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Abstract

Background—Given that alcohol misuse elevates risk of suicide death among ideators, the
paucity of treatment outcome research for individuals presenting with both suicide ideation and
problem drinking is particularly troubling. Dialectical Behavior Therapy (DBT) skills training,
which effectively targets behaviors associated with emotion dysregulation including addictive and
suicidal behaviors, provides a fitting model amenable to computerization. As stigma and scarcity
stand as potential barriers to treatment, online dissemination platforms provide means for efficient
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treatment delivery that can augment the utility of suitable interventions. This pilot RCT sought to
evaluate the feasibility, acceptability, and preliminary efficacy of an Internet-delivered DBT skills
training intervention (iDBT-ST) for suicidal individuals who engage in heavy episodic drinking

Methods—~Participants (A= 59) were randomized to receive iDBT-ST immediately or after an 8-
week waiting period. Clinical outcomes were suicide ideation, alcohol use, and emotion
dysregulation.

Results—Participants on average saw a significant reduction in all outcomes over the four-month
study period. Compared to waitlist controls, individuals who received iDBT-ST immediately
showed faster reductions in alcohol consumption.

Conclusions—Preliminary results suggest that iDBT-ST may be a viable resource for the high-
risk and underserved group represented in this study, and pathways for future development are
suggested.

Limitations—There was difficulty retaining and engaging participants due to technological
barriers.

Keywords

Dialectical behavior therapy; Alcohol; Suicide; Randomized controlled trial; Computerized
psychotherapy; Internet

Suicide is a significant public health problem. In the United States, suicide is the tenth
leading cause of death [Centers for Disease Control and Prevention (CDC), 2016]. Chronic
alcohol use and abuse has been identified as a uniquely salient risk factor for suicide among
suicide ideators, making ideators who also meet criteria for an alcohol use disorder (AUD)
among one of the most at-risk populations for suicide (Han, et al., 2015; Kelly, et al., 2001;
McManama et al. 2014; Nock et al., 2010). In particular, approximately 40% of suicides are
preceded by acute alcohol intoxication (Cherpitel, Borges, & Wilcox, 2004). Among
individuals physically dependent on alcohol, risk for suicide is 60-120 times greater than it
is for non-clinical populations (Murphy and Wetzel, 1990), and simply meeting criteria for
an AUD increases one’s lifetime risk for suicide to 7% (Brady, 2005). Taken together,
alcohol-involved suicide is a considerable and complex problem.

While the relationship between alcohol and suicide remains a complex one, research has
consistently pointed to emotion dysregulation as a common link among those who engage in
both heavy drinking and suicidal behavior (Conner et al., 2009; Nordstrom, et al., 1995;
Brown, et al., 2002). Heavy episodic drinking (HED), defined as consuming four (for
women) or five (for men) standard alcoholic beverages in a two-hour period, is particularly
associated with both suicide and emotion dysregulation (Bagge et al. 2013; Kaplan et al.
2014; Kuvaas et al., 2014). Thus, suicide ideation and alcohol misuse, particularly HED, are
theorized to function as problem solving behaviors employed in lieu of effective strategies to
cope with intense negative emotions (Linehan, 1993a; Schneidman 1993; Slee et al., 2008a;
Slee et al., 2008b).

Given the problem of alcohol-involved suicides, there remains a significant treatment gap for
individuals presenting with high-risk behaviors (Bruffaerts et al., 2011; Patel et al., 2016).
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Web-based or computerized interventions (Cl), which incorporate software that automates
many aspects of psychotherapy (e.g. computerized cognitive behavioral therapy cCBT;
Kaltenthaler et al., 2006), have been deployed as one way to bridge the treatment gap. In
published RCTs of cCBT that target mood or anxiety disorders, individuals presenting with
suicide ideation and/or co-occurring substance use, are yet to be targeted by CI. Specifically,
one meta-analysis found that over 90% of RCTs of cCBT excluded individuals at risk for
suicide, and 74% excluded individuals engaging in addictive behavior (Wilks, Zieve, &
Lessing, 2016). This trend is contrasted by emerging evidence that suicidal individuals may
be more likely to seek out help online compared to face-to-face consultations (Wilks, Coyle,
Krek, Lungu, & Andriani 2017). Promisingly, a growing base of research evidence suggests
that Internet-delivered interventions are effective in reducing problematic drinking (Rooke,
Thorsteinsson, Karpin, Copeland, & Allsop, 2010; White et al., 2010), as well as suicide
ideation (Lai, Maniam, Chan, & Ravindran, 2014.). However, there remains a clear gap in
the literature for treatment outcome research on individuals presenting with suicide ideation
and problematic drinking, and on web-based interventions for individuals presenting with
complex and high-risk behaviors.

