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ABSTRACT. Objective: Alcohol use and internalizing problems 
frequently co-occur. Cognitive control has been implicated in their 
etiology, but no studies have tested whether this construct helps explain 
the co-occurrence of these disorders. Method: A total of 1,313 under-
graduate students completed assessments of cognitive control, negative 
emotionality, and symptoms of alcohol use disorder (AUD), depression, 
and generalized anxiety disorder. Structural equation models examined 
the extent to which overlap between AUD and internalizing problems 
was explained by variance specifi c to cognitive control and negative 
emotionality, as well as variance shared by both constructs. Results: 
Symptoms of AUD and internalizing disorders were modestly correlated 
(depression: r = .16; anxiety: r = .14). Variance specifi c to cognitive 
control explained a signifi cant proportion of the correlation between 
AUD and both depression and generalized anxiety (depression: 19%; 

generalized anxiety: 18%), as did variance common to cognitive control 
and negative emotionality (depression: 24%; generalized anxiety: 31%). 
Consistent with previous work, variance specifi c to negative emotional-
ity also explained a large and statistically signifi cant proportion of the 
correlation between AUD and internalizing disorder symptoms. Of note, 
the residualized correlation for AUD symptom endorsement with both 
depression and generalized anxiety problems was not statistically signifi -
cant after accounting for both cognitive control and negative emotionali-
ty. Conclusions: This study provides new evidence that cognitive control 
may help explain the overlap between AUD and internalizing disorders 
while further supporting the contribution of negative emotionality to this 
overlap. Results have implications for intervention efforts aimed at re-
ducing comorbid alcohol use disorder and internalizing disorders, as well 
as general psychopathology. (J. Stud. Alcohol Drugs, 76, 89–94, 2015)
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ALCOHOL USE DISORDERS (AUDs) and internal-
izing disorders (e.g., depression and anxiety) are com-

mon in the general population and co-occur among clinical 
and community samples (Conner et al., 2009; Conway et 
al., 2006). Although these disorders are often conceptual-
ized as belonging to distinct classes of psychopathology 
(e.g., Krueger et al., 2002), epidemiologic studies of past-
year diagnoses of AUDs (based on criteria from the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth 
Edition [DSM-IV]; American Psychiatric Association, 
1994) have shown that individuals with an AUD, relative to 
those without, have 2.3 and 1.9 times greater odds of meet-
ing criteria for major depression and generalized anxiety 
disorders, respectively (Grant et al., 2004). Further, those 
with past-year diagnoses of AUDs and a comorbid internal-
izing disorder, relative to those with AUDs only, receive 
more care but have greater disability after treatment (Burns 
et al., 2005). The current study investigated potential shared 
etiologic mechanisms for AUD and internalizing disorders, 
which may help explain their co-occurrence and inform 
intervention efforts.

