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Binge drinking indirectly predicts
a hegative emotional memory
bias through coping motivations
and depressive symptoms: The
role of sex/gender

Samantha Johnstone ®, Kesia Courtenay and
Todd A. Girard®*

Department of Psychology, Toronto Metropolitan University, Toronto, ON, Canada

Background: In this three-part study, we investigate whether the associations
between binge and problematic drinking patterns with a negative emotional
memory bias (NMB) are indirectly related through coping motivations and
depressive symptoms. We also address potential sex differences in these
relations.

Methods: Participants (N=293) completed the Timeline Followback to assess
binge drinking, the Alcohol Use Disorder Identification Test (AUDIT) to assess
problematic alcohol use, the Drinking Motives Questionnaire-Revised to
assess coping motivations, and the Depression, Anxiety, and Stress Scales-21
to assess depression. Participants were asked to identify whether 30 emotional
sentences were self-referent or not in an incidental encoding task; 24h later
they were asked to recall as many sentences as possible and a negative
memory bias score was calculated.

Results: Across all three studies, we found significant bivariate relations
between AUDIT scores, coping, depression, and an NMB, particularly for
sentences participants deemed self-referent. In two undergraduate samples,
there were significant indirect effects through coping motivations and
depressive symptoms between binge drinking and an NMB in females as well
as between AUDIT scores and an NMB in females only. In the community
sample, there was only an indirect effect through coping motives, but this was
observed in both females and males.

Conclusion: These findings support a relation between binge drinking as well
as problematic alcohol use and a self-referent NMB in the context of coping
motivations for alcohol use and depressive symptoms. Moreover, the pattern
of findings suggests this model primarily holds for females, yet may also apply
to males at higher levels of problematic alcohol use.

alcohol, binge drinking, emotional memory, depressive symptoms, coping
motivations, sex factors
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Introduction

Psychopathology-congruent memory biases are a purported
cognitive mechanism underlying mental health conditions and
maladaptive behaviors (Blaut et al., 2013; Zupan et al., 2017;
Carbia et al., 2020). For instance, the occurrence of a negative
emotional memory bias (NMB), defined as the propensity to
preferentially recall negative information (Duyser et al., 2020), has
recently been associated with frequent binge drinking (BD) in
female undergraduate students (Carbia et al., 2020). However, not
everyone who BDs frequently shows an NMB, which begs the
question, what sets apart those who do? In this vein, the NMB is
potentially indicative of emotional dysregulation, seen through
increased attention to and identification with negative stimuli (see
Disner et al.,, 2011). Emotional dysregulation is also a central
feature of the negative reinforcement model of addiction (Koob,
2013), which posits that repeated heavy alcohol consumption
serves to relieve unpleasant states (e.g., negative mood). Thus, the
NMB may be more likely to occur among individuals for whom
this model is most salient, whether in the form of BD or other
problematic alcohol use.

Importantly, contemporary conceptualizations of the negative
reinforcement model propose that individuals who engage in
excessive drinking behavior tend to endorse coping with negative
affect as a motivation for alcohol use (Webb et al., 2020), and
report greater depressive symptoms (Keough et al., 2015), which
by extension, may also relate to an NMB. Indeed, greater alcohol
consumption is associated with using alcohol as a coping
mechanism (Patrick and Schulenberg, 2011; Decaluwe et al.,
2019), which may facilitate alcohol-related neurological changes
that, in turn, increase recall of negative information (Stephens and
Duka, 2008). Additionally, greater alcohol consumption and
drinking-related consequences are related to depression (Kuria
et al., 2012; Connell et al., 2015) which is further associated with
the NMB (Bradley and Mogg, 1994; Blaut et al., 2013; Zupan et al.,
2017). Thus, given the relations among excessive alcohol use with
coping motivations and depressive symptoms, here, we investigate
the potential intervening roles of coping motivations and
depressive symptoms on the relation between BD, more general
problematic alcohol use, and the NMB.

Problematic drinking and a negative
emotional memory bias

Over time, excessive alcohol consumption is associated with
structural brain changes (Carpenter-Hyland and Chandler, 2007;
Spear, 2018) in regions that play key roles in encoding and
retrieving emotional memories (Tyng et al.,, 2017). To elaborate,
the pattern of intoxication-withdrawal characteristic of repeated
BD episodes may dysregulate the amygdala and prefrontal cortex
(Stephens and Duka, 2008). Related reductions in prefrontal-
mediated inhibitory control coupled with amygdala hyperactivity
may thus predispose individuals who BD frequently to
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preferentially attend to and recall negative information (Stephens
and Duka, 2008; Tolomeo et al., 2021). Importantly, despite
differing patterns of use, young adults who BD frequently exhibit
cognitive and emotional profiles similar to those observed in
repeatedly detoxified individuals with prolonged alcohol use
disorders (Duka et al., 2004; Stephens and Duka, 2008). Thus, it is
prudent to understand the NMB in the context of BD and
problematic drinking more generally (Disner et al., 2011).

Despite longstanding investigations of the NMB in conditions
involving emotional dysregulation (Bradley and Mogg, 1994;
Disner et al., 2011; Duyser et al., 2020), its relation to alcohol use
remains relatively understudied. In a recent exception, Carbia
et al. (2020) observed that higher frequencies of BD episodes
among female (but not male) college students predicted greater
recall of negative compared to neutral words across immediate
learning trials and after a 30-min delay. However, given that
emotional stimuli generally tend to elicit superior recall relative to
neutral stimuli (Tyng et al., 2017), it is also important to establish
preferential recall of negative relative to positive stimuli when
determining the presence of an NMB. In addition, longer delays
(> 1day) are often more sensitive to observing explicit memory
biases, which are thought to reflect time-dependent processes of
emotional effects on memory consolidation. Here, we investigate
the above association, extending the delay to 1 day, and explore
relations of the NMB with more general problematic alcohol use
as well as assess potential mediating factors: Namely, use of alcohol
to cope and symptoms of depression.

Role of coping motivations for alcohol
use

Coping motivations for alcohol use (i.e., using alcohol to
relieve negative affect) may contribute to the association between
alcohol consumption and the NMB. Indeed, endorsement of
coping motivations underlying alcohol consumption is associated
with greater frequency of BD episodes, greater quantities of
alcohol consumed per episode (Stewart et al., 2011; Decaluwe
etal., 2019), as well greater cumulative years of BD (Patrick and
Schulenberg, 2011). All such factors may lead to more pronounced
neurological consequences that may render individuals more
vulnerable to the NMB. Furthermore, coping motivations are
associated with implicit memory associations formed while
drinking in a negative affective state. For example, coping
motivation is related to an alcohol-related interpretative bias
reflected by a tendency to identify external negative situations as
being contextually related to alcohol (Salemink and Wiers, 2014).
Similarly, repeated drinking during periods of negative affect may
result in a learned association between internally “feeling bad” and
cravings for alcohol (Zack et al, 1999, 2002). Thus, certain
external triggering situations and internal negative affect may cue
a craving for alcohol in those who drink to cope, thereby
perpetuating a negative reinforcement cycle (Zack et al., 2002; Cox
et al., 2006; Kessler et al., 2013). As such, elicitation of alcohol
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cravings in negative situations and increased consumption as a
function of coping motivations may also explain the pathway from
problematic drinking to an NMB.

