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ABSTRACT. Objective: Few studies have found support for coping
as a mechanism of behavior change (MOBC) following coping skills
training interventions for alcohol use disorder (AUD). One potential
reason for null findings is heterogeneity in the patterns of coping skills
acquired during treatment. This study sought to identify latent classes
of coping and to test the latent class variable as a mediator of the effect
of a combined behavioral intervention for AUD. Method: Secondary
analyses of data from the Combined Pharmacotherapies and Behavioral
Interventions for Alcohol Dependence (COMBINE) Study (N = 1,124;
mean age = 44.4 years; 69.1% male; 23.2% non-White), a multisite
study of medication and behavioral treatments for individuals with AUD.
Latent class mediation models were estimated to test whether patterns
of alcohol-specific coping mediated the effect of combined behavioral
intervention with medication management, as compared with medication

management only, on drinking outcomes 12 months following treatment.
Results: Three classes were identified, which differed in repertoire
broadness, or the degree in which a wide range of different skills were
used. Coping repertoire class was a significant mediator of the effect of
the combined behavioral intervention on drinking outcomes. Receiving
the combined behavioral intervention, in addition to medication man-
agement, predicted a greater likelihood of expected classification in the
broad coping repertoire class, which in turn was associated with signifi-
cant improvements in drinking outcomes. Conclusions: Using the novel
methodological approach of latent class mediation, this study identified
coping repertoire as a significant mediator of behavioral intervention ef-
ficacy for AUD. Future work examining heterogeneity in mediators and
outcomes may help refine AUD treatment to be maximally effective. (J.
Stud. Alcohol Drugs, 79, 199–207, 2018)
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MECHANISMS OF BEHAVIOR CHANGE (MOBCs)
can be defined as processes by which behavior change

occurs, and, in the context of treatment, it is often defined
as processes through which a treatment is effective (Kazdin,
2007). Alcohol use disorder (AUD) treatment researchers
have considered many different mediators, defined as in-
tervening variables that explain an association between the
treatment (independent variable) and the outcome (dependent
variables), to support specific MOBCs (Longabaugh et al.,
2005). For example, one variable that has received a great
deal of attention as a potential MOBC of behavioral treat-
ments for AUD is coping (Morgenstern & Longabaugh,
2000). Coping skills training is a core feature of numerous
behavioral skills training approaches for AUD (Kadden et al.,
1989; Litt et al., 2003; Marlatt & Donovan, 2005). As shown
in Figure 1, it has been hypothesized that coping skills train-
ing, as compared with alternative treatments, should produce
significant improvements in coping skills (the a path), and

improvements in coping skills should be associated with
significantly better drinking outcomes (the b path). Thus, the
effect of coping skills training on better drinking outcomes
(the c path) would be explained by the significant mediating
(i.e., indirect, a × b path) effect of coping skills. Yet, few
studies have provided support for coping as a mediator of
the effects of coping skills training (Morgenstern & Long-
abaugh, 2000).

Heterogeneity in alcohol use disorder clinical course and
mechanisms of behavior change

One potential explanation for why evidence for hypothe-
sized MOBCs is not found or not replicated is individual het-
erogeneity in processes of change. There are several ways in
which heterogeneity in patient characteristics, treatment tar-
gets, and processes of change may produce null findings for
any particular mediator. First, failures of a mediation model
to detect effects of treatment on outcomes via hypothesized
MOBCs could be because of heterogeneity in outcomes
(Gueorguieva et al., 2010; Witkiewitz, 2008; Witkiewitz et
al., 2010). Second, failures of a mediation model to detect
critical treatment effects on the mediator can potentially be
the result of significant heterogeneity in the mediator (Roos
& Witkiewitz, 2016).

