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Abstract

Substance use is a complex clinical problem characterized by emotion dysregulation and daily challenges that can
interfere with laboratory research. Thus, few psychophysiological studies examine autonomic and self-report measures
of emotion dysregulation with multidiagnostic, chemically dependent samples or extend this work into naturalistic
settings. In this study, we used a within-subject design to examine changes in respiratory sinus arrhythmia (RSA),
electrodermal activity (EDA), and self-reported affect across three tasks designed to elicit distinct psychophysiological
and emotional response patterns. We also examined emotion dysregulation as a moderator of psychophysiological
responses. Participants include 116 women with multiple comorbid mental health conditions enrolled in substance use
treatment, many of whom also reported high emotion dysregulation. Participants were assessed in the treatment setting
and completed three tasks: watching a sad movie clip, rumination on a stressful event, and a mindful interoceptive
awareness meditation. Multilevel models were used to examine changes from resting baselines to the tasks. During the
film, results indicate a significant decrease in RSA and an increase in EDA. For the rumination task, participants
showed a decrease in RSA but no EDA response. For the body awareness task, there was an increase in RSA and a
decrease in EDA. Emotion dysregulation was associated with differences in baseline RSA but not with EDA or with
the slope of response patterns across tasks. Self-reported affect was largely consistent with autonomic patterns.
Findings add to the literature on emotion dysregulation, substance use, and the translation of psychophysiological

measurements into clinical settings with complex samples.

Descriptors: Respiratory sinus arrhythmia, Electrodermal, Substance use, Ecological validity, Disadvantaged participant groups,

Emotion dysregulation

Traditionally, psychophysiological research has been conducted
with healthy adult participants in carefully controlled laboratory
settings (Zisner & Beauchaine, 2015). This work has a long history
and has established important autonomic nervous system (ANS)
correlates of many psychological and physical health conditions
(e.g., Dienstbier, 1989). Furthermore, because ANS measures are a
fruitful means of assessing dynamic responses to complex stimuli,
physiological methods have been widely used to study emotional
processes (Kreibig, 2010), social interactions (Mendes, 2009), and
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brain-body-behavior associations (Taylor, Goehler, Galper, Innes,
& Bourguignon, 2010). Over the past several decades, psychophys-
iological measurement tools have become less costly, smaller, and
it is now possible to collect high-quality data with fewer electrode
contact points. These technological advances have led many
researchers to design studies with a wider range of samples and in
settings that offer greater ecological validity.

Psychophysiological research with clinical samples can provide
key insights into the biological and emotional response patterns of
vulnerable individuals. However, such participants typically face
countless challenges that can interfere with participation in laborato-
ry research (e.g., transportation, childcare, discomfort or unfamiliar-
ity with university settings). In addition, many psychophysiological
studies with clinical populations have been conducted with partici-
pants who have fewer diagnostic comorbidities (e.g., Byrne et al.,
2010; Dichter, Tomarken, Shelton, & Sutton., 2004; Woodward



et al., 2015). This has occurred, in part, due to the belief that differ-
ent diagnoses would show unique constellations of biological defi-
cits as well as funding agencies that encouraged diagnosis-specific
research. Thus, there are relatively fewer studies that have gone into
clinical treatment settings to conduct transdiagnostic biological
research with participants who are socioeconomically, emotionally,
and/or physically disadvantaged, and who often have multiple
comorbid conditions.

Emotion dysregulation is a transdiagnostic vulnerability that
may contribute to the emergence and maintenance of substance
dependence among those who initiate use (e.g., Berking & Wup-
perman, 2012; Price & Crowell, 2016). Indeed, emotion regulation
deficits are common in clinical samples, such as those with inter-
nalizing, externalizing, or co-occurring internalizing/externalizing
forms of psychopathology (Gross & Munoz, 1995; Vasilev, Cro-
well, Beauchaine, Mead, & Gatzke-Kopp, 2009). Studies with
chemically dependent samples show self-reported differences in
emotion dysregulation using measures such as the Difficulties in
Emotion Regulation Scale (DERS; Gratz & Roemer, 2004). For
example, difficulties with emotion regulation differentiate those in
substance use disorder treatment from community controls (Fox,
Axelrod, Paliwal, Sleeper, & Sinha, 2007; Fox, Hong, & Sinha,
2008). More importantly, emotion regulation difficulties predict
posttreatment relapse (Berking et al., 2012), and treatment studies
find associations between improved DERS scores and reduced sub-
stance use (Berking et al., 2012; Price, Donovan, Wells, & Rue,
2012). Thus, emotion dysregulation is a relevant construct for
research on psychopathology, substance use, and treatment out-
comes for chemically dependent populations (Sinha, 2008).

ANS responses are also of interest given that they appear to
index individual differences in emotional reactivity and regulation.
Electrodermal responding (EDR), a measure of eccrine sweat gland
secretion, is a reliable marker of sympathetic nervous system
(SNS) arousal (Shields, MacDowell, Fairchild, & Campbell, 1987;
Wallin, 1981). Phasic increases in EDR typically follow from stres-
sors, increased attending, or emotional arousal, and this measure is
used commonly in studies of emotion and psychopathology (Beau-
chaine, 2012; Dawson, Schell, & Filion, 2007). For example, sever-
al studies find that emotionally dysregulated externalizing samples
have lower resting EDR, consistent with underarousal models of
psychopathology (e.g., Beauchaine et al., 2015; Crowell et al.,
2012). Studies examining EDR find that those who engage in sub-
stance use also show lower electrodermal responding and quicker
electrodermal habituation to laboratory tasks (Isen, lacono, &
Malone, 2013). Links between EDR and emotion dysregulation are
consistent with this picture, finding that well-regulated individuals
show a strong sympathetic response to stress but also more flexibil-
ity and a more rapid return to baseline, whereas dysregulated par-
ticipants show a blunted and less flexible profile (e.g., Mennin,
Turk, Heimberg, & Carmin, 2004).

