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Abstract

Background: Training in interoceptive awareness is a promising behavioral approach for 

improving substance use disorder (SUD) treatment. This study examined the longitudinal effects 

of Mindful Awareness in Body-oriented Therapy (MABT) as an adjunct to women’s SUD 

treatment. MABT teaches interoceptive awareness skills to promote self-care and emotion 

regulation.

Methods: Women in intensive outpatient treatment for SUD at three community clinics were 

recruited and randomly assigned to one of three study conditions: Treatment as Usual (TAU) + 

MABT, TAU + Women’s Health Education (WHE), and TAU only. Four assessments were 

delivered over one year (N =187): baseline, 3, 6 and 12 months to examine primary outcome of 

percent days abstinent from substance use, and secondary outcomes of emotion dysregulation, 

craving, psychological distress, mindfulness and interoceptive awareness. Changes in outcomes 

across time were assessed using multilevel mixed effects linear regression.

Results: Substance use improved significantly for MABT vs. TAU at 6 months and 12 months. 

Positive longitudinal effects on secondary outcomes for MABT were evident on respiratory sinus 

arrhythmia (RSA), a physiological index of emotion regulation; on craving; and on interoceptive 

awareness skills. Analyses based on participants who completed >75% of the intervention sessions 
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revealed additional immediate significant improvements for MABT vs. TAU and WHE on 

depressive symptoms and emotion regulation difficulties and longitudinal improvement on 

mindfulness skills.

Conclusions: Results show MABT to be efficacious for longitudinal health outcomes to support 

women’s recovery as an adjunct to community-based SUD treatment.
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1. Introduction

Among individuals seeking substance use disorder treatment in publicly-funded programs 

annually in the United States, 30% are women (Substance Abuse and Mental Health 

Services Administration, 2016). Compared to men, women in treatment for substance use 

disorder (SUD) are more likely to have co-occurring mental health disorders and a history of 

interpersonal trauma, characterized in part by emotion dysregulation known to negatively 

influence treatment outcomes (Walitzer and Dearing 2006; Greenfield et al., 2007). Emotion 

dysregulation is characterized by intense emotions, low stress tolerance, experiential 

avoidance, and a sense of lack of control (Eftekhari et al., 2009). Exposure to childhood 

abuse followed by later traumatic events in adulthood appears to be strongly linked to 

emotion dysregulation and lifetime substance use problems (Mandavia et al., 2016), 

consistent with studies linking lifetime exposure to trauma and substance use (Kevorkian et 

al., 2015; Lawson et al., 2013). In addition, among individuals with substance use disorders, 

dysregulated emotion is linked to neurobiological problems of interoceptive processing, 

known as interoceptive dysfunction (Sinha and Li, 2007; Paulus and Stewart, 2014). 

Interoception involves the processing of sensations from inside the body (Craig, 2003). 

Interoception is often not conscious and may negatively impact cognitive control and 

decision-making processes that underlie patterns of behavior associated with substance use 

(Verdejo-Garcia et al., 2012; Noel et al., 2013; Paulus and Stewart, 2014). In contrast, 

interoceptive awareness – the ability to access, attend to, and respond to internal bodily 

sensations (Farb et al., 2015) – may offset automatic emotional responses and conditioning, 

and support positive decision-making processes critical for relapse prevention (Paulus and 

Stewart, 2014). The purpose of this study was to examine interoceptive awareness training 

for women in treatment, to address the need for more research on adjunctive treatments to 

improve women’s SUD treatment outcomes (Institute of Medicine, 2010).

Interoceptive awareness training within the context of SUD treatment is a promising 

behavioral approach to address emotion regulation difficulties in SUD (Price et al., 2012). 

Interoceptive training is designed to build skills in processing and managing sensory input 

from the body, including sensing, interpreting, and integrating information about the body 

(Vaitl, 1996; Khalsa et al., 2018), as a means for reducing emotion dysregulation and the 

associated substance use behavior patterns that can negatively impact treatment outcomes. 

Importantly, interoception is recognized as a central mechanism that may underlie 

mindfulness-based approaches for SUD treatment (Witkiewitz et al., 2013; Garland et al., 
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2014). Mindfulness-based SUD research has demonstrated reductions in substance use and 

related health outcomes (Bowen et al., 2009; Witkiewitz and Bowen, 2010; Brewer et al., 

2011; Garland et al., 2016). However, mindfulness-based approaches are typically taught in 

a group context and do not specifically target and develop interoceptive capacity, an 

identified gap in SUD treatment research (Verdejo-Garcia et al., 2012; Noel et al., 2013; 

Paulus and Stewart, 2014).

