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Abstract

Seminal theories posit that fragmented trauma memories are critical to posttraumatic stress
disorder (PTSD; van der Kolk & Fisler, 1995; Brewin, 2014) and that elaboration of the trauma
narrative is necessary for recovery (e.g., Foa, Huppert, & Cahill, 2006). According to
fragmentation theories, trauma narrative changes, particularly for those receiving trauma-focused
treatment, should accompany symptom reduction. Trauma and control narratives in 77 men and
women with chronic PTSD were examined pre- and post-treatment, comparing prolonged
exposure (PE) and sertraline. Utilizing self-report, rater coding, and objective coding of narrative
content, fragmentation was compared across narrative types (trauma, negative, positive) by
treatment modality and response, controlling for potential confounds. Although sensory
components increased with PE (&= 0.23 — 0.44), there were no consistent differences in
fragmentation from pre- to post-treatment between PE and sertraline or treatment responders and
non-responders. Contrary to theories, changes in fragmentation may not be a crucial mechanism
underlying PTSD therapeutic recovery.
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Seminal theories focus on memory disruptions and information processing deficits as crucial
to the development and maintenance of PTSD (e.g., Brewin, 1996, 2001; Brewin, Gregory,
Lipton, & Burgess, 2010; Ehlers & Clark, 2000; Horowitz, 1986; van der Kolk, 1987; 2014).
Fragmented recall of traumatic events is posited as an important mechanism of PTSD (e.g.,
Brewin, 1996, 2001; Ehlers & Clark, 2000; van der Kolk, 1994, 2014). In particular, van der
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Kolk’s psychobiological theory (van der Kolk, 1987, 1994) and Brewin’s dual representation
model of PTSD (Brewin 1996, 2001, 2014; Brewin et al., 2010) suggest that trauma
memories are uniquely encoded in autobiographical memory, separated from the overall
memory network, and difficult to recall verbally. They further suggest that trauma narratives
are characterized by sensory aspects, incoherence, and a lack of sequence, collectively
referred to as fragmentation. These aspects of memory processing and fragmentation are
theorized as integral to the development, maintenance, and remission of PTSD symptoms.
Besides being a key theory, the idea that trauma narratives are fragmented and become more
organized over the course of treatment is a common clinical assumption that therapists often
present as part of the rationale for treatment (e.g., Foa, Hembree, & Rothbaum, 2007). Thus,
the construct of trauma narrative fragmentation is integrated into leading theories and
common clinical descriptions of the etiology and treatment of PTSD.

Prospective studies show higher fragmentation soon after trauma exposure predicts higher
PTSD over time (e.g., Jones, Harvey, & Brewin, 2007; Halligan, Michael, Clark, & Ehlers,
2003; Murray, Ehlers, & Mayou, 2002). However, only four small studies (V=14 to N=37)
on PTSD (Foa, Molnar, & Cashman, 1995; Kindt, Buck, Arntz, Soeter, 2007; Mundorf &
Paivio, 2011; van Minnen, Wessel, Dijkstra, & Roelofs, 2002) and one small study (V= 15)
on acute stress disorder (ASD; Moulds & Bryant, 2005) have compared trauma
fragmentation pre- to post- treatment, and findings are mixed. In two studies using the same
narrative coding measure, some measures of organization such as planning and decision-
making (Foa et al., 1995) and disorganized thoughts (van Minnen et al., 2002) improved
with treatment and were related to decreased anxiety. However, fragmentation (e.g.,
unfinished thoughts) either did not change with treatment (Foa et al., 1995) or was unrelated
to symptom improvement (van Minnen et al., 2002). Other studies do not show that
fragmentation decreases with treatment or is related to changes in PTSD or ASD (Kindt et
al., 2007; Moulds & Bryant, 2005), and incoherence, a construct similar to fragmentation,
also did not decrease following therapy for childhood abuse (Mundorf & Paivio, 2011).
However, these findings are hard to interpret given that studies are limited by reliance on
subjective coding, a lack of treatment control groups, and by small sample sizes.

Empirically investigating narrative fragmentation is difficult. Operational definitions vary
from self-report (e.g., perception of fragmentation) to narrative coding (e.g., programs that
quantify content) and expert ratings (e.g., ratings assigned by trained raters). These are
different constructs, as self-report measures assess meta-memory or self-judgment of
memory quality, and may be biased by related information and past recall experiences
(Schwartz, Benjamin, & Bjork, 1997). In addition, trauma severity (e.g., Bernsten et al.,
2003), time since trauma (McNally, 2005), distress (Shobe & Kihlstrom, 1997), cognitive
ability (e.g., Gray & Lombardo, 2001), and dissociation (e.g., Brewin, 1996) may be
important to narrative quality but are often not examined. Finally, studies often do not
include comparisons such as positive or negative narratives, even though they can help
control for non-specific effects such as recounting style, emationality, etc.

