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A B S T R A C T   

Objective: Nearly all individuals with opioid use disorder (OUD) report lifetime trauma exposure and one-third 
meet diagnostic criteria for posttraumatic stress disorder (PTSD). Although prolonged exposure (PE) therapy 
is a first-line treatment for PTSD, little is known about the effects of PE in individuals with co-occurring OUD. 
Furthermore, its efficacy is commonly undermined by poor therapy attendance. This pilot study evaluated the 
feasibility and initial efficacy of a novel PE protocol for improving PE attendance and PTSD symptoms among 
buprenorphine- or methadone-maintained adults with PTSD. 
Method: Thirty participants with co-occurring PTSD and OUD were randomized to receive either: (a) continued 
medications for OUD (MOUD) treatment as usual (TAU), (b) Prolonged Exposure therapy (PE), or (c) PE with 
financial incentives delivered contingent upon PE session attendance (PE+). Primary outcomes included PE 
session attendance, PTSD symptom severity, and use of opioids other than prescribed MOUD. 
Results: PE+ participants attended significantly more therapy sessions vs. PE (87% vs. 35%; p <.0001). PTSD 
symptom reductions were also significantly greater in the PE+ vs. TAU group (p =.046). Participants in the two 
PE conditions submitted significantly fewer urine samples that tested positive for opioids than TAU participants 
(0% vs. 22%; p =.007). 
Conclusions: These findings provide preliminary support for the efficacy of PE+ for improving PE attendance and 
PTSD symptoms without prompting opioid relapse in individuals with co-occurring PTSD and OUD. These 
promising results justify a larger scale randomized clinical trial to more rigorously evaluate this novel treatment 
approach.   

1. Introduction 

In 2020, 9.3 million Americans reported prescription opioid misuse 
and 902,000 reported heroin use (Substance Abuse & Mental Health 
Services Administration, 2021). Opioid use disorder (OUD) is associated 
with adverse consequences, including opioid-related overdoses, emer-
gency department visits, and deaths, as well as economic costs estimated 
at over $78 billion annually (Florence et al., 2016; Geller et al., 2019; 
Rudd et al., 2016). 

Posttraumatic stress disorder (PTSD) is a chronic and debilitating 
condition that is highly prevalent among individuals with OUD. Nearly 
90% of individuals with OUD report lifetime trauma exposure and 33% 
meet DSM diagnostic criteria for PTSD (Mills et al., 2005, 2006; Peirce 

et al., 2009). Although medications for opioid use disorder (MOUD; e.g., 
methadone, buprenorphine) are the most efficacious treatment for OUD 
(Mattick et al., 2014), MOUD patients with co-occurring PTSD are more 
likely to drop out of treatment and at greater risk of relapse to opioid use 
(Peirce et al., 2016; Schiff et al., 2010). 

Prolonged exposure (PE) therapy is an empirically supported first- 
line treatment for PTSD (Jonas et al., 2013; Powers et al., 2010). PE 
disrupts the cycle of anxiety and avoidance that characterizes PTSD by 
deconditioning fear responses to trauma-related stimuli via sustained 
imaginal and in-vivo exposure exercises (Foa et al., 2019). Promising 
initial examinations of PE among individuals with OUD suggest that PE 
is safe and associated with significant reductions in PTSD symptoms 
(Peck et al., 2018; Schacht et al., 2017; Schiff et al., 2015). However, as 
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with other cognitive behavioral interventions for trauma, PE completion 
rates are often low and present a challenge to PE efficacy, especially 
among patients with co-occurring PTSD and substance use disorder 
(SUD; Belleau et al., 2017). A quarter of participants with SUD do not 
attend a single therapy session (Coffey et al., 2006; Foa et al., 2013; Mills 
et al., 2012), and up to 62% drop out before completing treatment 
(Belleau et al., 2017). As a result, fewer than half of patients remain in 
treatment until the third session when exposure, the active component 
of treatment, begins (Brady et al., 2001; Mills et al., 2012; Sannibale 
et al., 2013). 

Schacht et al. (2017) evaluated the efficacy of attendance-contingent 
financial incentives for improving PE attendance among 58 methadone- 
maintained patients with PTSD. In that study, participants were ran-
domized to receive standard PE alone or PE plus monetary incentives 
delivered contingent upon attending PE sessions. Participants random-
ized to the PE+ incentives condition attended significantly more therapy 
sessions and demonstrated greater decreases in PTSD severity compared 
to those randomized to standard PE. However, because prior studies of 
PE in individuals with OUD have not included a condition in which 
patients received MOUD without PTSD-focused therapy, it is unclear to 
what extent improvements in PTSD symptoms were a function of PE 
versus the effects of MOUD more generally. This is important as prior 
studies suggest that MOUD alone, without counseling, is associated with 
significant improvements in psychiatric symptoms (Streck et al., 2018). 

In this 12-week pilot study, we examined the feasibility of PE with 
financial incentives delivered contingent upon PE session attendance 
(PE+) for improving therapy attendance and PTSD symptoms among 
individuals with co-occurring PTSD and OUD as well as the initial effi-
cacy of PE+ compared to standard PE without incentives (PE) and 
continued MOUD treatment as usual (TAU) without PTSD treatment. We 
hypothesized that participants randomly assigned to receive PE+ would 
attend more PE sessions than those randomized to PE and experience 
greater improvements in PTSD symptoms compared to those random-
ized to receive either PE or TAU. 

2. Method 

2.1. Participants 

Adults with co-occurring PTSD and OUD were recruited via adver-
tisements posted throughout the community and in local opioid treat-
ment programs between November 2019 and March 2021. Participants 
were required to be ≥ 18 years old and maintained on a stable metha-
done or buprenorphine dose for ≥ 1 month preceding intake. They also 
had to meet current DSM-5 PTSD criteria (American Psychiatric Asso-
ciation, 2013) based on the Clinician Administered PTSD Scale for DSM- 
5 (CAPS-5; Weathers et al., 2013b) and score ≥ 33 on the PTSD Checklist 
(PCL-5; Weathers et al., 2013c). Participants with current delusions, 
hallucinations, or mania, imminent risk for suicide, or medical condi-
tions likely interfere with consent or participation were excluded. 

2.2. Procedure 

Participants provided written informed consent, signed a release 
allowing study staff to confirm medication dose and clinical stability 
with the participant’s MOUD provider, and completed an initial intake 
assessment. Thirty eligible individuals were enrolled with 10 partici-
pants randomly assigned to either: (a) continued MOUD treatment as 
usual (TAU), (b) Prolonged Exposure therapy (PE), or (c) PE with 
financial incentives delivered contingent upon PE session attendance 
(PE+). A minimum allocation procedure was used to achieve balance 
between conditions on characteristics likely to influence treatment 
outcomes (Altman & Bland, 2005). Stratification variables included sex, 
trauma type, PTSD symptom severity, MOUD medication type, MOUD 
medication dose and time in MOUD treatment. Participants also 
completed assessments at 4-, 8-, and 12-weeks post-randomization. 

Individuals received $50 for completion of the intake and each monthly 
assessment. The study was approved by the University of Vermont 
Institutional Review Board. Fig. 1 summarizes study design and partic-
ipant flow. 

2.3. Treatment conditions 

2.3.1. Continued MOUD treatment as usual (TAU) 
Participants randomized to the TAU condition continued to receive 

standard MOUD treatment from their current treatment provider and 
completed assessments at intake and study weeks 4, 8, and 12, but did 
not receive PTSD treatment as part of study participation. 

2.3.2. Prolonged exposure therapy (PE) 
In addition to receiving continued MOUD treatment and completing 

monthly assessments as above, PE participants also received 12 weekly 
individual PE sessions. During Sessions 1–2, participants received edu-
cation about PTSD, the rationale for PE, and breathing retraining tech-
niques as a method for managing PTSD-associated distress. In-vivo 
(Sessions 3–11) and imaginal exposures (Sessions 4–12) are active 
components of PE that provided patients with opportunities to confront 
trauma-related memories and real-life reminders that were previously 
avoided, yet not inherently harmful (Foa et al., 2019). Abstinence from 
non-prescribed substances was strongly encouraged but not required to 
participate in PE. However, study visits were rescheduled for partici-
pants who appeared to be experiencing the acute effects of opioids or 
other drugs or under the influence of alcohol. 