This study examined the efficacy of interoceptive awareness training as an adjunct to 

intensive outpatient treatment (IOP) to reduce substance use and improve related health 

outcomes. The active intervention was based on Mindful Awareness in Body-oriented 

Therapy (MABT), a mindfulness-based approach specifically designed to teach interoceptive 

awareness and related skills for self-care and emotion regulation. MABT is unique among 

mindfulness-based approaches in its use of touch to promote and develop the capacity for 

interoceptive awareness. As a therapeutic approach delivered individually, regulatory 

responses to sensory experience are assessed, and any difficulty with interoceptive 

processing is explicitly addressed through a combination of mindfulness instruction and 

psychoeducation (Price and Hooven, 2018). Our reported immediate pre-post findings 

highlighted the acquisition of interoceptive awareness skills, improved emotion regulation 

(self-report and physiological), reduced depression, and perceived benefits of this approach 

among women in treatment (Price et al., 2018).

This report describes longer-term results from the same randomized controlled trial (RCT). 

The study included three conditions: treatment as usual (TAU), MABT as an adjunct to 

treatment as usual (TAU+MABT), and Women’s Health Education (WHE) as an adjunct to 

TAU and serving as the active control condition. Focusing on outcomes across time and at 

the 12-month follow-up, the primary study hypothesis was that women randomized to TAU

+MABT, compared to TAU and TAU+WHE, would report more days abstinent from 

substance use. The secondary hypothesis was that TAU+MABT, compared to TAU and TAU

+WHE, would result in improved psychological health (reflected in reductions in emotion 

dysregulation, craving, and psychological symptoms of distress). The third hypothesis was 

that the intervention process variables of interoceptive awareness and mindfulness skills 

would improve for TAU+MABT compared to TAU and TAU+WHE.

2. Methods

2.1. Study Design

This NIDA-funded study was a three group, repeated measures, randomized controlled trial. 

Implemented at three community non-profit outpatient clinics in the Pacific NW, this study 

included four assessments: pre-intervention at baseline, and post-intervention at 3 months, 6- 

and 12-month follow-up. Based on a pilot MABT study for women in SUD treatment (Price 

et al., 2012) and taking into account 25% attrition, the power analysis indicated that a 

sample size of 225 would be sufficient to detect a moderately small effect size (es = .29), 

power = .80, alpha = .05, two-tailed. All study procedures were approved by the Institutional 

Review Board at a large University in the northwestern United States, in accord with the 

Helsinki Declaration of 1975.
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2.2. Procedures

2.2.1. Recruitment and Screening.—Clinic patients were recruited through flyers 

posted in the clinics for self-referral, and through study description presented in IOP groups 

by the research coordinator. Interested individuals were screened for eligibility by the 

research coordinator. Eligibility criteria included: female, over 18 years old, enrolled in the 

clinic IOP, agreed to forego other manual and mind-body therapies for a period of 3 months 

(baseline to post-test), fluent in English, able to attend MABT sessions when offered, and 

available for the duration of the trial. Exclusion criteria included: currently pregnant, 

untreated psychotic diagnosis or symptoms, and/or cognitive impairment based on a 

comprehension assessment of the informed consent.

2.2.2. Enrollment and Study Group Assignment.—Eligible individuals were 

enrolled after providing informed consent for study participation. Following the baseline 

assessment, participants were randomly assigned to one of the three study conditions: TAU, 

TAU + MABT (experimental condition), or TAU + WHE (active control condition). 

Allocation to condition was accomplished using a block random group generator (STATA) to 

ensure that equivalent number of cases were distributed to TAU, MABT or WHE at each of 

the three clinics. Toward the end of study recruitment, however, it became necessary to 

modify the randomization balance (1:1:1) to ensure adequate resources for equivalent and 

adequate sample sizes in the key experimental and control conditions. The modified 

proportion of subjects randomized to TAU, MABT, and WHE was 3:3:1, respectively.

2.2.3. Data Collection.—A trained research coordinator at each clinical site 

administered assessments at baseline, 3, 6 and 12 months. Data were collected at each 

assessment using: an interview calendar method to gather substance use information; a 

biochemical assay to screen for recent alcohol and/or drug use, and an online survey to 

assess secondary self-report outcomes. A set of baseline-only questionnaires was used to 

collect information regarding demographic and health history (McLellan et al., 1992), 

economic and legal status, and life-time trauma exposure (Kubany et al., 2000). A BIOPAC 

MP150 system was used to capture ECG and respiratory signals to assess respiratory sinus 

arrhythmia (RSA), the physiologic indicator of emotion dysregulation (Beauchaine and 

Thayer, 2015).