Well-controlled empirical research exploring narrative fragmentation changes with treatment
are needed. A variety of treatments are considered efficacious for PTSD including cognitive
behavioral psychotherapies and selective serotonin reuptake inhibitors (SSRIs; Watts,
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Schnurr, Mayo, Young-Xu, Weeks, & Friedman, 2013), and both may change fragmentation
given their effect on PTSD symptoms. Many effective psychosocial treatments for PTSD use
exposure to the trauma memory to improve integration, consolidation, and memory
organization. Repeated prolonged exposure to the trauma narrative and other trauma-related
reminders is thought to provide corrective information by allowing the patient to emotionally
process the memory, alter the underlying fear structure, and reduce PTSD (e.g., Foa &
Kozak, 1986; Foa et al., 2007; Foa et al., 2006). SSRIs may promote neurogenesis in the
hippocampus and lead to increased hippocampal volume in individuals with PTSD (Bossini
et al., 2007; Bremner & Vermetten, 2004; Vermetten, Vythilingam, Southwick, Charney, &
Bremner, 2003). Abnormalities of the hippocampus may be related to verbal memory
deficits in PTSD (Bremner et al., 2003; Bremner, 2006) and serotonergic agents are related
to improved verbal memory in individuals with PTSD and depression (Vermetten et al.,
2003; Vythilingam et al., 2004). Thus, both exposure-based and SSRI treatments may
improve narrative fragmentation, although the former, which focuses directly on the memory
as a target of treatment change may improve fragmentation more so than the latter, which
does not focus explicitly on the trauma narrative.

This study examined the role of narrative fragmentation in the treatment of chronic PTSD
examining multiple indices of fragmentation: self-report, objective coding, and subjective
coding. It further improved upon previous research by using a larger sample than previous
studies, comparing across emotional narrative types (i.e., positive, negative), including
multiple indices of fragmentation, by controlling for key confounding variables specifically
dissociation, cognitive ability, state anxiety, trauma severity, and by comparing a treatment
modality that focuses on traumatic narratives (i.e., prolonged exposure [PE]) to one that does
not (i.e., sertraline). Thus, the present study was well designed, solidly improving upon
previous studies” methods. Based on theories that exposure treatments facilitate organization
of the trauma memory (e.g., Foa et al., 2006), we hypothesized that at post-treatment trauma
narratives will be less fragmented for individuals who receive PE than those who receive
sertraline. Based on theoretical relationships between fragmentation and PTSD recovery
(Brewin, 2013; Ehlers & Clark, 2000; van der Kolk et al., 2001), we further hypothesized
that post-treatment fragmentation of the trauma narrative will be lower for treatment
responders than for non-responders across fragmentation measures.

Method

Participants

Seventy-seven individuals with chronic PTSD were recruited from a large NIMH-funded
multisite randomized controlled trial and signed a separate consent to participate in this
study. Participants were between ages 18 and 65 and had a primary diagnosis of current
DSM-IV chronic PTSD. Exclusion criteria included: current diagnosis of schizophrenia or
delusional disorder, medically unstable bipolar disorder, depression with psychotic features
or depression severe enough to require immediate psychiatric treatment (e.g., actively
suicidal), severe self-injurious behavior or suicide attempt within the past three months, no
clear trauma memory or trauma memory only for an event before age of three years of age
(i.e., normal developmental amnesia), diagnosis of alcohol or substance dependence within
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the previous three months, ongoing intimate relationship with the perpetrator (in assault
cases), unwilling or unable to discontinue current psychotherapy or antidepressant
medication, adequate trial of either PE (8 sessions or more) or sertraline (150 mg/d; 8 wks),
or medical contraindication for sertraline (e.g., pregnancy/likely to become pregnant).

Demographic information is presented for all participants and separately by treatment type
in Table 1. Mean age of participants was 37.38 (SD = 11.66). The sample was primarily
female (76.6%) and two thirds of participants identified as Caucasian (66.2%).

Using a mixed subjects design, there were between-subjects factors of treatment type (PE,
sertraline) and response (responder, non-responder) and within-subjects factors of narrative
type (traumatic, positive, negative) and time (pre, post). Dependent variables were subjective
coding, objective coding, and meta-memory of fragmentation. Confounding variables of
trauma severity, time since trauma, verbal ability, state distress, and dissociation also were
assessed.

Interview and Self-Report Psychopathology Measures

Interview measures—The Posttraumatic Symptom Scale-Interview Version (PSS-I; Foa,
Riggs, Dancu, & Rothbaum, 1993) was used to assess DSM-IV diagnosis (APA, 2000) and
severity of chronic PTSD. The PSS-I is 17-items with symptoms rated on a 0-3 frequency
and intensity scale. The PSS-1 has good psychometrics (. =.85; « =.91-.97; Foaetal.,
1993; Foa & Tolin, 2000). Coding of 10% of cases in the larger clinical trial indicated high
interrater reliability for severity (ICC =.99).

The Structured Clinical Interview for the DSM-IV (SCID-1V; First, Spitzer, Gibbon, &
Williams, 1994) was used to asssess DSM-1V Axis | disorders, primary diagnosis, eligibility,
and comorbidity. The SCID-1V correlates highly with other interviews (Kessler, Berglund,
Demler, Jin, & Walters, 2005). In the larger trial, reliability for diagnoses was good, based
on 10% of cases (current MDD [x = .68, fpps = .88, Ppeg = -80] anxiety [x = 1.00, ppps =
1.00, ppeg = 1.00], substance abuse [ppps = .00, ppey = 1.00], and other diagnoses [pps =
0.00, ppeg = 1.00]).

The Clinical Global Impressions Measure - Improvement (CGI-1) is a one-item rating of
global improvement and was used in classification of responder status. The range is 1 (very
much improved) to 7 (very much worse), with 3 or less indicating meaningful improvement.