 Individual differences, such as dispositions related to 
emotion, motivation, and cognition (Mayer, 2005), are of-
ten investigated as etiologic factors for psychopathology 
and may account for the comorbidity between disorders. 
Cognitive control is one such factor, which theoretical work 
has linked to both externalizing (Hutchison, 2010; Stacy 
& Wiers, 2010) and internalizing disorders (Paulus, 2007), 
with some implicating it in psychopathology via its role in 
emotion regulation (for reviews, see Cheetham et al., 2010; 
Li & Sinha, 2008). For example, cognitive control may be 
associated with psychopathology via attentional mechanisms, 
such as the degree to which one focuses on rewarding and/
or aversive stimuli. Further, once an individual attends to 
affective stimuli, defi cits in cognitive control may also de-
crease the ability to consider other information in decision 
making (e.g., long-term goals/consequences). Thus, defi cits 
in cognitive control may increase the likelihood that affec-
tive information infl uences behavior over less salient, but 
important, information.
 Consistent with this rationale, neuroimaging evidence 
suggests that frontal cortical regions implementing cognitive 
control modulate activity in substrates involved in process-
ing reward (e.g., nucleus accumbens; Steinberg, 2010) and 
fear (e.g., amygdala; Davidson, 2004). Further, externalizing 
and internalizing disorders have been linked to defi cits in 
executive functioning that are implemented by frontal corti-
cal substrates, such as biased attention toward drug- (Field 
et al., 2006) and threat-related cues (Ouimet et al., 2009). 
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Thus, there is evidence that AUD and internalizing disor-
ders stem from similar risk processes of cognitive control. 
To our knowledge, however, no studies have directly tested 
whether cognitive control explains the co-occurrence of 
these disorders.
 In considering the role of cognitive control in the comor-
bidity of AUD and internalizing disorders, it is important to 
consider other individual differences that exhibit a similar 
function. Negative emotionality has been robustly associated 
with externalizing, internalizing, and general psychopathol-
ogy (Tackett et al., 2013), and it accounts for a signifi cant 
proportion of the correlation between externalizing and in-
ternalizing disorders (Khan et al., 2005). To extend this work 
to an investigation of cognitive control, it would be informa-
tive to elucidate how negative emotionality and cognitive 
control, individually and together, relate to the co-occurrence 
of AUD and internalizing disorders. The present study in-
vestigated whether cognitive control explained covariation 
between AUD and internalizing symptoms beyond what is 
explained by negative emotionality.

Method

Participants

 Participants were 1,313 undergraduate students at the 
University of Missouri with complete data on the measures 
used in the current study (Mage = 18.8 years, SD = 1.3; 61% 
female; 83% White, 10% African American, 3% Asian, 4% 
other race or multiracial). During two semesters, individuals 
completed an online battery of personality, substance use, 
and internalizing measures, which lasted about 60 minutes 
(M = 57.8, SD = 30.7), and received credit toward an intro-
ductory psychology course requirement. The Institutional 
Review Board at the University of Missouri approved data 
collection.

Measures

 Personality. Participants were administered the 35-item 
Effortful Control Scale (ECS) of the Adult Temperament 
Questionnaire–Short Form to measure cognitive control 
(Derryberry & Rothbart, 1988). The ECS items assess three 
domains of cognitive control—activational control (e.g., 
“I hardly ever fi nish things on time”), attentional control 
(e.g., “When I am trying to focus my attention, I am eas-
ily distracted”), and inhibitory control (e.g., “I often avoid 
taking care of responsibilities by indulging in pleasurable 
activities”). The ECS correlates with behavioral measures 
of executive functioning, including the Trail Making (r = 
.31), Stroop (r = .27), and Go/No-Go tests (r = .27) (Claes 
et al., 2012). Subscales measuring each domain of cognitive 
control can be derived; however, results in the current study 
varied little across subscales, and the full ECS yielded fi nd-

