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Abstract

Low distress tolerance, the perceived or actual inability to tolerate negative emotional states, is a
transdiagnostic risk marker associated with greater PTSD symptoms and poorer treatment
outcomes. However, the role of distress tolerance in PTSD symptom trajectories has not yet been
explored. This study examined the mediating role of distress tolerance in PTSD symptom change
among outpatients participating in a trial of computerized interventions for anxiety-related and
mood-related risk factors. It was hypothesized that pre- to post-intervention change in distress
tolerance would predict PTSD symptoms at three- and six-month follow-up, and mediate the effect
of condition on PTSD symptoms above and beyond the effects of a competing mediator, anxiety
sensitivity. Although condition differences in distress tolerance change were non-significant,
distress tolerance change predicted month-three PTSD symptoms and mediated the direct effect of
condition on month-three PTSD symptoms. After accounting for the direct effect of condition on
month-six PTSD symptoms, distress tolerance change did not predict month-six PTSD symptoms.
Findings suggest distress tolerance does play a longitudinal role in PTSD symptom change, and
distress tolerance interventions may benefit certain samples who may otherwise not be able to
immediately access, or remain in PTSD treatments.
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1. Introduction

Posttraumatic stress disorder (PTSD), a Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) trauma- and stressor-related disorder, represents a constellation of four
symptom clusters following exposure to a traumatic event: cognitive intrusions or re-
experiencing; avoidance of internal and external trauma-associated stimuli; negative
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alterations in mood and beliefs; and changes in arousal and reactivity (American Psychiatric
Association [APA], 2013). The estimated 12-month prevalence of PTSD is near 4% in the
general population of United States adults. Despite significant personal and societal costs,
only a minority of individuals with PTSD seek treatment (Kessler, 2000).

Several empirically supported treatments have been developed for PTSD, including
cognitive processing therapy (CPT; Resick et al., 2007) and prolonged exposure (PE; Foa et
al., 2007); however, it has been estimated that 30-50% of treatment-seekers are either non-
respondent, remain substantially symptomatic, or drop out prior to treatment termination,
which suggests that many individuals do not benefit from empirically supported treatments
for PTSD (Bradley et al., 2005; Schottenbauer et al., 2008). One potential explanation for
such poor rates outcomes is the high degree of comorbidity observed among individuals with
PTSD, particularly mood and substance use disorders (Galatzer-Levy et al., 2013; Kessler et
al., 1995). As a result, alternative transdiagnostic approaches to treating PTSD have been
suggested (Gutner et al., 2016).

Distress tolerance represents one transdiagnostic risk marker, as low distress tolerance is
associated with symptoms of eating pathology (Corstorphine et al., 2007), substance use
disorders (Buckner et al., 2007), and PTSD (e.g., Banducci et al., 2016), among others.
Distress tolerance has been conceptualized as one’s perceived or actual ability to tolerate
negative experiential emations, sensations, and states (Leyro et al., 2010). Therefore,
trauma-exposed individuals with low distress tolerance may be less equipped to tolerate
PTSD symptoms. This in turn may increase their efforts to avoid negative memories or
emotions associated with their trauma, and create a negative feedback cycle to perpetuate
their symptomology. Cross-sectional studies have demonstrated that low distress tolerance is
related to greater PTSD symptom severity in non-clinical samples of trauma-exposed adults
(Fetzner et al., 2014; Vujanovic et al., 2011a,b; Vujanovic et al., 2013). Evidence for this
association has also been found among clinical samples of veterans with PTSD (Banducci et
al., 2017) and acute care psychiatric inpatients with a history of trauma exposure (Vujanovic
et al., 2016). Several studies have also examined the effect of low distress tolerance on
PTSD symptom severity among clinical samples of individuals with comorbid PTSD and
substance use disorders (Banducci et al., 2016; Vinci et al., 2016; Vujanovic et al., 2016). As
support has grown for the concurrent relationship between distress tolerance and PTSD
symptoms, distress tolerance has emerged as a potential maintenance factor (Stice, 2002) for
PTSD symptoms, and therefore a plausible therapeutic target. Yet, little is known about the
longitudinal role of distress tolerance in PTSD symptom maintenance.

To date, we are aware of only one study to have investigated the longitudinal effect of
distress tolerance on PTSD symptoms. Banducci et al. (2017) demonstrated that increases in
distress tolerance across treatment predicted lower PTSD symptoms at discharge. These
results further corroborate the putative role of distress tolerance in PTSD symptom
maintenance, such that increases in perceived ability to cope with negative experiences were
associated with lower reported distress related to PTSD symptoms. Though this study marks
a promising initial step in delineating the role of distress tolerance in PTSD symptom
change, several limitations preclude its generalizability. Namely, the study sample was
primarily (97%) male, and all were veterans receiving intensive and combined forms of
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residential treatment. Most importantly, because distress tolerance and PTSD symptoms
were assessed at the same time points, we cannot draw any specific conclusions about
distress tolerance as a chronologically sufficient mechanism (i.e., mediator) for PTSD
symptom change.

1.1 The present study

The extant literature suggests distress tolerance may be a maintenance factor for PTSD.
However, we are unaware of any study that has demonstrated that changes in distress
tolerance mediate changes in PTSD symptoms, as would be the case for a maintenance
factor (Stice, 2002). The current study sought to address this gap in the literature by
evaluating whether changes in distress tolerance mediate subsequent changes in PTSD
symptoms following intervention.