Although the PE protocol was largely informed by conventional PE 
(Foa et al., 2019), the following modifications were made to support 
effective delivery of PE in a clinical population with co-occurring PTSD 
and OUD and facilitate future dissemination efforts: (a) sessions were 60 
minutes in duration, as 60-minute PE sessions promote similar re-
ductions in PTSD symptoms as more traditional 90-minute sessions 
(Nacasch et al., 2015) and (b) participants received psychoeducation 
regarding the association between PTSD and OUD. As the COVID-19 
pandemic struck in the initial months of participant recruitment, we 
revised our protocol to permit therapy sessions and monthly assessments 
to be completed in person or remotely via a secure telemedicine 
platform. 

Participants who missed two consecutive appointments were 
reminded of their option to withdraw from PE while continuing to 
complete monthly assessments. Those who missed four consecutive 
therapy sessions were withdrawn from PE but remained eligible to 
complete monthly assessments. 

PE therapy sessions were conducted by one of five masters- or 
doctoral-level therapists with previous experience treating individuals 
with SUD. Therapists were trained in PE by the first author. Similar to PE 
trainings described by Foa et al. (2005, 2019), study therapists received 
intensive training in PE prior to delivering treatment to study partici-
pants and study therapists received ongoing supervision from the first 
author. All PE sessions were audio-recorded and recordings were 
monitored throughout the study. 

2.3.3. PE with financial incentives delivered contingent upon PE session 
attendance (PE+) 

Participants assigned to the PE+ condition received the procedures 
noted above for the PE condition plus attendance-contingent financial 
incentives delivered immediately following completion of PE sessions. 
The incentive schedule followed the general parameters of prior in-
terventions developed to promote and sustain behavior change across a 
variety of clinical populations (Higgins et al., 1991; Roll & Higgins, 
2000; Sigmon et al., 2016). The initial session was worth $20, and each 
consecutive attended session increased the amount by $5. Missed ses-
sions earned no incentive and reset values for the next attended session 
back to the initial $20 value. However, to support continued attendance, 
two consecutive attended PE sessions following a reset returned the 
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dollar value back to the value immediately prior to the missed 
appointment. To further support consistent (vs. sporadic) attendance, 
participants received a $50 bonus for every two consecutive sessions 
attended. Additionally, to support completion of the full PE protocol, 
participants received a $100 bonus upon completion of Session 12. 
Overall, PE+ participants who attended every session could earn a 
maximum of $920 for continuous attendance throughout the 12-week 
study. 

2.4. Assessments 

2.4.1. Intake assessment 
Participants completed staff- and self-administered assessment 

measures at intake, including a Demographic and Drug History Ques-
tionnaire and Mini International Neuropsychiatric Interview (MINI; 
Sheehan et al., 1998). PTSD symptoms were assessed using the Life 
Events Checklist for DSM-5 (LEC-5; Weathers et al., 2013a), CAPS-5 
(Weathers et al., 2013b), and PCL-5 (Weathers et al., 2013c). The 
CAPS-5 is a 30-item structured diagnostic interview that is considered 
the gold standard for PTSD assessment. A randomly selected portion of 
the CAPS-5 (20%) were reviewed by KRP and NMK for consistency of 
diagnostic status and agreement was 100%. Other psychiatric symptoms 
were assessed via the Beck Anxiety Inventory (BAI; Beck & Steer, 1993), 
Beck Depression Inventory-II (BDI-II; Beck et al., 1996), and Addiction 
Severity Index (ASI; McLellan et al., 1992). Participants also provided 
urine samples for testing for opioids (e.g., heroin, methadone, bupre-
norphine, oxycodone, fentanyl) as well as other, non-opioid drugs 

(cocaine, amphetamines, benzodiazepines). Furthermore, the Timeline 
Follow-Back (TLFB; Sobell & Sobell, 1992), was administered to mea-
sure instances of non-prescribed drug use. 

2.4.2. Outcome measures 
PE therapy session attendance was recorded throughout the study. At 

study weeks 4, 8 and 12, participants in each of the three experimental 
conditions completed assessments consisting of the CAPS-5, PCL-5, BAI, 
BDI-II, ASI, and TLFB and provided urine samples for testing for opioids 
as well as other non-opioid drugs. 

2.5. Statistical methods 

Primary analyses included all randomized subjects independent of 
early dropout. PE and PE+ groups were compared on the percent of PE 
sessions attended using a Wald Chi square test derived from generalized 
estimated equations (GEE) for repeated measures for dichotomous out-
comes (SAS, PROC GENMOD). The model was based on a binomial 
distribution and utilized a logit link function. PE and PE+ groups were 
also compared on the percent of subjects who completed treatment 
(attending ≥ 8 PE sessions; Foa et al., 2005) using Fisher’s exact test. For 
the continuous primary outcome of PTSD severity (CAPS-5) and sec-
ondary outcomes of (PCL-5, BDI, BAI), mixed models repeated measures 
analyses (SAS, PROC MIXED) were used to compare the three treatment 
conditions across study assessments. The model including one across- 
subject fixed factor, condition (TAU, PE, and PE+), and one within- 
subject repeated fixed factor, time (intake, 4-, 8-, and 12-weeks). 

53 Adults assessed for eligibility 
(n=53) 

23 Excluded 
 22 Did not meet inclusion criteria  
 1 Declined to participate 

10 Participated in any follow-up 
assessment 

 8 Completed 4-wk follow-up  
 10 Completed 8-wk follow-up 
 8 Completed 12-wk follow-up 

 3 (n = 6) 

10 Allocated to TAU 
 10 Received TAU 

 
 

30 Randomized 

10 Allocated to PE+ 
 9 Completed PE according to 

study protocol 
 4 Completed all 12 

sessions 
 5 Completed 8-11 

sessions 
 1 Received some PE 
 0 Did not receive any PE 

 
 

10 Allocated to PE 
 2 Completed PE according to 

study protocol 
 0 Completed all 12 

sessions 
 2 Completed 8-11 

sessions 
 5 Received some PE 
 3 Did not receive any PE  

 

10 Participated in any follow-up 
assessment 

 9 Completed 4-wk follow-up  
 8 Completed 8-wk follow-up 
 7 Completed 12-wk follow-up  

10 Participated in any follow-up 
assessment 

 10 Completed 4-wk follow-up  
 10 Completed 8-wk follow-up 
 9 Completed 12-wk follow-up  

10 Included in primary analyses 10 Included in primary analyses 
 

10 Included in primary analyses 

Fig. 1. CONSORT diagram depicting participant flow through the 12-week study.  
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Subject represented a random factor nested within condition. Com-
pound symmetry was assumed for the variance–covariance structure 
and the Kenward-Roger approximation was used to estimate denomi-
nator degrees of freedom. Means presented for outcome measures are 
least square means which are computed based on linear combinations of 
the parameter estimates derived from the mixed model and account for 
missing data. Bonferroni adjusted Fisher’s LSD procedure was used to 
evaluate the significance of changes from baseline to each of the three 
post treatment assessments within each treatment condition. Confidence 
intervals and significance levels for these comparisons are based on 
controlling experimentwise error at α = 0.05 within each condition 
(comparisonwise error = 0.0167). Linear contrasts were used to 
compare the changes from baseline to the 12-week assessment across 
conditions. GEE repeated measures models were used to compare 
experimental conditions on biochemically verified and self-reported 
opioid and other drug abstinence across study weeks 4, 8, 12. Ana-
lyses of urine data are based only on the samples collected at monthly 
assessments conducted 4-, 8-, and 12-weeks post-randomization, 
meaning no assumptions were made with respect to missing urines 
being negative or positive. For the 30 participants in this study, 59 urine 
samples were provided out of 90 scheduled. Missing urine data (n = 31) 
represent a combination of attrition and participant enrollment during 
the peak of the COVID-19 pandemic (March 16th – June 15th, 2020) 
when institutional protocols precluded the collection of urine samples. 
For primary and secondary outcome measures, Cohen’s d was used as a 
measure of effect size. For repeated measures designs, computations 
were based on the method described by Dunlap et al. (1996). Statistical 
analyses were performed using SAS Statistical Software, V9.4 (SAS 
Institute, Cary, NC, USA). 