ings representative of the individual subscales. Therefore, 
only analyses incorporating the full ECS will be described. 
Adequate internal consistency was demonstrated in the cur-
rent sample for the full ECS (α = .86).
 The 18-item Stress Reactivity scale of the Multidimen-
sional Personality Questionnaire (Tellegen & Waller, 2008) 
was administered to participants to measure negative emo-
tionality. The Stress Reactivity scale correlates strongly with 
other indicators of negative emotionality, such as the Neu-
roticism scale of the NEO Five Factor Inventory (McCrae & 
Costa, 1987) (r = .73; Tellegen & Waller, 2008). Items on 
the Stress Reactivity scale include “I am too sensitive for 
my own good,” “I am easily ‘rattled’ at critical moments,” 
and “My feelings are hurt rather easily.” The Stress Reactiv-
ity scale demonstrated adequate internal consistency in the 
current sample (α = .84).
 Internalizing problems. Depression was evaluated via 
the Center for Epidemiologic Studies Depression Scale–
Revised (CESD-R; Van Dam & Earleywine, 2011), on 
which individuals rate the frequency of 20 problems that 
they experienced “during a 2-week period in which [they] 
felt particularly sad or depressed in the last year” (Radloff, 
1977). Anxiety was evaluated via the Generalized Anxiety 
Disorder Seven-Item Scale (GAD-7; Spitzer et al., 2006), 
on which participants rate the frequency of problems expe-
rienced “during a 2-week period in which [they] felt par-
ticularly worried or anxious during the last year.” Response 
options for the frequency of problems on the CESD-R and 
GAD-7 were as follows: rarely/none of the time (less than 
1 day per week); some of the time (1–2 days per week); 
half of the time (3–4 days per week); and most of the time 
(5–7 days per week). Adequate internal consistency was 
demonstrated in the current sample for the CESD-R (α = 
.95) and GAD-7 (α = .89). Sum scores for each scale were 
used to measure internalizing problems. Based on algo-
rithms for the CESD-R (Van Dam & Earleywine, 2011) 
and GAD-7 (Spitzer et al., 2006), 11.4% and 7.4% of par-
ticipants were classifi ed as having previous-year depressive 
and generalized anxiety disorders, respectively.
 Alcohol use disorder. Symptoms of DSM-5 AUD were 
queried via self-report items based on the alcohol use section 
from the World Health Organization Composite International 
Diagnostic Interview (CIDI; Robins et al., 1988). A similar 
self-report approach has been used for studying AUDs in 
college students (e.g., Grekin & Sher, 2006), and evaluation 
of alcohol-related problems has been shown to be equiva-
lent across self-report, interview, and computerized formats 
(Skinner & Allen, 1983). Craving is a new AUD criterion in 
the DSM-5 (American Psychiatric Association, 2013) and 
was not assessed in the CIDI. Therefore, this item was based 
on the wording of the DSM-5 symptom and asked whether 
participants “frequently had strong cravings for alcohol,” 
similar to an item querying craving in the National Epidemi-
ological Study of Alcohol and Related Conditions that asked 
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about “feeling a very strong desire to drink” (Agrawal et al., 
2011). Adequate internal consistency was demonstrated for 
AUD symptoms in the current sample (α = .80).
 AUD symptoms were queried for lifetime occurrence but 
appeared to largely capture recent alcohol-related problems. 
Specifi cally, 91% of participants reported that their heaviest 
12-month drinking period began within 2 years of participa-
tion. It is assumed that any endorsed AUD symptoms oc-
curred during this period of heaviest drinking. In the current 
sample, 22.9% met criteria for mild (2–3 symptoms), 20.4% 
for moderate (4–5 symptoms), and 17.8% for severe DSM-5 
AUD (≥6 symptoms).

Statistical analysis

 Structural equation models were conducted to evaluate 
overlap between AUD and each internalizing disorder (the 
model dependent variables) attributable to cognitive control 
and negative emotionality (the model independent variables), 
with age and gender entered as covariates. Analyses were 
conducted in Mplus (Muthén & Muthén, 1998–2012). Figure 
1 illustrates the model structure. The covariance between 
AUD and the internalizing disorder (COVDV) represents 
the covariance between disorders unexplained by cognitive 
control or negative emotionality. Tracing rules were used 

to determine the covariation between dependent variables 
attributable to the independent variables (Loehlin, 2004). 
The covariance specifi c to cognitive control is the product of 
the path estimates from cognitive control to each dependent 
variable (CCAUD × CCINT); a similar approach was used to 
determine the covariance specifi c to negative emotionality 
(NEAUD × NEINT). Last, the covariance common to cogni-
tive control and negative emotionality is the sum of all paths 
between the dependent variables that pass through both cog-
nitive control and negative emotionality (CCAUD × COVIV × 
NEINT + NEAUD × COVIV × CCINT). These sources account 
for all covariation between AUD and the internalizing dis-
order and, therefore, can be used to estimate the proportion 
of covariation attributable to each source. A similar analytic 
approach has been used to investigate whether a different set 
of personality traits (neuroticism, extraversion, and novelty 
seeking) accounts for covariation among psychiatric disor-
ders (Khan et al., 2005).

