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Abstract

Objectives Impulsivity has been identified as an important construct in predicting the initiation and maintenance of substance use
among at-risk populations. Interventions emphasizing mindfulness strategies appear particularly promising in reducing substance
use and marking change in various aspects of impulsivity.

Methods The current study used a rolling group mindfulness-based relapse prevention (MBRP) intervention for young adults in
residential substance use disorder treatment. We examined change in impulsivity facets measured by the S-UPPS for youth
randomly assigned to MBRP (n=45) versus those assigned to treatment as usual plus 12 step/self-help (n=34). We also
examined how change in impulsivity mediated changes in substance use post-treatment.

Results In general, results indicated that MBRP is effective at reducing facets of trait impulsivity in treatment-seeking individuals
with SUDs. Only positive and negative urgency mediated the relation between treatment assignment and substance use.
Conclusions MBRP is a viable and useful intervention for young adults in residential treatment for substance use disorders and
can aid in marked change in facets of impulsivity. Both positive and negative urgency were significant mechanisms of change in
reducing substance use following treatment. Results are discussed focused on the utility of MRBP as a clinical intervention for at-
risk, marginalized, and young adults.
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Introduction suboptimal regard for future consequences (Brewer and
Potenza 2008; Moeller et al. 2001a). Impulsivity is a well-
Impulsivity is a multidimensional construct that broadly refers ~ established risk factor for substance use disorders (SUDs)
to a tendency towards rapid or unplanned action with a  (Verdejo-Garcia et al. 2008; Dawe and Loxton 2004) and
SUD treatment outcomes (Winhusen et al. 2013; Loree et al.
2015; Moeller et al. 2001b). Interventions aimed at reducing
impulsivity among individuals with SUDs have gained atten-
tion among researchers (Conrod et al. 2006). Specifically, in-
terventions emphasizing mindfulness strategies—which aim
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prevention (MBRP; Bowen et al. 2009) appears to be effective
in improving SUD outcomes in samples recently discharged
from SUD treatment (Hsu et al. 2013; Witkiewitz et al.
2013a). Although MBRP may effectively reduce impulsivity
among individuals in residential SUD treatment, this possibil-
ity has not been rigorously investigated. In a study of men in
Iran seeking residential treatment for opioid dependence,
MBRP was associated with significantly decreased impulsiv-
ity (Yaghubi et al. 2017) at post-treatment and at 2-month
follow-up. However, the extent to which MBRP changes
long-term trajectories of impulsivity dimensions during and
after treatment and the effect of these changes on SUD out-
comes remain unclear and unstudied.

Marginalized young adults, or those involved in the crim-
inal justice system, child protective services, or those not at-
tending some form of higher education are especially impor-
tant populations to study. Compared to their peers, marginal-
ized young adults tend to have more difficulty fulfilling adult
roles, as evidenced by higher rates of unemployment, higher
levels of relationship and housing instability, and more sub-
stance use problems (Sussman and Arnett 2014).
Marginalized young adults have also been shown to have less
favorable substance use treatment outcomes (Davis et al.
2017) and more impulsivity relative to their peers
(Chamorro et al. 2012).

Impulsivity is a heterogeneous construct (Caswell et al. 2015)
encompassing trait and behavioral facets (King et al. 2014). Past
research has empirically derived as few as two and as many as 15
dimensions of trait impulsivity (Kirby and Finch 2010) and even
more when considering behavioral components of impulsivity
(Stahl et al. 2014). Trait impulsivity is assessed via self-report
measures that ask individuals to rate aggregates of their past
behavior (e.g., the extent to which one acts quickly without
thinking). Conversely, behavioral impulsivity can be further di-
chotomized into behavioral choice and behavioral response
facets (MacKillop et al. 2016). Behavioral choice impulsivity
pertains to risky choice and decision-making and is measured
by asking individuals to choose between hypothetical smaller,
immediate or larger, delayed rewards (e.g., delay discounting;
Rachlin and Green 1972). Behavioral response is an individual’s
ability to inhibit a motor response (i.e., impulsive action), as is
often assessed using the go/no-go or stop signal tasks (Fillmore
and Weafer 2013).

In an effort to operationalize facets of trait impulsivity,
Whiteside and Lynam (2001) factor analyzed 20 well-
established impulsivity and personality-related measures.
Results suggested four representative subscales of trait impul-
sivity, known together as the UPPS, which includes urgency,
(lack of) premeditation, (lack of) perseverance, and sensation
seeking. More recently, the urgency subscale was revised to
include positive and negative urgency facets (UPPS-P; Lynam
et al. 2006), increasing the number of potential impulsivity
subscales to five. Negative and positive urgency refer to a
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tendency to engage in rash or unplanned behavior in response
to intense negative or positive emotional states, respectively
(Lynam et al. 2006). Lack of premeditation is defined as the
absence or inability to delay gratification or action in favor of
planning or careful thought. For example, individuals with
low levels of premeditation typically make decisions without
regard for a negative outcome, regardless of past experiences.
It is thought that lack of premeditation may be associated with
low self-control or a high tolerance for negative consequences
of impulsive behavior (Whiteside and Lynam 2001). Lack of
perseverance typically refers to the inability to complete tasks.
That is, some individuals may have difficulties maintaining
attention over long periods of time, reflecting a low sense of
responsibility or cognitive difficulties when presented with
certain stimuli that require attentional focus (Magid and
Colder 2007). Sensation seeking refers to a proclivity towards
novelty seeking and is driven, in large part, by positive rein-
forcement. Behaviors associated with sensation seeking are
typically brought on by an anticipated motivation, typically
in the form of excitement, arousal, or stimulation, which even-
tually reinforce engagement in similar behaviors.

