
The Prospective Association Between Internalizing Symptoms 
and Adolescent Alcohol Involvement and the Moderating Role of 
Age and Externalizing Symptoms

Craig R. Colder1, Kathleen Shyhalla1, Seth Frndak1, Jennifer P. Read1, Liliana J. Lengua2, 
Larry W. Hawk Jr.1, and William F. Wieczorek3

1University at Buffalo, State University of New York

2University of Washington

3Buffalo State University

Abstract

Background—As predicted by self-medication theories that drinking is motivated by a desire to 

ameliorate emotional distress, some studies find internalizing symptoms (e.g., anxiety, depression) 

increase risk for adolescent drinking; however, such a risk effect has not been supported 

consistently. Our prior work examined externalizing symptoms as a potential moderator of the 

association between internalizing symptoms and adolescent alcohol use (AU) to explain some of 

the inconsistencies in the literature. We found that internalizing symptoms were protective against 

early adolescent AU particularly for youth elevated on externalizing symptoms (a two-way 

interaction). Our sample has now been followed for several additional assessments that extend into 

young adulthood, and the current study tests whether the protective effect of internalizing 

symptoms may change as youth age into young adulthood, and whether this age moderating effect 

varied across different clusters of internalizing symptoms (social anxiety, generalized anxiety, and 

depression). Internalizing symptoms were hypothesized to shift from a protective factor to a risk 

factor with age, particularly for youth elevated on externalizing symptoms.

Method—A community sample of 387 adolescents was followed for nine annual assessments 

(mean age =12.1 years at the first assessment and 55% female). Multilevel cross-lagged two-part 

zero-inflated poisson models were used to test hypotheses.

Results—The most robust moderating effects were for levels of alcohol use, such that the 

protective effect of all internalizing symptom clusters was most evident in the context of moderate 

to high levels of externalizing problems. A risk effect of internalizing symptoms was evident at 

low levels of externalizing symptoms. With age, the risk and protective effects of internalizing 

symptoms were evident at less extreme levels of externalizing behavior. With respect to alcohol-

related problems, findings did not support age moderation for generalized anxiety or depression, 

but it was supported for social anxiety.
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Conclusions—Findings highlight the importance of considering the role of emotional distress 

from a developmental perspective and in the context of externalizing behavior problems.
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Introduction

Internalizing symptoms (e.g., anxiety and depressive symptoms) have been considered a risk 

factor in the etiology of adolescent drinking. Yet empirical findings supporting this idea have 

been inconsistent, particularly with respect to early stages of adolescent alcohol use 

(Hussong et al., 2011; Colder et al., 2010). For example, consistent with self-medication and 

negative reinforcement theories that drinking is motivated by efforts to ameliorate emotional 

distress, some longitudinal studies find internalizing symptoms to be a risk factor for alcohol 

use (Kaplow et al., 2001; Parrish et al., 2016). Yet, findings from other longitudinal studies 

suggest that internalizing symptoms are negatively related to alcohol use (Colder et al., 

2013; Kaplow et al., 2001; Fleming et al., 2008), perhaps because the fearfulness, social 

withdrawal, and avoidance that characterize internalizing psychopathology protect youth 

from selecting into peer groups that support drinking (Fite et al., 2006). Other research finds 

no association between internalizing problems and adolescent alcohol use after accounting 

for externalizing symptoms (Maslowsky et al., 2014; Miller-Johnson et al., 1998). Several 

adolescent preventive interventions target emotional distress (e.g., Botvin et al., 2001), and it 

is important to understand for whom or when such interventions may be most effective. In 

this paper we focus on three issues that might account for mixed findings regarding 

internalizing symptoms and adolescent drinking: (1) the co-occurrence of internalizing and 

externalizing problems, (2) age, and (3) heterogeneity of internalizing problems.

Co-Occurrence of Internalizing and Externalizing Symptoms

Internalizing and externalizing symptoms commonly co-occur (Achenbach and Rescorla, 

2001), and the influence of internalizing symptoms on adolescent alcohol use may vary 

depending on whether they occur in the presence or absence of externalizing symptoms. 

Findings regarding the moderating role of externalizing symptoms on the association 

between internalizing symptoms and alcohol use are mixed with some longitudinal studies 

providing no support (e.g., Capaldi, 1992) and some studies finding exacerbating effects 

such that elevated symptoms in both domains is particularly risky (Hussong & Chassin, 

1994; Miller-Johnson et al., 1998). Other longitudinal studies, including our own, have 

found that internalizing symptoms were protective against alcohol and other substance use 

(Colder et al., 2017, Colder et al., 2013; Mason et al., 2008; Scalco et al., 2014), with this 

protective effect most evident in the context of elevated externalizing symptoms. These 

inconsistent findings may be attributable to a few issues. In this study, we consider potential 

age differences and heterogeneity of internalizing symptoms.
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Age

Alcohol use becomes increasingly normative with age (Miech et al., 2016) and beliefs and 

attitudes about drinking change during adolescence (Colder et al., 2014). Accordingly, 

psychological characteristics associated with adolescent alcohol use may differ depending 

on age. It has been posited that internalizing symptoms delay onset of adolescent alcohol use 

in part due to social withdrawal associated with internalizing symptoms which may then 

protect youth from engaging in social contexts that promote initiation (Hussong, 2000). 