In addition to the assessment procedures outlined above, MABT participants completed 

follow-up questionnaires at 6 and 12 months to assess their use of MABT skills. We 

collected data from electronic medical records specific to relapse and treatment adherence. 

For participants who did not come to the clinic for follow-up assessments, we collected 

substance use data by phone interview when possible. For this reason, we have data from 

more study participants on the primary outcome than on the secondary outcomes. 

Participants were compensated $30 for completion of the baseline assessment, and $40, $50 

and $60, respectively, for completion of each subsequent assessment.

2.3. Measures

2.3.1. Primary Outcome.—The primary outcome of days abstinent from substance use 

was measured using the Time-Line Follow-back interview (TLFB) (Sobell et al., 1996) to 
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assess use of alcohol, illicit drugs, and non-prescription medications including marijuana 

over the past 90 days. The baseline TLFB included the 90-day period prior to entering SUD 

treatment. A second dichotomous measure of substance use relapse (0 = no relapse, 1 = 

relapse) was calculated based on any evidence of relapse from three separate data sources all 

collected during the same 90 day assessment period, including data from the TLFB, 

toxicology screen results, and electronic health records.

2.3.2. Secondary outcomes.—Secondary outcomes included measures of emotion 

regulation (physiological and self-report), craving, psychological distress, mindfulness and 

interoceptive awareness. Cronbach’s alpha for all self-report measures described below was 

> .90 (Price et al., 2018). The Difficulties in Emotion Regulation Scale (DERS) (Gratz and 

Roemer, 2004), is a 36-item measure with total scores ranging from 36 to 180; higher scores 

corresponded to more difficulties in emotion regulation. Craving was measured using the 5-

item Penn Alcohol Craving Scale (PACS) (Flannery et al., 1999), modified to address both 

alcohol and other drugs. The PTSD Symptom Scale-Self Report (PSS-SR) (Foa et al., 1993), 

a 17-item questionnaire, was used to assess symptoms of posttraumatic stress based on 

DSM-IV-TR criteria (American Psychiatric Association, 2000), which also provides 

screening cut-off values for PTSD (Coffey et al., 1998). The Beck Depression Inventory-II 

(BDI-II), a 21-item questionnaire, was used to measure severity of depressive symptoms 

(Beck et al., 1996). Process measures included the Freiburg Mindfulness Inventory (FMI) 

(Walach et al., 2006) and the Multidimensional Assessment of Interoceptive Awareness 

(MAIA) (Mehling et al., 2012).

Physiologic data for RSA were recorded using standardized procedures with the BIOPAC 

MP150 system (BIOPAC Systems Inc., Goleta, CA, USA), with electrodes placed on the 

torso using a standard spot configuration (Qu et al., 1986). Tonic RSA (resting-state) was 

measured during a five-minute period, with participants resting quietly. Participants did not 

eat, drink, or smoke cigarettes for one hour minimum prior to collecting RSA data (Hawkley 

et al., 2003). RSA was scored in ten 30-second epochs and averaged to produce a mean 

resting-state RSA value using MindWare HRV 3.0.10 software suite to calculate RSA values 

(Hayano et al., 1991). Consistent with standard RSA scoring, data were normalized via log 

transformations within the MindWare algorithm (for further study methods specific to RSA 

see Crowell et al., 2017).

2.4. Study Conditions and Interventions

All study participants at the three clinical sites were enrolled in IOP, the TAU condition, an 

abstinence-based treatment program. The program complies with the requirements of the 

Washington State Code, which regulates chemical dependency treatment, including an 

admission assessment, development of an individual treatment plan, and recovery-based 

education for SUD. IOP was offered as group sessions 2–3 times/week for 1.5 hours over 

