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Abstract
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Department of Psychology

Despite strong empirical support for the effectiveness of existing exposure-based and
pharmacological treatments for trauma-related psychopathology (Cusack et al., 2016; Jeffreys et
al., 2012; Sakaluk et al., 2019), far less is known about the processes driving clinical change.
Existing research points to change processes involving both positively and negatively valenced
affect, cognitions, and processing styles; yet past studies have been limited by overreliance on
self-report measures, a dearth of longitudinal studies examining session-to-session change, and
failures to integrate cognitive, affective, and processing variables in computational modeling
approaches designed to study change. Although several studies have documented the role of
decreases in negative processes in promoting recovery from trauma-related psychopathology

(e.g., Cooper, Clifton, et al., 2017), inhibitory learning models of extinction processes during



exposure therapy increasingly point towards the importance of cultivating increases in positive
processes as well (Craske et al., 2016, 2019; Zbozinek & Craske, 2017). In the present study,
patients (N = 149) with primary PTSD enrolled in a clinical trial of prolonged exposure (PE)
delivered alone or augmented with sertraline completed self-report measures of positive and
negative affect (PA and NA) across ten sessions of treatment. Trained coders rated cognitive,
affective, and processing psychotherapy change processes during psychotherapy sessions, coding
both patient statements and behaviors at the first session and subsequent sessions after imaginal
exposure to the trauma memory. Utilizing dynamic structural equation modeling, Study 1
examined temporal patterns of change in self-reported positive and negative affect and PTSD
symptoms over treatment, and Study 2 examined patterns of change in positive and negative
systems of psychotherapy process change processes and their relation to PTSD symptoms from
session to session. In Study 1, positive affect increased moderately (d = 0.51) and NA decreased
strongly (d = 0.78) across treatment sessions. Changes in PA and NA were generally reciprocal
(PA>NA1: ES =-0.09, 95%CI = -0.15, -0.02; NA2>PAw1: ES =-0.20, 95%CI =-0.28, -0.13).
However, changes in PTSD more strongly predicted next session negative affect (PTSDi2>NA1:
ES =0.50, 95%CI = 0.38, 0.60) and positive affect (PTSDi=>PAw1: ES =-0.26, 95%CI=-0.34, -
0.17) than the reverse. PE augmentation with an SSRI did not moderate temporal associations. In
Study 2, positive system activation increased strongly (d = 1.42) and negative system activation
decreased strongly (d = 0.98) over treatment sessions. Changes in positive and negative systems
were reciprocal, with stronger effects of positive system activation on subsequent negative
system activation than vice versa (positive system; = negative systems+1: ES = -0.25, 95% CI [-
0.38, -0.11]); negative system; = positive system+1: ES =-0.09, 95% CI [-0.16, -0.004]), and the

effect of positive system changes on negative system changes was stronger with sertraline



augmentation (interaction ES =-0.42, 95% CI [-0.80, -0.10]). These findings were the opposite
of the patterns observed for self-reported affect and PTSD. Decreases in PTSD symptoms
predicted subsequent increases in positive (PTSD; = positive system1: ES=-0.44, 95% CI [-
0.55, -0.37]) and decreases negative system activation (PTSD; = negative system+1: ES=0.38,
95% CI1[0.26, 0.52]), respectively, but system changes did not predict subsequent changes in
PTSD symptoms. Across studies, prolonged exposure produced substantial improvements in
self-reported PA and NA as well as positive and negative emotions, cognitions, and processing
styles during imaginal exposure processing. General affective changes may be more a
consequence than a driver of PTSD improvement during PE, with improvements in NA and PA
potentially linked to the extinction of negative emotional responses to trauma cues and increased
engagement with rewarding activities, respectively. Increases in positive psychotherapy
processes may be an especially robust indicator of improvement in treatment and may help
patients overcome problems in psychotherapy indexed by increases in negative psychotherapy
processes. The impacts of positive psychotherapy processes may be more pronounced with

medication augmentation of psychotherapy.
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Psychotherapy Processes in PTSD Treatment: Trajectories of Positive and Negative Valence
Systems

Exposure to traumatic events is nearly ubiquitous, and trauma-related psychopathology is
both common and debilitating, with U.S. national lifetime prevalence estimates for posttraumatic
stress disorder (PTSD) ranging from 6.1-8.3% (Goldstein et al., 2016; Kessler et al., 2012;
Kilpatrick et al., 2013). Trauma-related psychopathology is associated with broad functional
impairments, and approximately six in ten individuals with lifetime presence of PTSD receive
mental health treatment (Goldstein et al., 2016). There is strong empirical support for both
trauma-focused psychotherapies and selective serotonin reuptake inhibitors for the treatment of
PTSD. Recent clinical practice guidelines for treating PTSD strongly recommend trauma-
focused cognitive behavioral therapies (CBTs), including exposure-based therapies such as
prolonged exposure (PE; Foa et al., 2007), as first-line treatments (American Psychological
Association, 2019; Benedek et al., 2009), and considering SSRIs for patients with a preference
for medication treatment (National Institute for Health and Care Excellence, 2018). Indeed,
meta-analyses suggest large treatment effects for PE and other forms of trauma-focused therapies
for PTSD (Cusack et al., 2016; Sakaluk et al., 2019; Watts et al., 2013).

Despite a wealth of evidence supporting the effectiveness of trauma-focused therapies for
PTSD, the literature examining therapeutic change processes is less developed. Understanding
how evidence-based treatments work — that is, elucidating processes of change in psychotherapy
and their driving mechanisms — is critical to optimizing treatment effectiveness, addressing
factors responsible for non-response to treatment, and overcoming obstacles to treatment

dissemination and engagement (Kazdin, 2007; Miller, 2010). Knowledge of treatment



mechanisms can also facilitate cultural adaptations of existing treatments and new treatment
development (e.g., Craske et al., 2016; Zoellner et al., 2018).
Exposure-Based Models of PTSD Treatment

Fear conditioning and extinction processes are thought to contribute substantially to the
etiology and treatment of anxiety and traumatic-stressor disorders (Bouton, 2000; Bouton &
Nelson, 1998; Craske et al., 2012; Grillon, 2008). For instance, a sexual assault survivor may
encode associations between the assault itself, an unconditioned stimulus (US), with other,
previously neutral stimuli, a conditioned stimulus (CS), present at or related to the assault, such
as physical characteristics of the perpetrator (e.g., facial hair) or the location and circumstances
of the assault (e.g., alone in a dorm room). After the assault, encountering a CS in the absence of
the US may trigger a fear response by virtue of the CS’s conditioned association with the US.
Accordingly, treatments often aim to reduce conditioned fear responses, known as fear
extinction, by presenting CS’s repeatedly in the absence of the US, leading to declines in fear
responses over time. Exposure therapies such as PE are often conceptualized as promoting fear
extinction, as clients are repeatedly exposed to conditioned fear cues in order to promote new
learning that attenuates fear responding (Craske et al., 2014; Gillihan & Foa, 2011).

A prominent model of anxiety disorders and the mechanisms underlying recovery,
emotional processing theory (Foa et al., 2006; Foa & Kozak, 1986; Foa & McNally, 1996),
conceptualizes fear as represented by network structures in memory that function as programs to
escape or avoid danger. The model suggests that anxiety and traumatic-stress related
psychopathology stem from pathological fear structures within memory (Lang, 1979), in which
representations of feared stimuli (e.g., honking car horn), fear responses (e.g., racing heart;

subjective fear), and their meaning (e.g., “I’'m going to be in a car crash”) are exaggerated or
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inaccurate, leading to excessive fear responding. Exposure to trauma-related, fear CSs in the
absence of aversive outcomes, together with emotional processing, in which the fear memory
structure is activated and then modified by information inconsistent with the fear memory, leads
to increasingly flexible, accurate, and adaptive fear structures (Foa & Kozak, 1986). While
originally, emotional processing theory suggested that the elements and associations within fear
structures are updated or re-written via exposure and emotional processing (Foa & Kozak, 1986),
updates to the theory have increasingly emphasized the creation of new, non-fear associations
that compete with the old fear associations, consistent with inhibitory learning models (e.g., Foa
et al., 2006; Foa & McNally, 1996).

