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Abstract

Background—The relationship between childhood internalizing problems and early adolescent
alcohol use has been infrequently explored and remains unclear.

Methods—We employed growth mixture modeling of internalizing symptoms for a large,
population-based sample of UK children (the ALSPAC cohort) to identify trajectories of
childhood internalizing symptoms from age 4 through age 11.5. We then examined the
relationship between membership in each trajectory and alcohol use in early adolescence (reported
at age 13.8).

Results—Overall, children experiencing elevated levels of internalizing symptoms were less
likely to use alcohol in early adolescence. This finding held true across all internalizing
trajectories; i.e., those exhibiting increasing levels of internalizing symptoms over time, and those
whose symptoms desisted over time, were both less likely to use alcohol than their peers who did
not exhibit internalizing problems.

Conclusions—We conclude that childhood internalizing symptoms, unlike adolescent
symptoms, are negatively associated with early adolescent alcohol experimentation. Additional
studies are warranted to follow up on our preliminary evidence that symptoms of phobia and
separation anxiety drive this effect.
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Introduction

Alcohol misuse and internalizing problems are common, contribute substantially to the
global mental health burden, and frequently co-occur. Alcohol experimentation typically
begins during adolescence, with over 20% of US students reporting having had a drink by
age 13 (Centers for Disease Control and Prevention, 2012); “early-onset drinking” is defined
differently across studies, ranging from age 12 and earlier to age 15 and earlier (Donovan
and Molina, 2011). Internalizing problems can begin in early childhood, with 10-15% of
children or early adolescents experiencing some symptoms of depression (Smucker et al.,
1986), though the prevalence of clinical depression in children is low (<5%, Birmaher et al.,
1996; Fleming et al., 1989). Anxiety disorders are relatively common, with a prevalence
approaching 10-20% in very young children, older children, and adolescents (Costello,
1989; Pine, 1997). Despite abundant research on both childhood internalizing symptoms and
adolescent alcohol use, questions remain about their relationship. Does the unfolding of
internalizing symptoms during childhood have an impact on adolescent alcohol use, or are
the two unrelated?

Many studies have explored the relationship between internalizing symptoms and alcohol
use during adolescence and into adulthood, with most reporting a positive association
(Goodwin et al., 2004; Marmorstein, 2009; Marmorstein, 2010; McCarty et al., 2012;
Needham, 2007). However, there are relatively fewer reports on the association between
childhood internalizing symptoms and adolescent alcohol outcomes. Some evidence from
prospective studies suggests that individuals who experience internalizing symptoms during
childhood and/or early adolescence are at an increased risk of early alcohol use (Crum et al.,
2008a; Kaplow et al., 2001; King et al., 2004; Marmorstein et al., 2010b). However, others
have reported a negative association between childhood internalizing symptoms and alcohol
use (Maggs et al., 2008), or no association (Englund et al., 2008). Relationships could differ
across the sexes, and across alcohol outcomes (Crum et al., 2008b). Thus, the predictive
value of childhood internalizing symptoms with respect to alcohol use in early adolescence
is not well established. The relative paucity of studies on the relation between these
phenotypes, particularly in large representative samples, impedes our understanding of
factors contributing to early alcohol use.

