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ARTICLE INFO ABSTRACT

Keywords:

Objective: Interpretation bias is a crucial therapeutic target in emotional disorders. However, few studies have
examined the role of interpretation bias in substance use disorders (SUDs). Our specific aims were: (1) to ex-
amine whether interpretation bias was associated with craving and abstinence self-efficacy, and (2) explore
potential moderators of these associations, including anxiety severity, sex, and substance type.

Methods: Adults attending an inpatient SUD treatment program (N = 224; mean age = 38.95; 67% male/33%
female; 68% primary alcohol use disorder/29% primary opioid use disorder) completed the Word-Sentence
Association Paradigm (WSAP) with ambiguous situations related to general anxiety domains (e.g., daily stress,
health, relationships), as well as measures of craving (Craving Scale), abstinence self-efficacy (Brief Situational
Confidence Scale), and anxiety symptoms (Overall Anxiety Severity and Impairment Scale [OASIS] and Anxiety
Sensitivity Index-3).

Results: Negative interpretation bias was modestly associated with more craving (r = .23, p = .001) and less
confidence to resist using substances (r = -0.23, p = .001). In multiple linear regression models that included
the anxiety measures, interpretation bias was the most robust predictor of craving and abstinence self-efficacy.
Sex (N = 224) and substance type (opioid vs. alcohol; n = 219) did not moderate these relationships.
Conclusions: These findings suggest that interpretation bias might be an important individual difference within

Interpretation bias
Substance use
Cognitive bias
Anxiety

SUD populations.

1. Introduction

Interpretation bias, the tendency to interpret ambiguous situations
or cues in a negative or threatening manner, is a well-established vul-
nerability in emotional disorders. Interpretation bias leads to negative
affect, poor emotion regulation, and repetitive negative thinking, and
has been associated with anxiety and depressive disorders (see Hirsch
et al., 2016). Experimentally induced negative interpretation bias in-
creases stress reactivity, supporting a causal association (Wilson et al.,
2006). Consequently, psychological treatments, including Cognitive
Behavioral Therapy (CBT) and Cognitive Bias Modification (CBM)
target interpretation bias (Beck, 1979; MacLeod and Mathews, 2012),
and the reduction of this cognitive bias leads to symptom improvement
in emotional disorders (Hirsch et al., 2016; Jones and Sharpe, 2017).

Studies of interpretation bias in emotional disorders suggest an
important distinction between two facets of interpretation bias: the

presence of a negative interpretation bias versus the absence of a benign
interpretation bias. Various measures of interpretation bias have de-
monstrated that negative and benign interpretation are not simply the
opposite ends of a unipolar continuum. For example, socially anxious
individuals tend to endorse negative and benign interpretations
equally, whereas healthy controls favor benign interpretations over
negative ones (Beard and Amir, 2009; Hirsch and Mathews, 2000).
Thus, socially anxious individuals are thought to lack a healthy benign
bias evident in non-socially anxious individuals. An individual’s ten-
dency to endorse negative and benign interpretations are only modestly
correlated and may contribute uniquely and differently to psycho-
pathology (Beard et al., 2017; Huppert et al., 2007); thus, studies re-
commend their separate examination (Hirsch et al., 2016).

Similar to emotional disorders, implicit cognitive processes are
implicated in various theoretical models of substance use disorders
(SUDs), including dual-process models, incentive salience theory,
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learning or habit theory, and negative reinforcement theories (see Stacy
and Wiers, 2010 for a review). Implicit cognitive processes are posited
to increase substance-relevant associations and interfere with explicit
processes, such as self-regulation. To date, most work on implicit cog-
nition in SUDs has focused on memory associations, attentional biases,
or approach-avoidance action tendencies (see Stacy and Wiers, 2010).
However, a handful of studies have investigated whether interpretation
bias is also relevant in SUDs.

Several studies have demonstrated that the tendency to interpret
ambiguous situations as alcohol-related may influence alcohol misuse
(Ames et al., 2005; Ryan, 2002). For example, a heavy drinker might
interpret the ambiguous situation (e.g., “You are out with friends and
go to get something to drink”) as alcohol-relevant (e.g., “booze” vs.
“coffee”). In these studies, heavy drinkers were more likely to interpret
ambiguous situations as alcohol-relevant compared to control groups
(Chow et al., 2018; Salemink and Wiers, 2014; Woud et al., 2012,
2014). Moreover, an alcohol-relevant interpretation bias predicted
heavier drinking in a student sample at a one-week follow-up assess-
ment (Salemink and Wiers, 2014; Woud et al., 2015a). Extending these
findings to a diagnosed alcohol-dependent sample, Woud et al. (2014)
showed that alcohol-relevant interpretation bias predicted harmful
drinking several weeks later within the clinical sample. This finding
suggests that interpretation bias may not only be relevant as a between-
group indicator of SUDs, but also as a prognostic, within-group in-
dividual difference variable (Woud et al., 2014).

Notably, all the studies reviewed here focused on alcohol-relevant
contexts. However, it is plausible that an interpretation bias for non-
substance relevant contexts may also contribute to SUDs via different
pathways, i.e., increased negative affect and stress reactivity. A non-
substance relevant negative interpretive style, like that observed in
emotional disorders, might be relevant to SUDs for several reasons.
Studies in emotional disorders have shown that a negative interpreta-
tion bias leads to increased negative affect and stress reactivity (Menne-
Lothmann et al., 2014; Wilson et al., 2006), both of which have been
found to be important in craving and relapse in SUDs (Sinha et al.,
2006, 2011). Furthermore, the tendency to have a negative inter-
pretation of arousal sensations and thoughts (i.e., anxiety sensitivity;
Reiss, 1991) is associated with many facets of SUDs (Norton, 2001;
Schmidt et al., 2007; Stewart et al., 1997). Despite these associations,
no studies to date have directly tested whether SUD populations are
characterized by interpretation bias for non-substance related situa-
tions. Of note, one study in a psychiatric sample found a trend for
greater severity of substance misuse to correlate with a negative in-
terpretation bias for anxiety and depression-relevant situations
(r = .229) (Beard et al., 2017).