Self-report measures—Measures with established reliability and validity were used to
assess psychopathology and potential covariates. The 40-item State Trait Anxiety Inventory
(STAI, Speilberger, Gorsuch, & Lushene, 1970) assessed anxiety. The 10-item Peritraumatic
Dissociative Experiences Questionnaire (PDEQ; Marmar, Weiss, & Metzler, 1997) assessed
self-report dissociation during or immediately after the traumatic event. The PDEQ is
strongly associated with PTSD, exposure to stress, and general dissociative tendencies (e.g.,
Marmar et al., 1997). The 21-item Clinician Administered Dissociative States Scale self-
report adaptation (CADSS; Bremner et al., 1998) assessed state dissociation during each
narrative recounting. The CADSS correlates modestly with other dissociation measures such
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as the Dissociative Experiences Scale (.48) and the SCID-D (.42). Subjective Units of
Distress (SUDs; Wolpe, 1958) measured participant self-reports of distress after each
narrative. SUDs is a numerical rating of current distress level on a 0 to 100 point scale, with
0 being “no anxiety” and 100 being the “most anxious you can imagine’. The Shipley
Institute of Living Scale (Shipley, 1967), a 60-item measure, assessed cognitive ability. The
Shipley is used commonly as a brief measure of cognitive functioning and correlates highly
with more complex measures of cognitive functioning (WAIS correlations .70 to .80;
Kaufman, 1990). Trauma severity was assessed with ratings of perceived injury and life
threat during the trauma using two dichotomous items (0 n10; 1 yes) from the Standardized
Trauma Interview (STI; Foa, Rothbaum, Riggs, & Murdock, 1991).

Three types of verbal narratives were collected: trauma, positive, and negative.

Criterion A event narrative (Trauma narrative)—The traumatic event narrative was
the primary Criterion A event, associated with the current PTSD symptoms and diagnosis,
and was the event addressed specifically in PE as the target trauma.

Positive event and negative event narratives—Positive and negative event narratives
were included to control for arousal and emotional valence. These comparison narratives
were chosen to have occurred within six months before or six months after the trauamtic
event to control for effects of time on memory recounting. Positive narratives were events
that the participant rated as pleasant experiences. Common examples included weddings, job
promotions, etc. Negative narratives were events that participants identified as negative, but
not traumatic. Common examples included divorces, death of a loved one, losing a job, etc.
All events, traumatic, positive and negative were rated on a 7 point scale for emotional
valence with -3 being “very negative”, 0 being “neutral’, and +3 being *“ very positive’.

As expected, based on ratings of emotionality pre-treatment trauma (M= -2.92, SD=0.71)
narratives differed from negative narratives (M= -2.00, SD = 1.12) and positive narratives
(M=259, SD=0.67), A2, 132) = 850.30, p< .001, on emoational valence.

Narrative Analysis Measures

Subjective narrative coding—Similar to past studies (e.g., Halligan et al., 2003; Murray
et al., 2002), trained coders, blind to study hypotheses, treatment modality, treatment
response, and narrative time point, coded narratives on fragmentation indices. Narratives
were coded on a scale from 0 (not at all) to 10 (extremely) on eight potential aspects of
fragmentation. Sensory components were coded as the amount of detail in the narrative
related to sensory experiencing (e.g., saw; loud). Clarity was coded as the overall amount of
clear thoughts and ideas (e.qg., finished descriptions of events, people, places, explicit where,
when, how, why). Coherence was coded as how well concepts hung together logically (e.g.,
consistencies; continuous; logical). Vividness was coded as the amount of descriptive detail
included (e.qg., /ntensity; adjectives; adverbs). Cognitive processing was coded as the
amount of content devoted to analyzing meaning (e.g., thinking, processing). Emational
processing was coded as the amount of feeling and emotion (e.q., Aappy; crying).
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Fragmentation was a global rating of illogical or unnecessary content (e.g., increased focus
on sensory or illogical details, many speech fillers, unnecessary repetitions). Finally,
disorganization was a global rating of disjointedness or confusion in the narrative (e.g.,
lacks a theme or focus; confusion, disfointed ideas). Interrater reliability for 10% of the
narratives, across type, was calculated using an intraclass correlation coefficient (ICC).
Inter-rater reliability was generally good: sensory = .75; clarity = .47; coherence = .73;
vividness = .63; cognitive processing = .94; emotional processing = .86; fragmentation = .
63; and disorganization = .70. Given the relatively low reliability for clarity, it was dropped
from analyses.

Objective narrative coding—The Linguistic Inquiry and Word Count (LIWC) program
(Francis & Pennebaker, 1992) was used to objectively code fragmentation. LIWC quantifies
types of words (e.g., pronouns, verbs) and captures 80% of spoken English words
(Pennebaker, Francis, & Booth, 2001). Similar to past studies (Alvarez-Conrad, Zoellner, &
Foa, 2001) and consistent with our subjective categories, five fragmentation categories were
selected a priori: sensory, words that refer actively or descriptively to the five senses;
speech fillers, words used out of context that represent decreased clarity (e.g., you know,
like); non-fluencies, words that signify a break in the narration and incoherence (e.g. Aimm,
uhh); cognitive processing, words representing thought or analysis (e.qg., because, thinking);
and emotional processing, words signifying emotional experiencing (e.g., felt, scared). The
number of words for each category were totaled and divided by the total number of words in
the narrative to create a percentage.