Dialectical behavior therapy (DBT; Linehan, 1993; Linehan 2014) is a behavioral treatment
specifically designed for individuals at high risk for suicide who present with co-occurring
behavioral dysfunction related to emotion dysregulation. In addition, the skills training
component of DBT has been shown to be effective in reducing behaviors associated with
emotion dysregulation in numerous RCTs (Linehan, 2014; Valentine et al., 2014), suicidal
behavior (Linehan et al., 2015), and problematic alcohol use (Whiteside, 2011). Moreover,
much like CBT, DBT is amendable to computerization given its logical flow and modular
structure (Linehan & Wilks, 2015; Lungu, 2015). This study thus aims to preliminarily
evaluate an Internet-delivered DBT skills training intervention against a waitlist control on a
sample of suicidal individuals who engage in HED and experience emotion regulation
difficulties.

Study Design

This study is a pilot RCT comparing individuals who received iDBT-ST immediately to
those on an 8-week waiting list. Using a 1:1 allocation ratio, participants were randomized
to receive iDBT-ST immediately (n=30) or to a waitlist (n=29). A minimization
randomization procedure (White & Freedman, 1978) was used to match participants on three
primary prognostic variables: (1) biological sex assigned at birth, (2) severity of disordered
drinking, and (3) severity of suicide ideation. Participants were assessed at pre-treatment,
and at monthly intervals for four months. All assessments were conducted online using
Qualitrics.com. The periods of enrollment and follow-up ran from June 2016 through
September 2016. Figure 1 summarizes the flow of participants through the study. All study
procedures were conducted in accordance with IRB approved procedures.
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Participants (N=59) were recruited via online forums accessible throughout the United
States and consecutively enrolled into the study. Inclusion criteria were: (1) endorsed the
presence of suicide ideation in the past month (defined as answering >1 on Item 1 of the
Suicide Behavior Questionnaire-Revised; Osman et al. 2001), (2) endorsed two or more
episodes of HED (defined as reporting consumption of at least 4 standard drinks for women
and 5 drinks for men over a 2 hour period) in the past month, (3) endorsed high emotion
dysregulation (defined as scoring >46 on the 16-item Difficulties in Emotion Regulation
Scale; Bjureberg, et al., 2016), and (4) lived in the U.S. Participants were excluded if they
(1) were enrolled in psychotherapy and were unwilling to discontinue treatment, (2) have
been diagnosed with Bipolar | or a psychotic disorder, (3) could not understand verbal or
written English, or (4) did not have access to a computer with Internet.

Recruitment and Randomization

Procedures

Drop-out

We recruited participants through online forums and classifieds (e.g. Reddit.com and
Craigslist.org). Over the 150 recruiting days, 398 individuals contacted us via email or
phone. Of those, 142 were assessed for eligibility, 90 were determined to be eligible and 60
were randomized (see Figure 1). One randomized participant who did not complete the
baseline or follow-up assessments could not be included in the analyses, leaving 59 ITT
participants. If participants were eligible, they were provided informed consent prior to
randomization using an Institutional Review Board (IRB) approved consent form.

To account for potential covariates that may spuriously affect analytic results, participants
were matched on biological sex (male, female), degree of suicide ideation (< 7 or = >7 on
SBQ-R), and degree of disordered drinking (<16 or = >16 on the Alcohol Use Disorders
Identification Test, AUDIT; Saunders et al., 1993) using a minimization randomization. The
randomization algorithm was implemented by entering matching criteria information into a
computerized program specifically designed for minimization randomization (MinimPy).
Participants were randomized using a 1:1 ratio designed to allocate equal numbers of
participants to the experimental condition (iDBT-ST; n = 31) as to the control condition
(Waitlist; n = 29).

The University of Washington’s IRB approved all study procedures. Regardless of condition
assignment, all participants completed assessments at pre-treatment and monthly for four
months totaling five assessment waves. Participants received Amazon gift codes via e-mail
after completing each monthly assessment ($15 for baseline, $20 for 1-month, $25 for 2-
month, and $30 for 3- and 4-month totally $120).

Participants were considered to have dropped out from the treatment once they stopped
attempting or completing online sessions for at least 3 weeks in a row (e.g., did not log into
to articulate.com for three weeks). Participants who did not complete sessions, but who
completed subsequent sessions (e.g., missed sessions 2 and 3 but completed sessions 4-8)
were not considered drop-outs. If someone indicated that s/he wanted to stop receiving
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sessions, we assessed whether they wanted to continue receiving paid monthly assessments.
We considered individuals who either wanted to stop receiving sessions or stopped
completing sessions, but completed paid monthly assessments as treatment drops, and those
who stopped completing sessions and assessments as study drops.