Results

Correlation analyses

 Cognitive control was moderately correlated with nega-
tive emotionality (r = .35, 95% CI [.30, .40]) and weakly 

 

 

FIGURE 1. A model quantifying the extent to which problems in cognitive control explain the phenotypic covariation between alcohol use disorder and internal-
izing disorders (depression and generalized anxiety disorder). The covariance specifi c to cognitive control is the product of the path estimates from cognitive 
control to each dependent variable (CCAUD × CCINT); a similar approach was used to determine the covariance specifi c to negative emotionality (NEAUD × 
NEINT). The covariance common to cognitive control and negative emotionality is the sum of all paths between the dependent variables that pass through both 
cognitive control and negative emotionality (CCAUD × COVIV × NEINT + NEAUD × COVIV × CCINT). The covariance between AUD and the internalizing disorder 
(COVDV) represents the covariance unexplained by cognitive control or negative emotionality. These sources account for all covariation between the dependent 
variables (AUD and internalizing disorder) and were used to estimate the proportion of covariation attributable to each source. CC = cognitive control; AUD = 
alcohol use disorder; R = residual; NE = negative emotionality; COV = covariance; IV = independent variable; DV = dependent variable; INT = internalizing.
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correlated with AUD symptom endorsement (r = .25, 95% 
CI [.20, .30]) and responses on the CESD-R (r = .25, 95% 
CI [.20, .30]) and GAD-7 (r = .25, 95% CI [.20, .30]). In 
addition, negative emotionality was weakly correlated with 
AUD symptom endorsement (r = .19, 95% CI [.14, .25]) and 
moderately correlated with responses on the CESD-R (r = 
.41, 95% CI [.36, .45]) and GAD-7 (r = .47, 95% CI [.43, 
.51]). Last, correlations between AUD symptom endorsement 
and depression (r = .16, 95% CI [.11, .21]) and AUD and 
generalized anxiety (r = .14, 95% CI [.11, .18]) were com-
parable. Subsequent analyses examined the extent to which 
these correlations between AUD symptom endorsement and 
internalizing problems were explained by cognitive control 
and negative emotionality.

Structural equation modeling

 Depression. A statistically signifi cant proportion of the 
correlation between AUD symptom endorsement and CESD-
R responses was explained by variance specifi c to cognitive 
control (r = .03, 95% CI [.01, .05], 18.6%) as well as vari-
ance shared by cognitive control and negative emotionality 
(r = .04, 95% CI [.03, .05], 23.6%). Variance specifi c to 
negative emotionality explained the largest proportion of the 
correlation (r = .06, 95% CI [.03, .09], 37.3%). Of note, a 
statistically nonsignifi cant proportion of this correlation was 
unexplained by either cognitive control or negative emotion-
ality (r = .03, 95% CI [-.01, .07], 20.5%).
 Anxiety. A statistically signifi cant proportion of the cor-
relation between AUD symptom endorsement and GAD-7 
responses was explained by variance specifi c to cognitive 
control (r = .03, 95% CI [.01, .04], 18.1%) as well as vari-
ance shared by cognitive control and negative emotionality 
(r = .04, 95% CI [.03, .06], 30.6%). Variance specifi c to 
negative emotionality again explained the largest propor-
tion of the correlation (r = .07, 95% CI [.04, .11], 51.4%). 
A statistically nonsignifi cant proportion of the correlation 
for AUD symptom endorsement with GAD-7 responses was 
unexplained by cognitive control or negative emotionality (r 
= .00, 95% CI [-.003, .003], 0.0%).