Contemporary neurocognitive models posit that both ad-
diction and impulsivity create an imbalance between two sys-
tems: the “bottom-up” and the “top-down” system. The
bottom-up system, otherwise considered the reactive or im-
pulsive system, tends to be associated with reward processes
following a stimulus without consideration of the long-term
consequences (Witkiewitz et al. 2013b). Conversely, the top-
down system, otherwise known as the regulation or executive
system, tends to be associated with planning, cognitive con-
trol, and resisting short-term reward in favor of long-term
goals (Westbrook et al. 2013). Typically, these top-down pro-
cesses are able to override most bottom-up interruptions
though self-regulatory mechanisms such as delay of gratifica-
tion, suppression of negative or intrusive thoughts, or inhibi-
tion processes (Bechara and Van Der Linden 2005; McClure
et al. 2004; Koob and Volkow 2009). Theories of associations
between SUD and impulsivity suggest that addiction to one or
more substances disrupts this process, such that the bottom-up
system overrides the top-down executive control (Koob and
Volkow 2009).

Supporting this theoretical model, empirical research indi-
cates that heightened impulsivity is a risk factor associated
with the initiation (Verdejo-Garcia et al., 2008) and mainte-
nance of alcohol and drug use among adolescents and young
adults (Dick etal. 2010; Lejuez et al. 2010). Specifically, prior
research has found that higher impulsivity is associated with
earlier initiation of cigarette, alcohol, and cannabis use
(Kollins 2003; Chuang et al. 2017). Prior studies also indicate
that impulsivity is a risk factor for experimentation, problem-
atic drug use, and an inability to abstain from use (de Wit
2008) and that impulsivity is related to treatment outcomes
including higher dropout rates, increased risk for relapse,
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and more problems associated with substance use after treat-
ment (Loree et al. 2015; Stevens et al. 2014). Conversely,
interventions focused on reducing impulsivity may affect sub-
stance use and relapse risks. Thus, it follows, impulsivity may
be an important mechanism of behavior change for young
adults in SUD treatment.

Studies suggest that impulsivity can influence the course of
alcohol and substance abuse treatment through several path-
ways (Loree et al. 2015). For example, individuals who score
highly on a variety of impulsivity measures (e.g., Barratt
Impulsivity Scale, delay discounting) have higher odds of
relapsing during treatment and a lower likelihood of remain-
ing abstinent after completing treatment (Krishnan-Sarin et al.
2007; MacKillop and Kahler 2009). In addition, higher base-
line impulsivity has predicted worse outcomes; in one alcohol
treatment study, treatment effects were stronger for partici-
pants who scored lower on impulsivity measures prior to in-
tervention (Miiller et al. 2008). While fewer studies have ex-
amined associations between impulsivity and treatment out-
comes for other substances, preliminary evidence with indi-
viduals addicted to cocaine (Moeller et al. 2001b) and mari-
juana (Stanger et al. 2012) support the view that impulsivity
influences treatment outcomes including treatment comple-
tion and abstinence.

Specific dimensions of impulsivity have also been related
to alcohol (Coskunpinar et al. 2013), drug use, and treatment-
related outcomes (Stevens et al. 2014). For example, in a
meta-analysis of 96 studies assessing the association between
impulsivity and alcohol use using the UPPS model of impul-
sivity, negative urgency (r=0.38) and lack of premeditation
(r=0.37) had the strongest associations with alcohol use dis-
orders (Coskunpinar et al. 2013). Further, sensation seeking
(r=0.38), positive urgency (r=0.38), and negative urgency
(r=0.34) were associated with alcohol-related problems and
higher binge drinking frequency, and lack of perseverance was
most strongly associated with drinking quantity (= 0.28).
Additionally, in a review of seven studies examining links
between risky decision-making and abstinence/relapse with
alcohol and illicit drugs, six showed significant associations
(Stevens et al. 2014). Links between various dimensions of
impulsivity and specific substances require additional research
in various treatment settings and populations.

Because high levels of impulsivity can interfere with SUD
interventions (Helstrom et al. 2007) and negatively influence
SUD treatment outcomes (Loree et al. 2015; Stevens et al.
2014), mindfulness-based interventions that reduce impulsiv-
ity may be particularly helpful adjuncts to SUD interventions.
Mindfulness interventions emphasize staying in touch with
current experiences rather than avoiding or removing negative
stimuli (Chiesa and Serretti 2014). Thus, mindfulness practice
may reduce impulsivity through improved awareness of inter-
nal experiences (e.g., monitoring impulsive decision-making;
Wingrove and Bond 1997) and reduction of experiential

avoidance. In a recent meta-analysis, small to moderate corre-
lations were found between trait mindfulness and sensation
seeking (r=—0.15), perseverance (= — 0.27), positive urgen-
cy (r=—10.44), negative urgency (r=—0.45), and premedita-
tion (»=—0.49) (Lu and Huffman 2017). These negative cor-
relations may be due to individuals with low trait mindfulness
and scoring high on impulsivity, or vice versa. Other evidence
has shown considerable overlap among measures of mindful-
ness and impulsivity when predicting young adult alcohol use
(Murphy and MacKillop 2012), suggesting that reducing im-
pulsivity by increasing mindfulness skills may impact alcohol
use outcomes.