Suicide Risk Protocol

Measures

Throughout the 16-week trial period, weekly questionnaires assessing suicide risk were
emailed to all participants. They included questions on: 1) frequency of suicidal urges in the
past week, 2) intensity of suicidal urges in the past week, 3) seriousness of acting out on
suicidal urges in the past week, and 4) current suicidal urge, all using a 5-point Likert scale.
Participants endorsing a rating of three or higher on any item, or a 2-point increase from the
previous week, would be called and assessed for suicide risk. Additionally, the number for
the National Suicide Prevention Lifeline was situated next to prompts on suicidality received
by all participants.

Screening Measures

Demographic information—Demographic information was collected using the
Demographic Data Schedule — Short Version (DDS; Linehan, 1982), which obtains a
selection of demographic data including age, sex, ethnicity, marital status, income,
educational level, and occupation. High concurrent validity was established comparing DDS
responses to hospital chart data for a sample of psychiatric inpatients (Linehan, 1982).

Treatment history—Information related to participants’ current and past treatment use
including hospitalizations, as well as medication use were obtained using the Treatment
History Interview (Linehan & Heard, 1987).

Heavy episodic drinking—Binge or heavy episodic drinking was assessed using a single
item from the NIAAA recommended questions (NIAAA, 2003). The specific question
assessed for the frequency at which participants consumed 4 (for women) or 5 (for men)
standard alcoholic beverages in a 2-hour period in the past 30-days. The single item of binge
drinking has been validated as a predictor of problematic alcohol use (Canagasby & Vinson,
2005; Williams & Vinson, 2001).

Emotion dysregulation—Emotion dysregulation was assessed using the 16-item version
of the Difficulty in Emotion Regulation Scale (DERS-16; Bjureberg, et al., 2016). The
DERS-16 has shown excellent internal consistency (a = 0.92 to 0.95), good test-retest
reliability (r = 0.85), and good convergent and discriminant validity in clinical and
community samples. In addition, the DERS-16 retains similar convergent and discriminant
validity when compared to the original 36-item DERS (Gratz and Roemer, 2004).

Suicide ideation—The presence of suicide ideation was assessed using the Suicide
Behavior Questionnaire-Revised (SBQ-R; Osman et al., 2001), a 4-item measure that
assesses suicidal ideation and the likelihood of future suicidal behavior. Suicidal ideation is
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defined as having thoughts about killing oneself. This corresponds with a score of 2 (“brief
passing thought™) or more on Item 1 of the SBQ-R (“Have you ever thought about or
attempted to kill yourself?”), which has been found to differentiate suicidal ideators and
attempters from nonsuicidal individuals in clinical and non-clinical samples with maximal
sensitivity (0.80 to 1) and specificity (0.96 to 1; Osman et al., 2001).

Acceptability, Feasibility, and Usability

Intervention Use—Treatment engagement was examined by analyzing the amount of time
spent on each session, as well as adherence with treatment modes such as homework
completion.

Perceived usefulness—Participants were asked about the usefulness of each session on
a 7-point Likert scale at the end of each session. Higher scores indicate higher perceived
usefulness.

Primary Outcomes

Suicidal ideation—During the outcome assessment portion of the study, suicidal ideation
total score was assessed using the Scale for Suicidal Ideation (SSI; Beck et al., 1979). The
SSl is a 19-item self-report assessment that addresses domains related to suicidal ideation.
Each item is scored from 0-2, with higher total scores indicating higher suicide ideation.
Individuals answering a 0 (“not at all””) on questions 4 (“desire to make an active suicide
attempt is none”) and 5 (“would take precautions to save my life”) do not answer the
subsequent 14 questions. The SSI has demonstrated moderate internal consistency (a =
0.84-0.89) and high interrater reliability (r = 0.83-0.98) (Beck et al., 1997; Beck et al.,
1979).

Alcohol use—Two primary methods were used to assess alcohol use throughout the study.
First, we used the Alcohol Use Disorders Identification Test total score (AUDIT; Saunders et
al.1993), which is a 10-item self-administered measure specifically designed to identify
hazardous and harmful alcohol consumption. The period was set for drinking behavior in the
last 30-days. The AUDIT cutoff scores yield sensitivity scores that range from 0.90 to 0.80
and an average specificity score of 0.80 (Allen et al., 1997). Reinert and Allen (2007)
calculated a median reliability of the AUDIT of 0.83 across 18 studies.