Aside from the basic question of whether childhood internalizing symptoms are positively or
negatively associated with adolescent alcohol use, the question remains whether the course
of such symptoms is relevant to alcohol outcomes. Failure to account for symptom course
could contribute to conflicting findings. That variation exists in the progression of
internalizing symptoms has been well established (Fanti and Henrich, 2010; Feng et al.,
2008; Marmorstein et al., 2010a; Reinke et al., 2012; Wanner et al., 2012), with some
studies reporting courses related to severity (e.g, Fanti and Henrich, 2010), and others
finding evidence of within-class change (e.g., high to low symptoms over time; Feng et al.,
2008). Notably, the sample sizes in many of these studies are limited, and in some cases
selected (rather than representative) samples were used. Still, few studies have derived
trajectories of internalizing symptoms and explored their relationships with alcohol
outcomes, and the samples’ age ranges differ across studies and from the age range in the
current study. In a study of adolescents and young adults, Marmorstein (2009) examined
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trajectories of high vs. low depressive symptoms and found that the high class was more
likely to have alcohol problems. In a sample of girls, classes exhibiting worse depressive
symptoms were more strongly associated with alcohol initiation than other classes; no
association was observed for trajectories of generalized anxiety symptoms; and courses of
social anxiety symptoms exhibited conflicting associations with alcohol use onset
(Marmorstein et al., 2010a). In boys, membership in the “high” class of generalized anxiety
symptoms conferred higher risk of alcohol use initiation (Marmorstein et al., 2010b); the
“high” class of social anxiety symptoms also exhibited a trend toward higher risk. Fleming
and colleagues (2008) found that changes in adolescent depressive symptoms were modestly
positively associated with changes in alcohol use, though that study did not identify
individual classes of depressive symptoms. Not all studies support a relationship between
growth in depressive symptoms and alcohol use (Hooshmand et al., 2012).

Adolescent drinking habits can lay the foundation for future problems with alcohol (Chartier
etal., 2010; Englund et al., 2008). Therefore, it is critical for prevention and intervention
efforts that the ability to identify individuals at risk for later alcohol problems be improved.
Children who experience internalizing symptoms could vary in their risk of later alcohol use
or problems as a function of the course of their symptoms, in which case education,
prevention, and intervention efforts could be tailored accordingly.

In the current study, we aim to clarify the relationship between trajectories of childhood
internalizing symptoms with early adolescent alcohol use, using a large, population-based
sample of children in the UK. The goals of our analyses are to identify distinct trajectories of
childhood internalizing symptoms in this sample, and to determine whether these trajectories
are differentially associated with risk of alcohol use early in adolescence, when individuals
typically begin experimenting with alcohol. We examine whether the data provide support
for the hypothesis that the relationship between childhood internalizing symptoms and
adolescent alcohol use varies as a function of symptom course. For example, are individuals
whose internalizing symptoms have not yet remitted by late childhood less likely to
experiment with alcohol at 13.8 than their peers? The null hypothesis is that individuals who
experience different courses of internalizing symptoms as children do not differ from peers
on adolescent drinking outcomes.

The Avon Longitudinal Study of Parents and Children (ALSPAC) cohort has been described
previously (Boyd et al., 2012; Fraser et al., 2012). Briefly, pregnant women in the Avon area
of Southwest England with expected delivery dates between April 1, 1991 and December
31, 1992 were eligible to enroll in the study. The initial number of pregnancies enrolled, and
for which the mother returned at least one questionnaire or attended a “Children in Focus”
clinic, was 14,541. Additional participants have been added as recruitment efforts continue.
ALSPAC parents and children have been followed longitudinally, with mothers, mothers’
partners, and children providing data through postal questionnaires and clinic visits. Ethical
approval for the study was obtained from the ALSPAC Law and Ethics committee and the
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Local Research Ethics Committees. Additional details are available at
www.alspac.bristol.ac.uk.

The current analyses were limited to the portion of the sample for which partial or complete
data were available for maternal reports of offspring internalizing symptoms using the
Strengths and Difficulties Questionnaire (SDQ, Goodman et al., 2000); additional details
below). The resulting sample size is N=11,157 (51.4% male).

Childhood internalizing symptoms—Child internalizing symptoms were assessed
using maternal reports on the SDQ, a questionnaire designed for children and adolescents.
The “emotional symptoms” scale consists of 5 items aimed at measuring symptoms of
depression, anxiety, phobia, separation anxiety, and somatic complaints, using questions
such as, “[has] many worries, or often seems worried” and “nervous or clingy in new
situations, easily loses confidence.” A comparison of the SDQ and the Child Behavior
Checklist (Achenbach, 1991) suggested that the instruments are equally valid and successful
at identifying psychological problems (Goodman and Scott, 1999). The current report
utilizes maternal reports of child behavior at average ages 47 months (3.9 years), 81 months
(6.8 years), 97 months (8.1 years), 114 months (9.5 years), and 140 months (11.7 years).
Response options are “not true”, “somewhat true”, and “certainly true”, which were coded
for the current analyses as 0, 1, and 2, respectively, for each of the 5 items. These were
summed together at each age. Where 3 or more items were missing, the sum score for that
age was not calculated; if 1 or 2 items were missing, the available items were pro-rated.
Skewness for sum scores ranged from 1.24-1.48; kurtosis ranged from 1.30-2.29;
Cronbach’s alpha ranged from 0.75-0.82.