Role of depression

The co-occurrence of depression is posited to exacerbate the
emotional and cognitive consequences of excessive alcohol use
(Connell etal., 2015). For example, the biased recall of alcohol-
related stimuli accompanying alcohol dependence is stronger in
those with comorbid depression (Fridrici et al., 2014).
Furthermore, depressed individuals high on BD measures
attend to negative stimuli more quickly compared to those who
are either nondepressed or do not BD as often (Connell et al.,
2015). As previously noted, depression is also linked to an NMB
(Disner et al.,, 2011; Duyser et al.,, 2020), that is, especially
pronounced for self-referent information (Bradley and Mogg,
1994; Taylor and John, 2004; Zupan et al., 2017). This “self-
NMB” may result from pervasive negative self-views in
depression that increase the salience of negative information
referent to self-concept, rendering it more competitive for
retrieval (Disner et al., 2011, 2017; Zupan et al., 2017). The
NMB is further proposed to relate to difficulty disengaging from
negative information, thus perpetuating negative self and world
views, two central features of depression (Beck, 1967; Disner
etal., 2011). As such, we propose that depression plays a role in
the path from excessive alcohol use to an NMB for self-
referent information.

Current aims

In sum, individuals who engage in problematic forms of
drinking are at risk of developing an NMB. Moreover, this
relation may be explained by intervening relations with coping
motivations and depressive symptoms. Here, we fit a serial
multiple mediation model to assess whether greater alcohol use
predicts a tendency to use alcohol to cope with negative
emotions (negative reinforcement), thereby predicting
depressive symptoms due to excessive drinking and emotional
dysregulation, and ultimately perpetuating an NMB. Further,
we expect that the NMB will be most pronounced for sentences
deemed self-referent as is seen in depression (Disner et al.,
2011). We recognize that the aforementioned factors might act
in a reciprocal manner, thus resulting in a feedback loop, and as
such fit other possible models to assess the relative fit of our
hypothesized predictive path.

We first explore this model with a female undergraduate
sample to assess indirect effects in an extension of the sex-specific
findings reported by Carbia et al. (2020). Study 2 then aims to
replicate this in a sample of male and female undergraduate

students to assess potential sex/gender differences in the
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aforementioned model. Finally, Study 3 the

generalizability of findings to a community sample.

assesses

Study 1
Methods

Participants

We recruited 62 female participants through an undergraduate
psychology research pool; 5 were excluded from analyses due to
missing data and 3 were excluded due to consuming alcohol on
Day 1 (ie., were at risk of being intoxicated during testing).
Sample characteristics of the remaining 54 participants are
presented in Table 1. We engaged with participants via secure
videoconferencing (Zoom Video Communications, Inc.) for
course credit; cameras were off during self-report portions to
minimize undue social influence. The Toronto Metropolitan
University REB approved the project (Studies 1-3) in accordance
with the Canadian Tri-Council Policy Statement (TCPS2) on
ethical conduct for research involving humans and all participants
(Studies 1-3) provided informed consent.

Cognitive tasks

Digit-span

Participants completed the forward digit-span task requiring
them to repeat verbally presented sequences of numbers of
progressive length (3-9 digits). This task served as a distraction to
minimize expectation that memory would also be assessed for the
sentence task.

Self-referent sentences task

Participants completed an incidental encoding task.
Participants were asked whether they felt 30 short sentences (e.g.,
“I am rational”) described them (“yes” or “no”) to determine self-
reference. Sentences contained 10 positive, 10 neutral, and 10
negative adjectives from the English Word Database of Emotional
Terms (EMOTE; Gruhn, 2016), presented in a random order. The
items were selected from the EMOTE database based on the
following ranges (on a scale of 1-7): negative 1-2.5, neutral 3-5,
and positive 5.5-7. Moreover, items within each valence category
were matched for numbers of letters and syllables, word frequency,
imagery, concreteness, meaning, and familiarity (ps>0.05). To
further validate the emotional dimensions in our sample,
participants rated the valence and arousal of each sentence after
the memory task on the second day. Negative sentences were rated
as more negative in valence than neutral sentences, d=—2.05,
p<0.001, and positive sentences were rated as more positive in
valence than neutral sentences, d=1.50, p <0.001. There were no
significant differences in arousal ratings, F(2, 112) =1.23, p=0.30,
N6>=0.02, supporting that an NMB would be primarily driven
by valence.
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TABLE 1 Sample characteristics across the three studies.

10.3389/fpsyg.2022.998364

Study 1 Student Study 2 Student Study 3 Community

Female Female Male Female Male
n 54 94 50 47 48
Age 23%(7.1) 21.5°(7.3) 23.6% (7.4) 25.3%(4.9) 27.4* (5.0)
Ethnicity (%)
White/European 52 39 40 45 52
South/East Asian 22 34 30 32 19
Middle Eastern 9 4 14 6 8
Black 7 9 4 13 19
Hispanic 2 5 0 4 2
Multiracial 7 10 12 0 0
AUDIT 6.9" (5.9) 4.6" (4.5) 7.7°(5.9) 6.4 (6.9) 12.2* (10.1)
BD episodes 2.3 (4.4) 2.8 (6.4) 3.9 (6.0) 1.8 (4.2) 1.0 (1.8)
DMQ-R
Coping 10.9° (5.3) 9.4" (5.4) 10° (4.8) 10.8" (5.1) 12.6* (5.5)
Enhancement 13.2(5.3) 12.2(5.1) 13.8 (5.1) 11.8 (5.3) 14.6 (6.8)
Social 16.1 (5.4) 14.9 (5.8) 16.2 (5.3) 13.4 (5.1) 14.4 (5.7)
Conformity 8.4"(3.9) 8" (3.7) 8.2 (4) 9.4" (5) 12° (4.7)
DASS-21
Depression 14.4* (10.1) 12.7(9.8) 12.8*(10.5) 10.7°(9.3) 10.6° (7.2)
Anxiety 15.3 (10.6) 11.5 (9.6) 10.3 (8.8) 9.8 (9) 11(7.9)
Stress 18.9*(9.5) 14.3(9.3) 14.6" (9.8) 13.7°(10.1) 13.2°(7.6)
Recall Performance
Total Recall 1.78 (1.46) 3.68 (2.70) 2.76 (2.18) 2.98 (2.6) 3.44 (2.31)
Negative
Self 0.32° (0.56) 0.66°(0.96) 0.38 (0.64) 0.30° (0.51) 0.19" (0.45)
Not-Self 0.56 (0.72) 0.90 (1.15) 0.78 (1.10) 0.74 (1.03) 0.96 (1.09)
Positive
Self 0.72°(0.79) 1.61°(1.44) 1.1° (1.04) 1.66" (1.78) 2.17* (1.63)
Not-Self 0.17 (0.52) 0.51 (0.90) 0.50 (0.93) 0.28 (0.62) 0.12 (0.33)

Data represent Means (SDs). *> Superscripts reflect significant differences between and within the three study samples for the respective variables based on Welch’s t tests, where a>b>c;

groups with the same superscript(s) do not differ significantly from one another. AUDIT, BD, age, and recall scores had a somewhat positive skew.