The inhibitory learning model of exposure-based psychotherapy complements emotional
processing theory and makes unique predictions about the factors that lead to fear extinction
(Bouton, 2004; Craske et al., 2008, 2014). According to the inhibitory learning model, the
original, fear-excitatory CS-US association acquired during fear conditioning (e.g., during a
traumatic event) remains intact, while secondary, fear-inhibiting CS-US associations are formed
as the CS is encountered without the US. Thus, inhibitory learning involves learning that the CS
no longer predicts the occurrence of the US (Bouton, 1993, 2004; Craske et al., 2014). Over
repeated successful exposure to CSs where the US does not occur, the secondary, inhibitory CS-
US association ambiguates the meaning of the CS, leading to decreased fear responding. Context
serves to disambiguate the meaning of the CS. However, conditioned fear may be renewed as
time passes since the end of extinction, if the US re-occurs, or if the CS is encountered in a
different context from where extinction occurred. Inhibitory learning models are consistent with

findings from both rodent and human studies demonstrating the role in fear extinction of the
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ventromedial prefrontal cortex inhibiting threat responses from the amygdala (Kredlow et al.,
2022; Milad et al., 2009; Quirk et al., 2007; Shin & Liberzon, 2010).
Processes of Change in PTSD Treatment

Both emotional processing theory and the inhibitory learning model suggest that changes
in negative affective and cognitive processes such as fear and trauma-related beliefs over the
course of exposure therapy serve as indicators of emotional processing or inhibitory learning,
leading to reductions in psychopathology (Craske et al., 2012; Foa et al., 2006). Although most
studies of emotional processing and inhibitory learning in exposure therapy have focused on
changes in these negative processes, developments in the inhibitory learning literature suggest
that increases in positive affective and related cognitive processes may facilitate recovery as well
(e.g., Zbozinek & Craske, 2017). Accounting for both positive and negative change processes in
exposure therapy may provide a more comprehensive picture of recovery during treatment for
trauma-related psychopathology. Additionally, PTSD is often treated with SSRI medication,
either alone or in combination with psychotherapy (Bandelow et al., 2012), highlighting the
importance of understanding shared and distinct change processes across psycho- and
pharmacotherapies.
Processes Involving Negative Affect and Cognitions

Anxiety and traumatic-stressor disorders may develop in part due to deficits in extinction
or inhibitory learning (e.g., Craske et al., 2012; Indovina et al., 2011; Jovanovic et al., 2010), and
thus treatment strategies that enhance inhibitory learning are thought to potentially facilitate
recovery. Both emotional processing theory and inhibitory learning models suggest that
emotional engagement, or fear activation, during exposure to the CS is critical for new learning

to occur (Craske et al., 2008; Foa et al., 2006; Foa & McNally, 1996). Similarly, both emphasize
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expectancy violation, whereby expectations of aversive events during exposure are not born out,
and the importance of blocking avoidance of the CS during exposure, which are thought to
interfere with new extinction learning. However, emotional processing theory and inhibitory
learning diverge with respect to the role and nature of extinction, or reductions in fear within and
across exposure trials. Originally, emotional processing theory maintained that reductions in fear
during a given exposure trial (within-session extinction) and between exposure trials (between-
session extinction) are necessary to promote extinction learning (Foa & Kozak, 1986; Foa &
McNally, 1996); updates to emotional processing have de-emphasized the importance of within-
session extinction in accordance with empirical findings (Brown et al., 2019). Within-session
extinction of the fear response provides information incompatible with the fear structure,
forming the basis for between-session extinction, which is thought to promote changes in
meaning elements in the form of lowered expectancies of aversive outcomes (Craske et al.,
2012). The inhibitory learning model posit that fear expression during extinction trials is a poor
index of inhibitory learning, as inhibitory associations are learned independently of expressed
fear during extinction trials. Rather, inhibitory learning is thought to be more dependent on
context and time (Craske et al., 2008, 2012). Craske and colleagues (2012) have suggested that
inhibitory learning is better indexed by independent outcome measures (e.g., symptom severity)
obtained post-extinction.

Earlier iterations of emotional processing theory have typically referred to within- and
between- session reductions in fear using the clinical term habituation, rather than extinction, and
many studies of emotional processing theories mirror this terminology (Foa & Kozak, 1986; Foa
& McNally, 1996). However, in the broader behavioral neuroscience field habituation refers to

decreases in responding that likely does not involve learning (Furlong et al., 2016), whereas in
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the exposure therapy literature typically habituation refers to decreases in conditioned responses
that involve extinction learning (Rauch & Foa, 2006). Thus, this paper will refer to within- and
between-session extinction, rather than habituation. Below, evidence for change processes tied to
extinction learning during exposure treatment for PTSD is reviewed, followed by evidence for
processes implicated more broadly by emotional processing and inhibitory learning models of
treatment for trauma-related psychopathology.

Emotional Activation. There is mixed but generally strong evidence arguing that
emotional engagement, or the activation of fear, anxiety, or distress during exposure trials,
facilitates extinction learning during exposure therapy (Cooper, Clifton, et al., 2017). Emotional
engagement has typically been measured subjectively via the Subjective Units of Distress scale
(SUDs; Wolpe & Lazarus, 1966) administered throughout exposure exercises, physiologically
via heart rate or skin conductance response (e.g., Pitman et al., 1996), and, rarely, behaviorally
via facial fear ratings (Foa et al., 1995). For example, Foa and colleagues (1995) found that
observer-rated facial fear (» =.78) and peak SUDs (r =.71) during imaginal exposure were
associated with greater reductions in post-treatment PTSD symptoms, and Pitman and colleagues
(1996) found that change in resting-to-peak heart rate (» = .70), but not skin conductance, was
associated with fewer post-treatment re-experiencing symptoms. Using a subjective measure of
emotional engagement, Rauch and colleagues (2004) found that post-treatment PTSD symptoms
were associated with peak SUDs during the final imaginal exposure (r = .48), but not the first
imaginal exposure in a trial of PE with or without cognitive restructuring. Harned and colleagues
(2015) failed to find a relationship between pre to peak SUDs change averaged across sessions
and loss of PTSD diagnosis post-treatment. Overall, studies have generally found moderate to

strong relationships between greater emotional engagement during exposure and favorable
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changes in PTSD post-treatment, but findings vary across measures of emotional engagement
and the session in which engagement was assessed. Notably, these studies largely relied on
subjective, self-report measures of distress and tended to utilize a single session of exposure to
predict post-treatment outcomes, as opposed to examining the role of changes in emotional
engagement from session to session, which may provide a more nuanced view of the dynamics
of emotional engagement and symptom change over time.

Within-Session Extinction. Despite emotional processing theory’s early assertion that
within-session extinction is a necessary precursor of between-session extinction and subsequent
changes in meaning and PTSD symptoms (Foa & Kozak, 1986; Foa & McNally, 1996), there is
little evidence that within-session extinction is necessary for therapeutic change (Craske et al.,
2008). Some studies have found positive, marginal trends for within-session extinction of heart
rate during PE correlating with improvements in PTSD (e.g., Pitman et al., 1996), and several
studies have failed to find a significant relationship between within-session extinction during the
first imaginal exposure and treatment outcomes (Nacasch et al., 2015; Pitman et al., 1996; van
Minnen & Foa, 2006; van Minnen & Hagenaars, 2002). However, a more recent study utilizing a
mixed modeling approach found that greater within-session extinction during imaginal exposure
was strongly associated with better symptom improvement at the next session and with superior
treatment response (de Kleine et al., 2015). Nonetheless, most studies failed to find a significant
relationship between within-session extinction and treatment outcomes.