These data were taken from a PTSD-diagnosed subsample of outpatient adults enrolled in a
randomized clinical trial (RCT) that evaluated two computerized interventions for reducing
suicide-relevant risk factors. The first intervention, which targeted stress sensitivity (i.e.,
Anxiety condition), has previously been shown to reduce anxiety sensitivity and increase
distress tolerance (Norr et al., 2014), two interrelated facets of a higher-order “affect
tolerance and sensitivity” (Bernstein et al., 2009) that are strongly related to PTSD. This
intervention has been demonstrated to reduce PTSD symptoms among trauma-exposed
samples, in part through reductions in anxiety sensitivity (Allan et al., 2015; Short et al.,
2017). However, no studies have investigated whether increases in distress tolerance further
account for this association above and beyond changes in anxiety sensitivity. The second
intervention targeted interpersonal constructs relevant to feelings of social isolation (i.e.,
perceived burdensomeness and thwarted belongingness) closely associated with mood
disorders. Although there is no prior evidence to suggest that this intervention would directly
affect distress tolerance, low distress tolerance is related to negative affect and mood (Leyro
et al., 2010), and may be more strongly tied to negative affect and anhedonic depressive
symptoms than anxious arousal (Bernstein et al., 2009). Thus, it may be hypothesized that
this intervention, by targeting features of depression, could increase distress tolerance more
than the third, wait-list condition (i.e., Repeated Contact Control).

In the present study, we hypothesized (1) a significant time by condition interaction such
that pre- to post-intervention increases in distress tolerance would be greater among
participants randomized to the Anxiety and Mood interventions than Repeated Contact
Control. We also hypothesized that, (2) controlling for baseline PTSD symptoms, depression
symptoms, and participant sex, pre- to post-intervention changes in distress tolerance would
predict PTSD symptoms at three- and six-month follow-ups. To test distress tolerance as a
mechanism of PTSD symptom change, we hypothesized that (3) pre- to post-intervention
changes in distress tolerance would mediate the relationship between intervention condition
and PTSD symptoms at three- and six-month follow-up. Finally, we hypothesized that (4)
mediation would be evident of distress tolerance, above and beyond the influence of anxiety
sensitivity as a parallel mediator.
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2. Methods

2.1 Participants and procedures

Individuals were recruited from a community in the southeastern United States to participate
in a larger treatment study (A=304) designed to examine the effects of computer-based
interventions on suicide (clinicaltrials.gov #NCT01941862). Following a brief phone screen,
individuals who met initial screening criteria were brought into the clinic, consented,
administered a battery of self-report measures, and completed the Structured Clinical
Interview for DSM-5-Research Version (SCID-5-RV; First et al., 2015) during a baseline
appointment. Eligible participants were required to be at least 18 years of age and
demonstrate elevated levels of suicide-relevant risk factors (i.e., anxiety sensitivity,
perceived burdensomeness, thwarted belongingness). Exclusion criteria included the
presence of current or past psychotic spectrum disorders, unmedicated bipolar spectrum
disorders, significant suicidal intent requiring immediate hospitalization, and/or participation
in current psychotherapy.

Eligible participants were randomized to one of four conditions; three active conditions (see
Experimental Conditions below), or a Repeated Contact Control (RCC). Following
randomization at the baseline appointment, participants returned to complete one
intervention session during the next three consecutive weeks. Participants returned to
complete a battery of follow-up self-report measures at three and six months following their
last intervention session. Participants were compensated a pre-determined sum at the end of
each appointment based on estimated time-commitment. All procedures were approved by
the university’s Institutional Review Board.

As an extension of the findings reported by Banducci et al. (2017), participants were
included in the present analyses only if they met DSM-5 criteria for PTSD. Moreover,
participants were selected if they were randomized to either the RCC control (A=14),
Anxiety (A=18), or Mood conditions (A=22). Participants randomized to a fourth condition,
which combined the active components of both the Anxiety and Mood condition, were
excluded from the present analyses because there was no way to account for the additional
time they spent participating in the interventions. Thus, 54 participants were included in the
present analyses.

The sample was largely female (61.1%), and varied in age (M=38.78; SD=14.95). Ethnic
composition was 57.4% White/Caucasian, 29.6% African American, 3.8% Native American,
and 9.2% “Other’. Additionally, 42.6% of participants were veterans. PTSD was the primary
diagnosis for 59.3% of the sample. The most common index trauma reported was sexual
assault (36.4%), followed by physical assault (21.8%), sudden death of a family member
(20.0%), combat (14.6%), death or serious injury to a family member (3.6%), motor vehicle
accident (1.8%), and repeated exposure as a first responder (1.8%). The average time
elapsed since the index trauma was 41.8 months (SD0=32.4). Most participants (64.8%) had a
comorbid depressive disorder diagnosis (i.e., major depressive disorder, persistent depressive
disorder, depressive disorder not otherwise specified) at baseline, and 16.7% of the sample
was diagnosed with at least one substance use disorder. The number of diagnoses per
participant at baseline ranged from 1-8 (M=3.52; SD=1.52).
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2.2 Experimental conditions

2.2.1 Anxiety condition.—Individuals randomized to receive the anxiety condition
completed the Cognitive Anxiety Sensitivity Treatment (CAST). A complete description of
CAST is provided by Schmidt et al., (2014); briefly, CAST is a 45-minute computerized
intervention that models the educational and behavioral techniques typically used in anxiety
treatments. It comprises a psychoeducational component that explains why feared symptoms
of anxiety are not in fact dangerous and a brief set of interoceptive exercises (i.e.,
hyperventilation) to demonstrate that conditioned fear responses to anxiety symptoms can be
corrected.