1.1. Current study

In contrast to the robust literature on interpretation bias in emo-
tional disorders, very few studies have evaluated interpretation bias in
individuals with SUDs. Empirical evidence linking interpretation bias to
negative affect and stress reactivity in emotional disorders suggests that
interpretation bias should theoretically lead to increased craving in
individuals with a SUD. A better understanding of interpretation bias in
SUD samples may help to identify risk factors for negative outcomes
such as relapse. Characterizing interpretation bias in SUDs may also set
the stage for including interpretation bias modification programs in
SUD treatment, as this approach has had some success in patients with
anxiety (Jones and Sharpe, 2017). Thus, the primary aim of the current
study was to characterize interpretation bias for ambiguous situations
in a SUD clinical sample.

Our first specific aim was to examine whether interpretation bias
was associated with relevant SUD variables, specifically craving and
confidence in the ability to maintain abstinence (abstinence self-effi-
cacy). We hypothesized that an interpretation bias would be associated
with greater craving and less abstinence self-efficacy. We included
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anxiety severity and anxiety sensitivity in models predicting craving
and abstinence self-efficacy to determine whether interpretation bias
contributed above and beyond the effects of comorbid anxiety.

Our second aim was to explore potential moderators of any asso-
ciation between interpretation bias and SUD characteristics. Given that
anxiety is more prevalent in women (Kessler et al., 1994; McLean et al.,
2011) and that women more frequently report using substances to
regulate negative affect (McHugh et al., 2013; Thornton et al., 2012),
we tested whether sex moderated associations between interpretation
bias and substance variables. We also conducted exploratory tests of
whether anxiety severity and primary type of substance (alcohol vs.
opioid) moderated the hypothesized associations. We tested these hy-
potheses in a sample of adults attending an inpatient SUD treatment
program.

2. Materials and methods

This study is part of a large, ongoing study of clinical characteristics
of adults presenting for inpatient SUD treatment. For the current study,
we added the WSAP interpretation bias assessment to the larger clinical
battery from September 2015 to May 2017. Participants were recruited
from an insurance-based inpatient detoxification unit of a private aca-
demic psychiatric hospital.

2.1. Participants

There were no exclusion criteria, and all patients attending this
program were eligible to participate. A total of 293 participants en-
rolled in the parent study. A subgroup of participants did not complete
the WSAP either because they declined this part of the study or because
of time constraints (e.g., conflict with a clinical appointment). Thus,
224 participants (33% female) are included in the current analyses. The
average age of the sample was 38.95 years (SD = 13.72, range 18-79).
Based on self-report, the sample racial composition was 94% White and
93% non-Hispanic/Latinx. Half of the sample reported being never
married, and 39% were employed full-time. Table 1 presents demo-
graphic and clinical characteristics of the sample.

2.2. Procedures

Study staff presented information on the study in group settings,
and potential participants self-selected for participation. Participants
were enrolled in a brief, inpatient stay focused on medical detoxifica-
tion, with an average length of stay of 4 days. Participants were re-
ceiving inpatient detoxification using standard protocols, most com-
monly consisting of buprenorphine or chlordiazepoxide taper (for
opioid use disorder and alcohol use disorder, respectively). Participants
were enrolled after medical stabilization (day 2 or later of the inpatient
stay) to ensure that they were not experiencing acute withdrawal
symptoms and were not enrolled on the day of discharge due to logis-
tical considerations. Following provision of informed consent, partici-
pants completed a brief (approximately 30-minute) battery of self-re-
port measures on a tablet computer followed by a computer-based
measure of interpretation bias (see below). Information on diagnosis
was extracted from the medical chart. There were no incentives for
participation. All procedures were approved by the local Intuitional
Review Board.

2.3. Measures

2.3.1. Word-Sentence Association Paradigm (WSAP)

The WSAP (Beard and Amir, 2009) measures interpretation bias
indirectly via an individual’s endorsement or rejection of word-sentence
pair associations. The WSAP is a commonly used measure of inter-
pretation bias and includes many of the recommended features in re-
cent reviews (Hirsch et al., 2016; Schoth and Liossi, 2017). It has
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Table 1
Demographic and clinical characteristics.
Characteristic Full Sample Primary Primary Alcohol vs.
(N =224) Alcohol Opioid (n = Opioid
% or M (SD) (n = 153) 66) x2ort
% or M % or M (SD)
(SD)
Age 38.95(13.72) 43.41 29.73 (8.37)  9.15%**
(13.40)
Gender 3.19
Male 67.0 63.40 75.76
Female 33.0 36.60 24.24
Race 4.16
Black 0.9 1.34 0.00
White 94.0 93.29 95.24
Asian 0.5 0.67 0.00
American Indian 0.5 0.67 0.00
Biracial/ 0.5 0.00 1.59
Multiracial
Other 3.7 4.03 3.17
Ethnicity 2.14
NonHispanic/ 95 96.69 92.06
Latinx
Hispanic/Latinx 5 3.31 7.94
Marital Status 38.27%**
Never Married 50.7 37.09 80.0
Married 21.7 29.14 4.62
Divorced 15.8 21.19 4.62
Separated 3.6 3.31 4.62
Widow/Widower 0.9 1.32 0.0
Partner 7.2 7.95 6.15
Employment 9.56 *
Status
Unemployed 30.3 25.83 41.54
Full-Time 38.5 40.40 36.92
Part-Time 11.3 11.26 9.23
Student 4.1 3.97 1.54
Retired 5.0 7.28 0.0
Disabled 7.7 7.95 7.69
Homemaker 3.2 3.31 3.08
Education Level 39.08%**
Some High School 4.5 2.61 9.09
High School or 17.0 9.80 31.82
GED
Some college or 2-  35.3 32.03 42.42
yr
College degree 25.9 30.72 16.67
(4yr)
Post-college educ.  17.4 24.84 0.0
OASIS 11.56 (4.26) 11.44 11.52 (4.50) -0.13
(4.16)
Craving Scale 4.26 (2.51) 3.65(2.46) 5.45 (2.09) —5.13%**
BSCQ 5.88 (2.35) 6.10 (2.38) 5.53 (2.25) 1.64
ASI-3 26.33 (15.35) 27.06 23.84(16.27) 1.44
(14.64)