Alcohol quantity and frequency were also assessed using a self-administered web-based
version of the Timeline Followback (TLFB; Rueger, et al., 2012). The TLFB has been
shown to be a psychometrically valid instrument for obtaining retrospective daily estimates
of alcohol consumption (Sobell & Sobell, 1992). Research has demonstrated that the self-
administered web-based version is strongly correlated (r = 0.83 to 0.93) to the interview
version of the TLFB. The TLFB was used as a measure for the total number of standard
drinks each participant consumed during a thirty-day period (total drinks). The presence of
HED at follow-up assessment was determined by dividing the number of standard drinks
consumed by the number of hours spent drinking. Women drinking an average of 4 standard
drinks and men drinking an average of 5 standard drinks in a two-hour period were
considered to have engaged in a binge drinking episode.
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Emotion dysregulation—Emotion dysregulation was assessed using the Difficulties in
Emotion Regulation Scale (DERS; Gratz & Roemer, 2004). The DERS is a 36-item self-
report measure that assesses individuals’ typical levels of emotion dysregulation. The DERS
has been found to have high internal consistency (a = 0.93), good test-retest reliability (r =
0.88), and adequate construct and predictive validity. Previous research also supports the
reliability and validity of the DERS in alcohol and substance users (Fox, Hong, & Sinha,
2008; Gratz & Tull, 2010). We used the 36-item total score for as the outcome variable in
the analyses.

iDBT-ST—The intervention was largely modeled from the in-person format of DBT skills
training (e.g. Linehan, 2014) and further iterated from an earlier version computerized DBT
for emotion regulation (iDBT-ER; Lungu, 2015). The intervention component of the study
included 8 modules that were released to participants in active treatment over a course of 8
weeks. The first two weeks were focused on mindfulness skills (“What” and “How” skills),
the following two weeks were focused on reducing problematic drinking (“Dialectical
Drinking,” “Clear Mind,” “Community Reinforcement,” and “Burning Bridges”), the
subsequent three weeks were focused on increasing emotion regulation strategies (“Model of
Emotions,” “Check the Facts,” “Opposite Action,” “Problem Solving,” “Building Mastery,”
and “Cope Ahead”), and finally, the last week included skills on tolerating distress (“TIP” &
“Distract™). Each session included 2—-3 new DBT skills. Each new skill was first introduced
via a 3—-7 minute video segment. After the video, participants would be directed to a “Key
Point” page in which they were presented with the salient aspects from the video. Finally,
participants would engage in the skill through an interactive and guided practice. At the end
of each session, participants would select a homework practice. Participants were then
emailed fillable DBT worksheets based on their chosen homework assignment and were
encouraged to engage in skills practice via daily emails and/or text messaging. Each session
lasted approximately 30-50 minutes. See Wilks et al., (2017) for a more in-depth
explanation of the session contents.

Waitlist—Individuals randomized to the waitlist control condition received weekly
questionnaires assessing the frequency, intensity, and seriousness of their suicide ideation as
well as the frequency and quantity of alcohol consumption. Those endorsing high levels of
suicide ideation received a call from clinic staff trained in suicide risk assessment. After 8-
weeks, those randomized to waitlist would be given access to the intervention.