Between-Session Extinction. Unlike within-session extinction, several studies point to
the role of between-session extinction in therapeutic changes in anxiety and PTSD (Cooper,
Clifton, et al., 2017). Several studies have found that between-session extinction, operationalized

as the difference between peak or mean SUDs from the first and last exposures, was moderately
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associated with PE outcomes (Gallagher & Resick, 2012; Harned et al., 2015; Nacasch et al.,
2015; Rauch et al., 2004; van Minnen & Foa, 2006). Mean between-session change in peak
SUDs was related to larger change over time and lower post-treatment PTSD (de Kleine et al.,
2015; Rothbaum et al., 2014). However, Bluett et al. (2014) found that only approximately 35%
of individuals experienced a reliable change in mean and peak SUDs from the first to final PE
session; and while those with reliable change in SUDs had lower PTSD and depression at post-
treatment, there were no differences in post-treatment PTSD diagnostic status between those who
demonstrated reliable change and those who did not. These authors suggested that between-
session extinction may not be a necessary ingredient for recovery and, in the absence of between-
session extinction, increases in distress tolerance may mediate symptom improvement. In a
review of mechanisms of change in PE, Cooper et al. (2017) noted that the observed
relationships between between-session extinction and treatment outcomes may depend on the
time in treatment at which it is assessed, as well as on the measurement modality. This points to
the importance of repeated, multi-modal assessments of change processes over the course of
treatment.

Negative Affect. Hallmark symptoms of PTSD include negative emotional responses to
trauma cues as well as persistent negative emotional states, including fear, guilt, shame, and
anger (American Psychiatric Association, 2013). Fear and anxiety are central to emotional
processing and inhibitory learning models of exposure therapy (Craske et al., 2012; Foa et al.,
2006) and are reflected in studies of fear activation and within- and between-session extinction.
PTSD is associated with broader elevations in negative affect (NA; Badour et al., 2017), and
several studies have examined the role of anger in PTSD treatment, with some studies finding

that CBTs for PTSD strongly decreased anger over the course of treatment (e.g., Cahill et al.,
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2003; Stapleton et al., 2006), and others finding that higher pre-treatment anger weakly predicted
poorer PTSD outcomes (e.g., Foa et al., 1995; Forbes et al., 2008). Despite persistent negative
emotional states being added as a PTSD symptom in the DSM-5 (American Psychiatric
Association, 2013), there is a dearth of studies examining changes in NA over the course of
treatment (e.g., Jerud et al., 2014) and the extent to which NA predicts PTSD outcomes.
Avoidance. Efforts to avoid stimuli that cue NA and internal experiences of distress are
often implicated in the persistence of fear, as avoiding feared but objectively safe stimuli
prevents opportunities for new extinction learning (e.g., Cooper, Clifton, et al., 2017; Craske et
al., 2012; Pittig et al., 2018). Avoidance is thought to contribute directly to functional
impairment by interfering with engagement in activities such as work, socializing, and ordinary
tasks involved in basic functioning that are perceived as dangerous or threatening. In addition to
avoidance of external stimuli, experiential avoidance of internal stimuli such as thoughts,
emotions, memories, and physical sensations can interfere with functioning and wellbeing
(Hayes et al., 1996) and with adaptive processing of emotional experiences, instead facilitating
maladaptive processing styles such as worry or rumination (Brewin et al., 1996; Reynolds &
Brewin, 1999). Avoidance of potentially rewarding activities, for instance an assault survivor
who avoids getting together with friends for fear of being harmed, may increase risk for co-
occurring depression symptoms by limiting positive experiences and blocking potential
reinforcement of non-depressed behavior (Trew, 2011). Indeed, exposure therapies directly
targeting avoidance of feared but safe stimuli are effective for anxiety and traumatic stressor-
related psychopathology (e.g., Craske et al., 2014; Foa & McLean, 2016; Norton & Price, 2007;

Rauch et al., 2012; Tolin, 2010) and depression (Grosse Holtforth et al., 2012; Hayes et al.,
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2005; Hayes, Feldman, Beevers, et al., 2007), and behavioral activation therapy for depression
directly targets behavioral avoidance to reduce depression symptoms (Martell et al., 2001).

Although there is a large body of evidence supporting the efficacy of exposure for
anxiety and depression, few studies have explicitly examined whether changes in avoidance over
the course of treatment mediate changes in trauma-related psychopathology. In one such study,
Badour et al. (2012) found that higher levels of avoidant coping at intake predicted more severe
PTSD at discharge from residential PTSD treatment, which in turn predicted higher avoidant
coping at four-month follow-up. Although looking at depression and not PTSD, Hayes and
colleagues (2005) used an in-session psychotherapy coding system called CHANGE (Hayes,
Feldman, & Goldfried, 2007) to examine putative change processes in weekly essays about
depression written by participants in a trial of an integrative, exposure-based therapy for
depression. Peak levels of avoidance in the essays were associated with less improvement in
depression and with more hopelessness and negative views of self, suggesting that higher levels
of avoidance may inhibit therapeutic change.

Cognitive-Emotional Processing and Meaning Making. Although higher levels of
avoidance may interfere with recovery processes in therapy, deeper and more adaptive forms of
therapeutic processing may facilitate change. Indeed, the same study above (Hayes et al., 2005)
also found that higher peak levels of observer-rated cognitive-emotional processing during
exposure therapy, defined as exploring and questioning depression-related material with some
insight or perspective shift, were associated with more improvement in depression symptoms and
with increased expression of hope and positive view of self. There are strong conceptual parallels
between cognitive-emotional processing and emotional processing as described in emotional

processing theory applied to trauma-related psychopathology, which posits that emotional
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processing drives the formation of adaptive fear structures, facilitating recovery (Foa & McLean,
2016).

Cognitive-emotional processing can involve attempts to make meaning of highly stressful
events. There is a robust theoretical base for the processes and products of meaning-making in
adjustment to stressful life events (e.g., Bonanno & Kaltman, 1999; Davis et al., 2000; Janoft-
Bulman, 1992; Joseph & Linley, 2005; Lepore & Helgeson, 1998; Neimeyer, 2001; Taylor,
1983). As elaborated by Park (2010), despite a range of theoretical perspectives on the
particulars of meaning-making processes and products, most agree that stressful or traumatic
events can disrupt previously held global meaning structures, leading to processes of meaning-
making that attempt to reconcile the discrepancy between previously held global meanings and
the stressful event and its sequelaec. When new meaning is made, meaning-making leads to better
adjustment. Although attempts to make meaning are thought to be near-universal following
highly stressful or traumatic events (e.g., Davis et al., 2000; Kernan & Lepore, 2009; Silver et
al., 1983), meaning-making processes may not always lead to meanings made (e.g., Lehman et
al., 1987; Updegraff et al., 2008), or meanings made may turn out to be maladaptive and
increase, rather than decrease distress (e.g., Ehlers & Clark, 2000).

Cognitive-emotional processing may be viewed as a meaning-making process (Park,
2010), with theorists placing various degrees of emphasis on the cognitive and emotional
aspects. Cognitive processing may involve the reconciliation of experiential data derived from a
stressful event with pre-existing schemas about oneself, others, and the world, resulting in
changes in beliefs related to the stressor (e.g., Creamer et al., 1992; Creswell et al., 2007; Foa et
al., 1999; Janoff-Bulman, 1992; Williams et al., 2002). For example, following a sexual assault

by a close acquaintance, the person who was assaulted may engage in a process of reconciling
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previously held beliefs about the relative safety and danger of other people and her own
perceived ability to detect dangerous individuals with the horror and unexpectedness of the
assault. Emotional processing may involve experiencing and exploring one’s emotions related to
a stressor, involving affect regulation processes and attempts to understand what one is feeling
(Ehlers & Clark, 2006; Foa et al., 2006; Rachman, 1980; Stanton et al., 2000). Evidence from
expressive writing studies suggest that both cognitive and emotional aspects of processing
facilitate meaning making (e.g., Hunt et al., 2007; Sloan et al., 2007), leading Hayes and
colleagues (2007) to propose a unified cognitive-emotional processing construct involving
exploring distressing material in a way that leads to new insights or perspective shifts.