Note: ASI-3 = Anxiety Sensitivity Index-3; BSCQ = Brief Situational Confidence
Questionnaire; OASIS = Overall Anxiety Severity and Impairment Scale.
***p < .001.

2 Employment status also did not significantly differ between primary sub-
stance groups when treated as a dichotomous variable (employed vs not).

demonstrated good internal consistency and test-retest reliability across
various populations (Gonsalves et al., 2019). Salemink and Wiers
(2014) previously used the WSAP to measure alcohol-relevant inter-
pretation bias. In contrast, the current study used a version of the WSAP
which presented ambiguous situations related to a range of daily life
situations (see Appendix for examples). The WSAP presents negative
and benign interpretations of ambiguous situations separately, and in-
dividuals are asked to make a relatedness judgment (“Is the word related
to the sentence?”).

We used the standard stimulus presentation timing and order (Beard
and Amir, 2009). A trial began with a fixation cross (500 ms). Second, a
word representing either the negative (“embarrassing”) or benign
(“funny”) interpretation of an ambiguous sentence (“people laugh after
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something you said”) appeared for 500 ms. Third, the ambiguous sen-
tence appeared. Participants were instructed to press one key if the
word and sentence were related or a different key if the word and
sentence were not related. Participants completed 100 trials (50 nega-
tive; 50 benign). Stimuli were adapted from previous versions of the
WSAP (Beard and Amir, 2009; Beard et al., 2011) and included am-
biguous situations related to the following domains: daily stress, health,
relationships, safety, and perfectionism. Following the standard use of
the WSAP (see Gonsalves et al., 2019), we calculated participants’ total
endorsement rates across situations separately for benign and negative
interpretations. Possible scores for each type of interpretation range
from 0% to 100% of interpretations endorsed. Internal consistency in
the current study was acceptable (split half reliability with spearman
brown correction = .76).

2.3.2. Overall Anxiety Severity and Impairment Scale (OASIS; Norman
et al., 2006)

The OASIS is a brief measurement of anxiety symptoms designed to
capture symptoms across different types of anxiety disorders. The
measure is comprised of five items assessing severity, frequency, and
interference related to anxiety symptoms (sample item: “How often do
you feel anxious”) over the past week. Participants rate their experi-
ences with anxiety on a scale from 0 to 4, with total scores ranging from
0 to 20. The OASIS has strong reliability and validity in clinical samples
(Campbell-Sills et al., 2009). Internal consistency in the current study
was strong (o = .849).

2.3.3. Anxiety sensitivity Index-3 (ASI-3; Taylor et al., 2007)

The ASI-3 is a revised version of the original Anxiety Sensitivity
Index (Reiss et al., 1986). This 18-item measure assesses degree of fear
and distress related to anxiety and anxiety-relevant sensations (sample
item: “It is important for me not to appear nervous”). Items are rated on
a Likert scale from 0 (“Very Little”) to 4 (“Very Much”) scale, and total
scores range from O to 72. Previous studies have shown the ASI-3 to
have good reliability and validity (Kemper et al., 2012; Taylor et al.,
2007). Internal consistency in the current study was excellent
(a =.922).

2.3.4. Craving Scale (Weiss et al., 2003)

The Craving Scale used in this study was originally developed as a
measure of cocaine craving (Weiss et al., 2003), and has also been
validated as a measure of craving in other substances including alcohol
(McHugh et al., 2016) and opioids (McHugh et al., 2014). It contains
three items assessing degree of current craving for substances (“Please
rate how strong your desire to use was in the past 24h”), retrospective
craving when cued by something in the environment (“Please rate how
strong your urges are for drugs or alcohol when something in the environ-
ment reminds you of it”), and perceived likelihood of substance use if
given the opportunity (“Please imagine yourself in the environment in
which you previously used drugs or alcohol. If you were in this environment
today, what is the likelihood you would use?”), each rated on a scale from
zero to ten with higher scores indicating stronger craving. Scores of the
three items are then averaged for a total score. In the present study,
participants were prompted to rate their craving for their primary
substance of misuse. Internal consistency in the current study was sa-
tisfactory (a = .764).

2.3.5. Brief Situational Confidence Questionnaire (BSCQ; Sobell et al.,
1996)

The BSCQ is an abbreviated eight-item version of the original
Situational Confidence Questionnaire (Annis, 1986). Based on aspects
of self-efficacy that are relevant to substance relapse, it evaluates per-
ceived confidence in the ability to resist substance use in eight different
types of situations and contexts (e.g., social, negative affect, and posi-
tive affect). Each item is rated on a zero to 100% confidence visual
analogue scale. The BSCQ has good reliability and validity in clinical
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samples (Breslin et al., 2000). Internal consistency in the current study
was good (a = 0.869).