3. Results 

3.1. Baseline demographic and clinical characteristics 

All participants were receiving buprenorphine or methadone treat-
ment for OUD and submitted urine samples that were positive for their 
prescribed MOUD medication at intake. Most participants were female 
with an average age of 38.1 years (Table 1). Participants had been 
receiving MOUD treatment for an average of 4.5 years. Seventeen (57%) 
participants were maintained on buprenorphine and 13 (43%) were 
maintained on methadone. The average baseline CAPS-5 score was 41.5. 
The average number of trauma types experienced was 11.4, with the 
most commonly reported index trauma being sexual assault (33%). At 
intake, 90% of participants submitted urine samples that were negative 
for opioids other than prescribed MOUD and 70% submitted urine 
samples that were negative for other substances (cocaine, amphet-
amines, or benzodiazepines). TAU participants were older than those 
randomized to the two PE conditions. 

3.2. Treatment attendance and completion 

PE+ participants attended significantly more therapy sessions 
compared to PE participants (87% vs. 35%; difference = 52%, 95% CI 
[33%, 71%], d = 2.26, p <.0001; Fig. 2). Furthermore, a significantly 
greater percentage of PE+ participants completed treatment compared 
to PE participants (90% vs. 20%; difference = 70%, 95% CI [24%, 93%], 
d = 1.98, p =.006). No serious adverse events occurred during the study. 

Across the two PE conditions, attendance rates were similar between 
telemedicine and in-person modalities (64% vs. 57%; difference = 7%, 
95% CI [-20%, 34%], d = 0.19, p =.56). However, PE+ participants were 
significantly more likely than those in the PE condition to attend both 
telemedicine-delivered (84% vs. 45%; difference = 39%, 95% CI [14%, 
64%], d = 1.21, p =.02) and in-person therapy sessions (90% vs. 26%; 
difference = 64%, 95% CI [40%, 88%], d = 2.10, p <.0001). 

3.3. PTSD severity and diagnostic remission 

Participants in the PE+ and PE conditions experienced significant 
reductions in PTSD symptoms between intake and week 12 as measured 

Table 1 
Baseline demographic and clinical characteristics  

Measure Total 
(n = 30) 

TAU 
(n = 10) 

PE 
(n = 10) 

PE+
(n = 10) 

Age, years 38.1 
(7.9) 

44.7 (8.9) 33.8 
(4.6) 

35.9 (5.2) 

Female, N (%) 19 (63.3) 7 (70.0) 6 (60.0) 6 (60.0) 
White, N (%) 29 (96.7) 10 (100) 9 (90.0) 10 (100) 
Education, years 13.3 

(1.5) 
13.6 (2.0) 13.6 

(1.3) 
12.8 (1.1) 

Employed full-time, N (%) 6 (20.0) 2 (20.0) 2 (20.0) 2 (20.0) 
Duration of illicit opioid use, 

years 
7.4 (7.3) 9.1 (8.9) 4.6 (4.6) 8.2 (7.4) 

Ever overdosed, N (%) 10 
(33.3%) 

3 (30.0%) 4 
(40.0%) 

3 (30.0%) 

MOUD medication     
Buprenorphine, N (%) 17 

(56.7%) 
6 (60.0%) 6 

(60.0%) 
5 (50.0%) 

Daily dose, mg 15.6 
(5.6) 

17.0 (6.2) 16.3 
(5.7) 

13.2 (5.0) 

Methadone, N (%) 13 
(43.3%) 

4 (40.0%) 4 
(40.0%) 

5 (50.0%) 

Daily dose, mg 92.2 
(42.3) 

103.8 
(44.2) 

55.8 
(17.3) 

112.0 
(44.4) 

Duration of MOUD, years 4.5 (4.1) 5.2 (5.2) 5.3 (4.4) 3.0 (2.2) 
Index trauma     

Sexual assault, N (%) 10 
(33.3%) 

4 (40.0%) 2 
(20.0%) 

4 (40.0%) 

Physical assault, N (%) 8 
(26.7%) 

4 (40.0%) 3 
(30.0%) 

1 (10.0%) 

Witnessed injury or death, 
N (%) 

4 
(13.3%) 

1 (10.0%) 1 
(10.0%) 

2 (20.0%) 

Learned about injury or 
death, N (%) 

3 
(10.0%) 

1 (10.0%) 0 (0%) 2 (20.0%) 

Accident, N (%) 2 (6.7%) 0 (0%) 1 
(10.0%) 

1 (10.0%) 

Combat, N (%) 1 (3.3%) 0 (0%) 1 
(10.0%) 

0 (0%) 

Other, N (%) 2 (6.7%) 0 (0%) 2 
(20.0%) 

0 (0%) 

History of PTSD treatment, N 
(%) 

18 
(60.0%) 

5 (50.0%) 5 
(50.0%) 

8 (80.0%) 

SUD other than OUD 21 
(70.0%) 

6 (60.0%) 8 
(80.0%) 

7 (70.0%) 

Cigarette smoker, N (%) 23 
(76.7%) 

6 (60.0%) 9 
(90.0%) 

8 (80.0%) 

Lifetime Suicide Attempt 17 
(56.7%) 

6 (60.0%) 5 
(50.0%) 

6 (60.0%) 

Lifetime Panic Disorder 18 
(60.0%) 

6 (60.0%) 4 
(40.0%) 

8 (80.0%) 

Lifetime Bipolar Disorder 16 
(53.3%) 

6 (60.0%) 4 
(40.0%) 

6 (60.0%) 

Lifetime Generalized Anxiety 
Disorder 

15 
(50.0%) 

6 (60.0%) 3 
(30.0%) 

6 (60.0%) 

Lifetime Major Depressive 
Disorder 

13 
(43.3%) 

4 (40.0%) 5 
(50.0%) 

4 (40.0%) 

CAPS-5 41.5 
(8.1) 

38.9 (8.7) 41.4 
(8.6) 

44.1 (6.9) 

PCL-5 56.0 
(10.9) 

57.1 
(11.4) 

51.4 
(12.4) 

59.5 (7.7) 

BAI 26.2 
(11.8) 

31.7 
(11.3) 

21.5 
(9.6) 

25.3 
(13.1) 

BDI-II 32.3 
(9.9) 

34.4 (8.8) 29.7 
(6.5) 

32.8 
(13.4) 

Note. TAU = continued MOUD treatment as usual; PE = Prolonged Exposure 
therapy; PE+ = PE with financial incentives delivered contingent upon PE ses-
sion attendance; MOUD = medications for opioid use disorder; PTSD = post-
traumatic stress disorder; SUD = substance use disorder; OUD = opioid use 
disorder; CAPS-5 = Clinician Administered PTSD Scale for DSM-5; PCL-5 =
PTSD Checklist for DSM-5; BAI = Beck Anxiety Inventory; BDI-II = Beck 
Depression Inventory. Values represent mean (SD) unless otherwise indicated. 
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by the CAPS-5 (PE+: mean decrease = 18.3, 95% CI [9.2, 27.4], d = 2.2; 
PE: mean decrease = 16.3, 95% CI [6.3, 26.3], d = 2.0, p’s < 0.001; 
Table 2), whereas participants in the TAU condition did not report a 
significant change in symptoms (mean decrease = 7.4, 95% CI [-2.1, 
16.8], d = 0.91, p =.18). In terms of markers of clinically significant 
change, 60% of PE+ participants achieved diagnostic remission at week 
12 and no longer met criteria for PTSD compared to 40% of TAU and PE 
participants. Furthermore, improvements in PTSD symptoms were 
significantly greater for those who received PE+ compared to TAU 
(mean difference = 10.9, 95% CI [0.20, 21.6], d = 1.34, p =.046) while 
changes in PTSD symptoms for the PE condition did not differ signifi-
cantly from the TAU condition (mean difference = 8.9, 95% CI:-2.2 to 
20.1, Cohen’s d = 1.10, p =.12; Fig. 3). A different pattern was observed 
on the PCL-5, with all three conditions reporting significant reductions 
in PTSD symptoms at week 12 compared to intake (TAU: mean decrease 
= 20.5, 95% CI [7.5, 33.6], d = 1.93; PE: mean decrease = 20.0, 95% CI 
[5.5, 34.5], d = 1.89; PE+: mean decrease = 24.8, 95% CI [12.1, 37.2], 
d = 2.33, p’s < 0.01), with no significant between-group differences. 