Negative Trauma-Related Cognitions. Individuals with PTSD commonly report
negative beliefs about oneself, others, and the world following a trauma, and the severity of these
beliefs is associated with PTSD severity and has been proposed as a psychopathological
mechanism underlying chronic PTSD (Ehlers & Clark, 2000; Foa et al., 1999; Resick et al.,
2008). Changes in trauma-related beliefs have been shown to predict changes in PTSD
symptoms across both cognitive and exposure-based treatments (e.g., Cooper, Clifton, et al.,
2017; Foa & Rauch, 2004; Hagenaars et al., 2010; Kumpula et al., 2017; McLean et al., 2015;
Nacasch et al., 2015; Zalta et al., 2014). Several of these studies (Cooper, Clifton, et al., 2017;
Oktedalen et al., 2015; Zalta et al., 2014) found that decreases in trauma-related negative beliefs
preceded subsequent decreases in PTSD symptoms, but not vice versa, while others found
reciprocal relationships between trauma-related beliefs and PTSD symptoms over time
(Kumpula et al., 2017; McLean et al., 2015), suggesting that cognitive change plays an important
role in treatment for PTSD. However, these studies examined the end products of meaning-

making processes — belief change — but not the meaning-making processes themselves, leaving
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open the possibility that belief change is a marker, but not driver, of therapeutic change,
consistent with the bidirectional temporal associations above. Although Hayes et al. (2007)
highlighted the therapeutic role of cognitive-emotional processing in the effects of an exposure-
based treatment for depression, this construct has yet to be studied in PTSD treatment, leaving a
major gap in the literature characterizing how cognitive change occurs. Indeed, increased
knowledge of the processes that promote adaptive meaning-making in individuals with PTSD
may ultimately prove most useful to clinicians, who can promote those processes in clients to
facilitate cognitive change.
Processes Involving Positive Affect and Cognitions

Positive Affect and Reward System Functioning. Much of the literature on processes
of change in treatments for trauma-related psychopathology emphasize decreases in processes
linked to NA and cognitions, including fear activation, fear extinction, and trauma-related
beliefs. However, increased attention has begun to be paid to the role of positive affect (PA) and
reward system functioning in the etiology and treatment of anxiety and traumatic stressor-related
disorders. PTSD is associated with deficits in PA and reward system function (Nawijn et al.,
2015), and between half to three-fourths of individuals with PTSD report anhedonia, even after
controlling for co-occurring depression (Carmassi et al., 2014; Franklin & Zimmerman, 2001).
Beckham et al. (2000) tracked individuals with and without PTSD every 30 min over a 14-hour
period, finding that those with PTSD reported lower levels of positive affect (PA) than those
without PTSD. Further, PTSD has been characterized as disrupted homeostasis of fear and
reward systems (Stein & Paulus, 2009), with heightened avoidance associated with limbic
hyperactivity, heightened anhedonia associated with striatal hypoactivity, and deficits in the

integration of approach and avoidance associated with orbitofrontal cortex hypoactivity (e.g.,
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Aupperle & Paulus, 2010; Nawijn et al., 2015). Excessive negative NA-driven avoidance and
deficits in reward-driven approach may interact on psychological and behavioral levels as well
via mechanisms of negative affect interference, whereby trauma-related NA pre-empts or
intrudes upon otherwise rewarding experiences (DePierro et al., 2018), or via excessive NA-
driven consumption of cognitive resources and attentional bias towards threat and away from
reward (Litz & Gray, 2002). Individuals with PTSD may preferentially attend to and process
trauma and threat-related stimuli, utilizing cognitive resources that could otherwise be used to
process positive events. Thus, decreases in NA may facilitate subsequent increases in PA.
Indeed, the short-term emotion dynamics literature suggests that PA and NA may dampen one
another over time, with 1.5 to three times the level of PA required to exert a comparable effect
on subsequent NA compared to NA on subsequent PA (Garland et al., 2010; Hollenstein, 2015;
Husen et al., 2016; Kuppens & Verduyn, 2017).

Although excessive NA-linked processes and insufficient reward-driven processes may
contribute to chronic PTSD, improvements in reward processing may facilitate recovery from
PTSD. Increases in PA may enhance extinction learning and generalization during exposure
therapy (Zbozinek & Craske, 2017), and treatment targeting PA in individuals with anxiety or
depression resulted in improvements in PA, NA, and anxiety (Craske et al., 2019, 2023). One
study of changes in emotion regulation and trait affect over the course of PTSD treatment with
either PE or sertraline found that both treatments resulted in improvements in both NA and PA
(Jerud et al., 2014). Additionally, stronger suppression of NA in the hours following increases in
PA was found to predict response to depression treatment (Wichers et al., 2012). However,
additional research is needed to clarify the temporal relationships among NA, PA, and PTSD

symptoms over the course of treatment.



22

Positive Cognitions. In addition to positive affect, there is evidence that improvements in
positive cognition may facilitate recovery from PTSD. Higher levels of hope pre-treatment have
been associated with better treatment gains in psychotherapy (Cheavens et al., 2006; Geraghty et
al., 2010), and Gilman and colleagues (2012) found that higher levels of hope at mid-treatment
predicted mid-to-post treatment improvement in PTSD and depression symptoms during
cognitive processing therapy, suggesting that increases in hope may be a mechanism of change,
particularly in the latter stages of PTSD treatment. Furthermore, the social cognitive model of
PTSD (Benight & Bandura, 2004) posits that increases in perceived coping self-efficacy mediate
posttraumatic recovery. In this model, facilitating experiences of mastery in the selection and use
of coping strategies disconfirms unrealistic fears and distorted beliefs and bolsters the belief that
the individual can exercise control over what is feared. Self-efficacy is thought to be fostered via
in vivo mastery of trauma-related situations activities and through imaginal exposure to trauma
memories, as is done in PE, suggesting a potential mechanistic role for positive cognitions
related to perceived self-efficacy in trauma-related situations (Benight & Bandura, 2004). This
model also points to social support as an important recovery factor, as positive relationships with
others may provide opportunities to learn effective coping skills and increase motivation to
engage in beneficial activities (Benight & Bandura, 2004). Indeed, both PE and sertraline for
PTSD have been shown to produce large and durable improvements in social functioning
(Graham et al., 2020). In sum, positive cognitions related to hope, self and self-efficacy, and
others may facilitate beneficial change in treatment for PTSD.

Conceptualizations of Positive and Negative Valence Systems in Psychotherapy
The National Institute of Mental Health’s Research Domain Criteria (RDoC) identifies

positive and negative valence systems as two organizing domains for constructs involved in
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psychopathology research (Kozak & Cuthbert, 2016). Negative valence constructs include
responses to acute, potential, and sustained threat, as well as frustrative nonreward and loss.
These constructs involve the activation of defensive motivational systems that protect against
harm or loss. Positive valence constructs include appetitive motivational systems and reward
functioning (Kozak & Cuthbert, 2016).