2.4. Data analytic plan

We used SPSS Version 25.0 for all analyses. We examined the range
of interpretation endorsement scores and calculated the correlation
between negative and benign interpretation endorsement scores. We
calculated bivariate correlations between each interpretation index,
anxiety, and SUD characteristics. We tested the unique contribution of
interpretation bias and anxiety symptoms to craving and abstinence
self-efficacy by conducting multiple linear regression analyses with the
SUD variable as the dependent variable and interpretation bias, general
anxiety severity, and anxiety sensitivity as the predictor variables. We
included age as a covariate in both models. Cohen’s d effect size esti-
mates for independent groups were calculated by dividing the differ-
ence in group means by the pooled standard deviation (Cohen, 1988);
d, estimates for dependent t-tests were calculated by dividing the t-
value by the square root of the sample size (Lakens, 2013).

We examined the potential interaction of anxiety severity and in-
terpretation bias in predicting craving and abstinence self-efficacy. We
examined multiple linear regression models to predict each SUD vari-
able from anxiety severity (OASIS score, mean-centered), negative in-
terpretation bias (WSAP score, mean-centered), and the interaction
between anxiety and interpretation bias. We first confirmed that all
assumptions of multiple linear regression were met (i.e., normality,
homoscedasticity, and multicollinearity). We examined potential sex
differences by conducting independent samples t-tests on WSAP scores
and multiple linear regression models predicting SUD variables from
sex (male = 1, female = 0), negative interpretation, and the interaction
between sex and interpretation bias. Finally, we conducted similar
analyses to test potential differences related to type of primary sub-
stance. The current inpatient SUD sample comprised mostly primary
alcohol or opioid use disorders; thus, we created a substance type
variable (alcohol =1, opioid = 0). All comparisons involving sub-
stance type included 219 participants, as five participants reported
other primary substances (e.g., benzodiazepines).

3. Results

Negative interpretation endorsement ranged from 6% to 98%
(M = 47%, SD = 19), and benign endorsement ranged from 27% to
100% (M = 70%, SD = 14). Participants endorsed significantly more
benign interpretations than negative, t(223) = 10.02,p < .001, d, =
0.67. Negative and benign interpretation endorsement showed a ne-
gative, modestly sized correlation (r = -0.28, p < .001), supporting
their independent examination. Table 2 presents bivariate correlations
between the interpretation bias indices and symptom outcomes. Ne-
gative interpretation endorsement was positively correlated with gen-
eral anxiety severity, anxiety sensitivity, and craving, and negatively
correlated with abstinence self-efficacy. Benign interpretation en-
dorsement was not correlated with any symptoms (all ps > .4). Con-
sequently, we only included negative interpretation endorsement in all
subsequent analyses.
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Table 3
Multiple regression models predicting substance use characteristics (N = 224).
B SE t p-value
Model Predicting Craving (F(4,214) = 11.435,
p < .001, R? = 17.6%)

Age —-0.06 .01 -—4.87 <.001
Negative interpretation bias (WSAP) 1.92 .86 —2223 .03
General anxiety severity (OASIS) 0.09 .05 2.03 .04
Anxiety sensitivity (ASI-3) —0.01 .01 -.37 72

Model Predicting Situational Confidence
(F(4,217) = 5.393,p < .001, R*> = 9.0%)
Age 0.02 .01 1.90 .06

Negative interpretation bias (WSAP) —-2.09 .85 246 .02
General anxiety severity (OASIS) -0.06 .05 -1.23 221
Anxiety sensitivity (ASI-3) -0.01 .01 -0.381 421

In multiple linear regression models, higher negative interpretation
bias predicted more craving and less abstinence self-efficacy (see
Table 3) above and beyond effects of general anxiety and anxiety sen-
sitivity. The interaction of anxiety severity and negative interpretation
bias did not predict craving ( = -0.05, SE = 0.20, t = -0.26,p = .799)
or self-efficacy (p = -0.31, SE = 0.19,t = -1.64, p = .103).

Men and women did not differ in their negative (t(222) = -0.34,
p= .737, d = 0.05) or benign (t(222) = 0.11, p = .914, d = 0.02)
interpretation endorsement on the WSAP. In the regression models in-
cluding sex, the interaction of sex and negative interpretation bias was
not a significant predictor of craving (f = 1.25, SE = 1.88, t = 0.67,
p = .506) or self-efficacy (3 = -0.04, SE = 1.74,t = -0.02, p = .981).

Interpretation bias also did not differ by type of primary substance
(alcohol [n = 153] vs opioid [n = 66], see Fig. 1): negative inter-
pretation (¢(217) = -1.27,p = .207, d = 0.19); benign interpretation (t
(217) = 1.68, p = .094, d = -0.25). The interaction of substance type
and negative interpretation bias was not a significant predictor of
craving (f = -1.76, SE = 1.87,t = -0.94, p = .349) or self-efficacy (f
= 1.23, SE = 1.85,t = 0.67, p = .506).

4. Discussion

We sought to extend the study of interpretation bias to individuals
with SUDs. This adult SUD sample had a wide range of interpretation
bias scores, with benign interpretation endorsement ranging from 27%
to 100% and negative interpretation endorsement ranging from 6% to
98%. Overall, the sample favored benign interpretations (M = 70%)
over negative interpretations (M = 47%). The range of interpretation
scores, average values, and variability obtained in the current SUD
sample are very similar to those obtained in a non-SUD, psychiatric
hospital sample (benign M = 67%; negative M = 48%; Beard et al.,
2017) and a healthy control sample (benign M = 71%; negative
M = 49%; endorsement rates from the general (non-social) situations
reported in Beard et al. (2009). Similar to previous findings in emo-
tional disorders, negative and benign interpretation endorsement were
only modestly correlated, supporting their separate examination. There
were no differences in interpretation bias between individuals with an
alcohol or opioid use disorder or between men and women.

