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Abstract

Introduction: Reward deficits negatively impact recovery from substance use disorder (SUD).
LETS ACT, a behavioral activation treatment targeting substance-free reward, has demonstrated
effectiveness in reducing post treatment substance use. There remains room for modifications
to extend recovery gains, and LETS ACT remains largely untested in outpatient treatment. We
tested the effect of LETS ACT when delivered alongside intensive outpatient SUD treatment,
with and without a smartphone app designed to extend access to treatment content outside of
clinician-administered sessions.

Methods: In this three-arm randomized controlled trial (M=206; 54% White, 67% male), all
participants received intensive outpatient SUD treatment as usual (TAU) and either LETS ACT
(m=56), smartphone-enhanced LETS ACT (/=65), or assessments only (7=61). Substance use days
and substance related problems were assessed through 12 months posttreatment.

Results: Generalized estimating equations indicated a significant condition*time interaction
for substance use days; Days of substance use significantly declined from pretreatment until
1-month for TAU, 3-months for LETS ACT-SE, and 6-months for LETS ACT. Decreases in
substance-related problems were maintained across all conditions through 12 months.
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Conclusions: Adding LETS ACT to intensive outpatient treatment resulted in significant
decreases in substance use through 6 months posttreatment, yet these gains were not sustained
through 12 months posttreatment. A smartphone app did not facilitate superior treatment
outcomes. Future studies should consider factors impacting treatment efficacy in outpatient
settings and the utility of providing more than six sessions of behavioral activation.
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1. Introduction

One of the many challenges individuals entering treatment for substance use disorder (SUD)
face during recovery is the depletion of reward sensitivity and substance-free forms of
reinforcement. These deficits stem from the effect of SUD on the availability of, and ability
to experience pleasure from, substance-free rewards (Acuff et al., 2019; Baskin-Sommers &
Foti, 2015; Koob & Volkow, 2010). Recovery efforts are therefore difficult to sustain due to
the heightened reward value and availability of substance use.

The Life Enhancement Treatment for Substance Use (LETS ACT) is a behavioral activation
(BA) treatment that aims to increase the availability of substance-free rewards and the
frequency of daily substance-free positive reinforcement. LETS ACT delivered in small
groups to low-income adults with an SUD enrolled in publicly funded residential treatment
improves treatment retention (Magidson et al., 2011) and reduces the likelihood of returning
to substance use and related problems up to one year posttreatment (Daughters et al., 2018)
compared to control conditions. BA has also demonstrated effectiveness in treating smoking
(MacPherson et al., 2010) and hazardous alcohol use and related problems among college
students (Reynolds et al., 2011). A systematic review concluded that BA has a significant
effect on substance use and problems (Fazzino et al., 2019).

Despite growing empirical support for LETS ACT, there remains room for improvement and
expansion. A substantial proportion of patients who receive abstinence-focused treatment
supplemented with LETS ACT return to substance use, suggesting a need for modifications
that would support sustained treatment gains (Daughters et al., 2018). Given the importance
of treatment engagement and homework completion in cognitive-behavioral therapy broadly
(e.g., Decker et al., 2016), and of daily activity planning and completion in BA in particular,
targeting engagement in treatment skills outside of sessions represents a promising next step.
Smartphone apps have the potential to bolster skill building and treatment engagement via
theoretically based guidance, prompts, and reminders and in the context of SUD treatment
have proven to be accessible, acceptable, and an effective means of behavior change
(Carreiro et al., 2020; Dahne & Lejuez, 2015; Fowler et al., 2016; Meshesha et al., 2020;
Tofighi et al., 2019). To this end, we designed a LETS ACT smartphone app to increase
access to BA during and after the conclusion of the clinician-administered treatment sessions
(Paquette et al., 2021).

In addition to the importance of increasing accessibility in low resource settings, most adults
with an SUD receive outpatient treatment services, with the proportion receiving residential
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or inpatient treatment declining yearly over the past decade (SAMHSA, 2021). It is therefore
important to test the effect of LETS ACT when administered to adults enrolled in publicly
funded outpatient treatment. Compared to residential settings, a possible advantage of
outpatient treatment is patient access to daily out-of-session engagement in value-based
activities within their natural environment, a key mechanism of BA. Evidence from a pilot
trial of LETS ACT delivered in an individual outpatient format to adults with co-occurring
depression and SUD in the United Kingdom indicates superior effects on depression and
substance use compared to treatment as usual up to three months posttreatment (Pott et al.,
2022).

The aims of this study were to test the effect of LETS ACT when administered in
conjunction with a publicly funded outpatient SUD treatment program, and whether a
smartphone app improves recovery outcomes. It was predicted that patients who received the
smartphone-enhanced condition (LETS ACT-SE) would outperform standard LETS ACT,
and that both conditions would outperform those who only received the outpatient treatment
as usual (TAU), on the number of substance use days and related problems up to one year
posttreatment.

2. Material and Methods

2.1. Study Design

This study was a single-site three-arm clinical trial (Technology Enhanced Behavioral
Activation Treatment for Substance Use, NCT#: 02707887) conducted at an intensive
outpatient SUD treatment center in Raleigh, NC. All participants (A=206) received
treatment as usual (TAU). Participants were randomized to LETS ACT (n#=77), LETS
ACT-SE (r7=68), or TAU with assessments only (7=61). Assessments were conducted by
trained research assistants and occurred at pre- and posttreatment and at 1, 3, 6, and 12-
month posttreatment follow-ups. All study procedures received Institutional Review Board
approval.