Adolescent alcohol use—At 13 years 10 months of age (13.8 years; SD=2.5 months),
adolescents participated in clinic visits that involved interviews with researchers, where they
were asked questions about their current and past alcohol use. Of the available questions,
four separate alcohol-related outcomes were utilized in the current analyses: 1) having had a
full drink in the past 6 months; 2) having drunk alcohol without parental permission in the
past 6 months; 3) maximum drinks in a 24-hour period (which was dichotomized such that
those who reported having 3 or more drinks were classified as “binge” drinkers, as in
Melotti et al. (2011); and 4) number of whole drinks consumed in the past 6 months. These
outcomes were explored individually rather than combined into a composite risk score or
factor score because previous reports have suggested that the relationships observed between
internalizing symptoms and alcohol use/problems might differ as a function of the outcome
of the outcome being examined (Crum et al., 2008b; Marmorstein et al., 2010b). By
considering each alcohol-related outcome individually, we avoid obscuring outcome-
specific relationships.

Maternal depression—At 12 weeks gestation, mothers’ questionnaires included an item
asking whether they had ever had severe depression. Responses endorsing current or past
depression were scored as 1; a response of “no, never” was scored 0. This binary variable
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was included as a covariate in secondary analyses in order to control for the potential effects
of rater bias (Fergusson et al., 1993; Najman et al., 2001).

Family income—When the children were 33 months of age (2.8 years), mothers were
asked to report their disposable family income. Responses were coded into quintiles,
accounting for family size and composition and estimated housing benefits. This variable
was used as a covariate in secondary analyses due to previously reported associations
between income and alcohol outcomes in this sample (Melotti et al., 2011).

Item level analyses—As described previously, the emotional symptoms scale of the SDQ
consists of 5 items, relating to different manifestations of internalizing. For each item, we
created a binary variable that was coded 0 if an individual’s mother had always reported that
her child had never exhibited that symptom/behavior, or 1 if the child had ever exhibited
that symptom/behavior (e.g., “somewhat true” or “certainly true” in at least one assessment).
We then examined whether these binary variables were associated with alcohol use at age
13.8, in the context of a single-stage model including all 5 item-level binary variables, along
with sex, maternal depression, and income as covariates.

Statistical Analyses

Mixture modeling—Growth mixture modeling was conducted in Mplus 5.21 (Muthen and
Muthen, 1998-2007), using the five internalizing sum scores described above as manifest
variables, and estimating an intercept (1), slope (S), and non-linear (quadratic, Q) growth
term for each class. Growth mixture models were conducted with the sexes combined, as
previous studies have found that sex differences in internalizing typically do not emerge
until after the onset of puberty (e.g., Angold et al., 1998; Ge et al., 1994). However, in an
effort to account for potential sex differences, sex was used as a covariate in subsequent
analyses. As the goal of the mixture modeling was to characterize early internalizing
problems, the last age for which data were included is 11.5 years, at which point the
majority of the sample was prepubescent (Joinson et al., 2011). Fit and feasibility were
assessed using Akaike’s Information Criterion (AIC), Bayesian Information Criterion (BIC),
entropy, the Lo-Mendell-Rubin adjusted likelihood ratio test, and general interpretability
(see Results). Due to difficulties with model convergence in conditional models, trajectory
identification and subsequent analyses were conducted separately, as opposed to in a single
stage analysis, within Mplus.