Table 2

Correlations between interpretation bias indices and symptom outcomes (N = 224).
Craving Negative Benign OASIS ASI-3 Craving

Endorsement Endorsement

Benign interpretation (WSAP) — —.279%** — — — —
Anxiety severity (OASIS) — .201%** .053 — — —
Anxiety sensitivity (ASI-3) — .270%* .013 — —
SUD Craving (Craving Scale) — .225%* .050 123 —
Abstinence Self-Efficacy (BSCS) — —.225%* —.038 —.174%* — .449%*%*
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Fig. 1. WSAP Scores by Primary Substance Type.
Note: Error bars are equal to +/- 1 SE.

Results revealed that a tendency to endorse negative interpretations
of ambiguous daily life situations correlated with substance use char-
acteristics, whereas a tendency to endorse benign interpretations did
not. Moreover, negative interpretation bias predicted craving and ab-
stinence self-efficacy above and beyond general anxiety and anxiety
sensitivity. In other words, individuals who interpreted daily life si-
tuations negatively experienced more craving and less confidence in
their ability to resist urges to use, and this association was not simply
due to anxiety comorbidity. These findings extend prior work with al-
cohol-relevant situations and suggest that a maladaptive interpretive
style outside of a substance context might be an important individual
difference factor relating to SUDs.

Anxiety severity and interpretation bias did not interact to predict
substance use characteristics above and beyond the main effects of each
variable. Rather, general anxiety and negative interpretation bias may
have additive effects in predicting craving. Future studies might extend
the current study by measuring these variables outside of inpatient
treatment. For example, it is plausible that state anxiety and inter-
pretation bias would interact to predict craving in-the-moment.

Men and women exhibited no significant difference in interpreta-
tion bias, and the association between interpretation bias and SUD
variables was not moderated by sex. Few studies of interpretation bias
in emotional disorders have examined potential sex differences. One
exception in a psychiatric hospital sample also did not find sex differ-
ences in interpretation bias (Beard et al., 2017). However, this contrasts
with findings suggesting that women with SUDs are more likely to have
co-occurring anxiety and depressive disorders (Khan et al., 2013a, b),
endorse more frequently using substances to cope with negative affect
(McHugh et al., 2013; Thornton et al., 2012), and may have a greater
impact of anxiety-related vulnerabilities on clinical symptoms (McHugh
et al., 2017).

Our results suggest that interpretation operates, at least in part,
independently of anxiety in SUD samples. Individuals with SUD who
are prone to negative interpretation of ambiguous situations may ex-
perience the world as more threatening, less rewarding, and more
hopeless and thus be more likely to use substances due to more frequent
experiences of negative affect and stress reactivity. Helping these in-
dividuals to modify these negative interpretations could potentially
lead to reduced craving and substance use. Although future research
testing the temporal association between interpretation bias and sub-
stance-related outcomes will help to clarify the importance of this
variable as a potential treatment target, interpretation bias has been
shown to be modifiable via cognitive training tasks called Cognitive
Bias Modification (CBM). For example, Cougle and colleagues (2017)
observed improvements in interpretation bias and anger following an 8-
session CBM intervention targeting hostile interpretation bias in in-
dividuals with high anger and alcohol use (Cougle et al., 2017). How-
ever, Woud and colleagues’ attempt to reduce alcohol-relevant inter-
pretation bias via CBM was not successful in hazardous male drinkers
(Woud et al., 2015b). Given that many studies have demonstrated the
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efficacy of CBM in emotional disorders using non-substance related
situations such as those used in the current study (Jones and Sharpe,
2017), future work should attempt to reduce the general negative in-
terpretation bias for individuals with SUD who exhibit this bias. Future
studies could inform such interventions by examining the association
between interpretation bias and abstinence self-efficacy specifically
during episodes of negative affect. Additionally, future studies should
examine whether specific domains within the general interpretation
bias (e.g., perfectionism vs daily stress) are more relevant to craving,
self-efficacy, and ultimately relapse.

Strengths of the current study include the large clinical sample,
examination of multiple SUD characteristics, and testing of potential
moderators. The primary limitation is the cross-sectional design. Future
work should extend these cross-sectional associations with prospective
and experimental manipulation study designs. Such designs will also
allow for consideration of state vs. trait anxiety and the temporal as-
sociations between anxiety and substance use. Additionally, future
work might include multiple assessments of interpretation bias,
craving, and self-efficacy during treatment to better understand their
associations, as well as their association with relapse. The sample
consisted of people with alcohol or opioid use disorders requiring an
inpatient level of care; replication in other SUDs and at lower levels of
care is needed to determine the generalizability of these findings. Age of
onset for SUD was not available for the current study. Future studies
should consider this when further characterizing the role of inter-
pretation bias in SUD. We recruited participants following stabilization
on the inpatient unit to ensure that participants were not experiencing
acute withdrawal; however, inclusion of a withdrawal symptom mea-
sure would have strengthened our findings. Finally, the ethnoracial
makeup of the sample is primarily White, and the education level in-
dicates that individuals from this clinic have a high socioeconomic
status. Future studies are needed in different regions and settings to
determine whether the current findings generalize to individuals from
other ethnoracial and economic backgrounds.