However, as alcohol use becomes more normative, increased modeling of alcohol use by 

peers coupled with greater access to alcohol may result in increased risk for alcohol use by 

adolescents with elevated internalizing symptoms. Over time, regular drinking might come 

to serve a coping function for these youth (e.g., Stewart et al., 2006; Cooper et al., 1995). As 

such, one possibility is that internalizing symptoms are protective of alcohol use in early and 

middle adolescence, and emerge as a risk factor in late adolescence. Though several studies 

offer some support for such developmental differences (Colder and Chassin, 1999; Sartor et 

al., 2007), others have failed to replicate this pattern (Marmorstein, 2009; Marmorstein et al., 

2010).

Age-related changes in the association between internalizing problems and alcohol use may 

depend on the co-occurrence of externalizing problems. That is, internalizing problems may 

be protective in the context of externalizing problems in early adolescence (Colder et al., 

2013; Scalco et al., 2014), but may exacerbate risk for alcohol use in the presence of 

externalizing problems (a synergistic interaction) in late adolescence and young adulthood 

(Marmorstein, 2010). Examining developmental differences in the moderating role of 

externalizing symptoms on the association between internalizing symptoms and alcohol use 

requires a longitudinal sample that spans early adolescence to young adulthood with 

repeated assessments of mental health symptoms. To our knowledge, no study with these 

design features has examined this question. The current study uses a longitudinal design 

with repeated assessments of mental health symptoms and alcohol use to examine whether 

age enters into a three-way interaction with internalizing and externalizing symptoms to 

predict alcohol use.

In considering potential age differences, it may also be important to distinguish alcohol use 

from alcohol-related problems. Some research suggests that internalizing problems may be 

more strongly associated with problems rather than levels of use (e.g., Cooper et al., 1995). 

If this is true, then we might expect the proposed emergent risk effect of internalizing 

symptoms to be most evident when predicting alcohol-related problems.

Heterogeneity of Internalizing Problems

Anxiety and depression are common internalizing symptom clusters in adolescence 

(Achenbach & Rescorla, 2001), and it is possible that these subdomains of internalizing 

symptoms operate differently with externalizing problems across age (Hussong et al., 2011; 

Colder et al., 2010). Another goal of the current study was to examine clusters of 

internalizing symptoms, and test our moderational hypotheses separately for generalized 

anxiety, social anxiety, and depression symptoms.
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During adolescence, separation anxiety declines substantially (Cohen et al., 1993), whereas 

both social and generalized anxiety decline slightly in early adolescence and then increase 

thereafter (Van Oort et al., 2009; La Greca, 1999). There is evidence that generalized anxiety 

symptoms are associated with escalation of alcohol use, but not initiation (Kaplow et al., 

2001; Sartor et al., 2007; Sung et al., 2004), suggesting that generalized anxiety symptoms 

may become a risk factor after initial experimentation. The link between social anxiety and 

alcohol use may also depend on age. Studies of early and middle adolescent aged samples 

tend to show that social anxiety is unrelated to alcohol use, or associated with low levels of 

use (Frojd et al., 2011; Myers et al., 2003). Yet by late adolescence, social anxiety is a more 

robust risk factor for heavy alcohol use and alcohol-related problems (Buckner et al., 2008; 

Wu et al., 2010).

Numerous studies provide evidence for an association between symptoms of depression and 

adolescent alcohol use (Armstrong and Costello, 2002; Hussong and Chassin, 1994; Sung et 

al., 2004;), even after controlling potential confounding factors such as externalizing 

problems (Marmorstein, 2010; Sung et al., 2004) or in combination with externalizing 

symptoms (Maslowsky and Schulenberg, 2013). However, there is limited evidence to 

support or refute potential age-related differences in the link between depression symptoms 

and adolescent alcohol use.

The Current Study

There is an implicit assumption made in the adolescent alcohol use literature that 

internalizing and externalizing problems represent two distinct pathways to drinking. 

However, evidence for an internalizing pathway in adolescence is equivocal, and limited 

research has explored co-occurring internalizing and externalizing symptoms in 

developmental pathways to alcohol use. We propose that whether internalizing symptoms 

operate as a risk or protective factor may depend on age and levels of externalizing 

symptoms. We are aware of no studies that span early adolescence to young adulthood with 

repeated assessments of mental health symptoms that have examined such a moderational 

question. We hypothesize that internalizing symptoms will serve a protective function 

(negatively associated with alcohol use) at high levels of externalizing problems based on 

our prior work with this sample. With increasing age, we expect that this effect of 

internalizing problems will shift to become a risk factor (positive association). We 

considered symptoms of generalized anxiety, depression, and social anxiety as separate 

clusters of internalizing psychopathology. Finally, we considered both alcohol use and 

alcohol-related problems because some research suggest that internalizing problems may be 

more strongly associated with problems.

Method

Sample

Data for this study were from a community sample of 387 adolescents and their caregivers 

recruited from households in Erie County, NY assessed annually for nine years. Recruitment 

occurred between April 2007 and February 2009. Adolescents were eligible for the study if 

they were between the ages of 11 and 12 at recruitment, and did not have any disabilities 
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that would preclude them from either understanding or completing the assessment. For more 

information about recruitment procedures, eligibility criteria, and sample description see 

Trucco et al. (2014).

Average age at the first assessment was 12.1 years old. Average ages at subsequent 

assessments were 13.1, 14.1, 15.1, 16.1, 17.1, 18.4, 19.4, and 20.4 years old. The sample 

was approximately evenly split on gender (55% female at W1) and was predominantly non-

Hispanic Caucasian (83.1%) or African American (9.1%). Median family income at first 

assessment was $70,000 and 6% of the families received public assistance income. These 

sample demographics compared well to demographics of families within our sampling 

frame, which was Erie County, NY (see Trucco et al., 2014).