Similarly, respiratory sinus arrhythmia (RSA) is a measure of
parasympathetic (PNS) control over heart rate that appears to be
useful as a transdiagnostic biomarker of emotion dysregulation and
psychopathology (Beauchaine & Thayer, 2015). RSA is a peripher-
al index of vagal regulation over cardiovascular output (Beau-
chaine, 2001; Porges, 2007). During inhalation, inhibitory
influences of the vagus (i.e., 10™ cranial) nerve are partially with-
drawn, which generally produces concomitant increases in heart
rate. During exhalation, the vagus nerve reengages its inhibitory
influence and heart rate slows. Psychophysiologists theorize that
higher resting state RSA (i.e., greater heart rate variability across
the respiratory cycle) marks better conservation of bodily
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resources, the ability to adapt flexibly to stressors, and higher self-
regulatory capacity (Porges, 2007). When stimulus demands
increase (e.g., during stress), RSA typically decreases from base-
line levels, allowing an organism to respond adaptively to environ-
mental challenges. Although results are conflicting, lower baseline
RSA and more pronounced RSA withdrawal under stress are char-
acteristic of many clinical populations and may be associated with
emotion regulation difficulties (Beauchaine, 2001; Crowell et al.,
2005).

It is important to extend psychophysiological research into set-
tings where there is greater access to emotionally dysregulated
substance-using participants. However, there are many challenges
inherent in this work. Given time constraints and daily pressures,
when research is conducted with clinical samples, there is pressure
to keep protocols brief and standardized. Thus, researchers are
often compelled to choose only one or two short tasks that each
assess a limited number of emotions or constructs. There are also
pros and cons for each of the types of tasks that have been validated
in prior studies, which can make it challenging to choose a single
task that is relevant for each hypothesis.

For example, film clips are widely used and are typically select-
ed to elicit a discrete, easily identifiable emotion (Gross & Leven-
son, 1995). However, it can be difficult for participants to immerse
themselves in the emotional content of a brief film clip, even if
they report experiencing the target emotion. It is also possible that
complex clinical samples, such as those who are emotionally dysre-
gulated or who have experienced multiple traumatic stressors, may
find film clips to be far less stressful than daily life, leading the clip
to be less effective for some participants. Other studies have used
unstandardized tasks, such as rumination on a negative life event
(Ottaviani, Shapiro, Davydov, Goldstein, & Mills, 2009). The
advantages of such a task include relevance to the participant and
the potential to elicit much stronger emotions. However, there is no
way to perfectly standardize the intensity of the experience across
participants. Moreover, life events rarely involve single discrete
emotions.

In addition to time constraints, researchers typically select tasks
designed to elicit negative emotions. Indeed, responses to negative
emotions have important implications for psychopathology and
health, and there may be conceptual reasons to elicit emotions that
are diagnosis relevant. However, tasks that induce mindful aware-
ness are also gaining traction in psychophysiological research in
order to better understand potential mechanisms underlying mind-
fulness and to test whether mindfulness elicits positive affect (e.g.,
Dickenson, Berkman, Arch, & Lieberman, 2013; Eddy, Bruny¢,
Tower-Richardi, Mahoney, & Taylor, 2015; Zbozinek, Holmes, &
Craske, 2015). It is also likely a result of the inclusion of conceptu-
al models of emotion regulation in psychopathology (e.g., Aldao,
Nolen-Hoeksema, & Schweizer, 2010), particularly given the bur-
geoning research on mindfulness interventions for individuals with
severe symptoms or diagnosed psychiatric and medical conditions
(e.g., Garland, Gaylord, Boettinger, & Howard, 2010). However,
no studies have looked at whether a brief guided interoceptive (i.e.,
bodily) awareness task can induce positive affect and physiological
changes in the moment, even without prior training. This is inter-
esting given that mindfulness and interoceptive awareness are theo-
rized to be a primary means of enhancing positive and reducing
negative affect among substance users, and psychophysiological
changes are a potential mechanism underlying such outcomes
(Bowen et al., 2014; Price & Crowell, 2016).

In this study, we examine EDA and RSA responses across three
distinct tasks with a multidiagnostic clinical sample of adult
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women. Moreover, we examined emotion dysregulation as a mod-
erator of psychophysiological response patterns, given theoretical
ties to substance use, psychopathology, and both sympathetic and
parasympathetic profiles. Data were collected within the facility
where patients were newly sober and beginning treatment for
chemical dependence. The objective of this study was to extend
research on psychophysiological correlates of emotion dysregula-
tion to a disadvantaged and dysregulated population of women and
to further evaluate the effectiveness of different manipulations,
each with distinct task demands, on psychophysiological responses
using an ecologically valid design and setting. Given the pros and
cons of each task alone, we selected three distinct manipulations,
including negative mood induction with a validated film clip
(Gross & Levenson, 1995), rumination on a recent and unresolved
negative event (Ottaviani et al., 2009), and a guided interoceptive
awareness task developed for our study.

We hypothesized that EDA would increase to the first two neg-
ative mood induction tasks whereas RSA would decrease. We theo-
rized the opposite psychophysiological pattern for the interoceptive
awareness task, producing decreases in EDA and increases in RSA.
We used the Positive and Negative Affect Scales (PANAS) at the
beginning of the study visit and after each task to examine partici-
pant experience of each task and to provide convergent evidence
regarding the expected associated positive or negative affect. We
further hypothesized that greater emotion dysregulation as mea-
sured by the DERS would be associated with lower resting EDA
and more EDA reactivity as well as lower resting RSA and greater
RSA withdrawal.