Meta-memory—The Memory Characteristics Questionnaire (MCQ; Johnson et al., 1988)
assessed self-report memory quality using 39-items assessing characteristics such as visual
detail, complexity, temporal information, and emotions for a past specific event. Items are
rated from 1 (vague, little or none)to 7 (clear/distinct, a lot). Similar to Byrne, Hyman, and
Scott (2001), we used items related to fragmentation. Specifically, five questions assessed
sensory details of the memory (e.qg., my memory for the event involves visual detail....), six
assessed vividness (e.g., overall vividness is....), five assessed clarity (e.g., / remember what
1 thought at the time...), eleven assessed coherence (e.g., my memory for the time when the
event takes place is...), and three assessed emotion (e.g., / remember how I felt at the time
when the event took place...). Responses were combined to form subscales (sensory,
vividness, clarity, coherence, and emotion) of fragmentation. All subscales showed good
internal consistency as evidenced by Cronbach’s alpha (clarity = .91, vividness = .82,
coherence = .87, and sensory = .73).

PTSD Treatment

Sertraline—Sertraline is a SSRI approved by the Food and Drug Administration (FDA) for
treatment of PTSD. Treatment consisted of 10 weekly individual sessions of up to 30 min
duration, the first session lasting 45 min, with a board certified psychiatrist to monitor side
effects, manage dose, and provide minimal support. Sertraline dose was based on a
standardized titration algorithm (Brady et al., 2000), starting at 25mg/day and proceeding up
to 200mg/day, if indicated. If participant reported dose-limiting side effects, the maximum
dose may not have been achieved. The pharmacotherapist engaged in necessary
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interpersonal intervention but avoided structured psychotherapeutic interventions deriving
from any particular theory. The mean final dose of sertraline was 143.96 (SD = 56.95, Range
25-200).

Prolonged exposure (PE)—Treatment was 10, weekly 90-120 min individual sessions
(Foa, Hembree, & Dancu, 2002). Therapists were masters or PhD level, had some cognitive
behavioral experience, and were trained in PE prior to treating patients. Therapists received
standardized PE training and had ongoing weekly supervision. PE included psychoeducation
(Sessions 1-3), graduated /n vivo exposure (Sessions 2—10), imaginal revisiting of the
trauma memory (Sessions 3-10), and emotional processing (Sessions 3—10). The focus of
the imaginal exposure was on an index event and was the same event that was used for
fragmentation coding. Narratives used for coding were collected pre- and post-treatment, not
during imaginal exposure.

Treatment Adherence—Adherence to sertraline and PE protocols was assessed by
outside raters who rated 10% of sessions for essential treatment components and protocol
violations. In the larger trial, PE providers completed 90% and sertraline providers
completed 96% of essential components. No protocol violations were observed in either
treatment. PE sessions were also rated for therapist competence (e.g., interactive with client)
on a 3-point scale (1 = /nadequate, 3 = Adequate or Better). Overall PE therapist
competence was very good (M= 2.73, SD=0.32).

Treatment responder/nonresponder status—Treatment response was quantified as a
50% reduction in PTSD on the PSS-1 and a CGlI-I score of minimally improved or better
(rating of 3 or less). The PSS-I definition was based on past studies (e.g., Pauvonic & Ost,
2001). The CGlI-I rating allowed for independent evaluator’s judgment and has been used in
past studies to classify response (e.g., Brady et al., 2000). This definition was selected a
priori, as a conservative classification allowing for adequate sample sizes within responder
and non-responder categories.

An institutional review board at each site approved the protocol. After informed consent,
independent evaluators blinded to treatment assignment assessed demographic information,
PTSD (PSS-I), and other DSM-1V diagnoses (SCID-1V). Following an additional seperate
consent for this study, each participant met with a research assistant and identified the
primary traumatic event and positive and negative comparison narratives and then completed
questionnaires (e.g., Shipley). Based on counterbalancing, participants received recounting
instructions for their first narrative. Instructions were derived from Foa et al. (1995) to recall
narratives as vividly as possible, in the present tense, with as much detail as possible.

Participants narrated the first narrative out loud for 5 min and were queried to continue if
they finished before 2 min. After each narrative, participants completed state distress
(SUDs), state dissociation (CADSS), and meta-memory (MCQ) measures. This procedure
was repeated for the three event narratives based on counterbalancing order (e.g., trauma,
positive, negative). Narratives were audiotaped for later transcription and analysis.
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Participants then completed 10 weeks of treatment, PE or sertraline, dependent on
randomization. Participants completed the same procedures approximately two weeks after
post-treatment, including both an independent evaluation (PSS-1, CGI) and narrative tasks,
and were compensated $20 per hour at both pre- and post-treatment. At the end of their post-
treatment session, participants were debriefed.

Data Analytic Strategy

Results

Data analysis used the SuperMix program (Hedeker & Gibbons, 1996) to generate mixed-
effects linear regression models nested by subject, with predictors of treatment type,
response, time (pre-treatment narrative, post-treatment narrative), controlling for pre-
treatment narrative quality for both positive and negative narratives, and dependent variables
of post-treatment trauma narrative fragmentation. Random intercept and fixed slope models
consistently fit the data the best. Missing data was handled using maximum likelihood
estimation. Covariates (PDEQ, Shipley, STAI, SUDs, CADSS) were evaluated; and, when
covariates altered the pattern of results, it was noted in the text. Categories indicative of
fragmentation were examined: sensory, coherence, clarity, vividness, emotion, and
cognition. In each category, relevant subjective coding, objective coding, and meta-memory
outcomes were examined. Significance level was adjusted based on the number of dependent
variables in each category using a Holmes correction (e.g., Jaccard & Guilamo-Ramos,
2002a, 2002b).

