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ABSTRACT

We studied the mechanisms of eye movement desensitization and reprocessing (EMDR)
and imagery rescripting (ImRs). We hypothesized that EMDR works via changes in
memory vividness, that ImRs works via changes in encapsulated beliefs (EB), and that
both treatments work via changes in memory distress. Patients (N = 155) with childhood-
related posttraumatic stress disorder (Ch-PTSD) received 12 sessions of EMDR or ImRs. The
vividness, distress, and EB related to the index trauma were measured with the Imagery
Interview. PTSD severity was assessed with the Impact of Events Scale-Revised and the
Clinician-Administered PTSD Scale for DSM-5. We conducted mixed regressions and
Granger causality analyses. EMDR led to initially stronger changes in all predictors, but
only for distress this was retained until the last assessment. No evidence for vividness
as a predictive variable was found. However, changes in distress and EB predicted
changes in PTSD severity during ImRs. These findings partially support the hypothesized
mechanisms of ImRs, while no support was found for the hypothesized mechanisms of
EMDR. Differences in the timing of addressing the index trauma during treatment and
the timing of assessments could have influenced the findings. This study provides insight
into the relative effectiveness and working mechanisms of these treatments.

Keywords: EMDR, imagery rescripting, treatment mechanisms, posttraumatic stress
disorder
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INTRODUCTION

Posttraumatic stress disorder (PTSD) can develop in response to exposure to traumatic
events. Compared to PTSD developed after adulthood traumas, patients with childhood-
related PTSD (Ch-PTSD) are reported to experience more severe impairments, such as
more symptom complexity, depression, and a lower mental and physical quality of life
(Agorastos et al., 2014; Briere et al., 2008). Treatment of PTSD includes trauma-focused
treatment (TFT), which focuses on the direct processing of the trauma memories and
their meaning, and non-TFT, which instead focuses on other processes such as coping or
emotion regulation. According to meta-analyses, TFT is more effective in the treatment of
PTSD, including Ch-PTSD (Bisson et al., 2007, 2013; Ehring et al., 2014). The present study
focuses on two TFTs: eye movement desensitization and reprocessing (EMDR) (Shapiro,
20017) and imagery rescripting (ImRs) (Arntz & Weertman, 1999).

EMDR is an effective treatment for Ch-PTSD (Ehring et al., 2014) and although ImRs
has not been firmly established as a stand-alone treatment yet, it was found effective for
arange of disorders related to aversive memories, including PTSD, social anxiety disorder,
and obsessive-compulsive disorder (Morina et al., 2017), and PTSD (Arntz et al., 2007, 2013;
Boterhoven de Haan et al., 2020; Raabe et al., 2015, 2022; ten Napel-Schutz et al., 2022).
The most recent randomized trial found that EMDR and ImRs were similarly effective
in treating Ch-PTSD (Boterhoven de Haan et al., 2020). Both treatments have common
features including providing psychoeducation on PTSD and the treatment rationale,
building an effective therapeutic relationship, focusing on traumatic memories, the use of
imagery, and limited exposure to the traumatic event (Hackmann, 2011; Oren & Solomon,
2012). However, both approaches also have distinct core ingredients, and are thought to
operate via different working mechanisms. Studying these working mechanisms could
further increase their effectiveness and will provide more insight into the role these
mediators play during treatment and PTSD symptom change.

During EMDR, patients recall a traumatic experience and focus on the sensations,
emotions, and cognitions that arise experienced in response to recalling the memory.
Simultaneously, the therapist makes horizontal finger movements that patients follow
with their eyes (other distracting stimuli, such as sounds or lights, can also be used).
Several working mechanisms of EMDR and the beneficial effects the dual task have been
proposed, but the Working Memory (WM) account (van den Hout & Engelhard, 2012) has
received the most support (Gunter & Bodner, 2008). The WM account is based on the idea
that when memories are recalled and activated, they enter WM and become ‘malleable’.
Recalling traumatic images and focusing on the thoughts, emotions, and sensations
experienced in response to recalling this memory while simultaneously performing a
distracting task taxes WM, as both tasks compete for its limited capacity. When the dual
task is relatively demanding, the vividness and emotionality of the image decrease and
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as aresult, the image is reconsolidated and integrated with existing networks in a more
adaptive, less vivid and emotional form (Engelhard et al., 2010; van den Hout et al., 2011;
van den Hout & Engelhard, 2012). It is thought that the memory is changed to a different
form due to assimilation and accommodation (Solomon & Shapiro, 2008). Patients are
also asked to identify any negative cognitions and alternative positive cognitions. During
EMDR, a spontaneous shift in these cognitions is thought to occur, leading to a more
positive evaluation of the trauma memory (Oren & Solomon, 2012).

Several studies support the beneficial effects of taxing WM with eye movements. A
meta-analysis compared eye movements compared to no eye movements and found a
medium effect for full EMDR treatments (d = 0.41). An analysis on studies investigating
laboratory EMDR sessions showed large effects for reductions in vividness (d = 0.91) and
subjective emotionality (d = 0.66) (Lee & Cuijpers, 2013). These findings are in line with
a recent review that found beneficial effects of dual tasks in reducing vividness and
emotionality (Wadji et al., 2022). Another meta-analysis found medium to small effects
(d =0.59 and d = 0.28 respectively) for eye movements compared to alternative tasks
(Houben et al., 2020). An individual study found that eye movements compared to recall
led to stronger reductions in vividness (van den Hout et al., 2013). In addition, one study
showed that vividness decreased before emotionality (Smeets et al., 2012), suggesting
that vividness may play a more central role. Thus, the findings support the idea that EMDR
and the use of eye movements leads to changes in vividness, emotionality, and distress.
Moreover, consistent with the idea that negative cognitions change during treatment,
both prolonged exposure and EMDR led to stronger reductions in posttraumatic
cognitions compared to a waiting list condition (van den Berg et al., 2015).

During ImRs, patients vividly recall a traumatic event after which they are invited to
imagine a more positive outcome of the negative event that better meets the needs of
the patient as experienced from the child’s perspective (e.g., arresting the perpetrator
and bringing the child to safety). ImRs is thought to lead to a change in the emotional
and cognitive meaning of traumatic memories rather than their vividness, thereby
facilitating change at the level of schemas and core beliefs (Arntz & Weertman, 1999).
As these changes may be restricted to the respective trauma memory, we will hereafter
refer to the verbalization of them as encapsulated beliefs (i.e., beliefs about the self,
others, and the world that are activated along with the trauma memory, such as “ am
a burden” or “I am powerless”). Schemas and core beliefs represent generalized beliefs,
whereas encapsulated beliefs are directly related to and part of the trauma memory.
ImRs is also thought to lead to a sense of empowerment as patients actively participate
in the rescripting and experience change on a schematic level (Arntz & Weertman, 1999;
Brockman & Calvert, 2017).

Studies in non-clinical populations found that the believability of encapsulated
beliefs, distress, and negative valence, but not vividness, decreased after one session
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of ImRs (Cili et al., 2017; Slofstra et al., 2016). In other studies participants reported fewer
intrusions (Hagenaars & Arntz, 2012) that also became less vivid (Dibbets & Arntz, 2016).
A meta-analysis concluded that single ImRs sessions for the treatment of social anxiety
disorder had a large effect on changes in encapsulated beliefs (g = 1.81) (Morina et al.,
2017). Studies in clinical populations also found decreases in distress (Lee & Kwon, 2013;
Nilsson et al., 2012; Reimer & Moscovitch, 2015; Shibuya et al., 2018), and distress and
vividness (Nilsson et al., 2019; Wild et al., 2007). Lastly, in a qualitative study, participants
who received ImRs treatment were interviewed about their perceptions of the treatment.
This study concluded that patients rated the intervention by the therapist as the most
important component to lead to changes in negative thoughts, such as self-blame (Bosch
& Arntz, 2021). These findings are in line with the idea that ImRs works via a change in
encapsulated beliefs. However, as many studies offered only one session of ImRs,
combined ImRs with other treatments (e.g., cognitive restructuring), or examined different
populations, it is difficult to discern the mechanism that caused these effects and to what
extent these findings generalize to a complete and stand-alone treatment for PTSD.