Method
Sample Characteristics

The current study was based on analysis of pretreatment data from
participants enrolled in an intervention study for women in inten-
sive outpatient treatment for alcohol and drug use disorders (i.e.,
substance use disorder, SUD). This sample was comprised of 116
participants enrolled to date in the larger treatment study, which
recruits women from three community-based nonprofit treatment
facilities in the Pacific Northwest. Participants ranged in age from
20-61 years old (median age 35), and most (81%) were high school
graduates. Primary substances used at enrollment were alcohol
(40.5%) and stimulants (43.1%). A minority of participants
(16.4%) reported primary use of narcotics, marijuana, nonnarcotic
opioids, sedatives, or multiple substances (e.g., stimulants plus nar-
cotics, alcohol, or marijuana). The sample was largely Caucasian
(85%), although 5% were African American, 4% Native American,
1% Asian, and 5% reported mixed race. Thirteen percent of the
sample identified as Hispanic. Participants were mostly very low
socioeconomic status (SES; only 9% reported a monthly income at
or above $1,000), 90% received Medicaid/Medicare, 45% were
unemployed, and 66% were mothers with underage children. The
majority of the sample reported comorbid mental health problems
such as elevated symptoms of depression, posttraumatic stress dis-
order (PTSD), and eating disorder on self-report measures. As
would be expected, given the high-risk nature of the sample, a large
percentage of the women reported taking prescription medications:
76% were taking antidepressants, 46% were taking sleep aids, and
24% were taking mood stabilizers. Additional demographic, mental
health status, and medication-related sample characteristics are pre-
sented in Table 1 and 2.

Table 1. Demographic Characteristics of the Sample

Age, median (range)
Race
White/European American

34 (20-59)

84.5% (N = 98)

Black/African American 4.3% (N=5)
Native American 3.4% (N=4)
Asian American 0.9% (N=1)
Native Hawaiian 0.9% (N=1)
Mixed race 0.9% (N=1)
Other 5.2% (N = 6)

Hispanic ethnicity
Committed relationship (e.g., married,
domestic partnership)
Education
< 11" grade
High school or GED
Two-year college/technical school
College degree (e.g., BA, BS)
> Master’s degree
Employment status
Full time (> 35 hours/week)

12.7% (N = 14)
14.6% (N = 17)

19.1% (N =22)

443% (N =51)

28.7% (N = 33)
6.8% (N = 8)
0.9% (N = 1)

18.3% (N =21)

Part time, regular hours 9.6% (N=11)
Part time, irregular hours 7.8% (N=9)
Student 5.2% (N = 6)
Unemployed 46.1% (N = 53)

Retired or receiving disability
In controlled setting
Monthly income

12.2% (N = 14)
0.9% (N=1)

< $400 72.8% (N = 83)

$400-$799 14.0% (N = 16)

> $800 13.1% (N = 15)
N=117.

Enrollment and Data Collection Procedures

All study procedures were approved by the University of Washing-
ton Institutional Review Board, and participants provided written
informed consent prior to being enrolled in the study and undergo-
ing study procedures. Participants were recruited through flyers
describing the project, which were distributed to women during
their group SUD treatment along with a verbal explanation of the
study provided by the research coordinator. Interested individuals
who were eligible for participation were asked to fill out a form
with their contact information for follow-up screening and consent.
Inclusion criteria were enrolled in intensive outpatient treatment
for SUD at one of the three treatment facilities, fluent in English,
willing to forego manual (e.g., massage) or mind-body therapies
for the first 3 months of the study, and willing to provide permis-
sion to collect treatment attendance and urinalysis data from facili-
ty electronic medical records. Exclusion criteria included untreated
psychotic disorder diagnosis or symptoms, cognitive impairment,
currently pregnant, or unable to remain in the study for a 1-year
duration.

Once enrolled, participants were scheduled for an initial pre-
treatment assessment that involved completion of a set of self-
report questionnaires for collection of demographic data, reported
substance use, difficulties with emotion regulation, mental health
symptoms (see below), and related health outcomes. This was fol-
lowed by the administration of three tasks during the collection of
psychophysiological data. To reduce variability associated with
nonpsychological influences on physiology, participants were
instructed to prepare by eating a meal or snack before the appoint-
ment. Those who smoked or drank caffeine were asked to consume
no more or less than their usual level of intake. In addition, the
assessment began with 1 h of self-report measures to ensure that all
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Table 2. Psychiatric, Health, and Substance Use Characteristics of the Sample

Self-reported chronic physical health problems

Chronic pain

Obesity

Hepatitis

Diabetes

Cancer

Heart disease

Medications

Psychiatric medications
Selective serotonin reuptake inhibitor
Selective serotonin/norepinephrine reuptake inhibitor
Tricyclic/atypical antidepressant
Benzodiazepine
Atypical antipsychotic
Anticonvulsant/mood stabilizer
Other psychiatric medication

Antihistamine

Beta blocker

Analgesic/pain management medications
Narcotic analgesic
Opioid analgesic
Gabapentin

Other medications

42.6% (N = 49)
20.7% (N = 24)

4.3% (N = 5)
4.3% (N = 5)
2.6% (N = 3)
1.7% (N = 2)
0.9% (N = 1)
44.0% (N = 51)

19.8% (N = 23)
8.6% (N = 10)
15.5% (N = 18)
1.7% (N = 2)
12.9% (N = 15)
9.5% (N = 11)

4.3% (N = 5)
12.9% (N = 15)
6.9% (N = 8)
9.5% (N = 11)
4.3% (N = 5)
6.0% (N = T)
7.8% (N = 9)

16.4% (N = 19)

Mental Health Symptom Scores Mean (SD) Range % above cutoff
BDI 15.9(10.2) 0-53 12.0% (N = 14)
EDE-Q 2.1 (L.3) 0-4.9 47.4% (N = 55)
PSS-SR 20.5(13.1) 0-51 68.1% (N =19)
DERS 68.9 (29.5) 23-151 -

Note. N =116. BDI-II = Beck Depression Inventory II (cutoff for moderate to severe symptoms = 29); DERS = Difficulties in Emotion Regulation
Scale; EDE-Q = Eating Disorder Examination Questionnaire (cutoff for clinical elevated symptoms = 2.3); PSS-SR =PTSD Symptom Scale-Self

Report (cutoff for clinically elevated symptoms = 13).

participants had not smoked or had anything to eat or drink for a
standardized period of time (Hawkley, Burleson, Berntson, &
Cacioppo, 2003). All data collection procedures were administered
by a trained research coordinator at the facility in which the partici-
pants attend SUD treatment.