Although first-line psychotherapeutic treatments for PTSD have traditionally emphasized
targeting and decreasing negative valence processes, a growing body of research recognizes the
potential mechanistic role of increases in positive processes. Though novel treatments (e.g.,
Craske et al., 2019) seek to test the impact of directly targeting positive processes, there is
evidence that even treatments that predominantly target negative processes, such as PE, result in
increases in positive processes. In line with conceptualizations of PTSD as characterized by an
imbalance of approach and avoidance (Stein & Paulus, 2009), dynamic systems and network
models of psychopathology (e.g., Cramer et al., 2016; Fried et al., 2016; Hayes et al., 2015;
McNally, 2016) suggest that psychotherapy works by destabilizing pathological systems and
building and strengthening adaptive systems (e.g., Hayes et al., 2015). In this context, recovery
may be facilitated by transitions from unproductive processing, such as avoidance, that maintain
and strengthen psychopathological negative systems, to productive cognitive-emotional
processing, which helps facilitate adaptive meaning-making and strengthen positive systems
(e.g., Hayes et al., 2005, 2015; Hayes, Hope, et al., 2007). Similarly, decreases in negative
affect-related processes and increases in positive affect-related processes may be functionally
linked, such that decreases in fear-driven avoidance may allow increased reward acquisition and

improved reward processing (e.g., Craske et al., 2016; Zbozinek & Craske, 2017).
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Alpert and colleagues (Alpert et al., 2021) provide an innovative example of how change
processes suggested by emotional processing and inhibitory learning models can be studied
through the lens of changes in positive and negative systems. In a study of trauma-focused CBT
(TF-CBT) for youth, the authors coded in-session trauma narration and processing phases of TF-
CBT for the extent to which positive and negative valence process systems, or networks, were
activated across cognitive, emotional, behavioral, and physiological domains, with each domain
constituting a node of the positive and negative networks. They found that curvilinear changes in
multimodal negative network scores — reflecting a greater number of activated domains —
predicted improvement in internalizing symptoms and PTSD symptoms following treatment,
while linear increases in multimodal positive networks predicted improvement in externalizing
symptoms. These findings are compelling in that they suggest potentially unique roles for
changes in both positive and negative networks, each relating to distinct types of outcomes, and
to the utility of examining in-session processes and content to better understand the trajectories
and outcomes of therapeutic change processes. This approach may yield promising insights if
applied to symptom change during treatment, as positive and negative valence systems may play
distinct roles. Future studies ought to investigate the degree of dependence between positive and
negative systems, and the extent to which their interaction versus independent effects impact
trauma-related psychopathology.

Notably, studies of first-line PTSD treatments, such as PE, have yet to elucidate the
relative independence or dependence of changes in positive and negative systems, the processes
that drive changes in positive and negative systems, and their relative contributions to changes in
PTSD symptoms over the course of treatment. Delineating the trajectories and degree of

interplay between positive and negative systems during treatment, as well as their influence on
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changes in PTSD, may provide valuable insights into how effective psychotherapies work and
how they can become better targeted and improved.
Role of SSRI Medications

Cognitive behavioral therapies are recommended as first-line treatments for PTSD
(American Psychological Association, 2019), however, psychotropic medications, particularly
SSRIs such as sertraline, are also recommended, efficacious, and widely used to treat PTSD
(American Psychological Association, 2019; Benedek et al., 2009; Comer & Figgitt, 2000;
Williams et al., 2022). Psycho- and pharmacotherapeutic approaches are often combined, though
clinical trials of combined psycho- and pharmacotherapy versus monotherapy have generally not
found strong evidence for superior effects of pharmacotherapy augmentation (Hetrick et al.,
2010). While a trial of PE plus paroxetine versus PE plus placebo found that those in the
medication-augmented condition demonstrated significantly greater improvements in PTSD
symptoms (OR = 12.6; Schneier et al., 2012), several others did not find significant differences
in response for those in combined treatment conditions compared to those receiving
psychotherapy alone (Rauch et al., 2019; Simon et al., 2008) or medication alone (Rothbaum et
al., 2006).

SSRIs are thought to exert effects through manipulation of serotonin signaling and 5-HT
neurons, potentially leading to more flexible responding during conditions of stress, uncertainty,
or surprise (Roberts et al., 2020). There is also evidence that SSRIs modulate contextual fear
expression and fear extinction (Heesbeen et al., 2023). One model of SSRI therapeutic action
suggests both acute and long-term effects on multiple emotional and cognitive processes,
including changes in self-referential attention and positive affect (e.g., Di Simplicio et al., 2012;

Harmer, 2008). Several authors have highlighted the connections between neurobiological
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changes effected by SSRIs and psychological constructs such as emotion regulation, with some
evidence that SSRIs alter emotion regulation and repetitive negative thinking (e.g., Feurer et al.,
2021; Harmer, 2012; Pringle et al., 2011). It is possible that the combination of psychotherapy
and SSRIs may exert a synergistic effect on positive and negative systems and their interplay,
where acute decreases in negative affect and negative self-referential processing co-occur with
increased positive affect, leading to enhanced symptom reduction.

Evidence is mixed as to whether processes of change may differ in psychotherapy versus
pharmacotherapy. Cooper et al. (2017) utilized a time-lagged modeling approach showing that
decreases in trauma-related negative cognitions drove subsequent reductions in PTSD symptoms
more robustly in PE than in sertraline. However, Allard et al. (2021) found that trauma-related
guilt cognitions decreased equally after PE or sertraline, and that reductions in guilt predicted
subsequent reductions in PTSD in both treatments. While trauma-related belief change may play
a larger role in change processes in PE compared to pharmacotherapy, additional studies are
needed to reconcile these mixed findings.

Measuring and Modeling Change Processes

Studies of change processes in treatments for PTSD have disproportionately relied on
self-report measures. Although self-report measures are relatively easy to administer and less
costly and resource-intensive compared to other measurement modalities, such as clinical
interviews and observer-ratings of patient behaviors, they are subject to biases associated with
their subjective and often retrospective nature. Although self-report assessments of PTSD
symptoms reliably distinguish those with and without PTSD, they can potentially inflate severity
scores and underperform in distinguishing PTSD symptoms from those of other mood and

anxiety disorders, compared to structured clinical interviews (e.g., Engelhard, Arntz, & van den
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Hout, 2007). Observer-ratings of putative change processes as they appear in-session through
patient behaviors, as opposed to retrospective reports of change factors by the patients
themselves, may offer a more proximal and less biased method of assessing change processes.
Studies directly comparing the performance of self-report and observer-rating change may shed
light on whether moving beyond self-report measures adds value to the study of change
processes and their relation to psychopathology outcomes.
Examining the Role of Post-Exposure Processing

While several putative therapeutic change processes are purported to take place during
exposure exercises (e.g., emotional activation; between-session extinction), others such as
changes in trauma-related beliefs may be more strongly associated with the processing phase of
treatment sessions that follows imaginal exposure. Indeed, during processing, patients can
explore their reactions to exposure and the trauma and examine previously held trauma-related
beliefs in-depth, facilitating cognitive change (Foa et al., 2019), and post-exposure processing
may help elaborate on and consolidate new learning that occurs during exposure (Brown et al.,
2019). Critically, however, very few studies have examined factors during post-exposure
processing that facilitate therapeutic change in PE (e.g., Cox et al., 2020), meaning that the
factors impacting the effectiveness of exposure processing largely remain obscured by a black
box. Clarifying factors during processing that contribute to therapeutic change will help guide
therapist decision-making during processing.
The Present Study

Models of therapeutic change emphasize both decreasing negative affect, trauma-related
cognitions, and unproductive processing (Craske et al., 2014b; Ehlers & Clark, 2000; Foa et al.,