Discussion

 The current study suggests that cognitive control ac-
counts for a signifi cant proportion of the correlation of AUD 
symptom endorsement with both depression (18%) and 
generalized anxiety problems (19%). Further, analyses rep-
licated previous fi ndings that negative emotionality plays a 
similar role in the co-occurrence of AUDs and internalizing 
disorders (Khan et al., 2005) while also demonstrating that 
variance shared by cognitive control and negative emotional-
ity accounts for some of the correlation of AUD symptom 
endorsement with depression (24%) and generalized anxiety 
problems (31%). Of note, residualized correlations, after 

accounting for cognitive control and negative emotionality, 
were not statistically signifi cant for AUD symptom endorse-
ment with depression (21%) or generalized anxiety problems 
(0%).
 Although no prior work has investigated whether cogni-
tive control accounts for the co-occurrence of externalizing 
and internalizing disorders, this construct has been implicat-
ed in both types of psychopathology. For example, measures 
of executive functioning have been linked to externalizing 
and internalizing problems, including attentional biases 
(Hankin et al., 2010; Sharbanee et al., 2014) and inhibitory/
effortful control (Field et al., 2010; Kanske & Kotz, 2012). 
Further, this is consistent with theoretical work implicating 
effortful control in negative affect regulation and substance-
related behavior (Cheetham et al., 2010). This possibility 
does not, however, negate other explanations of comorbidity 
(for a review, see Neale & Kendler, 1995). For example, 
causal mechanisms, whereby one disorder increases risk 
for the other, may lead to the co-occurrence of AUD and 
internalizing disorders. This is consistent with defi cits in 
emotion regulation increasing liability for both classes of 
psychopathology and the tension-reduction hypothesis (e.g., 
Levenson et al., 1980), as well as substance-induced internal-
izing problems (Schuckit, 2006).

Limitations

 The current study has three major limitations. First, a 
sample of undergraduates was used, and these fi ndings may 
not apply to the general population. However, epidemio-
logical studies have shown that college students, relative to 
their non–college-attending peers, have comparable rates of 
psychiatric disorders (Blanco et al., 2008; Slutske, 2005). 
Further, these results represent an important step toward 
elucidating etiologic mechanisms of the comorbidity of 
AUD and internalizing disorders, as well as general psy-
chopathology. Future research should attempt to replicate 
these fi ndings in samples more representative of the general 
population. Second, a self-report measure was used to as-
sess cognitive control, and such measures may not capture 
important aspects of these constructs. In particular, behav-
ioral and neuroimaging measures will likely be valuable in 
elucidating the role of cognitive control processes in the 
comorbidity of AUD and internalizing disorders, as well as 
general psychopathology.
 An additional limitation to the current study may be that 
AUD was measured by lifetime occurrence, and internalizing 
disorders were measured by past-year occurrence. Therefore, 
comorbidity may apply to lifetime but not past-year prob-
lems. The use of a college sample, however, may temper 
these concerns given participants’ age and the period in 
which heavy drinking and potential alcohol problems likely 
occurred. Specifi cally, 91% of participants reported that 
their heaviest drinking period began within 2 years before 
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participation in the current study, and any endorsed AUD 
symptoms are assumed to have occurred when participants 
were drinking the most. Further, analyses were focused on 
explaining comorbidity of these disorders with trait measures 
of personality, which have high inter-individual (i.e. rank-
order) stability among college students (Robins et al., 2001).

Conclusions

 Consistent with theoretical work (Li & Sinha, 2008), and 
empirical work on AUDs (Field et al., 2010) and internal-
izing disorders (Kanske & Kotz, 2012), the current study 
is the fi rst to show that cognitive control accounts for the 
co-occurrence of AUD and some internalizing disorders 
beyond what is explained by negative emotionality. Given 
the novelty of these fi ndings, additional research is needed to 
elucidate the specifi c role of cognitive control in contributing 
to diverse types of psychopathology. For example, longitu-
dinal data will be valuable for investigating whether defi cits 
in cognitive control have a causal role in the co-occurrence 
of AUD and internalizing disorders. Further, future research 
could investigate whether defi cits in cognitive control in-
crease risk for general psychopathology, as has been shown 
for negative emotionality (Tackett et al., 2013). Of note, if 
found to underlie many mental health disorders, cognitive 
control could be a focus of behavioral interventions, such 
as cognitive training (e.g., working memory training; Bickel 
et al., 2011; Houben et al., 2011) and mindfulness-based 
therapies (e.g., Baer, 2003).
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