3.4. Other psychiatric symptoms 

Anxiety symptoms as measured by the BAI significantly improved for 
those receiving TAU (mean decrease = 10.0, 95% CI [0.6, 19.5], d =
0.88, p =.03). Similar improvements were observed for subjects in the 
PE and PE+ conditions, but these changes were not significant (PE: 
mean decrease = 9.7, 95% CI [-0.2, 19.6], d = 0.85, p =.057; PE+: mean 
decrease = 8.5, 95% CI [-0.6, 17.6], d = 0.75, p =.072). There were no 
significant between group differences in changes over time. Depression 
symptoms as measured by the BDI-II significantly improved in all three 
conditions (TAU: mean decrease = 11.6, 95% CI [3.5, 19.8], d = 1.32; 
PE: mean decrease = 14.6, 95% CI [6.0, 23.2], d = 1.67; PE+: mean 
decrease = 9.6, 95% CI [1.8, 17.4], d = 1.10, p’s < 0.01). There were no 
significant between-group differences. 

Participants in both PE conditions also experienced significant re-
ductions in psychiatric symptoms, as measured by the ASI Psychiatric 
Composite, between intake and week 12 (PE: mean decrease = 0.22, 
95% CI [0.01, 0.43], d = 1.51; PE+: mean decrease = 0.18, 95% CI 
[0.02, 0.35], d = 1.24, p’s < 0.05) whereas participants in the TAU 
condition did not report significant changes (mean decrease = 0.05, 
95% CI [-0,12, 0.23], d = 0.34, p = 0.99). There were no significant 
differences in changes over time across groups. 

3.5. Substance use outcomes 

Over the entire 12-week treatment period, TAU participants pro-
vided significantly more urine samples that were positive for opioids 
other than prescribed MOUD (22%) than PE (0%) and PE+ (0%) 

Fig. 2. Percentage of prolonged exposure (PE) therapy sessions attended by 
group. Error bars represent standard error of the mean. Asterisk indicates a 
significant (p <.05) difference in the percentage of PE sessions attended be-
tween those randomized to prolonged exposure therapy (PE), or PE with 
financial incentives delivered contingent upon PE session attendance (PE+). 

Table 2 
Primary and secondary outcomes by group.  

Measure TAU PE PE+

n Mean 
(SE) 

n Mean 
(SE) 

n Mean 
(SE) 

CAPS-5       
Intake 10 38.9 

(4.0) 
10 41.4 

(4.0) 
10 44.1 

(4.0) 
Week 4 8 36.9 

(4.2) 
9 33.0 

(4.1) 
10 39.0 

(4.0) 
Week 8 10 30.3 

(4.0) 
8 30.8 

(4.2) 
10 34.6 

(4.0) 
Week 12 8 31.5 

(4.2)a 
7 25.1 

(4.4)a,b 
9 25.8 

(4.1)b 

PCL-5       
Intake 10 57.1 

(5.0) 
10 51.4 

(15.0) 
10 59.5 

(5.0) 
Week 4 8 47.2 

(5.4) 
9 33.0 

(5.2) 
10 49.8 

(5.0) 
Week 8 10 37.5 

(5.0) 
8 26.1 

(5.4) 
10 36.9 

(5.0) 
Week 12 8 36.6 

(5.4) 
6 31.4 

(6.0) 
9 34.8 

(5.2) 
BAI       

Intake 10 31.7 
(3.4) 

10 21.5 
(3.4) 

10 25.3 
(3.4) 

Week 4 8 25.2 
(3.7) 

9 17.8 
(3.6) 

9 24.6 
(3.6) 

Week 8 10 17.7 
(3.4) 

8 16.4 
(3.7) 

10 18.9 
(3.4) 

Week 12 8 21.7 
(3.7) 

7 11.8 
(3.9) 

9 16.8 
(3.6) 

BDI-II       
Intake 10 34.4 

(3.9) 
10 29.7 

(3.9) 
10 32.8 

(3.9) 
Week 4 8 32.0 

(4.1) 
9 26.2 

(4.0) 
10 24.9 

(3.9) 
Week 8 10 25.9 

(3.9) 
8 22.9 

(4.1) 
10 23.8 

(3.9) 
Week 12 8 22.8 

(4.1) 
7 15.0 

(4.2) 
9 23.2 

(4.0) 
ASI – Psychiatric 

Composite       
Intake 10 0.49 

(0.05) 
10 0.48 

(0.05) 
10 0.51 

(0.05) 
Week 12 7 0.43 

(0.06) 
5 0.28 

(0.07) 
8 0.34 

(0.05) 
Urine samples positive for 

opioids other than 
prescribed MOUD (%)#       

Intake 10 3 
(30.0%) 

10 0 (0%) 10 0 (0%) 

Week 4 7 1 
(14.3%) 

8 0 (0%) 8 0 (0%) 

Week 8 6 1 
(16.7%) 

7 0 (0%) 7 0 (0%) 

Week 12 5 2 
(40.0%) 

6 0 (0%) 5 0 (0%) 

Urine samples positive for 
non-opioid substances 
(%)#       

Intake 10 5 
(50.0%) 

10 2 
(20.0%) 

10 2 
(20.0%) 

Week 4 7 4 
(57.1%) 

8 1 
(12.5%) 

8 1 
(12.5%) 

Week 8 6 2 
(33.3%) 

7 1 
(14.3%) 

7 1 
(14.3%) 

Week 12 5 2 
(40.0%) 

6 3 
(50.0%) 

5 1 
(20.0%) 

Self-reported past-month 
opioid use other than 
prescribed MOUD (%)       
Intake 10 3 (30%) 10 2 (20%) 10 2 (20%) 
Week 4 10 2 (20%) 10 1 (10%) 10 0 (0%) 
Week 8 10 2 (20%) 8 1 

(12.5%) 
10 1 (10%) 

Week 12 8 2 (25%) 7 0 (0%) 9 0 (0%) 

(continued on next page) 
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participants (differences = 22%, 95% CI [5%, 39%], d = 0.78, p =.007). 
The trend was similar for other substances (e.g., cocaine, amphetamines, 
benzodiazepines), with 44% of TAU, 24% of PE, and 15% of PE+ par-
ticipants submitting urine samples that were positive for one or more of 
these substances. However, there were no significant group differences 
in non-opioid drug use during the study. The percentage of participants 
who self-reported past-month opioid and non-opioid drug use on the 
TLFB did not differ significantly between treatment conditions at any 
assessment time point. Urine sample test results were generally consis-
tent with past month self-reported opioid use. When urine sample and 
TLFB data were both available, there were only five instances in which 
they were discordant (2 in the TAU group, 2 in the PE group, and 1 in the 
PE+ group). In each instance, the participant self-reported past-month 
opioid use, but the urine sample was negative for opioids. 

3.6. Treatment adherence and competence 

All PE sessions were audio-recorded and 15% (n = 22) were 
randomly selected and evaluated for treatment fidelity. These therapy 

sessions contained a total of 150 essential intervention elements. A total 
of 131 (87%) essential elements were provided during therapy sessions. 
Competence providing the essential elements was rated separately using 
an adaptation of the Yale Adherence and Competence Scale (Carroll 
et al., 2000). Competency ratings (1 = not at all, 2 = a little, 3 =
somewhat, 4 = considerable, 5 = extensive) were in the “considerable” 
range (M = 3.8, SD = 1.3), which is comparable to prior studies (Back 
et al., 2019). 