MBRP, a recently-developed mindfulness-based interven-
tion for SUDs, integrates mindfulness practice with tangible
cognitive-behavioral relapse prevention skills to help individ-
uals cope with stress, anxiety, and ruminating thought pro-
cesses (Bowen et al. 2009, 2014a). The goal of MBRP is to
increase awareness of both internal (e.g., affective, cognitive)
and external (e.g., triggers, stressors) processes and, eventual-
ly, to tolerate negative affective states through the acknowl-
edgment and acceptance of present moment experience.
Several studies have shown support for MBRP in reducing
substance use and risk of relapse for adults (Bowen et al.
2014b; Witkiewitz et al. 2014). Fewer MBRP studies have
been conducted among young adults receiving SUD treatment
specifically (Sancho et al. 2018), but available evidence sug-
gests the efficacy of MBRP in reducing substance use risks for
this population (Davis et al. 2018).

Research indicates that MBRP may influence both top-
down and bottom-up processes for individuals in SUD treat-
ment (Witkiewitz et al. 2013b). In recent work, individuals in
methadone maintenance treatment for opiate use who received
MBRP (compared to treatment as usual [TAU]) evidenced
reductions (post-test only) in general impulsivity as well as
specific subscales including decision-making, acting without
thinking, and lack of planning (Yaghubi et al. 2017). Prior
research has also found that impulsivity mediates the relation
between mindfulness and alcohol-related problems; thus, re-
ductions in impulsivity may be a potential mechanism of the
effects of MBRP on substance use outcomes, and specific
domains of impulsivity may be particularly important to un-
derstand in this regard (Christopher et al. 2013).

Although current research finds small to moderate associ-
ations between trait mindfulness and impulsivity (Lu and
Huffman 2017), most studies have been cross sectional, which
precludes the ability to assess how changes in mindfulness
affect changes in impulsivity. Further, trait impulsivity has
not been tested as a mechanism of change in mindfulness-
based interventions for SUDs. These processes are especially
important to study among individuals at heightened risk for
impulsive behaviors, such as young adults in residential SUD
treatment. The current study contributes to this literature by
assessing how MBRP predicts long-term change in the five
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UPPS-P subscales. We hypothesized that individuals receiv-
ing MBRP will evidence decreased impulsivity across all
UPPS-P subscales both during the treatment phase (e.g., from
study entry to treatment discharge) and post-treatment phase
(e.g., from discharge to 6 months follow-up). We also hypoth-
esized that changes in impulsivity for those receiving MBRP
would be a mechanism of change predicting post-treatment
substance use.

Method
Participants

All participants entering the residential facility had at least one
substance use disorder diagnosis. Table 1 presents participant
characteristics. The mean age of the sample was 25.3 years
(SD=2.70), just over a third (35.0%) were female, and most
(91.3%) were of White race. The majority (90%) of partici-
pants were poly-substance users. Further, 65% of clients were
unemployed or receiving some form of Social Security enti-
tlements with the median yearly salary reported as $5500. The
average length of stay at the treatment facility was 41 (SD =
26.2) days. Most of the participants were referred to the resi-
dential facility by criminal justice, probation, or child protec-
tive services. We retained 79% of participants through the 6-
month post-treatment assessment. There were no differences
between those who were lost to follow-up and those who were
not in terms of clinical, demographic, or self-reported mea-
sures. In the main effects manuscript, we did find that youth
assigned to MBRP (versus TAU) showed significantly im-
proved perceived stress, craving, and substance use outcomes
during both the treatment phase and post-treatment phase (see
Davis et al. 2018 for more information).

Procedure

The study was approved by the University Institutional
Review Board. Participants were recruited between
September 2015 and November 2016, with follow-up assess-
ments continuing until June 2017. Data for the current study
are from a previously completed randomized clinical trial
(Davis et al. 2018) investigating the effect of MBRP for young
adults in substance use disorder treatment. The study took
place at a residential public not-for-profit substance use treat-
ment center in the mid-western USA that provided care to
low-income clients with substance use disorders. For more
details on the study, study procedure, and treatment fidelity,
see Davis et al. 2018).

Recruitment and Consenting Initial screening included 84 po-

tential participants, of whom 79 were eligible for the study.
Eligibility criteria included (a) residency at the treatment
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center, (b) being aged 18 to 29, (¢) proficiency in the
English language, and (d) clear cognitive ability to understand
and provide consent. Research staff explained that individuals
assigned to the experimental group would receive eight addi-
tional MBRP group sessions and those assigned to the control
group (TAU) would receive eight additional self-help/12-step
facilitation groups. Following the intake assessment, partici-
pants were randomly assigned to MBRP (n =44) or TAU (n =
35). All participants, regardless of treatment assignment, were
given 15 bi-weekly (every 2 weeks) assessments during treat-
ment (baseline, 2 weeks, 1 month) and for 6-month post-treat-
ment (12 assessments). Participants received $10.00 ($150.00
maximum) for each assessment.