Recently, Roos and Witkiewitz (2016) identified sig-
nificant heterogeneity in coping responses following AUD
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FIGURE 1. Hypothesized mediation model for the examination of coping repertoire as a mediator of the association between the combined behavioral interven-
tion and drinking outcomes: Combined Pharmacotherapies and Behavioral Interventions for Alcohol Dependence (COMBINE) Study

treatment, such that individuals could be characterized into
one of three latent classes (i.e., subgroups) characterized by
discrete patterns of coping responses. Those who had the
broadest repertoire of coping responses had the best drink-
ing outcomes following treatment. Furthermore, those who
received a behavioral intervention versus those who received
medication management were significantly more likely to be
in the broadest repertoire subgroup. Roos and Witkiewitz
(2016) did not test whether coping responses mediated the
effects of the behavioral intervention on drinking outcomes.

Unfortunately, there is little guidance for testing the
significance of the mediated effect when the mediator and/
or outcome variables are latent class variables (Muthén &
Asparouhov, 2015; VanderWeele, 2016), and no prior stud-
ies have examined heterogeneity in mediators and outcomes
in the context of AUD treatment research. The primary goal
of the present study was to identify latent classes of coping
and to test the latent class variable as a statistical mediator
of the effect of a combined behavioral intervention for AUD
among individuals in the Combined Pharmacotherapies and
Behavioral Interventions for Alcohol Dependence (COM-
BINE) Study.

Method

Participants and procedures

The current study is a secondary data analysis of the
COMBINE Study data (Anton et al., 2006; COMBINE
Study Research Group, 2003). Participants (N = 1,383) in
COMBINE were recruited from 11 research units across the
United States. All participants met criteria for alcohol de-
pendence based on the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (American Psychiatric As-
sociation, 1994), and all participants were seeking outpatient
alcohol treatment. Descriptive information about participants

in the total sample and separated by the behavioral interven-
tion treatment conditions is provided in Table 1.

Participants were randomized within each site to one
of nine treatment conditions, with eight of the treatment
conditions including combinations of medication (naltrex-
one, acamprosate, or placebo equivalents) and behavioral
interventions (combined behavioral intervention [CBI] and/
or medication management [MM]) and the ninth treatment
condition consisting of the CBI-only without any pills or
MM. We excluded individuals in the CBI-only condition
(n = 157; see flow chart in Figure 2) given that they did
not receive MM or medications. The CBI protocol (Miller,
2004) was designed as an individual behavioral treat-
ment that included up to 20 sessions over 16 weeks. The
majority of treatment sessions were focused on cognitive-
behavioral coping skills training (Kadden et al., 2003). In-
dividuals who received CBI + MM were coded as CBI = 1,
and individuals who received MM-only were coded as CBI
= 0.

COMBINE included an extensive assessment battery,
and the assessments used in the current study are described
below. For more information about the COMBINE Study,
including participation rates, we refer interested readers to
the primary publications from the study (Anton et al., 2006;
LoCastro et al., 2009; Miller et al., 2005).

Measures

Coping skills. The Processes of Change Questionnaire
(PCQ; Prochaska et al., 1988), adapted for AUD popula-
tions (DiClemente et al., 1994), was used to assess alcohol-
specific coping skills, assessed at the end of treatment (Week
16 assessment). The PCQ is a 40-item, self-report measure
that assesses the frequency of using several different coping
skills to prevent drinking (e.g., engaging in alterative activi-
ties, seeking social support, avoiding cues). Participants (n
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= 1,101, 89.9% with complete data) respond to each item on
a five-point Likert-type scale (ranging from 1 = never to 5 =
repeatedly). Reliability analyses indicated that the reliability
of the total scale was acceptable (α = .941).

Alcohol use outcomes. The Form 90 (Miller, 1996) was
used to assess alcohol use outcomes during 90-day windows.
We examined the percentage of heavy drinking days (PHDD)
during the baseline window and at the 1-year follow-up as-
sessment (Week 68 post-baseline, Week 52 post-treatment; n
= 1,171, 95.5% with complete data) as the primary alcohol
use outcome. A heavy drinking day was defined as four or
more standard drinks for females and five or more standard
drinks for males.