Statistical Methods

Descriptive data were used to evaluate treatment feasibility, safety, and acceptability. This
study was not powered to test hypotheses about potential between-condition differences on
primary outcomes. Therefore, emphasis was placed on evaluating indices of clinical
significance and between- and within-group effect sizes were used to evaluate the magnitude
of treatment effects. For continuous outcomes, between group effect size was calculated
using the following formula: Effect size = g * time/SDraw, where B is the estimated
coefficient of the difference in slope for each condition, SDraw is the pooled standard
deviation between conditions at pretreatment, and time is the number of time points included
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in the analysis. Within group effect size was calculated using the following formula: Effect
size = M1 — M2 / SDpooled, where M1 is the baseline mean score, M2 is the follow-up
mean score, and SDpooled is the pooled standard deviation between time points. The
resulting effect size is interpreted using Cohen’s specifications (1988). Cohen’s d is best
suited to continuous outcomes in longitudinal analyses; therefore, it is only reported for the
continuous outcomes. Reliable and clinically significant improvement were calculated per
the criteria suggested by Jacobson and Truax (1991) in order to better understand the effects
of both treatment and waiting on each outcome variable. Reliable change index (RCI) was
calculated for each individual and outcome using the following formula: RC = x1 — x2/
Sdiff , where x1 is the score at baseline, x2 is the follow-up score at a chosen time point, and
Sdiff is the standard error of difference based on baseline standard deviation and Cronbach’s
a. Clinically significant change (CSC) was operationalized as reaching a level of
functioning, reflected in outcome scores, that was (1) closer to the mean score of the non-
clinical population than that of the clinical population, or (2) where non-clinical normative
data were unavailable, greater than two standard deviations outside the clinical range. Where
normative standards have not been established, clinical and/or non-clinical norms were
aggregated from publications of studies that included data on the relevant measures.
Participants showing both reliable change (RC1>1.96) and clinically significant
improvement were classified as “recovered”; those showing reliable change only were
classified as “improved”; those showing neither were classified as “unchanged/deteriorated.”
Mann-Whitney U analyses were conducted to evaluate between-group differences in the
distribution of change classification at each monthly assessment point. The RC indices, CSC
cut-offs, sources of reliability and norming data were as follows: SSI (RC = £8.51, CSC =
2.31; Beck et al. 1997; Chioqueta & Stiles, 2006; Pollock & Williams, 2004; Stepakoff,
1998; Sokero et al., 2003; Zhang & Brown, 2007); AUDIT (RC =+ 9.59, CSC < 8.00; Hays
et al., 1995; Saunders et al.,1993); DERS (RC = + 19.40, CSC < 81.84; Gratz & Chapman,
2007; Gratz & Roemer, 2004; Gratz & Roemer, 2008; Harrison et al., 2009; Tull et al.,
2007).

All randomized participants who completed at least one monthly assessment were included
in the longitudinal analyses. All observations were included at any time point giving a
potential of 295 from 59 individuals. In these analyses, 259 observations were retained
across all waves, or 87.80% of all possible observations. Continuous outcome variables
(AUDIT, DERS, SSI) were analytically evaluated using multilevel modeling (e.g. HLM;
Bryk & Raudenbush, 1992) with restricted maximum likelihood estimator (REML), which
does not bias estimates with missing data. For outcomes with a preponderance of zeros
(TLFB), Generalized Estimating Equations (GEE, Liang & Zeger, 1986; Zeger & Liang,
1986) with a negative binomial (NB) distribution with a log function was used. Using the
NB approach, the resulting coefficients are exponentiated and interpreted as risk-ratios (RR),
where values above or below one are interpreted as a percentage increase or decrease in the
rate of the outcome. Both HLM and GEE can handle missing data at level 1, thus increasing
statistical power. All analyses were conducted using SPSS version 19 (IBM Corp).
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Results

Participant Characteristics

Of those who consented to our demographic survey (n = 56), participants were more likely
to identify as female (69.5%) and Caucasian (82.1%). Income level among those who chose
to disclose (n = 54) was generally low, with median reported past-year earnings falling at the
minimum wage level of $15,000 to $19,999; the lowest range (less than $5,000) was also the
most frequently endorsed (n = 12). Nearly half (53.3%) of ITT participants reported lifetime
psychiatric hospitalization. Many of the participants (46.7%) endorsed receiving
psychological treatment in the last year, while a majority (88.3%) had received
psychotherapy sometime in their lifetime. Sample characteristics are displayed on Table 1.

Comparison of demographic variables between participants randomized to each condition
revealed a statistically significant difference on marital state between conditions.
Specifically, nearly 30% of individuals randomized to waitlist were married compared to
3.4% of those randomized to receive iDBT-ST immediately (p <.001). However, adding
marital status (married versus not married) into the outcome models did not explain
significant variance on any of the measures, and as such were not included in the outcome
analyses presented below.

Treatment Retention and Feasibility

While many participants experienced little to no problems with the intervention platform,
nearly half (45%) participants contacted study staff with a variety of technical and/or access
issues. Most commonly, participants experienced technical problems with the program
platform (n = 16), accessibility barriers (n = 13), and/or connectivity issues (i.e. slow/
inconsistent Internet) (n = 4). The technical problems included inability to begin or move
past session contents and freezing. Accessibility barriers were issues that interfered with
participants’ ability to access and use the computerized program, and included being jailed
(n = 2), computer/phone theft (n = 4), homelessness (n = 3), and/or moving (n = 2). The
technical and access problems appear to pose a considerable barrier to treatment completion.
Among individuals who dropped from treatment and provided a reason (n = 21), 52% cited
technical problems, 33% cited access problems, and 9% cited connectivity problems.
Regarding adherence to treatment procedures, 89.83% of individuals attempted session 1
and 84.47% of participants completed session 1. Session 8 was the least attempted and
completed with only 30.51% of the ITT sample both attempting and completing the session.