MBRP The experimental group received treatment normally
provided by the residential facility as well as eight 1.5-h group
sessions of MBRP. Sessions were delivered twice weekly to
ensure completion of all 8 sessions. One important difference
in our delivery of MBRP compared to the standard version is
the use of rolling groups (Witkiewitz et al. 2014). This
allowed us to enroll individuals as they entered the residential
facility, rather than employ the standard 8-week cohort-based
protocol. To orient new group members at each session, a brief
orientation was provided (e.g., definition of mindfulness,
group expectations, homework assignments) to introduce the
basics of mindfulness and key exercises (e.g., the triangle of
awareness, the SOBER breathing space). Group size ranged
between 3 and 12 participants. Each session was led by two
master’s degree-level clinicians who underwent 200 h of train-
ing in mindfulness-based interventions and received supervi-
sion prior to leading MBRP groups. Each session targeted a
specific theme such as attentiveness to personal triggers, pres-
ent focus awareness, acceptance versus avoidance, responding
to emotional and physical experiences in skillful ways, intru-
sive thought recognition, or kindness in action. Participants
were given 20—30 min of homework per day, including guided
mindfulness meditations. Briefly, therapist adherence to
MBRP protocol was excellent. Data were collected using the
MBRP adherence and competence scale (Chawla et al. 2010).
More information on treatment fidelity can be found in the
original manuscript (Redacted for Review (2018)).

TAU Control group (TAU) participants received treatment nor-
mally provided by the residential facility and were asked to
attend up to eight extra social support groups (Alcoholics and
Narcotics Anonymous) during their residential stay. This was
intended to mitigate the possibility that treatment effects were
due solely to the experimental group receiving “extra” atten-
tion. Attendance at extra support group meetings was equated
to the number of hours the experimental group received addi-
tional MBRP sessions. The basic treatment practice employed
at the residential treatment center was a mix of cognitive-
behavioral treatment and 12-step approach to recovery.
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Table 1 Baseline demographic
characteristics for MBRP and
TAU

Total M (SD) or n (%) MBRP M (SD) or n (%) TAU M (SD) or n (%)
Participant characteristics
Days in residential 41.6 (26.3) 433 (35.1) 39.3 (30.7)
Age 25.3 (2.70) 25.3 (2.80) 25.3 (2.64)
Female n (%) 28 (35.0) 17 (37.8) 11 (31.4)
Race/ethnicity n (%)
White 73 (91.3) 42 (93.3) 31 (88.6)
African-American 6 (7.5) 2 (4.44) 4 (11.3)
Native American 1(1.25) 1(2.22)
Education and employment
School 7 (%)
Not in school 70 (87.5) 41 (91.1) 29 (82.9)
Adult education® 3 (3.75) 2 (4.44) 1(2.86)
2-year college 7 (8.75) 2(4.44) 5(14.29)
Last grade completed 11.9 (1.63) 11.9 (1.75) 11.9 (1.48)
Employment n (%)
Full-time 23 (28.8) 14 (31.1) 9 (25.7)
Part-time 5(6.25) 4 (8.89) 1(2.86)
Unemployed 52 (65.0) 27 (60.0) 25(71.43)
Salary (median) 5500 6000 5000
Salary (mean) 16,807 (36, 185) 18,617 (31,337) 14,479 (41, 971)

Substance use
SFSP

S-UPPS subscales
Negative urgency
Positive urgency
Lack of premeditation
Lack of perseverance
Sensation seeking

16.1 (9.99) 14.8 (9.29) 17.7 (10.7)
3.05 (0.68) 3.07 (0.67) 3.08 (0.67)
2.78 (0.71) 2.69 (0.62) 2.67(0.62)
2.42(0.61) 2.51 (0.64) 2.50 (0.64)
1.92 (0.63) 1.82 (0.63) 1.99 (0.62)
3.21 (0.68) 3.18 (0.71) 3.23 (0.67)

MBRP mindfulness-based relapse prevention, TAU treatment as usual (control condition)

# Adult education includes GED classes

P SFS is a variable created to contain information on all substances and three substance problem items. The scale
calculates the proportion of days each individual uses all 15 substances or experiences problems. These values are

averaged and multiplied by 100

Measures

Control Variables To ensure our models adequately controlled
for outside influences, we controlled for several institutional
and individual level variables. In all models, we controlled for
the number of days each participant spent in the treatment
facility; the number of days each participant spent in jail,
hospital, or prison at each time point post-treatment; and gen-
der (female as reference group). This helped to adjust for the
lower rates of substance use reported by participants because
they were in a controlled environment. All control variables
were regressed on all latent intercept and slope factors.

Impulsivity We used the short form of the UPPS-P (SUPPS-P)
impulsive behavior scale (Cyders et al. 2014). The SUPPS-P is

a 20-item inventory designed to measure five personality traits
(or subscales) that are linked to impulsivity. The five SUPPS-P
subscales are: Negative Urgency, Positive Urgency, (lack of)
Premeditation, (lack of) Perseverance, and Sensation Seeking.
Each item is evaluated on a 4-point Likert scales ranging from
“Strongly Agree” (1) to “Strongly Disagree” (4). Some exam-
ple items are as follows: “When I feel bad, I will often do things
I later regret in order to make myself feel better now (negative
urgency), “Once I get going on something I hate to stop” (lack
of perseverance), “I like to stop and think things over before I
do them” (lack of premeditation), “I quite enjoy taking risks”
(sensation seeking), and “I tend to lose control when I’'m in a
great mood” (positive urgency). Mean scores were calculated
for each scale, such that higher scores relate to higher impulsiv-
ity subscales. All scales demonstrated adequate internal
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consistency within the current sample (Cronbach’s alpha coef-
ficient: negative urgency = 0.72; positive urgency = 0.89; lack
of premeditation = 0.89; lack of perseverance = 0.87; and sen-
sation seeking = 0.83).