Alcohol-related consequences. Alcohol-related conse-
quences were assessed with the Drinker Inventory of Con-
sequences (DrInC; Miller et al., 1995), a 50-item measure of
problems related to alcohol use assessed using a Likert-type
response scale (1 = never, 4 = daily or almost daily). In this
study, we used the DrInC to assess alcohol-related conse-
quences at baseline and at the 1-year follow-up assessment
(n = 969, 79.0% with complete data).

Covariates. A demographic questionnaire was used to
assess self-reported sex, race/ethnicity, marital status, and
age. The University of Rhode Island Change Assessment
(URICA) was used to measure overall readiness to change
at baseline (McConnaughy et al., 1983). The Alcohol De-
pendence Scale (ADS), a 25-item self-report measure of
dependence severity, was used to assess baseline severity of

alcohol dependence (Skinner & Horn, 1984). These covari-
ates were selected based on prior research establishing the
associations between the covariates and drinking outcomes
and/or coping repertoire in the COMBINE Study (Anton et
al., 2006; Roos & Witkiewitz, 2016).

Statistical analyses

Mplus Version 7.4 (Muthén & Muthén, 2012) was used
for all analyses, and all variables were checked for distri-
butional assumptions and outliers before the analyses. The
drinking outcomes were non-normal with an inflation of
zeroes for both the PHDD and DrInC outcomes, which led
to our use of latent class models for the drinking outcomes
(described below). Considering the complex sampling design
in the COMBINE Study (participants recruited from 11 aca-
demic sites), all parameters were estimated using a robust
maximum likelihood estimator in which all the standard
errors were computed using a sandwich estimator (Yuan
& Bentler, 2010) correcting for potential within-site intra-
correlation. The robust maximum likelihood estimator also
accommodates missing data for endogenous variables (e.g.,
PCQ items, drinking outcomes), given at least some avail-
able data on either PCQ or drinking outcomes and assuming
the data are missing at random (Schafer & Graham, 2002;
Witkiewitz et al., 2014). Individuals with missing data on co-
variates (n = 11) and those with no PCQ data and no drink-
ing outcome data (n = 91) were excluded; thus, the analysis

TABLE 1. Demographic characteristics, coping, and drinking outcomes for the current study sample and
medication management/behavioral intervention subgroups (n = 1,226)

Demographic COMBINE Medication Combined
characteristics sample (exclude management behavioral
and covariates CBI-only) condition intervention

Sample size, n 1,226 607 619
Sex, % male 69.2% 69.0% 69.3%
Age, M (SD) 44.4 (10.2) 44.1 (10.2) 44.7 (10.2)
Ethnicity, % White 76.8% 76.9% 76.6%
% Married/cohabitating 44.9% 43.8% 46.0%
Baseline PHDD, M (SD) 65.6% (28.5%) 65.6% (27.8%) 65.5% (29.1%)
Baseline DrInC, M (SD) 47.85 (20.42) 48.53 (20.86) 47.18 (19.99)
Baseline ADS, M (SD) 16.69 (7.36) 17.09 (7.54) 16.30 (7.18)
Baseline readiness, M (SD) 10.62 (1.53) 10.67 (1.48) 10.57 (1.58)

Medication Combined
Mediator COMBINE management behavioral
(end of treatment) total sample condition intervention

Total score on PCQ Week 16 116.9 (25.3) 114.71 (26.87) 117.94 (23.64)

Medication Combined
Outcomes COMBINE management behavioral
(12 months post-treatment) total sample condition intervention

12-month PHDD M (SD) 26.0% (34.0%) 27.4% (34.5%) 24.6% (33.5%)
12-month DrInC M (SD) 20.18 (21.93) 19.75 (21.71) 20.59 (22.15)