Free recall

Approximately 24 h after the incidental encoding of sentences,
we asked participants to type out as many sentences as they could
recall from the sentences task within 2min. Memory bias scores
were calculated by subtracting correctly recalled negative
sentences from correctly recalled positive sentences, such that
negative bias scores reflect an NMB and positive scores reflect a
positive memory bias. Bias scores were further defined according
to whether the respective sentences had previously been deemed
self-referent or not by each participant on Day 1.

Questionnaires

Alcohol use disorders identification test (AUDIT)

The AUDIT (Saunders et al., 1993) consists of 10 items
rated on a 5-point scale (0-4) that assesses the frequency and
amount of alcohol consumption and alcohol-related problems
(e.g., feeling guilty after drinking) in the past year. A score of
8 or more indicates risky drinking habits. The AUDIT has
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been validated across genders and various ethnicities
(Saunders et al., 1993; World Health Organization, 2001) and
has demonstrated good internal consistency (Cronbach’s
o=0.83; Selin, 2003).

Timeline followback method- alcohol (TLFB)

Participants reported estimates of their daily alcohol
consumption during a 60-day TLFB (Sobell and Sobell, 1995)
interview to measure the number of BD (5 standard drinks in
males, 4 in females) episodes. The TLFB has been validated in
males and females over the age of 14 in clinical and nonclinical
samples (Sobell and Sobell, 1995) and demonstrates high test-
retest reliability for BD episodes (ICC = 0.79; Cohen and
Vinson, 1995).

Drinking motives questionnaire-revised (DMQ-R)

The DMQ-R (Cooper, 1994) contains 20 statements
representing four categories of drinking motivations,
including coping, enhancement, social, and conformity. Here,
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we focus on the coping subscale to address our a priori
hypotheses. Motivations are rated on a 5-point scale based on
how frequently they occur (Never/Almost Never to Always/
Almost Always). The DMQ-R was validated in samples of
adolescents and adults (Cooper etal,, 1992; Cooper, 1994), its
subscale structure holds across gender, ethnicities, and age,
and it shows good internal consistency (Cronbach’s o« =0.84;
Harbke et al., 2019).

The depression anxiety stress scale (DASS-21)

The DASS-21 (Lovibond and Lovibond, 1995) measures self-
reported symptoms of depression, anxiety, and stress symptoms
experienced in the past week. Each subscale contains seven items
rated on a 4-point scale. Scores range from 0 to 42 with greater
numbers indicating greater severity. This scale shows good
internal consistency (Cronbach’s a=0.83-0.85), as well as good
construct validity across ethnicities (Norton, 2007) and in clinical
and nonclinical samples (Osman et al., 2012).

Bidimensional impression management index (BIMI)

Social desirability was assessed using the BIMI (Blasberg
etal,, 2013), which distinguishes between agentic (exaggeration
of social status or intellect) and communal impression
management (denying socially deviant impulses and
exaggerating virtuous attributes). The mean score on the
agentic subscale in our sample exactly equals the norm from
Blasberg et al. (2013) for honest responses (Welch’s t d=0,
p=1.0), and is significantly lower (i.e., more honest) than the
norms for ‘faking good, d=-0.92, p<0.001. Scores on the
communal subscale from our sample were significantly greater
than the norms for honest, d=0.33, p=0.05, but were also
significantly lower than norms for ‘faking good’, d=-0.38,
p=0.01. These patterns together with the fact that this study
was not looking at prosocial behavior support an honest
profile of responses by the current sample.

Statistical analyses

As some alcohol consumption and recall variables were
positively skewed, we assessed bivariate correlations using
Spearman’s rho among the variables of interest: Number of BD
episodes, AUDIT, coping, depression, bias scores, and total
recall. Based on these relations and our hypotheses, we used
PROCESS v3.5 in R (Model 6; Hayes, 2017) to assess serial
indirect relations between alcohol use and an NMB through
depression and coping. Predictor, mediator, and outcome
variables were converted to standardized scores. Significance
of indirect effects is interpreted relative to 95% confidence
intervals (CIs) constructed with 5,000 bootstrap samples with
a consistent randomly selected seed (31216) across analyses; p
values are reported for direct and total effects. Regression
assumptions were satisfied for all models.

Frontiers in Psychology

05

10.3389/fpsyg.2022.998364

Results

Memory performance

Overall recall ranged from 0 to 5 sentences (see Table 1 for
descriptive statistics). Using Wilcoxon signed-rank test, there was
no significant difference in overall recall for negative and positive
sentences (p=0.89). However, for sentences deemed self-referent
there were significantly fewer negative than positive sentences
recalled (p <0.01); the reverse was true for sentences rated not self
(p<0.01). Self-bias scores ranged from —2 to 2 and not-self bias
from —3 to 2. Thus, despite an overall positive bias, there was
variation across individuals in demonstrating an NMB or positive
memory bias.

Correlations and regressions

As seen in Table 2, greater scores on the AUDIT were
significantly related to lower self-bias scores, consistent with a self-
NMB. BD episodes, however, were not significantly related to a
self-bias score. Higher AUDIT and more BD episodes were both
significantly correlated with endorsement of coping motivations;
AUDIT was also highly positively correlated with depressive
symptoms whereas BD failed to reach significance. Moreover,
greater depression and endorsement of coping motivations
significantly predicted lower bias scores only for self-referent
sentences. In contrast, bias scores for sentences deemed “not-self”
only revealed very small (rhos <0.15) and nonsignificant relations
with variables of interest. Likewise, total recall performance was
not significantly related to BD, AUDIT, depression, or coping
motivation scores. The above results indicate that a tendency
toward an NMB in individuals high on the aforementioned
variables primarily occurs for information deemed self-referent.

