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Abstract

Multiple etiological models have been proposed to explain posttraumatic stress disorder (PTSD)
and alcohol use disorder (AUD) comorbidity, but the predominant model to date is the “drinking to
cope” self-medication model. Despite its popularity, the self-medication model lacks rigorous
empirical support due to inconsistencies and methodological limitations, particularly the failure to
operationalize drinking to cope with trauma symptoms specifically. The present study sought to
measure trauma-related drinking to cope (TRD) in order provide a more specific test of the self-
medication model among a representative sample of 1,896 undergraduates with a history of trauma
exposure and alcohol use. Using a model building approach in Mplus, a correlated multiple
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mediator model tested the association between PTSD symptoms and alcohol use problems (AUP)
through TRD and DMQ-Cope as moderated by sex. Results indicated that, while accounting for
the effects of DMQ-Cope, TRD partially mediated the relation between PTSD symptoms and AUP
and that this relationship was stronger for males than for females. With the exception of
moderation by sex, results were substantiated using longitudinal data. Findings were consistent
with the self-medication model, suggesting that trauma-related drinking to cope motives may serve
as a mechanism through which PTSD symptoms influence AUP. TRD may serve as a more
specific screening tool for AUP risk among individuals endorsing PTSD symptoms compared to
the commonly used DMQ-Cope.
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Posttraumatic stress disorder (PTSD) and alcohol use disorder (AUD) are prevalent,
frequently co-occur, and are costly to society (Brown, Stout, & Mueller, 1999a; Kessler,
Chiu, Demier, Merikangas, & Walters, 2005; Kessler, Sonnega, Bromet, Hughes, & Nelson,
1995). High comorbidity of PTSD-AUD constitutes a public health crisis, such that
comorbid PTSD-AUD is associated with higher symptom severity (Najavits et al., 1998;
Ouimette, Finney, & Moos, 1999), greater service utilization (Brown, Stout, & Mueller,
1999b), poorer treatment prognosis (Blanco et al., 2013; Ipser, Wilson, Akindipe, Sager, &
Stein, 2015; Read, Brown, & Kahler, 2004; Shorter, Hsieh, & Kosten, 2015), shorter time to
relapse posttreatment (Bonanno, 2004), poorer physical health (Evren et al., 2011), and
higher suicidal ideation and attempts (Rojas, Bujarski, Babson, Dutton, & Feldner, 2014).
These high-stakes clinical implications warrant increased understanding of factors
underlying comorbid PTSD and AUD in order to inform transdiagnostic treatment and
prevention efforts.

To that end, consideration of sex differences is imperative with regard to the study and
treatment of comorbid PTSD-AUD. A wealth of evidence suggests that females are at
substantially higher risk for PTSD than males (Breslau, Davis, Andreski, Federman, &
Anthony, 1998; Kessler et al., 1995). Additionally, studies have documented higher rates of
risky drinking and AUD in males compared to females (Capraro, 2000; Goldstein, Dawson,
Chou, & Grant, 2012), although newer research shows that sex differences in AUD are
narrowing and that there have been recent shifts towards more equal levels of consumption
(Grant et al., 2015). Findings on sex differences with regard to comorbid PTSD-AUD have
been mixed, with a majority of studies demonstrating higher rates in females compared to
males (Brady, Grice, Dustan, & Randall, 1993; Brady & Randall, 1999; Kessler et al., 1997;
Sonne, Back, Diaz Zuniga, Randall, & Brady, 2003), one study showing higher rates among
males compared to females (King, Meehan, Trim, & Chassin, 2006), and a large
epidemiologic study demonstrating no sex differences (Goldstein, Dawson, Chou, & Grant,
2012). Thus, it appears most often that the presence of PTSD eliminates some of the sex
differences with regard to prevalence of AUD, particularly among women. Given sex
differences for both phenotypes, examination of etiologic models should incorporate testing
for sex differences.
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One of the most widely accepted explanations for high comorbidity rates between PTSD and
AUD is the self-medication hypothesis. The “drinking to cope” self-medication model is a
causal model (see Figure 1) which postulates that individuals with PTSD are more prone to
developing problematic drinking behaviors due to a tendency to drink to cope with negative
internal experiences (Khantzian, 1999). Examined within a learning-theory framework, the
compelling short-term negative reinforcement effects of alcohol may serve to condition the
use of alcohol to temporarily alleviate PTSD symptoms and ultimately result in the
development of more severe forms of alcohol use (i.e., AUD; Schumm & Chard, 2012).

Although evidence in support of the self-medication hypothesis exists in piecemeal form
(e.g., PTSD onset more commonly precedes AUD onset following trauma than vice versa
[Kessler et al., 1995]), methodological limitations have precluded the self-medication model
from being extensively studied in a rigorous manner that tests all tenets of the conceptual
framework. Instead, the PTSD-AUD self-medication literature to date is largely cross-
sectional and functions under multiple assumptions, potentially the most damaging of which
is the assumption that drinking to cope with negative affect is synonymous with drinking to
cope with PTSD symptoms specifically.