In addition to completing one session of CAST, individuals randomized to the anxiety
condition also completed an anxiety sensitivity focused cognitive bias modification (CBM)
program (CBM-I for AS; see Capron and Schmidt, 2016 for complete description). CBM-I
for anxiety sensitivity presents participants with multiple trials in which a word appears for 1
second (e.g. “excited”), followed by a sentence (e.g. “You notice your heart is beating
faster”). The word and sentence create a benign meaning on half of the trials (as in the
previous example), and an anxious meaning in the other half of the trials (e.g. “stressful”
followed by the sentence “Your mind is full of thoughts”). Participants were instructed to
indicate, yes or no, whether the word was related to the sentence, and were given feedback
during training regarding whether responses were “correct” or “incorrect.” Judging anxious
combinations to be “unrelated” and benign combinations as being “related” would produce a
“correct” response message. Conversely, judging anxious combinations as “related” and
benign combinations as “unrelated” would produce an “incorrect” response message,
accompanied by an 85-decibel horn blast. One session of CBM-I for anxiety sensitivity
consists of a baseline interpretation bias assessment period (40 trials with no reinforcement);
a first training block (80 trials with reinforcement); a filler task (5 minutes of simple math
problems); a second training block (80 trials with reinforcement); and a follow-up
assessment period to measure bias change (40 trials with novel word-sentence pairs).

2.2.2 Mood Condition.—L.ike the anxiety condition, the mood condition included a top-
down psychoeducational portion followed by a bottom-up CBM exercise. However, the
content of the psychoeducation and CBM-1 components of the mood condition were specific
to empirical correlates of suicidality (Joiner, 2005), perceived burdensomeness (PB) and
thwarted belongingness (TB), rather than anxiety and stress. Participants completed a 50-
minute, fully-computerized intervention that models the educational and behavioral
techniques common to depression treatments. The psychoeducation portion of the mood
condition used CBT principles to modify problematic thoughts and behaviors related to
PB/TB. As such, the mood intervention was developed in consultation with experienced
clinicians well-versed in treating suicidal individuals experiencing PB/TB. The program
emphasizes that social interaction is a critical human need, and negative beliefs about
isolation and being a burden are usually inaccurate. Following psychoeducation, the mood
condition introduced behavioral activation techniques (e.g., volunteering, time with friends)
as a means of decreasing isolation and burdensomeness.
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In addition to the computerized mood intervention, individuals randomized to the mood
condition also completed the Cognitive Bias Modification (CBM)-Mood Interpretation Bias
(MIB). CBM-MIB was programmed in E-Prime utilizing the positive CBM-I paradigm
developed by Holmes et al. (Holmes et al., 2006). In the present CBM-MIB, participants
were presented with 100 scenarios across five training blocks of 20 scenarios. Each scenario,
which lasted 10-13 seconds, was read aloud to the participant (via headphones) in a female
voice, with 2-second gaps in between each scenario. All scenarios began ambiguously, but
were designed to be resolved positively (e.g. “At your computer lesson you finish your work
early so the lecturer gives you a new task to do. You don’t understand the task so you ask for
help. The lecturer tells you that your request is the sign of being a good student™).
Participants were directed to imagine the events while listening to each scenario, and after
each passage subsequently prompted to rate the vividness of imagery (“How vividly could
you imagine the situation that was described?”) using a 5-point Likert scale ranging from 1
(not at all vivid) to 5 (extremely vivid). Given that all scenarios had more than one possible
outcome, the overarching aim of the trials was to train participants to generate positive
outcomes to ambiguous situations that could have resolved in less desirable ways.

2.2.3 Repeated Contact Control Condition.—Individuals randomized to the RCC
condition reported to the clinic once per week for three consecutive weeks just as those the
Anxiety and Mood condition did, and completed the same set of self-report measures each
week. Each RCC session also consisted of a face-to-face suicide risk assessment with a
trained graduate-level clinician.

2.3 Diagnostic interview

2.3.1 Structured Clinical Interview for DSM-5-Research Version (SCID-RV).—
The SCID-RV (First et al., 2015) was administered to evaluate participants’ current
diagnostic status and trauma history at baseline. SCIDs were administered by clinical
psychology graduate students, all of whom completed extensive training in SCID
administration and scoring via SCID training tapes, live observation of SCID
administrations, and practice interviews with experienced psychologists. All SCID results
were reviewed by a licensed clinical psychologist to confirm diagnostic accuracy. This
training process has produced high inter-rater reliability within our clinic during prior
investigations (k=0.86; Schmidt et al., 2017).

2.4 Self-report measures

2.4.1 Beck Depression Inventory-Il (BDI-1l).—The BDI-II is a 21-item self-report
questionnaire administered to assess depression symptom severity (Beck et al., 1996). The
BDI-11 is widely used and has been shown to possess strong psychometric properties among
both nonclinical and clinical samples (Endler et al., 1999). The BDI-Il was completed at
baseline, and used to covary for depression symptoms in the present analyses. In the present
study, scores on the BDI-11 demonstrated excellent reliability (a=0.92).

2.4.2 Distress Tolerance Scale (DTS).—The DTS is a self-report measure used to
assess an individual’s perceived ability to tolerate negative emotional states or experiences
(Simons and Gaher, 2005). Participants are presented with 15 statements pertaining to
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distress (e.g. “I can’t handle feeling distressed or upset”), and asked to rate them on a 5-
point Likert scale ranging from 1 (strongly agree) to 5 (strongly disagree). Consistent with
scoring procedures reported in the initial validation study (Simons and Gaher, 2005), all
DTS items were sum-scored and averaged to produce a DTS total score ranging from 1-5.
Higher scores represent greater perceived ability to tolerate experiential distress. The DTS
was administered during the baseline assessment session (i.e., pre-intervention) and again
after the third and final intervention session (i.e., post-intervention). Scores on the DTS in
the present study demonstrated excellent internal consistency at pre- and post-intervention
(a’s=0.90 and 0.91, respectively).