Substance Use The Substance Frequency Scale (SFS) (Dennis
et al. 2004) measures the average percent of days of use for
alcohol, heavy alcohol, cannabis, illicit drugs, and also days of
problems associated with substance use. Higher scores repre-
sent increasing frequency of substance use days. An example
item is “in the past 2 weeks...how many days have you used
any kind of alcohol?” Participants respond with the number of
days (range 0—14) they have used each substance. The SFS
was reliable in both prior adolescent and young adult samples
(Buchan et al. 2002; Lennox et al. 2006). Specifically, the SFS
has shown strong reliability, validity, and strong relationship
with abuse and dependence symptoms among a large sample
of youth in substance use disorder treatment (Dennis et al.
2004). The SFS has good reliability and validity in the current
sample (o =.85 and test-retest r=.94).

Data Analyses

To assess change across the five facets of impulsivity, a tax-
onomy of bi-linear spline latent growth models were estimated
(Grimm et al. 2017). Bi-linear spline models are useful when
data can be separated into discrete phases. Typically, bi-linear
spline models are used when simple growth models cannot fit
the functional form of the data. Each discrete phase can be a
simple growth model (e.g., linear or quadratic factors), which
aids in both model fit, and analyzing the functional form of the
data. The segments that connect the phases of growth are
called knot or transition points. In the current study, we used
bi-linear spline models to assess the effects of treatment as-
signment (MBRP vs. TAU) during the treatment phase (slope
1) and post-treatment phase (slope 2) with the intercept cen-
tered at the pre-treatment assessment. All models tested for the
presence of a quadratic effect during the post-treatment phase
using changes in model fit (—2 log likelihood). Results sug-
gested a random intercept and linear slope with a fixed qua-
dratic slope provided the best fit to the data. To determine
variation in changes across the impulsivity scales, we
regressed each latent growth factor on a dummy variable
representing the experimental (MBRP =1) and control
(TAU = 0) conditions.

In addition to assessing how treatment marks changes on
impulsivity scales, we fitted a series of model constraints to
assess between-group differences (e.g., simple slopes) in the
outcomes at substantively meaningful points in time: (1) base-
line, (2) treatment completion (i.e., end of the treatment
phase), (3) mid-point (14 weeks), and (4) end of study
(28 weeks, end of the post-treatment phase). To understand
practical significance, we calculated standardized mean
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differences (Cohen’s d) at all four time points mentioned
above, which provide descriptive indicators of effect size.
Cohen’s d was calculated with MBRP as the reference group;
thus, negative values favor the experimental condition.
Variance estimates used to scale d were estimated using total
variance of the outcome over time (Lipsey and Wilson 2001).

Analytic Sample All models were fitted using the full infor-
mation maximum likelihood (FIML) estimator available in
Mplus version 8 (Muthén and Muthén 1998-2012). In each
model, individuals contributed any data they had to the like-
lihood function (i.e., both X'and Yvariables). Our final analytic
sample was 79 participants.

Results

Treatment-Related Changes Across Impulsivity
Subscales

Table 2 provides parameter estimates for our final models for
each of the five impulsivity subscales.

Negative Urgency As indicated in our final conditional growth
model (Table 2; Fig. 1), participants receiving MBRP reported
statistically significant declines in negative urgency during the
treatment phase whereas participants receiving TAU reported
anon-significant decrease (bygrp = — 0.41, p < 0.00; bray =

—0.21, p=0.22). These declines during the treatment phase
were significantly different from each other (Wald x* =
4.43(1), p=0.03). Notably, these trajectories diverged mark-
edly upon leaving treatment (bjinear = — 0.57, p < 0.00; bgyaa =
0.41, p<0.00). In general, participants assigned to MBRP
maintained low levels of negative urgency throughout the
post-treatment phase, evidenced by a non-significant simple
slope (simple slopes: bjinear = —0.01, p=0.82; bguag=0.001,
p =0.40). However, participants assigned to TAU evidenced a
stark increase following treatment discharge (simple slope: b-
tinear = 0.12, p <0.00; bguag= —0.01, p=0.04). As shown in
the vertical distance between trajectories (marked by brackets
in Fig. 1), the diverging trajectories manifested effect sizes
that ranged from small at treatment completion (d-
tx completion = — 0.26), moderate at the mid-point (d}» weeks =

—0.51), and small at the end of the study (dsg weers = —0.21).