A systematic review of the PTSD-alcohol use self-medication literature (Hawn, Cusack &
Amstadter, under second review) demonstrated that, by and large, studies assessed a range of
generalized drinking motives, tension-reduction strategies, or alcohol expectancies more
broadly to infer trauma-specific drinking to cope rather than assess trauma-related drinking
to cope specifically. In fact, the review produced only one measure that assesses alcohol
expectancies with regard to PTSD symptoms specifically: the PTSD-Alcohol Expectancies
Questionnaire (P-AEQ; Norman, Inaba, Smith, & Brown, 2008). However, the P-AEQ),
which has been applied limitedly in the context of the self-medication literature (Hawn et al.,
under second review), assesses expectations of the effects of alcohol and does not capture
drinking motives nor the frequency at which an individual uses alcohol to cope with PTSD
symptoms.

The most commonly used assessment with regard to the PTSD-AUD self-medication
literature (Hawn et al., under second review) is the drinking to cope subscale of the Drinking
Motives Questionnaire—Revised (DMQ-R; Cooper, 1994). The frequency at which the
DMQ(-R) is used to infer drinking to cope with PTSD symptoms is problematic because the
DMQ-Cope subscale assesses drinking to cope with negative internal experiences generally
and is not at all specific to drinking to cope with trauma-related symptoms. Specifically, the
subscale asks the frequency at which individuals drink to 1) “forget your worries”; 2)
“because it helps you when you feel depressed or nervous”; 3) “to cheer you up when you’re
in a bad mood”; 4) “because you feel self-confident or sure of yourself”; 5) “to forget about
your problems”. Demonstration of this tendency in the literature to equate general drinking
to cope motives with drinking to cope with trauma-related symptoms specifically extends
beyond the prevalent use of DMQ-Cope to other measures assessing general coping motives
or alcohol expectancies (e.g., Brief COPE [Carver, 1997], Comprehensive Effects of Alcohol
[CEOA; Fromme, Stroot, & Kaplan, 1993], Reasons for Drinking Scale [Beseler,
Aharonovich, & Hasin, 2011], and subjective measures of self-medication [Sheerin et al.,
2016]). To date, it appears that no studies have explicitly examined the extent (i.e.,
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frequency, quantity) of drinking to cope with trauma-related symptoms (e.g., intrusive
thoughts, avoidance, anhedonia, hypervigilance) specifically, making this a critical void to
fill.

Provided that the self-medication model is inherently mediational by design, whereby the
relationship between PTSD and alcohol use problems is explained at least partially by
drinking to cope with trauma-related symptoms (see Figure 1 for review), it would follow
that the use of mediational analyses to test its validity is imperative. Surprisingly, however,
use of mediational analyses in the PTSD-alcohol self-medication literature as a whole is
sparse and has resulted in disparate findings (Hawn et al., under second review). Consistent
with the conceptual framework of the self-medication model, several studies have tested the
mediating effects of coping motives, using the DMQ-Cope, on the relation between PTSD
symptoms and alcohol consumption and/or problems. The majority of these studies have
demonstrated support for this model (e.g., Tomaka et al., 2017; Kaysen et al., 2007; McCabe
et al., 2018), while some failed to demonstrate support (Delker & Freyed, 2014).

Consideration of other important factors, such as type and frequency of trauma, also
regularly differs between studies. Given research on the meaningful differences with regard
to PTSD and other outcomes between type (Frans, Rimmd, Aberg, & Fredrikson, 2005) and
amount (Cloitre et al., 2009) of trauma experienced, failure to account for trauma exposure
could at least partially explain some of the inconsistencies in the self-medication literature.

Study Aims

Methods

The present study sought to test the self-medication model using a novel measure of trauma-
related drinking to cope (TRD). Aim 1 sought to test whether the relation between PTSD
symptoms and AUP was significantly accounted for by the effects of TRD, while accounting
for its relationship with DMQ-Cope. Aim 2 sought to investigate whether this self-
medication mediation model was moderated by sex. Analyses were conducted both cross-
sectionally, using a large sample and comprehensive assessment battery, and longitudinally,
using a smaller sample and abbreviated measures. It was hypothesized that TRD would
account for the relation between PTSD symptoms and AUP, over and above the effects of
DMQ-Cope. Additionally, it was hypothesized that this indirect effect would be stronger for
females than males and that this pattern of results would hold across the cross-sectional and
confirmatory longitudinal analyses.