2.4.3 Anxiety Sensitivity Index-3 (ASI-3).—The ASI-3 (Taylor et al., 2007) is an 18-
item self-report measure that assesses the degree to which individuals fear the potentially
negative consequences of anxiety-related symptoms and/or sensations (Reiss and McNally,
1985). Items are rated on a scale from O (very little) to 4 (very much). The ASI-3 has good
internal consistency and good convergent, discriminant, structural, and criterion-related
validity (Taylor et al., 2007). In the present study, the ASI-3 was administered with the DTS
at pre-intervention and post-intervention and demonstrated excellent internal consistency at
each time point (a’s=0.94)

2.4.4 PTSD Checklist- Civilian Version (PCL-C).—The PCL-C (Weathers et al.,
1991) is a 17-item self-report measure designed to assess past-month severity of DSM-/V
(APA, 2000) PTSD symptoms. Individuals are asked to rate the extent to which they have
been bothered by various problems resulting from a stressful experience on a 5-point Likert-
style scale from 1 (ot at all) to 5 (extremel)), with possible scores ranging from 17 to 85,
with greater scores indicating greater PTSD symptom severity. The PCL-C has been shown
to have good psychometric properties (Blanchard et al., 1996). In the present sample, scores
on the PCL-C demonstrated excellent internal consistency at baseline, month-three and six-
month follow-up (a’s=0.94, 0.95, and 0.95, respectively).

2.5 Statistical analysis

All study variables were screened for skew, kurtosis, and outliers, and found to be within
acceptable ranges (Gravetter et al., 2016). Missing values analysis of all study variables
revealed that 14.7% of all values were missing. This amount was accounted for by 51.9% of
month-six PCL-C scores (range of missingness per condition = 45.5-64.3%), 29.6% of
month-three PCL-C scores (range = 21.4-36.4%), 18.5% of post-intervention DTS scores
(range = 11.1-22.7%), and 18.5% of ASI-3 scores missing (range = 11.1-22.7%). Data were
determined to be missing at random given a non-significant value for Little’s test
(X2[3]:4.27, p=0.234), and non-significant chi squared values (¢’s >0.5) for tests of case
missingness across intervention conditions for the abovementioned variables. Missing values
were replaced using multiple imputation by fully conditional specification (Liu and De,
2015) in SPSS version 22.0. Variables in the imputation models included: pre-intervention
PCL-C, DTS, and ASI-3; post-intervention DTS and ASI-3; and month-three PCL-C scores.
Using a conservative approach to assume 20% missing values and 95% confidence intervals,
23 imputations were used to derive value estimates for the study variables (Bodner, 2008).
The process outlined above was used to impute values separately for each condition
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(Sullivan et al., 2016). Full descriptive statistics, including bivariate correlations, are
presented in Table 1.

A two by three time (pre-, post-intervention) by group (Anxiety, Mood, RCC) repeated
measures ANOVA was conducted to test the first hypothesis, that DTS distress tolerance
scores would increase more among the Anxiety and Mood conditions than the RCC control
condition. Significant effects were probed with follow-up comparisons, with Tukey’s HSD
corrections applied. Because the raw change scores examined in repeated measures ANOVA
do not account for individual differences in baseline DTS distress tolerance, a separate
ANOVA was conducted to test for group differences in residualized DTS distress tolerance
change scores as well. DTS residualized change scores were calculated by regressing post-
intervention DTS scores on pre-intervention DTS scores; standardized residuals were then
saved for use as our treatment distress tolerance treatment outcome variable. Residualized
DTS change scores were used in the mediation analyses as a more stringent test than raw
change scores.

An analysis of covariance (ANCOVA) was conducted to test the hypothesis that pre- to post-
intervention changes in distress tolerance (i.e., DTS residualized change scores) would
predict PCL-C PTSD symptoms at month-three follow-up, over and above the effect of
intervention condition, and controlling for baseline PCL-C PTSD symptoms. Given
previously reported gender differences in distress tolerance (Simons and Gaher, 2005), sex
was covaried in each model. Because depression and PTSD symptoms are highly comorbid
(e.g., Campbell et al., 2007), baseline BDI-11 scores were controlled for in each analysis.
Finally, pre- to post-intervention change in our alternate mediator, anxiety sensitivity (i.e.,
ASI-3 residualized change scores) were included in the model. A separate ANCOVA was
conducted with the same independent variables predicting PCL-C symptom severity at
month-six follow-up. Significant main effects of distress tolerance change on PTSD
symptoms at either three- or six-month follow-up were then to be tested for significant
indirect effects.

To test the hypothesis that pre- to post-intervention changes in distress tolerance mediate the
relationship between intervention condition and PTSD symptoms at follow-up, multiple
mediation models (Figure 1) were conducted. Based on a prior expectations that changes in
distress tolerance would be greater among the Anxiety and Mood conditions compared to
controls, the multicategorical (k=3) condition variable was dummy coded to conduct two
(k1) mediation models (Hayes and Preacher, 2014) in which the RCC control condition
served as a reference variable. The PROCESS macros for SPSS (Hayes, 2012) was used to
estimate 5,000 bias-corrected bootstrap samples, from which a 97.5% confidence interval
(CI) to was created to test the indirect effects through our mediator variables. To correct for
the comparison of indirect effects across two independent mediation models (i.e., Mood v.
RCC, Anxiety v. RCC) on the same outcome variable, 97.5% Cls were employed (Hayes
and Preacher, 2014). Participant sex, and baseline PCL-C and BDI-11 symptoms were added
as covariates. The indirect effect of condition on PTSD symptoms were tested via two
competing mediators: pre- to post-intervention DTS residualized change scores, and pre- to
post-intervention ASI-3 change scores. Indirect effects were considered significant if the
97.5% CI of a variable’s respective effect did not contain a value of zero.
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3. Results
3.1 Repeated Measures and Univariate ANOVA Models