2.2. Sample recruitment and retention

The research team recruited patients who were currently enrolled in an intensive outpatient
SUD treatment program between February of 2016 and April of 2019; recruitment ended
when the target sample size had been reached. Target sample size was determined

using an empirical power analysis to ensure the ability to detect clinically meaningful
differences in our outcomes between conditions over time. Those who were interested in
participating were assessed for eligibility, provided informed consent, and completed the
pre-treatment assessment. Randomization occurred at the group level and was conducted
by an off-site consultant using computerized urn randomization procedures (Stout et al.,
1994), with 3 conditions. Participants were recruited in groups (N=64) and unaware of
condition assignments. Study exclusion criteria were: (1) aged >65 or <18, (2) < fifth
grade English reading level (i.e., score <42 on the Wide Range Achievement Test — Word
Reading Subtest (Jastak & Wilkinson, 1984), (3) current psychotic symptoms (measured
by the Mini-International Neuropsychiatric Interview 7.0 (MINI; Sheehan et al., 1998),
(4) completion of > four weeks of TAU, and (5) inability to provide written informed
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consent to participate. Participants completed posttreatment and follow-up assessments at
the outpatient treatment facility or a public location with adequate privacy (e.g., public
library). Follow-up assessments occurred between February of 2016 and June of 2020. Study
flow from recruitment to analysis is reported in Figure 1. Follow-up rates at each assessment
ranged from 75.38% to 95.08%, excluding individuals who were withdrawn from the study
due to nonattendance following the pretreatment assessment and therefore not followed
subsequently. In total, 83.98% randomized participants attended at least one posttreatment
or follow-up assessment and 64.83% of those retained beyond the pretreatment assessment
attended all six assessments.

2.3. Intervention

2.3.1. Treatment as Usual (TAU)—AII study participants were enrolled in an
abstinence-based SUD intensive outpatient program (IOP) which is based on the Matrix
Model of Intensive Outpatient Treatment (Rawson et al., 1995). Main components of

the program include 12 weeks of group therapy for three hours per day, three days per
week, weekly individual case management appointments, and up to two optional individual
counseling sessions per week. Group sessions do not have a set curriculum, but typically
include individual check-ins, psychoeducation, and time to verbally process and share.
Abstinence from substance use is required and patients are aware that a positive urine drug
screen administered by the treatment program may result in dismissal.

2.3.2. LETS ACT—The Life Enhancement Treatment for Substance Use (LETS ACT;
Daughters et al., 2018) is a group-based brief BA treatment for substance use. Six one-hour
sessions were provided in small groups of six or fewer participants twice weekly over three
weeks. Sessions began with discussion of the treatment rationale, which is a functional
analysis describing a cycle of negative mood, urges, and maladaptive behaviors (e.g.,
substance use). Participants learn that the goal of treatment is to break this cycle by engaging
in healthy, rewarding behaviors that generate a sense of enjoyment and/or accomplishment,
which in turn helps reduce the likelihood of experiencing urges to use substances or engage
in other maladaptive behaviors in response to difficult emotions. Following the treatment
rationale, participants record daily activities and rate them on enjoyment and importance in
order to identify patterns of inactivation and opportunities to increase positive reinforcement.
Next, emphasis shifts to identifying value-based activities within a variety of life areas

(e.g., education and work, emotional health, hobbies and recreation, relationships). In later
sessions, the focus shifts to planning and implementing value-based activities in a daily plan,
problem-solving challenges to adherence, and posttreatment planning (see Daughters et al.,
2016 for a detailed description of session content).

2.3.3. Smartphone-Enhanced LETS ACT—The smartphone app was developed as an
adjunct to LETS ACT; the development, design, feasibility, and use of the app have been
described previously in a manuscript available via open access (Paquette et al., 2021). In the
Smartphone-Enhanced condition (LETS ACT-SE), participants were provided with Apple
iPhone 6 smartphones with the installed LETS ACT app at the second treatment session.
Participants were introduced to each app component during the sessions, with a quick
therapist-led tutorial followed by in-session practice. Participants were asked to use the
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LETS ACT app to complete treatment homework. Primary features and functions of the app
included the life areas, values, and activities (LAVA) library, plan ahead, daily plan, weekly
progress, and emergency button, accessible via icons on the home screen. The LAVA library
stores user-generated value-based activities. The p/an ahead feature allows the app user

to schedule value-based activities for specific days and times. The gaily plan feature lists
planned activities for the coming week, which app users can mark as complete by checking
a box. Weekly progress allows the app user to view their proportion of completed activities.
The emergency button is available for high-risk situations and lists user-generated activity
or healthy coping behavior options. Participants were permitted to keep the smartphones
until the three-month posttreatment follow-up appointment, at which time they returned the
phones to the research team. Phone plans (which included calls, texting, and wireless data)
were set up and paid for by the research study. The majority of participants (37/54, 69%)
self-reported use of the LETS ACT app until one month posttreatment, with this proportion
decreasing significantly (to 20/54, 37%) by 3 months posttreatment (see Paquette et al., 2021
for more detailed data on LETS ACT app usage and acceptability).

2.3.4. Treatment Attendance and Fidelity—Participants attended an average of 4
of the 6 BA sessions (range=1-6, SD=1.83). A two-tailed f-test indicated that there were
no significant differences in number of BA sessions attended between the LETS ACT
(mean=4.29) and LETS ACT-SE (mean=3.75) conditions ({119)=1.61, p=.11).