4. Discussion 

This study is among the first to evaluate PE for PTSD in individuals 
receiving MOUD treatment. Although preliminary studies suggest that 
PE is associated with reductions in PTSD symptom severity in patients 
receiving treatment for co-occurring OUD, poor attendance often limits 
the efficacy of PE. The present study provides preliminary support for a 
novel PE protocol for improving therapy attendance and suggests that 
the combination of PE plus MOUD may be associated with better clinical 
outcomes than MOUD alone. 

As hypothesized, PE+ participants attended more therapy sessions 
compared to PE participants, providing preliminary support for the ef-
ficacy of attendance-based financial incentives for increasing PE atten-
dance. Therapy attendance in the PE+ condition was higher than 
reported in prior studies of individuals with co-occurring PTSD and SUD 
(Coffey et al., 2016; Foa et al., 2013; Mills et al., 2012) as well as a prior 
study examining the efficacy of financial incentives for improving PE 
attendance in individuals receiving methadone treatment for OUD 
(Schacht et al., 2017). The well-established incentive schedule used in 
the present study differed from the schedule used by Schacht et al. 
(2017) and included important design features that may have increased 
PE attendance. First, although the present study and the Schacht et al. 
(2017) study implemented reinforcement schedules that incorporated 
an increasing magnitude of reinforcement for consecutively attended 
therapy sessions, the maximum possible total incentive amount in the 
present study ($920) was nearly double the amount ($480) in the 
Schacht et al. (2017) study. Second, participants in the present study 
were incentivized for attendance to every PE session (vs. the first nine). 
Third, bonuses were built into the schedule used in the present study to 
support consistent (vs. sporadic) attendance as well as completion of the 
12-week PE protocol. These and other design features are associated 
with superior results (Roll & Shoptaw, 2006). 

This pilot study also offers promising evidence for the feasibility of 
telemedicine for delivering PE to individuals with co-occurring PTSD 
and OUD. The efficacy of telemedicine-delivered PE has been demon-
strated previously (Acierno et al., 2017; Morland et al., 2020). However, 
prior studies excluded individuals with SUDs. Thus, the efficacy of 
telemedicine-delivered PE for individuals with OUD and other SUDs 
remains unexamined. Furthermore, because approximately one-third of 
patients receiving telemedicine-delivered PE drop out of treatment 
prematurely (Acierno et al., 2017; Morland et al., 2020), efforts to in-
crease attendance to telemedicine-delivered PE are critical. 

This study is the first to our knowledge to evaluate the effects of PE 
above and beyond MOUD in individuals with co-occurring PTSD and 
OUD. Similar to prior studies (Peck et al., 2018; Schacht et al., 2017; 
Schiff et al., 2015), PE was associated with significant reductions in 
PTSD symptoms. Our findings also suggest that PE may be efficacious 
above and beyond MOUD for improving PTSD symptoms in adults with 
co-occurring OUD. Indeed, PE+ participants achieved significantly 
greater improvements in PTSD symptoms as measured by the CAPS-5 
compared to TAU participants. These findings indicate the PE can 
improve PTSD symptoms among individuals who are maintained on a 
stable methadone or buprenorphine dose. However, additional research 
is needed to evaluate the feasibility and efficacy of PE in individuals who 
have recently initiated MOUD treatment. Notably, no significant group 
differences were observed on changes in self-reported PTSD, anxiety, or 
depression symptoms as measured by the PCL5. BAI, and BDI-II, 

Table 2 (continued ) 

Measure TAU PE PE+

n Mean 
(SE) 

n Mean 
(SE) 

n Mean 
(SE) 

Self-reported past-month 
non-opioid substance 
use (%)       
Intake 10 5 (50%) 10 2 (20%) 10 3 (30%) 
Week 4 10 3 (30%) 10 3 (30%) 10 2 (20%) 
Week 8 10 4 (40%) 8 2 (25%) 10 1 (10%) 
Week 12 8 2 (25%) 7 2 

(28.6%) 
9 2 

(22.2%) 

Note. TAU = continued MOUD treatment as usual; PE = Prolonged Exposure 
therapy; PE+ = PE with financial incentives delivered contingent upon PE ses-
sion attendance; CAPS-5 = Clinician Administered PTSD Scale for DSM-5; PCL-5 
= PTSD Checklist for DSM-5; BAI = Beck Anxiety Inventory; BDI-II = Beck 
Depression Inventory. Values represent mean (SE) unless otherwise indicated. 
Bold type indicates a significant difference between intake and the assessment 
time point within the experimental condition. Groups means that do not share a 
common superscript indicate that the change from intake to week 12 differed 
between experimental conditions (p <.05). 

# Urine samples missing for follow-up assessments conducted between March 
– June of 2020 due to institution-wide restrictions on face-to-face research 
activity. 

Fig. 3. Change in PTSD symptom severity for those randomized to continued 
MOUD treatment as usual (TAU), prolonged exposure therapy (PE), or PE with 
financial incentives delivered contingent upon PE session attendance (PE+) as 
measured by the Clinician Administered PTSD Scale for DSM-5. Asterisk in-
dicates a significant (p <.05) difference in the reduction in CAPS-5 scores be-
tween intake and week 12 for those randomized to continued MOUD treatment 
as usual (TAU) versus PE with financial incentives delivered contingent upon 
PE session attendance (PE+). Error bars represent standard error of the mean. 
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respectively. Although the CAPS-5 and PCL-5 are generally concordant 
in quantifying PTSD symptom change, recent research (Lee et al., 2022) 
indicates that, relative to the CAPS-5, change in PCL-5 scores may not 
provide the same level of precision in quantifying symptom change. 

Most participants were abstinent from opioids other than prescribed 
MOUD, with 93% of all urine samples collected during the 12-week 
treatment period negative for non-prescribed opioids. Despite anec-
dotal concerns that PE will undermine participants’ stability with drug 
use, participants who received PE did not provide any urine samples that 
were positive for opioids other than prescribed MOUD. This aligns with 
prior studies indicating that PE can improve PTSD symptoms without 
prompting opioid relapse among patients with OUD when PE and MOUD 
are delivered concurrently (Schacht et al., 2017; Schiff et al., 2015). 
Similar to prior studies (Saloner et al., 2021; Winkelman et al., 2018), 
our results indicate that individuals with OUD often engage in poly-
substance use and continue to engage in use of other non-opioid sub-
stances even after initiating MOUD treatment. Taken together, more 
research is needed to determine whether PE is associated with greater 
improvements in substance use outcomes compared to MOUD alone. 

Despite these promising findings, several limitations are worth 
bearing in mind. First, the small and racially homogenous sample 
limited the generalizability of our findings as well as our ability to 
examine differences in PTSD symptoms between experimental condi-
tions. Second, the absence of a post-treatment follow-up assessment 
period precluded our ability to evaluate whether improvements in PTSD 
symptoms were sustained following completion of PE. Third, adherence 
to in-vivo and imaginal exposure homework assignments was not sys-
tematically assessed. A larger scale randomized clinical trial employing 
a nationwide recruitment strategy, post-treatment follow-up assess-
ments and assessments of treatment adherence is planned to address the 
above limitations. The planned study will permit us to examine the 
generalizability of these findings in a more geographically and ethni-
cally diverse sample, sustainability of improvements in PTSD and SUD 
symptoms, and mechanisms of change. Fourth, participants were not 
randomized to receive in-person or telemedicine-delivered therapy 
sessions but rather were permitted to choose between platforms and 
platforms could also vary within participants throughout the study. 
Thus, randomized trials examining the efficacy of telemedicine- 
delivered PE for individuals with OUD and other SUDs are needed. 
Fifth, although medication type (methadone versus buprenorphine) was 
included as a stratification variable and unlikely to be a confounding 
factor in the present study, the type and quantity of therapeutic services 
may vary across treatment programs, time, and patients. Additional 
research is needed to evaluate whether engagement in these services 
affects PTSD and SUD outcomes in individuals with co-occurring PTSD 
and OUD. Sixth, the cost of financial incentives may be a barrier to 
implementation in clinical settings. However, there is growing recog-
nition by the White House Office of National Drug Control Policy 
(ONDCP) of the importance of financial incentives for effective SUD 
treatment and efforts by the Department of Health and Human Services’ 
Centers for Medicare and Medicaid Services exploring reimbursement 
for motivational incentives (California Department of Health Care Ser-
vices, 2021; ONDCP, 2021). 