Notes: COMBINE = Combined Pharmacotherapies and Behavioral Interventions for Alcohol Dependence
Study; CBI = combined behavioral intervention; PHDD = percent heavy drinking days; DrInC = Drinker
Inventory of Consequences; ADS = Alcohol Dependence Scale; PCQ = Processes of Change Questionnaire.
All differences in means and frequencies were not statistically significant when comparing the medication
management condition with the combined behavioral intervention condition.
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FIGURE 2. Study flow chart, assessment completion rates, and analysis sample size. MM = medication management; CBI = combined behavioral interven-
tion; NTX = naltrexone; ACAMP = acamprosate; PCQw16 = Process of Change Questionnaire completed in week 16 (end of treatment); PHDD12 = percent
heavy drinking days completed in month 12 (12 months following end of treatment); DrInC12 = Drinker Inventory of Consequences completed in month 12
(12 months following end of treatment).

sample size was 1,124 (91.6% of 1,226 who received MM
or MM + CBI). Attrition analyses revealed no significant dif-
ferences on any study variables between those with missing
data and those with complete data. Two primary analysis ap-
proaches were used in the current study: latent class analysis
(LCA) and latent class mediation modeling.

Latent class analysis. The basic latent class model is a
measurement model in which classes are defined by the
pattern of responses to each observed indicator (item), and
individuals with similar patterns of responses are considered
part of the same latent class (Collins & Lanza, 2009). Latent
class proportions indicate how many individuals in the sample
are expected to be in each class; the measurement parameters
help define/interpret the patterns of responses in latent classes.
When the indicators are categorical, the measurement param-
eters of the latent class model (i.e., response probabilities) are
the probabilities of responding to an item, given that one is

expected to be in each latent class (membership probabilities
closer to 1.0 indicate a strong correspondence between latent
class membership and endorsement of the item). When the
observed indicators are continuous, the measurement param-
eters of the latent class model (i.e., latent profile model) are
the average level of the continuous indicator within class and
the within-class variability in the indicator.

The number of classes was determined by multiple
indices: Bayesian Information Criterion (BIC; Schwarz,
1978), the Lo–Mendell–Rubin Likelihood Ratio Test (LRT)
p value (Lo et al., 2001), classification precision (defined by
entropy, a summary measure of the estimated posterior class
probabilities), and interpretability of latent classes. Nylund
and colleagues (2007) showed superior performance of the
BIC in accurately identifying the correct number of classes
most of the time, with a lower BIC indicating a better fitting
model. The LRT provides a test of the improvement in fit for
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FIGURE 3. Model-based latent class mediation model with coping repertoire class as a mediator of the association between the combined behavioral interven-
tion and drinking outcomes. Each multinomial regression coefficient indicated by a different path. Significant paths are dashed, and significant mediation effects
are in bold. PCQ = Process of Change Questionnaire; PHDD = percent heavy drinking days; DrInC = Drinker Inventory of Consequences; C1 = Narrow vs.
broad coping classes; C2 = moderate vs. broad coping classes. D1 = frequent PHDD/high DrInC vs. low PHDD/low DrInC class; D2 = occasional PHDD/
moderate DrInC vs. low PHDD/low DrInC class.

each additional estimated class (k), thus testing whether a k
class model fits significantly better than a k − 1 class model.

Two separate latent class models were estimated in the
current study. First, we replicated Roos and Witkiewitz
(2016) in testing a three-class model of the 40 items of the
PCQ. Second, we estimated a latent class of drinking out-
comes, wherein the indicators were PHDD and DrInC total
scores at the 12-month follow-up. Consistent with our prior
work (Witkiewitz, 2008; Witkiewitz et al., 2010), we antici-
pated that a three-class solution for the drinking outcomes
would provide the best fit to the data.