To better understand the observed relations of AUDIT and
depression with the self-bias scores, we used multiple regression
to assess the relative contributions of recall for self-referent
negative and positive sentences. Together they explain 8% of the
variance in AUDIT (R*=0.08, p=0.05) and 13% of the variance in

TABLE 2 Correlation matrix among the alcohol, clinical, and memory
variables of interest in Study 1.

AUDIT BD Depression  Coping
episodes

Depression 0.467 0.05
Coping 0,657 0.37: 0.51 %%
Self-Bias —0.38%* -0.10 —0.467% —0.27%
Not-self 0.05 0.03 0.14 0.09
NMB
Total recall  —0.18 -0.16 0.12 —0.13

AUDIT, Alcohol Use Disorders Identification Test; BD, Binge Drinking. Correlation
coefficients are reported as Spearman’s rho. Bold values are significant relations between
main variables of interest.

*p<0.05.

#p<0.01 Self-Bias = self-positive-self-negative recalled.

##%kp <0.001 Not-self Bias = not-self positive-not-self negative recalled.
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depression scores (R*=0.13, p<0.01). In both cases, higher scores
on these measures were associated with a pattern of recalling more
negative (f=0.21, p=0.36, respectively) and fewer positive self-
referent sentences (p=—0.26, p=—0.19, respectively).

Serial multiple mediation through coping and
depression

Given Carbia et al’s (2020) findings of the association between
BD and an NMB, we first assessed the serial mediation model on
self-bias scores with number of BD episodes as the predictor; the
current lack of bivariate relation does not preclude the presence of
meaningful indirect effects (Hayes, 2017). With BD as the
predictor, the specific total indirect effect was significant such that
a greater frequency of BD days predicted a tendency to endorse
coping motives, which predicted greater depressive symptoms,
and, in turn, lower self-bias scores, f=—0.12, [-0.28, —0.01]. An
increase of 1 SD or approximately 4 BD episodes in the 60-day
period corresponded with a 12% lower self-bias score through
endorsement of coping motivations and depression. The direct
effect of BD on self-bias memory scores did not explain significant
unique variance (p=0.61).

The overall relation (total effect) between AUDIT and self-bias
memory scores was significant (p=0.02), as were the individual
components of the indirect pathway, supporting the predictive
value of AUDIT scores on coping motivations, of coping
motivations on depressive symptoms, and of depressive symptoms
on the self-bias scores (see Figure 1). The specific total indirect
effect (i.e., serial path), however, just failed to reach significance,
f=-0.15 [—0.33, 0.003]. The direct effect of AUDIT on a
self-NMB was not significant (p=0.22), supporting that the
relation between alcohol use and a self-NMB is primarily
explained via coping motivations and depressive symptoms.

Model validation

Although our cross-sectional design cannot support causal
inference, the mediation verbiage represents the underlying
theory. That is, the theoretical basis behind the above models is
that excessive alcohol use (either problematic drinking or BD)
predicts lower self-bias scores through greater coping motivations,
which predicts greater depression. To test the above models,
we examined alternatives by reordering the predictor and the
intervening variables. In the BD model, swapping the order of
mediator variables resulted in no significant pathways, whereas in
the AUDIT model, only the specific indirect effect through
depression was significant, f=-0.22 [-0.47, —0.002]. With
depression as the predictor in both AUDIT and BD models, the
direct effects were significant (p=0.02; p=0.01) whereas none of
the indirect pathways were significant. Comparatively, with coping
motivations as the predictor in the AUDIT model, neither direct
nor indirect effects were significant. With coping motivations as
the predictor in the BD model, only the specific indirect pathway
through depression was significant, =—0.27, [-0.51, —0.03].
Additionally, the other DMQ-R subscales of enhancement, social,
and conformity motivations failed to show significant indirect
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effects when controlling for coping motivations. Likewise, anxiety
and stress subscales of the DASS-21 failed to show significant
indirect effects when controlling for depression. These findings
further support that problematic drinking and BD are primarily
related to lower self-bias memory scores through the respective
indirect effects of depression and coping motivations in the
predicted manner.

Discussion

As expected, problematic drinking, coping, and depression
scores were particularly related to a tendency to preferentially
recall self-referent negative information, as opposed to
sentences that participants deemed not self-referent. This aligns
with previous findings that the NMB tends to be stronger for
self-referent stimuli in individuals with depression (Zupan
et al, 2017). Moreover, an indirect path through coping
motivations and depression explained the relations between BD
and problematic drinking with lower memory bias scores for
self-referent sentences.

Notably, the relation between alcohol use and an NMB has so
far only been found in females (Carbia et al., 2020). Study 1 built
upon this relation in assessing the mediating role of coping
motivations and depression in females. Sex and gender are
important, although somewhat complex, considerations in the
discussion of alcohol use and emotional dysregulation. Sex refers
to a biological trait that influences the development of the brain
and body (Sanchis-Segura and Becker, 2016) and contributes to
how individuals interact with their environment. Gender refers to
individual embodiments or expressions that interact with but may
not align with sex (Sanchis-Segura and Becker, 2016). Gendered
environmental experiences may subsequently influence the brain
and alter behavior (Sanchis-Segura and Becker, 2016). For
example, experiences of sexual trauma are significantly more
common in women (OIff, 2017), which may dysregulate brain
functioning and emotional responses and result in greater use of
alcohol to cope with related symptoms (Ullman et al., 2013;
Hammerslag and Gulley, 2016). Thus, both sex and gender involve
biological and environmental interactions and play a key role in
vulnerabilities and responses to substance use. These factors
warrant attention in relation to self-NMB.

Study 2

Study 2 provides a replication of the mediating roles of
coping motivations and depression in the relation between
alcohol use and an NMB. Given that Carbia et al. (2020) only
observed significant NMB relations with BD in women, we also
investigate whether sex/gender moderates the above indirect
relations. Of note, our current aims were not to disentangle sex
and gender effects, and as detailed below these variables were
largely redundant in our study; thus, we refer to sex only
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FIGURE 1

Serial multiple mediation model of the relations between problematic drinking (AUDIT scores) and binge drinking with negative self-referent
memory bias (self-NMB) through coping motivations and depressive symptoms in undergraduate female students. (Study 1). Solid lines and bolded

throughout. Further, as outlined below, given low overall recall
in Study 1, we modified the memory paradigm to enhance
task sensitivity.