Psychophysiological Protocol

Film. To examine reactivity to a standardized emotional stressor, a
5.5-min clip from the movie Steel Magnolias (Stark & Ross, 1989)
was used. This clip of the funeral scene has been validated among
racially and ethnically diverse samples (Gross & Levenson, 1995)
and has been shown to elicit sadness (Fredrickson & Levenson,
1998; Hastings et al., 2009).

Rumination. To examine response to a personal life stressor, we
used a previously tested rumination procedure (Ottaviani et al.,
2009). Participants were asked to recall an upsetting and unre-
solved stressful event that occurred within the past 2 weeks. The
participant was then asked to rate her current level of distress on a
scale of 1-5, with 1 = least upset and 5 = most upset. She was then
asked to rate the current level to which the event could be consid-
ered resolved on a scale of 1-5, with 1 = totally resolved and
5 = not at all resolved. If responses to both scales were not within
the 3-5 range, the participant was asked to think of an alternate
event with the goal of identifying a sufficiently upsetting and unre-
solved situation. In order to ensure that all participants had some
event to consider, participants were allowed to move back in time
if necessary. They were then asked to think about the upsetting/
unresolved nature of the event for 2 min. Participants were told
when this period was complete.

Interoceptive awareness. To examine response to an interocep-
tive awareness task, we used an audio recording of a guided mind-
ful body awareness process. This 5-min task was developed by one
of the authors (CP) and involved 2.5 min of guided instruction
focused on attention to breath and inner body awareness, followed
by 2.5 min of silence with instruction to maintain awareness of
breath and inner body sensations until instructed to stop.

Tasks were completed in the same order for all participants and
not counterbalanced (film, rumination, body awareness). This
design was selected for several reasons. First, we expected wider
variability in responses to the rumination task relative to the movie
task. Thus, we theorized that participants who engaged in the rumi-
nation task first would experience the movie very differently than
those who had not, possibly inferring more personalized meaning
or experiencing a greater range of emotions than those who
watched the movie first. Second, given the clinical nature of the
sample, we chose to place the mindful body awareness last. This
was done so that all participants could end the study on a more pos-
itive note. As described below, for each task, we used the baseline
immediately prior to that task for comparisons. This was done to
account for lingering changes induced by the prior task.

Emotion Dysregulation and Mental Health Measures

Mental health questionnaires were used to characterize the sample.
The PTSD Symptom Scale-Self Report (PSS-SR), a 17-item ques-
tionnaire, was used to assess symptoms of PTSD. Scores with rat-
ing 0 (not at all) to 3 (almost always) for evaluating PTSD
symptom frequency according to DSM-IV-TR criteria (American
Psychiatric Association [APA], 2000; Foa, Riggs, Dancu, & Roth-
baum, 1993); a score above 14 is used as the screening indicator of
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PTSD (Coffey, Gudmundsdottir, Beck, Palyo, & Miller, 2006). In
our study, the internal consistency coefficient « value was excellent
(Cronbach’s o = .82).

Participants also completed the Beck Depression Inventory-II
(BDI-II), a 21-item questionnaire used to measure severity of
depressive symptoms (Beck, Steer, Ball, & Ranieri, 1996). Scores
on the BDI-II have excellent psychometric properties, and have
demonstrated high test-retest reliability (.93; Dozios, Dobson, &
Ahnberg, 1998). Scores can range from 0-63; scores above 29 are
in the moderate to severe range for depression. Internal reliability
within the current sample was excellent (Cronbach’s o = .92).

The Eating Disorder Examination Questionnaire (EDE-Q; Fair-
burn & Beglin, 1994), a 33- item scale, was used to assess disor-
dered eating. Scores on the EDE-Q have excellent psychometric
properties (Mond, Hay, Rodgers, Owen, & Beumont, 2004)
(sensitivity = .92, specificity = .86, positive predictive value = .30,
criterion validity » = .17), and higher scores are indicative of eating
disorder psychopathology. Based on the DSM-IV diagnostic crite-
ria (APA, 2000), it includes a cutoff point of 2.3 for diagnostic
screening (Mond, Hay, Rodgers, & Owen, 2006). Cronbach’s alpha
for this sample was .78.

The DERS (Gratz & Roemer, 2004) is a widely used self-report
measure indexing broad difficulties in emotion regulation. The
DERS consists of 36 items with responses along a 5-point
(1 = almost never to 5 = almost always) Likert-style scale. Total
scores can range from 36 to 180, with higher scores corresponding
to greater dysregulation. Scores on the DERS have high internal
consistency, good test-retest reliability, and adequate construct and
predictive validity in both clinical and nonclinical populations.
Additionally, DERS scores show correspondence with resting-state
physiology (Williams et al., 2015) and physiological reactivity to
emotionally evocative stimuli (Vasilev et al., 2009).