Study Participants and Recruitment

Participants for the present study were recruited from an ongoing cohort study from a large
urban university that began in 2011 and includes comprehensive genotyping on all willing
participants (Spit for Science [S4S]; NIAAA-R37 AA011408). Individuals were contacted
about participating in a spin-off study, Life Events and Alcohol Use (LEAU; P50AA022537,
Pl: Amstadter, F31AA025820, PI: Hawn), because they met the following study inclusion
criteria: had endorsed at least one lifetime traumatic event during a prior S4S survey and
reported any lifetime alcohol use on a prior S4S survey. The intention of the LEAU survey
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was to gather more in-depth information about participant PTSD symptoms, trauma history,
and trauma-related drinking to cope. Those expressing an interest in participating in LEAU
were emailed a survey link to be completed via REDCap (Harris et al., 2009). The LEAU
survey took approximately 20 minutes to complete, after which participants were given the
option to collect $20 compensation via cash in person or electronically via Amazon. Of the
1,901 participants who enrolled, 1,848 completed the survey in full (2.8% began but did not
complete the entire survey). The present sample (N=1,896) included LEAU participants who
had available data on all measures of interest. Of these, 70.18% identified as female.
Consistent with the parent study, the LEAU sample was generally representative of the
overall university population from which it was recruited with regard to race (49.4% White,
18.9% African-American, 16.3% Asian, 8.0% multi-racial, 6.0% Hispanic/Latino, .6%
declined to respond, .4% Pacific Islander, .4% American Indian/Native Alaskan). There
were no differences between those in the larger parent study who were and were not
included in LEAU on race. However, those included in LEAU were slightly younger (18.46
vs. 18.51, £=4.43, p<.01; Cohens d: .14) and were more likely to be female (70.18% vs.
59.45%; y2=74.226, p<.001; Cramer’s V: .09). These effects, though significant, were very
small and likely not meaningful. All study procedures were approved by the University’s
Institutional Review Board.

Study Measures

Trauma Exposure.—Trauma history was obtained in LEAU via the Traumatic Life
Events Questionnaire (TLEQ); Kubany et al., 2000), a comprehensive assessment of
potentially traumatic events. The TLEQ is a 23-item self-report measure which assesses
whether and when participants experienced a range of potentially traumatic events (e.g.,
natural disaster, assault, accidents, illness/injury) and how many times each traumatic event
occurred (i.e., allows for calculation of a comprehensive lifetime trauma count for each
participant). The TLEQ has evidenced good test-retest reliability (average of 83% agreement
across traumas) and good convergent validity with interview assessments of trauma exposure
(Kubany et al., 2000). A lifetime trauma load variable was created by summing the
frequency endorsements for each trauma included in the TLEQ. A dichotomous trauma type
variable was also created to reflect endorsement status of having ever experienced an
interpersonal (i.e., combat, sudden or unexpected death of a loved one, life-threatening or
permanently disabling accident experienced by a loved one, robbery, physical assault,
witnessing physical assault, threatened with death or serious physical harm, childhood
physical abuse, family and domestic violence, childhood sexual abuse, adult sexual assault,
unwanted sexual experience, and stalking) or other (i.e., natural disaster, motor vehicle
accident, other accident, miscarriage, abortion, life-threatening illness, other) type of trauma.

PTSD.—Presence of PTSD symptoms in the past 30 days was assessed using the PTSD
Checklist-5 (PCL-5; Weathers et al., 2013). The PCL-5 is a 20-item questionnaire,
corresponding to the fifth edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) symptom criteria for PTSD. The self-report rating scale is 04 for each
symptom, ranging from “Not at all” to “Extremely”. The PCL-5 has demonstrated good test-
retest reliability (r=.82), and convergent (/s = .74 to .85) and discriminant ('s = .31 to .60)
validity (Blevins, Weathers, Davis, Witte, & Domino, 2015). Cronbach’s alpha calculated
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from the LEAU sample suggested excellent internal consistency (.96). A total symptom
severity score (range 0-80) was obtained by summing the scores for each of the 20 items.

Alcohol Consumption and Related Consequences.—Participants reported on their
past year alcohol use with ordinal frequency and quantity items from the Alcohol Use
Disorders Identification Test (AUDIT), which is a 10-item screening measure developed by
the World Health Organization to identify individuals with alcohol problems (Babor, De La
Fuente, Saunders, & Grant, 1992). The AUDIT assesses alcohol consumption as well as
alcohol-related problems (e.g., consequences related to drinking). There is a large body of
literature attesting to the psychometric properties of the AUDIT (e.g., Saunders, Aasland,
Babor, De la Fuente, & Grant, 1993). The AUDIT evidenced good internal consistency in
the LEAU sample (a=.82). The AUDIT total score, which embodies quantity/frequency of
alcohol consumption as well as related-problems, was used in the analyses and will
heretofore be referred to as alcohol use problems (AUP).