Thus, the theoretical models predict that EMDR will primarily exert its positive effect
on PTSD symptoms via changes in the vividness of traumatic memories, and ImRs primarily
via changes in encapsulated beliefs. Studies directly comparing the underlying working
mechanisms of both treatments have, to our knowledge, yet to be conducted. Testing this
research question on stand-alone treatments is necessary to gain more insight into the
actual change mechanisms in clinical practice, which could also enhance the translation
of these mechanisms to the laboratory (Kredlow et al., 2022). Many EMDR studies primarily
study the effect of eye movements on vividness and distress. It is therefore still unclear
to what degree changes in encapsulated beliefs also play a role as a change mechanism
during EMDR treatment. As EMDR and ImRs both focus on the processing of traumatic
memories and negative cognitions, the vividness, distress, and encapsulated beliefs
related to trauma memories will likely change during both treatments. However, this does
not imply that these factors also drive PTSD symptom change.

For this reason, the present study aimed to examine the underlying change
mechanisms of EMDR and ImRs in the treatment of patients with Ch-PTSD by studying
three mediators: the vividness, distress and encapsulated beliefs related to traumatic
memories. First, we hypothesized a larger mean change in the vividness ratings
of traumatic memories over time for EMDR compared to ImRs. The strength of the
relationship between changes in vividness and subsequent PTSD symptoms was also
expected to be stronger for EMDR compared to ImRs. Second, we hypothesized that we
would observe a larger mean change in the believability of encapsulated beliefs for ImRs
compared to EMDR, and that the relationship between the believability of encapsulated
beliefs and subsequent PTSD symptoms would also be stronger for ImRs. Third, we
hypothesized that we would find no significant differences between the treatments in the
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mean change of distress over time or the strength of the relationship between changes
in distress and PTSD symptoms. We examined the moderation effects of treatment over
the course of all study assessments, including the active treatment phase and the follow-
up period, as treatment effects can continue during the phase after treatment, and as it
allowed us to include more assessments to test these effects.

To gain further insight into the directionality of the relationships between
the mediators and PTSD symptoms, we also explored whether changes in these
mediators precede changes in PTSD symptoms, whether changes in PTSD symptoms
precede changes in the mediators, or whether the relationship between changes in
vividness, distress, and encapsulated beliefs and PTSD symptoms is reciprocal. Lastly,
as it is currently unclear based on the theoretical models if any differences between
the treatments would be observed for the reverse relationships (e.g., the relationship
between PTSD symptoms and vividness at the next assessment)’, we examined this
exploratory. We included two types of PTSD outcomes: a semi-structured interview and
a self-report questionnaire to examine the generalizability of the results across different
outcome measures. Moreover, the self-report scale was administered at an additional
time-point (i.e., mid-treatment) which allowed for a more sensitive examination of the
change processes during treatment.

METHODS

The present study is a secondary analysis of the IREM study, a randomized controlled
trial that investigated the effectiveness of EMDR and ImRs in the treatment of Ch-
PTSD (Boterhoven de Haan et al.,, 2017, 2020). The IREM study was registered under
ACTRN12614000750684 in the Australian and New Zealand Clinical Trials Registry. The
study received ethical approval in each of the participating countries and was carried out
in accordance with the Helsinki Declaration of 1975, as revised in 2008. All participants
gave informed consent. The trial ran from October 2014 to June 2019. The methods and

analyses for the present study were preregistered separately (https://osf.io/uvyh5/?view
only=0196cf060db944f6a75965e624475f7f).

Participants

Participants (N = 155) were recruited from clinical sites in Germany (n = 22), the Netherlands
(n =92), and Australia (n = 41). Participants were included if: (1) they experienced their
worst traumatic event before the age of 16 and had a main diagnosis of PTSD related
to that event with a duration of more than 3 months, (2) were available for the planned
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study assessments and treatment sessions, and (3) were sufficiently fluent in the language
spoken at the treatment site. Participants were allowed to take medication as long as the
dose was stable for at least three weeks and for the duration of the trial. Participants were
excluded if they: (1) had a comorbid psychotic disorder, bipolar disorder, or an alcohol or
drug dependence, (2) had an IQ lower than 80 (to ensure that participants had sufficient
understanding of the treatments and the study assessments), (3) demonstrated acute
suicide risk, (4) had experienced a new traumatic event in the past 6 months, or (5) used
benzodiazepines, unless they agreed to remain abstinent during treatment starting two
weeks in advance. This was implemented as benzodiazepines can negatively influence
treatment outcomes (van Minnen et al., 2002).

Materials

Interview-rated PTSD severity

Interview-rated PTSD severity was assessed with the Clinician-Administered PTSD Scale
for DSM-5 (CAPS-5; Weathers et al., 2013). The CAPS-5 is a semi-structured interview that
consists of 20 items. Each symptom is rated based on the past month and receives a
severity score between 0 and 4. Studies showed that the internal consistency and validity
of the CAPS-5 are good (Boeschoten et al., 2018; Weathers et al., 2018) and the reliability
across the different assessments for the CAPS-5 in the present study was high (between
a=.80and a=.93).

Self-reported PTSD severity

Self-reported PTSD severity in the past seven days was assessed with the Impact of Events
Scale-Revised (IES-R; Weiss & Marmar, 1997), a self-report questionnaire that consists of
22 items rated on a 5-point Likert scale, ranging from 0 = not at all to 4 = extremely. The
IES-R items were completed twice by all participants, namely for: (1) the index trauma
before the age of 16, and (2) all other traumas excluding the index trauma. The total
severity scores were used in the present study. The reliability of the symptom cluster
scales for intrusion, avoidance, and hyperarousal symptoms is high (a between .85 and
.95) (Beck et al., 2008). Based on the present study, the reliabilities were high for both
IES-R index trauma scale (between a = .88 and a = .98) and for the IES-R other trauma
scale (o between = .93 and = .98).

Imagery Characteristics

The vividness, distress, and believability of the encapsulated beliefs regarding the worst
moment of the index trauma were assessed with the Imagery Interview () (Engelhard et
al., 2011; Lee & Kwon, 2013; van den Hout & Engelhard, 2012; Wild et al., 2007). At the start
of the study, participants were asked to formulate a key phrase that referred to the worst
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event. After activation of the memory of the worst event, participants formulated an
encapsulated belief. During the II, research assistants read out the key phrase to reactivate
this memory, after which participants were asked to close their eyes and rate the vividness
(i.e., “How vivid is the memory?”), distress (i.e., “How distressing is the memory?”), and the
believability of the encapsulated belief (i.e., Now you vividly imagine this memory, how
believable is the following belief?”) related to this memory on a scale from 0 to 100%.

Procedure

After potential participants were informed about the study procedures and signed
informed consent, they were screened and randomized. Participants were randomized to
EMDR or ImRs using block randomization, stratified by gender, and received a maximum
of 12 sessions. The sessions took place twice a week with a maximum duration of 90
minutes. Before the start of treatment, a pre-treatment assessment was administered.

