. 2009). Again, research
findings are mixed in terms of the direction of effects
between alcohol use and depressive symptoms during the
adolescent years, with some studies finding no effects (e.g.,
Hooshmand et al. 2012), some studies finding support for
depressive symptoms leading to greater alcohol use over
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time (i.e., self-medication; e.g., Measelle et al. 2006), some
studies finding support for alcohol use leading to greater
depressive symptoms over time (e.g., Fergusson et al.
2009), and other studies finding support for bidirectional
associations (e.g., Locke and Newcomb 2001). Given the
results of the present study, an important avenue for future
research will be to explicitly test the direction of effects
hypotheses in a longitudinal study specifically with indi-
viduals exhibiting high-co-occurrence of depressive
symptoms and alcohol use. Testing the direction of effects
with this population will enhance our understanding of why
these two behaviors are linked for these individuals, and
will facilitate our ability to develop significant prevention
and intervention strategies.

The current study is not without limitations. First, we
relied on self-report assessments of depressive symptoms
and alcohol use, and would have benefited from a corrob-
orating clinical assessment of risk (e.g., major depressive
disorder or alcohol abuse). Second, it would be interesting
to see if measuring novelty seeking and delay of gratifi-
cation with behavioral tasks (e.g., see Eisenberg et al.
2013; Mischel et al. 1989) rather than self-report might
result in different findings. Third, while the findings from
the current study support the hypothesis of delay of grati-
fication and novelty seeking as common risk factors for
problem behavior in adolescence, these measures were
only assessed at one time point—grade 9. It is important
for future studies to include longitudinal assessments of
delay of gratification and novelty seeking. Establishing
trajectories of these measures across the high school years
could provide additional information regarding the devel-
opment of co-occurring problem behaviors, as well as the
developmental progression of delay of gratification and
novelty seeking. Fourth, while we controlled for several
important covariates, there are many other biological and
social factors that were not accounted for in this study (e.g.,
peer relationships). Finally, the participants came from a
relatively homogeneous sample. Thus, these results may
not generalize to populations from other regions with
greater ethnic diversity. For example, drinking may not be
normative, and depressive symptoms may be reported
differently for individuals with cultural or religious back-
grounds that are more prohibitive or that carry greater
stigma for mental illness.

Conclusions

Overall, between 10 and 14 % of adolescents exhibited
high co-occurrence of depressive symptoms and alcohol
use, while 14—15 % displayed depressive symptoms only.
In contrast, the prevalence of individuals who reported at-
risk alcohol use only was higher, at 32-37 %. Importantly,

an assessment of delay of gratification significantly dif-
ferentiated among the groups (particularly between ado-
lescents in the High Co-Occurrence and Low Co-
Occurrence Groups), while lower novelty seeking was
associated more with adolescents reporting depressive
symptoms only relative to other three groups, but particu-
larly relative to the Alcohol Use Only Group for boys. If
delay of gratification and novelty seeking can successfully
predict group membership in a normative adolescent
sample, it is likely that they may be crucial even more for
clinical samples. Finally, developing programs for adoles-
cents that focus on improving delay of gratification and
self-regulation in general may be particularly helpful for
reducing co-occurring depressive symptoms and alcohol
use, but even for reducing at-risk depressive symptoms and
alcohol use that occur independently of each other.
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