General Drinking to Cope Motives.—General drinking to cope motives were assessed
via the 5-item coping subscale of the Drinking Motives Questionnaire-Revised (DMQ-R;
Cooper, 1994). Participants are asked to rate the frequency of drinking for each of the listed
motives on a 1 to 5 scale, on which 1 equals “almost never/never” and 5 equals “almost
always”. The possible range of scores for the DMQ-Cope subscale is 5-25. The DMQ-Cope
has demonstrated strong test-retest reliability (ICC=.80; Cheng, Phillips, Zhang, & Wang,
2016) and evidenced good internal consistency within LEAU (a.=.88). Response items from
the DMQ-Cope measure were summed to create a continuous score.

Trauma-related Drinking to Cope.—A 4-item trauma-related drinking to cope (TRD)
measure was created for and administered as part of the LEAU study. Using the same
response options from the DMQ-R, which query frequency of alcohol use on a 1 to 5 Likert
scale (1=Almost Never/Never to 5=Almost Always/Always), frequency of alcohol use to
cope with symptoms specific to each PTSD cluster (i.e., re-experiencing [e.g., repeated,
disturbing dreams of the traumatic event; Item 1], avoidance [e.g., avoiding memories,
thoughts, or feelings related to the trauma; Item 2], negative cognitions and mood [e.g.,
anhedonia; Item 3], and arousal [e.g., hypervigilance; Item 4]) was assessed. The possible
range of scores for the TRD questionnaire is 4-20. Cronbach’s alpha calculated from the
LEAU sample suggested the TRD items demonstrated good internal consistency (.88). The
psychometric properties of TRD, as well as detailed information about the wording of the
four TRD items and the response scale used, have been reported on in detail elsewhere
(Hawn, Aggen, Cusack, et al., under review). Response items from the TRD measure were
summed to create a continuous score.

Probable PTSD (used in longitudinal analysis).—Participants endorsing any lifetime
history of trauma exposure in the S4S Parent study were administered the Primary Care
PTSD Screen (PC-PTSD; Prins et al., 2003). The PC-PTSD is a screening instrument with
four “Yes/No” items, each representing one of the three Diagnostic and Statistical Manual of
Mental Disorders (DSM-1V-TR) (Association & Association, 2000)) PTSD symptom
clusters, with avoidance and emotional numbing separated out into two separate items. The

Psychol Addict Behav. Author manuscript; available in PMC 2021 May 01.
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newest version of the PC-PTSD (PC-PTSD-5; Prins et al., 2016), which was created to
reflect the new Diagnostic and Statistical Manual of Mental Disorders (DSM-5; Association,
2013) criteria for PTSD, was not yet available when the S4S study battery was compiled.
PC-PTSD total score, assessed in the S4S parent study prior to enrollment in LEAU (Fall
2014, Spring 2015), was used as the independent (time point 1) variable in the longitudinal
analysis of the self-medication model.

AUD (used in longitudinal analysis).—Participants who reported having ever
consumed alcohol in the S4S Parent study were asked items related to DSM-5 (Association,
2013) AUD criteria, with some criteria assessed using multiple items. For all but 2 items,
response options were “never,” “1-2 times,” or “3 or more times,” which were scored 1, 2,
and 3, respectively. These items were then recoded as 0 or 1 to indicate whether the criterion
had been met at least once (no or yes) or three or more times (no or yes) in the past year.
Items addressing craving and tolerance had response options of “no” and “yes,” coded 0 and
1, respectively. An AUD count variable for symptoms met at least once in the past 12
months was derived. Given that the sample was comprised of emerging adults, a
developmental period which typically precedes the average age of onset for a formal AUD
(Grant et al., 2015), the AUD count variable for symptoms met at least once (as opposed to
three times) in the past year was created in an effort to capture subthreshold alcohol-related
consequences. Sum scores were created using a missing data threshold, such that scores
were only computed for individuals with data on 6 or more items. Participants were given
the option of skipping questions.

Data Analytic Plan

Data checking.—Variables were examined for distributional assumptions prior to analysis.
The TRD composite score was significantly skewed (2.68) and kurtotic (7.92) and was
therefore log transformed. This score showed improvement in skew (1.78) and kurtosis
(2.46), and thus was used as the measure of drinking to cope with trauma-related distress in
the analyses. Lifetime trauma load was also skewed (2.52) and kurtotic (12.00) and was log
transformed. This score showed improvement in skew (-.218) and kurtosis (-.648) and was
used as a covariate in the mediation analyses. In order to reduce non-essential
multicollinearity and increase interpretability of findings (Cohen, 2003), all continuous
predictors were centered prior to conducting analyses.