Modeling associations between internalizing classes and alcohol outcomes—
After determining the most appropriate number of classes (see Results), we explored the
predictive relationship between class membership and alcohol use outcomes via a series of
contrast-coded predictors wherein an individual alcohol outcome was regressed onto the
contrast and the covariates described above (maternal depression, income, and sex). As
preliminary analyses indicated that some covariates were correlated (e.g., maternal
depression and income), we employed a modeling framework that allowed for correlations
among predictive variables. In each model, each class with elevated levels of internalizing
symptoms was compared to the class with the lowest average internalizing score over time
(see Results).
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Attrition—Individuals present in the originally ascertained sample but missing sufficient
data for inclusion in the current analyses were more likely to have a maternal history of
depression (x2=31.03, p<0.0001). They also fell into lower income quintiles that those
included in these analyses (y2=51.42, p<0.0001).

Descriptive Statistics

Mean internalizing sum scores for each wave are provided in Table 1. Internalizing scores
were higher for children of mothers with a history of depression (t-statistics ranging from
5.99 t0 8.02, p<0.0001). Internalizing scores and family income were inversely related (F-
statistics ranging from 10.35 to 12.38, df=4, p<0.0001). Details on alcohol use are provided
in Table 2; note that only binge drinking and past 6 month alcohol use variables were
included in subsequent analyses. Correlations between binary alcohol use outcomes
(excluding the stem item “Have you ever had a full drink?”) ranged from 0.42-0.85. Age at
initiation was modestly inversely correlated (-0.07 — —0.03) with the other alcohol
outcomes.

Growth Mixture Modeling

Models with 2—6 classes were fit. To facilitate model convergence and identification, the
variance of the quadratic term was fixed to 0 within each class for all models. A 5-class
solution was selected for additional analyses: Although a 6-class solution provided minor
improvements in AIC and BIC, the likelihood ratio test indicated that it did not provide a
significantly better fit (Table 3). Furthermore, the sixth class reflected a difference in
severity, but not shape, from another class. We did not pursue additional refinement of
parameter estimates and variances, as our aim was to explore differences in alcohol
outcomes across classes rather than to examine whether within-class variation differentially
predicted alcohol outcomes. The variances of the intercept and slope terms were estimated
to be different from 0 (p<0.001).

Description of the 5-Class Trajectory Solution

The five trajectories resulting from the model fitting process are depicted in Figure 1.
Estimated mean growth parameters for each class are provided in Supplementary Table 1.
For subsequent analyses, individuals were assigned to the class in which they had the
highest posterior probability of membership; Supplementary Table 2 provides mean
posterior probabilities of class membership for individuals assigned to each class. Class 1
(N=362, 3.2% of the sample; persistently high [PH]) is characterized by the second-highest
initial level of internalizing symptoms, which increases for several years before stabilizing.
Class 2 (N=631, 5.7%; low-to-high [LH]) has relatively low initial levels of internalizing
symptoms, but these increase beginning at age 7. Class 3 (N=1048, 9.4%; mid-childhood
increase [MCI]) exhibits increasing internalizing symptoms until approximately age 8, after
which symptoms decrease. Class 4 (N=785, 7.0%; high-to-low [HL]) begins with the highest
levels of problems, which decrease through age 9 and stabilize thereafter. Individuals in
Class 5 (N=8331, 74.7%; stable low [SL]) exhibit consistently low levels of internalizing
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symptoms. The SL class was the reference class in subsequent analyses. Relationships
between each class and demographic variables are described in Table 4.

Relationship Between Internalizing Trajectories and Early Adolescent Alcohol Use

We next tested whether membership in each of the classes with elevated levels of
internalizing symptoms — PH, LH, MCI, and HL — was associated with increased or
decreased risk of each of the four alcohol outcomes as reported at age 13.8, relative to the
SL class (see Figure 2 for a generalized model). The resulting odds ratios/parameter
estimates are adjusted for the effects of sex, maternal depression, and income on alcohol
outcomes, as well as for correlations among predictive variables. Results are presented in
Table 5.