The PANAS (Watson, Clark, & Tellegan, 1988) is a 20-item
scale measuring positive (8 items) and negative (12 items) emo-
tions. We used a slightly modified version of this scale to include
emotional items most relevant to the tasks. Using a scale from 1
(very slightly or not at all) to S (extremely), participants rated the
extent to which they felt each particular emotion at that moment.
The PANAS was administered four times (baseline, postfilm, post-
rumination, and postbody awareness) as a manipulation check.
Total positive affect (PA) and negative affect (NA) scores were
computed by summing the ratings for positive and negative emo-
tions, respectively. Changes in PANAS-PA and PANAS-NA scores
were used to facilitate the interpretability of psychophysiological
measures.

Psychophysiological Assessment, Cleaning, and Scoring

RSA and EDA data were collected during an initial 5-min resting
baseline, the entirety of each of the three tasks, and during a 2.5-
min recovery period after each task, which also served as the base-
line recordings for the subsequent task. Psychophysiological data
were recorded using a Biopac MP150 system (Biopac Systems
Inc., Goleta, CA) with Acgknowledge software and sampled at
1 kHz. To obtain electrocardiograph (ECG) signals for RSA meas-
urements, electrodes were placed on participants using a standard
spot electrode configuration (Qu, Zhang, Webster, & Tompkins,
1986) with one electrode placed on the right shoulder and the other
on the left abdomen near the bottom of the rib cage. EDA was
recorded with two 0.8-cm® Ag-AgCl electrodes attached to the the-
nar eminence of the participant’s nondominant hand using a .05
molar NaCl solution. All data were collected in a quiet room away

from other clinical activities. During data collection, a trained
research coordinator was separated from the participant by a stand-
ing screen to reduce distraction. The research coordinator was able
to monitor and record patient movements or noises through visual
access points in the screen and auditory cues.

Following data collection, RSA and EDA data were converted
from Acqknowledge and calculated using MindWare software
(MindWare Technologies Ltd., Gahanna, OH). RSA data were
cleaned by trained research assistants using MindWare heart rate
variability software to identify missing/extra heartbeats. Then,
RSA was scored in MindWare by calculating the high frequency
component (> .15 Hz) of the R-R time series extracted from the
ECG signal (e.g., Rottenberg, Clift, Bolden, & Salomon, 2007).
EDA data were cleaned in MindWare GSR software by research
assistants who were trained to identify true responses from move-
ment artifacts. EDA responses were counted as the number of non-
specific fluctuations greater than or equal to 0.05 microsiemens
(Dawson et al., 2007). RSA and EDA data were scored in 30-s
epochs. In addition to collecting clean data, multiple steps were
taken to ensure that data were useable and scored appropriately.
All scorers had a minimum of 6 months supervised training, any
noisy files were reviewed by a graduate assistant with a minimum
of 2 years of training, and outliers were examined at multiple points
in the process. Those files in which some or all epochs were out-
liers were reviewed by the faculty mentor. Nonetheless, some EDA
data were unscorable or unusable (film, N = 9; rumination, N = 10;
interoceptive awareness, N = 5). These reasons include participant
characteristics (e.g., dehydration), a temperature control failure in
the data collection room, poor adherence of the electrodes to partic-
ipants’ skin, and research coordinator error. Missing data for RSA
were due primarily to movement artifacts and/or electrodes becom-
ing detached (film, N = 5; rumination, N = 2; interoceptive aware-
ness, N =1). Data were analyzed through a series of multilevel
models examining slopes of raw scores from the baseline immedi-
ately preceding the task of interest to the task. Across all three
tasks, DERS scores were examined as a moderator.'

Analytic Approach

Multilevel modeling was used to assess changes in psychophysiolo-
gy to the three tasks (i.e., sad movie, rumination on a stressful
event, and guided mindful body awareness meditation) and in self-
reported emotions. Multilevel models are appropriate given the
hierarchical structure of the data (i.e., measurements nested within
individuals) and that data were unbalanced due to some missing
physiological data. Models were estimated using hierarchical linear
and nonlinear modeling (HLM7; Raudenbush, Bryk, & Congdon,
2013) using restricted maximum likelihood estimation procedures
and a homogeneous error structure. HLM’s default criteria for con-
vergence were retained (Raudenbush, Bryk, Cheong, & Congdon,

1. After careful consideration, we decided that substance use history
was neither an appropriate covariate nor moderator of psychophysiologi-
cal responses. All participants had used different substances for different
durations, had been sober for differing lengths of time since they were
in treatment requiring abstinence, and several participants had used a
combination of substances that likely had different effects on biological
systems. These women are representative of those seeking treatment for
chemical dependence, and thus the variability in substance use history is
a strength of the study. More importantly, we used a within-subject sta-
tistical approach to look at changes from baseline to the task. Therefore,
much of the variability in participants is accounted for by our statistical
design.
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RSA EDA
Model —2LL A-2LL p valuer gt AIC AAIC —2LL A-2LL p valuer gt AIC AAIC
Film task
Null model 5366.49 - - 5370.49 - 6633.15 - - 6637.15 -
Unconditional change 5229.70  —136.79 <.001 5237.70  —132.79 636093 —272.23 <.001 6368.93  —268.23
DERS-moderated change  5244.69 14.99 - 5275.77 14.99 6377.08 16.15 - 6385.08 16.16
Rumination task
Null model 2666.85 - - 2680.71 - 3243.23 - - 3256.71 -
Unconditional change 2611.40 —55.45 <.001 2639.12 —5145 313130 —111.93 <.001 3158.27 —98.44
DERS-moderated change  2626.02 14.62 - 2653.74 14.62 3146.79 15.49 - 3173.76 15.49
Body awareness task
Null model 2055.99 - - 2059.99 - 2013.66 - - 2017.66 -
Unconditional change 2007.29 —48.70 <.001 2015.29 —44.70 1997.45 —16.21 <.001 2005.45 —12.21
DERS-moderated change  2021.18 13.89 - 2029.18 13.88 2012.16 14.71 - 2020.16 14.71
PANAS-PA PANAS-NA
All tasks
Null model 2958.87 - - 2962.87 - 3282.32 - - 3286.32 -
Unconditional change 2652.08  —306.79 - 2656.08 —306.79 2981.73  —300.59 - 2985.73  —300.59

Note. A-2LL and AAIC refer to change relative to the preceding model. —2LL = —2 log likelihood (i.e., deviance); AIC = Akaike information criteri-
on; EDA =electrodermal activity; LRT = likelihood ratio test; PANAS-NA = Positive and Negative Affect Schedule, negative affect; PANAS-
PA = Positive and Negative Affect Schedule, positive affect; RSA = respiratory sinus arrhythmia.