Missing data for self-report (MCQ, covariates) measures at pre-treatment was under 5%.
Missing data for narratives (Subjective rater, LIWC coding) at pre-treatment was under 10%.
Attrition rates (PE: 29.2%, SER: 27.6%); Xz (1, 77) = 0.02, p=.88) were similar to other
PTSD trials (e.g., Brady et al., 2000; Foa et al., 2005). There were no pre-treatment
differences on PTSD severity or narrative fragmentation between completers and non-
completers.

Treatment Modality Effects on Fragmentation: PE versus Sertaline

Our first hypothesis examined differences in trauma narrative fragmentation by treatment
type (PE vs. sertraline). Models were fit separately for subjectively coded, objectively coded,
and meta-memory fragmentation outcomes, with treatment type, time, treatment type and
time interactions as predictors. We also included relevant fragmentation scores on negative
and positive narratives as predictors to examine effects of general recounting style. Table 2
presents means for trauma fragmentation measures for the whole sample and separately by
treatment type.

For subjectively coded fragmentation (sensory, coherence, vividness, cognitive processing,
fragmentation, disorganization), no treatment, time, or treatment by time interactions were
significant. Figure 1 depicts the subjectively coded fragmentation outcome over time by
treatment type and depicts a lack of significant change from pre- to post-treatment for both
PE and sertraline. As shown in Figure 1, mean scores on fragmentation actually increased,
albeit at a non-significant level, from pre to post treatment for both PE (&= .08) and
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sertraline (¢=.22). Consistent with a general recounting style, pre-treatment positive and
negative narrative fragmentation indices were associated with the same trauma narrative
indices. Subjectively coded fragmentation in negative narratives at pre-treatment predicted
higher subjectively coded trauma narrative fragmentation (8= .44, SE=0.09, z=4.90, p<.
001). When examining pre-treatment positive narratives, coded coherence (B = .35, SE=
0.10, z= 3.38, p<.001), vividness (B = .30, SE=0.08, z=4.03, p<.001), and
fragmentation (8= .25, SE=0.09, z=2.65, p=.004) predicted the same indices in trauma
narratives.

For objectively coded fragmentation (LIWC: speech fillers, non-fluencies, cognitive,
emotional processing), there were no significant treatment, time, or treatment by time
interaction effects. There was a treatment x time interaction for coded sensory aspects
(LICW; B=0.71, SE=0.33, z=2.14, p=0.03) that was in the opposite direction than what
was hypothesized, with PE showing an increase from pre- to post-treatment (d'= .36) and
those in sertraline showing a slight decrease (¢ = .22), depicted in Figure 1. Similarly,
consistent with a general recounting style above, pre-treatment negative and positive
narratives predicted trauma fragmentation. Pre-treatment indices in negative narratives
predicted the same indices for trauma narratives, higher coded affect (B = .33, SE=0.08, z=
4.12, p<.001), sensory aspects (B = .28, SE=0.12, z= 2.45, p=.03), cognitive
mechanisms (8= .34, SE=0.08, z=4.02, p< .001), speech fillers (B= .32, SE=0.10, z=
3.10, p<.001), and non-fluencies (B= .39, SE=0.09, z=4.27, p< .001). Pre-treatment
positive indices predicted the same indices of speech fillers (B= .34, SE=0.10, z=2.96, p
<.001) and non-fluencies (B = .45, SE=0.08, z=5.31, p< .001) in trauma narratives.

Finally, for meta-memory (MCQ: sensory, vividness, clarity, coherence, emotion), similarly,
with the exception of sensory components, there were no treatment, time, or treatment by
time interactions. Similar to objectively coded sensory components, there was a significant
treatment by time interaction for self-reported sensory aspects (8= 3.83, SE=1.55, z =
2.47, p=0.01) opposite to hypotheses, with those in PE reporting an increase in sensory
components from pre- to post treatment (&= .23) and those in sertraline reporting a slight
decrease (d=.13), depicted in Figure 1. Pre-treatment negative narrative indices did not
significantly predict any meta-memory outcomes, but positive narrative indices predicted
several meta-memory outcomes for the trauma narrative, including higher self-reported
coherence (B = .46, SE=0.08, z=5.60, p< .001), sensory (B=.37, SE=0.07, 2=5.05, p
<.001), and vividness (B= .31, SE=0.07, z=4.18, p< .001).

Overall, from pre- to post-treatment the vast majority of fragmentation indices did not
change significantly, and neither PE nor sertraline predicted change in trauma fragmentation,
with the exception of sensory components, which increased particularly for individuals
receiving PE. As can be seen in Figure 1 and Table 2, many of the outcomes showed means
that changed in the opposite to hypothesized direction with treatment (i.e., subjective
sensory, vividness, fragmentation, disorganization; objective sensory, speech fillers; meta-
memory sensory, vividness). Pre-treatment positive and negative narrative fragmentation
predicted trauma narrative fragmentation, suggesting that general recounting style is a
stronger predictor of trauma fragmentation across subjective, objective, and meta-memory
outcomes than treatment modality.
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Treatment Response versus Non-Response Effects on Fragmentation

Our second hypothesis examined fragmentation and treatment response. We examined
effects of treatment response, time, and treatment response by time interactions. Table 3
presents means and standard deviations by response. Similar to treatment type, we included
pre-treatment negative and positive fragmentation as a predictor of trauma fragmentation.