Study therapists included clinical psychology doctoral students and postdoctoral fellows.
Therapist training included didactics, observation, and role-plays and each therapist was
trained to administer both conditions. Treatment manuals were followed in both conditions
to ensure standardization of treatment and consistency of delivery (Bellg et al., 2004).
Therapists (/7=9) provided treatment to a total of 45 groups (LETS ACT =23; LETS ACT-
SE r=22), with each therapist averaging 5.0+7.4 groups (range=1-13) and a total of 3.2+1.3
participants (range=3-42). Study therapists were not involved in any research procedures for
their groups. All therapy sessions were audiotaped, and clinical supervision was provided
weekly for both conditions. Adherence forms were completed for each session and 20% of
session audiotapes (n=50) were randomly selected and rated by a trained independent rater.
The mean percent adherence for each component within each session indicate a high level of
adherence (LETS ACT=93.8+4.7, LETS ACT-SE=95.8+4.4), with no significant differences
between BA conditions ({47)=1.55, p=.13).

2.4. Measures and Outcome Variables

Participants self-reported sociodemographic information including age, race/ethnicity, sex,
education level, and income. Trained interviewers administered the MINI 7.0 (Sheehan et
al., 1998) at pretreatment to assess for mood, anxiety, and SUD diagnoses using diagnostic
criteria from the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5). Interrater reliability on the MINI was determined via assessment of 10% of audio-
recorded baseline clinical interviews by independent, secondary raters blind to original score
and diagnosis. The reliability statistic across diagnostic categories was 0.95.
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2.4.1. Outcome Measures—The primary outcome representing frequency of substance
use was self-reported substance use days, defined as the number of days of any alcohol

or illicit substance use within each assessment period for substances for which participants
met SUD diagnosis at pretreatment, self-reported using the clinician administered Timeline
Followback (TLFB; Sobell et al., 1979). The TLFB is a gold-standard self-report measure
of substance use that has high agreement with biological measures (Hjorthoj et al., 2012).
The pretreatment time period consisted of the 30 days prior to beginning the IOP program.
Subsequent timepoints consisted of the days between each assessment (e.g., pretreatment
assessment date to posttreatment assessment date).

Substance-related problems were assessed using the Short Inventory of Problems-Alcohol
and Drugs (SIP-AD; Blanchard et al., 2003), a 15-item measure with excellent reliability
(a=.95; Kiluk et al., 2013). Individual item responses range from 0—4 (never to daily/
almost daily during the past month), with a total score range of 0-60 that reflects adverse
consequences from substance use across physical, inter-personal, intra-personal, impulse
control and social responsibility domains. Higher scores reflect a greater frequency of
adverse consequences attributed to drug and alcohol use. Internal reliability in the current
study was a=.98. Given the 1-month time period assessed by the SIP-AD, this measure
was administered at pretreatment in reference to the 30-days prior to 10P, and all follow-up
assessments except posttreatment because the pretreatment to posttreatment assessment time
window was only 3 weeks.

2.5. Statistical Analyses

2.5.1. Covariate Selection—Two covariates were selected a priori based on
hypothesized relevance to the outcomes of interest and were included in all analyses.

These included the number of days in the IOP program at the pretreatment assessment

and the number of full days participants spent in a restricted environment (e.g., hospital,
jail, inpatient treatment center) within each assessment period. Chi-square analyses and one-
way ANOVAs were used to test group equivalence between the three treatment conditions
across demographic variables (age, gender, race/ethnicity, education level, income), DSM-5
diagnoses (see Table 1 for list), and pretreatment substance use (frequency of use in the

30 days before treatment and number of days since last use of any substance). Categories
represented in <5% of the sample were excluded from these analyses and are summarized in
Supplementary Table 1. To examine if DSM-5 diagnoses were associated with the primary
outcomes, omnibus tests were conducted with main effects of these variables included as
fixed effects. For each primary outcome (i.e., substance use frequency and substance-related
problems), one omnibus test was conducted with all SUD diagnoses coded by severity level
(0=no diagnosis, 1=mild, 2=moderate, 3=severe) as well as a variable representing the total
number of SUD diagnoses for which the participant met criteria at pretreatment. A second
omnibus test included all DSM-5 psychiatric diagnoses.

2.5.2. Analytic approach—Data were analyzed using SPSS version 26, using an intent-
to-treat framework. Generalized Estimating Equations (GEE) tested treatment condition
effects on substance use days and substance-related problems from pretreatment to the
12-month follow-up. This analytic approach was selected due to the nested nature of the
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data (i.e., time nested in person) and the suitability of GEE to non-normal data distributions,
including zero-inflated “count” data, such as the substance use days outcome (Ballinger,
2004). Additionally, GEE is an optimal analysis method with large numbers of clusters
(e.g., over 40), and with many clusters of a small size (Teerenstra et al., 2010), making it
well suited to the structure of the current data (specifically, there were 206 subjects with

up to six observations, i.e., time points, per subject). The outcome variable for substance
use days (number of days with any substance use within the assessment period) was
restricted to substances for which each participant met criteria for an SUD at pretreatment.
A variable representing the total days within each time period was included as the trials
variable, since the number of days between assessment points varied across time points and
between participants. This approach achieves a similar goal but is statistically preferable to
specifying the outcome as percentage of days used within the assessment period. A binomial
probability distribution was selected for the analysis of substance use days, while a Poisson
distribution was selected for the analysis of substance-related problems. Participant was
included as a random effect in both analyses.

Missing data for both outcome analyses was determined to be missing completely at random
(MCAR) using Little’s MCAR tests (all p-values >.17). Multiple imputation was performed
for missing outcome variables and covariates at all time points using linear regression

with the monotone method. Five datasets were imputed and analyses were run within each
dataset. Pooled parameter estimates were obtained using the multiply imputed data and did
not differ in direction or significance compared to the analyses without multiple imputation.
Thus, the original analyses without imputation are presented here.