Figure 1
Flow Chart of Participants in the IREM Study

Assessed for eligibility
(n =466)

Excluded and Dropped out (n = 312)
Not meeting inclusion criteria (n = 208)
Declined to participate (7 = 68)
Dropped out after Baseline assessment (n = 37)

A 4

’ Randomized (n = 155) ‘

Allocated to ImRs (n = 74) Allocated to EMDR (n = 81)
Completed ImRs (n = 68) Completed EMDR (n = 73)
Dropped out of ImRs (1 = 6) Dropped out of EMDR (n = 6)
Completed ImRs early (n=7) Completed EMDR early (n = 12)
v v
Assessments completed: Assessments completed:
Completed Post-treatment assessment (n = 64) Completed Post-treatment assessment (n = 67)
Completed Follow-up 1 assessment (n = 59) Completed Follow-up 1 assessment (n = 67)
Completed Follow-up 2 assessment (1 = 49) Completed Follow-up 2 assessment (n = 56)
Y 4
Analyzed ITT sample (n = 74) Analyzed ITT sample (n = 81)

Note. Early completers refer to participants who successfully completed the treatment in fewer than 12 sessions.
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If the time between the pre-treatment assessment and the first treatment session
exceeded 3 weeks, a waitlist assessment was administered. The mid-treatment
assessment took place between the sixth and seventh treatment sessions, the post-
treatment assessment took place after the 12 session, and two follow-up assessments
took place eight weeks after the post-treatment assessment and 52 weeks after the
start of treatment. All assessments took place on site and were conducted by blind,
independent research assistants.

EMDR was offered according to the Shapiro protocol (Shapiro, 2001) and ImRs
was offered according to the Arntz and Weertman protocol (Arntz & Weertman, 1999).
The detailed treatment protocols are available upon request. During EMDR, therapists
addressed the index trauma first. For ImRs, this was not protocolized and therapists
addressed traumas based on the preferred order determined by the participants. All
study therapists were trained and supervised, and each session was recorded on video to
determine treatment adherence (Boterhoven de Haan et al., 2020), which was satisfactory
for both treatments. A detailed description of the procedures and other details can be
found in the study protocol and the main publication and the published study protocol
(Boterhoven de Haan et al., 2017, 2020).

Analyses

We conducted repeated mixed regressions to test the differences between EMDR and
ImRs in the change of the treatment mediators and PTSD symptoms over time. All analyses
were conducted based on the intent-to-treat principle, including all available data. Time
was added as a factor (with the pre-treatment assessment as the reference category) as
the time periods between assessments were not equal in length and to control for the
expected non-linear change in symptoms over time. We fitted an unstructured covariance
structure for the repeated part, and we tested which model structure of the random
effects had the optimal fit: (1) a model with a random intercept for the level of treatment
site, or (2) a model with a random intercept and time factor for site. All model comparisons
were based on the Bayesian Information Criterion (BIC), the Akaike Information Criterion
(AIC), and the log-likelihood. We chose the most parsimonious model if the difference
between models was not significant.

To examine the second and third research questions, we conducted Granger causality
tests (Granger, 1969). All variables were centered on the person level by subtracting
the mean score of each participant from their individual score on each assessment. For
each mediator separately, we tested whether changes (e.g., vividness) at an assessment
(assessment i) predicted changes in PTSD symptoms at the next assessment (assessment
i+1), while controlling for the autocorrelation of PTSD symptoms at assessment i. The
reverse direction was also tested by adding the mediator (e.g., vividness) at assessment
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i+1 as the outcome variable and the autocorrelation of the mediator and PTSD symptoms
at assessment i as predictors. With the interaction between treatment and the predictor
variable we tested if these effects were moderated by treatment.

To control for any effects caused by time effects and to control for a non-linear
relationship of time, we added a natural spline of time with two degrees of freedom
(df). Random effects of time were fitted with the same time splines. As both treatments
may have different change patterns over time, we also examined if the fit of the model
improved after adding an interaction between the splines and treatment. However, this
was not the case, and the outcomes of these models did not lead to different conclusions
concerning the main hypotheses. Therefore, we only reported the results of the models
with the splines included as main effects. As a sensitivity analysis, we also controlled for
possible differences in the Granger relationships between the waitlist period compared
to the treatment and follow-up periods. We created an index variable to indicate whether
an assessment was administered during the waitlist period, or during the treatment and
follow-up period. We added the main effect of this index variable and two interactions
to the models: (1) a two-way interaction of this index variable with the Granger predictor,
and (2) a three-way interaction with treatment. If any of these effects were not significant
(p > .05), they were removed from the model.

As we conducted the analyses on three different outcomes (i.e., CAPS-5 and the
two IES-R scales), we controlled for multiple testing by dividing the alpha cut-off by the
number of hypotheses (i.e., three), resulting in an alpha of .0167. We calculated Cohen’s
dfor each effect by using the respective R command, which uses the following formula:
d = 2:£ with Kenward-Roger df. The treatment variable was coded with -0.5 and 0.5 so

Var
that the other main effects represented the average of both treatments.

A post-hoc sensitivity power analysis with an error probability of alpha =.0167 and
a power of =.80 indicated that we were able to find a small effect size of d =.233 for the
interaction of treatment.
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RESULTS

Demographics

Of the 155 participants, 36 (23.2%) were male and 119 (76.8%) were female. The mean
age of the total sample was 38.54 (SD = 11.17). Data on all predictors and outcomes at the
different assessments are shown in the supplementary materials (Table S1). In addition to
PTSD, 71.6% of participants had a comorbid mood disorder, 65.1% had a comorbid anxiety
disorder, and 13.5% had a comorbid eating disorder. Fourteen participants (9.1%) received
a university education, 88 (56.8%) received a tertiary or vocational education, 45 (29%)
received a secondary education, and 8 (5.2%) received no education. The most common
ethnic backgrounds were Dutch (n = 60, 38.7%), German (n = 21, 12.5%), Australian (n
= 37, 23.9%), Moroccan (n = 10, 6.5%), other European (n = 8, 5.2%), and Surinamese/
Antillean (n =8, 5.2%).

Changes in Symptoms and Mediators over Time

A random intercept with an unstructured covariance structure for the repeated
measures was the optimal structure for each model. The change in the mediators and
PTSD symptoms over time can be found in Figures 2 and 3, and the supplementary
materials. Vividness reduced over the course of treatment (d between -0.481 and -0.819)
with stronger reductions for EMDR than ImRs at the mid-treatment (d = 0.277) and post-
treatment assessments (d =0.211).

For the believability of encapsulated beliefs, there were medium to strong
reductions (d between -0.779 and -1.186) overall, and until the first follow-up assessment
these changes were stronger for EMDR compared to ImRs (d = 0.453, d = 0.221, and
d = 0.199 respectively). Distress scores decreased with small to large effect sizes (d
between -0.116 and -1.290). The reductions in distress for EMDR compared to ImRs were
stronger until the last follow-up assessment (d = 0.389, d = 0.325, d = 0.184, and d = 0.200
respectively). The decrease in I[ES-R index trauma scores between the pre-treatment and
mid-treatment assessments was stronger for EMDR (d = 0.228). No other differences for
the PTSD outcomes were observed.
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Figure 2
Graphs Showing the Change in Vividness (A), Strength of Encapsulated Beliefs (B), and Distress (C) for Both Treatments
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Granger Causality Analyses

Vividness

Changes in vividness did not predict changes in PTSD symptoms (for all PTSD outcomes)
at the next assessment, while changes in PTSD symptoms were predictive of changes
in vividness at the next assessment (8 between .175 and .260). So, reductions in PTSD
symptoms (as measured with all outcomes) preceded reductions in vividness at the next
assessment. Inconsistent with the hypotheses, none of the relationships were moderated
by treatment. The sensitivity analysis showed similar results (see supplementary
materials).

80



The Working Mechanisms of Imagery Rescripting and Eye Movement Desensitization and Reprocessing

Figure 3
Graphs Showing the Change in the CAPS-5 (A), the IES-R Focused on the Index Trauma (B), and the IES-R Focused on All
Other traumas (C) for Both Treatments
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Encapsulated beliefs

We found that changes in encapsulated beliefs predicted changes in the CAPS-5 at the
next assessment, while changes in the CAPS-5 did not predict subsequent changes
in encapsulated belief scores at the next assessment. Thus, changes in encapsulated
beliefs preceded changes in the CAPS-5. Consistent with the hypothesis, there was no
relationship between encapsulated beliefs and CAPS-5 scores at the next assessment for
EMDR, b =0.008, t(288) = 0.519 SE = 0.015, p =.604, while there was for ImRs, b = 0.064,
t(288) = 3.605, SE =0.018, p < .001, suggesting that only during ImRs encapsulated beliefs
preceded CAPS-5 change.