Latent class mediation. For the purposes of the current
study, we specified a latent class mediation model in which
both the mediator and outcome variables were latent class
variables (Figure 3). Specifically, we used a model-based ap-
proach (as shown in Figure 3) that allowed for the estimation
of a latent class mediator predicting the latent class drinking
outcomes, with both the latent class mediator and latent class
outcome regressed on the behavioral intervention, as well as
the covariates (see supplementary materials for the Mplus

code to estimate this model). Thus, in this context, latent
class mediation can be conceptualized as the extent to which
receiving a specific treatment predicts membership in one of
the mediator latent classes (a path) and the extent to which
membership in one of the mediator latent classes predicts
membership in one of the outcome latent classes (b path).

The significance of the mediated effect for the latent class
mediator was computed using RMediation (Tofighi & Mac-
Kinnon, 2011). The RMediation program provides asym-
metric 95% confidence intervals (CI) for the mediated effect
based on the product of the coefficients approach (MacKin-
non, 2008; Tofighi & MacKinnon, 2011). Specifically, the
product of the coefficients approach defines the mediated
effect as the a path multiplied by the b path of the media-
tion model. In the current study (as shown in Figure 3), we
first estimate multinomial logistic regression because both
the mediator and outcome variables are nominal variables
with three categories each. A multinomial logistic regression
simultaneously fits a number of logistic regression equations
(the number of classes minus one), which represent the odds
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of being in each class versus a reference class. As can be
seen in Figure 3, we fit two multinomial logistic regression
models for the mediator and outcome variables to estimate
a paths and b paths, respectively. To estimate the effect of
intervention on coping skills, a multinomial logistic regres-
sion uses two logistic regression equations, each modeling
the odds of being in a nonreference class relative to a refer-
ence class.

To calculate indirect effects, we computed the product
of the coefficients obtained from the multinomial logistic
regression for the mediator and outcome variable. Specifi-
cally, we estimated four products of coefficients: (1) aC1 ×
bD1|C1, which represented the a path for Class 1 of the
mediator (aC1) multiplied by the b path for Class 1 of the
outcome regressed on Class 1 of the mediator (bD1|C1); (2)
aC1 × bD2|C1, which represented the a path for Class 1 of the
mediator (aC1) multiplied by the b path for Class 2 of the
outcome regressed on Class 1 of the mediator (bD2|C1); (3)
aC2 × bD1|C2, which represented the a path for Class 2 of the
mediator (aC2) multiplied by the b path for Class 1 of the
outcome regressed on Class 2 of the mediator (bD1|C2); and
(4) aC2 × bD2|C2, which represented the a path for Class 2 of
the mediator (aC2) was multiplied by the b path for Class 2
of the outcome regressed on Class 2 of the mediator (bD2|C2).
Thus, only the b path associations (e.g., bD1|C1 and bD2|C1)
that corresponded to the same class of the mediator (e.g.,
aC1) were included in the product of coefficients testing (i.e.,
we did not test aC1 × bD1|C2 or aC1 × bD2|C2 or aC2 × bD1|C1 or
aC2 × bD2|C1).

Results

Latent class analysis

Coping repertoire. We identified three latent classes of
coping repertoire, as measured by the 40 PCQ items. The
LRT was significant for a three-class model (adjusted LRT =
4277.7, p < .01, suggesting rejection of the two-class model
in favor of the three-class model) and was not significant for a
four-class model (adjusted LRT = 2327.6, p = .812, suggesting
that the four-class model did not fit significantly better than
a three-class model). The entropy of the three-class model
(entropy = .950) was excellent (Nylund et al., 2007). The
decrease in BIC was also greatest for the three-class model.