3. Results

3.1 Study Retention, Treatment Attendance, and Sample Characteristics

Detailed pretreatment diagnostic and substance use information is displayed in Table 1. The
most prevalent diagnoses in the sample were major depressive disorder (58.2%) and alcohol
use disorder (65.5%). The sample also displayed a high rate of comorbidity, with 57.3% of
the sample meeting criteria for two or more DSM-5 non-substance use disorder diagnoses
and 76.7% of the sample meeting criteria for two or more DSM-5 substance use disorder
diagnoses. Pretreatment substance use was characterized by days of substance use in the 30
days prior to entering IOP (mean=7.29, SD=8.72) and days since last use of any substance
(mean=58.23, SD=92.61).

There were no between group differences in sociodemographic characteristics or
pretreatment substance use (frequency of use in the 30 days prior to IOP or days since

last use of any substance). There were significant differences in the number of days in

IOP at the pretreatment assessment (H2)=7.49, p<.001), such that individuals in the LETS
ACT-SE condition had significantly fewer days in IOP at pretreatment compared to the
LETS ACT (p<.001) and TAU (p=.034) conditions. As noted above, this variable was
included as a covariate in all analyses based on a priori selection. Significant pretreatment
differences between condition were observed for tranquilizer use (;(2(2, N=206)=8.48,
p=.01), posttraumatic stress (;(2(2, N=205)=9.55, p=.01) and generalized anxiety ( 12(2,
N=205)=8.29, p=.02) disorders. Omnibus tests are reported in Supplementary Tables 2
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through 5. No SUD diagnoses were significant predictors of substance use days, while
alcohol, cocaine, and opioid use disorders were significant predictors of substance-related
problems. No psychiatric diagnoses were significant predictors of substance use days or
substance-related problems.

3.2. Substance Use Days

Across conditions in the full sample, participants reported an average of 16.24% substance
days at pretreatment, dropping to 5.66% at posttreatment and then rising steadily to
18.28% by the 12-month follow-up (Figure 2). Among those reporting substance use at

all timepoints, there was an average of use reported on 24.09%, 15.48%, and 32.51% of
days at pretreatment, posttreatment and 12-month follow-up, respectively. Results from the
GEE analysis testing substance use days in BA conditions vs. TAU from pretreatment (30
days prior to IOP) to 12 months posttreatment are reported in Tables 2 and 3. On average,
there was a significant effect of time (p<.001). Condition was not a significant predictor in
the model (p=.82), but the condition by time interaction was significant (£=.02). Post-hoc
analyses comparing the probability of substance use on any one day across time points
(Table 4 and Figure 3) indicated that participants in all conditions significantly decreased
substance use days from pretreatment to posttreatment. Days of use remained significantly
lower than pretreatment until 1 month for TAU, 3 months for LETS ACT-SE, and 6 months
for LETS ACT. For the TAU group, rates of use at 3 months were not significantly different
from pretreatment, days of use at the 6-month follow-up were significantly fewer than at
pretreatment. Across conditions, the probability of substance use on any one day was not
significantly different at 12 months posttreatment compared to pretreatment. As previously
noted, the primary analysis of substance use days restricted the outcome to substances

for which participants met criteria for an SUD at pretreatment. Analyses were also tested
when defining substance use days for a//substances. This analysis produced similar results,
although the condition by time interaction was no longer significant (Supplementary Tables
6-8).

3.3. Substance-Related Problems

Results from the GEE analysis testing changes in substance-related problems from
pretreatment to 12 months posttreatment are reported in Tables 5 and 6. The model
predicting substance use problems was tested with and without the DSM-5 diagnostic
variables that differed significantly between conditions at pretreatment and were significant
predictors in omnibus tests. Inclusion of the variables did not change the direction or
significance of the results, and thus the model without the DSM-5 covariates was retained
(Supplementary Table 9).

On average, there was a significant effect of time (p<.001). Condition was not a significant
predictor in the model (p=.25), and the condition by time interaction was also nonsignificant
(0=.24). Post-hoc analyses comparing substance-related problems across time points (Table
7 and Figure 3) indicated that participants in all conditions significantly decreased
substance-related problems from pretreatment to the 1-month follow-up. These reductions
were sustained until 12 months posttreatment, such that the model-predicted mean SIP
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scores at all time points from 1 through 12 months posttreatment were significantly lower
compared to pretreatment (all p’s <.001).

4. Discussion

This study tested the effect of LETS ACT delivered in small groups in an outpatient SUD
treatment setting and investigated the added benefit of a smartphone-enhanced version

on substance use outcomes. Significant reductions in substance-related problems were
maintained until 12 months posttreatment for all conditions. In contrast to the sustained
change in substance-related problems, substance use days decreased for all groups from
pre- to posttreatment but subsequently increased again, such that significant reductions in
substance use days were not maintained at 12 months posttreatment for any condition.
Individuals in both LETS ACT conditions, but not the TAU condition, were significantly
less likely to use substances at 3 months posttreatment compared to pretreatment, and

the standard LETS ACT condition maintained significant reductions until 6 months
posttreatment. At 6 months posttreatment the TAU condition demonstrated a slight decrease
compared to use at 3 months, yet this reduction was not maintained at the 12-month
follow-up.