Overall, individuals in any class with increased internalizing symptoms (PH, LH, MCI, and
HL) were less likely to have engaged in at least one of the four alcohol-related outcomes.
However, evidence for this association was inconsistent across class and outcome:
individuals in LH and MCI were less likely to have binged relative to SL, while those in HL
were less likely to have drank alcohol (with or without parental permission) in the last 6
months. With the exception of the LH class, all classes with elevated internalizing symptoms
consumed fewer drinks in the previous 6 months than the SL class. Subsequent analyses
indicated that no significant differences existed among elevated internalizing classes and the
four alcohol-related outcomes (e.g., members of the PH class were no less likely to have
binged than members of the MCI class; data available upon request).

Iltem Level Analyses

As a secondary analysis, we examined whether the relation between internalizing symptoms
and alcohol use outcomes varied across different manifestations of internalizing
symptomatology by conducting an item-level analysis. Because trajectory analyses indicated
that the course of internalizing symptoms was not relevant to alcohol outcomes — only
whether one had ever experienced elevated symptoms — we did not examine trajectories for
each of the specific internalizing items. Rather, binary variables were derived for each (see
Methods). Results, provided in Table 6, indicated that items suggestive of phobia and
separation anxiety were consistently negatively associated with the four alcohol outcomes,
with only one exception. Associations involved the remaining items were much less
consistent.

Discussion

The goals of these analyses were to identify trajectories of internalizing symptoms from
early childhood to early adolescence and to determine whether internalizing trajectories are
associated with differential risk of four alcohol-related outcomes in early adolescence. We
focused on this period because alcohol experimentation typically begins in early
adolescence. While nearly 75% of the sample had stably low levels of internalizing
symptoms, the remainder fell into four qualitatively different internalizing symptom
trajectories. In general, individuals with elevated symptoms were less likely to engage in at
least one of the four alcohol-related outcomes at age 13.8 relative to individuals in the stable
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low class. This could be due to a causal relationship, where internalizing symptoms protect
against alcohol use. A non-causal explanation is also possible, wherein an unobserved
shared factor (e.g., genetics or environmental confounders) influences both internalizing
symptoms and liability to alcohol use. These mechanisms are not mutually exclusive.

The majority of the sample falls into the Stable Low trajectory, consistent with previous
reports that a minority of children experience internalizing symptoms (Smucker et al., 1986).
Among children who do experience problems, there is prior evidence of trajectories similar
to those identified in the current study (Fanti and Henrich, 2010; Marmorstein et al., 2010g;
McCarty et al., 2012; Wanner et al., 2012). Results vary across studies, possibly as a
function of sample size and measurement instrument, but overall are broadly consistent with
regards to trajectory shapes and interpretation.

While odds ratios and parameter estimates suggested that any early elevation in internalizing
problems is inversely associated with at least one measure of alcohol use (e.g., binge
drinking, drinking without parental permission, etc.) at age 13.8, the statistical significance
of these estimates is quite modest and is inconsistent across class and the four alcohol-
related outcomes. To determine whether the use of a class variable rather than a continuous
variable affected our ability to detect relationships, we also conducted analyses using
individuals’ posterior probability of class membership rather than assigning each individual
to one class, with comparable results. An explanation for the specific patterns of association
observed across the different trajectories is not immediately obvious, but the trend is for
elevated internalizing symptoms to be negatively associated with alcohol use. These
analyses should be replicated in other samples to provide additional information about
whether the age at which children experience internalizing symptoms is relevant to their
early adolescent alcohol use, or whether any childhood internalizing problems, regardless of
course or duration, are associated with a lower risk of alcohol use in early adolescence.

Adolescent internalizing symptoms are frequently associated with higher levels of
contemporaneous or later alcohol use (King et al., 2004; Marmorstein, 2009; Marmorstein,
2010; McCarty et al., 2012). However, few studies have examined childhood internalizing
symptoms and their relationship with early adolescent alcohol use. The current results
indicate that the course of these symptoms — whether persistent or temporally limited — is
largely irrelevant to later alcohol outcomes: it is sufficient to have merely experienced
elevated internalizing symptoms sometime during childhood.