The latent classes could be defined as a narrow repertoire
coping class (approximately 22% of the sample), a moderate
repertoire coping class (approximately 42% of the sample),
and a broad repertoire coping class (approximately 36% of
the sample). The response probabilities on the 40 PCQ items
for the narrow repertoire coping class indicated the highest
probability of endorsing the “never” category for most of the
PCQ items. Among those most likely classified in the moder-
ate repertoire coping class, there was a moderate probability
of endorsing the “repeatedly” category for most of the PCQ

items. The broad repertoire coping class had the highest
probability of endorsing the “repeatedly” category for most
of the PCQ items. In sum, the broad repertoire coping class
was characterized by consistently using a broad range of
different skills consistently, whereas the moderate repertoire
coping class was characterized by using a moderate range
of different skills consistently, and the narrow repertoire
coping class was characterized by using a narrow range of
different skills infrequently. Receiving the CBI with MM, as
compared with MM-only, was associated with significantly
reduced odds of expected classification in the narrow rep-
ertoire coping class relative to the broad repertoire coping
class (odds ratio [OR] = 0.68, p < .01), providing initial
support for the a path in the hypothesized mediation model
shown in Figure 1. The CBI did not significantly predict
membership in the moderate repertoire coping class relative
to the broad repertoire coping class (OR = 0.86, p > .05).

Drinking outcomes. PHDD and scores on the DrInC at the
12-month follow-up were included as continuous indicators
of a categorical latent class variable. Means of the drinking
outcomes were allowed to vary across classes, and residual
variances of each outcome were constrained to equality across
classes. We tested two- through five-class models of the two
continuous drinking outcomes and found that the LRT was
significant for a three-class model (adjusted LRT = 527.27, p
= .0046, suggesting rejection of the two-class model in favor
of the three-class model) and was not significant for a four-
class model (adjusted LRT = 146.037, p = .323). The five-class
model also did not fit significantly better than a four-class
model (adjusted LRT = 132.67, p = .497). The entropy of the
three-class model (entropy = 0.949) was excellent (Nylund
et al., 2007). The decrease in BIC was also greatest for the
three-class model. The largest latent class (approximately
63% of the sample, “low PHDD/low DrInC”) was character-
ized by low PHDD (M = 3.6%) and low DrInC scores (M =
10.97). The second largest latent class (approximately 21%,
“occasional PHDD/moderate DrInC”) of the sample was
characterized by occasional PHDD (M = 42.7%) and mod-
erately high DrInC scores (M = 33.53). The smallest latent
class (approximately 16% of the sample, “frequent PHDD/
high DrInC”) was characterized by very frequent PHDD (M
= 91.2%) and high DrInC scores (M = 40.51).

Latent class mediation

To test latent class mediation, we used a model-based ap-
proach that included the estimation of the latent repertoire
coping classes mediating the effect of the behavioral inter-
vention on the drinking latent classes. Sensitivity analyses,
provided in supplementary materials, indicated that the class
solutions did not substantively change across six alternative
models that examined the measurement models for each of
the latent classes with and without inclusion of covariates,
the CBI variable, and the mediator or outcome latent classes.
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TABLE 2. Latent class regressions in model-based latent class mediation model (n = 1,124)

Latent class mediators Latent class outcomes

Narrow (vs. broad) Moderate (vs. broad) Frequent (vs. low) Occasional (vs. low)

Unst. Unst. Unst. Unst.
regr. regr. regr. regr.

Variable OR coeff. (SE) OR coeff. (SE) OR coeff. (SE) OR coeff. (SE)

Predictors
Narrow (vs. broad) – – 2.64 0.97 (0.26)** 1.95 0.67 (0.29)**
Moderate (vs. broad) – – 3.06 1.12 (0.22)** 2.08 0.73 (0.19)**
Treatment (CBI = 1) 0.69 -0.37 (0.13)** 0.86 -0.15 (0.20) -0.12 (0.21) -0.16 (0.17)