The results of the current study add important and novel information to the current

literature on behavioral activation for SUD. First, most research evaluating behavioral
activation treatments for SUD has been conducted in residential and inpatient settings
despite continuing decline in utilization of these services (SAMHSA, 2021). Therefore,
testing the effect of LETS ACT in an outpatient treatment setting that provides low-cost
services to individuals meeting diagnostic criteria for multiple SUDs represents a critical
step in determining the generalizability of this treatment, as outpatient is rapidly becoming
the most common setting of care for adults with SUD (SAMHSA, 2021). Evidence from the
current study is promising, as those receiving LETS ACT maintained fewer substance use
days through 6 months posttreatment, in comparison to those in TAU whose substance use
at 3 months posttreatment was not significantly different than pretreatment. Yet treatment
gains were not maintained across any condition by 12 months posttreatment, which is

in contrast to expectation and to prior work reporting a significantly greater likelihood

of abstinence through 12 months posttreatment among adults receiving LETS ACT in a
residential treatment setting (Daughters et al., 2018). Considering similarly short-lived gains
observed in a pilot trial of LETS ACT administered in an outpatient SUD treatment setting
(Pott et al., 2022), there is a clear need to consider the multitude of factors that may impact
LETS ACT treatment efficacy in outpatient versus residential settings.

One specific concern is the degree to which outpatient treatment attendance impacts
outcomes in the present study, a consideration less relevant within residential settings.
Indeed, treatment attendance is predictive of longevity of favorable outcomes among those
receiving SUD treatment (Milward et al., 2014; Pfund et al., 2021). Treatment attendance
was variable among individuals randomized to receive LETS ACT (mean=4, range=1-6),
raising important questions concerning whether individuals obtained an adequate dose of
treatment, and whether specific modules, which may not have been administered to all
individuals randomized to LETS ACT by virtue of attendance variability, may represent
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important mechanisms of change. Relatedly and as hypothesized in previous research (Pott
et al., 2022), lack of sustained treatment gains may be due to the limited number of
clinician-administered sessions, namely up to six group sessions within three weeks. This
format and length of treatment was chosen to fit within the constraints of a low-resourced
and time-limited treatment setting, yet likely not adequate to reinforce skills acquisition,
given evidence that a minimum of fourteen sessions of cognitive-behavioral therapy are
needed to detect a treatment response for depression and anxiety (Robinson 2020). It will
be important for future research to determine the adequate dose needed to realize maximum
benefit of LETS ACT within outpatient SUD treatment settings.

Integrating additional treatment modalities to incentivize treatment participation, including
treatment attendance and activity engagement, may be a promising approach to increase
the magnitude and longevity of treatment gains. Several studies demonstrate the benefit

of integrating the delivery of additional reinforcers through treatment modalities such as
contingency management. Combined contingency management-BA treatment is feasible and
well-accepted (Mimiaga et al., 2019), and is associated with greater treatment attendance
(Gonzalez et al., 2019) and enhanced abstinence rates (Gonzalez-Roz et al., 2019; Secades-
Villa et al., 2019) among people who smoke cigarettes with depressive symptoms. Further,
the potential effect of targeting different treatment components such as reinforcement for
abstinence compared to values-based activities with contingency management may be a
promising future direction.

The sustained decrease in substance-related problems at all follow-up timepoints across
conditions adds to a growing literature indicating that SUD treatment can result in

notable positive outcomes even among those who continue using substances or return to
use after treatment (Kidorf et al., 2011; Witkiewitz et al., 2020). This underscores the
importance of considering a broader range of outcomes in addition to substance use when
evaluating the effectiveness of SUD treatment, including reductions in adverse health, social,
legal, or economic problems related to substance use. This consideration is especially
important considering the movement toward greater acceptance of nonabstinence goals
(Paquette et al., 2022; Volkow, 2020) in alignment with harm reduction approaches to
SUD treatment. Thus, our assessment of substance-related problems across harm-reduction
relevant domains of physical, inter-personal, intra-personal, impulse control and social
functioning provides a richer understanding of SUD treatment response than traditionally
afforded by abstinence-specific outcome measures. Relatedly, in recognition that not all
substance use is problematic, in this study we restricted substance use days to only
substances for which participants met criteria for an SUD. Although we did not assess
participants’ specific substance use goals, we argue that our approach is preferable to

the more common method of assessing frequency of any substance use given that many
individuals presenting to SUD treatment, even where treatment is predominantly abstinence-
focused, endorse nonabstinence goals (see Paquette et al., 2022 for a summary of this
literature). In this study both approaches produced similar outcomes, with rates of use of
excluded substances generally low following the pretreatment assessment.

Contrary to study hypotheses, the addition of a smartphone app did not facilitate superior
treatment outcomes when compared to standard LETS ACT. Though information regarding
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feasibility and acceptability of this modality of treatment is reported elsewhere (see Paquette
et al., 2021) several challenges specific to app use are important to consider in relation

to substance use outcomes. Most notably, and in alignment with trends across smartphone-
enhanced interventions for SUD, less than one-third (27%) of participants randomized to
the LETS ACT-SE condition continued to use the app during the 3-month posttreatment
follow-up period. This attrition was attributed to a variety of reasons, including forgetting

to use the app and not having the study-provided smartphone with the app installed on

their person outside of treatment sessions (Paquette et al., 2022). While the addition of

a smartphone app was intended to enhance treatment engagement outside of LETS ACT
treatment sessions, such barriers to consistent app use may explain the negligible effect

of this condition on the observed substance use outcomes. Given these findings and other
studies demonstrating challenges with sustaining app engagement over time, increasing
engagement may be a critical consideration for improving clinical efficacy of smartphone-
enhanced treatments. A recent meta-analysis found a greater number of engagement features
among mental health smartphone apps is associated with larger clinical effects (Wu et

al., 2021). Engagement features can range from capitalizing on social relationships (e.g.,
promoting social comparison or normative influence of target behaviors) to increasing user-
app interactions (e.g., offering reminders, praise, and rewards for target behaviors).