However, our secondary analysis of the individual emotional problems subscale items
suggests that these negative associations differ across components of the internalizing
spectrum. In particular, items suggestive of phobia (“many fears, easily scared”) and
separation anxiety (“nervous or clingy in new situations...”) are more consistently
associated with lower alcohol use than are the other items. These findings are consistent
with previous studies suggesting that particular manifestations of childhood internalizing
problems are differentially associated with alcohol use (Hussong et al., 2011; Kaplow et al.,
2001; King et al., 2004; Marmorstein et al., 2010b; Wu et al., 2010), though findings are
inconsistent as to whether anxiety or depressive disorders are more problematic. A previous
study of the ALSPAC sample found that self-reported depressive symptoms at age 10.5
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were positively associated with problematic alcohol use in adolescence (Saraceno et al.,
2011); this is consistent with the result for binge drinking reported here. While the limited
nature of the SDQ (i.e., one item per manifestation) precluded more nuanced analyses, we
do find support for the hypothesis that specific childhood internalizing constructs are
differentially related to alcohol outcomes. Additional research is needed with a more
comprehensive set of variables.

This study was not designed to identify the specific mechanisms through which childhood
internalizing problems and adolescent alcohol use are associated. However, previous studies
suggest that early childhood internalizing might be related to behaviorally inhibited
temperament (Hussong et al., 2011), which could lead to difficulty interacting with peers
later in childhood. This could represent a non-causal negative association, where
internalizing symptoms merely index temperament, which itself predicts less alcohol use. As
alcohol use in early adolescence occurs largely within the context of peer interactions
(Hussong, 2000; Hussong, 2002), individuals whose childhood internalizing problems
inhibit their ability to establish strong social contacts might be less likely to find themselves
among peers who are experimenting with alcohol later. This represents a potential causal
relationship.

It is critical to note that our study focused on very early adolescent alcohol use, as we were
particularly interested in this period of early experimentation, and we did not explore
whether childhood internalizing trajectories were associated with alcohol outcomes later in
adolescence or early adulthood, where different relationships have been observed. To the
extent that alcohol becomes more widely available later in adolescence and beyond, one’s
childhood internalizing and potential social problems might present less of a “barrier to
entry” later in development. Individuals whose internalizing problems desist might then be
able to establish peer relationships, exposing them to opportunities for alcohol
experimentation through peer groups. Even those who continue to experience internalizing
symptoms during adolescence are still likely to experiment with alcohol (though this
experimentation might be delayed relative to peers), at which point their experience with
internalizing symptoms might lead to problematic drinking behaviors or expectations
(Hussong et al., 2011).

In summary, we find that approximately one quarter of children experience elevated levels
of internalizing symptoms at some point between ages 4 and 11.5. The course of these
problems varies, with few (3.2%) experiencing high and sustained symptoms, others
experiencing gradually increasing (5.7%) or decreasing (7.0%) symptoms over time, and yet
others (9.4%) experiencing a transient increase in symptoms during mid-childhood. Children
in any of these trajectories are slightly less likely to use alcohol at age 13.8. Given relatively
modest levels of statistical significance and effect sizes that would not necessary meet
significance criteria in smaller samplers, we cannot assert that individuals in a particular
trajectory are differentially “protected”, nor can we determine whether the observed
associations are due to a causal relationship. Symptoms of phobia and separation anxiety
appear to drive the observed negative associations, though additional research is warranted
as we were unable to assess whether the temporal course of construct-specific problems is
relevant. Likewise, future studies on longitudinally assessed, population-based samples
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should examine how the relationship between internalizing symptoms and alcohol use
changes from childhood into adolescence and young adulthood.

Limitations

These results must be considered in the context of several limitations. First, the measures of
internalizing used in these analyses are derived from maternal reports. While this is
appropriate for the age range of the sample, it is possible that maternal reports are less
accurate than self-reports. In addition, there is some evidence that the observed relationship
between internalizing symptoms and alcohol use differs depending on the reporter (McCarty
etal., 2012). In addition, we did not explore whether childhood internalizing trajectories
were associated with alcohol outcomes later in adolescence or early adulthood.