Over the 8-week course of treatment, the number of individuals who went on to attempt the
next session declined by an average of approximately 5 individuals per subsequent session
(SD = 1.86). In addition, 61.65% of session attempters reported completing the assigned
homework (SD = 6.95), and 94.30% of those who completed the homework found it to be
effective (SD = 8.96).

Treatment Acceptability

During active treatment, participants were asked to rate their perceived usefulness of each
session on a 0-5 point scale. Collapsed over the entire 8 sessions, the average usefulness
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rating was 3.91 (SD = 0.17). The participants rated session 4 as the most useful (M = 4.09,
SD=0.90) followed by session 3 (M = 4.08, SD=1.23); these comprised the module targeting
addiction. Sessions 1 and 2, which both target mindfulness, were rated as least useful (M =
3.69, SD =1.18; M = 3.69, SD = 1.14). In addition, participants were assessed on the urge to
quit over each session. Collapsed over all 8 sessions, the mean urge to quit was 1.79 (SD =
1.05), indicating that on average, users endorsed a low to moderate urge to quit.

Treatment Safety

As mentioned above, participants were assessed weekly on the frequency, intensity, and
seriousness of suicidal urges. Individuals responding in a manner that would indicate high
risk for suicide were contacted by study staff for further assessment. Collapsed across all
time points, the participants endorsed experiencing suicidal thoughts less than half the days
of the week (M = 1.74, SD = 0.82). On average, participants endorsed relatively low urge to
die by suicide (Range 1-6, M = 2.17, SD = 1.23).

Throughout the entire study, weekly assessment responses prompted a total of 75 suicide
risk assessment calls, nested among 35 individuals (Range = 1-8 calls, M = 2.14 calls per
individual). While 35 individuals responded in such a way that prompted follow-up from
study staff, only 25 successful contacts were made, nested among 16 participants. 50 “caring
emails” were sent to those who could not be contacted by phone (see Wilks et al., 2017 for
“caring email” script). To evaluate the safety of using a waitlist control with a suicidal
sample, GEE analyses with a negative binomial distribution were conducted to investigate
differences in severity of suicidality over time both within and between conditions.
Compared to individuals on the waitlist, those randomized to immediate treatment saw
significantly faster reductions in intensity of suicidal urges (RR = 0.95, p <.05).

Comparing iDBT-ST to Waitlist from baseline to month 2

Table 2 presents means and standard deviations for all outcome variables across all time
points, Table 3 presents the HLM and GEE analyses for all outcome variables, Table 4
presents both within and between group effect sizes for all variables, and Table 5 presents
results from the clinical significance analyses. From baseline to month 2, participants
randomized to receive treatment immediately consumed significantly less alcohol than those
who were on the waitlist during this period (RR = 0.81, p = .02). In addition, 67.7% of
individuals reported having engaged in less than 2 episodes of HED in the previous month,
which falls under the criteria for initial study eligibility, compared to 55.2% of individuals
on the waitlist. While there were no significant between condition differences in SSI,
AUDIT, or DERS, analyses of scores from baseline to month 2 showed a large between-
group effect size for both SSI (d = -0.72) and AUDIT (d = —0.73), along with a small effect
size for DERS (d = 0.34).

Regarding clinically significant change, recovery rates obtained at month 2 for SSI (13.6%
iDBT-ST, 7.7% waitlist), AUDIT (9.1% iDBT-ST, 3.6% waitlist), and DERS (4.5% iDBT-
ST, 3.6% waitlist) reflect a similar pattern of greater change, as well as between-group
differences on the SSI1 and AUDIT compared to DERS scores. Mann-Whitney U analyses
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revealed no significant between-group differences in the distribution of change classification
on the SSI, AUDIT, and DERS measures.

Within-group rates of change across all time points for iDBT-ST

While the iDBT-ST group was enrolled in active treatment (time O-time 2), they saw a
significant decrease in SSI (B = -2.31, SE = 0.66, p =.001), AUDIT (B =-3.18, SE = 0.96,
p =.003), TLFB (total drinks) (RR = 0.77, p < .001), and DERS (B = -5.63, SE=2.18,p =.
01). During the group’s follow-up period (time 2-time 4), participants continued to see
slower but still significant reductions in SSI (B = -1.82, SE = 0.63, p =.006) and AUDIT (B
=-1.73, SE = 0.84, p = .04). There were no significant reductions in TLFB (total drinks)
(RR =0.89, p=.11) or DERS (B = -2.48, SE = 3.05, p = .42) during the follow-up period.
At the 4-month assessment wave, only 26.7% of individuals in the group that received
treatment immediately still engaged in two episodes of HED in the previous month.