Methods

Participants

Using the coefficients obtained from the model with AUDIT
scores as the predictor, which just failed to reach significance in
Study 1 (see Figure 1), we applied Schoemann et al’s (2017)
application that estimated a target sample size of n=70 for a serial
mediation effect with 80% power. Thus, we aimed to recruit a
minimum of 70 females and 70 males to target serial mediation
within each sex. Across two terms, we recruited 138 female and 76
male students via the same undergraduate pool as for Study 1.
There was limited discrepancy between sex and gender
identifications (i.e., 98% of females identified as women and 97%
of males identified as men). Thus, as noted, analyses were
conducted by sex; however, results may be indicative of either
sex-based (i.e., biological) differences or gendered (i.e.,
environmental) experiences.
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In contrast to Study 1 where 7% of students reported
abstaining from alcohol (i.e., a score of 0 on the AUDIT), this
percentage was almost five times higher in the Study 2 sample
(33%). As the reasons for abstinence may vary, this high
proportion of the sample reporting no use may impede clear
interpretation of the relations with problematic alcohol use. To
address this concern, we analyzed the data with and without those
who reported no consumption; the ratio of males:females across
the original and alcohol-using samples was similar (0.55; 0.53,
respectively; see Table 1). The pattern of findings was similar
across these analyses in terms of the strength of relations and their
interpretation relative to significance decision thresholds.
We report the findings from the smaller sample to better represent
the relations with problematic drinking (AUDIT scores).

Materials and procedure

Questionnaires administered were the same as in Study 1
along with the inclusion of the Personal Attributes Questionnaire
(PAQ; Spence and Helmreich, 1978) to assess individuals
alignment with gender roles; descriptive statistics are reported in
Table 1. AUDIT showed good internal consistency in the Study 2
sample (Cronbachs a=0.85), the depression subscale of the
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DASS-21 showed excellent internal consistency (=0.90), and the
coping motivations subscale of the DMQ-R showed acceptable
internal consistency (a=0.77). To enhance overall recall and
sensitivity of the bias scores, however, we made a number of
modifications to the main memory task in this iteration of the
study. First, we increased the focus on the positive and negative
stimuli of interest, and presented 14 negative and 14 positive
sentences in a random order. Only 2 neutral sentences were
included at the beginning and end of the Self-Referent Sentences
Task to control for primacy and recency effects. In addition,
we included a second task that asked participants to identify the
valence (“positive” or “negative”) of the adjectives from the Self-
Referent Sentence Task in order to re-expose them to the key
stimuli. On Day 2, participants were asked to recall as many
sentences as they could, with one of the neutral sentences used as
a reminder of the task (e.g., “I am rational”).

In contrast to the direct interaction and interview style used
in Study 1, we also moved Study 2 to an anonymous online survey
format. More specifically, participants completed the study
remotely via Qualtrics' and Pavlovia® online platforms. Results of
the BIMI agentic and community subscales were significantly
lower than the student norms for ‘faking good’ (d=-1.60,
p<0.001; d=—0.56, p<0.001), indicating honest response styles.

Statistical analyses

Following bivariate correlation and regression analyses as for
Study 1, we conducted a conditional process analysis via
PROCESS v3.5 (Model 92; Hayes, 2017) to assess the serial
mediation models by sex. We also explored bivariate relations with
femininity and masculinity. Regression assumptions were satisfied
for all models.

Results

Memory performance

Recall ranged from 0 to 14 sentences (M=3.4, SD=2.6),
indicating that alterations to the paradigm were successful in
raising overall recall levels compared to Study 1, Welch’s t
(168)=5.38, p<0.001. In both sexes, there were significantly fewer
self-negative sentences recalled relative to self-positive (Wilcoxon
signed-rank test; female, p <0.001; male, p <0.001). For sentences
rated “not-self;” there were more negative relative to positive
sentences for females, p<0.01, whereas there was no significant
difference for males, p=0.18. Notably, there was variation in
memory biases across individuals as self-bias and not-self bias
scores ranged from-4 to 5 and-5 to 5 in females, respectively, and
from —2 to 3 and —5 to 4 in males, respectively.
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Correlations and regressions

Replicating the pattern of results from Study 1, the relations
between AUDIT, coping motivations, and depression with lower
self-referent memory bias scores were of similar magnitude
among females in Study 2; moreover, all three relations were
significant (see Table 3). In males, depressive symptoms were
significantly related to lower self-referent bias scores. Further,
more BD episodes revealed small-medium relations to lower self-
referent bias scores, but failed to reach significance, whereas
AUDIT and coping motivations did not relate to bias scores in
males (Table 3).

Regression models were fit to examine the unique relations of
self-positive and self-negative sentences recalled to the above three
variables for females and the two small-medium relations for
males. In females, higher AUDIT, coping, and depression scores
were associated with significantly greater recall of negative self-
referent sentences (§=0.17, p<0.05, p=0.26, p<0.01, f=0.38,
p<0.001, respectively); depression was also associated with
significantly lower recall of positive self-referent sentences
(p=-0.28, p<0.01). Comparatively, only depression was
significantly related to greater recall of negative self-referent
sentences in males (f=0.34, p=0.02).

To explore potential relations with gender, and specifically
alignment with gender roles, we examined the relations of
femininity and masculinity scores with the five key variables of
interest (self-bias, AUDIT, BD, coping, depression). Among
females, femininity was moderately correlated with higher AUDIT
scores rho=0.25, p<0.05, and more BD episodes, rho=0.29,
p<0.01, whereas masculinity related to more positive self-bias
memory, rho=0.28, p<0.01, and lower depression, rho=-0.47,
p<0.001. There were no significant relations among these
measures for males.

Moderated serial multiple mediation through
coping and depression

Supporting assertions on the same model in Study 1, we found
that in females the specific total indirect (i.e., serial) pathway was
significant such that more problematic alcohol use predicted
greater coping motivations, which predicted greater depressive
symptoms, which predicted a lower self-bias score, f=—0.08,
[-0.19, —0.02] (see Figure 2). Thatis a 1 SD greater AUDIT score
predicted an 8.3% lower self-referent bias score, through
endorsement of coping motivations and greater depressive
symptoms. The same was not true for male students with AUDIT
scores, for whom the specific total indirect effect failed to reach
significance, p=—0.03, [—0.10, 0.01]. Despite the sex difference in
significance of the indirect pathway, the index of moderated
mediation failed to reach significance, p=—0.05, [—0.20, 0.05].
After accounting for coping motivations and depression, the direct
effects of AUDIT on self-bias scores were also nonsignificant in
females (p=0.43) and males (p=0.51).

In the model with BD as the predictor, the specific total
indirect pathway was again significant for females, such that a
greater number of BD days was associated with greater coping
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TABLE 3 Correlation matrix among female (below diagonal) and male (above) student alcohol, clinical, and memory variables of interest in Study 2.

AUDIT BD days Depression Coping Self-Bias Not-Self  Total Recall

Bias

AUDIT 0.51%#5 0.26* 0.58%%% —0.04 0.25 0.02

BD days 0.60%* 0.08 0.23 0.23 -0.08 0.13

Depression 0.21* 0.04 0.37%* —0.27* 0.34 0.09

Coping 0,46 0.23* 0,474 0.04 0.28 <0.01

Self-Bias —0.25* -0.16 —0.38* —0.27% —0.40 —0.40

Not-Self Bias 0.11 <0.01 —0.33*% 0.23 —0.38%% 0.12

Total Recall 0.08 0.13 0.05 0.05 0.35% 0.24

AUDIT, Alcohol Use Disorders Identification Test; BD, Binge Drinking. Correlation coefficients are reported as Spearman’s rho. Bold values are significant relations between main

variables of interest.