In summary, these results provide preliminary support for the effi-
cacy of PE+ for improving PE attendance and PTSD symptoms in in-
dividuals with co-occurring PTSD and OUD. They also suggest that PE 
does not undermine patients’ stability with drug use and may be asso-
ciated with less substance use than MOUD alone. Our study also offers 
preliminary evidence for the feasibility of telemedicine-based PE for 
individuals with co-occurring PTSD and OUD that has the potential to 
extend access to evidence-based PTSD treatment to MOUD patients in 
vulnerable and underserved communities. 

Role of funding source 

This work was supported in part by the National Institute of General 

Medical Sciences (P20GM103644) and the National Institute on Drug 
Abuse (5T32DA007242). 

CRediT authorship contribution statement 

Kelly R. Peck: Conceptualization, Methodology, Investigation, Re-
sources, Data curation, Writing – original draft, Writing – review & 
editing, Visualization, Supervision, Project administration, Funding 
acquisition. Gary J. Badger: Methodology, Software, Formal analysis, 
Resources, Data curation, Writing – original draft, Writing – review & 
editing. Rebecca Cole: Investigation, Data curation, Writing – review & 
editing, Visualization, Project administration. Stephen T. Higgins: 
Conceptualization, Methodology, Writing – review & editing, Supervi-
sion, Funding acquisition. Nathaniel Moxley-Kelly: Investigation, Data 
curation, Writing – review & editing, Project administration. Stacey C. 
Sigmon: Conceptualization, Methodology, Resources, Writing – review 
& editing, Supervision, Funding acquisition. 

Declaration of Competing Interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests: 
[This work was supported in part by the National Institute of General 
Medical Sciences (P20GM103644) and the National Institute on Drug 
Abuse (5T32DA007242). The authors of this report were entirely 
responsible for the design of the study, the collection, analysis, and 
interpretation of data, the preparation of the manuscript, and the deci-
sion to submit the work for publication. KRP, GJB, RC, STH, NMK and 
SCS have no interests that may be perceived as conflicting with the 
research.] 

Data availability 

Data will be made available on request. 

Acknowledgements 

The authors would like to thank research participants for their 
cooperation on this study. We also thank Danyelle Pagan, Arthur Seelig, 
and Elias Klemperer for their assistance on this project. 

References 

Acierno, R., Knapp, R., Tuerk, P., Gilmore, A. K., Lejuez, C., Ruggiero, K., Muzzy, W., 
Egede, L., Hernandez-Tejada, M. A., & Foa, E. B. (2017). A non-inferiority trial of 
prolonged exposure for posttraumatic stress disorder: In person versus home-based 
telehealth. Behaviour Research and Therapy, 89, 57–65. https://doi.org/10.1016/j. 
brat.2016.11.009 

Altman, D. G., & Bland, J. M. (2005). Treatment allocation by minimisation. BMJ, 330, 
843. https://doi.org/10.1136/bmj.330.7495.843 

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental 
disorders (5th ed.). Washington, DC: American Psychiatric Association.  

Back, S. E., Killeen, T., Badour, C. L., Flanagan, J. C., Allan, N. P., Ana, E. S., Lozano, B., 
Korte, K. J., Foa, E. B., & Brady, K. T. (2019). Concurrent treatment of substance use 
disorders and PTSD using prolonged exposure: A randomized clinical trial in military 
veterans. Addictive Behaviors, 90, 369–377. https://doi.org/10.1016/j. 
addbeh.2018.11.032 

Beck, A. T., & Steer, R. A. (1993). Beck Anxiety Inventory manual. San Antonio, TX: 
Psychological Corporation.  

Beck, A. T., Steer, R. A., & Brown, G. K. (1996). Manual for the Beck Depression Inventory- 
II. San Antonio, TX: Psychological Corporation.  

Belleau, E. L., Chin, E. G., Wanklyn, S. G., Zambrano-Vazquez, L., Schumacher, J. A., & 
Coffey, S. F. (2017). Pre-treatment predictors of dropout from prolonged exposure 
therapy in patients with chronic posttraumatic stress disorder and comorbid 
substance use disorders. Behaviour Research and Therapy, 91, 43–50. https://doi.org/ 
10.1016/j.brat.2017.01.011 

Brady, K. T., Dansky, B. S., Back, S. E., Foa, E. B., & Carroll, K. M. (2001). Exposure 
therapy in the treatment of PTSD among cocaine-dependent individuals: Preliminary 
findings. Journal of Substance Abuse Treatment, 21, 47–54. https://doi.org/10.1016/ 
s0740-5472(01)00182-9 

California Department of Health Care Services, 2021. California Advancing and 
Innovating Medi-Cal (CalAIM) 1915(b) Waiver Overview. https://www.dhcs.ca. 

K.R. Peck et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.brat.2016.11.009
https://doi.org/10.1016/j.brat.2016.11.009
https://doi.org/10.1136/bmj.330.7495.843
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0015
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0015
https://doi.org/10.1016/j.addbeh.2018.11.032
https://doi.org/10.1016/j.addbeh.2018.11.032
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0025
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0025
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0030
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0030
https://doi.org/10.1016/j.brat.2017.01.011
https://doi.org/10.1016/j.brat.2017.01.011
https://doi.org/10.1016/s0740-5472(01)00182-9
https://doi.org/10.1016/s0740-5472(01)00182-9
https://www.dhcs.ca.gov/provgovpart/Documents/CalAIM-1915-Waiver-Overview.pdf


Addictive Behaviors 143 (2023) 107688

8

gov/provgovpart/Documents/CalAIM-1915-Waiver-Overview.pdf. (Accessed June 
12, 2022). 

Carroll, K. M., Nich, C., Sifry, R. L., Nuro, K. F., Frankforter, T. L., Ball, S. A., Fenton, L., & 
Rounsaville, B. J. (2000). A general system for evaluating therapist adherence and 
competence in psychotherapy research in the addictions. Drug and Alcohol 
Dependence, 57, 225–238. https://doi.org/10.1016/s0376-8716(99)00049-6 

Coffey, S. F., Schumacher, J. A., Nosen, E., Littlefield, A. K., Henslee, A. M., Lappen, A., & 
Stasiewicz, P. R. (2016). Trauma-focused exposure therapy for chronic posttraumatic 
stress disorder in alcohol and drug dependent patients: A randomized controlled 
trial. Psychology of Addictive Behaviors, 30, 778–790. https://doi.org/10.1037/ 
adb0000201 

Coffey, S. F., Stasiewicz, P. R., Hughes, P. M., & Brimo, M. L. (2006). Trauma-focused 
imaginal exposure for individuals with comorbid posttraumatic stress disorder and 
alcohol dependence: Revealing mechanisms of alcohol craving in a cue reactivity 
paradigm. Psychology of Addictive Behaviors, 20, 425–435. https://doi.org/10.1037/ 
0893-164X.20.4.425 

Dunlap, W. P., Cortina, J. M., Vaslow, J. B., & Burke, M. J. (1996). Meta-analysis of 
experiments with matched groups or repeated measures designs. Psychological 
Methods, 1, 170–177. https://doi.org/10.1037/1082-989X.1.2.170 

Florence, C., Luo, F., Xu, L., & Zhou, C. (2016). The economic burden of prescription 
opioid overdose, abuse, and dependence in the United States, 2013. Medical Care, 54, 
901. https://doi.org/10.1097/MLR.0000000000000625 

Foa, E. B., Hembree, E. A., Cahill, S. P., Rauch, S. A., Riggs, D. S., Feeny, N. C., & 
Yadin, E. (2005). Randomized trial of prolonged exposure for posttraumatic stress 
disorder with and without cognitive restructuring: Outcome at academic and 
community clinics. Journal of Consulting and Clinical Psychology, 73, 953. https://doi. 
org/10.1037/0022-006X.73.5.953 

Foa, E., Hembree, E. A., Rothbaum, B. O., & Rauch, S. (2019). Prolonged exposure therapy 
for PTSD: Emotional processing of traumatic experiences: Therapist guide (2nd ed.). New 
York, NY: Oxford University Press.  