Positive Urgency Similar to negative urgency, MBRP partici-
pants reported significant declines in their level of positive
urgency (Fig. 1) during the treatment phase with those
assigned to TAU reporting a non-significant decline
(bmsrp = —0.20, p=0.02; bray= —0.07, p=0.48). Unlike
negative urgency, treatment phase slopes were not significant-
ly different from each other, Wald X2 =0.93(1), p=0.34), in-
dicating both groups had similar declines in positive urgency
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Table 2 Final models for bi-linear spline latent growth curve models for impulsivity subscales. Parameter estimate (SE)
Negative urgency  Positive urgency ~ Lack of perseverance  Lack of premeditation  Sensation seeking
Growth parameters
Intercept 2.91(0.11)* 2.77 (0.11)* 1.83 (0.10)* 2.24 (0.01)* 3.11 (0.12)*
Treatment linear slope —0.18 (0.07)* —0.11 (0.07) 0.01 (0.05) —0.06 (0.06) —0.03 (0.05)
Post-treatment linear slope 0.13 (0.03)* 0.08 (0.03)* 0.03 (0.02) 0.04 (0.02) —0.004 (0.02)
Post-treatment quad slope —0.01 (0.002)* —0.01 (0.002)* —0.001 (0.002) —0.001 (0.002) 0.002 (0.001)
Treatment effect
Intercept 0.04 (0.14) —0.16 (0.15) 0.12 (0.14) 0.18 (0.13) 0.06 (0.16)
Treatment linear slope —0.21 (0.08)* —0.13 (0.09) —0.15 (0.06)* —0.25 (0.08)* —0.08 (0.07)
Post-treatment linear slope —0.12 (0.04)* =0.11 (0.04)* —0.01 (0.03) —0.04 (0.03) 0.04 (0.03)
Post-treatment quad slope 0.01 (0.003)* 0.01 (0.003)* —0.001 (0.002) 0.002 (0.003) —0.02 (0.003)
Random effects (variance)
Intercept 0.19 (0.06) 0.21 (0.07)* 0.23 (0.06)* 0.18 (0.05) 0.31 (0.07)*
Treatment phase slope 0.08 (0.03) 0.07 (0.02)* 0.01 (0.01) 0.06 (0.02)* 0.02 (0.01)
Post-treatment linear slope 0.003 (0.001)* 0.003 (0.001)* 0.01 (0.00)* 0.01 (0.001)* 0.002 (0.001)*
Post-treatment quad slope (fixed) ~ 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Fit indices
2LL 4199.1 4213.6 3771.7 3882.2 3908.7
AIC 4289.1 4303.6 3861.7 3972.2 3998.7
BIC 4395.7 4410.3 9368.3 4078.8 4105.4
CFI 0.96 0.93 0.92 0.94 0.94
RMSEA 0.09 0.09 0.08 0.08 0.07

Control variables are not shown for ease of readability. However, each model controlled for time spent in the residential facility, time spent in jail, prison or
other facility, and baseline levels for substance frequency scale. Further, a model building process was utilized for each of the 5 scales such that we estimated

an unconditional linear growth model (model 1), an unconditional quadratic growth model (model 2), and a conditional growth model (model 3)

#p<.05

during treatment. However, trajectories diverged at treatment
completion with participants assigned to MBRP maintaining
low levels of positive urgency throughout the post-treatment
phase (simple slopes: bjinear = = 0.05, p=0.19; bgyaq = 0.004,
p=0.15). In contrast, participants assigned to TAU showed a
rather immediate and substantial increase in positive urgency
following treatment completion and maintaining high levels
throughout the post-treatment phase (simple slopes: bjinear =
0.14, p<0.00; bguaqa= —0.01, p <0.00). Diverging trajecto-
ries maintained effect sizes that were small throughout the
Study periOd (dix completion = —0.18; d12 weeks = —0.37; d-
28 weeks = — 0.10).

Lack of Premeditation Significant differences were found in
treatment slopes for lack of premeditation (Fig. 2) with
participants assigned to MBRP evidencing significant de-
clines in lack of premeditation and those assigned to TAU
showing a non-significant slope (bygrp= —0.26, p <0.00;
brau= —0.02, p=0.81). These slopes were significantly
different from each other (Wald x*=6.23(1), p<0.01).
Interestingly, participants in both groups did not evidence
significant change during the post-treatment phase. That is
participants assigned to MBRP (simple slopes: bjjnear= —

0.01, p=0.85; bguaa=0.001, p=0.82) or TAU (simple
slopes: biinear=0.33, p=0.33; bgyaa= —0.01, p=0.85) did
not evidence increases or decreases on lack of premedita-
tion from their treatment discharge levels. Effect sizes
ranged from moderate at treatment completion (d-
tx completion = — 0.43), to rather large at the mid-point (d-
12 weeks = — 0.66), and end of the study (dbg yyeers = — 0.63).

Lack of Perseverance Similar to lack of premeditation, we
found differences in slopes for lack of perseverance (Fig. 2)
during the treatment phase between conditions,byprp = —
0.12, p=0.01; byau=0.02, p=0.76. These slopes were sig-
nificantly different from each other (Wald x*=4.07(1), p=
0.04). Further, participants in both groups did not evidence
significant change during the post-treatment phase.
Participants assigned to MBRP (simple slopes: bjjeqr = 0.01,
p=0.76; bguaa= —0.01, p=0.76) or TAU (simple slopes: b-
tincar = 0.01, p = 0.79; bquaqa = 0.002, p = 0.39) did not evidence
increases or decreases in the report on lack of perseverance
from their treatment discharge levels. Effect sizes ranged from
small at treatment completion (dx compietion = — 0.16), to mod-
erate at the mid-point (d5 weeks = — 0.38), and end of the study
(drg weeks = —0.43).
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Fig. 1 Change in negative and 4 Treatment
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Sensation Seeking Unlike the other four subscales of impul-
sivity, sensation seeking (Fig. 2) evidenced no differences
between conditions during both the treatment and post-
treatment phases. Specifically, during treatment, those
assigned to MBRP showed significant decreases in sensation
seeking (bygrp= —0.13, p=0.03) and those assigned to
TAU had a non-significant change (btay=0.04, p=0.62).
these slopes were not significantly different from each other
(Wald x> =4.76(1), p=0.09). Further, no differences were
found during the post-treatment phase between groups.