A 2x3 time (pre-, post-intervention DTS distress tolerance scores) by group (Anxiety, Mood,
RCC) repeated measures ANOVA was conducted to test whether DTS distress tolerance
scores changed at distinct levels among the three treatment conditions. There were no main
effects of time (A1,51]=0.01, p=0.97, n,? < 0.001) or condition (A[1,51]=0.17, p=0.84, ;2
=0.007). However, there was a significant time by condition interaction (A2,51]=3.98,
p=0.03, np220.135) in which DTS distress tolerance scores increased from pre (EMM=2.20,
SE=0.21) to post (EMM=2.81, SE=0.26) among the Anxiety condition, but decreased from
pre (EMM=2.85, SE=0.19) to post (EMM=2.43, SE=0.24) among the Mood condition and
to a lesser degree from pre (EMM=2.72, SE=0.23) to post (EMM=2.55, SF=0.30) among
the RCC condition. This significant time by condition interaction was probed by three
planned comparisons with Tukey’s WSD correction applied. Differences in raw change
scores were in the expected direction but non-significant among the Anxiety condition
compared to the RCC control condition (p=0.16), and significant compared to the Mood
condition (p=0.02). Raw DTS change scores were not significantly difference between the
Mood and RCC condition (p=0.81).

To determine whether residualized changes in DTS distress tolerance scores were larger (i.e.,
greater improvement in distress tolerance) among the Anxiety and Mood conditions than the
RCC condition, the condition variable was entered into a univariate ANOVA model
predicting a pre- to post-intervention residualized DTS change scores. Contrary to
hypothesis, condition did not significantly predict DTS residualized change scores
(H2,51]=1.49, p=0.24, np2:0.055), and thus no post-hoc comparisons were conducted.

3.2 ANCOVA Models

The hypothesized effect of change in distress tolerance on PTSD symptoms at month-three
follow-up was tested in an ANCOVA model (Table 2). The overall model was significant
(H7,46]=13.69, p< 0.001, np2:0.676). As hypothesized, residualized DTS distress tolerance
change scores significantly predicted PCL-C PTSD symptoms at month-three follow-up
(H1,46]=4.73, p=0.04, np2:0.093), such that increases in distress tolerance predicted lower
PTSD symptoms after three months. Intervention condition (H2,46]=3.63, p=0.04,
np2:0.136) significantly predicted month-three PCL-C PTSD symptoms. Tukey HSD-
corrected pairwise comparisons indicated that month-three PCL-C scores were lower
(0=0.03) among the Anxiety condition (EMM=42.60, SE=2.45) compared to the Mood
condition (EMM=51.62, SE=2.15) and statistically equivalent between the Anxiety and
RCC condition (EMM=48.59, SE=2.71; p=0.35), albeit in the expected direction. No
differences were observed in month-three PCL-C scores between the Mood and RCC
conditions (p=1.00). Among covariates, only baseline PCL-C PTSD symptoms
(A1,46]=31.39, p< 0.001, np2:0.406) were related to month-three PCL-C PTSD symptoms.

A similar model was used to test the effect of change in distress tolerance on PTSD
symptoms at month-six follow-up. The overall model was significant (F7,46]=10.35, p<
0.001, np2:0.612). Unlike the previous model, residualized DTS distress tolerance change
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scores did not significantly predict PCL-C PTSD symptoms at month-six follow-up
(H1,46]=2.80, p=0.10, Tlp2:0-057)i however, intervention condition did (A2,46]=11.84, p<
0.001, np2:0.340). Tukey HSD-corrected pairwise comparisons suggested that month-six
PCL-C PTSD symptoms were significantly lower (¢’s < 0.01) among the Anxiety condition
(EMM=32.76, SE=2.23) compared to the Mood (EMM=44.97, SE=1.95) and RCC
condition (EMM=48.07, SE=2.47), and that symptoms did not differ between the Mood and
RCC condition (p = 0.99). Baseline PCL-C PTSD symptoms (A1,46]=9.30, p< 0.01,
np2:0.168) remained the only significant covariate. Because distress tolerance change did
not predict PTSD symptoms at month-six follow-up, a mediation model testing the indirect
effect of condition on month-six PTSD symptoms through change in distress tolerance was
not conducted.

3.3 Multiple mediation model

To test the hypothesis that pre- to post-intervention changes in distress tolerance mediate the
relationship between intervention condition and month-three PTSD symptoms, two multiple
mediation models (Figure 1) were conducted to compare this effect between the RCC
control and Mood condition, and RCC control and Anxiety condition. Participant sex,
baseline PCL-C PTSD symptoms and baseline BDI-II depression symptoms were controlled
for in each model. Indirect effects of intervention condition on month-three PTSD symptoms
were tested via two alternate mediators: residualized change scores calculated for pre-to post
intervention changes in DTS distress tolerance and ASI-3 anxiety sensitivity.

The full mediation model comparing the RCC control and Mood condition accounted for a
significant portion of variance (£]6,47]=15.06, p< 0.001, /2=0.658) in PCL-C PTSD
symptoms at month-three follow-up. There were no effects of condition on pre- to post-
intervention change in DTS distress tolerance (a;1) or ASI-3 anxiety sensitivity (a1). There
was a significant negative effect of pre- to post-intervention change in DTS distress
tolerance (£11) on month-three PCL-C PTSD symptoms, such that increased distress
tolerance predicted lower month-three PTSD symptoms. There was no effect of pre- to post-
intervention change in ASI-3 anxiety sensitivity (&1) on month-three PTSD symptoms.
Partial effects on month-three PCL-C PTSD symptoms were non-significant for the
participant sex (B=-1.23, SE=2.95, 97.5%C/[-7.158, 4.706]) and pre-intervention BDI-II
depression symptom (B=0.22, S£=0.15, 97.5%C/[-0.074, 0.513]) covariates, and
significant for pre-intervention PCL-C PTSD symptoms (58=0.65, S£=0.12, 97.5%C/[0.416,
0.891]). There was a significant direct effect of condition on month-PTSD symptoms (¢J),
such that PCL-C scores were, on average, 6.19 points lower among the RCC control
condition than the Mood condition. There were no significant indirect effects of condition on
month-three PCL-C PTSD symptoms observed through either pre- to post-intervention DTS
distress tolerance (B=0.98, SE=1.17, 97.5%C/[-0.773, 4.139]) or ASI-3 anxiety sensitivity
change (B=0.60, SE=0.86, 97.5% C/[-0.534, 3.108]).