Analytic Plan Aim 1: Use of TRD to test the self-medication model.—Hypothesis
1 was that TRD would mediate the effect of PTSD symptoms on AUP symptoms, over and
above the effects of DMQ-Cope and study covariates (1a). It was hypothesized that DMQ-
Cope would also mediate this relation, over and above study covariates (1b). In order to
investigate the outlined study hypotheses, first, mediation analyses testing TRD and DMQ-
Cope as independent mediators of the relation between PTSD symptoms and AUP were
conducted. Analyses were conducted in Mp/us, Version 6.12 (Muthén & Muthén, 2012),
using the Model Indirect command. Second, a correlated mediation model was conducted in
Mplus in which TRD and DMQ-Cope were both included as mediators and allowed to
covary within the same model. This correlated mediation approach was conducted to
account for the likely association between TRD and DMQ-Cope.

Psychol Addict Behav. Author manuscript; available in PMC 2021 May 01.
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Hypothesis 2 was that these effects would be stronger for females compared to males. To
test this hypothesis, a moderated mediation model, allowing TRD and DMQ-Cope to covary,
while sequentially examining these effects for females and then males, was conducted. In
order to test for moderated mediation, interactions between PTSD symptoms and sex to
predict TRD and DMQ-Cope, and interactions between TRD and DMQ-Cope and sex to
predict AUP were estimated in conjunction with the Mode/ Indirect command. Mplus uses
the product of coefficients strategy to calculate indirect effects (MacKinnon, Lockwood,
Hoffman, West, & Sheets, 2002; Preacher & Hayes, 2004).

Missing data on endogenous variables was estimated as a function of the observed
exogenous variables under the missingness at random assumption (Schafer & Graham,
2002). As including covariates may increase the power of a statistical test by minimizing
uncontrolled variability and accounting for variance that would otherwise be thought of as
error (Turner et al., 2012), several key covariates (i.e., sex, race, cohort, lifetime trauma load,
trauma type) were included in the initial study models. Cohort was included based on
previous research using this data demonstrating significant differences in AUP between the
cohorts (Bountress et al., under review). Covariates deemed non-significant (p > .05) in the
initial model were removed in subsequent models in order to improve model fit and
parsimony. Significant covariates retained in the subsequent models included trauma load,
trauma type, and sex, accounting for partial variance in TRD; trauma load, trauma type,
race, and sex accounting for partial variance in DMQ-Cope; and sex, cohort, and race
accounting for partial variance in AUP. The study model was assessed for goodness of fit
based on whether the values of the following fit indices are consistent with accepted
standards (i.e., Hu, 1999): Comparative Fit Index (CFl): =.95, Root Mean Square Error of
Approximation (RMSEA) < .06, and Standardized Root Mean Square Residual (SRMR)
<.08.

Given the more phenotypically rich LEAU sample was limited by cross-sectional data, the
same mediation approach was also applied to data from both LEAU and S4S in order to test
the self-medication hypothesis longitudinally (A=899). TRD (1a) and DMQ-Cope (1b),
assessed in LEAU (Fall 2016), were regressed onto the maximum endorsed probable PTSD
score, calculated using the Primary Care PTSD Screen (PC-PTSD; Prins et al., 2003),
assessed in the S4S parent study prior to enrollment in LEAU (Fall 2014, Spring 2015).
AUD symptom severity, assessed the Spring following enrollment in LEAU (Spring 2017),
was regressed on TRD, DMQ-Cope, and PC-PTSD.

Study Descriptive Statistics and Correlations

Correlational analyses and descriptive statistics are provided in Table 1. Interpretation of
sample means as well as differences in the distribution of TRD and other variables among
individuals exceeding and not exceeding the PCL-5 and AUDIT cutoff scores are provided
in the TRD psychometric paper (Hawn et al., under review). As hypothesized, all constructs
included in the full model were significantly associated with one another. Notably, TRD and
DMQ-Cope were moderately correlated but not multicollinear (r= .60, p<.001). Moreover,
whereas an overwhelming majority (72.96%) of participants in the sample endorsed at least
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some level of drinking to cope per the DMQ-Cope, only around one-third (34.71%) of
participants endorsed at least some level of drinking to cope with trauma-specific symptoms.
Similarly, histograms (Figure 2) revealed that DMQ-Cope was normally distributed, unlike
the un-transformed TRD measure.

Aim 1: Self-Medication Mediation Models

Examination of TRD and DMQ-Cope separately.—Rows one and two of Table 2
show the results for the independent regression models conducted using TRD and DMQ-
Cope as mediators, respectively. There was a significant indirect effect of PTSD symptoms
on AUP through TRD, which accounted for 87.97% of the total effect. This model
demonstrated good fit to the data (X2 (10) = 20.928, p=.022; CFI: .991, RMSEA: .024;
SRMR: .009). DMQ-Cope was a significant mediator as well, with a significant indirect
effect that accounted 83.33% of the total effect. This model also demonstrated good fit to the
data (x? (6) = 11.851, p= 0.065; CFI: .994; RMSEA: .023; SRMR: .007).