2006; Hayes et al., 2005) and, more recently, increasing positive affect, perceived self-efficacy,
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increased approach, and cognitive-emotional processing (Benight & Bandura, 2004; Craske et
al., 2019; Foa et al., 2006; Hayes et al., 2005). The inhibitory learning model (e.g., Zbozinek &
Craske, 2017) posit functional interactions between positive and negative valence processes.
Together, several key questions to better understand processes of change in PTSD treatment are
suggested by these models. First, how do positive and negative valence systems change over the
course of treatment? Second, what is the relationship between changes in positive and negative
valence systems? Third, to what extent do changes in negative and positive systems drive
changes in PTSD symptoms across treatment? Fourth, how does the presence of an SSRI during
exposure therapy differentially impact positive and negative valence system change in recovery?
Most studies of psychotherapy processes rely on self-report measures; these measures are
less resource-intensive to implement compared to interview or observer-rated measures and
reflect the patient’s subjective experience. However, self-report measures are typically
completed retrospectively, and observer-ratings of in-session patient behaviors may offer more
proximal and less biased assessments of change processes. Further, observer-ratings of in-session
behaviors based on therapy tapes can be much more nuanced and in-depth than self-report
measures, assessing multiple facets of patient behaviors in the therapeutic context, leading to
much richer change process data compared to self-report. The CHANGE coding system assesses
a wide range of verbal and nonverbal patient and therapist in-session behaviors across several
domains of cognitive and affective functioning (Hayes, Feldman, & Goldfried, 2007). In
addition, observer-ratings can be tailored to specific therapeutic procedures or phases, shedding
light on the roles of distinct therapeutic activities. The processing phase that follows imaginal
exposure in PE, in which the patient and therapist discuss the clients’ reactions to revisiting the

trauma memory and thoughts and feelings about the trauma and its meaning, is thought to
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promote new learning that drives symptom change (Foa et al., 2007). However, imaginal
exposure processing is one of the least-studied components of PE, with many studies instead
focusing on extinction-related processes measured during the imaginal exposure itself, such as
fear activation and within- and between-session extinction (Cooper, Clifton, et al., 2017).
Accordingly, the present study sought to elucidate change processes that occur during imaginal
exposure processing using both self-report and observer-rated measures of change.

Changes in Self-Reported Positive and Negative Affect (Study 1) examined: (a) changes
in self-reported PA and NA over the course of PE or PE plus sertraline for the treatment of
PTSD; (b) whether within-person changes in NA preceded changes in PA or vice versa; and (c)
whether within-person changes in PA and NA preceded changes in self-reported PTSD
symptoms. It was hypothesized that NA would decrease and PA would increase linearly in both
treatments (Sripada & Rauch, 2015; Zoellner et al., 2022), with potential augmentation effects of
sertraline resulting in steeper rates of change in PE plus sertraline (e.g., Rauch et al., 2018;
Schneier et al., 2012). Concerning temporal relationships between PA and NA, it was expected
that decreases in NA would predict next-session increases in PA more strongly than vice versa. It
was predicted that there would be reciprocal temporal relationships between increases in
PA/decreases in NA and decreases in next-session PTSD symptoms. It was expected that
session-to-session relationships between changes in affect and PTSD symptoms would be
stronger in PE plus sertraline, given potential augmentation effects of the SSRI.

Changes in Observer-Rated Psychotherapy Process Positive and Negative Systems
(Study 2) utilized in-depth psychotherapy coding using observer ratings of in-session change
processes (CHANGE; Hayes, Feldman, & Goldfried, 2007) during the processing of imaginal

exposure to examine: (a) changes in positive and negative psychotherapy change processes
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during imaginal exposure processing over the course of PE or PE plus sertraline for the treatment
of PTSD; (b) whether changes in positive change processes preceded changes in negative
schange processes or vice versa; and (c) whether changes in positive and negative change
processes preceded changes in self-reported PTSD symptoms. Positive and negative valence
psychotherapeutic processes were conceptualized as systems comprised of cognitive, affective,
and processing elements. Similarly to Study 1, it was hypothesized that positive and negative
system activation during processing would linearly increase and decrease, respectively, over the
course of treatment, with SSRI augmentation of PE producing steeper rates of change. With
respect to temporal patterns of change in positive and negative system activation during
processing, it was expected that decreases in negative system activation would predict next-
session increases in positive system activation more strongly than vice versa. It was predicted
there would be reciprocal temporal relationships between increases in positive system
activation/decreases in negative system activation and decreases in next-session PTSD
symptoms. Finally, it was predicted that session-to-session relationships between changes in
positive and negative system activation and PTSD symptoms would be stronger in PE plus
sertraline, given potential augmentation effects of the SSRI.
Method

Participants

Participants were 149 adults recruited at two urban universities through community
advertising and referrals for a doubly randomized preference trial (NCT01600456) for adults
(age 18-65 years) with PTSD, with participants first randomized to choice or no choice of
treatment, and those in the no choice condition subsequently randomized to PE alone or

augmented with sertraline. Inclusion criteria included a primary diagnosis of PTSD based on
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DSM-1V criteria, with a minimum duration of 12 weeks since the traumatic event. Exclusion
criteria included: a 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 previous three months; no clear trauma memory or trauma before age of three;
current diagnosis of alcohol or substance dependence within the previous three months; ongoing
intimate relationship with the perpetrator (if trauma was an assault); unwilling or medically not
advisable to stop current CBT or antidepressant medication, based on condition assignment;
previous non-response to adequate trial of either PE or sertraline; medical contraindication for
the initiation of sertraline (e.g., pregnancy/lactation); current high dose use of benzodiazepines;
or sexually active female without acceptable birth control.

Given the focus of this study on treatment-related processes, participants with fewer than
three time points of data were excluded from analyses in both Studies 1 and 2 to ensure
participants had received a meaningful dose of treatment (DeRubeis, Gelfand, et al., 2014; Yang
& Maxwell, 2014). In Study 1, 19 participants were excluded due to less than three data points of
self-reported affect and/or PTSD symptoms. Among included participants (n = 130), 64.6% (n =
84) were missing one or fewer sessions (mean missing = 1.92; median = 0). There was no
difference in baseline symptoms, PA, or NA between participants who were included and
excluded from the sample. In Study 2, 38 participants were excluded due to less than three data
points of self-reported PTSD symptoms or observer-rated, in-session therapeutic process variable
scores. Among included participants (n = 111), 72.1% (n = 80) were missing one or fewer
sessions (mean missing = 0.84; median = 0), and there were no differences in baseline PTSD

symptoms, positive system activation, or negative system activation between participants
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included and excluded from the sample. Sample characteristics for participants in Studies 1 and 2
are presented in Tables 1 and 2, respectively.

Measures

PTSD Symptom Scale — Interview for DSM-5 (PSS-1-5; Foa et al., 2016)

The PSS-I-5 consists of 20 items corresponding to the PTSD symptoms in the Diagnostic
and Statistical Manual of Mental Disorders (5th ed; American Psychiatric Association, 2013)
and was used to assess PTSD symptom presence and severity. Items were rated by independent
evaluators on a four-point Likert scale according to the frequency and severity of symptoms over
the past two weeks, ranging from 0 (not at all) to 3 (5 or more times per week/very much),
yielding a total severity score and diagnosis. The PSS-I-5 has demonstrated high internal
consistency ((a = .89) and high convergent validity (all s > .72) with other well-validated
measures of PTSD severity (Foa et al., 2016). Ten percent of cases were re-rated for interrater
reliability on the PSS-I-5, with good inter-rater reliability for DSM-IV (17 items; ICC = .89) and
DSM-5 (20 items; ICC = .83).

PTSD Symptom Scale — Self Report (PSS-SR; Foa et al., 1997)

The PSS-SR is a 17-item self-report instrument that assesses DSM-IV PTSD criteria A-F.
Symptoms are rated from 0 (not at all) to 3 (5 or more times per week/very much) with respect to
the primary trauma over the past two weeks. The PSS-SR has demonstrated high internal
consistency (o =.92), good test-retest reliability (» = .87), and high convergent validity (82%
agreement) with the SCID-IV for PTSD diagnosis (Foa et al., 1997).