In addition, across both treatments, encapsulated beliefs were not related to
subsequent IES-R index trauma scores, while changes in IES-R index trauma scores
predicted and thus preceded changes in encapsulated beliefs at the next assessment.
In contrast, there was a significant relationship between changes in encapsulated beliefs
and IES-R index trauma scores for ImRs, b = 0.078, t(396) = 2.988, SE = 0.026, p = .003,
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but not for EMDR, b = -0.017, t(396) = -0.796, SE = 0.021, p = .426. For the IES-R other
trauma scores, the main Granger causality effects were not significant and there was no
interaction with treatment. All interactions are shown in Figures 4A and 4B.

According to the sensitivity analyses, the overall pattern of the results was similar
compared to the main analyses. There was a marginal change in the significance of the
interaction between the CAPS scores and treatment (b =.049, p =.018). These results can
be found in the supplementary materials.

Distress
The Granger analyses showed that changes in distress preceded subsequent changes
in the CAPS-5 and this was moderated by treatment. Changes in distress significantly
predicted changes in the CAPS-5 at the next assessment during ImRs, b = 0.077, t(288) =
4.371,SE=0.018, p <.001, but not during EMDR, b=0.011, t(288) = 0.769, SE = 0.015, p = .442.
Conversely, changes in distress did not predict subsequent scores on the IES-R index
trauma scale, and changes in IES-R Index trauma scores thus preceded changes in distress.
The results indicated that in the EMDR condition, there was no treatment effect, b =
-0.036, t(396) = -1.388, SE = 0.026, p = .116, while there was for ImRs, b = 0.097, t(396) =
3.408, SE =0.028, p =.001, indicating that changes in distress were related to subsequent
changes in PSTD symptoms during ImRs, but not during EMDR. Both interactions are
shown in Figures 4C and 4D. In addition, changes in distress preceded changes in IES-R
Other trauma scores, but there was no moderating effect of treatment for this outcome.
In the sensitivity analyses, the interaction effects proved robust. Any changes we
observed were marginal and the coefficients were similar (see supplementary materials).
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Figure 4
Graphs of all Granger Causality Interactions with Treatment
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Table 1

Model Outcomes of the Granger Causality Models and the Interaction with Treatment
Model b t(df) SE p 95% ClI d
Vividness
PTSD Symptoms (CAPS i+1) predicted by Vividness (i)
CAPS autocorrelation -0.413 -11.407(288) 0.036 <.001 [-0.485,-0.342] -1.333
Vividness -0.001 -0.094(288) 0.015 925 [-0.031, 0.028] -0.253
Treatment 0.036 0.081(146) 0.447 935 [-0.847,0.919] 0.017
Viv*Treatment 0.050 1.850(288) 0.027 .065 [-0.003, 0.103] 0.217
Vividness (i+1) predicted by PTSD symptoms (CAPS i) - Reverse
Vividness autocorrelation -0.460 -10.510(280) 0.044 <.001 [-0.546, 0.373] -1.256
CAPS 0.379 3.467(280) 0.109 .001 [0.164, 0.594] 0.576
Treatment 1.442 1.005(145) 1.434 316 [-1.393, 4.276] 0.120
CAPS*Treatment -0.225 -1.276(280) 0.176 .203 [-0.572,0.122] -0.153
PTSD Symptoms (IES-R Index i+1) predicted by Vividness (i)
IES-R Index autocorrelation -0.321 -9.879(396) 0.032 <.001 [-0.385,0.257] -0.993
Vividness 0.012 -0.586(396) 0.021 .558 [-0.029, 0.054] -0.096
Treatment 0.388 0.636(149) 0.609 526 [-0.816, 1.592] 0.064
Viv*Treatment 0.057 1.489(396) 0.039 137 [-0.018, 0.133] 0.150
Vividness (i+1) predicted by PTSD Symptoms (IES-R Index i) - Reverse
Vividness autocorrelation -0.410 -9.370(398) 0.044 <.001 [-0.496, 0.324] -0.939
IES-R Index 0.353 5.040(398) 0.070 <.001 [0.216, 0.491] 0.826
Treatment 1471 0.871(149) 1.344 .385 [-1.484, 3.826] 0.088
IES*Treatment -0.075 -0.683(398) 0.109 495 [-0.289, 0.140] -0.068
PTSD Symptoms (IES-R Other i+1) predicted by Vividness (i)
IES-R Other autocorrelation -0.245 -6.692(391) 0.037 <.001 [-0.316,0.173] -0.677
Vividness -0.011 -0.518(391) 0.021 .605 [-0.053, 0.031] -0.085
Treatment -0.237 -0.367(149) 0.644 714 [-1.510, 1.037] -0.037
Viv*Treatment 0.012 0.311(391) 0.040 .756 [-0.066, 1.091] 0.031
Vividness (i+1) predicted by PTSD Symptoms (IES-R Other i) - Reverse
Vividness autocorrelation -0.380 -8.964(396) 0.042  <.001 [-0.463,0.297] -0.901
IES-R Other 0.310 4.131(396) 0.075 <.001 [0.163, 0.458] 0.677
Treatment 1.371 1.016(149) 1.349 3N [-1.295, 4.037] 0.102
|IES*Treatment -0.158 -1.254(396) 0.126 2N [-0.407,0.090] -0.126
Encapsulated Beliefs
PTSD Symptoms (CAPS i+1) predicted by Encapsulated Beliefs (i)
CAPS autocorrelation -0.486 -12.352(288) 0.039 <.001 [-0.564, 0.409] -1.456
Beliefs 0.036 2.785(288) 0.013 .006 [-0.010, 0.061] 461
Treatment 0.058 0.134(146) 0.429 .893 [-0.790, 0.905] .016
Bel*Treatment 0.056 2.779(288) 0.020 .006 [0.016, 0.096] .328
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Model b t(df) SE p 95% ClI d
Encapsulated Beliefs (i+1) predicted by PTSD Symptoms (CAPS i) - Reverse

Beliefs autocorrelation -0.394 -11.039(279) 0.036 <.001 [-0.465, 0.324] -1.322
CAPS 0.106 0.983(279) 0.108  .326 [-0.106,0.319] 163
Treatment 1.076 0.862(145) 1.248 .390 [-1.391, 3.542] 103
CAPS*Treatment -0.255 -1.552(279) 0.164 122 [-0.579, 0.069] -.186
PTSD Symptoms (IES-R Index i+1) predicted by Encapsulated Beliefs (i)

IES-R Index autocorrelation -0.330 -9.166(396) 0.036 <.001 [-0.400, 0.259] -0.921
Beliefs -0.031 1.661(396) 0.019 .097 [-0.006, 0.067] -0.272
Treatment 0.409 0.676(149) 0.605 .500 [-0.787, 1.604] 0.068
Bel*Treatment 0.094 3.116(396) 0.030 .002 [0.035, 0.153] 0.313
Encapsulated Beliefs (i+1) predicted by PTSD Symptoms (IES-R Index i) - Reverse

Beliefs autocorrelation -0.353 -8.638(397) 0.041  <.001 [-0.433,0.273] -0.867
IES-R Index 0.213 2.693(397) 0.099 .007 [-0.057,0.368] 0.441
Treatment 1.990 1.463(149) 1.400 145 [-0.697, 4.676] 0.147
IES*Treatment 0.257 2.149(397) 0.120 .032 [0.022, 0.493] 0.216
PTSD Symptoms (IES-R Other i+1) predicted by Encapsulated Beliefs (i)