Foa, E. B., Yusko, D. A., McLean, C. P., Suvak, M. K., Bux, D. A., Jr, Oslin, D., 
O’Brien, C. P., Imms, P., Riggs, D. S., & Volpicelli, J. (2013). Concurrent naltrexone 
and prolonged exposure therapy for patients with comorbid alcohol dependence and 
PTSD: A randomized clinical trial. Journal of the American Medical Association, 310, 
488–495. https://doi.org/10.1001/jama.2013.8268 

Geller, A. I., Dowell, D., Lovegrove, M. C., McAninch, J. K., Goring, S. K., Rose, K. O., 
Weidle, N. J., & Budnitz, D. S. (2019). U.S. emergency department visits resulting 
from nonmedical use of pharmaceuticals, 2016. American Journal of Preventive 
Medicine, 56, 639–647. https://doi.org/10.1016/j.amepre.2018.12.009 

Higgins, S. T., Delaney, D. D., Budney, A. J., Bickel, W. K., Hughes, J. R., Foerg, F., & 
Fenwick, J. W. (1991). A behavioral approach to achieving initial cocaine 
abstinence. The American Journal of Psychiatry, 148, 1218–1224. https://doi.org/ 
10.1176/ajp.148.9.1218 

Jonas, D. E., Cusack, K., Forneris, C. A., Wilkins, T. M., Sonis, J., Middleton, J. C., 
Feltner, C., Meredith, D., Cavanaugh, J., Brownley, K. A., Olmsted, K. R., 
Greenblatt, A., Weil, A., & Gaynes, B. N. (2013). Psychological and pharmacological 
treatments for adults with posttraumatic stress disorder (PTSD). Rockville, MD: Agency 
for Healthcare Research and Quality.  

Lee, D. J., Weathers, F. W., Thompson-Hollands, J., Sloan, D. M., & Marx, B. P. (2022). 
Concordance in PTSD symptom change between DSM-5 versions of the Clinician- 
Administered PTSD Scale (CAPS-5) and the PTSD Checklist (PCL-5). Psychological 
Assessment, 34, 604–609. https://doi.org/10.1037/pas0001130 

Mattick, R. P., Breen, C., Kimber, J., & Davoli, M. (2014). Buprenorphine maintenance 
versus placebo or methadone maintenance for opioid dependence. Cochrane 
Database of Systematic Reviews, 2, 1–76. https://doi.org/10.1002/14651858. 
cd002207.pub4 

McLellan, A. T., Kushner, H., Metzger, D., Peters, R., Smith, I., Grissom, G., Pettinati, H., 
& Argeriou, M. (1992). The fifth edition of the Addiction Severity Index. Journal of 
Substance Abuse Treatment, 9, 199–213. https://doi.org/10.1016/0740-5472(92) 
90062-s 

Mills, K. L., Lynskey, M., Teesson, M., Ross, J., & Darke, S. (2005). Post-traumatic stress 
disorder among people with heroin dependence in the Australian treatment outcome 
study (ATOS): Prevalence and correlates. Drug and Alcohol Dependence, 77, 243–249. 
https://doi.org/10.1016/j.drugalcdep.2004.08.016 

Mills, K. L., Teesson, M., Back, S. E., Brady, K. T., Baker, A. L., Hopwood, S., 
Sannibale, C., Barrett, E. L., Merz, S., Rosenfeld, J., & Ewer, P. L. (2012). Integrated 
exposure-based therapy for co-occurring posttraumatic stress disorder and substance 
dependence: A randomized controlled trial. Journal of the American Medical 
Association, 308, 690–699. https://doi.org/10.1001/jama.2012.9071 

Mills, K. L., Teesson, M., Ross, J., & Peters, L. (2006). Trauma, PTSD, and substance use 
disorders: Findings from the Australian National Survey of Mental Health and Well- 
Being. The American Journal of Psychiatry, 163, 652–658. https://doi.org/10.1176/ 
ajp.2006.163.4.652 

Morland, L. A., Mackintosh, M., Glassman, L. H., Wells, S. Y., Thorp, S. R., 
Rauch, S. A. M., Cunningham, P. B., Tuerk, P. W., Grubbs, K. M., Golshan, S., 
Sohn, M. J., & Acierno, R. (2020). Home-based delivery of variable length prolonged 
exposure therapy: A comparison of clinical efficacy between service modalities. 
Depression and Anxiety, 37, 346–355. https://doi.org/10.1002/da.22979 

Nacasch, N., Huppert, J. D., Su, Y. J., Kivity, Y., Dinshtein, Y., Yeh, R., & Foa, E. B. 
(2015). Are 60-minute prolonged exposure sessions with 20-minute imaginal 
exposure to traumatic memories sufficient to successfully treat PTSD? A randomized 

noninferiority clinical trial. Behavior Therapy, 46, 328–341. https://doi.org/ 
10.1016/j.beth.2014.12.002 

Office of National Drug Control Policy, 2021. The Biden-Harris administration’s 
statement of drug policy priorities for year one. https://www.whitehouse.gov/wp- 
content/uploads/2021/03/BidenHarris-Statement-of-Drug-Policy-Priorities-April-1. 
pdf. (Accessed June 12, 2022). 

Peck, K. R., Schumacher, J. A., Stasiewicz, P. R., & Coffey, S. F. (2018). Adults with 
comorbid posttraumatic stress disorder, alcohol use disorder, and opioid use 
disorder: The effectiveness of modified prolonged exposure. Journal of Traumatic 
Stress, 31, 373–382. https://doi.org/10.1002/jts.22291 

Peirce, J. M., Brooner, R. K., King, V. L., & Kidorf, M. S. (2016). Effect of traumatic event 
reexposure and PTSD on substance use disorder treatment response. Drug and Alcohol 
Dependence, 158, 126–131. https://doi.org/10.1016/j.drugalcdep.2015.11.006 

Peirce, J. M., Burke, C. K., Stoller, K. B., Neufeld, K. J., & Brooner, R. K. (2009). Assessing 
traumatic event exposure: Comparing the Traumatic Life Events Questionnaire to the 
Structured Clinical Interview for DSM-IV. Psychological Assessment, 21, 210. https:// 
doi.org/10.1037/a0015578 

Powers, M. B., Halpern, J. M., Ferenschak, M. P., Gillihan, S. J., & Foa, E. B. (2010). 
A meta-analytic review of prolonged exposure for posttraumatic stress disorder. 
Clinical Psychology Review, 30, 635–641. https://doi.org/10.1016/j.cpr.2010.04.007 

Roll, J. M., & Higgins, S. T. (2000). A within-subject comparison of three different 
schedules of reinforcement of drug abstinence using cigarette smoking as an 
exemplar. Drug and Alcohol Dependence, 58, 103–109. https://doi.org/10.1016/ 
s0376-8716(99)00073-3 

Roll, J. M., & Shoptaw, S. (2006). Contingency management: Schedule effects. Psychiatry 
Research, 144, 91–93. https://doi.org/10.1016/j.psychres.2005.12.003 

Rudd, R. A., Aleshire, N., Zibbell, J. E., & Gladden, R. M. (2016). Increases in drug and 
opioid overdose deaths — United States, 2000–2014. MMWR. Morbidity and 
Mortality Weekly Report, 64, 1378–1382. https://doi.org/10.15585/mmwr. 
mm6450a3 

Saloner, B., Whitley, P., LaRue, L., Dawson, E., & Huskey, A. (2021). Polysubstance use 
among patients treated with buprenorphine from a national urine drug test database. 
JAMA Network Open, 4, e2123019. 