Covariates
Baseline PHDD 0.001 (0.003) -0.001 (0.003) 0.02 (0.003)** -0.004 (0.003)
Baseline DrInC score -0.01 (0.005) -0.005 (0.006) 0.000 (0.007) 0.006 (0.005)
Naltrexone -0.07 (0.30) 0.13 (0.21) -0.25 (0.16) -0.21 (0.12)
Sex (male = 1) 0.05 (0.19) 0.19 (0.14) 0.07 (0.16) -0.50 (0.14)
Age -0.02 (0.005)** -0.02 (0.01) -0.01 (0.01) -0.02 (0.01)
Married = 1 -0.44 (0.16)** -0.32 (0.20) 0.10 (0.17) -0.24 (0.13)
Race (White = 1) 0.40 (0.29) 0.57 (0.18)* -0.05 (0.22) 0.09 (0.18)
Baseline ADS -0.09 (0.02)** -0.02 (0.02) -0.001 (0.02) -0.01 (0.02)
Baseline readiness -0.35 (0.07) -0.30 (0.06)** 0.01 (0.06) -0.08 (0.04)*

Notes: OR = odds ratio; unst. regr. coeff. = unstandardized regression coefficient; CBI = combined behavioral intervention; PHDD = percent heavy drinking
days; DrInC = Drinker Inventory of Consequences; ADS = Alcohol Dependence Scale.
*p < .05; **p < .01.

For all models, the broad repertoire coping class was the
reference class for the mediator, and the low PHDD/low
DrInC latent class was the reference class for the drinking
outcomes. Receiving the CBI predicted a significantly lower
probability of expected membership in the narrow repertoire
coping class, as compared with the broad class (OR = 0.69;
B [SE] = -0.372 [0.126], p = .003), providing support for the
aC1 path of the mediation model (Table 2). Receiving the
CBI was not significantly associated with expected member-
ship in the moderate repertoire coping class (OR = 0.86; B
[SE] = -0.15 [0.20], p = .45), as compared with the broad
repertoire coping class. Receiving CBI did not predict mem-
bership in the moderate repertoire coping class, as compared
with the narrow repertoire coping class.

Expected membership in the narrow repertoire coping
latent class, as compared with the broad repertoire coping
class, significantly predicted a greater likelihood of being
in both the frequent PHDD/high DrInC class (OR = 2.64;
B [SE] = 0.97 [0.26], p < .001) and the occasional PHDD/
moderate DrInC class (OR = 1.95; B [SE] = 0.67 [0.29], p =
.02), as compared with the low PHDD/low DrInC, providing
support for the bD1|C1 path and the bD2|C1 path of the media-
tion model, respectively. Similarly, expected membership in
the moderate repertoire coping latent class, as compared to
the broad repertoire coping class, significantly predicted a
greater likelihood of being in either the frequent PHDD/high
DrInC class (OR = 3.06; B [SE] = 1.12 [0.22], p < .001) or
the occasional PHDD/moderate DrInC class (OR = 2.08; B
[SE] = 0.73 [0.19], p < .001), as compared to the low PHDD/
low DrInC, providing support for the bD1|C2 path and the
bD2|C2 path of the mediation model, respectively.

Using the product of coefficients approach within
RMediation (Tofighi & MacKinnon, 2011) to calculate the

significance of the indirect effect, we found that the effect
of CBI on being in the frequent PHDD/high DrInC class in
comparison to the low PHDD/low DrInC class was mediated
by being in the narrow repertoire coping class versus the
broad repertoire coping class (aC1 × bD1|C1 indirect effect =
-0.361, 95% CI [-0.714, -0.095]). The effect of CBI on being
in the occasional PHDD/moderate DrInC class as opposed
to the low PHDD/low DrInC class was mediated by being
in the narrow repertoire coping class, as compared to the
broad repertoire coping class (aC1 × bD2|C1 indirect effect =
-0.249, 95% CI [-0.572, -0.024]). The mediating effect of
the moderate repertoire coping class was not significant for
either drinking outcome latent classes (aC2 × bD1|C2 p > .05
and aC2 × bD2|C2 p > .05).