Retention across waves of assessment was strong; after the first assessment, sample size 

varied between N=350 (90%) to N=373 (96%). We compared those present at all 

assessments and those missing data for at least one assessment on variables from our first 

assessment. Participants who completed all assessments did not significantly differ from 

those missing at least one assessment on minority status, gender, parental education, parental 

marital status, and lifetime alcohol and cigarette use (p-values = 0.63–0.99, φ = 0.001–

0.020). There were also no differences on age, income, and internalizing and externalizing 

symptoms (p-values =0.68–0.97, d = 0.008–0.070). The lack of differences, small effect 

sizes, low rate of attrition, and our data analytic approach (multilevel modeling), which 

permitted inclusion of cases with missing data, suggest that missing data likely had a limited 

impact on our findings.

Procedures

Although there have been nine assessments, behavior problems were not measured at all 

assessments due to a lapse in funding. The current study only includes questionnaire data 

(externalizing and internalizing symptoms, and substance use) from seven assessments that 

allowed us to test prospective associations between symptoms and alcohol use outcomes 

(Waves 1–4, Waves 7–9). Wave 1–3 assessments were conducted in our research offices with 

the caregiver and adolescent. Families were compensated $75, $85 and $125 dollars for 

Waves 1–3, respectively.

Wave 4 consisted of a brief telephone administered audio-Computer Assisted Self Interview 

(CASI) of SU that took 10–15 minutes to complete. Parents provided consent over the phone 

and were given a phone number and PIN for their adolescent to use. Assent from the 

adolescent was obtained at the initiation of the audio-CASI survey. Adolescents received a 

$15 gift card for completing these assessments.

Wave 7–9 assessments followed procedures similar to those at Waves 1–3, however, we gave 

the participants the option to complete the survey remotely online (N=18 at Wave 7, N=40 at 

Wave 8, N=44 at Wave 9). Adolescents were compensated $125 for completing the full 

assessment (questionnaires and laboratory tasks) or $50 for completing only the 

questionnaires. Caregivers were compensated $40.
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Measures

Alcohol Use—Alcohol use at Waves 1–4 was assessed with items taken from National 

Youth Survey (Elliott and Huizinga, 1983). Participants responded to two fill in the blank 

questions: (1) how many times in the past year they had used alcohol (frequency), and (2) 

how many drinks were typically consumed on days when alcohol was used (quantity). A 

drink was defined as a 12 oz. of beer, a 4 oz. glass of wine, a 12 oz. wine cooler, or a 1 ¼ oz. 

shot of hard liquor.

At Waves 7–9 participants were asked about frequency of alcohol use in the past year with 

nine response options that ranged from “not at all” to “everyday”. Quantity was assessed 

using a weekly drinking calendar that asked participants to report number of drinks 

consumed on each day of the week in a typical week from the past 90 days (Cahalan et al., 

1969). Drinks per drinking day were computed from the calendar and then multiplied by the 

frequency item to create a quantity × frequency score for the past year.

As expected given the age of our participants, annual rates of alcohol use were quite low at 

the early waves, but then increased across assessments (see Table 1). This pattern was also 

true with respect to drinks consumed per year.

Alcohol Problems—Alcohol problems were not assessed at Waves 1–2 because of the 

young age of the sample, and expected low rates of endorsement. At Wave 3, adolescents 

who reported using alcohol in the past year were administered 13 questions about the 

frequency of alcohol problems during the past year (Windle and Windle, 1996). The number 

of items with positive responses (experiencing the problem at least once) were summed to 

form an alcohol problem score, and this sum score was used a covariate when predicting 

Wave 7 problems. At Waves 7–9, alcohol problems were assessed with the Young Adult 

Alcohol Consequences Questionnaire (YAACQ; Read et al., 2006). Participants who had any 

drinks during the past year, replied ‘yes’ or ‘no’ to 48 items that assessed drinking-related 

negative consequences and problems. The number of positively endorsed items were 

counted to form an alcohol problem score Waves 7–9. As shown in Table 1, for those who 

drank in the past year, the majority experienced at least one alcohol-related problem.

Internalizing and Externalizing Symptoms—Mental health symptoms were assessed 

using the Youth Self Report (YSR; Achenbach and Rescorla, 2001) at Waves 1–3 and using 

the Adult Self-Report (ASR; Achenbach and Rescorla, 2003) at Wave 7 and 8 from the 

Achenbach System of Empirical Behavioral Assessment (ASEBA). Substance use items 

were removed to eliminate item overlap with our outcomes. We endeavored to form 

equivalent scales across adolescence and young adulthood by eliminating items that 

appeared only on the YSR or only on the ASR. With respect to externalizing symptoms, we 

included aggression and rule breaking scales and seven items of the YSR were not part of 

the ASR, and were removed, resulting in 21 total externalizing items at each assessment.