Correlated mediation model.—Given that the indirect pathways through TRD and
DMQ-Cope were both significant, and that these two constructs were moderately correlated
(r=.60), a mediation model was fit which included both constructs and allowed them to
correlate. The results of this model are shown in row three of Table 2. The model
demonstrated good fit to the data (XZ (13) =18.177, p=0.151; CFI: .998; RMSEA: .014;
SRMR: .009). There were significant indirect effects of both TRD and DMQ-Cope.
Combined, TRD and DMQ-Cope accounted for 80.34% of the total effect of PTSD
symptoms on AUP. A larger proportion of this indirect effect (43.30% of the total effect of
PTSD symptoms on AUP) was accounted for by TRD, while a slightly smaller portion
(37.04% of the total effect) was attributed to DMQ-Cope. However, the indirect effects of
TRD and DMQ-Cope were not statistically distinct, 6= .007, p=.325, suggesting that
neither mediator accounted for statistically more or less of the total effect compared to the
other.

Aim 2: Sex Differences in Self-Medication

Moderated correlated mediation model.—In order to test whether these indirect
effects were moderated by sex (Aim 2), a moderated correlated mediation model was
conducted, examining the indirect effect for males and then females. These results are shown
in rows four and five of Table 2. The model tested whether sex significantly interacted with
PTSD symptoms to influence TRD/DMQ-Cope and whether sex significantly interacted
with TRD/DMQ-Cope to influence AUP (see Figure 3 for reference). Results showed
significant interactions between sex and PTSD symptoms on TRD and DMQ-Cope (¢’s
<.001) but failed to demonstrate evidence of a significant interaction between sex and TRD
or DMQ-Cope on AUP (p’s > .30). The model demonstrated good fit to the data after
eliminating the nonsignificant interaction terms (XZ (14) = 16.462, p=0.286; CFI: .999;
RMSEA: .010; SRMR: .007). Overall, results showed stronger effects of PTSD symptoms
on both TRD and DMQ-Cope for males (p = 0.804 and p = 0.565, respectively, p’s < .001)
compared to females ( = 0.463 and p = 0.333, p’s < .001). With males set as the reference
group, TRD and DMQ-Cope accounted for 45.03% and 41.65% of the total effect,
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respectively. With females set as the reference group TRD and DMQ-Cope accounted for
40.59% and 38.61% of the total effect, respectively.

Longitudinal model.—A longitudinal model was conducted incorporating data from the
S4S parent study. Maximum endorsed PC-PTSD score prior to LEAU enrollment was the
time point 1 predictor variable, TRD and DMQ-Cope assessed in LEAU were included as
time point 2 mediator variables, and AUD criterion count (AUDIT total not available)
assessed following LEAU participation was the time point 3 outcome variable. AUD
criterion count assessed at time point 1 was included as a covariate in the model to control
for prior symptoms of AUD. Because PC-PTSD was multicollinear (r=.90) with the PC-
PTSD X Sex interaction term in the moderated mediation model, the standard errors of the
model parameter estimates could not be computed and we were therefore unable to test the
moderating effects of sex in the longitudinal model. These results suggest that the PC-PTSD
X Sex interaction term did not provide information over and above the main effects of PC-
PTSD and sex. Consistent with findings using the cross-sectional data, both TRD (p = 0.021,
p=0.025) and DMQ-Cope (B = 0.067, p < .001) significantly mediated the relation between
PTSD symptoms and AUD criterion count. However, unlike the models conducted using the
more comprehensive cross-sectional data, results of the correlated mediation model
suggested that DMQ-Cope accounted for a significantly (6= —0.076, p= 0.012) larger
proportion of the total effect (43.51%) than TRD (13.64%). The best fitting model (X2 (6) =
7.832, p=0.251; CFI: .998; RMSEA: .018; SRMR: .014) accounted for the effect of AUD
criterion count assessed at time point 1 on the variance in TRD (8= 0.163, p<.001), DMQ-
Cope (£=0.121, p=.001), and AUD at time 3 (8= 0.333, p< .001). Significant covariates
retained in the longitudinal model included race (accounting for partial variance in both
DMQ-Cope and AUD) and sex (accounting for partial variance in AUD).