Discussion

The current study examined coping repertoire as a me-
diator of the association between receiving the CBI and
drinking outcomes 12 months following treatment in the
COMBINE Study. Consistent with Roos and Witkiewitz
(2016), we found that receiving CBI was associated with
a broader repertoire of coping skills following treatment,
which in turn was associated with significant improvements
in drinking outcomes. The current study extends these find-
ings by using latent class mediation to demonstrate that
broad coping repertoire statistically mediated the association
between CBI and drinking outcomes. Hence, the current
study is one of very few studies (Kiluk et al., 2010; Roos et
al., 2017) to find support for coping as a significant mediator
in predicting alcohol and substance use outcomes following
a behavioral intervention that included coping skills training.
We hypothesized that coping has not traditionally been sup-
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ported as mediator in AUD treatment research (Morgenstern
& Longabaugh, 2000) because of significant heterogeneity
in coping skills acquisition during the course of treatment.

The current study findings demonstrate that developing
a broad repertoire of coping skills may be a key MOBC in
behavioral interventions for AUD that include coping skills
training. As noted by Roos and Witkiewitz (2016), there
were no qualitative differences between classes based on
using particular types of skills. Rather, the broadness of the
repertoire (i.e., the number of different skills that were used
consistently) appeared to be the key factor that distinguished
the classes. Future research on repertoires of coping would
help clarify the relative importance of facilitating clients in
developing a broad repertoire of coping skills versus teach-
ing particular types of skills that are uniformly highly effec-
tive across clients.

To our knowledge, the current study is also the first
application of latent class mediation analyses to examine
MOBCs in AUD treatment. One of the major challenges
is that because latent classes are model based, the latent
classes for the mediator are themselves determined in part
by the outcomes, which is inconsistent with the assump-
tions of the mediation model. Sensitivity analyses (shown in
supplementary materials) indicated that latent classes of the
mediator and latent classes of the outcome did not change
considerably when tested together in the full model, provid-
ing some support for the assumption of the mediator being
defined independently from the outcome in the final latent
class mediation model. Additional analyses (not shown) were
also conducted using an inclusive classify–analyze two-step
approach (Bray et al., 2015), and the substantive conclusions
did not change.

Limitations

Numerous limitations of the current study need to be
acknowledged. First, the primary limitation of the current
study was that the mediator was only assessed at the end of
treatment, and thus we cannot estimate the degree to which
coping repertoire changed during treatment. We were lim-
ited to the available data in the COMBINE Study, and the
COMBINE Study did not administer the PCQ at the base-
line assessment. To fully assess coping as an MOBC, we
would need to establish that the differences observed were
caused by random assignment to the behavioral interven-
tion condition and not by pre-existing differences in coping
repertoire.

Second, a limitation of the analytic approach is that latent
class models are probabilistic and therefore always have
some degree of misclassification. The model-based approach
we used in the current study incorporated the misclassifica-
tion into the model estimates, and model entropy was quite
high across the coping repertoire latent classes and the

drinking outcomes latent classes, which does provide some
confidence in the final class solutions.

Future directions and conclusions

To expand the study of MOBCs in AUD treatment and in-
form the development of more effective treatments for AUD,
more work needs to be done to examine the possibility that
treatment effects may differ for individuals or subsets of in-
dividuals (Kranzler & McKay, 2012; McKay, 2013). Recent
work in causal mediation could also be useful for identifying
how individuals respond to intervention and change over
time (MacKinnon, 2008; MacKinnon & Pirlott, 2015; Wang
et al., 2014).

The field has benefitted from nearly 20 years examining
mediators of AUD treatment effectiveness (Magill & Long-
abaugh, 2013), yet the effect sizes for behavioral interven-
tions have not notably improved across time (e.g., Magill &
Ray, 2009). We contend that further empirical work on the
heterogeneity in MOBCs is needed to clarify which treat-
ments are most effective for which individuals. Through the
examination of heterogeneity in mediators and outcomes,
we might gain a better sense of the specific components of
treatment that are most effective for which individuals and
further refine treatment to be maximally effective.
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