*p<0.05.

#¥p <0.01 Self-Bias = self-positive- self-negative recalled.

#i%p < 0.001 Not-self Bias = not-self positive-not-self negative recalled.

motivations, which predicted greater depressive symptoms, which
predicted a lower self-bias score, f=—0.05, [—0.12, —0.004],
consistent with Study 1. That is 1 SD greater BD episodes (~ 4
more episodes) predicted a 4.9% lower self-bias score.
Comparatively, the serial indirect pathway for males was of a
similar magnitude, but again not significant, f=—0.04 [—0.11,
0.01]. The index of moderated mediation was also not significant,
B=-0.01 [—0.10, 0.08]. As expected, the direct paths failed to
account for unique variance in self-bias memory scores (females,
p=0.86; males, p=0.18). Notably, in both AUDIT and BD models,
the separate specific indirect pathways through only depression or
only coping were not significant (see Figure 2).

Discussion

In sum, with both problematic alcohol use and BD episodes
as predictors, we replicated a significant indirect relation with
more negative self-referent memory biases as explained through
coping motivations and depression among females. Although the
pattern was similar and relations were of similar magnitude for
males, these associations failed to reach significance.

Study 3

We conducted Studies 1 and 2 on undergraduate student
samples given characteristically elevated rates of alcohol
consumption and depressive symptoms in this population
(Geisner et al,, 2012). Here, we expand our investigation to a
community sample to assess the generalizability of proposed
models.

Methods

Based on a priori power analyses detailed in Study 2,
we recruited 165 Canadian community participants via the
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Honeybee Hub recruitment platform’® for a $10 incentive ($5/day).
Due to incomplete or invalid survey responses, 44 male and 27
female responses were excluded, leaving 47 male and 48 female
participants. Only 9.4% of the remaining sample reported no
alcohol consumption on the AUDIT. Sample characteristics are
summarized in Table 1. The procedures and measures were
otherwise identical to Study 2. The AUDIT showed good internal
consistency in the Study 3 sample (Cronbach’s ®=0.89), as did the
depression subscale of the DASS-21 (x=0.87), and the coping
motivations subscale of the DMQ-R (x=0.89). Scores on the BIMI
were significantly lower than the norms reported for the online
community sample in Blasberg et al. (2013) for “faking good” on
both the agentic, d=-2.39, p<0.001, and community subscales,
d=-3.23,p<0.001, indicating honest response styles. Regression
assumptions were satisfied for all models.

Results

Memory performance

Recall ranged from 0 to 11 sentences (M=3.2, SD=2.5). In
females and males, there were significantly fewer self-negative
sentences recalled relative to self-positive (Wilcoxon signed-rank
test, both p<0.001) and, conversely, more not-self negative
sentences relative to not-self positive (females p=0.01; males
p<0.001). In females, self-bias and not-self bias scores ranged
from —1 to 7 and —3 to 2, and in males from —1 to 8 and —4 to 1,
respectively.

Correlations and regressions

As seen in Table 4, higher scores on the AUDIT, depressive
symptoms, and coping motivations in males revealed medium-
sized and significant relations to a greater NMB for self-referent
sentences. Further, males showed small-medium relations
between BD days with a negative self-memory bias, though these
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FIGURE 2
Indirect effects of coping motivations and depression on the relation between problematic drinking, binge drinking, and a self-referent memory
bias in undergraduate females, but not males (Study 2). Figure depicts separate serial mediation models with females in red, males in blue. Solid
lines and bolded parameters reflect significant relations: *p<0.05, **p<0.01, ***p<0.001.

failed to reach significance. Unlike Studies 1 and 2, among females
from the community, only greater endorsement of coping
motivations revealed a small-medium, but nonsignificant relation
to lower self-bias scores. Notably, in females, greater alignment
with feminine gender roles was moderately related to lower
depression, but failed to reach significance (rho=—0.24, p=0.09).
Masculinity and femininity were not related to variables of interest
in males.

Nonetheless, depression scores among females predicted
significantly greater recall of negative self-referent sentences
(B=0.35, p=0.02) through regression analyses. Similarly,
depression in males was also associated with significantly greater
recall of negative self-referent sentences (f=0.29, p=0.04), while
coping motives were related to significantly lower recall of self-
referent positive sentences (f=-0.39, p<0.001).

Moderated serial multiple mediation through
coping and depression

As in Study 2, we assessed the moderated serial multiple
mediation models in the community sample. In contrast to the

Frontiers in Psychology

10

undergraduate samples, the paths from depression to self-bias
scores were nonsignificant, precluding the total specific indirect
paths through both coping and depression (see Figure 3).

Notably, however, with BD as the predictor, the specific
indirect pathway through coping was significant in both females,
f=-0.09, [-0.39, —0.01] and males, p=—0.24, [—0.61, —0.05]. As
such, 1 SD greater BD episodes (2 episodes for females and 3 for
males) predicted 9 and 24% lower self-bias scores, respectively
(see Figure 3). Again, the index of moderated mediation was not
significant, p=0.15, [-0.18, 0.52]. Finally, the direct effect between
BD and self-referent memory bias was not significant in either
females (p=0.37) or males (p=0.81).

For females, the specific indirect effect for AUDIT through
coping was significant (p=—0.43, [-0.79, —0.13]; see Figure 3),
such that 1 SD increase in AUDIT scores predicted a 43% lower
self-bias score through coping motivations in community
females. In males, this relation was half the magnitude and not
significant, p=—0.22, [-0.48, 0.07]. Despite discrepancy in path
coefficients between the sexes, the index of moderated
mediation was not significant, p=-0.21, [-0.67, 0.17]. The
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TABLE 4 Correlation matrix for females (below diagonal) and males (above) in the community sample for alcohol, clinical, and memory variables of

interest in Study 3.

AUDIT BD days Depression Coping Self-Bias Not-SelfBias  Total Recall

AUDIT 0.63*+ 0.26* 0.72%55% —0.32* -0.16 0.11

BD days 0,747 0.39%% 0,45 -0.27 0.18 0.10
Depression 0.10 0.13 —0.02 —0.14% 0.04 0.02
Coping 0.70%# 0.53%%% 0.27% —0.33* 0.04 0.26
Self-Bias 0.06 0.06 -0.13 —0.27 0.24 0.72%
Not-Self Bias -0.18 0.23 0.13 0.28 —0.45%%% 0.55%
Total Recall -0.05 -0.01 0.17 0.10 0.68* —0.52%

AUDIT, Alcohol Use Disorders Identification Test; BD, Binge Drinking. Correlation coefficients are reported as Spearman’s rho. Bold values are significant relations between main

variables of interest.