Discussion

Overview of findings

The self-medication model is the most predominantly used model to explain PTSD-AUD
comorbidity, although the current literature to date has limitations (e.g., lack of trauma-
specific drinking to cope measures, failing to employ a mediational statistical design, purely
cross-sectional data). This study attempted to address these limitations and in doing so
produced three main findings. First, findings demonstrated evidence for TRD as a distinct
measure of drinking to cope motives in the context of PTSD symptoms. Second, results
showed general support for the self-medication model. There were demonstrated unique
effects of both general drinking to cope motives (DMQ-Cope) and drinking motives related
to coping with trauma-related symptoms specifically (TRD) on the relation between PTSD
symptoms and AUP. Third, results showed evidence for key sex differences with respect to
the self-medication model, such that males with high levels of PTSD symptoms were more
likely to drink to cope with trauma-related distress than females.

TRD as it relates to other variables

The present study sought to fill a notable gap in the literature by testing the self-medication
model using a novel measure of drinking to cope with trauma-related symptoms specifically
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(TRD). This was done via modification of a prolific measure of general drinking to cope
(DMQ-Cope; Cooper, 1994) in order to query the frequency of alcohol use to cope with
symptoms specific to each PTSD cluster (i.e., re-experiencing, avoidance, negative
cognitions and mood, and arousal; Hawn et al., under review]). TRD was significantly
associated with PTSD symptom severity, alcohol use severity, and DMQ-Cope. Notably,
TRD and DMQ-Cope were moderately correlated but not multicollinear, suggesting that, as
expected, they are associated yet distinct constructs. The stark contrast between the rate at
which participants endorsed DMQ-Cope versus TRD belies arguably one of the most
common assumptions in the self-medication literature to date: that drinking to cope with
negative affect is synonymous with drinking to cope with trauma-related symptoms
specifically. As such, it is plausible that much of the research to date has overestimated the
relation between drinking to cope and PTSD.

Support for the self-medication hypothesis

Cross-sectionally.—Results from the mediation models were consistent with the self-
medication hypothesis, such that TRD explained a significant proportion of the relation
between PTSD symptoms and AUP, even when accounting for the indirect effect of DMQ-
Cope within the same model. The unique variance accounted by both TRD and DMQ-Cope
in the model provides evidence that these are associated, yet separate constructs. The
significant mediating effect of DMQ-Cope on the relation between PTSD and AUP in the
present sample is consistent with prior research demonstrating support for DMQ-Cope as a
mediator between PTSD and problematic drinking (Kaysen et al., 2007; McCabe et al.,
2018; Tomaka et al., 2017). This prior research, in combination with the novel TRD
findings, provides iterative support for the self-medication model. Further, present findings
demonstrating a unique effect of TRD on PTSD-AUP comorbidity above and beyond DMQ-
Cope support the use of a specific measure of trauma-specific drinking motives moving
forward.

Longitudinally.—Given the basic causal premise of the self-medication model, the present
study sought to substantiate the primary analyses longitudinally. Findings were generally
consistent with those generated in the primary correlated mediation model. However, the
moderation by sex could not be replicated due to poor model fit and multicollinearity
between the PC-PTSD and moderator variables. Similar to the cross-sectional analyses, the
overall model was significant and both TRD and DMQ-Cope accounted for significant
proportions of the variance between PC-PTSD and AUD. However, unlike the cross-
sectional analyses in which the proportion accounted for by DMQ-Cope and TRD did not
differ, the proportion accounted for by DMQ-Cope was significantly higher than that
accounted for by TRD in the longitudinal model. This finding could potentially be an artifact
of our sample, given that college-age predates the average onset of AUD (Grant et al., 2015).
For instance, given the sample was comprised of emerging adults, a developmental period
which typically precedes the average age of onset for a formal AUD (Grant et al., 2015), it is
possible that the AUDIT total score used in the cross-sectional analyses, which captures
alcohol consumption and related problems, provided a more developmentally appropriate
depiction of alcohol use problems, as opposed to the AUD criterion count used in the
longitudinal analysis. Furthermore, differences in magnitude of effects seen between the
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cross-sectional and longitudinal analyses could be a product of either phenotypic strength
(i.e., the cross-sectional analyses included comprehensive and validated measures of PTSD
symptoms and alcohol use, whereas the longitudinal analysis included the brief PC-PTSD
screen and a summation of items meant to reflect various AUD criteria) or methodological
rigor (i.e., the ability to test these relationships temporally in the longitudinal sample).
Another notable potential limitation of the supplemental longitudinal analyses is possible
overlap between time point 2 (TRD/DMQ-Cope) and time point 3 (AUD). AUD at time
point 3 was assessed in the Spring of 2017 and queried symptoms experienced in the past 12
months. TRD at time point 2 was assessed in the Fall of 2016, potentially confounding the
temporal precedent of TRD before AUD. Future studies using other samples and more
comprehensive measures of PTSD symptomatology should test the mediational effects of
TRD within a longitudinal framework, as such research would ultimately decrease bias that
accompanies cross-sectional approaches to mediation (Maxwell & Cole, 2007) and provide
further validated empirical support for the self-medication model.