Individuals randomized to receive treatment immediately saw large effect size changes
during the treatment period for SSI (d = 0.81) and AUDIT (d = 0.75), but only medium for
DERS (d = 0.42). During the follow-up period, their scores reflected that the intervention
had a medium effect on SSI (d = 0.62), but a small effect size for both AUDIT (d = 0.26) and
DERS (d = 0.15).

Within-group rates of change across all time points for waitlist

For those randomized to the waitlist, the control group saw a significant decrease in SSI
scores (B = —1.20, SE = 0.57, p = .04), but did not see significant reductions in AUDIT (B =
-1.15, SE = 0.67, p = .10), TLFB (total drinks) (RR = 0.95, p = .42), or DERS (B = -1.15,
SE =1.71, p = .50) scores during their waiting period (time 0-time 2). When those on the
waitlist were enrolled in active treatment (time 2-time 4), participants saw a significant
reduction in SSI (B = -1.62, SE = 0.54, p =.004), AUDIT (B = -1.90, SE = 0.71, p = .01),
TLFB (total drinks) (RR = 0.84, p = .04), and DERS (B = -5.68, SE = 2.41, p = .02) scores;
however, at a greater magnitude than those who were randomized to receive treatment
immediately. At the end of the 4-month assessment, 69.0% of waitlisted individuals engaged
in less than two episodes of HED in the previous month, placing them below the initial study
eligibility. Individuals randomized to the waitlist observed small effect sizes during the
waiting period for SSI (d = 0.25), AUDIT (d = 0.24), and DERS (d = 0.06). During their
respective treatment portion, individuals continued to see small effects for SSI (d = 0.32),
AUDIT (d = 0.34) and DERS (d = 0.39).

Discussion

The present study examined the feasibility, acceptability, and preliminary efficacy of an
Internet-delivered DBT skills training intervention for suicidal individuals who engage in
HED and experience difficulties in emotion regulation. Importantly, this study appeared to
be safe and the treatment moderately usable. While there was a significant treatment dropout
rate, those who continued to use the intervention found it useful. Regarding efficacy, the
sample had significant reductions in suicidal ideation, alcohol use severity, alcohol quantity,
and emotion dysregulation over the course of the sixteen-week study, with faster reductions
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when participants were enrolled in active treatment. In addition, individuals randomized to
receive treatment immediately saw significantly steeper reductions in alcohol quantity.
Moreover, at the 4-month assessment wave, the proportion of individuals no longer meeting
the initial study criterion for HED was larger in the group assigned to receive treatment
immediately, as compared to waitlisted participants. Nevertheless, in this final survey, almost
70% of all participants reported not having engaged in past-month binge drinking, indicating
that the majority of participants given immediate or delayed access to treatment no longer
met the criterion for HED that had initially demarcated their eligibility for the study.
Furthermore, participants enrolled in active treatment reported significantly less suicide
ideation on their weekly surveys than those on the waitlist. There were no between condition
differences in alcohol use severity, suicide ideation as reported on the SSI, or emation
dysregulation; nonetheless, participants randomized to receive treatment immediately had
larger effect sizes during their respective treatment periods and there were large between
condition effects for both AUDIT and suicide ideation. Finally, results from the clinical
significance analyses indicated much need for improvement in the treatment for this
population.

Unfortunately, many participants dropped due to technological reasons, and only one third of
participants completed all eight sessions. Most participants dropped due to technological or
accessibility problems rather than inapplicability, disinterest, and/or perceived uselessness.
Of note, treatment dropout tends to be relatively high for online interventions (35%;

Melville et al. 2010), and particularly high for addiction treatment in general (Brorson, et al.,
2013), so the dropout rate in this study is not an aberration, but predictable. To reduce the
likelihood of dropping, we suggest that Internet-delivered interventions be incredibly simple
to use, brief, and more portable to increase treatment effects.

Alcohol use and suicide ideation were reduced by a larger magnitude than emotion
dysregulation. Moreover, rates of clinically meaningful recovery established for alcohol use
and suicide ideation exceeded that of emotion dysregulation for all except one assessment
point (month 4 in waitlist group). One possible explanation for the limited movement in
DERS is the lack of sufficient dose in emotion regulation skills. Only three sessions were
allotted for emotion regulation skills, while individuals attending face-to-face skills training
receive up to seven weeks of emotion regulation skills (Linehan, 2014). In addition, only
64.4% of the ITT sample accessed any of the sessions dedicated to emotion regulation skills.
Taken together, these findings suggest that participants in this study may not have received
an adequate dose of emotion regulation skills.