For the internalizing domain, we used the ASEBA Diagnostic Statistical Manual-V (DSM) – 

oriented scales. Both the generalized anxiety and affective scales of the YSR (Waves 1–3) 

included one item that was not part of the ASR scales. These two items were removed, 

resulting in 4 generalized anxiety and 11 depression items.
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Social anxiety at Waves 1–3 was assessed using the social avoidance/distress (10 items) and 

fear of negative evaluation (8 items) subscales from the Social Anxiety Scale for Children 

and Adolescents-Revised (SASC-R, La Greca and Stone, 1993). At Waves 7 and 8, social 

anxiety was assessed using the Social Interaction Anxiety Scale (SIAS; Mattick and Clarke, 

1998) and the Brief Fear of Negative Evaluation scale (BFNE-II; Carleton et. al., 2006).

Analytic Plan

Our longitudinal study spanned early adolescence to young adulthood, and this necessitated 

changing our measures to be developmentally appropriate. For externalizing, generalized 

anxiety, and depression symptoms, we were able to select equivalent items. For social 

anxiety our measures allowed for conceptual equivalence, but the items were different. In 

preliminary analysis, we used confirmatory factor analysis to evaluate the equivalence of our 

symptom measures across waves. Factor models were evaluated using the model χ2, 

Comparative Fit Index (CFI), Tucker-Lewis Index (TLI) and Root Mean Square Error of 

Approximation (RMSEA) (Hu & Bentler, 1999).

Random effects models with repeated measures nested within participants were used to test 

study hypotheses. Nested chi-square model tests were used to evaluate whether random 

effects improved model fit, and if supported, random effects were included in our final 

models. The data were organized to test cross-lagged effects controlling for prior levels of 

the outcome. For alcohol use, we were able to test five cross-lags (Wave 1 symptoms 

predicting Wave 2 alcohol use, Wave 2 symptoms predicting Wave 3 alcohol use, Wave 3 

symptoms predicting Wave 4 alcohol use, Wave 7 symptoms predicting Wave 8 alcohol use, 

Wave 8 symptoms predicting Wave 9 alcohol use). For alcohol problems, we were able to 

test three cross-lags (Wave 3 symptoms predicting Wave 7 alcohol problems, Wave 7 

symptoms predicting Wave 8 alcohol problems, Wave 8 symptoms predicting Wave 9 

alcohol problems). Age, prior levels of the outcome, and mental health symptoms were 

included as level 1 time-varying covariates. Gender was included as a level 2 covariate. We 

formed three-way cross-product terms of interest (e.g., age × externalizing symptoms × 

internalizing symptoms) and relevant two-way interaction terms. We started with the full 

model including the three-way interaction terms of interest, and then trimmed out non-

significant higher-order interaction terms. Predictor variables were standardized within age 

to facilitate interpretation of interaction effects (Hox, 2010). Separate models were run for 

each domain of internalizing problems (generalized anxiety, depression, and social anxiety). 

Because a four-year gap existed between the W3 predictor variables and W7 alcohol 

problems outcome, W3 predictors in the alcohol problems model were weighted to be 1/4th 

the effect of later cross-lags.

Our quantity by frequency variable and our problem alcohol variables were skewed with 

excess zeros, and therefore, we used a zero-inflated Poisson model with random effects to 

test our proposed interaction term. These models include a binomial part that describes the 

probability of drinking (or experiencing alcohol-related problems) during a given 

assessment, and for those who drank (or experienced a problem), the second part of the 

model describes how many drinks consumed (or how many problems experienced). Models 

were fit in SAS version 9.4 using Proc Nlmixed.
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In the case of statistically significant interactions, we used procedures developed by 

Preacher et al. (2006) to determine regions where simple slopes of internalizing symptoms 

were statistically significant. We also plotted simple slopes of internalizing symptoms at the 

−2 to +2 standard deviations from the sample mean of externalizing symptoms at ages 12, 

14, 17, and 19 years of age for descriptive purposes.

Results

Factor Analysis of Symptoms

For our measures of generalized anxiety, depression, and externalizing symptoms, we 

evaluated the equivalence of these measures across time using a longitudinal confirmatory 

factor model for each domain of symptoms. For generalized anxiety, the model included five 

latent variables (generalized anxiety at Waves 1–3, and at Waves 7–8) with the four anxiety 

items as indicators for each factor. The factors were allowed to covary. The model provided 

an adequate fit to the data (χ2(152) = 240.39 p > 0.05, CFI = 0.96, TLI = 0.95, RMSEA = 

0.05.), and constraining the factor loadings to be equivalent over time resulted in a 

significant decrement in model fit (Δ χ2(11)=69.87, p<.001). This was due to one factor 

loading corresponding the item “too fearful/anxious” that varied across time. When this 

factor loading was allowed to vary, but the others were constrained to be equal over time, 

there was a non-significant change in the model χ2 (Δ χ2(8)=12.54, p=0.13). The 

standardized factor loadings for the “too fearful/anxious” item were all substantial (.54, .

58, .64, .82, .87 at W1–3 and W7–8, respectively), but increased over time. This factor 

model supported partial invariance of generalized anxiety, and items were averaged to form 

scale scores at each wave. A similar model with five latent variables was specified for the 7 

depression symptom items at each wave. This model provided an adequate fit to the data 

(χ2(265)=488.64, p<.05, CFI=.91, TLI=.89, RMSEA=.07), and constraining the factor 

loadings to be equal over time suggested a non-significant change in the model χ2 (Δ 

χ2(18)=22.61, p=0.21), supporting measurement equivalence over time. Items were 

averaged to form a depression scale score at each wave. For externalizing symptoms, the 

aggressive and rule breaking subscales were computed by averaging items, and the scale 

scores were used as indicators of the externalizing factor at each wave. This model fit the 

data well (χ2(25)=35.41, p>.05, CFI=.99, TLI=0.99, RMSEA=.05), and constraining the 

factor loadings to be equal over time did not result in a decrement in model fit (Δ 

χ2(4)=1.01, p=0.91).