2000). Simple slopes were computed using the online utility devel-
oped by Preacher, Curran, and Bauer (2006).

Multilevel models were used to assess changes in PANAS
scores for PA and NA. For PANAS scores, null models with no
predictors were compared to a model that included three predictors,
reflecting the start of each task.

PANAS _POSITIVE;; =", +7oFILM;;
+ ’YZORUMINATEU + ‘YgOBODYAWAREU + u()j + rjj

Predictors were dummy coded (0 = pretask; 1 = posttask) such that
the intercept 74 represents baseline PANAS scores obtained prior to
all tasks, and the slopes of each predictor reflect chronological
changes over time. Given this, a significant predictor reflects changes
in PANAS scores relative to the most recently preceding scores. We
expected that the film and the rumination task would elicit negative
emotions and decrease positive emotions, and that the opposite pat-
tern would emerge in response to the body awareness task.

Physiological reactivity was treated as continuous during but
not between tasks, given a brief interruption between tasks to com-
plete the PANAS. Therefore, we assessed changes separately for
each task. Using a repeated measures design, we compared multi-
level models accounting for the time relative to the task period
(i.e., pretask, task) to null models.

RSA;; =v00 +v10FILM;; +ugj +u i FILM;; +17;

In this model of RSA reactivity during the film task, i represents
RSA, averaged across 30-s epochs, for individual j. FILM is a
dichotomous predictor, dummy coded to reflect prefilm base-
line = 0 or the film task = 1. Significance of the slope for FILM
(710) indicates a significant difference in RSA during the film com-
pared to the prefilm baseline. We predicted that, in response to the
film task and the rumination task, participants would show
increased EDA and RSA withdrawal, whereas we expected EDA
to decrease and RSA to increase during body awareness.

Unconditional change models were then additionally compared
to models in which reactivity was moderated by emotion dysregu-
lation, as measured by total scores on the DERS.

RSAIJ :’YOO +’YOI DERSJ +’Y]0FILMij
+'y11 (DERS * FILM)1J +Li()j +M1jFILMij +rij

In this example model of RSA reactivity during the film task,
grand-mean centered DERS scores (DERS) were entered at Level 1
and Level 2. As noted above, we hypothesized that DERS scores
would statistically predict the intercept (yy;), such that those higher
on emotion dysregulation would have lower RSA and lower EDA
at baseline. We predicted that the cross-level interaction between
DERS scores and the baseline/task predictor slope (y;;) would also

Table 4. Changes in Self-Reported Positive and Negative Affect Across Tasks

PANAS-positive affect

PANAS-negative affect

? (SE) ! af p 7 (SE) ! df p

Fixed effects

Intercept 23.10 (0.64) 35.63 114 28.02 (0.91) 30.94 114

Postfilm —9.04 (0.62) —14.62 2434 <.001 —7.53 (0.98) —7.69 2434 <.001

Postrumination —2.89 (0.41) —6.99 2434 <.001 14.12 (0.98) 14.46 2434 <.001

Postbody awareness 8.88 (0.65) 13.57 2434 <.001 —20.06 (1.03) —19.35 2434 <.001
Random effects Variance P df P Variance 7 df p

Intercept 11.23 362.05 114 <.001 18.88 273.83 114 <.001

Note. Reported using robust standard errors. PANAS = Positive and Negative Affect Schedule; y (SE) = unstandardized coefficient and standard error.
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Figure 1. PANAS scores of self-reported emotional response patterns to three distinct tasks.

be significant, indicating that individuals who were high on emo-
tion dysregulation would respond more strongly to the tasks than
less dysregulated participants. In addition to evaluating the signifi-
cance of the individual predictors, differences in overall model fit
were assessed using likelihood ratio tests and by comparing the
Akaike information criterion (AIC) values.

Results
Model Fit Statistics

Results of the model construction process are presented in Table 3.
For all variables, accounting for changes from baseline to task
resulted in improvements in model fit. Additionally, AIC values
for models of change were between 12.21 and 268.22 points lower
than null models; given that differences greater than 2 indicate a
meaningful decrease in misfit (McCoach & Black, 2008), we can
conclude that the change models provide superior fit. However,
including DERS scores in the models of psychophysiological reac-
tivity did not result in significant improvements in fit compared
to the unconditional change models. This suggests that the study
tasks operate similarly across individuals, regardless of their level
of emotion dysregulation. As an explicit test of this, we present
results of the DERS-moderated models, noting that model fit did
not improve with DERS included in the model.

Self-Report of Emotions

Changes in self-reported emotions were largely consistent with
expected responses to each of the tasks (see Table 4, Figure 1).
PANAS scores for positive emotions decreased in response to the
film task (p <.001) and the rumination task (p <.001). The body
awareness task was associated with increases in positive emotions
(p <.001). For self-reported negative emotions, however, partici-
pants had lower PANAS-NA scores following the film task relative
to baseline (p <.001). The rumination task produced significant

increases in negative emotion (p < .001), and participants reported
decreased negative emotions following body awareness (p < .001).