The current results must be interpreted in the context of study limitations. While this

study extends generalizability of LETS ACT into outpatient treatment, it is notable that
participants in the current study were recruited from an intensive outpatient treatment
program serving primarily low-income, high school-educated adults. It will be important
to further evaluate LETS ACT efficacy across treatment settings and populations, including
within general outpatient treatment settings and among individuals with differing levels of
SUD severity (e.g., mild-to-moderate), as well as when delivered in an individual format.

5. Conclusions

This study provides a novel test of LETS ACT, a behavioral activation treatment for

SUD, within the context of intensive outpatient treatment. Contrary to our hypotheses,

we did not find evidence that LETS ACT was associated with greater decreases in
substance use or substance-related problems from pretreatment to 12 months posttreatment
compared to intensive outpatient TAU. Study findings did demonstrate that individuals who
received LETS ACT as a treatment adjunct continuously maintained significant decreases
in posttreatment substance use longer than those who only received TAU, while decreases
in posttreatment substance-related problems were maintained similarly across all conditions.
Such findings underscore the importance of testing the generalizability of evidence-based
treatments for SUD across settings and populations and highlight critical considerations for
future treatment development and testing within the context of SUD treatment research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. We tested behavioral activation for SUD in intensive outpatient treatment.

. All groups decreased substance-related problems through 12 months
posttreatment.

. Adding a behavioral activation smartphone app did not improve treatment
outcomes.

. Lengthier behavioral activation treatments may be needed in outpatient
settings.
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Figure 1.
CONSORT Diagram

= Life Enhancement Treatment for Substance Use, Smartphone-Enhanced Condition; TAU
= Treatment as Usual; LETS ACT = Life Enhancement Treatment for Substance Use; PT
= Posttreatment; FU1 = 1 month follow-up; FU3 = 3 month follow-up; FU6 = 6 month
follow-up; FU12 = 12 month follow-up; ITT = Intent to treat
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Figure 2.

Percent days with substance use over time, across conditions
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Figure 3.
Model-estimated group means for probability of substance use

Note. TAU = Treatment as Usual; LETS ACT = Life Enhancement Treatment for Substance
Use; LETS ACT-SE = Life Enhancement Treatment for Substance Use, Smartphone-
Enhanced Condition; Pre = Pretreatment; Post = Posttreatment; FU1 = 1 month follow-up;
FU3 = 3 month follow-up; FU6 = 6 month follow-up; FU12 = 12 month follow-up

Drug Alcohol Depend. Author manuscript; available in PMC 2024 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Paquette et al.

SIP Score

35.00

30.00

25.00

20.00

15.00

10.00

5.00

0.00

Figure 4.

Page 19

Pre FUI FU3 FU6 FUI12

TAU emmm=] ETS ACT o] ETS ACT-SE

Model-estimated group means for substance-related problems

Note. SIP = Short Inventory of Problems; TAU = Treatment as Usual; LETS ACT =

Life Enhancement Treatment for Substance Use; LETS ACT-SE = Life Enhancement
Treatment for Substance Use, Smartphone-Enhanced Condition; Pre = Pretreatment; Post
= Posttreatment; FU1 = 1 month follow-up; FU3 = 3 month follow-up; FU6 = 6 month
follow-up; FU12 = 12 month follow-up
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Table 1.
Pre-treatment sample characteristics
Total Sample LETS ACT- LETS ACT TAU
(n=206) SE (n=77) (n=68) (n=61)
Age, mean (SD) 40.29 (11.06) 41.62 (10.56) 39.40 (11.63) 39.61 (11.03)
Race/Ethnicity, # (%)
White/Caucasian 111 (53.9) 45 (58.4) 40 (58.8) 26 (42.6)
Black/African American 70 (34.0) 26 (33.8) 20 (29.4) 24 (39.3)
Hispanic/Latino 1(.5) 1(1.3) 0(0.0) 0(0.0)
Native American/American Indian 4(1.9) 1(1.3) 1(1.5) 2(3.3)
Other Ethnicity 3(15) 0(0.0) 1(15) 2(3.3)
Multi-racial/Multi-ethnic 17 (8.3) 4(5.2) 6(8.8) 7(11.5)
Sex, # (%)

Female 69 (33.5) 29 (37.7) 25 (36.8) 15 (24.6)
Male 137 (66.5) 48 (62.3) 43 (63.2) 46 (75.4)
Years of Education, mean (SD) 12.42 (2.5) 12.27 (2.7) 13.0 (2.04) 12.03 (2.68)