10–14 weeks, with individual counseling sessions once/month, at minimum. A continuing 

care program focused on relapse prevention, a less-intensive outpatient treatment program, 

was offered at each of the clinics for those who completed IOP.
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Both MABT and WHE, the adjunctive treatments, have manualized protocols composed of 8 

weekly 1.5 hour individual sessions, delivered over 8–10 weeks. The MABT intervention is 

designed to teach interoceptive awareness skills for self-care and emotion regulation using a 

combination of manual, psychoeducation, and mindfulness approaches. The protocol has 

three distinct stages for teaching interoceptive awareness and take-home skills. The stages 

provide an incremental approach to facilitate learning the interoceptive awareness 

components of Stage 1: identifying body sensations; Stage 2: learning strategies for 

interoceptive awareness: and Stage 3: developing the capacity to sustain interoceptive 

awareness as a mindful process to facilitate acceptance, self-understanding/insight, and 

appraisal of interoceptive experiences (Price and Hooven, 2018). All sessions began with 30 

minutes of discussion specific to body awareness and self-care activities in daily life, and 

then 45 minutes of experiential learning focused on the development and practice of 

interoceptive awareness skills. The sessions ended with 15 minutes of discussion to review 

and appraise the session content and identify a take-home practice, based on the session 

experience, for the interim week.

WHE, an individual health curriculum, was designed to control for time and attention in 

women’s SUD treatment studies (Miller et al., 1998; Hien et al., 2009). WHE matched the 

MABT intervention by providing equivalent attention, expectancy of benefit, and an issue-

oriented focus without theory-driven techniques (i.e., mindfulness or body awareness). WHE 

focused on topics such as reproductive health, nutrition, and cardiovascular health. Similar 

to MABT, all sessions began with a 30-minute discussion related to the health care topic and 

included 45 minutes of educational films and materials. Sessions ended with a 15 minute 

discussion of what was learned, and identification of a self-care activity for the interim week 

based on session materials.

2.5. Sample Characteristics

Participant characteristics are summarized by study group in Table 1. Two hundred 

seventeen women were recruited for study participation. Approximately 20% of enrolled 

participants assigned to MABT and WHE withdrew from study participation without 

attending MABT or WHE sessions, yielding a sample of 187. The sample was primarily 

white (75%), with 8% Hispanic; the majority reported low socio-economic status; ages 

ranged from 22–61. The primary substances of use, for which treatment was sought, 

included stimulants (45%), alcohol (39%), narcotics (24%), marijuana (8%), other opiates or 

analgesics (6%); 22 % of the participants reported using more than a single “primary” drug. 

The majority (70%) had previously participated in some form of substance use disorder 

treatment. Notably, all participants reported having experienced interpersonal trauma, 

typically characterized by multiple types and events. Correspondingly, 68% scored above the 

cut-off for PTSD. In addition, 56% of the participants reported court involvement related to 

their SUD treatment, most commonly linked to Child Protective Services.

Participants had relatively little exposure to mental health care or mind-body approaches. 

Fifty percent of the total sample reported almost no prior mental health services (< 10 

sessions over lifetime, see Table 1). About half (51%) indicated no lifetime mind-body or 
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massage therapy experiences, 32% reported minimal (<10) exposure, 15% moderate (10–

30), and only 2% reported high (>30) exposure.

2.6. Treatment Adherence, Study Retention, and Intervention Retention

Examination of adherence to IOP substance use treatment showed that approximately 73% 

of all study participants completed the IOP program. There was no difference in IOP 

adherence among the three study groups. Approximately 84% (n = 156) of the full sample 

continued some form of outpatient treatment after the initial IOP program, either in 

continuing care (n =135) or by re-enrollment in IOP (n =21); 44% (n =82) completed both 

IOP and continuing care programs. There were no differences between study groups in 

either the number who continued in some form of treatment post IOP or completed the 

continuing care program. At 12 months, about 11% of all study participants (n= 21) were 

still engaged in outpatient treatment.

Study retention (i.e., loss to follow-up) among the three study groups varied, with TAU 

showing the least loss to follow-up, and interventions groups (MABT and WHE) showing 

similar rate of loss across assessment time-points (see Figure 1). Thus, for the primary 

outcome of percent days abstinent, TAU loss to follow-up was approximately 7% at 6 

months and 16% at 12 months; in contrast, MABT loss was about 18% at 6 months, 27% at 

12 months; and WHE loss was 20% at 6 months, 28% at 12 months. For the secondary 

outcomes, the loss to follow-up pattern was similar across all three study groups. The 

difference noted for primary outcome vs. secondary outcomes occurred because we were 

sometimes able to gather substance use data via phone if a participant was unable to come 

for the full assessment. Intervention retention, defined as attending > 75% of the 

intervention sessions (N = 146) was 64% for MABT and 70% WHE, see Figure 1.

2.7. Data Analysis

To examine the primary outcome of percent days abstinent from substance use, as well as 

substance use relapse, we used generalized estimating equations (GEE) models with a logit 

link, an exchangeable correlation structure, and robust standard errors (Stata 15.1). To 

manage data that was measured in percentages, we used logit transformations of the 

outcome variable (total days abstinent) and specified the binomial distribution based on the 

actual total number of days in the measurement period. This accounted for the number of 

days in the measurement period that varied across individuals.