#p<0.05.

*#p <0.01 Self-Bias = self-positive-self-negative recalled.

##%p <0.001 Not-self Bias = not-self positive-not-self negative recalled.

direct effect for AUDIT was not significant for females (p=0.10)
or males (p=0.91).

As males and females in the community sample were
significantly older than students in Studies 1 and 2 (Table 1),
we assessed the relations between age and bias scores; however, it
was not significant (rho=0.27, p=0.07).

To partially address modest sample size limitations in the
above three studies, we ran omnibus conditional process analyses
pooling the data from all participants (N =292); results revealed a
significant index of moderated mediation, supporting a difference
in relations among problematic alcohol use (AUDIT), depression,
endorsement of coping motivations, and a self-bias score in
females relative to males p=—0.07, [-0.14, —0.02]. Indeed, the full
mediation model was significant in females p=-0.07, [-0.12,
—0.02], but not for males, $=0.003, [-0.03, 0.04]. Similarly, results
for the BD model supported the full mediation model in females
p=-0.05, [-0.10, —0.02] and not males, p=—0.01, [-0.03, 0.01],
although the index of moderated mediation failed to reach
significance, f=—0.04, [—0.09, 0.001].

Discussion

We found an indirect effect of endorsement of coping
motivations on the relation between alcohol consumption
variables (both AUDIT scores and BD episodes) and an NMB
in community females. Interestingly, we also found that
endorsement of coping motivations was a significant intervening
variable for only the BD model in community males, in contrast
to Study 2 findings. Study 3 supports the relevance of
maladaptive behaviors linked with emotional dysregulation
(i.e., drinking to cope with negative affect), in the proposed
relation between excessive alcohol use and preferential recall of
self-referent negative stimuli. When pooling all three studies,
we also found support for the full indirect effect in AUDIT and
BD models in females only, and moderated mediation in the
AUDIT model supported a significant difference between
females and males.
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General discussion

In this three-part study, we examined whether coping
motivations and depressive symptoms serially explain the
relationship between problematic drinking and BD with a self-
referent NMB in undergraduate and community samples, as well
as the moderating role of sex. Overall, results generally replicated
across studies with minor nuances in findings. Across all three
samples, we found bivariate relations between a self-referent NMB
and problematic drinking (AUDIT scores), depressive symptoms,
and endorsement of coping motives. Further, across both student
samples, multiple linear regression models found that greater
recall of self-referent negative sentences was associated with
higher levels of problematic drinking and depressive symptoms,
and that lower recall of self-referent positive sentences associated
with depressive symptoms. More central to our study aims,
findings from both student samples supported the serial mediation
model with an indirect pathway through coping motivations and
depressive symptoms among females for both BD and problematic
drinking, whereas this path was weaker for males and
nonsignificant. Comparatively, in the community sample, the
proposed model was partially replicated as only the specific
indirect pathways through coping motivations were significant for
both sexes with BD episodes and in females with AUDIT scores.

The role of sex in alcohol consumption
behaviors and consequences

In female undergraduate students, excessive alcohol use
patterns via the AUDIT consistently related to a greater tendency
to recall self-referent negative stimuli. Excessive alcohol use is
purported to give rise to an NMB related to lower prefrontal-
cortex inhibition of the amygdala (Stephens and Duka, 2008). In
the current study, the more robust pattern of findings in
undergraduate females relative to males may relate to different
neural vulnerabilities and responses to alcohol consumption. For
example, high levels of sex-steroid receptor expression in the
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prefrontal cortex and amygdala relate to sexually dimorphic
pubertal development and functionality of these regions, resulting
in a greater impact of alcohol consumption on dysregulation of
emotions in females, relative to males (Hammerslag and Gulley,
2016). Thus, female students who excessively consume alcohol
during university, a formative developmental period, may
be particularly vulnerable to alcohol-induced neurological
changes in regions associated with processing emotional
memories (e.g., hippocampus, amygdala, and prefrontal cortex;
Stephens and Duka, 2008). Further, emotional dysregulation
associated with excessive alcohol consumption may manifest in
the form of experiencing depressive symptoms and turning to
maladaptive coping mechanisms for negative emotions
(Koob, 2013).

Comparatively, problematic alcohol use among male
participants in the community sample was significantly
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correlated with the self-NMB, whereas this was not the case for
female participants. Though somewhat unexpected based on
findings of the student samples in Study 1 and 2, along with
previous research (Carbia et al., 2020), this may be explained by
the higher rates of alcohol consumption observed in community
males (nearly double their female counterparts, as well as both
male and female students). Thus, whereas certain vulnerabilities,
whether neural or behaviorally based, may render females more
sensitive to an NMB at lower levels of consumption, more
severe patterns of problematic drinking may still contribute to
emergence of an NMB in males. Further, although there was no
longer a bivariate relationship for females, alcohol use remained
a predictor of a self-NMB via endorsement of coping
motivations. Future research will be useful for exploring
potential dose-dependent relationships across sexes and other
demographics (e.g., age and student status).
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Serial mediation through coping
motivations and depressive symptoms

As hypothesized, across all models, alcohol variables did not
reveal a direct effect on the NMB after accounting for coping
motivations and depression. Rather, we observed a significant
intervening effect of coping motivations in females whether
independently (Figure 3) or as part of a serial mediation with
depressive symptoms (Figures 1, 2). Individuals who are motivated
to consume alcohol to cope with negative affect may be more
likely to experience an NMB via reinforcement of alcohol cravings
in response to negative affective cues, greater cognitive and
emotional dysregulation, and higher levels of alcohol consumption
(Zack et al., 1999, 2002; Stephens and Duka, 2008; Foster et al.,
2014; Decaluwe et al., 2019). In fact, the serial models in Studies
1 and 2 for undergraduate females support that excessive use of
alcohol may influence an individual to use it as a coping
mechanism through negative reinforcement (Koob, 2013) and that
this may precipitate onset or worsening of depressive symptoms
(Connell et al., 2015), further contributing to the self-referent
NMB (Disner et al., 2011).

Interestingly, depression was not supported as a mediator in
Study 3. The discrepancies among undergraduate and community
female samples may in part be explained by differences in
prevalence of depressive symptoms, such that Study 1 students
had the highest levels, followed by Study 2 students, and
community members reporting the lowest. Additionally, whereas
relations between alcohol measures and coping were robust and
remarkably similar between sexes for all samples (Tables 3, 4;
Figures 2, 3), the relations with depression were more discrepant
and its relations with the NMB were relatively weak in the
community sample. Furthermore, the community sample was on
average older than the student samples, which is potentially
indicative of a protective effect of age (Reed and Carstensen,
2012). Indeed, previous studies have also found that the NMB is
especially pronounced in younger depressed participants and
decreases with age (Zupan et al., 2017). Thus, relations between
alcohol use and the NMB may be less reliant on depressive
symptoms with age, whereas the full serial model appears
especially relevant for adolescents and young adults.