For the subjective coding indices, neither treatment response, time, nor response by time
interactions were significant. Figure 1 shows a lack of significant change for subjectively
rated fragmentation from pre- to post-treatment for both treatment responders and non-
responders, and a lack of significant group differences by response. As can be seen in Figure
1, subjectively coded fragmentation actually increased with treatment for responders (d=.
28) and remained unchanged for non-responders (&= .00), although at a non-significant
level, opposite to hypotheses. Pre-treatment fragmentation in comparison narratives
predicted corresponding indices in trauma narratives. In negative narratives, higher
subjectively coded fragmentation (B = .44, SE=0.09, z= 4.64, p< .001) predicted
fragmentation of trauma narratives, and pre-treatment indices in positive narratives predicted
higher coherence (B= .39, SE=0.10, z= 3.84, p<.001), vividness (B= .38, SE=0.09, z=
4.47, p<.001), and fragmentation (B = .26, SE=0.09, z=2.72, p=.006) of the trauma
narrative.

For LIWC coding, there were no significant differences for treatment response, time, or
treatment response by time interactions. Pre-treatment negative narrative indices predicted
higher LIWC coded affect (B = .33, SE=0.08, z=4.18, p<.001), cognitions (B = .34, SE=
0.09, z=3.91, p<.001), non fluencies (B = .38, SE=0.09, z=4.16, p<.001), and speech
fillers (B= .32, SE=0.10, z=3.16, p=.001) in the trauma narrative. Pre-treatment positive
narrative fragmentation predicted the same indices of higher non-fluencies (8= .45, SE=
0.08, z=5.31, p<.001) and speech fillers (B= .33, SE=0.11, z=2.94, p=.003) in the
trauma narrative.

For meta-memory, there were no significant differences for treatment response, time, or
treatment response by time interactions, except for meta-memory clarity. For clarity, there
was a main effect of response (B=-3.24, SE=1.51, z =-2.14, p=.03), which was
modified by a trend toward a treatment response by time interaction (B=1.97, SE=1.04, z
=1.90, p=.06), with responders reporting less clarity collapsed over time but reporting
more increased clarity from pre- to post treatment (¢/= .31) than non-responders (¢= .17).1
Pre-treatment negative narrative indices predicted higher vividness (B = .27, SE=0.08, z=
3.51, p<.001), coherence (B=.39, SE=0.08, z=4.69, p< .001), and sensory (B = .33, SE
=0.08, z=4.12, p<.001) aspects in the trauma narrative.

Across multiple indices of fragmentation, fragmentation or changes in fragmentation were
not strongly associated with treatment response. As shown in Figure 1 and Table 3, an
opposite to predicted pattern emerged in which responders showed a general trend for many

IThis analysis was also run controlling for the effect of peritraumatic dissociation (PDEQ), as scores on the PDEQ were significantly
associated with meta-memory clarity ratings. When controlling for the PDEQ, the main effect of treatment response was significant
only at the trend level (B=-2.43, SE=1.35, z=-1.80, p=0.07) as was the interaction of treatment response and time (B=1.75, SE
=1.02, z=1.71, p=0.09).
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fragmentation indices to go in the opposite to predicted direction such as an increase in
subjectively coded sensory aspects, vividness, fragmentation, and disorganization and a
decrease in subjectively coded coherence following treatment. General recounting style, as
measured in associations with pre-treatment negative and positive control narratives, was
consistently associated with fragmentation in trauma narratives more consistently than
response to treatment.

Discussion

The present study explored the influential theory and common clinical assumption that
changes in trauma narrative fragmentation is a key mechanism in reduction of PTSD
symptoms (e.g., Brewin, 2013; van der Kolk, 1987; 2014). The findings do not suggest that
changes in fragmentation are crucial to recovery, and thus have important implications for
conceptualizing etiology and treatment of PTSD. Across subjectively coded, objectively
coded, and meta-memory indices, fragmentation did not reliably change from pre- to post-
treatment. Notably, neither treatment type, comparing PE and sertraline, nor treatment
response, comparing those who recovered versus those who did not, were associated with
changes in trauma narrative fragmentation. When we did observe differences means often
went in the opposite to predicted direction. Specifically, we observed an increase rather than
a decrease in key outcomes of subjectively coded sensory aspects, fragmentation and
disorganization, objectively coded sensory aspects and speech fillers, and meta-memory
sensory and vividness self-report ratings. Finally, pre-treatment fragmentation in non-trauma
narratives, specifically the negative and positive narratives, predicted trauma narrative
fragmentation, highlighting the importance of a general recounting style rather than
specificity of the trauma narrative in terms of fragmentation.