Future studies should also extend the current findings by including
multiple types of ambiguous stimuli. For example, the current study did
not include any situations related to anxiety sensitivity, the fear of the
consequences of anxiety-related symptoms, which is also highly re-
levant to SUDs. Future studies should include situations related to
ambiguous physical sensations and cognitive symptoms (Beard et al.,
2016; Capron and Schmidt, 2016; Clerkin et al., 2015) to determine if
an interpretation of anxiety-relevant symptoms as dangerous is asso-
ciated with SUD outcomes. Finally, another direction for future re-
search is the integration of interpretation bias measurement with other
cognitive biases in SUDs. Theory and research in emotional disorders
show that cognitive biases are interactive; for example, an attentional
bias towards negative cues may also support or be influenced by a
negative memory bias for such cues (Everaert et al., 2012; Hirsch et al.,
2006). Given the strong evidence for other implicit cognitive biases in
SUDs, future research should determine how potential biases in atten-
tion, approach, or memory may combine with interpretation bias in
SUDs.

Contributors

CB contributed to the design, statistical analyses, and manuscript
preparation. ADP contributed to the statistical and manuscript pre-
paration. MLG contributed to manuscript preparation. RDW con-
tributed to the design and manuscript preparation. NT contributed to
data collection and manuscript preparation. RKM contributed to the
design, data collection, analyses, and manuscript preparation. All au-
thors contributed to and approved the final version of the manuscript.

Role of funding source

Research was supported by the Charles Engelhard Foundation.



C. Beard, et al.

Andrew Peckham’s time was supported by F32 MH115530. R. Kathryn
McHugh’s time was supported by K23 DA035297. None of the funding
sources influenced the design or reporting of the study.

Declaration of Competing Interest

Roger Weiss consulted to GW Pharmaceuticals and Janssen
Pharmaceuticals. No other conflicts of interest declared.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.drugalcdep.2019.
107644.

References

Ames, S.L., Sussman, S., Dent, C.W., Stacy, A.W., 2005. Implicit cognition and dissocative
experiences as predictors of adolescent substance use. Am. J. Drug Alcohol Abuse 31,
129-162.

Annis, H.M., 1986. A relapse prevention model for treatment of alcoholics. In: Miller,
W.E., Heather, N. (Eds.), Treating Addictive Behaviors: Process of Change. Plenum
Press, New York.

Beard, C., Amir, N., 2009. Interpretation in social anxiety: when meaning precedes am-
biguity. Cognit. Ther. Res. 33, 406-415.

Beard, C., Fuchs, C.H., Asnaani, A., Schulson, M., Schofield, C.A., Clerkin, E.M., Weisberg,
R.B., 2016. A pilot open trial of cognitive bias modification for panic disorder. Cognit.
Ther. Res. 40, 792-798.

Beard, C., Rifkin, L.S., Bjorgvinsson, T., 2017. Characteristics of interpretation bias and
relationship with suicidality in a psychiatric hospital sample. J. Affect. Disord. 207,
321-326.

Beard, C., Weisberg, R.B., Amir, N., 2011. Combined cognitive bias modification treat-
ment for social anxiety disorder: a pilot trial. Depress. Anxiety 28, 981-988.

Beck, A., 1979. Cognitive Therapy and the Emotional Disorders. Penguin, London.

Breslin, F.C., Sobell, L.C., Sobell, M.B., Agrawal, S., 2000. A comparison of a brief and
long version of the situational confidence questionnaire. Behav. Res. Ther. 38,
1211-1220.

Campbell-Sills, L., Norman, S.B., Craske, M.G., Sullivan, G., Lang, A.J., Chavira, D.A.,
Bystritsky, A., Sherbourne, C., Roy-Byrne, P., Stein, M.B., 2009. Validation of a brief
measure of anxiety-related severity and impairment: the Overall Anxiety Severity and
Impairment Scale (OASIS). J. Affect. Disord. 112, 92-101.

Capron, D.W., Schmidt, N.B., 2016. Development and randomized trial evaluation of a
novel computer-delivered anxiety sensitivity intervention. Behav. Res. Ther. 81,
47-55.

Chow, P.L, Portnow, S., Zhang, D., Salemink, E., Wiers, R.W., Teachman, B.A., 2018.
Comorbid interpretation and expectancy bias in social anxiety and alcohol use.
Anxiety Stress Coping 31, 669-685.

Clerkin, E.M., Beard, C., Fisher, C.R., Schofield, C.A., 2015. An attempt to target anxiety
sensitivity via cognitive bias modification. PLoS One 10, e0114578.

Cohen, J., 1988. Statistical Power Analysis for the Behavioral Sciences, 2nd ed. Lawrence
Earlbaum Associates, Hillsdale, NJ.

Cougle, J.R., Summers, B.J., Allan, N.P., Dillon, K.H., Smith, H.L., Okey, S.A., Harvey,
A.M., 2017. Hostile interpretation training for individuals with alcohol use disorder
and elevated trait anger: a controlled trial of a web-based intervention. Behav. Res.
Ther. 99, 57-66.

Everaert, J., Koster, E.H., Derakshan, N., 2012. The combined cognitive bias hypothesis in
depression. Clin. Psychol. Rev. 32, 413-424.

Gonsalves, M., Whittles, R.L., Weisberg, R.B., Beard, C., 2019. A systematic review of the
word sentence association paradigm (WSAP). J. Behav. Ther. Exp. Psychiatry 64,
133-148.

Hirsch, C.R., Clark, D.M., Mathews, A., 2006. Imagery and interpretations in social
phobia: support for the combined cognitive biases hypothesis. Behav. Ther. 37,
223-236.

Hirsch, C.R., Mathews, A., 2000. Impaired positive inferential bias in social phobia. J.
Abnorm. Psychol. 109, 705-712.

Hirsch, C.R., Meeten, F., Krahe, C., Reeder, C., 2016. Resolving ambiguity in emotional
disorders: the nature and role of interpretation biases. Annu. Rev. Clin. Psychol. 12,
281-305.