There are several limitations that warrant discussion. Principally, while there was only one
significant difference in the rate of change between conditions, this study was not powered
to test for significant between group differences. To that point, the sample was
heterogeneous with wide confidence intervals obtained across all outcomes, highlighting the
need for replication with a larger sample. Regarding suicidality for instance, the criterion for
inclusion was set at a low minimum; one just needed to have the thought enter their mind at
least once in the past thirty days, and no maximum limit was imposed. In the struggle
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between internal and external validity, we landed on the latter, as we did not want to exclude
someone for being too suicidal or not suicidal enough. This resulted in large sample standard
deviations that raised the minimum threshold for statistical significance, potentially eroding
meaningful indications of change. Nonetheless, as this is the only treatment outcome study
for suicidal adults who engage in co-occurring HED, we wanted to cast a wide net to capture
a representative sample of this population.

Another limitation is the use of a waitlist control for a comparison condition. One problem
with a waitlist control design is that there is no control over what other activities participants
do, such as enrolling in other treatments. Another problem is that participants who enter a
treatment study that include a waitlist may be inherently biased due to the potential barriers
they face toward receiving adequate treatment (Patterson et al. 2016). Due to the barriers that
our participants may face for obtaining services, they may have been more likely to
participate in our study than the general population. For mild psychological disorders, those
on the waitlist tend to improve without treatment, making waitlist conditions problematic
(Ahola, et al., 2016; Furukawa et al., 2014). Indeed, even with screening results indicating
substantial psychological distress, those on the waitlist saw significant improvements while
waiting for the intervention. In addition, in this trial participants in the waitlist were closely
monitored and repeatedly contacted throughout the waiting period, however their enrollment
in other services was not assessed during this time.

Another limitation was the level of treatment dropout, which underlines a setback in overall
acceptability and feasibility of iDBT-ST for suicidal and heavy episodic drinkers. While
only 11.67% of participants dropped from the study approximately two thirds of participants
dropped out of treatment or did not complete multiple sessions throughout the active
treatment period. Although the majority of participants in this study did log on to access the
intervention at least once, many experienced technology-related problems. Ultimately, the
combination of technological issues, lack of willingness to access the program, and
behavioral instability was a combination of barriers that made treatment adherence too
difficult for the participants to overcome. iDBT-ST needed to be incredibly acceptable or
effective to overcome the barriers that the participants experienced.

A considerable limitation to this study is the intervention platform itself, in that it may align
too closely with face-to-face skills training, thus diminishing the advantages of a
technological mediated intervention. Schueller and colleagues (2013) have argued that web-
based psychotherapy is a skeuomorphism, or derivative of face-to-face psychotherapy.
Designing web-based therapies (and iDBT-ST) in a way that closely mirrors its face-to-face
counterpart stymies much of the advantages of technology, and precludes a level of
effectiveness comparable to in-person treatment. Technology has the capacity to be in the
backpack, pocket, or even wrist of a client at all times, thus wielding substantial potential to
promote nascent behaviors at key times. However, in keeping with the literature of
computerized interventions, iDBT-ST was topographically identical to in-person skills
training (i.e. mindfulness then homework review, followed by new skill teaching, practice,
and homework assignment), without evidence on the salience of any aspect or component in
building new behavior into participant behavioral repertoires. Consequently, iDBT-ST was
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both a watered-down imitation of in-person skills training and a technology-mediated
behavior change tool.

Future Directions

The most important extension of this work is a continued focus on high-risk and underserved
individuals. Technological collaborations (e.g. human-computer interaction, machine
learning), which could ultimately increase access to treatment, augment face-to-face DBT,
and increase knowledge about how DBT works should be fully exploited. Along those lines,
a reasonable first step is to redesign iDBT-ST to be more portable (e.g. mobile application:
mDBT). The finding of significant reductions in all outcomes from an Internet-delivered
intervention underscores the promise awaiting continued treatment development in this area.
Finally, any future work relies on collaboration from individuals across disciplines, such as
computer science and human computer interaction to expand access and increase knowledge
in both fields.
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Highlights
. Internet delivered DBT skills training (iDBT-ST) for suicidal drinkers was
evaluated
. iDBT-ST was rated as useful and acceptable
. iDBT-ST was safe to administer
. When using iDBT-ST, individuals consumed less alcohol and were less
suicidal
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