Our social anxiety measures provided conceptual equivalence across developmental periods 

(social avoidance/distress and fear of negative evaluation), but unlike the YSR and ASR, the 

items were different. Accordingly, we formed social avoidance/distress and fear of negative 

evaluation scale scores at each wave by averaging items, and then standardized these scale 

scores. This allowed us to compare the association between each scale and the latent factor 

across developmental period. The model included five latent variables (Waves 1–3, and 

Waves 7–8) each with two indicators (social avoidance/distress and fear of negative 

evaluation). The factors were allowed to covary. The model fit the data well (χ2(19) = 94.79 

p > 0.05, CFI = 0.96, TLI = 0.90, RMSEA = 0.07), and constraining the factor loadings to be 

equal over time resulted in a non-significant change in model fit χ2(Δ χ2(4)=2.11, p=0.72), 
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supporting measurement invariance of social anxiety across time. Social avoidance/distress 

and fear of negative evaluation scales were averaged for form social anxiety scores at each 

assessment.

Regression Models Predicting Alcohol Use

A random intercept was supported for the binomial, but not the continuous portion of all the 

alcohol use models. Results for generalized anxiety are presented in Table 2. Age did not 

enter into an interaction to predict probability of alcohol use, however, the two-way 

externalizing × internalizing symptom interaction term was supported. Generalized anxiety 

was negatively associated with probability of alcohol use at elevated levels of externalizing 

symptoms of use (0.40 standard deviations above the sample mean of externalizing 

symptoms). At extremely low levels of externalizing symptoms (3 standard deviations below 

the sample mean), generalized anxiety was positively associated with probability of alcohol 

use. The overall pattern suggested that the highest probability of drinking was evident for 

youth above the mean on externalizing symptoms and below the mean on generalized 

anxiety symptoms. This pattern was replicated in the depression symptoms model (see Table 

3), such that depression was negatively associated with probability of alcohol use at high 

levels of externalizing (.82 standard deviations above the sample mean) and positively 

associated with probability drinking at extremely low levels of externalizing symptoms (3.2 

standard deviations below the sample mean). Again, the highest probability of drinking was 

evident for youth low in depression symptoms and elevated on externalizing symptoms. 

There was no evidence that social anxiety entered into an interaction to predict probability of 

alcohol use (see Table 4). As a first-order effect, social anxiety was negatively associated 

with probability of alcohol use.

With respect to the count portion of the alcohol use models, there was support for the 

proposed three-way interaction for each domain of internalizing symptoms (see Tables 2–4). 

Plots of the simple slopes of generalized anxiety at different ages are presented in Figure 1. 

Looking across Panels a-d of Figure 1 shows that levels of alcohol use increased with age. 

Across all ages, the general pattern was similar. Generalized anxiety was prospectively 

associated with increased drinking at low levels of externalizing symptoms, and with 

decreased drinking at high levels of externalizing symptoms. The highest level of drinking 

was observed at low levels of generalized anxiety and high levels of externalizing symptoms. 

The regions of significance (panels e-h of Figure 1) show that the moderating effect was 

evident at less extreme levels of externalizing symptoms at older ages. For example, at age 

12 the positive effect of generalized anxiety was observed below −1.5 standard deviations 

from the sample mean of externalizing symptoms, and the negative effect was observed at 

values greater than −.75 standard deviations below the sample mean of externalizing 

symptoms. By age 19, these risk and protective effects hovered just below and above the 

sample mean of externalizing symptoms. This suggests that for most youth at age 12, 

generalized anxiety is protective against increases in levels of drinking. However, by age 19, 

the risk and protective effect of generalized anxiety is equally prevalent, and based on slight 

variations from normative levels of externalizing symptoms.
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This pattern was similar for depression symptoms (see Figure 2). One notable difference was 

that the simple slopes of depression symptoms (both positive and negative slopes) were 

much flatter with age, suggesting that although externalizing behavior operated as a 

moderator, depression symptoms were less strongly related to levels of drinking in young 

adulthood.

The nature of the three-way interaction was similar for social anxiety at younger ages (see 

Figure 3). That is, social anxiety was prospectively associated with decreases in drinking at 

high levels of externalizing symptoms, and with increases in drinking at low levels of 

externalizing symptoms (panels a-d and e-h). However, at older ages (panels c-d and g-h), 

social anxiety was largely protective against drinking across the range of externalizing 

symptoms. In fact, the points of significance (vertical blue lines) occurred outside the range 

of our plots.

Regression Models Predicting Alcohol Problems

Results from the final trimmed model with internalizing symptoms predicting alcohol 

problems are presented in Tables 2–4. The alcohol problems models did not support a 

random intercept for either the binomial or count portions of the model. Results from the 

binomial model showed no support for interaction terms. Furthermore, none of the symptom 

variables were prospectively associated with the probability of experiencing an alcohol-

related problem. This was true across all internalizing domains.

Results in the count portion of the model supported a 3-way age interaction in the social 

anxiety model. As shown in panels a-b and c-d of Figure 4, at age 19, high levels of social 

anxiety were associated with increased problems at low levels of externalizing symptoms, 

and with decreased problems at high levels of externalizing symptoms. This pattern 

corresponds to what we observed for alcohol use. However, at age 17, the simple slopes of 

anxiety were not statistically significant within the range of our data.