The full mediation model comparing the RCC control and Anxiety condition accounted for a
significant portion of variance (A6,47]=15.92, p< 0.001, /2=0.670) in PCL-C PTSD
symptoms at month-three follow-up. The effect of condition on pre- to post-intervention
change in DTS distress tolerance (&) displayed a non-significant trend (p=0.13) in the
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expected direction, such that the Anxiety condition displayed increases in distress tolerance
whereas the RCC control condition displayed a slight decrease from pre- to post-
intervention. There was a significant effect of intervention condition on pre-to post-
intervention ASI-3 anxiety sensitivity change (app), with greater decreases in anxiety
sensitivity among the Anxiety condition. There was a significant negative effect of pre- to
post-intervention change in DTS distress tolerance (b;2) on month-three PCL-C PTSD
symptoms, such that increased distress tolerance predicted lower month-three PTSD
symptoms. There was no effect of pre- to post-intervention change in ASI-3 anxiety
sensitivity (&7) on month-three PTSD symptoms. Partial effects on month-three PCL-C
PTSD symptoms were non-significant for the participant sex (B=-1.17, SE=2.89, 97.5%C/
[-6.99, 4.644]) and pre-intervention BDI-1I depression symptom (58=0.24, SE=0.14,
97.5%C/[-0.047, 0.525]) covariates, and significant for pre-intervention PCL-C PTSD
symptoms (B8=0.63, SE=0.11, 97.5%C/[0.402, 0.857]). There was a significant direct effect
of condition on month- PTSD symptoms (¢,), such that PCL-C scores were, on average,
7.87 points lower among the Anxiety condition than the RCC control condition. Consistent
with hypothesis, there was a significant indirect effect of condition on month-three PCL-C
PTSD symptoms observed through pre- to post-intervention DTS distress tolerance change
(B=-1.40, S£=0.92, 97.5% C/[-4.712, —0.005]). The ratio of the DTS distress tolerance
indirect effect to the direct effect of condition on month-three PCL-C PTSD symptoms was
0.32. There was no indirect effect observed through ASI-3 anxiety sensitivity change
(B=0.98, SE=1.55, 97.5%C/[-0.663, 4.399]).

4. Discussion

The purpose of the current study was to extend recent findings that longitudinal increases in
distress tolerance are related to reductions in PTSD symptoms. Results revealed that,
although condition differences in distress tolerance change failed to reach significance, pre-
to post-intervention changes in distress tolerance were a significant predictor of PTSD
symptoms at three-month follow-up. Contrary to hypothesis, distress tolerance changes did
not predict PTSD symptoms at six-months; however, this may have been in part due to a
large and significant direct effect of intervention condition on six-month PTSD symptoms.
Consistent with hypothesis, pre- to post-intervention changes in distress tolerance
significantly mediated the effect of intervention condition on month-three PTSD symptoms.

Although most of our hypotheses were supported, we did observe null results that were
contrary to hypotheses or did not replicate results reported in prior studies. Anxiety
sensitivity change did not mediate three-month PTSD symptoms, which countered
expectations based on prior reports (Allan et al., 2015; Short et al., 2017). However, several
important differences between those studies and the current one may account for this pattern
of results, including nonclinical (i.e., trauma exposed) versus clinical samples and one-
month versus three-month follow-up time frames. Related to this, although we observed
differences in month-three PTSD symptoms between the Anxiety and RCC condition that
were in the expected direction, they failed to reach significance; however, as time elapsed
and this gap widened, month-six PTSD symptoms were indeed lower for the Anxiety
condition. Unexpectedly, the Mood condition demonstrated reductions in DTS distress
tolerance scores rather than increases, and perhaps as a result, more modest decreases in
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PTSD symptoms that never differed significantly from the RCC control condition. Although
the Mood condition had never been tested as an intervention for distress tolerance or PTSD
symptoms, we hypothesized that it would impact both given that mood symptoms are
empirically associated with distress tolerance (Bernstein et al., 2009; Leyro et al., 2010) and
social withdrawal and mood symptoms are a clinical feature of PTSD (APA, 2013). We did
not observe a direct effect of the Mood intervention on distress tolerance at post-
intervention, leaving open the possibility that distress tolerance may be indirectly affected
over a longer time frame through improvements in mood or decreases in social withdrawal —
hypotheses which may be tested in future studies. Similarly, although the Mood
intervention’s focus is to improve social functioning, PTSD is traditionally marked by
behavioral avoidance, which would introduce social impairment; therefore, although the
Mood intervention encourages renewing social contact, behavioral avoidance may act as a
barrier to global symptom improvement at the level seen in the Anxiety condition, which
directly aims to correct behavioral avoidance.

Power was indeed an issue in this study, as we did not observe the hypothesized effect of
condition on distress tolerance change for either raw change scores or residualized change
scores in the ANOVA or mediation models. Although the condition means of distress
tolerance change were in the expected direction, a post hoc analysis revealed that power to
detect a significant condition effect in the present sample was .69 for raw change scores, but
only 0.30 for residualized change scores. While this is likely due in part to the fact that
residualized change scores account for individual differences among baseline scores, power
to detect effects using residualized change scores suffers compared to raw change scores
when the reliability of a measure is any less than perfect (Kisbu-Sakarya et al., 2013).
Ultimately, observed direct effects of distress tolerance change on three-month PTSD
symptoms, and a significant indirect effect of condition on three-month PTSD symptoms
through changes in distress tolerance are promising, and suggest further study among larger
samples is warranted to delineate the longitudinal role of distress tolerance in PTSD
symptom maintenance.