IES-R Other autocorrelation -0.252 -6.475(391) 0.039 <.001 [-0.329,0.176] -0.655
Beliefs 0.018 0.974(391) 0.018 331 [-0.018, 0.054] 0.160
Treatment -0.279 -0.429(149) 0.650 .668 [-1.564, 1.006] -0.043
Bel*Treatment 0.025 0.812(391) 0.031 A7 [-0.036, 0.086] 0.082
Encapsulated Beliefs (i+1) predicted by PTSD Symptoms (IES-R Other i) - Reverse

Beliefs autocorrelation -0.328 -8.771(395) 0.037 <.001 [-0.401, 0.254] -0.894
IES-R Other 0.159 1.964(395) 0.081 .050 [-0.146, 0.319] 0.026
Treatment 1.786 1.315(149) 1.358 .190 [-0.897, 4.469] 0.130
IES*Treatment 0.282 2.094(395) 0.134 .037 [0.017,0.546] 0.21
Distress

PTSD Symptoms (CAPS i+1) predicted by Distress (i)

CAPS autocorrelation -0.493 -12.704(288) 0.039 <.001 [-0.569, 0.417] -1.497
Distress 0.044 3.463(288) 0.013 .001 [-0.019, 0.069] 0.573
Treatment 0.041 0.096(146) 0.424 924 [-0.798, 0.879] 0.011
Distress*Treatment 0.065 3.217(288) 0.020 .001 [0.025, 0.106] 0.379
Distress (i+1) predicted by PTSD Symptoms (CAPS i) - Reverse

Distress autocorrelation -0.420 -12.119(279) 0.035 <.001 [-0.488,0.352] -1.451
CAPS 0.244 2.323(279) 0.105 .021 [-0.037, 0.450] 0.386
Treatment 1.530 1.235(145) 1238 .219 [-0.918,3.977] 0.148
CAPS*Treatment -0.002 -0.012(279) 0.161 990 [-0.319, 0.315] -0.001
PTSD Symptoms (IES-R Index i+1) predicted by Distress (i)

IES-R Index autocorrelation -0.328 -8.651(396) 0.038  <.001 [-0.403, 0.254] -0.869
Distress 0.031 -1.450(396) 0.022 148 [-0.011, 0.074] -0.238
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Model b t(df) SE p 95% Cl d
Treatment 0.386 0.650(149) 0.594 517 [-0.788, 1.559] 0.065
Distress*Treatment 0.131 3.991(396) 0.033 <.001 [0.067, 0.196] 0.401

Distress (i+1) predicted by PTSD Symptoms (IES-R Index i) - Reverse

Distress autocorrelation -0.417 -9.544(397) 0.044 <.001 [-0.503, 0.331] -0.958
IES-R Index 0.237 3.159(397) 0.075  .002 [0.090, 0.385] 0.518
Treatment 2.118 1.857(149) 1178  .065 [-0.140, 4.515] 0.186
IES*Treatment 0.058 -0.532(397) 0.109  .595 [-0.271,0.156] -0.053

PTSD Symptoms (IES-R Other i+1) predicted by Distress (i)

IES-R Other autocorrelation -0.273 -6.821(391) 0.040 <.001 [-0.352,0.195] -0.689
Distress 0.051 2.441(391) 0.021 .016 [-0.009, 0.093] 0.395
Treatment -0.240 -0.370(149) 0.649 370 [-1.553, 1.042] -0.037
Distress*Treatment 0.048 1.412(391) 0.034 159 [-0.019, 0.114] 0.143

Distress (i+1) predicted by PTSD Symptoms (IES-R Other i) - Reverse

Distress autocorrelation -0.361 -9.189(395) 0.039 <.001 [-0.439, 0.284] -0.925
IES-R Other 0.145 1.905(395) 0.076  .057 [-0.046, 0.295] 0.312
Treatment 2.288 1.914(149) 1196  .058 [-0.074, 4.651] 0.193
IES*Treatment -.007 -0.061(395) 0.123 952 [-0.250, 0.234] -0.006

Note. CAPS-5 = Clinician Administered PTSD Scale for DSM-5, IES-R = Impact of Events Scale-Revised.

DISCUSSION

The present study examined the roles of vividness, encapsulated beliefs, and distress
as underlying mechanisms of change during EMDR and ImRs. Overall, both treatments
led to positive changes in all three mediators, which is consistent with previous studies
(Lee & Kwon, 2013; Leer et al., 2014; van den Hout et al., 2013) and with the main findings
of the IREM study (Boterhoven de Haan et al., 2020), which concluded that EMDR and
ImRs were not significantly different in reducing PTSD symptomatology and related
outcomes, although several small differences at mid-treatment in favor of EMDR were
observed. Interestingly, the findings indicate that changes in distress and the believability
of encapsulated beliefs are working mechanisms for ImRs. Unexpectedly, there were no
indications that vividness is a specific treatment mechanism for EMDR. There were some
marginal changes in the sensitivity analyses, but overall, the findings from these analyses
were similar and robust.

The finding that the relationship between changes in encapsulated beliefs and
distress was stronger for ImRs compared to EMDR is consistent with the theories about
ImRs (Arntz & Weertman, 1999) and with findings from previous studies (e.g., Cili et al.,
2017; Shibuya et al., 2018; Slofstra et al., 2016). In contrast, the relationship between
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changes in vividness and PTSD symptoms was not stronger for EMDR, which does not
support the idea that vividness is a unique change mechanism of EMDR. This finding is
inconsistent with the WM account (van den Hout & Engelhard, 2012). While we observed
decreases in vividness in response to EMDR, changes in vividness may not be related to
PTSD symptom change during EMDR. It is unclear why this hypothesis was not confirmed
in the present study and which other factor drives symptom change during EMDR. Other
non-specific treatment effects, such as the therapeutic relationship or the reconsolidation
of memories, may instead influence PTSD symptoms. In addition, another third factor
could influence both changes in vividness and PTSD symptoms. According to the Adaptive
Information Processing (AIP) model of EMDR (Shapiro, 2001; Solomon & Shapiro, 2008),
traumatic memories are stored isolated from other memory networks. Because these
memories are not correctly stored, the memory can be easily triggered, which results
in PTSD symptoms such as intrusions. EMDR facilitates the reintegration of the trauma
memory into more adaptive, existing memory networks. Changes in memory vividness
could play a role in this integration process but may not directly reduce PTSD symptoms.
Instead, other memory processes may be directly related to PTSD symptom change. For
example, one study found preliminary evidence for reduced activity in brain regions
involved in emotional processing, such as the amygdala, in response to eye movements
(Thomaes et al., 2016). Other possible mechanisms that also play a role during EMDR are
mindfulness and experiencing a sense of mastery, which in turn can become integrated
with the memory (Oren & Solomon, 2012). However, based on our current knowledge,
the findings remain inconclusive. Studies examining the effects of EMDR on reducing
the vividness and distress of memories only provide partial support for the WM account,
as these findings do not indicate if changes in these factors also drive PTSD symptom
change. Therefore, future studies should aim to replicate these findings and to investigate
other factors that are involved during EMDR treatment.

Interestingly, there were faster improvements in memory distress, vividness, and
the believability of encapsulated beliefs in EMDR compared to ImRs and for distress this
difference was maintained until the last follow-up assessment. The decrease in these
factors during EMDR are consistent with the findings from previous studies (Engelhard et
al., 2010; Leer et al., 2014; van den Hout et al., 2013). However, as many EMDR studies do
not assess encapsulated beliefs, these findings cannot be directly generalized, although
it was found that EMDR decreases posttraumatic cognitions (van den Berg et al., 2015).
These findings are also consistent with the WM account, which postulates that a dual
attention focus and taxing WM facilitate a reduction in the vividness and emotionality
of trauma memories (van den Hout & Engelhard, 2012). Following EMDR treatment,
memories are reconsolidated, and negative cognitions are addressed while more positive
cognitions are installed (Oren & Solomon, 2012; Solomon & Shapiro, 2008). However, as
ImRs is also thought to lead to a change in the meaning of memories, it is unclear why
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initially faster changes in encapsulated beliefs were observed during EMDR. Moreover,
it remains unknown why the rates of change of the mediators are inconsistent with the
underlying change mechanisms, although it must be noted that while changes can be
stronger in one group, this does not imply that such changes are also the driving working
mechanism of symptom change. In other words, while EMDR leads to faster changes in
vividness, encapsulated beliefs, and distress, PTSD symptom change during EMDR is not
explained by these changes. Therefore, we do not believe that the change trajectories
of these mediators over time could have influenced the findings regarding the observed
differences in the change mechanisms.