Quick Inventory of Depressive Symptomatology — Clinical Rating (QIDS-C; Rush et al., 2003)

The 16-item QIDS-C is an interview measure assessing depression severity over the past

two weeks. Items are rated on a 0 to 3 Likert scale, with anchors tailored to the specific item and
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total scores ranging from 0 to 27. The QIDS-C has concurrent validity with other, longer
measures of depression in patients with major depressive disorder (rs = .86-.96) and shows high
sensitivity to symptom change (Rush et al., 2003). Ten percent of cases were re-rated for
interrater reliability on the QIDS-C, with ICC = .98.

Structured Clinical Interview for DSM-IV (SCID-1V; First et al., 1995)

The SCID-IV is a diagnostic interview used to assess DSM-IV Axis I disorder criteria. It
has acceptable joint interview interrater reliability (x = .57 - 1.0; Zanarini et al., 2000) and was
used to determine primary diagnosis and diagnostic co-occurrence. In this study, 10% of cases
were re-rated for diagnostic reliability. Reliability for SCID diagnoses was acceptable: current
MDD (x = .73, ppos = .93, pneg = .80) and anxiety disorders (k = 0.68, ppos = .86, pneg = .85).
Positive and Negative Affect Schedule (PANAS; Watson et al., 1988)

The PANAS is a self-report measure consisting of two, 10-item scales measuring positive
affect (PA; e.g., excited, inspired) and negative affect (NA; e.g., upset, afraid). This study
utilized the state version of the PANAS assessing affect over the past week. Each item consists
of a word that describes different feelings and emotions which were rated on a 5-point Likert
scale, from 1 (very slightly or not at all) to 5 (extremely), to which they have been experienced
within the past week. The PANAS was completed at pre-treatment, before each session, and
post-treatment. In the current sample, internal consistency was high for both PA and NA
(respectively, a = .85, a=.92).

Change and Growth Experiences Scale (CHANGE; Hayes, Feldman, & Goldfried, 2007)

The CHANGE coding system was used to code psychotherapy sessions at weeks 1, 3, 4,

5, 8, and 10 in the imaginal exposure processing phase of PE; week 1 sessions were coded for the

entire session since they did not include imaginal exposure. CHANGE is an observational
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measure designed to capture a range of variables thought to be central to therapeutic change,
such as cognitive-emotional processing, and has been used to code both narratives and therapy
sessions in exposure-based cognitive therapy for depression (Hayes, Feldman, Beevers, et al.,
2007), cognitive therapy for personality disorders (Hayes & Yasinski, 2015), and trauma-focused
CBT for youths (Alpert et al., 2021). The CHANGE coding system was used to code the patient
variables of cognitive-emotional processing, unproductive processing, avoidance, positive verbal
emotion, negative verbal emotion, positive nonverbal emotion, negative nonverbal emotion,
positive sense of hope, negative sense of hope, positive view of self, negative view of self,
positive relationships, and negative relationships. CHANGE variables were coded on a 4-point
scale from 0 (not present) to 3 (high).

Cognitive-Emotional Processing. This variable captured the extent to which the patient
approached a problem and explored, tried to understand, challenge, and made meaning of it.
Cognitive-emotional processing could begin as thinking about and questioning a problem area
related to therapeutic goals or exposing oneself to new information and was then followed by
insight or shift in perspective or meaning. For example, a patient response when asked about
what was learned from imaginal exposure saying, “He was trying to humiliate me. It never
occurred to me that he was trying to make me feel weak until today” would be coded as high on
cognitive-emotional processing, as she realized for the first time that the negative comments
about her made by the perpetrator probably weren’t true but were used to make her feel weak.

Unproductive Processing. In contrast to cognitive-emotional processing, unproductive
processing captured the extent to which the patient approached a problem, explored, tried to
understand, and made meaning of it but got stuck repetitively thinking about or analyzing a

problem without significant insight or perspective shift. For example, a patient statement of, “I
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can’t stop thinking about everything and how I have failed in relationships. I’ve failed at
everything. I am haunted by a list of failures.” would be rated as high on unproductive
processing, as the statement involved repetitive thoughts of guilt and failing relationships that
were not viewed as therapeutically helpful.

Avoidance. Avoidance captured attempts to protect or defend oneself from problems or
distressing experiences by pulling away, rather than moving toward them. Avoidance could take
several forms, including emotional numbing, avoiding discussing certain topics, distraction,
wandering off topic, or using humor to avoid or minimize a topic. Explicit statements of
avoidance must have been made by the patient to be coded, for example, if during imaginal
exposure processing a patient responded to a therapist’s question about self-blame with, “I don’t
know... I don’t want to talk about this anymore. I’m tired, I’'m not going to talk about it.” This
statement would be coded as moderate avoidance.

Positive and Negative Verbal Emotion. The verbal emotion variables captured
emotions that the patient verbally expressed about their own emotional state during the therapy
session. Both specific emotion words and tone were considered to code the emotional valence.
Although negative and positive verbal emotions were rated separately, they could co-occur, as it
was possible to have a high level of both positive and negative emotion. Levels of verbal
emotion coded during processing tended to reflect the patient’s perceptions about how they felt
during the imaginal exposure, as well as how they currently felt about the traumatic event and its
sequelae. For example, “I felt like I got pretty upset. I remember gripping the arms of the chair”
would be rated as negative, medium.

Positive and Negative Nonverbal Emotion. The nonverbal emotion variables captured

the extent to which positive and negative emotions were activated during the therapy session, as
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suggested by nonverbal patient behaviors (e.g., crying, laughing, voice wavering, eye contact,
facial expressions, and gestures). Nonverbal emotions were coded independently of verbal
emotions, as verbal and nonverbal emotional expressions could be incongruous. Apparent
emotional numbness was coded as 0, reflecting the absence of emotion, and would instead be
coded as avoidance.

Positive and Negative Sense of Hope. These variables captured the patient’s capacity to
see the possibility of change in the future, to recognize recent positive changes, recognition of
feeling better, and/or an expression of commitment or determination to make changes. Hope
could be directly related to treatment goals or be broader in scope, for instance a sense of hope or
hopelessness about the world in general. For example, “I’m starting to think I might get better,
that there might be a way out of this” would be coded as positive, low. Examples of negative
hope statements include feeling stuck, trapped, having no way out, feeling tired of trying or a
lack of commitment, or feeling permanently changed or damaged. For example, “I hate my life,
and I can’t see a way out” would be coded as negative, high.

Positive and Negative View of Self. Self variables captured the patient’s self-concept
and sense of worth, desirability, competence, and identity. Both general (e.g., feeling good about
self for going out with friends) and treatment-specific (e.g., proud of self for completing
imaginal exposure) selfviews were considered. Self statements must have been explicitly stated
by the patient, not inferred judgments. For instance, stating “I messed up” without any
elaboration would not imply a negative self-judgment. Positive self statements may have
included self-acceptance, feeling of accomplishment and competence, clear sense of self, or
feeling emotionally strong; negative self statements may have included low self-esteem, self-

criticism, worthlessness, or feelings of failure. For example, “I feel so proud of myself. For the
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first time in years, I was able to go to the mall. I feel like a new person” would be coded as
positive, high.

Positive and Negative Relationships. These variables captured the patient’s perceived
quality of current interactions with others and their social support network. This could include
immediate family, romantic partners, friends, co-workers, strangers, religious relationships (i.e.,
God), or people in general. They also captured memories about past relationships or fears about
future relationships if the memories or fears were tied to current social functioning. The client-
therapist relationship was not considered in these variables. Examples of positive relationship
quality include encounters involving enjoyment or satisfaction, for example, “My friend really
helped me get through the day last week, she was so supportive” would be coded as positive,
high. Examples of negative relationship quality include encounters involving distress or
dissatisfaction, or feelings of alienation, isolation, or loneliness activated in the absence of social
encounters, for example, “I went to see my family for my father’s birthday, but the criticism
started immediately. I felt myself shut down” would be coded as negative, medium.