Huppert, J.D., Pasupuleti, R.V., Foa, E.B., Mathews, A., 2007. Interpretation biases in
social anxiety: response generation, response selection, and self-appraisals. Behav.
Res. Ther. 45, 1505-1515.

Jones, E.B., Sharpe, L., 2017. Cognitive bias modification: a review of meta-analyses. J.
Affect. Disord. 223, 175-183.

Kemper, C.J., Lutz, J., Bahr, T., Ruddel, H., Hock, M., 2012. Construct validity of the
Anxiety Sensitivity Index-3 in clinical samples. Assessment 19, 89-100.

Kessler, R.C., McGonagle, K.A., Zhao, S., Nelson, C.B., Hughes, M., Eshleman, S.,
Wittchen, H.U., Kendler, K.S., 1994. Lifetime and 12-month prevalence of DSM-III-R
psychiatric disorders in the United States. Results from the National Comorbidity
Survey. Arch. Gen. Psychiatry 51, 8-19.

Khan, S., Okuda, M., Hasin, D.S., Secades-Villa, R., Keyes, K., Lin, K.H., Grant, B., Blanco,
C., 2013a. Gender differences in lifetime alcohol dependence: results from the na-
tional epidemiologic survey on alcohol and related conditions. Alcohol. Clin. Exp.

Drug and Alcohol Dependence 205 (2019) 107644

Res. 37, 1696-1705.

Khan, S.S., Secades-Villa, R., Okuda, M., Wang, S., Perez-Fuentes, G., Kerridge, B.T.,
Blanco, C., 2013b. Gender differences in cannabis use disorders: results from the
National Epidemiologic Survey of Alcohol and Related Conditions. Drug Alcohol
Depend. 130, 101-108.

Lakens, D., 2013. Calculating and reporting effect sizes to facilitate cumulative science: a
practical primer for t-tests and ANOVAs. Front. Psychol. 4, 863.

MacLeod, C., Mathews, A., 2012. Cognitive bias modification approaches to anxiety.
Annu. Rev. Clin. Psychol. 8, 189-217.

McHugh, R., Fitzmaurice, G., Carroll, K., Griffin, M., Hill, K., Wasan, A., Weiss, R., 2014.
Assessing craving and its relationship to subsequent prescription opioid use among
treatment-seeking prescription opioid dependent patients. Drug Alcohol Depend.
145, 121-126.

McHugh, R.K., Devito, E.E., Dodd, D., Carroll, K.M., Potter, J.S., Greenfield, S.F., Connery,
H.S., Weiss, R.D., 2013. Gender differences in a clinical trial for prescription opioid
dependence. J. Subst. Abuse Treat. 45, 38-43.

McHugh, R.K., Fitzmaurice, G.M., Griffin, M.L., Anton, R.F., Weiss, R.D., 2016.
Association between a brief alcohol craving measure and drinking in the following
week. Addiction 111, 1004-1010.

McHugh, R.K., Votaw, V.R., Bogunovic, O., Karakula, S.L., Griffin, M.L., Weiss, R.D.,
2017. Anxiety sensitivity and nonmedical benzodiazepine use among adults with
opioid use disorder. Addict. Behav. 65, 283-288.

McLean, C.P., Asnaani, A., Litz, B.T., Hofmann, S.G., 2011. Gender differences in anxiety
disorders: prevalence, course of illness, comorbidity and burden of illness. J.
Psychiatr. Res. 45, 1027-1035.

Menne-Lothmann, C., Viechtbauer, W., Hohn, P., Kasanova, Z., Haller, S.P., Drukker, M.,
van Os, J., Wichers, M., Lau, J.Y., 2014. How to boost positive interpretations? A
meta-analysis of the effectiveness of cognitive bias modification for interpretation.
PLoS One 9, €100925.

Norman, S.B., Cissell, S.H., Means-Christensen, A.J., Stein, M.B., 2006. Development and
validation of an Overall Anxiety Severity And Impairment Scale (OASIS). Depress.
Anxiety 23, 245-249.

Norton, G.R., 2001. Substance use/abuse and anxiety sensitivity: what are the relation-
ships? Addict. Behav. 26, 935-946.

Reiss, S., 1991. Expectancy model of fear, anxiety, and panic. Clin. Psychol. Rev. 11,
141-153.

Reiss, S., Peterson, R.A., Gursky, D.M., McNally, R.J., 1986. Anxiety sensitivity, anxiety
frequency and the prediction of fearfulness. Behav. Res. Ther. 24, 1-8.

Ryan, F., 2002. Attentional bias and alcohol dependence: a controlled study using the
modified stroop paradigm. Addict. Behav. 27, 471-482.

Salemink, E., Wiers, R.W., 2014. Alcohol-related memory associations in positive and
negative affect situations: drinking motives, working memory capacity, and pro-
spective drinking. Psychol. Addict. Behav. 28, 105-113.

Schmidt, N.B., Buckner, J.D., Keough, M.E., 2007. Anxiety sensitivity as a prospective
predictor of alcohol use disorders. Behav. Modif. 31, 202-219.

Schoth, D.E., Liossi, C., 2017. A systematic review of experimental paradigms for ex-
ploring biased interpretation of ambiguous information with emotional and neutral
associations. Front. Psychol. 8, 171.

Sinha, R., Fox, H.C., Hong, K.I., Hansen, J., Tuit, K., Kreek, M.J., 2011. Effects of adrenal
sensitivity, stress- and cue-induced craving, and anxiety on subsequent alcohol re-
lapse and treatment outcomes. Arch. Gen. Psychiatry 68, 942-952.