Cross-sectional relationships between distress tolerance and PTSD symptoms have been
replicated across a variety of samples, which has prompted discussion of the theoretical role
of distress tolerance in the experience of PTSD symptoms. Though PTSD symptoms are
distressing in and of themselves, low distress tolerance individuals may perceive the
subjective experience of PTSD symptoms as more distressing than high distress tolerance
individuals, leading to greater impairment. Alternatively, low distress tolerance individuals
may perceive themselves as less capable of coping with PTSD symptoms, increasing efforts
to avoid situations, emotions, or reminders of an index trauma in a manner that serves to
maintain symptom severity (Dunmore et al., 1999). Thus, increasing distress tolerance
would theoretically decrease efforts to avoid PTSD-relevant symptoms and stimuli, thereby
reducing distress and impairment. Moreover, increased efficacy in tolerating distress
associated with PTSD symptoms may also facilitate engagement in PTSD-specific
treatments such as PE or PCT. This putative role of distress tolerance in PTSD symptoms
remediation therefore has several clinical implications.
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4.1. Clinical implications

Contemporary models of inhibitory learning suggest that the ability to tolerate distress
allows an individual to complete goal-directed exposures, which disconfirm fear-
expectancies and allow fear extinction (Craske et al., 2008). Indeed, evidence suggests that
most individuals do not demonstrate reliable between-session reductions in subjective
distress over 10 sessions of prolonged exposure, yet achieve significant reductions in PTSD
symptoms (Bluett et al., 2014). Coupled with our findings that increased distress tolerance
mediates PTSD symptom change, this suggests that reductions in exposure-related distress
may be less important to symptom improvement than one’s perceived ability to tolerate and
approach the temporarily distressing aspects of PTSD treatment. Brief adjunct treatment
components designed explicitly to increase distress tolerance, such as the one described in
this study, may therefore help to facilitate PTSD treatment compliance or retention.
Although such phased treatment approaches have been deemed generally unnecessary for
effective PTSD treatment (Jongh et al., 2016), it is important to consider that there may be
specific samples for whom brief and portable distress tolerance interventions may be of
benefit.

Although we possess empirically supported treatments for PTSD, they are not immediately
accessible to a significant portion of individuals. Military veterans have noted several
practical barriers to mental health services, including insufficient time with health care
providers (Hoge et al., 2014). Although service utilization has increased through the
Veterans Healthcare Administration in recent years, the underlying data indicate that wait
times for initiating treatment may be longer than a month (Mott et al., 2014). Among
civilians, ethnic minorities report difficulty accessing quality mental health services (Davis
et al., 2008) and are more likely to have delayed access to mental health services (Wells et
al., 2001). For samples such as these, efforts to initiate mental health services with delayed
or no success are frustrating, and may therefore lead to less persistence or follow-through
with PTSD treatment. For individuals who initiate contact with mental health professionals
but face delays in beginning PTSD treatment, brief and portable interventions for
maintenance factors like distress tolerance present a potential stop-gap solution prior to the
availability of PTSD treatment. For those whom PTSD treatment is immediately available,
Jongh et al. (2016) have called into question the necessity of phase-based treatment
approaches, arguing that stabilization phases provide no incremental value and may instead
delay the full benefits of trauma-focused treatments. However, these authors acknowledge
that the literature base for phased-based treatment of PTSD has excluded several subgroups,
including individuals with comorbid substance use disorders. Importantly, supplementing
PTSD treatment with distress tolerance interventions may be most useful in samples with
comorbid PTSD and substance use. Distress tolerance has been shown to mediate the
relationship between PTSD and substance use (Duranceau et al., 2014; Potter et al., 2011;
Vujanovic et al., 2011), potentially because low distress tolerance individuals may use
substances to avoid distressing PTSD symptoms (Bremner et al., 1996; Chilcoat and
Breslau, 1998; Jacobsen, et al., 2001). Increasing distress tolerance may therefore decrease
substance use, increase approach tolerance of PTSD symptoms, and promote recovery.
Moreover, slower PTSD symptom reductions are associated with greater treatment dropout
among individuals with greater PTSD severity and alcohol use (Zandberg et al., 2016). If

Psychiatry Res. Author manuscript; available in PMC 2019 March 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boffa et al.

4.2.

Page 14

increasing distress tolerance promotes PTSD symptom reduction as the current study
suggests, this may provide a catalyst to trauma-focused treatment for these individuals, and
promote greater treatment retention. Although comorbid substance use disorders were
present in a minority of the present sample, other distress tolerance interventions have been
shown to increase distress tolerance among larger SUD samples (Bornovalova, et al., 2012).
Future studies may therefore seek to test the efficacy of combined distress tolerance and
trauma-focused protocols among this unique sample.

Limitations and future directions

Though the present data are an encouraging step toward disentangling the role of distress
tolerance in PTSD symptom trajectories, several limitations must be acknowledged. Our
clinical sample presented as demographically diverse and relatively severe in terms of
diagnostic comorbidity, however, it was limited in size and the reported results should be
replicated among larger samples. Sample size presented a barrier to observing significant
differences between intervention conditions with regard to pre- to post-intervention change
in distress tolerance; post hoc analyses revealed that power to detect such an effect was low
(power =0.30), and we believe that, given an adequate sample size, condition differences in
distress tolerance change would be significant. There was a non-trivial amount of missing
data at the three- and six-month follow-up periods; however, full information multiple
imputation is a powerful tool for handling missing data that provides confidence in these
results among a full sample, rather than a complete case analysis (Liu and De, 2015).