Monthly Income $, mean (SD) 301.61 (483.73) 289.11 (526.17) 268.86 (393.42)  353.92 (520.21)
Days with any substance use in 30 days prior to IOP, mean (SD)  7.19 (8.72) 7.10 (8.49) 7.01 (8.69) 7.51 (9.18)
Days since last use of any substance, mean (SD) 58.23 (92.61) 47.32 (98.05) 66.78 (108.02) 51.33 (59.17)
Days in 10P, mean (SD) 19.84 (12.71) 15.71 (9.09) 23.44 (16.63) 21.02 (10.04)
DSM-5 Disorders, # (%)
Substance Use
Alcohol Use Disorder 135 (65.5) 53 (68.8) 43 (63.2) 39 (63.9)
Stimulant Use Disorder 53 (25.7) 18 (23.4) 20 (29.4) 15 (24.6)
Cocaine Use Disorder 127 (62.0) 47 (61.0) 40 (58.8) 40 (66.7)
Opioid Use Disorder 98 (47.6) 37 (48.1) 32 (47.1) 29 (47.5)
Hallucinogen Use Disorder 19(9.2) 6(7.8) 7(10.3) 6(9.8)
Cannabis Use Disorder 81 (39.3) 24 (31.2) 34 (50.0) 23(37.7)
Tranquilizer Use Disorder 53 (25.7) 14 (18.2) 26 (38.2) 13 (21.3)
Other Substance Use Disorder 21(10.2) 709.1) 6(8.8) 8(13.1)
More than one SUD Diagnosis 158 (76.7) 59 (76.6) 53 (77.9) 46 (75.4)
Non-Substance Use
Antisocial Personality Disorder 83 (40.3) 34 (44.2) 27 (39.7) 22(36.1)
Borderline Personality Disorder 38 (18.6) 13 (16.9) 12 (18.2) 13(21.3)
Major Depressive Disorder 114 (58.2) 39 (52.0) 40 (63.5) 35 (60.3)
Panic Disorder 33(16.0) 12 (15.8) 14 (20.9) 7(11.7)
Agoraphobia Disorder 17 (8.3) 6 (7.8) 8 (11.8) 3(4.9)
Social Anxiety Disorder 38 (18.4) 13 (16.9) 13 (19.1) 12 (19.7)
Posttraumatic Stress Disorder 27 (13.1) 6(7.9) 16 (23.5) 5(8.2)
Generalized Anxiety Disorder 26 (12.6) 7(9.2) 15 (22.1) 4 (6.6)
Bipolar | Disorder 35 (17.2) 7(9.1) 15 (22.7) 13 (21.7)
Bipolar 1l Disorder 24 (11.7) 15 (19.5) 6(8.8) 3(4.9)
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Total Sample LETS ACT- LETS ACT TAU
(n=206) SE (n=77) (n=68) (n=61)
Co-occurring Disorders (>1 diagnosis) 118 (57.3) 39 (50.6) 46 (67.6) 33(54.1)

Note. LETS ACT = Life Enhancement Treatment for Substance Use; LETS ACT-SE = Life Enhancement Treatment for Substance Use,
Smartphone-Enhanced Condition; TAU = Treatment as usual; SD = Standard deviation; DSM-5 = Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition; SUD = Substance use disorder
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Generalized estimating equations predicting substance use days from pretreatment to 12 months post-

treatment: Tests of model effects

Table 2.

Source Wald Chi-Square | df p
(Intercept) 244.06 1 | <001
Condition 0.39 2 .82
Timepoint 86.35 5 | <.001
Days in IOP 0.29 1 .59
Days in restricted environment 37.02 1 | <001
Condition*Timepoint 20.71 10 .02

Note. 10P = Intensive Outpatient Treatment; Days in IOP = days in TAU prior to pretreatment assessment.
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Table 3.

Generalized estimating equations predicting substance use days: Parameter estimates

95% Wald Confidence 95% Confidence Interval for
Source B SEB Interval ggt?g Odds Ratio P
Lower Upper Lower Upper
(Intercept) -1.18 .20 -1.57 -.79 31 21 46 <.001
Condition: LETS ACT-SE =17 .28 -71 37 .85 49 1.45 .55
Condition: LETS ACT -.09 .28 -.63 .45 91 .53 1.57 74
Condition: TAU (Ref.) 0 . . . 1
Time: FU12 -41 .39 -1.18 .36 .66 31 1.43 .29
Time: FU6 -.70 .33 -1.35 -.04 .50 .26 .96 .04
Time: FU3 -.49 .33 -1.14 A7 .61 .32 1.18 15
Time: FU1 -1.11 .35 -1.80 -.43 .33 17 .65 .001
Time: PT -1.33 .37 -2.05 -.60 .27 13 .55 <.001
Time: Pretreatment (Ref.) 0 . . . 1
Days in IOP .01 .01 -.02 .03 1.01 .98 1.03 .59
Days in restricted environment -.01 .002 -.02 -.009 .99 .98 .99 <.001
LETS ACT-SE*FU12 .20 .51 -.81 1.21 1.22 44 3.34 .70
LETS ACT-SE*FU6 .50 .46 -.40 1.40 1.65 .67 4.05 .28
LETS ACT-SE*FU3 -12 48 -1.07 .82 .88 .35 2.26 .80
LETS ACT-SE*FU1 40 .46 -.51 1.30 1.48 .60 3.66 .39
LETS ACT-SE*PT -.44 .55 -1.52 .64 .65 .22 1.90 43
LETS ACT-SE*Pretreatment 0 1
(Ref)
LETS ACT*FU12 .65 .52 -.37 1.66 191 .69 5.25 21
LETS ACT*FU6 .16 44 -71 1.02 1.17 49 2.78 .73
LETS ACT*FU3 -.50 48 -1.46 45 .60 .23 1.56 .30
LETS ACT*FU1 15 .53 -.90 1.19 1.16 41 3.27 .79
LETS ACT*PT -1.09 .51 -2.09 -.09 .34 12 .92 .03
LETS ACT*Pretreatment (Ref.) 0 . . . 1

Note. LETS ACT = Life Enhancement Treatment for Substance Use; LETS ACT-SE = Life Enhancement Treatment for Substance Use,
Smartphone-Enhanced Condition; TAU = Treatment as Usual; FU12 = 12 month follow-up; FU6 = 6 month follow-up; FU3 = 3 month follow-up;
FU1 = 1 month follow-up; PT = Posttreatment; IOP = Intensive Outpatient Treatment; Days in IOP = days in TAU prior to pretreatment
assessment.
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Table 4.