With one exception, tests for baseline equivalence among the 3 study groups showed no 

significant differences for any demographic, sample characteristic, or clinical outcome 

variables.

The exception was a baseline group difference (Table 2A) in percent of days abstinent 

during the 3-month period prior to study enrollment and SUD treatment (χ2 = 9.0; p =.01) 

for MABT (M = 78.0; SD = 26.1), TAU (M = 86.2; SD = 20.7), and WHE (M = 74.3; SD = 

27.9). All analyses involving percent days abstinent were adjusted for these differences by 

including baseline abstinent values as a covariate. We also examined for the potential effects 

of clinical site and intervention therapist. Inclusion of these variables in the models did not 

alter the findings or their interpretation for either primary or secondary outcomes.

Price et al. Page 7

Drug Alcohol Depend. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



For testing the primary outcome, we used two analytic strategies. First, to examine for 

overall change across time, we evaluated longitudinal models that included the 3, 6 and 12-

month time-points for percent days abstinent and for relapse. This longitudinal analysis 

included terms for the effect of group and time, and for percent days abstinent were adjusted 

for baseline values. Second, contrasts were used for focal examination of group differences 

for percent days abstinent at 3, 6 and 12 months, and for differences in change for substance 

use relapse for the 3–6 and 3–12 month intervals.

For the secondary outcomes, we used similar analytic strategies. First, we used mixed 

multilevel models (Stata 15.1, Mixed procedure) to test for longitudinal study group 

differences across the 12-month study period. The longitudinal models included group and 

time as categorical variables, a group x time interaction, random intercept, and a random 

slope for time to account for within-subject correlations. Models were estimated using 

robust standard errors. Second, we examined for focal differences in change between groups 

within 3 intervals: from baseline to 3, 6, and 12 months. Group differences for both primary 

and secondary outcomes were assessed using Wald χ2with significance set at p ≤ .05.

Outcomes were analyzed using both the intervention-dose (ID) sample and the intent-to-treat 

(ITT) sample. The ID sample (N = 146) included study participants in MABT and WHE 

who participated in 6 or more (> 75%) of the 8 intervention sessions, and all participants in 

the TAU group (Figure 1, Consort Flow Diagram). The ITT sample (N = 187) included all 

subjects for whom data were available for at least one follow-up assessment, and who were 

fully or partially engaged in the MABT and WHE interventions. The ID findings are 

summarized in the results and tables below. ITT Tables are available in Supplementary 

Materials.

3. Results

3.1. Primary Outcome – Days Abstinent from Substance Use

For the ID sample, the longitudinal analysis indicated an intervention effect in which the 

three groups differed significantly (χ2 = 6.95; p = .03). In the focal between-group contrasts, 

MABT and WHE showed more abstinent days compared to TAU at 6 months (mean 

difference = 11.6 (95% CI: 2.2 – 21.0 and 10.6 (95% CI: .7 – 20.6 respectively). At 12 

months, only MABT showed more days abstinent compared to TAU, with an adjusted mean 

difference of 22.4 (95% CI: 4.5 – 40.3). Notably, MABT improvements were maintained 

from 3–12 months, whereas TAU and WHE showed declines in abstinence days, particularly 

at 12 months. Fewer women in MABT vs. TAU relapsed over the assessments, although this 

difference was not statistically significant. No group differences were observed for MABT 

vs. WHE in the percent of days abstinent or relapse at any assessment time-point.

Results were similar for the ITT sample. The overall longitudinal effect approached 

significance (χ2 = 5.90; p = 0.052). This result reflected that subsequent to the observed 

change during the intervention period, relatively modest change occurred from 3 to 12 

months for all groups (see Table 2A in Supplementary Materials1). Specifically, for the ITT 

sample, the focal between-group findings showed significant improvement in percent days 

abstinent for MABT and WHE compared to TAU at 6 months with an adjusted mean 
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difference of 11.3 (95% CI: 2.1–20.7), and for MABT compared to TAU at 12 months with 

an adjusted mean difference of 18.9 (95% CI: 0.5–37.2) with an effect size of .32 (Cohen’s 

d) for a sample size of 110 (MABT n = 54 vs. TAU n = 56).