4 Treatment
Phase

3.5

2.5

Score on Impulsivity Subscales
L3S

0.5

Effect sizes were small or near negligible at all time points (d-
tx completion = 0.03; d12 weeks = — 0.01; dbg weeks = —0.03).

Indirect Effects Modeling

Table 3 includes all indirect effect models for each of the
impulsivity subscales. We did not find an indirect effect for
lack of premeditation, lack of perseverance, and sensation
seeking. We did, however, find that both positive urgency
(indirect effect=—2.05, 95% CI [—4.20, —0.18];

Post-Treatment
Phase

*+>(* TAU - lack of perseverence
==@— MBRP - lack of premeditation

<+ @+ TAU - sensation seeking

7 8 9 10 11 12 13 14

Time

=== MBRP - lack of perseverence **®+* TAU - lack of premeditation

=@ MBRP - sensation seeking

Fig. 2 Change in UPPS subscales (assessed bi-weekly) across experimental conditions
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Table 3 Model based approach for impulsivity subscale mediation

Negative urgency Positive urgency Lack of premeditation Lack of perseverance Sensation seeking

B [95% CI] B [95% CI] B [95% CI] B[95% CI] B[95% CI]
A path -136[-193,-0.78] —-096[-1.50,-043] —-120[-1.77,-0.63] —065[-1.11,-0.19] —0.22 [-0.69, 0.25]
B path 1.53[0.61, 2.45] 2.11 [0.20, 4.04] 0.71[-0.71, 2.12] 3.78 [-4.35, 6.51] 0.56 [-0.99, 2.12]
C’ path —1.11 [-2.55, 0.33] —1.04 [-3.13, 1.06] —0.12 [-1.88, 1.64] -1.37[-5.92,3.19] —0.87 [-1.63,-0.11]
Total effect -097[-1.58,-035] —1.01[-1.61,—-0.02] -096[-1.75,-0.18] —-1.10[-1.83,-037] —0.99[-1.67,—0.32]

Indirect effect  —2.08 [~ 3.59, - 0.53]  —2.05 [~ 4.20, - 0.18]

~0.84 [~ 2.65, 0.96]

~248[-6.97,2.02] ~0.13 [ 0.56, 0.31]

Each model allowed for co-variation between intercepts and slopes. Treatment assignment was regressed on intercept and slope values; however, effects
shown above are for treatment effect on change (slopes) during treatment and post-treatment phase. A path = treatment assignment regressed on
treatment phase stress slope; B path = stress slope during treatment phase regressed on post-treatment phase slope for craving or substance use; C path
= treatment assignment regressed on post-treatment phase craving or substance use. Italic indicates confidence interval does not include 1

standardized = — 0.84) and negative urgency (indirect effect =
—2.08, 95% CI [—3.59, —0.53]; standardized = —0.89) were
significant indirect effects. That is, post-treatment substance
use frequency is expected to decrease by 0.84 and 0.89 stan-
dard deviations for individuals assigned to MRBP (versus
TAU) via decreases in positive and negative urgency,
respectively.

Discussion

Impulsivity is a well-established risk factor for substance use,
broadly, and alcohol use, drug use, and substance dependence,
specifically (Lejuez et al. 2010). As such, interventions aimed
at reducing impulsive behavior have important implications
for reducing substance use. The main purpose of the current
study was to understand differences in trajectories of facets of
impulsivity among young adults receiving an intervention de-
signed to target impulsivity (MBRP) versus standard residen-
tial SUD treatment. Further, we sought to understand if chang-
es in impulsivity during treatment were a significant mecha-
nism of change between treatment assignment and post-
treatment substance use. Consistent with prior research
(Yaghubi et al. 2017), results indicated that MBRP was effec-
tive at reducing facets of trait impulsivity in treatment-seeking
individuals with SUDs. Although contrary to study hypothe-
ses, only positive and negative urgency mediated the relation
between treatment assignment and substance use.

This study indicates that the effect of MBRP on impulsivity
over time is dimension specific. That is, young adults receiv-
ing MBRP evidenced significant reductions in all facets of
impulsivity except for sensation seeking during treatment,
and these reductions were significantly greater than TAU for
all facets except positive urgency. These treatment gains were
maintained through the 6-month follow-up, providing empir-
ical evidence that MBRP alters facets of trait impulsivity pro-
spectively. Although both groups evidenced reductions in pos-
itive urgency, these reductions were only maintained for the
MBRP group. That is, MBRP appears to have specific effects

on positive urgency, negative urgency, lack of premeditation,
and lack of perseverance. These results are partially consistent
with findings from a prior meta-analysis examining associa-
tions between dimensions of impulsivity and mindfulness, in
which positive urgency, negative urgency, and lack of premed-
itation evidenced medium effects and sensation seeking evi-
denced small effects (Stautz and Cooper 2013). The current
MBRP intervention did not significantly reduce sensation
seeking. However, prior research suggests that sensation seek-
ing has a curvilinear relationship with age, with peak levels
between the ages of 12—15, and a slight decline during the late
teens and early twenties (Steinberg et al. 2008). Therefore, it is
possible that the effect of mindfulness-based interventions on
sensation seeking may be hindered because of the strength of
this personality trait during young adulthood.