Psychophysiological Changes to Tasks

Film. Psychophysiological changes are reported in Table 5 (see
also Figure 2). In examining changes from prefilm baseline to the
film task, results indicate there was a significant decrease in RSA
(p <.001) and an increase in EDA responses (p < .001). Partici-
pants with higher emotion dysregulation had significantly lower
RSA at baseline (p =.023), but emotion dysregulation did not
interact with RSA reactivity (p =.579). Simple slopes indicated
that participants who were high (+1 SD) and low (—1 SD) both
demonstrated significant and similar decreases in RSA in response
to the film (low dysregulation: slope = —0.16(0.06), p = .003; high
dysregulation: slope = —0.21(0.07), p = .013). Emotion dysregula-
tion was not related to EDA at baseline (p = .085) or to EDA reac-
tivity during the film (p = .899).

Rumination. RSA also decreased during the rumination task
(p < .001), but there were no significant changes in EDA respond-
ing (p = .232).% As with the film task, higher emotion dysregulation
was associated with lower RSA during the prerumination baseline
(p = .044), but emotion dysregulation and RSA reactivity did not
interact (p = .481). Simple slopes indicated the rumination task eli-
cited significant RSA withdrawal in both high- (slope =
—0.29(0.09), p = .003) and low-dysregulation participants (slope =
—0.19(0.09), p = .039).

2. Across all three manipulations, EDA during rumination was the
only psychophysiological measure that did not show a significant main
effect of task. Thus, we conducted a post hoc test to examine whether
this could possibly be due to a lack of full EDA recovery following the
film task. The analysis was consistent with this possibility. The EDA
scores did not show significant change from the end of the film task to
the beginning of the rumination task (slope = 0.02, SE = 0.10, p = .86).
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Table 5. Changes in EDA and RSA During Task Periods, Moderated by Emotion Dysregulation

RSA EDA
7 (SE) 4 af r ? (SE) ! af )4
Film
Fixed effects
Intercept 5.77 (0.12) 47.77 113 <.001 0.90 (0.11) 791 95 <.001
Period —0.18 (0.04) -3.91 113 <.001 0.62 (0.11) 5.92 95 <.001
DERS —0.01 (0.00) —2.31 113 .02 —0.01 (0.00) —1.74 95 .09
DERS X Period 0.001 (0.00) 0.57 113 57 0.00 (0.00) 0.13 95 .90
Random effects Variance P df p Variance 7 df P
Intercept 1.66 4526.88 113 <.001 1.14 868.37 91 <.001
Period 0.17 353.33 113 <.001 0.81 393.57 91 <.001
Rumination
Fixed effects
Intercept 5.77 (0.11) 51.19 114 <.001 1.59 (0.16) 10.06 99 <.001
Period —0.24 (0.06) —2.04 114 <.001 0.21 (0.17) 1.20 99 23
DERS —0.01 (0.00) =3.77 114 .04 —0.01 (0.01) -1.29 99 .20
DERS X Period 0.00 (0.00) —0.71 114 A48 0.00 (0.01) 0.55 99 .59
Random effects Variance $ df p Variance 7 df p
Intercept 1.40 1682.83 110 <.001 2.13 683.81 88 <.001
Period 0.25 237.59 110 <.001 2.18 354.65 88 <.001
Body awareness
Fixed effects
Intercept 5.62 (0.13) 43.54 114 <.001 1.48 (0.16) 9.02 99 <.001
Period 0.46 (0.08) 5.96 114 <.001 —0.38 (0.11) —3.30 99 .001
DERS —0.01 (0.00) —2.30 114 .02 —0.01 (0.00) —1.69 99 .09
DERS X Period 0.00 (0.00) 0.83 114 41 —0.01 (0.00) —0.16 99 .88
Random effects Variance P daf p Variance 12 daf P
Intercept 1.63 667.46 113 <.001 2.11 430.35 93 <.001
Period 0.20 161.44 113 .002 0.40 134.84 93 .003

Note. Reported using robust standard errors. DERS = Difficulties in Emotion Regulation Scale; EDA = electrodermal activity; RSA = respiratory sinus
arrhythmia; = standardized coefficient; y (SE) = unstandardized coefficient and standard error.

Body awareness. There was an opposite pattern of physiological
reactivity during the body awareness task. Body awareness was
associated with an increase in RSA (p <.001), and a decrease in
EDA responses (p = .001). Higher emotion dysregulation was asso-
ciated with lower pretask RSA (p =.023), but not with changes
in RSA during the task (p=.407), such that RSA increased
significantly for participants who were high (slope = 0.53(0.12),
p <.001) and low (slope = 0.39(0.10), p < .001) on emotion dysre-
gulation. Similar to the other tasks, emotion dysregulation was not
associated with EDA as baseline (p =.093) or with changes in
EDA during the body awareness task (p = .876).

Discussion

In this study, we sought to better understand and characterize emo-
tion dysregulation and psychophysiological response patterns in a
complex sample of women who were engaged in outpatient SUD
treatment and recently sober. There is a growing body of evidence
to suggest that emotion dysregulation is a transdiagnostic vulnera-
bility for psychiatric disorders, such as SUD (Gross & Munoz,
1995). Furthermore, substance users are a heterogeneous popula-
tion, which makes it especially important to understand SUD out-
side of traditional diagnostic categories. There is also evidence that
emotion dysregulation is related to psychophysiological profiles
including lower RSA and EDA as well as greater RSA and EDA
reactivity to stressors (Beauchaine & Thayer, 2015; Crowell et al.,
2012).