To our knowledge this is the first study to investigate narrative changes in regard to
pharmacotherapy for PTSD and to compare psychotherapy and pharmacotherapy on
narrative indices. Given the focus on revisiting the memory in PE, it is notable that
differential treatment effects were not observed and suggests that changes in fragmentation
may not be crucial to recovery. In PE, it is often thought that increased narrative organization
is a possible explanation for treatment efficacy (e.g., Foa & Riggs, 1993; Foa et al., 2006).
Similarly, SSRIs might impact PTSD by improving verbal memory (e.g., Vythilingam et al.,
2004). Despite these theories, results of this study suggest that for both PE and sertraling, if
treatment is impacting the recounting of the trauma narrative it is not being captured by
these measures of fragmentation.

The only consistent and significant difference to emerge was an /ncrease in subjectively
coded and meta-memory reported sensory details from pre- to post-treatment, with a greater
increase for PE than for sertraline. Theories of fragmentation and perceptual processing
(e.g., Brewin, 2013; van der Kolk, 2014) suggest that trauma narratives become /ess sensory
focused with recovery. Indeed, it is theorized that PTSD re-experiencing symptoms result
from unintegrated, sensory dominated trauma memories (Brewin & Holmes, 2003; Brewin
et al., 2010; Brewin, 2014). The present findings are inconsistent with this aspect of these
theories. However, it is also possible that with treatment individuals convert sensory
dominated details to details that are more verbally accessible (Brewin et al., 2010). Another
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explanation is that in PE the therapist prompts for more sensory details during the repeated
revisiting of the narrative (e.g., Foa et al., 2007). Thus, the change in sensory components
following PE may be a “side effect” of the treatment approach and of imaginal exposure
specifically decreasing avoidance of the memory.

A second focus of this study was to investigate the relationship between recovery and
changes in fragmentation. The present findings are not consistent with theories that
improvement in PTSD symptoms are caused by changes in fragmentation and organization
(Brewin, 1996; Ehlers & Clark, 2000; Foa & Riggs, 1993; van der Kolk et al., 2001).
Instead, across multiple measures of fragmentation, responder status consistently did not
predict fragmentation. This finding builds on previous findings (Foa et al., 1995; Kindt et al.,
2007; Moulds & Bryant, 2005; van Minnen et al., 2002) by showing a failure to consistently
find changes in memory quality to be related to PTSD recovery.

So the question remains, if it is not memory fragmentation that is related to PTSD recovery,
then what is the relationship between the trauma memory and successful recovery from
PTSD? Prominent cognitive theories have shifted the emphasis from fragmentation to the
meaning associated with the trauma memory as crucial to psychotherapeutic recovery (e.g.,
Ehlers & Clark, 2000; Ehlers et al., 2005; Ehlers et al., 2004). Changes in trauma-related
beliefs precede changes in PTSD during PE and cognitive therapies, suggesting the
importance of changes in meaning to recovery (e.g., Kleim et al., 2013; McLean, Yeh,
Rosenfield, & Foa, 2015; Zalta et al., 2014). These conceptual changes may not have been
captured by the narrative measures of perceptual aspects and memory quality included in
this study. Notably, a recent study (Jaeger, Lindblom, Parker-Guilbert, & Zoellner, 2014)
found that content indices in the trauma narrative (e.g., emotion, cognitive words) were more
strongly predictive of PTSD than narrative structure, lending further support to the notion
that narrative meaning is more related to PTSD than narrative quality per se. Related
theories posit that the importance of the trauma narrative in PTSD recovery is to facilitate
inhibitory learning by providing corrective learning (e.g., Craske et al., 2008; Foa & Kozak,
1986). Indeed, enhancing the inhibitory control of the medial prefontal cortex is implicated
in both the extinction processes inherent in PE (e.g., Quirk, Garcia, & Gonzalez-Lima, 2006)
and in SSRI treatment (e.g., Sachinvala, Kling, Suffin, Lake, & Cohen, 2000). Changes in
narrative quality may be less crucial than changes in the individual’s emotional experiencing
in response to the narrative, and changes in fragmentation may not be necessary for
increased emotional processing and extinction.

Pre-treatment fragmentation in negative and positive narratives predicted trauma narrative
fragmentation, even when treatment type and response did not. This highlights the important
role of recounting style on traumatic event recall. Past studies looking at subjectively coded
(Jelinek et al., 2009) and meta-memory fragmentation (Halligan et al., 2003) show trauma
narratives to be more fragmented than comparison narratives in individuals with PTSD,
although several studies on meta-memory fragmentation have not replicated this difference
(Rubin et al., 2004; Rubin, 2011; Rubin, Boal, & Bernsten, 2008). To our knowledge, this is
the first study to look at fragmentation in comparison narratives as a predictor of narrative
quality pre and post PTSD treatment and suggests that trauma narratives are not recalled in a
unique manner. Indeed, narrative recounting style may reflect a general tendency of how an
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individual integrates autobiographical information, potentially reflecting a general rather
than specific vulnerability factor in PTSD. Accordingly, past studies that have not controlled
for narrative type may be missing a key explanatory factor in understanding narrative
quality.