Sinha, R., Garcia, M., Paliwal, P., Kreek, M.J., Rounsaville, B.J., 2006. Stress-induced
cocaine craving and hypothalamic-pituitary-adrenal responses are predictive of co-
caine relapse outcomes. Arch. Gen. Psychiatry 63, 324-331.

Sobell, L.C., Cunningham, J.A., Sobell, M.B., Agrawal, S., Gavin, D.R., Leo, G.I, Singh,
K.N., 1996. Fostering self-change among problem drinkers: a proactive community
intervention. Addict. Behav. 21, 817-833.

Stacy, A.W., Wiers, R.W., 2010. Implicit cognition and addiction: a tool for explaining
paradoxical behavior. Annu. Rev. Clin. Psychol. 6, 551-575.

Stewart, S.H., Karp, J., Pihl, R.O., Peterson, R.A., 1997. Anxiety sensitivity and self-re-
ported reasons for drug use. J. Subst. Abuse 9, 223-240.

Taylor, S., Zvolensky, M.J., Cox, B.J., Deacon, B., Heimberg, R.G., Ledley, D.R.,
Abramowitz, J.S., Holaway, R.M., Sandin, B., Stewart, S.H., Coles, M., Eng, W., Daly,
E.S., Arrindell, W.A., Bouvard, M., Cardenas, S.J., 2007. Robust dimensions of an-
xiety sensitivity: development and initial validation of the Anxiety Sensitivity index-
3. Psychol. Assess. 19, 176-188.

Thornton, L.K., Baker, A.L., Lewin, T.J., Kay-Lambkin, F.J., Kavanagh, D., Richmond, R.,
Kelly, B., Johnson, M.P., 2012. Reasons for substance use among people with mental
disorders. Addict. Behav. 37, 427-434.

Weiss, R.D., Griffin, M.L., Mazurick, C., Berkman, B., Gastfriend, D.R., Frank, A., Barber,
J.P., Blaine, J., Salloum, 1., Moras, K., 2003. The relationship between cocaine
craving, psychosocial treatment, and subsequent cocaine use. Am. J. Psychiatry 160,
1320-1325.

Wilson, E.J., MacLeod, C., Mathews, A., Rutherford, E.M., 2006. The causal role of in-
terpretive bias in anxiety reactivity. J. Abnorm. Psychol. 115, 103-111.

Woud, M.L., Becker, E.S., Rinck, M., Salemink, E., 2015a. The relationship between
drinking motives and alcohol-related interpretation biases. J. Behav. Ther. Exp.
Psychiatr. 47, 102-110.

Woud, M.L., Fitzgerald, D.A., Wiers, R.W., Rinck, M., Becker, E.S., 2012. ’Getting into the
spirit”: alcohol-related interpretation bias in heavy-drinking students. Psychol.
Addict. Behav. 26, 627-632.

Woud, M.L., Hutschemaekers, M.H., Rinck, M., Becker, E.S., 2015b. The manipulation of
alcohol-related interpretation biases by means of Cognitive Bias mod-
ification—interpretation (CBM-I). J. Behav. Ther. Exp. Psychiatr. 49, 61-68.

Woud, M.L., Pawelczak, S., Rinck, M., Lindenmeyer, J., Souren, P., Wiers, R.W., Becker,
E.S., 2014. Alcohol-related interpretation bias in alcohol-dependent patients.
Alcohol. Clin. Exp. Res.


https://doi.org/10.1016/j.drugalcdep.2019.107644
https://doi.org/10.1016/j.drugalcdep.2019.107644
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0005
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0005
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0005
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0010
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0010
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0010
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0015
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0015
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0020
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0020
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0020
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0025
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0025
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0025
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0030
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0030
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0035
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0040
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0040
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0040
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0045
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0045
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0045
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0045
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0050
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0050
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0050
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0055
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0055
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0055
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0060
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0060
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0065
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0065
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0070
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0070
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0070
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0070
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0075
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0075
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0080
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0080
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0080
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0085
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0085
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0085
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0090
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0090
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0095
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0095
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0095
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0100
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0100
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0100
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0105
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0105
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0110
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0110
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0115
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0115
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0115
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0115
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0120
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0120
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0120
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0120
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0125
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0125
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0125
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0125
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0130
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0130
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0135
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0135
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0140
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0140
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0140
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0140
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0145
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0145
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0145
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0150
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0150
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0150
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0155
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0155
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0155
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0160
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0160
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0160
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0165
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0165
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0165
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0165
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0170
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0170
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0170
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0175
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0175
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0180
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0180
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0185
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0185
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0190
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0190
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0195
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0195
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0195
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0200
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0200
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0205
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0205
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0205
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0210
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0210
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0210
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0215
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0215
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0215
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0220
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0220
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0220
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0225
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0225
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0230
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0230
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0235
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0235
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0235
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0235
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0235
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0240
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0240
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0240
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0245
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0245
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0245
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0245
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0250
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0250
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0255
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0255
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0255
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0260
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0260
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0260
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0265
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0265
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0265
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0270
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0270
http://refhub.elsevier.com/S0376-8716(19)30421-1/sbref0270

	Associations among interpretation bias, craving, and abstinence self-efficacy in adults with substance use disorders
	Introduction
	Current study

	Materials and methods
	Participants
	Procedures
	Measures
	Word-Sentence Association Paradigm (WSAP)
	Overall Anxiety Severity and Impairment Scale (OASIS; Norman et al., 2006)
	Anxiety sensitivity Index-3 (ASI-3; Taylor et al., 2007)
	Craving Scale (Weiss et al., 2003)
	Brief Situational Confidence Questionnaire (BSCQ; Sobell et al., 1996)

	Data analytic plan

	Results
	Discussion
	Contributors
	Role of funding source
	Declaration of Competing Interest
	Supplementary data
	References