Another potential explanation for the faster decreases during EMDR is that according
to the EMDR protocol used in the IREM study (but also in general practice), the index
trauma was addressed first. For ImRs this was not mandatory, although the index trauma
had to be addressed during the first six sessions. Based on our clinical experience and
feedback from study therapists, the index trauma was often treated early during ImRs,
although not always as the first trauma. As the three mediators were assessed with
reference to the index trauma, this could create a bias in favor of EMDR and this may
explain why EMDR is more effective than ImRs during the first stages of treatment. In
addition, directly after starting EMDR, patients are asked to formulate explicit positive
cognitions, which could lead to a strong weakening of negative encapsulated beliefs.
Therefore, the early focus during EMDR on positive cognitions and the index trauma could
partly explain our findings. Future studies should investigate this difference in more detail.

In addition, other treatment and study factors may be involved that could have
influenced the findings regarding the working mechanisms. First, as we investigated
the treatment mechanisms between assessments, we were not able to examine these
mechanisms and changes more closely between treatment sessions. Therefore, vividness
may still play a role during EMDR, but perhaps this process mainly takes place during
the earlier stages of treatment. If the time between assessments exceeds the time scale
in which certain mechanisms occur, this may lead to overseeing such mechanisms.
Future studies should therefore study the working mechanisms during treatment by
assessing changes between treatment sessions. Second, as an anonymous reviewer
pointed out, during EMDR, clients need to form explicit cognitions and the pressure
they might experience to form positive cognitions might also lead to a decreased report
of the believability of encapsulated beliefs. Thus, the demand characteristics inherent
to EMDR may have led to biased ratings regarding the believability of encapsulated
beliefs, overshadowing the true causal relationship between encapsulated beliefs and
PTSD severity.

We also examined the general role of the three mediators during treatment. The
Granger causality effects regarding encapsulated beliefs and distress differed somewhat
per PTSD outcome. The findings indicated that reductions in the believability of
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encapsulated beliefs and distress preceded reductions in PTSD symptoms as measured
with a clinical interview, suggesting that these factors drive PTSD symptom change.
However, the opposite was found when we examined the IES-R Index trauma scores. This
inconsistency may have been caused by differences between interview-rated outcomes
and self-rated questionnaires, which may influence how people interpret and respond to
certain questions. It must also be noted that the IES-R is focused on the past week, while
the CAPS-5 is focused on the past month. This could lead to different change patterns
in these outcomes. In addition, the findings showed that vividness ratings decreased
in response to improvements in PTSD symptoms, suggesting that for patients with Ch-
PTSD, changes in the vividness of trauma memories may not drive symptom change
during treatment. Thus, while some findings indicated that changes in distress preceded
reductions in PTSD symptoms, vividness did not play a role. This finding is inconsistent
with the findings Smeets et al. (2012), who concluded that changes in vividness may
precede changes in emotionality and thus may play a more important role. However, this
study examined session-by-session change, while the current study examined changes
between assessments. Therefore, we cannot directly generalize these findings.

The present study has several limitations. First, as mentioned previously, the
treatment protocols differed regarding when and how intensively the index trauma
was treated. This may hinder a direct comparison between EMDR and ImRs, especially
as the scores on the treatment mediators were based on the index trauma. Second,
there was a relatively long time between the study assessments, especially between the
two follow-up assessments (i.e., six months). Therefore, we could not assess more fine-
grained changes within these periods and between treatment sessions. During the last
follow-up period, participants could also receive other forms of mental health treatment,
which may have played a role. In addition, the timing of the assessments could also have
influenced the findings. For example, the observed relationships may differ between
certain periods (i.e., waitlist compared to the other phases). However, according to our
sensitivity analysis, this did not have a strong impact as the findings were similar. Future
studies should aim to assess changes in these mediators and PTSD symptoms on a smaller
time interval, such as at the start or end of each session. However, in many clinical trials,
participants must complete an already large battery of questionnaires and interviews
and therefore this is not always feasible. Third, the current study only addressed three
possible underlying mechanisms of action, while several other mechanisms of change
could also play an important role in ImRs, EMDR, or PTSD treatment in general, such as
overcoming experiential avoidance, updating the memory, change of emotion regulation
strategies, achieving a sense of self-mastery, or the working alliance (Arntz & Weertman,
1999; Hackmann, 2011; Oren & Solomon, 2012).
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To our knowledge, this is the first study in which the possible underlying working
mechanisms of EMDR and ImRs were directly compared. In contrast to many other
experimental studies, we investigated complete stand-alone treatments instead of a
single or few treatment sessions, and the treatments were conducted in a clinical setting
instead of university or laboratory settings with non-clinical participants. The findings
partly indicated that ImRs works through changes in distress and encapsulated beliefs,
whereas the hypothesis that changes in vividness are a mechanism of change in EMDR
was not supported. However, faster changes during treatment were observed for EMDR.
It remains puzzling why, despite faster changes in hypothesized mechanisms, we failed
to detect any evidence for these mechanisms within the EMDR treatment arm in terms
of Granger causality. Future studies should try to replicate these findings but should also
include more fine-grained assessments during treatment sessions and ensure equate
timing of addressing the index trauma processing in the different treatment arms. A
clinical study on these working mechanisms could also help to improve the laboratory
studies on these mechanisms (Kredlow et al., 2022). In addition, as suggested by a
reviewer, future studies should also compare the working mechanisms of ImRs and EMDR
to a trauma-focused treatment that may have similar effects, such as trauma-focused
cognitive behavioral therapy (Hackmann et al., 2004). In sum, this study broadened our
knowledge about the mechanisms of change of ImRs and EMDR which may help tailor
treatments to specific symptoms or combine components of different treatments to
further improve the effectiveness of EMDR and ImRs.
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FOOTNOTES

' As seen in our preregistration, we mistakenly formulated the same hypotheses for
the reverse relationships. This is also illogical from a theoretical viewpoint, and we
cannot formulate a process to explain this mechanism, so we decided to add this as an
exploratory analysis instead.
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Table S1

SUPPLEMENTARY MATERIALS

Scores on the Outcomes and Mediators at each Assessment per Treatment and for the Total Sample