3.2. Secondary Outcomes

3.2.1 Emotion Dysregulation.—Findings for emotion dysregulation differed markedly 

between the self-report and physiological measures of this construct. Self-reported emotion 

dysregulation showed no significant longitudinal differences among the three groups in 

either the ID (see Table 3) or ITT analyses (see Supplementary Materials1). For the ID 

sample, focal examination using between group contrasts showed significant reductions in 

emotion regulation difficulties for MABT vs. TAU from baseline to 3 months (mean 

difference = −14.2; 95% CI: −23.6 - −4.9), and for MABT vs. WHE from baseline to 3 

months (mean difference = −13.8; 95% CI: −24.3 - −3.3). For the ITT sample, MABT 

improved significantly compared to TAU, but only in the baseline to 3 month interval (mean 

difference = −10; 95% CI: −18.1- −1.9).

In contrast, for RSA, the overall longitudinal effects were significant for both the ID and ITT 

samples (Wald χ2 = 68.96 and 68.16, p < .001, respectively). For the ID sample (see Table 

3), the focal analysis revealed a greater increase in RSA for MABT vs. TAU and WHE from 

baseline to 3 months (mean difference = 0.53, 95% CI: 0.36 – 0.70 and .57, CI: 0.38 – 0.77, 

respectively), for MABT vs. TAU at 6 months (mean difference = 0.29: 95% CI: 0.10 

−0.47), and for MABT vs. TAU and WHE from baseline to 12 months (mean difference = 

0.44, 95% CI: 0.25 – 0.64 and 0.72, CI: 0.48 – 0.95, respectively), with WHE also showing 

significantly lower RSA vs. TAU at 12 months. The ITT results were similar (see Table 3A 

in Supplementary Materials), with MABT showing significantly greater change in RSA vs. 

TAU and WHE at both 3 and 12 months.

3.2.2. Craving.—For the ID sample, the overall longitudinal test (Table 4) indicated 

significant reductions in craving across the 12 months (χ2 = 13.7, p =.03), which was similar 

to the ITT sample results (χ2 = 12.7; p = .047) (Table 4 A in Supplementary Materials). 

Focal analyses of group differences in change for the ID and ITT samples were also similar, 

both indicating significant improvement for MABT vs. TAU at 6 and 12 months. Craving 

was significantly less in the ID sample for MABT vs. TAU at 3 months (mean difference = 

−3.2; 95% CI: −0.7), at 6 months (mean difference = −5.5; 95% CI: −8.5 - −2.5) and 12-

month follow-up (mean difference = −4.0; 95% CI: −7.4- −0.5). No focal differences in 

craving were observed for MABT vs. WHE.

3.2.3. Psychological Distress.—The longitudinal tests of psychological distress 

(trauma and depression symptoms) revealed no significant differences among the three study 

groups from baseline to 12 months for either the ID or ITT samples. The ID focal analysis, 

however, showed significant reduction in depression symptoms for MABT vs. TAU (mean 

difference = −4.5; 95% CI: −8.3 - −0.7) and for WHE (mean difference = −5.6; 95% CI: 

−9.7 - −1.5) from baseline to 3 months (see Table 4). No group differences were observed at 

any time-point in the ITT analyses.
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3.2.4. Mindfulness and Interoceptive Awareness Skills.—For mindfulness skills, 

the overall longitudinal effect in the ID sample was statistically significant (18.14; p = .006). 

Focal between group comparisons for the ID sample (see Table 5) revealed significant 

improvements in mindfulness skills in MABT vs. TAU and WHE from baseline to 3 months 

(mean difference = 4.9; 95% CI: 1.2–8.7 and 7.6; CI: 2.7–12.4, respectively), and from 

baseline to 6 months (mean difference = 5.0; 95% CI: 1.8–8.2 and 6.9; CI: 2.6–11.2, 

respectively). At 12 months, only MABT vs. WHE showed differences. In contrast, the ITT 

longitudinal analysis for mindfulness skills was not significant. Focal analysis of 

mindfulness skills showed greater change for MABT vs. TAU from baseline to 6-months 

(mean difference = 3.7; 95% CI: 0.7 – 4.7), see Table 5A in Supplementary Materials.

For interoceptive awareness skills, a significant overall longitudinal effect between groups 

was observed across time for the ID (43.77; p = <.001) and ITT samples (22.69; p = <.001). 

Between-group focal comparisons showed that MABT improved significantly compared to 

TAU and WHE from baseline to 3 months (mean difference = 0.8; 95% CI: 0.5–1.2 and 0.6; 

CI: 0.6 −1.4, respectively), and from baseline to 6 months (mean difference = 0.4; CI: 0.1–

0.8 and 0.8; CI: 0.4 – 1.1, respectively), see Table 5. The ITT sample results were similar, 

showing significant improvement for MABT vs. TAU and WHE at 3 and 6 months, but no 

differences between groups at 12 months (see Table 5A in Supplementary Materials4).