PTSD symptoms were measured with the PCL-C (Weathers et al., 1991), which does not
reflect current PTSD criteria; however, PCL-C and PCL-5 (Weathers et al., 2013a) items are
strongly correlated (median r= 0.80; Blevins et al., 2015), and thus comparable results
would be expected. Although the SCID-5 is a gold standard diagnostic tool, it is not as
detailed or flexible as other PTSD diagnostic interviews, such as the Clinical Administered
PTSD Scale for DSM-5 (CAPS-5; Weathers et al., 2013b). These results should be
replicated with the CAPS-5. Finally, the intervention utilized in the present study consisted
of only three, hour-long computerized modules. While their scalability is a positive, the
results achieved in the present study may be different, perhaps stronger, with other distress
tolerance intervention protocols (e.g., Bornovalova et al., 2012). Future studies should
continue to investigate the effect of validated distress tolerance interventions on PTSD
symptom change. Investigators may wish to test distress tolerance interventions in
conjunction with PTSD treatments among specific samples, such as individuals with
comorbid PTSD and substance use disorders, given that they exhibit increased treatment
attrition and greater disability than individuals without comorbid substance disorders (Bowe
and Rosenheck, 2015; Brady et al., 2001; Norman et al., 2007; Schafer and Najavits, 2007).

4.3. Conclusions

Despite these limitations, this study advances our understanding of the longitudinal
relationship between distress tolerance and PTSD symptoms. It is the first study, to our
knowledge, to demonstrate that changes in distress tolerance mediate changes in PTSD
symptoms. These findings suggest that distress tolerance interventions may in part
contribute to reduced PTSD symptom severity, and encourage further study of the potential
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benefits of supplementing PTSD treatments with brief distress tolerance interventions
among targeted samples.
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Highlights
. Low distress tolerance (DT) predicts posttraumatic stress disorder (PTSD)
symptoms
. Two interventions hypothesized to change DT were compared to a control
. Post-intervention changes in DT predicted PTSD symptoms at three months

. Changes in DT mediated condition effects on PTSD symptoms at three
months

. DT appears to be a maintenance factor for PTSD symptoms
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ADT

RCC v Mood

M3 PTSS

RCC v Anxiety

Figure 1.
Multiple mediation model of total and direct effects of intervention condition on PCL-C

scores at the month-three follow-up through distress tolerance and anxiety sensitivity.

Note. RCC v Mood model coded as 0 (RCC), 1 (Mood), 0 (Anxiety); RCC v Anxiety model
coded as 0 (RCC), 0 (Mood), 1 (Anxiety); Unstandardized path coefficients displayed with
standard error in parentheses; ADT = pre- to post-intervention DTS residualized change
score month; AAS = pre- to post-intervention ASI-3 residualized change score; Partial
effects of sex, baseline PCL-C score, and baseline BDI-II score model covariates are not
depicted in figure.

*p<0.05
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Table 1.
Bivariate correlations and descriptive statistics for study variables across all study time points.
1 2 3 4 5 6 7 8 9 10 11 12
1. Condition -
2. Sex 0.02 -
3.BLBDIFII  -007 -0.04 --
4.PreASI-3 026 025  gap*t -
5. Post ASI-3 0.45 ** 0.12 0.17 0.68 *E
6. Pre DTS 024 001  -025 -019 007 -
7.PostDTS 010 _ggg* 008  -025 -026 024 -
8.BLPCL-C 001 -007 (g5** g39** 025  _gg3* -004 -
9. M3PCL-C 021  -001 57" 040™ 039" 014 27" 072" -
10.M6PCL-C  g51** 009  041™ 0417 o049 008 027" 047" 073" -
11. AASI-3 0.38 **  -0.07 -0.18 0.00 0.73 *x 0.28* -0.12 -0.02 0.16 0.28* -
12. ADTS -016  _ga1* -003 -021 _gog* 000  gg7** 0.04 -024  _gag* -0.19 -
M 093 161 2854 3670 2785 260 250 5835 4783 4L70 oo f . f
SD 077 049 1277 1717 1686 090 110 1585 1595 1326 . .7 1oa?
Range 0-2 1-2 3-60 5-72 1-72 1-5 0-5 27-85 17-85 18-85 o .f oo oot

Note. Condition coded as 0 (Anxiety), 1 (Mood), and 2 (RCC); BL = Baseline time point; Pre = Pre-intervention; Post = Post-intervention; M3 =
Month-three follow-up; M6 = Month-six follow-up; BDI-11 = Beck Depression Inventory-11; ASI-3 = Anxiety Sensitivity Index-3; DTS = Distress
Tolerance Scale; PCL-C = PTSD Checklist- Civilian Version; A ASI-3 = ASI-3 residualized change score; A DTS = DTS residualized change score.

*
p<0.05

ok
p<0.01
F

Raw change scores (Post-intervention minus pre-intervention) displayed for mean, standard deviation, and range
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ANCOVA models predicting PCL-C total scores at follow-up.

Table 2.

Month 3 PCL-C

Month 6 PCL-C

Predictors F p T]pz F p T]pz

Sex 0.20 0.66 0.004 0.30 0.59 0.006
AAS 0.92 0.34 0.02 116 0.29 0.025
BLBDI-II 240 0.13 0.050 2.85 0.10 0.058
BLPCL-C 3139 <0.001 0.406 9.30 <0.01 0.168
Condition 3.63 0.04 0.136 11.84 <0.001 0.340
ADTS 4.73 0.04 0.09 2.80 0.10 0.057

Note. BL = Baseline time point; Month 3 = Month-three follow-up time point; Month 6 = Month-six follow-up time point; BDI-Il = Beck

Page 23

Depression Inventory-I1; PCL-C Total = PTSD Checklist- Civilian Version Total score; A DTS = pre- to post-intervention DTS residualized change

score; A AS = pre- to post-intervention ASI-3 residualized change score; npz = partial eta squared.
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