EMDR (n=81) ImRs (n=74) Total (n=155)
Variable n M SD n M sD n M SD
Vividness
Waitlist 50 79.60 21.66 39 78.21 20.88 89 78.99 21.22
Pre-treatment 78 76.79 19.51 71 75.07 24.25 149 75.97 21.84
Mid-treatment 73 54.93 31.72 66 70.61 23.98 139 62.37 29.28
Post-treatment 69 44.35 35.99 66 58.48 28.08 135 51.26 33.02
Follow-up 1 68 40.00 30.62 60 52.50 28.50 128 45.86 30.18
Follow-up 2 53 38.30 30.68 45 46.00 31.14 98 41.84 30.98
Negative valence
Waitlist 50 81.20 21.25 40 79.25 19.13 90 80.33 20.25
Pre-treatment 78 80.77 2214 71 76.48 23.61 149 78.72 22.88
Mid-treatment 73 35.75 32.44 66 57.27 28.64 139 45.97 3243
Post-treatment 68 2191 28.51 66 41.21 29.27 134 31.42 30.37
Follow-up 1 68 28.53 31.06 60 38.67 31.38 128 33.28 31.50
Follow-up 2 53 27.74 30.30 45 40.67 31.36 98 33.67 31.31
Encapsulated beliefs
Waitlist 50 90.00 12.94 40 77.50 29.24 90 84.44 22.49
Pre-treatment 78 84.74 24.95 71 75.77 30.17 149 80.47 27.83
Mid-treatment 73 39.04 37.05 66 62.88 31.76 139 50.36 36.52
Post-treatment 68 30.15 33.39 66 38.48 34.47 134 34.25 34.06
Follow-up 1 68 27.50 31.55 60 36.00 34.65 128 31.48 33.18
Follow-up 2 53 24.53 30.61 45 32.67 36.64 98 28.27 33.58
IES-R Index
Waitlist 52 52.56 12.89 40 52.95 16.03 92 52.73 14.26
Pre-treatment 79 49.39 15.40 73 50.15 15.92 152 49.76 15.61
Mid-treatment 63 21.62 19.16 65 32.34 22.49 128 27.06 21.52
Post-treatment 72 18.08 19.05 67 21.94 20.23 139 19.93 19.65
Follow-up 1 68 18.25 19.07 59 20.78 21.95 127 19.43 20.41
Follow-up 2 57 16.49 19.36 49 18.80 19.49 106 17.56 19.36
IES-R Other
Waitlist 52 45.94 15.98 40 46.95 19.05 92 46.38 17.29
Pre-treatment 79 46.27 16.58 72 46.65 18.64 152 46.45 17.54
Mid-treatment 63 27.46 20.35 64 31.92 22.09 127 29.71 21.28
Post-treatment 72 21.64 20.86 67 23.87 20.80 139 22.71 20.78
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EMDR (n=81) ImRs (n=74) Total (n=155)

Variable n M SD n M SD n M SD
Follow-up 1 68 20.49 19.21 59 2293 22.70 127 21.62 20.85
Follow-up 2 57 20.04 21.07 48 21.06 21.27 105 20.50 21.06
CAPS-5

Waitlist 51 38.18 10.88 40 52.95 16.03 88 39.24 10.70
Pre-treatment 79 36.63 10.89 71 38.45 11.17 147 37.69 10.74
Post-treatment 68 21.57 16.67 66 24.27 15.12 131 2293 16.06
Follow-up 1 69 18.99 16.61 60 19.40 14.25 126 18.75 15.02
Follow-up 2 56 16.25 15.61 50 15.90 13.09 106 16.18 14.45

Note. IES-R = Impact of Events Scale-Revised, CAPS-5 = Clinician Administered PTSD Scale for DSM-5.

Table S2

Model Outcomes of the Sensitivity Analyses Testing the Granger Causality Models and the Interaction with

Treatment
Model b t(df) SE P 95% ClI d
Vividness
PTSD Symptoms (CAPS i+1) predicted by Vividness (i)
CAPS autocorrelation -0.370 8.674(286) 0.043 <.001 [-0.454,-0.286] -1.026
Vividness 0.002 0.136 (286) 0.016 .892 [-0.033, 0.029] -0.023
Treatment 0.181 0.387(146) 0.466 .699 [-0.741,1.102] 0.046
Index -1.147 0.583(286) 1.968 .560 [-5.020, 2.726] -0.069
Viv*Treatment 0.046 1.662(286) 0.028 .098 [-0.008, 0.100] 0.197
Vividness*Index 0.156 3.195(286) 0.049 .002 [0.060, 0.252] 0.378
Vividness (i+1) predicted by PTSD Symptoms (CAPS i) - Reverse
Vividness autocorrelation -0.446 9.874(278) 0.045 <.001 [-0.535,-0.357] -1.184
CAPS 0.338 2.701(278) 0.125 .007 [0.091, 0.584] 0.449
Treatment 1.442 0.992(145) 1.453 323 [-1.430, 4.314] 0.119
Index -6.013 0.667(278) 9.015 .505 [-23.758, 11.733] -0.080
CAPS*Treatment -0.221 1.254(278) 0.176 21 [-0.567,0.126] -0.150
CAPS*Index 0.695 2.399(278) 0.290 .017 [0.125,1.265] 0.288
PTSD Symptoms (IES-R Index i+1) predicted by Vividness (i)
IES-R Index autocorrelation -0.252 6.533(394) 0.039 <.001 [-0.327,-0.176] -0.658
Vividness 0.011 0.522(394) 0.022  .602 [-0.031,0.054] 0.086
Treatment 0.610 0.964(149) 0.633 337 [-0.641, 1.860] 0.097
Index -0.173 0.070(394) 2.453 944 [-4.995, 4.650] -0.007
Vividness*Treatment 0.043 1.094(394) 0.039  .275 [-0.034, 0.120] 0.110
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Model b t(df) SE P 95% Cl d
Vividness*Index 0.282 3.815(394) 0.074 <.001 [0.137,0.427] 0.384
Vividness (i+1) predicted by PTSD Symptoms (IES-R Index i) - Reverse

Vividness autocorrelation -0.391 8.955(395) 0.044  <.001 [-0.477,-0.305] -0.901
IES-R Index 0.360 4.536(395) 0.079  <.001 [0.204, 0.516] 0.743
Treatment 2.881 1.969(149) 1.464 .051 [-0.011,5.773] 0.198
Index -9.875 1.634(395) 6.041 103 [-21.760, 2.009] -0.164
IES*Treatment -0.061 0.569(395) 0.108 .570 [-0.273,0.151] -0.057
IES*Index 0.631 2.935(395) 0.215 .004 [0.208, 1.054] 0.295
|IES*Treatment*Index -0.725 2.661(395) 0.272 .008 [-1.260, -0.189] -0.268
PTSD Symptoms (IES-R Other i+1) predicted by Vividness (i)

IES-R Other autocorrelation  -0.245 6.692(391) 0.037 <.001 [-0.316,0.173] -0.677
Vividness -0.011 0.518(391) 0.021 .605 [-0.053, 0.031] -0.085
Treatment -0.237 0.367(149) 0.644 714 [-1.510, 1.037] -0.037
Viv*Treatment 0.012 0.311(391) 0.040 .756 [-0.066, 1.091] 0.031
Vividness (i+1) predicted by PTSD Symptoms (IES-R Other i) - Reverse

Vividness autocorrelation -0.380 -8.964(396) 0.042  <.001 [-0.463, 0.297] -0.901
IES-R Other 0.310 4.131(396) 0.075 <.001 [0.163, 0.458] 0.677
Treatment 1.371 1.016(149) 1.349 3N [-1.295, 4.037] 0.102
IES*Treatment -0.158 -1.254(396) 0.126 2N [-0.407,0.090] -0.126
Encapsulated beliefs

PTSD Symptoms (CAPS i+1) predicted by Encapsulated Beliefs (i)

CAPS autocorrelation -0.383 8.769(286) 0.044 <.001 [-0.470,-0.297] -1.037
Beliefs 0.032 2.153(286) 0.015 .032 [0.003, 0.061] 0.356
Treatment 0.361 0.782(146) 0.461 435 [-0.551,1.273] 0.093
Index -1.257 0.565(286) 2.225 573 [-5.636, 3.123] -0.067
Beliefs*Treatment 0.049 2.360(286) 0.021 .018 [0.008, 0.091] 0.279
Beliefs*Index 0.175 4.435(286) 0.039 <.001 [0.097,0.252] 0.525
Encapsulated Beliefs (i+1) predicted by PTSD Symptoms (CAPS i) - Reverse

Beliefs autocorrelation -0.371 9.200(276) 0.040 <.001 [-0.450,-0.291] -1.108
CAPS 0.084 0.724(276) 0.116 470 [-0.145,0.314] 0.120
Treatment 3.1 2.041(145) 1.524 .04 [0.098, 6.123] 0.245
Index -8.388 1.018(276) 8.237 .309 [-24.603, 7.827] -0.122
CAPS*Treatment -0.264 1.590(276) 0.166 113 [-0.591, 0.063] -0.191
CAPS*Index 0.971 3.879(276) 0.250 <.001 [0.478, 1.464] 0.467
CAPS*Treatment*Index 1.043 2.727(276) 0.383 .007 [-1.796, -0.290] -0.328
PTSD Symptoms (IES-R Index i+1) predicted by Encapsulated Beliefs (i)