Age did not enter into any interactions with generalized anxiety and depression to predict 

number of alcohol problems. However, a statistically significant two-way interaction with 

externalizing symptoms was supported for both generalized anxiety and depression (Tables 2 

and 3). In both models, internalizing symptoms prospectively predicted increases in 

problems at low levels of externalizing symptoms (approximately 1 standard deviation 

below the sample mean of externalizing symptoms), and decreases in problems at high levels 

of externalizing symptoms (approximately .30 standard deviations above the mean of 

externalizing symptoms).

Discussion

The literature examining the association between internalizing symptoms and adolescent 

alcohol use has been inconsistent (Colder et al., 2010; Hussong et al., 2011). The goal of the 

current study was to shed light on these mixed findings by examining externalizing 

symptoms and age as potential moderators of the association between internalizing 

symptoms and alcohol involvement (probability of alcohol use, quantity and frequency of 

drinking and alcohol-related problems). We also considered different clusters of 
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internalizing symptoms (generalized anxiety, depression, and social anxiety) with the idea 

that some of these clusters may be more strongly linked to alcohol involvement than others. 

A notable strength of our study is that it spanned early adolescence to young adulthood with 

repeated assessments of mental health symptoms and alcohol use/problems, and this allowed 

us to evaluate developmental differences that to our knowledge have not yet been tested.

The most consistent finding was support for a three-way age × externalizing symptoms × 

internalizing symptoms interaction term predicting levels of alcohol use for all three clusters 

of internalizing symptoms examined in this study. Contrary to our prediction, the nature of 

this interaction remained similar across developmental periods. Internalizing symptoms were 

protective at high levels of externalizing symptoms, and increased risk for drinking at low 

levels of externalizing symptoms. The highest level of drinking was evident among youth 

characterized by high levels of externalizing symptoms and low levels of internalizing 

symptoms, particularly at younger ages. With age, less extreme levels of externalizing 

symptoms were necessary to push internalizing symptoms to be a risk or protective factor, 

and the effect of elevated externalizing symptoms on promoting high levels of drinking 

diminished. This age-related pattern may reflect that alcohol use becomes more normative 

with age (Miech et al., 2016). In early adolescence, alcohol use is rare (see Table 1), and is a 

prominent feature of deviant peer groups that support drinking and provide access to alcohol 

(Dishion & Medici-Skaggs, 2000). Externalizing symptoms likely propel youth to select into 

deviant peer groups, and this may be more likely when internalizing symptoms are low and 

there is less fear and worry to curtail engagement in deviant behaviors (Scalco et al., 2014; 

Fite et al., 2006). At older ages, when drinking is less concentrated in deviant peer groups, 

externalizing symptoms are likely to play less of moderating role. Indeed, the pattern we 

observed suggests that although moderation by externalizing symptoms was still evident at 

older ages, the simple effects of internalizing symptoms tended to be less differentiated at 

older ages.

The age-related pattern for social anxiety predicting levels of alcohol use diverged 

somewhat. Social anxiety became more uniformly protective at older ages compared to 

generalized anxiety or depression symptoms. This was somewhat surprising because social 

anxiety is robustly associated with alcohol use in late adolescent and young adulthood 

(Buckner et al., 2008; Wu et al., 2010). We also found that high levels of social anxiety were 

associated with decreased probability of alcohol use, and this protective effect was evident 

regardless of age and levels of externalizing symptoms. Taken together, these findings 

suggest that socially anxious youth are unlikely to initiate drinking, perhaps because they 

avoid social situations where alcohol is likely to be available (Tomlinson et al., 2013), and 

when they drink, they are likely to consume lower levels of alcohol perhaps for fear of 

embarrassing themselves (fear of negative evaluations).

These findings suggest that internalizing symptoms can operate as a risk and protective 

factor for levels of consumption once youth decide to drink. Hussong et al. (2011) proposed 

that the role of internalizing symptoms in the etiology of adolescent alcohol use is likely 

characterized by several different mediational pathways, some of which might be risk 

enhancing and some of which might be protective. Youth drink for a variety of reasons 

including to enhance positive affect and to cope with emotional distress (Cooper et al., 
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1995). Drinking to cope with emotional distress may be a prominent feature of a risk 

pathway for youth characterized by high internalizing and low externalizing symptoms. In 

contrast, youth low in internalizing symptoms and high in externalizing symptoms are likely 

to be disinhibited and have trouble regulating their behavior (Hicks & Zucker, 2014), and 

this may lead to excessive drinking to enhance positive affect. However, high internalizing 

symptoms, when co-occurring with high levels of externalizing symptoms, may provide 

some protection for against excessive drinking associated with externalizing symptoms. 

Internalizing symptoms in this context may be associated with social withdrawal or fear and 

worry about the excessive drinking.

The general pattern of our findings did not suggest that internalizing symptoms emerged 

more strongly as a risk factor at older ages. A symptom pattern characterized by high 

externalizing symptoms and low internalizing symptoms at older ages was most strongly 

associated with increased levels of consumption when drinking occurred. It is possible that 

internalizing symptoms are more proximally associated with alcohol use than could be 

captured in our prospective models that included year lags (Hussong et al., 2001). Indeed, 

negative reinforcement models of addiction posit that the acute experience of emotional 

distress prompts drinking as a means of coping (Hussong et al., 2011), suggesting the link 

between emotional distress and alcohol use requires short time frames that might be best 

captured by ecological momentary and other more proximal assessment designs.