Second, individuals in all four trajectories of elevated internalizing symptoms were more
likely to have a mother with a history of depression than were individuals in the SL class. A
relationship between maternal depression and the emotional symptoms scale of the SDQ has
been previously reported for this sample (Araya et al., 2009). Reporting bias in these
mothers might have resulted in their description of elevated levels of internalizing in their
child, though empirical studies of such an effect have produced mixed results (Fergusson et
al., 1993; Sawyer et al., 1998). It is also possible that children of mothers with a history of
depression actually experience more internalizing problems than their peers. With the
current data is it not possible to determine whether either scenario is at work here. In
addition, as noted in the Methods, some modest differences exist between the original
sample and the sample retained in these analyses. These differences could have lead to slight
biases in the results.

We would also underscore that the analyses conducted at the item level (reported in Table 3)
should be considered with caution, as they are each based on a single indicator. Similarly,
the alcohol-related outcomes were single items, and not based on comprehensive scales; this
approach was selected to enable detection of potential distinctions among the different
outcomes. We did not adjust significance thresholds to correct for multiple tests, and it is
likely that a portion of the results meeting a threshold of p<0.05 would not survive such a
correction. Finally, as with all applied statistical methodologies, growth mixture modeling
has potential limitations (Bauer, 2007). Most notably, in addition to accurately depicting the
developmental realities, GMM might spuriously result in the overextraction of trajectory
classes. Specifically, misspecification of the structural model may require additional classes
to account for discrepancies in the observed versus model implied means, variances, and
covariances. Thus, it is critical that we temper our confidence in the results (Bauer and
Curran, 2003). In summary, these analyses provide insight into the complex relationship
between the course of internalizing problems and alcohol use, suggesting that, unlike
adolescent depression, childhood internalizing problems protect individuals from early
alcohol experimentation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Five class trajectory solution.
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Figure 2.
Generalized structural equation model for assessing association between internalizing

trajectory and adolescent alcohol use. Only correlations among covariates with p<0.05 are
depicted. The “internalizing trajectory” variable is one of 5 contrasts described in the text.
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Descriptive statistics for alcohol use variables. Note that not all participants provided responses to every
question. Items in italics were included as outcome variables.

Table 2

Alcohol usevariable

% (N) of total

sample
Ever had 1 full alcoholic drink 52.6 (3119)
Had full drink within past 6 months 41.0 (2428)
Ever drank without parental permission 26.1 (1550)
Drank without parental permission, past 6 months  24.1 (1426)
Had 3+ drinks on single occasion 20.7 (1210)

Mean (SD)
Age at first drink 12.0(1.1)
Number of whole drinks, past 6 months 2.1(5.5)
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Table 3
Growth mixture modeling fit statistics.

# of Classes AlC BIC Entropy LMR Adjusted
LRT p-val uel

2 146,757.138  146,866.936  0.820 <0.0000

3 145,504.964 145,644.041  0.803 <0.0000

4 144,519.283  144,687.639  0.791 <0.0000

5 143,900.295 144,097.930  0.777 0.0174

6 143,309.166  143,536.080 0.776 0.1560

A significant p-value indicates that a solution with n classes is significantly better than one with n-1 classes.
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Table 4

Relationship between internalizing trajectories and demographic variables

Class % Girlsl Family % with Maternal
Incomel:2 Depression History:L

Full sample 48.6 3.4 85

SL 47.28 3.48 7.28

PH 54,10 2.9¢ 20.1°

LH 56.4¢ 3.42b 10.7¢

MmcClI 52.70¢ 3.3 11.4¢

HL 49,620 3.2° 11.4°

Classes not identified by the same letter are significantly different from one other. VValues for the full sample are provided for reference.

As described in the Methods, income is divided into quintiles. Here, the mean quintile is provided.
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