IES-R Index autocorrelation -0.253 6.248 (394) 0.040 <.001 [-0.332,-0.173] -0.630
Beliefs 0.020 1.073(394) 0.019 .284 [-0.017,0.058] 0.176
Treatment 0.833 1.317(149) 0.632 .190 [-0.416, 2.082] 0.133
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Model b t(df) SE P 95% ClI d
Index -3.560 1.292(394) 2.756 197 [-8.979, 1.858] -0.130
Beliefs*Treatment 0.076 2.500(394) 0.030 .013 [0.016, 0.136] 0.252
Beliefs*Index 0.276 4.568(394) 0.060 <.001 [0.157,0.394] 0.460
Encapsulated Beliefs (i+1) predicted by PTSD Symptoms (IES-R Index i) - Reverse

Beliefs autocorrelation -0.312 7.712(394) 0.040 <.001 [-0.391,-0.233] -0.777
IES-R Index 0.200 2.354(394) 0.085 .019 [0.035, 0.366] 0.386
Treatment 5.164 3.445(149) 1.499 .001 [2.229,8.099] 0.347
Index -18.592 3.084(394) 6.029 .002 [-30.337,-6.846] -0.311
IES*Treatment 0.218 1.895(393) 0.115 .059 [-0.006, 0.442] 0.191
IES*Index 0.995 4.774(394) 0.208 <.001 [0.589, 1.401] 0.481
IES*Treatment*Index -1.501 5.742(394) 0.261 <.001 [-2.010,-0.992] -0.579
PTSD Symptoms (IES-R Other i+1) predicted by Encapsulated Beliefs (i)

IES-R Other autocorrelation -0.249 5.945(389) 0.042 <.001 [-0.331,-0.166] -0.603
Beliefs 0.011 0.563(389) 0.019 574 [-0.027,0.048] 0.092
Treatment -0.016 0.024(149) 0.660 981 [-1.320, 1.289] -0.002
Index -4.669 1.630(389) 2.865 104 [-10.302, 0.964] -0.165
Beliefs*Treatment 0.018 0.566(389) 0.031 572 [-0.044, 0.079] 0.057
Beliefs*Index 0.157 2.577(389) 0.061 .010 [0.037,0.278] 0.261
Encapsulated Beliefs (i+1) predicted by PTSD Symptoms (IES-R Other i) - Reverse

Beliefs autocorrelation -0.298 7.817(392) 0.038  <.001 [-0.375,-0.223] -0.790
IES-R Other 0.154 1.769(392) 0.087 .078 [0.017,0.326] 0.290
Treatment 3.677 2.503(149) 1.469 .013 [0.775, 6.579] 0.253
Index -8.344 1.493(392) 5.590 136 [19.333, 2.647] -0.151
IES*Treatment 0.263 1.981(392) 0.133 .048 [0.002, 0.524] -0.200
IES*Index 0.650 2.799(392) 0.232 .005 [0.193, 1.106] -0.283
IES*Treatment*Index -1.365 4.056(392) 0.336  <.001 [-2.026,-0.703] -0.410
Distress

PTSD Symptoms (CAPS i+1) predicted by Distress (i)

CAPS autocorrelation -0.371 8.693(286) 0.043  <.001 [-0.455,-0.287] -1.028
Distress 0.050 3.152(286) 0.016 .002 [0.019, 0.081] 0.522
Treatment 0.054 0.118(146) 0.459 906 [-0.852,0.961] 0.014
Index 0.858 0.366(286) 2.346 715 [-3.761,5.477] 0.043
Distress*Treatment 0.064 3.034(286) 0.021 .003 [0.023, 0.106] 0.359
Distress*Index 0.171 4.754(286) 0.036 <.001 [0.100, 0.242] 0.562
Distress (i+1) predicted by PTSD Symptoms (CAPS i) - Reverse

Distress autocorrelation -0.331 7.776(276) 0.043 <.001 [-0.415, -0.248] -0.936
CAPS 0.275 2.447(276) 0.112 .015 [0.054, 0.495] 0.406
Treatment 3.176 2.116(145) 1.501 .036 [0.209, 6.142] 0.255
Index 10.714 1.185(276) 9.039 .237 [-7.079, 28.5071] 0.143
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Model b t(df) SE P 95% Cl d
CAPS*Treatment 0.036 0.224(276) 0162  .823 [-0.282,0.355] 0.027
CAPS*Index 0.841 3.145(276) 0.267  .002 [0.315,1.367] 0.379
CAPS*Treatment*Index -0.873 2.158(276) 0.404  .032 [-1.669, -0.077] -0.260
PTSD Symptoms (IES-R Index i+1) predicted by Distress (i)

IES-R Index autocorrelation ~ -0.190 4.563(393) 0.042  <.001 [-0.272,-0.108] -0.460
Distress 0.029 1.199(393) 0.024 231 [-0.018, 0.076] 0.196
Treatment 1.027 1.454(149) 0.706  .148 [-0.368, 2.422] 0.146
Index -3.038 1.082(393) 2.808  .280 [-8.558, 2.482] -0.109
Distress*Treatment 0.113 3.433(393) 0.033  .001 [0.048,0.178] 0.346
Distress*Index 0.309 5.840(393) 0.053  <.001 [0.205, 0.413] 0.589
Distress*Treatment* -0.184 2.391(393) 0.077 .017 [-0.335,-0.033] -0.241
Index

Distress (i+1) predicted by PTSD Symptoms (IES-R Index i) - Reverse

Distress autocorrelation -0.357 7.783(394) 0.045 <.001 [-0.447,-0.267] -0.784
IES-R Index 0.257 3.231(394) 0.192 .001 [0.101, 0.414] 0.529
Treatment 4.225 3.187(149) 1333 .002 [1.606, 6.844] 0.321
Index -12.978 2.267(394) 5724 024 [-24.232,-1.724] -0.228
IES*Treatment -0.095 -0.896(394) 0.107 371 [-0.305,0.114] -0.090
IES*Index 0.940 4.535(394) 0.207  <.001 [0.532, 1.347] 0.457
IES*Treatment*Index -0.877 3.400(394) 0.258  .001 [-1.384,-0.370] -0.343
PTSD Symptoms (IES-R Other i+1) predicted by Distress (i)

IES-R Other autocorrelation ~ -0.217 5.123(389) 0.042  <.001 [-0.300,-0.133] -0.519
Distress 0.049 2.101(389) 0.023  .036 [0.003, 0.095] 0.344
Treatment -0.190 0.281(389) 0.677 779 [-1.527,1.146] -0.029
Index -2.883 0.977(389) 2.951 .329 [-8.684,2.918] -0.099
Distress*Treatment 0.043 1.288(389) 0.034 198 [-0.023,0.109] 0.131
Distress*Index -0.189 3.510(389) 0.054  .001 [-0.083, 0.295] -0.356
Distress (i+1) predicted by PTSD Symptoms (IES-R Other i) - Reverse

Distress autocorrelation -0.313 7.334(392) 0.042 <.001 [-0.396,-0.229] -0.741
IES-R Other 0.148 1.829(392) 0.081 .068 [-0.011,0.306] 0.300
Treatment 3.594 2.273(149) 1317  .007 [0.991, 6.196] 0.276
Index -5.274 0.988(392) 5337 324 [-15.768, 5.220] -0.100
IES*Treatment -0.033 0.270(392) 0.123 .787 [-0.276, 0.209] -0.027
IES*Index 0.579 2.575(392) 0.225 .010 [0.137,1.022] 0.260
IES*Treatment*Index -0.931 2.862(392) 0.325  .004 [-1.570,-0.291] -0.289

Note. CAPS-5 = Clinician Administered PTSD Scale for DSM-5, IES-R = Impact of Events Scale-Revised.
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