Pairwise comparisons: Probability of substance use

m Condition*Timepoint Mean Difference (I-J) | Std. Error | df p
TAU Post 0.16 0.04 1| <o001™
(Pretreatment)
FU1 0.14 0.04 1| <o001™
FU3 0.08 0.05 1 0.12
FU6 0.10 0.05 1| 003%
FU12 0.07 0.06 1 0.27
LETS ACT Post 0.20 0.03 1| <001”
(Pretreatment)
FU1 0.12 0.04 1| 0002"
FU3 0.13 0.04 1| 0001™
FU6 0.08 0.04 1| 00a”
FU12 -0.04 0.06 1 0.49
LETS ACT-SE | Ppost 0.16 0.03 1| <o001™
(Pretreatment)
FU1l 0.09 0.03 1| 0004™
FU3 0.08 0.04 1| 0046™
FU6 0.03 0.05 1 0.50
FU12 0.03 0.05 1 0.50

*
Significant at p<.05 level
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Note. TAU = Treatment as Usual; LETS ACT = Life Enhancement Treatment for Substance Use; LETS ACT-SE = Life Enhancement Treatment
for Substance Use, Smartphone-Enhanced Condition; Post = Posttreatment; FU1 = 1 month follow-up; FU3 = 3 month follow-up; FU6 = 6 month
follow-up; FU12 = 12 month follow-up
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Table 5.

Page 25

Generalized estimating equations examining substance-related problems from pretreatment to 12 months
post-treatment: Tests of model effects

Source Wald Chi-Square | df p
(Intercept) 2517.18 1 | <.001
Condition 2,77 2 .25
Timepoint 138.54 4 | <.001
Days in IOP 3.58 1 .06
Days in restricted environment 1.61 1 21
Condition*Timepoint 10.36 8 24

Note. 10P = Intensive Outpatient Treatment
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Table 6.
Generalized estimating equations examining substance-related problems: Parameter estimates
95% Wald Confidence 95% Confidence Interval for
Source B SEB Interval ggtcllg Odds Ratio P
Lower Upper Lower Upper

(Intercept) 3.28 .07 3.15 3.42 26.66 23.34 30.46 <.001
Condition: LETS ACT-SE 15 .08 -.01 31 1.16 .99 1.37 .07
Condition: LETS ACT .04 .09 -.14 22 1.04 .87 1.25 .64
Condition: TAU (Ref.) 0 . . . 1
Time: FU12 -.82 .18 -1.17 -.46 44 31 .63 <.001
Time: FU6 -71 19 -1.09 -.34 49 .34 71 <.001
Time: FU3 =74 .18 -1.08 -.39 48 .34 .68 <.001
Time: FU1 -1.12 .20 -1.52 =72 .33 .22 49 <.001
Time: Pretreatment (Ref.) 0 . . . 1
Days in IOP .006 .003 .000 .01 1.00 1.00 1.01 .06
Days in restricted environment -.001 | .001 -.003 .001 1.00 1.00 1.00 21
LETS ACT-SE*FU12 -.05 .24 -.52 42 .95 .60 1.52 .84
LETS ACT-SE*FU6 -.13 .25 -.62 .36 .88 .54 1.43 .60
LETS ACT-SE*FU3 .04 .22 -.40 .48 1.04 .67 1.62 .86
LETS ACT-SE*FU1 .35 24 -.13 .83 1.42 .88 2.29 15
LETS ACT-SE*Pretreatment 0 1
(Ref)
LETS ACT*FU12 .09 .25 -39 .58 1.10 .68 1.79 .70
LETS ACT*FU6 -.08 .26 -.59 44 .93 .56 1.55 .78
LETS ACT*FU3 -.46 .26 -.97 .06 .63 .38 1.06 .08
LETS ACT*FU1 .34 .28 -.21 .89 1.41 .81 243 22
LETS ACT*Pretreatment (Ref.) 0 . . . 1

Note. LETS ACT = Life Enhancement Treatment for Substance Use; LETS ACT-SE = Life Enhancement Treatment for Substance Use,
Smartphone-Enhanced Condition; TAU = Treatment as Usual; FU12 = 12 month follow-up; FU6 = 6 month follow-up; FU3 = 3 month follow-up;
FU1 =1 month follow-up; PT = Posttreatment; IOP = Intensive Outpatient Treatment
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Table 7.
Pairwise comparisons: Substance-related problems

(1) Condition” Timepoint | Mean Difference (1-J) | Std. Error p
TAU Post 17.92 231 <001”
(Pretreatment)

FU1 13.85 2.79 <001

FU3 13.54 2.98 <001

FU6 14.80 2.66 <001

FU12 15.04 3.01 <001
LETS ACT Post 19.32 2.18 <001
(Pretreatment)

FU1 15.11 2.71 <001

FU3 14.23 2.75 <001

FU6 16.58 2.09 <001

FU12 15.48 2.32 <001
LETS ACT-SE | Post 17.56 2.47 <001*
(Pretreatment)

FU1 17.82 2.32 <001

FU3 17.92 2.31 <001

FU6 13.85 2.79 <001

FU12 13.54 2.98 <00”

*
Significant at p<.05 level
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Note. TAU = Treatment as Usual; LETS ACT = Life Enhancement Treatment for Substance Use; LETS ACT-SE = Life Enhancement Treatment
for Substance Use, Smartphone-Enhanced Condition; Post = Posttreatment; FU1 = 1 month follow-up; FU3 = 3 month follow-up; FU6 = 6 month
follow-up; FU12 = 12 month follow-up
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