The role of sex in the serial mediation
model

Research on sex/gender differences in the tendency to
endorse coping motivations is mixed, with adolescent girls
between the ages of 13—-19 years reporting greater coping motives
than boys, whereas no gender differences are seen in college-aged
students (for review see Kuntsche et al, 2006). In Study 3,
we observed that coping motivations explained the relation
between BD and an NMB in both males and females. Further, in
Study 3, the male community sample endorsed significantly
rates relative to male

higher of coping motivations

undergraduates. As such, in tandem with elevated alcohol
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consumption levels in the community males, cognitive emotional
biases related to higher rates of maladaptive coping that are
thought to underlie the NMB may explain the significant effect
of coping motivations in this group. Interestingly, we found that
in both male samples, coping motivations were not significantly
related to depressive symptoms in the serial mediation models,
whereas this relationship was significant for all female samples.
This corresponds with previous findings that in females,
endorsement of coping motivations was significantly related to
higher depressive symptoms, whereas this relationship was not
significant in males (Foster et al., 2014).

Sex and/or gender can play a role in the prevalence of and
response to depression. For example, a significant increase in
depression is seen in only females during Tanner stage III in
mid-puberty (Hammerslag and Gulley, 2016). Moreover,
socialization and gender inequalities may contribute to negative
self-referent biases and lower self-esteem in vulnerable individuals
(van der Aar et al,, 2018; Bone et al,, 2021). To elaborate, gender-
informed cognitive models of depression suggest that adolescent
girls are more vulnerable to depression due to differences in
rumination and negative inferential style, a greater likelihood of
experiencing negative life events, and a greater tendency to develop
depressive symptoms in response to such events (Hankin and
Abramson, 2001). This coincides with the finding that in
undergraduate females, alignment with feminine gender roles was
related to greater alcohol consumption whereas greater
endorsement of masculine gender roles was associated with lower
depression scores. Conversely, in males, gender role alignment did
not relate to variables of interest, which may suggest experiences of
gender and gender roles play a bigger part for females with respect
to alcohol consumption, depression, and potentially cognitive
sequelae, while this does not appear true for males. Surprisingly,
this contradicts previous research that found that alignment with
feminine roles assessed by the same measure was negatively related
to alcohol consumption (Peralta et al., 2010). However, Peralta
et al. (2010) did not disaggregate findings by sex identification,
possibly obscuring differences. This may also be reflective of
differences in socio-cultural context by time or location of samples.

It is important, however, not to overstate the immutability
of sex/gender differences. While literature shows females are
likely to experience depression and have a greater tendency
toward an NMB than males (Hammerslag and Gulley, 2016; Dir
etal., 2017; Hardee et al., 2017), males who are depressed may
also show differential responses relative to males who are not
depressed. That is, while there may be differences between
males and females in general, the differences between males and
females with depression may be less striking. Indeed, in both
undergraduate and community males and females, depressive
symptoms predicted greater recall of self-negative sentences,
indicating a common cognitive risk. Further, the pathway from
depressive symptoms to the NMB was significant in both female
and male students. As such, future research may investigate
these relations in a sample of males with diagnosed depressive
disorders, who may be more likely to present with negatively
biased cognition.

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.998364
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Johnstone et al.

Strengths, limitations, and future
directions

The strengths of our investigation include assessment of the
proposed mediation model across three samples and variation in
task design. Indeed, our three studies showed that bivariate
relations largely replicated across male and female participants in
both student and community samples. Furthermore, coping
motives significantly mediated the relationship between alcohol
use and an NMB across all three samples. Another methodological
strength of our study is the 1-day delay, which is conducive to
observing the biasing of emotional memories that occurs during
the extended consolidation process (Bogie et al., 2019). Lastly, the
incidental encoding of sentences provides ecological validity in
reflecting everyday experiences when individuals are not actively
trying to remember information. Nonetheless, the associated low
overall recall performance with this approach may have limited
sensitivity to detect some relations. Some procedural modifications
were made to the memory task in Study 2 to increase recall
performance that inherently introduced differences from Study 1.
Similar patterns were observed between the female student
samples in these studies; however, and identical methods were
used in Studies 2 and 3.

Each study had modest sample sizes, particularly after
correcting for invalid survey responses in community members;
however, the pooled analysis with a larger sample supported
mediation effects in females but not males. It should be noted there
were about half as many student males as females in Study 2 as well
as the pooled analysis, potentially limiting power for male findings.
Indeed, the pattern of path coefficients in Study 2 was generally
similar for male and female participants, and the individual paths
were significant in the binge-drinking model for males (see
Figure 2). As such, replication of the mediation models with a
larger sample size and a more balanced sex distribution is
warranted. Moreover, the samples were not equated in terms of
demographics or the distributions of the model variables (levels of
problematic alcohol use, depressive symptoms, and coping
motivations), obscuring comparisons across samples. Although the
patterns generally replicated, there were some differences across
samples, such that depression did not play a role in the proposed
model for community samples whereas it did for students.
Furthermore, while we found a consistent pattern of relations
between alcohol use, endorsement of coping motivations, and a
self-referent NMB, the multiple analyses conducted raised the risk
of Type I error. In addition, there was a low prevalence of BD
episodes in all three samples of the current study, ranging from a
mean of 0.5 in the male community sample to 2 episodes per
month in student samples, respectively. In contrast, for example,
Carbia et al. (2020) reported means of 2.2 to 2.8 BD episodes in
their student samples. Finally, some procedural modifications were
made to the memory task in Study 2 to increase recall performance
that inherently introduced differences from Study 1. Nonetheless,
similar patterns were observed between the female student samples
in these studies and identical methods were used in Studies 2 and 3.
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Conclusion

Problematic drinking, whether in the form of BD or more
generally, poses a problem for an individual’s emotional
wellbeing and mental health; one way this materializes is
through an NMB, particularly for information deemed self-
referent. Results support that engaging in alcohol use as a
coping mechanism for negative affect or experiencing elevated
depression may explain why the NMB presents in some
individuals who drink excessively but not others. Moreover, this
preliminary evidence suggests that relations among alcohol use,
coping motivations, and the NMB are more likely to occur in
males if they have very high alcohol consumption patterns,
whereas in females it occurs more consistently at moderately
high levels of alcohol consumption. Future research may
investigate whether the above models and observed sex/gender
differences hold in clinical samples (i.e., people with
co-occurring alcohol use disorder and depression diagnoses).
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