Sannibale, C., Teesson, M., Creamer, M., Sitharthan, T., Bryant, R. A., Sutherland, K., 
Taylor, K., Bostock-Matusko, D., Visser, A., & Peek-O’Leary, M. (2013). Randomized 
controlled trial of cognitive behaviour therapy for comorbid post-traumatic stress 
disorder and alcohol use disorders. Addiction, 108, 1397–1410. https://doi.org/ 
10.1111/add.12167 

Schacht, R. L., Brooner, R. K., King, V. L., Kidorf, M. S., & Peirce, J. M. (2017). 
Incentivizing attendance to prolonged exposure for PTSD with opioid use disorder 
patients: A randomized controlled trial. Journal of Consulting and Clinical Psychology, 
85, 689. https://doi.org/10.1037/ccp0000208 

Schiff, M., Levit, S., & Cohen-Moreno, R. (2010). Childhood sexual abuse, post-traumatic 
stress disorder, and use of heroin among female clients in Israeli methadone 
maintenance treatment programs (MMTPs). Social Work in Health Care, 49, 799–813. 
https://doi.org/10.1080/00981381003745103 

Schiff, M., Nacasch, N., Levit, S., Katz, N., & Foa, E. B. (2015). Prolonged exposure for 
treating PTSD among female methadone patients who were survivors of sexual abuse 
in Israel. Social Work in Health Care, 54, 687–707. https://doi.org/10.1080/ 
00981389.2015.1058311 

Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E., 
Hergueta, T., Baker, R., & Dunbar, G. C. (1998). The Mini-International 
Neuropsychiatric Interview (M.I.N.I.): The development and validation of a 
structured diagnostic psychiatric interview for DSM-IV and ICD-10. The Journal of 
Clinical Psychiatry, 59, 22–57. 

Sigmon, S. C., Miller, M. E., Meyer, A. C., Saulsgiver, K., Badger, G. J., Heil, S. H., & 
Higgins, S. T. (2016). Financial incentives to promote extended smoking abstinence 
in opioid-maintained patients: A randomized trial. Addiction, 111, 903–912. https:// 
doi.org/10.1111/add.13264 

Sobell, L. C., & Sobell, M. B. (1992). Timeline follow-back: A technique for assessing self- 
reported alcohol consumption. In R. Z. Litten, & J. P. Allen (Eds.), Measuring alcohol 
consumption: Psychosocial and biochemical methods (pp. 41–72). Totowa, NJ: Humana 
Press. https://doi.org/10.1007/978-1-4612-0357-5_3.  

Streck, J. M., Ochalek, T. A., Badger, G. J., & Sigmon, S. C. (2018). Interim 
buprenorphine treatment during delays to comprehensive treatment: Changes in 
psychiatric symptoms. Experimental and Clinical Psychopharmacology, 26, 403–409. 
https://doi.org/10.1037/pha0000199 

Substance Abuse and Mental Health Services Administration, 2021. Key substance use 
and mental health indicators in the United States: Results from the 2020 National 
Survey on Drug Use and Health, Rockville, MD (HHS Publication No. PEP21-07-01- 
003, NSDUH Series H-56). 

Weathers, F., Blake, D., Schnurr, P., Kaloupek, D., Marx, B., & Keane, T. (2013a). The Life 
Events Checklist for DSM-5 (LEC-5). Retrieved from www.ptsd.va.gov. 

Weathers, F. W., Blake, D. D., Schnurr, P. P., Kaloupek, D. G., Marx, B. P., & Keane, T. M. 
(2013b). The Clinician-Administered PTSD Scale for DSM–5 (CAPS-5). Retrieved 
from http://www.ptsd.va.gov. 

Weathers, F. W., Litz, B. T., Keane, T. M., Palmieri, P. A., Marx, B. P., & Schnurr, P. P. 
(2013c). The PTSD Checklist for DSM–5 (PCL-5). Retrieved from http://www.ptsd. 
va.gov. 

Winkelman, T. N. A., Chang, V. W., & Binswanger, I. A. (2018). Health, polysubstance 
use, and criminal justice involvement among adults with varying levels of opioid use. 
JAMA Network Open, 1, e180558. 

K.R. Peck et al.                                                                                                                                                                                                                                  

https://www.dhcs.ca.gov/provgovpart/Documents/CalAIM-1915-Waiver-Overview.pdf
https://doi.org/10.1016/s0376-8716(99)00049-6
https://doi.org/10.1037/adb0000201
https://doi.org/10.1037/adb0000201
https://doi.org/10.1037/0893-164X.20.4.425
https://doi.org/10.1037/0893-164X.20.4.425
https://doi.org/10.1037/1082-989X.1.2.170
https://doi.org/10.1097/MLR.0000000000000625
https://doi.org/10.1037/0022-006X.73.5.953
https://doi.org/10.1037/0022-006X.73.5.953
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0080
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0080
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0080
https://doi.org/10.1001/jama.2013.8268
https://doi.org/10.1016/j.amepre.2018.12.009
https://doi.org/10.1176/ajp.148.9.1218
https://doi.org/10.1176/ajp.148.9.1218
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0100
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0100
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0100
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0100
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0100
https://doi.org/10.1037/pas0001130
https://doi.org/10.1002/14651858.cd002207.pub4
https://doi.org/10.1002/14651858.cd002207.pub4
https://doi.org/10.1016/0740-5472(92)90062-s
https://doi.org/10.1016/0740-5472(92)90062-s
https://doi.org/10.1016/j.drugalcdep.2004.08.016
https://doi.org/10.1001/jama.2012.9071
https://doi.org/10.1176/ajp.2006.163.4.652
https://doi.org/10.1176/ajp.2006.163.4.652
https://doi.org/10.1002/da.22979
https://doi.org/10.1016/j.beth.2014.12.002
https://doi.org/10.1016/j.beth.2014.12.002
https://www.whitehouse.gov/wp-content/uploads/2021/03/BidenHarris-Statement-of-Drug-Policy-Priorities-April-1.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/03/BidenHarris-Statement-of-Drug-Policy-Priorities-April-1.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/03/BidenHarris-Statement-of-Drug-Policy-Priorities-April-1.pdf
https://doi.org/10.1002/jts.22291
https://doi.org/10.1016/j.drugalcdep.2015.11.006
https://doi.org/10.1037/a0015578
https://doi.org/10.1037/a0015578
https://doi.org/10.1016/j.cpr.2010.04.007
https://doi.org/10.1016/s0376-8716(99)00073-3
https://doi.org/10.1016/s0376-8716(99)00073-3
https://doi.org/10.1016/j.psychres.2005.12.003
https://doi.org/10.15585/mmwr.mm6450a3
https://doi.org/10.15585/mmwr.mm6450a3
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0185
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0185
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0185
https://doi.org/10.1111/add.12167
https://doi.org/10.1111/add.12167
https://doi.org/10.1037/ccp0000208
https://doi.org/10.1080/00981381003745103
https://doi.org/10.1080/00981389.2015.1058311
https://doi.org/10.1080/00981389.2015.1058311
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0210
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0210
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0210
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0210
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0210
https://doi.org/10.1111/add.13264
https://doi.org/10.1111/add.13264
https://doi.org/10.1007/978-1-4612-0357-5_3
https://doi.org/10.1037/pha0000199
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0250
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0250
http://refhub.elsevier.com/S0306-4603(23)00083-7/h0250

	Prolonged exposure therapy for PTSD in individuals with opioid use disorder: A randomized pilot study
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Procedure
	2.3 Treatment conditions
	2.3.1 Continued MOUD treatment as usual (TAU)
	2.3.2 Prolonged exposure therapy (PE)
	2.3.3 PE with financial incentives delivered contingent upon PE session attendance (PE+)

	2.4 Assessments
	2.4.1 Intake assessment
	2.4.2 Outcome measures

	2.5 Statistical methods

	3 Results
	3.1 Baseline demographic and clinical characteristics
	3.2 Treatment attendance and completion
	3.3 PTSD severity and diagnostic remission
	3.4 Other psychiatric symptoms
	3.5 Substance use outcomes
	3.6 Treatment adherence and competence

	4 Discussion
	Role of funding source
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	References