In many respects, the present study represents a definitive study design to examine the role
of narrative fragmentation on therapeutic recovery. Namely, all participants had chronic
PTSD and received either a psychotherapy directly targeting the trauma narrative or a
pharmacotherapy that did not address the trauma narrative. Assessment of narratives was
entirely separate from therapeutic procedures, multiple indices of fragmentation via patient
report, objective coding, and rater coding were obtained, and control narratives were
included. Nevertheless, the next generation of research examining trauma memory
processing, trauma-related psychopathology, and targeted interventions, needs to better
bridge the gap between experimental analogue studies and real-world clinical interventions.
Analogue studies suffer from artificially constructed observed, rather than experienced,
analogue events (e.g., series of distressing video clips, still images); whereas clinical studies
utilize retrospective memory for a previously experienced trauma, without any control of the
nature of the event or the processing of the event. Bridge studies need to control or
manipulate encoding of the event while maintaining generalizability to life-threatening
traumatic events. One way to do this is to conduct studies wherein participants are exposed
to an event that contains key salient aspects of traumatic events, such as active participation,
personal relevance or meaning, uncontrollability, and sense of impending life threat or
danger, actual threat, and termination of threat; elements that are absent from lower intensity
analogue stimuli. Importantly, with controlled event-like exposure, salient aspects of the
events could be manipulated such as factors that influence memory encoding and retrieval
such as duration, proximity, and chronicity. Memory processes could be assessed or even
manipulated prior, during, immediately after, and crucially over days, weeks, and months
following the event. These designs require much more in-depth preparation and likely
collaboration with established entities or programs. Within the military context, survival,
evasion, resistance, and escape (SERE) training required for personnel considered at high
risk of capture is one such example. The training is highly controlled and standardized but
also sufficiently personal and “traumatic.” Other more “real life” events, such as common
scary environments (e.g., haunted houses), could also be used for experimental manipulation
designs.

These “bridge” designs need to build on previous analogue and real world findings. Given
our findings that properties of control narratives were associated trauma narrative properties,
a stronger emphasis on individual differences in general, rather than trauma-specific,
recounting or memory processing style merit attention. Ideally, bridge studies would include
control events (e.g., positive autobiographical events), similar to what was included in this
study. The examination of individual differences dovetails with existing research
highlighting the role of processes such as reduced autobiographical memory specificity (e.g.,
Bryant, Sutherland, & Guthrie, 2007; Kleim & Ehlers, 2008; Moore & Zoellner, 2007) and
data-driven processing (Halligan et al., 2002; Regambal & Alden, 2009). The ultimate
design needed to isolate fragmentation as a unique mechanism for the development and
therapeutic recovery of PTSD would generate narratives that were and were not fragmented,
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link this fragmentation to persistent PTSD-like symptoms, and then systematically reduce
fragmentation, showing that this reduced fragmentation is related to a reduction in PTSD-
like symptoms. In summary, bridge designs would help identify whether these memory
processes represent a true causal factor or merely an associated feature, separating whether it
represents a pre-existing vulnerability or risk, consequence of trauma exposure, consequence
of persistent psychopathology, or epiphenomenon (e.g., third variable not causally related)
and would provide a benchmark for translational science to compare across findings from
experimental and real world designs.

This study is unique in that it included measurements focused on narrative content (e.g.,
LIWC objective coding), recounting style (e.g., subjective coding), and self-perception of
the narrative (e.g., self-report). Further, it compared a narrative-focused treatment (PE) to a
non-narrative focused treatment (sertraline) and treatment response to non-response. If
indeed, fragmentation is a crucial mechanism of recovery, then we might expect it to be
ubiquitous and to emerge as an important predictor no matter how we define the construct.
Critically, this study did not show consistent differences across multiple assessment indices.
Yet, there are several limitations. Narrative recounting per event was brief. Accordingly, it
may have altered the portions of the story that were included, although it also allowed for
consistency across retellings. We time-matched comparison narratives to traumatic events to
control for the effects of time on recall, which may have influenced the salience of the
comparison events. However, we observed high ratings of emotional valence for all narrative
types, suggesting that memories were emotionally salient. This study included an active
control condition (i.e., sertraline) due to our focus on examining the effects of treatment and
recovery on fragmentation, and we only looked at changes during active treatment. Narrative
changes may continue after treatment, as individuals continue to process the memory and
reduce trauma-related anxiety. In addition, although our sample is larger than previous
studies and we were powered to detect medium-to-large effects, the key findings with
implications for theory development in this study were null. Notably, fragmentation indices
often went opposite of prediction, increasing rather than decreasing over time, and,
accordingly, increasing our sample size would not increase the likelihood of finding a
significant effect. Further, a significant increase in sensory details was detected for PE,
arguing against lack of follow-up time points, other control conditions, or a larger sample
altering findings.

In summary, fragmentation is poorly understood despite theories on its clinical and
theoretical importance to PTSD (e.g., Brewin, 2013; van der Kolk, 2014). Our findings were
inconsistent with hypotheses that narrative-focused therapy would lead to greater
fragmentation decreases than pharmacotherapy and that treatment responders would show
greater decreases in fragmentation than non-responders. Accordingly, fragmentation may not
be a crucial mechanism in PTSD treatment and other explanations of change, such as those
emphasizing meaning and new learning, should be emphasized.
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Figurel.

Minimal pre to post changes in fragmentation for PE and sertraline (1a), an increase in
subjectively coded fragmentation from pre to post treatment for treatment responders (1b),
and an increase in both objectively coded (1c) and self-reported sensory components (1d)
from pre to post treatment for PE compared to sertraline.

Note. For subjective fragmentation graphs (1a and 1b) Y axis has been condensed to 3-7.
The horizontal line at 5 on the Y axis, indicates neutral ratings of fragmentation.
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