Coping motives for drinking are often more strongly associated with alcohol problems than 

with alcohol use (Kuntsche et al., 2005), and we expected that the risk effect of internalizing 

symptoms would be more strongly linked to alcohol problems than to alcohol use, 

particularly at older ages when alcohol use disorder is most likely to emerge (Chassin et al., 

2015). However, this was not supported. We did not assess problems until Wave 3 because 

we expected low endorsement of problems at our earlier waves when youth were early 

adolescence. The result was that analysis of alcohol-related problems was limited to 3 cross-

lagged associations, and this likely limited our power to detect interactions predicting 

problems. Indeed, Monte Carlo simulations done in Mplus version 7.2 using results from our 

models suggested power to detect the three-way age × internalizing × externalizing 

interactions ranged from .25 to .81 for the alcohol problems regression models. Studies with 

more repeated assessments that extend further into young adulthood might be better suited to 

test our predictions for alcohol-related problems. Although we did find that social anxiety 

entered into a three-way interaction with age and externalizing symptoms to predict the 

number of alcohol problems, the nature of this interaction was similar to the one we 

observed for levels of use, and did not conform to our hypotheses.

Limitations

Results from this study should be understood within the context of certain limitations. First, 

our study included a community sample that was assessed from early to late adolescence, 

and may not generalize to high risk or clinical samples, or different aged samples. There is 

evidence that the co-occurrence of internalizing and externalizing problems may operate in a 

synergistic fashion in clinical samples (Miller-Johnson et al., 1998) and that internalizing 

problems more consistently predict SU later in adolescence (Sung et al., 2004) and in early 
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adulthood (Hussong et al., 2011). This suggests that findings regarding interactive effects 

may depend on sample characteristics. Second, although we examined several facets of 

internalizing symptoms and our results suggest that they largely operated in a similar 

fashion, there are other domains of emotional distress to be considered such as post-

traumatic stress symptoms (e.g., Read et al., 2013). It may also be useful to consider 

different facets of externalizing symptoms. Given the number of three-way interactions 

tested (12), we were reluctant to increase the number of statistical tests in our study. This 

may be useful direction for future research. Third, although we examined several aspects of 

alcohol involvement, internalizing symptoms have been linked to other drugs of abuse 

including marijuana, cigarette smoking, and other drugs (Chassin et al., 2015), and it would 

be useful to consider the proposed moderational model with respect to these other drugs. 

Finally, mental health symptoms and alcohol use were both assessed with self-reports, and 

some of our associations may have been inflated due to shared method variance.

Conclusions

Despite these limitations, our findings inform current developmental models of adolescent 

alcohol use (e.g., Zucker, 2006). There is currently no developmental model that accounts 

for the etiological role of internalizing problems in the initiation and escalation of adolescent 

SU. Our findings suggest that it would be fruitful for such a developmental model to 

consider the effect of internalizing problems in the context of co-occurring externalizing 

problems and age as our findings suggest that the moderating role of externalizing 

symptoms shifts across early adolescence into young adulthood. We observed some 

instances in which internalizing symptoms can increase risk for alcohol use consistent with 

coping theories of alcohol use, but these risk effects were conditioned on age and 

externalizing symptoms. This suggests that coping oriented interventions for unselected 

samples may not a wise use of resources.
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Figure 1. 
Panels a-d present simple slopes of generalized anxiety prospectively predicting number of 

drinks in the past year across levels of externalizing behavior (ext) and age. Numbers in 

parentheses in the legend correspond to standard deviations units from the sample mean of 

the observed externalizing symptom distribution. Panels e-h present 95% confidence bands 

for simple slopes of generalized anxiety predicting number of drinks in the past year across 

levels of externalizing problems and age. Vertical dashed lines indicate the point on the 

externalizing continuum that the confidence band does not include zero, and the simple 

slope becomes statistically significant (p < .05).
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Figure 2. 
Panels a-d present simple slopes of depression prospectively predicting number of drinks in 

the past year across levels of externalizing behavior (ext) and age. Numbers in parentheses 

in the legend correspond to standard deviations units from the sample mean of the observed 

externalizing symptom distribution. Panels e-h present 95% confidence bands for simple 

slopes of depression predicting number of drinks in the past year across externalizing 

problems and age. Vertical dashed lines indicate the point on the externalizing continuum 

that the confidence band does not include zero, and the simple slope becomes statistically 

significant (p < .05).
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Figure 3. 
Panels a-d present simple slopes of social anxiety prospectively predicting number of drinks 

in the past year across levels of externalizing behavior (ext) and age. Numbers in 

parentheses in the legend correspond to standard deviations units from the sample mean of 

the observed externalizing symptom distribution. Panels e-h present 95% confidence bands 

for simple slopes of social anxiety predicting number of drinks in the past year across 

externalizing problems and age. Vertical dashed lines indicate the point on the externalizing 

continuum that the confidence band does not include zero, and the simple slope becomes 

statistically significant (p < .05).

Colder et al. Page 19

Alcohol Clin Exp Res. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Panels a & b present simple slopes of social anxiety prospectively predicting number of 

alcohol problems in the past year across levels of externalizing behavior (ext) and age. 