3.3. MABT Skill Use During Follow-Up Study Period

At 6-month follow-up, 53 MABT participants completed the assessment, and of these 40/53 

(75.5%) indicated use of skills learned in the intervention over the past 3 months, and 35/53 

(66%) reported weekly use of MABT skills: once/week for 8/53 (15%), several times/week 

for 17/53 (32%), and daily use for 10/53 (19%). At 12-month follow-up, 51 MABT 

participants completed the assessment, and of these 40/51 (78.4%) indicated use of MABT 

in the past 3 months and 35/51 (68.6%) reported continued weekly use of MABT skills: 

once/week for 17/51 (33.3%), 1–3 times/week for 7/51 (13.7%), and daily use for 11/51 

(21.6%).

4. Discussion

This is, to our knowledge, the first study to evaluate the efficacy of interoceptive awareness 

training to reduce substance use and improve related health outcomes as an adjunct to 

women’s SUD treatment. The results highlight the significant longitudinal reduction in days 

abstinent from substance use for women enrolled in MABT + TAU compared to TAU at 6 

and 12 month follow-up. WHE +TAU also showed a significant increase in abstinent days 

compared to TAU at 6 months, suggesting that time and attention played an important role 

for abstinence during SUD treatment, when the majority of the sample was still engaged in 

treatment. However, the longer-term effect at 12 months for MABT, once SUD treatment 

supports were no longer in place, emphasizes the positive effect of interoceptive awareness 

training to reduce risk of relapse to substance use. Notably, all study groups reported a 

relatively high (≥ 80%) percent days abstinent at 3, 6 and 12 months (Table 2). This level of 

abstinence is similar to prior mindfulness SUD treatment studies (Bowen et al., 2009; 

Bowen et al., 2014) and is higher than typically reported in the SUD treatment literature 
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(Laudet et al., 2007; Byrne and Petry, 2011). In our study, the overall high number of 

abstinent days is likely due to participant engagement in ongoing SUD treatment over much 

of the year-long study period. Studies show that women are retained longer in treatment 

when involved in the criminal justice system (Substance Abuse and Mental Health Services 

Administration, 2013), of which the majority of this sample was and may reflect, as 

expressed by many in this sample, the motivation to maintain or regain custody of their 

children.

Among the psychological health indicators, RSA showed the most marked longitudinal 

change for those who received MABT, with significant improvement for MABT compared 

to both TAU and WHE study groups across all three assessment time-points in the ID 

analysis. Notably, these findings support the use of RSA as a biomarker of emotion 

dysregulation in SUD treatment research (Kelly and Bardo, 2016; Price and Crowell, 2017; 

D’Souza et al., 2018). While change in self-reported difficulties in emotion regulation did 

not show as strong or lasting an effect, there was a similar pattern across the physiologic and 

self-report indices of emotion regulation showing maintained improvement from 3–12 

months for MABT. In contrast, TAU and WHE showed a drop in mean scores during the 

same time period. Reductions in craving were consistent with the substance use and RSA 

outcomes, with MABT, compared to TAU, showing significant longitudinal reductions in 

craving at 3, 6 and 12 month follow-up in the ID analysis. These combined longer-term 

MABT effects in substance use, emotion regulation and craving are notable given that 

MABT is a relatively brief adjunct treatment for this highly distressed sample. This may be 

explained by participants’ improved ability to discern interoceptive cues (physical and 

emotional) and to engage in self-care behaviors (such as directly processing and managing 

vs. avoiding emotional distress or triggers that promote craving), in support of their 

recovery. These findings are consistent with emerging neuroscience models and research 

(Verdejo-Garcia et al., 2012; Noel et al., 2013; Paulus and Stewart, 2014) and mindfulness 

frameworks (Garland et al., 2014; Tang et al., 2016) that pinpoint the relevance of 

interoception for improved regulation and positive behavior change among those with SUD.