An additional aim of this study was to examine autonomic
response patterns to three different tasks within this complex sam-
ple. This study aligns with other basic psychophysiological meth-
ods studies conducted in laboratory settings and extends that work

to underprivileged, emotionally dysregulated women assessed in an
ecologically valid clinical context. We included measures of both
sympathetic (EDA) and parasympathetic (RSA) responding to a
standardized film task, a rumination task, and a novel interoceptive
awareness task. Across all three tasks, SNS and PNS responses
were opposite to one another, consistent with a reciprocal physio-
logical pattern (Berntson, Cacioppo, & Quigley, 1993). In addition,
psychophysiological responses to negative emotion induction were
relatively similar for both the film and the rumination, with para-
sympathetic withdrawal to both tasks and EDA increases to the
film but not the rumination. In contrast, the interoceptive awareness
task resulted in RSA increases and EDA decreases from pretask
baseline.

These psychophysiological findings are interpreted in the con-
text of self-reported PA and NA on the PANAS. During both the
film and the rumination task, participants reported decreased posi-
tive affect relative to baseline. NA increased significantly during
rumination but was lower than baseline during the movie. This was
likely due to high baseline levels of NA in a distressed sample and
to the nature of the film task. This film was originally validated for
the purposes of evoking a single discrete emotion (sadness; Gross
& Levenson, 1995), and therefore overall levels of NA likely did
not capture the specific response to the film task. Nevertheless,
self-reported NA was still relatively high following the film (e.g.,
relative to body awareness). Thus, psychophysiological and self-
report measures suggest that the film and rumination tasks were
upsetting and effective in this sample and setting, although future
research should continue to examine whether this film is sufficient-
ly upsetting for highly distressed samples. Self-reports of PA and
NA during the body awareness task were also consistent with
hypotheses (PA increased and NA decreased). When
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Figure 2. Autonomic response patterns to three distinct tasks. EDA = electrodermal activity, measured in number of nonspecific responses/30-s epoch;
RSA = high frequency respiratory sinus arrhythmia, measured in log(beats/min*/Hz).

psychophysiological results are interpreted in relation to PANAS
data, they suggest that participants experienced improved physio-
logical regulation and reduced arousal during the body awareness
task. Participants were untrained in mindfulness and interoceptive
awareness. Thus, even brief interoceptive tasks appear to have
potential to affect physiological response patterns and mood. Over
the course of treatment, it is possible that mindful interoceptive
training could contribute to better emotion regulation and health.
Consistent with the theoretical and empirical literature guiding
this study, we also examined difficulties with emotion regulation on
the DERS as a moderator of psychophysiological response patterns.
For this complex, chemically dependent sample, we selected the
DERS given both theoretical and empirical evidence that emotion
dysregulation is a transdiagnostic marker of risk for psychopatholo-
gy and because it has been studied in relation to both sympathetic
and parasympathetic response patterns (e.g., Beauchaine, Gatzke-
Kopp, & Mead, 2007; Niedtfeld et al., 2016; Vasilev et al., 2009).
As hypothesized, DERS scores were associated with baseline differ-
ences in RSA before all three tasks. This is consistent with several
studies and the theory that resting RSA is a valid biomarker of emo-
tion dysregulation (Beauchaine, 2001; Crowell et al., 2005). In con-
trast, DERS scores were not associated with resting EDA or with
RSA/EDA reactivity, although resting EDA findings trended in the
expected direction. Taken together, these findings suggest that there
is a main effect of DERS on RSA, but all participants reacted

similarly to the three tasks. Thus, future researchers can expect that
heterogeneous, emotionally dysregulated clinical samples may
respond similarly to these specific laboratory paradigms.

In addition to the challenges associated with the sample and set-
ting, we made several study design choices that are limitations of
this study and may have affected our findings, such as the decision
not to counterbalance tasks. For example, it appears that partici-
pants had not achieved full EDA recovery from the film task prior
to initiating the rumination tasks. This appears to have led to higher
baseline EDA and less of a change to the task, which may account
for the lack of EDA findings to the film. However, participants did
return to baseline on RSA measures following the film, suggesting
parasympathetic recovery may have occurred. In addition, placing
the interoceptive awareness task last could have led to similar
underestimates of the potency of this manipulation. We also had
slightly more missing data than a typical laboratory study. Given
the distressed nature of the sample, RAs were instructed to mini-
mize the amount of time spent placing and replacing electrodes,
which may have affected results. Finally, we did not collect SNS
cardiovascular measures such as cardiac preejection period. This
would have allowed for a more sophisticated understanding of
SNS-PNS interactions but would have required more time and
placed a greater burden on participants.

A primary strength of this study is the low-SES clinical sam-
ple with multiple comorbid diagnoses. Indeed, these participants
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experienced many problems that would result in exclusion from
most psychophysiological methods studies—a recent history of
substance use, multiple medications, comorbid health conditions,
and other challenges (e.g., transportation, childcare, money) that
would likely preclude travel to a university setting. Furthermore,
the clinical setting lacked many of the amenities common to
university-based psychophysiological laboratories, such as com-
plete sound attenuation, perfect temperature control, and audio/
video monitoring from a separate control room. Scholars interest-
ed in researching underserved samples may be deterred by these
factors, yet our results suggest that psychophysiological mea-
sures are reasonably robust to the issues that may have precluded
real-world clinical research.

S. Crowell et al

Future research should continue to work with underserved popula-
tions at high risk for negative health outcomes. Substance use in par-
ticular takes a tremendous toll on physical and emotional health—two
pathways by which physiological systems may be affected. Among
substance-using women, negative or stressful emotional events (Abul-
seoud et al., 2013) and comorbid conditions (Greenfield, Back, Law-
son, & Brady, 2010) are factors associated with relapse following
treatment. Thus, it is possible that interventions targeting the capacity
to cope with these problems through interoceptive awareness may
improve psychophysiological reactivity and emotion regulation, lead-
ing to improved treatment outcomes. By bringing psychophysiologi-
cal measurements into clinical settings, we may enrich clinical
research and improve understanding of treatment mechanisms.
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