The current study found both positive and negative urgen-
cy to be significant mechanisms of change between treatment
assignment (MBRP vs. TAU) and long-term substance use
(post-treatment). This is consistent with cross-sectional work
that has found that, after controlling for mindfulness variables,
only negative and positive urgency were related to alcohol
consumption (Murphy and MacKillop 2012), indicating that
the association between mindfulness and alcohol use may be a
function of these specific dimensions of impulsivity. Both
positive and negative urgency describe disposition towards
rash action in the context of intense affective state (e.g., neg-
ative or positive emotional state). Thus, it may be that MRBP
mitigates the decision to use alcohol or drugs in response to
intense emotional states. In fact, some prior research has found
that being higher in negative and positive urgency can predis-
pose individuals to use alcohol in response to distress (Settles
et al. 2010). Future research may benefit from a more focused
investigation of how mindfulness interventions may alter im-
pulsivity during intense emotional states. Identifying which
specific mindfulness strategies are most effective in regulating
intense emotional states over time is warranted.

It is notable that MBRP appeared to reduce positive and
negative urgency during treatment and protect against post-
treatment increases in these domains. Specifically, the MBRP
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group evidenced significant reductions in positive and nega-
tive urgency that were maintained to post-treatment, but the
TAU group evidenced non-significant decreases during treat-
ment that were counteracted by significant increases post-
treatment. This finding is especially notable in light of evi-
dence that reductions in impulsivity are a mechanism of action
in 12-step programs (Blonigen et al. 2013). Given that the
TAU group attended additional 12-step meetings but did not
maintain the reductions in impulsivity observed in the MBRP
group, the current study suggests that changes in impulsivity
resulting from 12-step program attendance may be short lived
at least in this type of cohort. Future research is needed to
clarify this finding.

Results from our study may also lend some support to a
top-down hypothesis of self-regulation. We measured
change in impulsivity dimensions that relate to an ability
to resist instant gratification (urgency), increased attention
control (perseverance), and heightened ability to assess
long-term consequences (premeditation). One core tenet
of MBRP focuses on being in the moment and focusing
on addressing the difference between reacting (e.g., habit-
ual response to a negative stimuli) and responding (e.g.,
present focused, non-judgmental response to a negative
stimuli). In this sense, MBRP may help by increasing
top-down control while also dampening the reactive nature
of bottom-up processes. This account is consistent with
prior research showing that mindfulness training can im-
prove functional connectivity between parts of the brain
that are associated with cognitive control over emotions
and thoughts (e.g., dorsolateral and ventromedial prefron-
tal cortex) (Witkiewitz et al. 2013b). Evidence also sug-
gests that top-down cognitive control is associated with
craving cues via increased activity in frontal regions of
the brain and decreased activity in striatal regions (Kober
etal. 2010; Volkow et al. 2010). It follows that mindfulness
training through MBRP may be associated with a greater
ability to exhibit top-down control during heightened emo-
tional states. This may manifest as an increased ability to
recognize triggers (e.g., signs of emotional distress) that
might previously have been outside of conscious aware-
ness and to use skills learned such as acceptance, urge
surfing, and equanimity to mitigate impulsive responses
by regulating emotions without using substances
(Witkiewitz et al. 2005). The current study provides sup-
port for this hypothesis, indicating that MBRP may inhibit
impulsive decision-making most effectively during time of
heightened emotional distress (i.e., positive and negative
urgency).

Limitations and Future Research

The current study is not without limitations. First, the use
of self-reported impulsivity and substance use may

@ Springer

introduce recall bias in outcomes. While several studies
have found self-reported substance use to be highly cor-
related with biochemical measures (Hjorthgj et al. (2012),
future research should assess a more comprehensive range
of impulsivity facets, such as behavioral choice (e.g., de-
lay discounting) and behavioral response (e.g., cued go/
no-go task). Second, while we were able to detect small to
moderate effects, our small sample size may have influ-
enced statistical power. Replication studies using larger
sample sizes are warranted. Third, individuals were in a
controlled environment during the treatment phase, which
may have led to reduced opportunities for impulsive be-
havior. Although the focus on individuals in residential
treatment is a strength, and the results indicate that differ-
ences between treatment groups exist despite the con-
trolled setting, future studies would benefit from replica-
tion studies among youth in outpatient or “real-world”
settings. Fourth, the MBRP intervention in the current
study made use of rolling group admission, allowing
new patients at the residential facility to enter the group
and departing patients to leave it. This may be a limitation
given ordering or timing of specific sessions. However, a
recent open trial has shown that rolling MBRP groups
have demonstrated feasibility and acceptability compara-
ble to the typical closed group format (Roos et al. 2018).
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