Inclusion of covariates.—In addition to testing the veracity of our conceptual model
within a longitudinal framework, another notable strength of the present study is the
inclusion of potentially relevant factors, such as cohort, sex, race, lifetime trauma load, and
trauma type. The final models demonstrated significant effects of trauma load, trauma type
and sex on both TRD and DMQ-Cope. Interestingly, however, whereas race was retained as
a significant covariate accounting for the effects of DMQ-Cope, it did not significantly
account for partial variance in TRD. Future research examining the influence of race on
generalized drinking motives but not trauma-specific drinking motives warrants further
examination. Of note, we included all potentially traumatic events assessed in the TLEQ in
our calculations of trauma load and trauma type. The possibility that some events endorsed
on the TLEQ may not constitute a traumatic event, as defined by the DSM-5, is a potential
limitation. That said, the TLEQ is a comprehensive assessment of potentially traumatic
events that has demonstrated good reliability, as well as convergent validity with interview
assessments of trauma exposure (Kubany et al., 2000). Failure to account for important
confounds likely contributes to the inconsistency of the self-medication literature and may
result in misleading or skewed findings. Despite the inclusion of many relevant covariates in
the model, future studies should extend additional risk factors to include other psychiatric
conditions, including panic disorder, major depression and social phobia (McFarlane, 1998).

Important sex considerations

The present study also found significant, albeit small, sex effects with regard to the self-
medication model. Despite the absence of significant mean differences in TRD or DMQ-
Cope between males and females, findings suggested that, in the presence of high PTSD
symptoms, males are drinking more to cope with their PTSD symptoms compared to their
female counter parts. This finding was contrary to study hypothesis, which assumed that
females may be more likely to drink to cope with trauma-related symptoms given their
higher rates of PTSD symptoms compared to males (Breslau et al., 1998; Kessler et al.,
1995). Our finding that males drank more to cope with PTSD symptoms in the presence of
high PTSD could potentially explain the limited research demonstrating higher rates of
PTSD-AUD comorbidity among males compared to females (King et al., 2006), however,
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the overall literature on sex differences with regard to PTSD-AUD comorbidity is
inconsistent (Brady et al., 1993; Brady & Randall, 1999; Goldstein et al., 2012b; Kessler et
al., 1997; Sonne et al., 2003). Given the mixed literature on this topic to date, we offer this
as one potential thread to add to still forming tapestry. With regard to clinical utility, these
findings suggest that assessing for TRD among males may be particularly critical in
identifying individuals at potential risk of “self-medicating” through the use of alcohol. The
presence of significant sex effects with regard to self-medication in the present study could
potentially be explained by gender differences in coping strategies (e.g., avoidant coping
versus emotion-focused coping). However, the literature on this topic is also mixed and
seems to depend on how coping is defined and measured (Eaton & Bradley, 2008).
Additionally, it is noteworthy that the present study sample was large and the sex effects
demonstrated in the moderated correlated mediation model were relatively small. There is
much left to be unveiled with regard to sex differences in the context of the self-medication
model, creating a valuable direction for future research.

Clinical implications

The present findings incite a need for change in the current self-medication literature, which
up until now, has as a whole been operating under the assumption that general drinking to
cope is synonymous with drinking to cope with trauma-specific symptoms. Given evidence
for the misuse of this broad application, increased use of measures that assess PTSD-
symptom-specific alcohol expectancy (P-AEQ; Norman et al., 2008) and creation of
measures that assess PTSD-symptom-specific alcohol motives and frequency (i.e., TRD) are
warranted. Resolution of this misconception has important clinical implications, particularly
given the overwhelming rates of PTSD-AUD comorbidity and related public health
outcomes (Brown et al., 1999a; Kessler et al., 2005; Kessler et al., 1995). Creation of a gold
standard measure for self-reported trauma-specific drinking to cope would serve not only to
improve methodology by generating reliability and validity, but also could be useful in
targeting individuals with PTSD who may be at increased risk for AUD and therefore lead to
improvements in treatment and prevention efforts.

Additional future directions

Given that TRD did not fully mediate the effect between PTSD symptoms and alcohol use
severity reinforces that there are likely multiple pathways through which trauma may
influence drinking patterns which are likely not mutually exclusive and that the self-
medication model is not the “silver bullet”, warranting the need for investigation into
additional models of comorbidity to inform clinical intervention. Moreover, given evidence
for moderate overlap in genetic variance between PTSD and AUD (Sartor et al., 2011; Xian
et al., 2000), genetically informed research surrounding the self-medication model is
warranted. Investigations into the shared genetic risk and biological underpinnings of
comorbid PTSD and AUD would help to further elucidate common etiological pathways
underlying PTSD, AUD, and intermediate trauma-specific drinking to cope, which is
imperative to the development of effective prevention and treatment programs.
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