Symptoms of psychological distress (trauma and depression) improved for all participants 

from baseline to 3 and 6 months, likely reflecting the SUD treatment effects. There were no 

significant group differences, although participants in MABT showed the largest drop in 

trauma-related symptoms at 3 and 6 months, reflected in the proportion of women in MABT 

(44% and 50% respectively) compared with TAU (39% and 45%) and WHE (29% and 39%) 

whose scores shifted from above to below the screening cutoff for PTSD. Notable group 

differences were observed in the ID analysis, which showed significant reductions in 

depression compared to TAU and WHE at three months (i.e., pre-post intervention). The 

improvements in depression and self-reported emotion regulation difficulties distinct in the 

ID analysis underscore the benefits of receiving the full MABT intervention, and point to a 

need for a longer MABT intervention period and/or booster sessions, and possibly additional 

supports for this high stress, high trauma-exposed, low-income population. In addition, the 

ID analysis findings highlight the stronger effect of MABT in general (including the other 

outcomes of substance use, RSA, craving, mindfulness and interoceptive awareness skills), 

demonstrating that the full intervention period is critical for the development and integration 

of interoceptive awareness skills for improved immediate and long-term health outcomes.
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The significant and maintained improvements in interoceptive awareness for MABT 

compared to TAU and WHE from baseline to 3 and 6 months (and marginally at 12 months) 

in both the ID and ITT analyses, and similarly, for mindfulness skills in the ID analysis, 

reflect the skills learned in MABT. Importantly, MABT participants also reported continued 

use of MABT skills through 12 months, demonstrating the perceived helpfulness of this 

intervention and the feasibility of integrating these skills into daily life. These findings are 

consistent with earlier immediate results revealing that MABT skills facilitate sensory 

awareness, the ability to manage stressors, and support relapse prevention (Price et al., 

2018). The longer-term use of MABT skills observed in this study corresponds with findings 

from other MABT studies (Price et al., 2012; Price and Smith-DiJulio, 2016). Taken 

together these clinical trials, conducted with women from very different populations, provide 

compelling support for reinforcing SUD treatment with specific and systematized 

interoceptive awareness training to promote well-being and reduce risk of relapse.

Limitations as well as strengths of this study warrant discussion. Implemented in clinics that 

served a primarily low SES population, we do not know if these results generalize to women 

with higher SES. Prior results from a MABT feasibility study based on a higher SES 

population indicated a longer-term positive impact on psychological symptoms (Price et al., 

2012), suggesting that the length of intervention period may need to be modified depending 

on internal resources and external supports of the population being served. We also do not 

know if these results generalize to men in treatment, and this is a question for future MABT 

research. We also do not know how loss to follow-up, lower in the control (TAU) group than 

in the intervention groups, may have affected the outcomes. Study strengths include 

implementation in community-based treatment to teach a mind-body practice to an 

underserved population, a large sample such that there was sufficient statistical power to 

detect meaningful effects, use of both objective and self-report indices of emotion 

regulation, and use of an active control group carefully matched to MABT to control for 

time and attention, and long-term follow-up. Notably, the inclusion of an active control 

(WHE) indicated that time and attention may explain the immediate effect on substance use 

and to 6 months on craving; however, these improvements were not maintained to 12 

months, and no other study outcomes were improved in the short term or longitudinally in 

response to WHE. As each WHE session was a stand-alone information session, with no 

incremental skill-building components or personal growth orientation, the results also show 

that intervention dose was not a factor in WHE outcomes.

5. Conclusions

The study results show MABT to be efficacious for longitudinal health outcomes to support 

women’s recovery; specifically, reductions in substance use and craving, and substantially 

increased RSA and interoceptive awareness skills (and mindfulness skills in ID analysis) as 

an adjunct to community-based SUD treatment. As the first large study of interoceptive 

awareness training in the context of SUD treatment, these results are consistent with prior 

neuroscience models and research and mindfulness frameworks that suggest the importance 

of gaining interoceptive skills for emotion regulation and relapse prevention. The ID and 

ITT analyses showed similar results; nonetheless, the stronger effect of MABT on the 

majority of measures as demonstrated in the ID analysis emphasizes the importance of 
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receiving the full MABT intervention to support SUD treatment outcomes. Importantly, as 

an adjunctive study with a highly traumatized and distressed sample, the results point to 

remarkable longitudinal gains in response to a relatively short intervention. In conclusion, 

these study findings, in conjunction with earlier MABT studies, indicate that MABT may be 

an effective adjunct to reinforce and improve women’s SUD treatment.

Supplementary Material

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

• Significant longitudinal improvement in substance use

• Significant longitudinal improvement in RSA, craving, and interoceptive 

awareness skills

• Intervention dose effects on symptoms of depression and emotion 

dysregulation

• Use of Mindful Awareness in Body-oriented skills reported through 12 

months
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Figure 1. 
Consort Flow Diagram
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