Numbers in parentheses in the legend correspond to standard deviations units from the 

sample mean of the observed externalizing symptom distribution. Panels c & d present 95% 

confidence bands for simple slopes of social anxiety predicting number of alcohol problems 

in the past year across externalizing problems and age. Vertical dashed lines indicate the 

point on the externalizing continuum that the confidence band does not include zero, and the 

simple slope becomes statistically significant (p < .05).
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Table 2

Unstandardized regression coefficients and random effect variance estimates for model with generalized 

anxiety symptoms.

Predictor Variable
Drinks per Year
Beta (SE)

Drinking problems
Beta (SE)

Binomial Model

Intercept 0.49 (0.47) −3.39 (0.74)***

Age 0.44 (0.03)*** −0.04 (0.08)

Gender 0.23 (0.09)** 0.08 (0.17)

Prior alcohol use or problems 8.16 (1.38)*** 2.04 (0.54)***

Gen. Anxiety −0.12 (.09) −0.04 (0.18)

Externalizing 1.05 (0.11)*** 0.09 (0.20)

Gen. Anxiety*Externalizing −0.19 (0.06)**

Gen. Anxiety*Age

Externalizing*Age

Gen. Anxiety*Externalizing*Age

Continuous Model

Intercept 2.67 (0.02)*** 2.77 (0.06)***

Age 0.32 (0.00)*** −0.09 (0.01) ***

Gender −0.23 (0.00)*** 0.01 (0.02)

Prior alcohol use or problems 0.23 (0.00)*** 0.35 (0.01)***

Gen. Anxiety −0.19 (0.02)*** −0.00 (0.02)

Externalizing 0.10 (0.02)*** 0.10 (0.02)***

Gen. Anxiety*Externalizing −0.15 (0.02)*** −0.08 (0.01)***

Gen. Anxiety*Age 0.02 (0.00)***

Externalizing*Age −0.01 (0.00)***

Gen. Anxiety*Externalizing*Age 0.01 (0.00)***

Random Parameters

Intercept - Binomial Model 2.50 (0.50)***

Intercept - Continuous Model

Note.

+
p< .054.

*
p<.05.

**
p<.01.

***
p<.001. Gen. Anxiety= generalized anxiety.
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Table 3

Unstandardized regression coefficients and random effect variance estimates for model with depression 

symptoms.

Predictor Variable
Drinks per Year
Beta (SE)

Drinking problems
Beta (SE)

Binomial Model

Intercept 0.49 (0.47) −3.35 (0.74)***

Age 0.44 (0.03)*** −0.04 (0.08)

Gender 0.24 (0.09)** 0.10 (0.17)

Prior alcohol use or problems 8.15 (1.38)*** 2.02 (0.55)***

Depression −0.12 (0.11) −0.12 (0.20)

Externalizing 1.05 (0.11)*** 0.15 (0.22)

Depression*Externalizing −0.15 (0.06)*

Depression*Age

Externalizing*Age

Depression*Externalizing*Age

Continuous Model

Intercept 2.69 (0.02)*** 2.79 (0.06)***

Age 0.32 (0.00)*** −0.09 (0.00)***

Gender −0.23 (0.00)*** 0.02 (0.02)

Prior alcohol use or problems 0.24 (0.00)*** 0.36 (0.01)***

Depress −0.18 (0.02)*** −0.04 (0.02)

Ext 0.18 (0.02)*** 0.15 (0.02)***

Depress*Ext −0.19 (0.02)*** −0.07 (0.01)***

Depress*Age 0.02 (0.00)***

Ext*Age −0.02 (0.00)***

Depress*Ext*Age 0.02 (0.00)***

Random Parameters

Intercept - Binomial Model 0.75 (0.18)***

Intercept - Continuous Model

Note.

*
p<.05.

**
p<.01.

***
p<.001.
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Table 4

Unstandardized regression coefficients and variance estimates for model with social anxiety symptoms.

Predictor Variable
Drinks per Year
Beta (SE)

Drinking problems
Beta (SE)

Binomial Model

Intercept 0.44 (0.46) −3.40 (0.73)***

Age 0.41 (0.03)*** −0.04 (0.08)

Gender 0.24 (0.09)** 0.08 (0.16)

Prior alcohol use or problems 8.06 (1.35)*** 2.04 (0.55)***

Social Anxiety −0.24 (0.09)** −0.03 (0.16)

Externalizing 0.58 (0.09)*** 0.08 (0.18)

Social Anxiety*Externalizing

Social Anxiety*Age

Externalizing*Age

Social Anxiety*Externalizing*Age

Continuous Model

Intercept 2.67 (0.02)*** 2.68 (0.07)***

Age 0.32 (0.00)*** −0.08 (0.01)***

Gender −0.22 (0.00)*** 0.02 (0.02)

Prior alcohol use or problems 0.24 (0.00)*** 0.36 (0.01)***

Social Anxiety −0.20 (0.02)*** 0.20 (0.07)**

Externalizing −0.06 (0.01)*** 0.11 (0.05)*

Social Anxiety*Externalizing −0.16 (0.01)*** 0.08 (0.04)*

Social Anxiety*Age 0.01 (0.00)*** −0.03 (0.01)**

Externalizing*Age 0.01 (0.00)*** −0.01 (0.01)

Social Anxiety*Externalizing*Age 0.02 (0.00)*** −0.02 (0.01)**

Random Parameters

Intercept - Binomial Model 0.98 (0.22) ***

Intercept - Continuous Model

Note.

*
p<.05.

**
p<.01.

***
p<.001.
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