Coding Processes. Coding by volunteers, undergraduate and doctoral-level coders
occurred at both study sites. All coders were trained to criterion (ICC > .80 and within one point
on the 4-point rating scale for all variables) through didactics, the CHANGE manual adapted for
use with PE, and approximately 10 hours of practice coding tapes. Two coders rated each audio-
visually recorded therapy session selected for coding, including sessions 1, 3, 4, 5, 8, and 10. For
session 1, coders watched the entire session prior to coding; for sessions 3-10, coding occurred
after each individual section (homework review, imaginal exposure, and processing). Coding of
the processing section began as soon as the client opened their eyes or completed the narrative

from imaginal exposure and ended once the therapist and client began discussing the homework
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assignment for the next session. Coders only rated sessions from the other study site to reduce
bias from knowing the therapists. Coders were masked to treatment condition and paired with
each other a similar number of times to reduce drift or idiosyncratic pair ratings. Coding
discrepancies and rater drift were addressed in weekly meetings with the coding team and
biweekly, cross-site meetings. Consensus scoring by the coding team was used to reconcile
ratings differing by 2 or more scale points. Once a year, tapes were submitted to Adele Hayes,
Ph.D. (creater of CHANGE; Hayes, Feldman, & Goldfried, 2007) for criterion checks and
coding feedback. Analyses in this study utilize consensus scores or average scores from the two
coders in a pair. Inter-rater reliability, prior to consensus coding of imaginal exposure processing
variables, was calculated for a subset of the cases, with good reliability (» = .90 - .96).

Positive and Negative System Activation. Positive and negative system activation was
indexed by summing the scores of positively and negatively valenced affective, cognitive, and
processing-related CHANGE variables. Specifically, positive system activation was
operationalized as the sum of six CHANGE variables reflecting patient behaviors during
processing of imaginal exposure: positive verbal emotion, positive nonverbal emotion, positive
self-views, positive relationships, hopefulness, and cognitive-emotional processing. Negative
system activation was operationalized as the sum of seven CHANGE variables: negative verbal
emotion, negative nonverbal emotion, negative self-views, negative relationships, hopelessness,
unproductive processing, and avoidance. Positive system activation scores could range from 0 to
24, and negative system activation scores could range from 0 to 28, with higher scores indicating
higher levels of in-session positive and negative psychotherapy change processesPositive and
negative system activation scores demonstrated marginally acceptable internal consistency,

which was expected given the small number of items per system and the intentional selection of
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variables assessing a range of positive and negative psychotherapy processes (positive system
activation: mean o = .69, range a. = .57 - .76; negative system activation: mean o = .65, range o =
54 - .74).
Interventions
Prolonged Exposure

PE was delivered following the treatment manual (Foa et al., 2007) in 10 weekly, 90-120
min sessions delivered by masters or Ph.D. level therapists with some prior CBT training. The
protocol included psychoeducation about common reactions to trauma, breathing retraining,
repeated in vivo exposures, repeated recounting of the trauma memories during session (i.e.,
imaginal exposure), and emotional processing of imaginal exposure. Homework assigned
between sessions included reviewing psychoeducational handouts, listening to session recordings
and imaginal exposure recordings, and completing in vivo exposures. After each imaginal
exposure, 15-20 minutes of processing took place. During processing, the therapist encouraged
the patient to talk about and explore their reactions to revisiting the trauma memory, as well as
thoughts and feelings about the trauma and its meaning. Therapists used open-ended questions to
get the patient to talk about their thoughts and feelings about the exposure. The therapist sought
to normalize and contextualize the patient’s thoughts, feelings, and behavior, and to help the
patient recognize changes in distress and distress tolerance abilities, to examine expressions of
unrealistic or maladaptive beliefs and to consolidate adaptive shifts in perspective and newfound
insights (Foa et al., 2007).

PE training consisted of discussion, role playing, reviewing the treatment manual,
viewing recordings of PE sessions and practicing treatment procedures. Weekly PE supervision

was conducted, with sessions recorded and reviewed during supervision. Outside raters formally
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assessed PE protocol adherence for 10% of cases using a detailed treatment integrity manual,
with therapists completing 98% of essential components.
Prolonged Exposure Plus Sertraline

Participants who chose or were randomly assigned to receive sertraline in addition to PE
met with a board-certified psychiatrist for six, up to 30-min sessions (Weeks 1, 2, 4, 6, 8, and
10), with the first session lasting 40 min, based on a treatment manual. Initial dosage was 25
mg/day, with a goal of 200 mg/day if indicated and tolerated, following a standard treatment
algorithm. Pill counts and medication diaries assessed medication adherence.

Sertraline training consisted of review of the treatment manual, overview of treatment
procedures, dosage schedules, and PTSD-relevant treatment information. Sertraline sessions
were recorded. Adherence was conducted by an outside rater for 10% of sessions, using a
checklist from the treatment manual, with providers completing 88% of essential components.
Procedure

The clinical trial was approved by each site’s institutional review boards and pre-
registered, but this study was not. Following recruitment and pre-screening of prospective
participants via structured telephone screen, written informed consent was obtained. Independent
evaluators masked to eventual condition assignment conducted semi-structured interviews to
assess Criterion A trauma exposure, PTSD severity and diagnostic status (PSS-I), depression
severity (QIDS-C), and other DSM-IV Axis I disorders (SCID-IV) to help determine eligibility.

Prior to randomization, eligible patients completed pre-treatment self-report measures
(e.g., PANAS) and were shown digitized treatment rationales for PE alone and combined PE and
sertraline and indicated their treatment preferences. Each rationale included background

information, brief efficacy information, hypothesized treatment mechanisms of action, treatment
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procedures, and side effects. The rationales were counterbalanced for gender and vocation of the
presenter (psychologist or psychiatrist), as well as order.

Using a computer-generated urn sequence, randomization used a 1:1 ratio for choice vs.
no choice, and in the no choice condition, a 1:1 ratio for PE vs. PE plus sertraline.
Randomization was stratified based on current antidepressant status (yes/no) and current SCID-
IV MDD diagnosis (yes/no). At the randomization visit, a research coordinator obtained the
participant’s condition assignment and stored it in a sealed envelope, which was then opened by
the patient together with a PhD-level coordinator who had been masked to condition assignment.
Potentially eligible patients were then randomized to “Choice” or “No Choice.” Patients
randomized to “Choice” were given their preferred treatment. Those randomized to “No Choice”
were randomized to either PE alone or PE plus sertraline.

Following randomization procedures, patients received up to 10 sessions of PE or PE plus
sertraline. At each session, patients completed self-report measures (e.g., PANAS). Sessions
were video-recorded, and these recordings were later used for CHANGE coding. Upon the
completion of treatment, independent evaluators masked to condition assignment conducted the
post-treatment assessment (PSS-I, QIDS-C) and patients completed post-treatment self-report
measures (e.g., PANAS). Follow-up assessments were conducted at 3, 6 (interview only), and 9
months.

Statistical Analysis

Dynamic structural equation modeling (DSEM; Asparouhov et al., 2018) was used to
examine patterns of change in PA, NA, and PTSD symptoms across sessions 1-10 and
moderation by treatment condition (Study 1). DSEM was also used in Study 2 to examine

patterns of change in positive and negative systems of in-session change processes and PTSD
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symptoms across sessions 1, 3-5, 8, and 10, and moderation by treatment condition. DSEM was
chosen over a multilevel modeling (MLM) approach to examine multiple dependent variables
within a single model, allowing direct examination of reciprocal relationships, and to avoid
biases that can be introduced by MLM when estimating cross-lagged relationships (Asparouhov
et al., 2018; Falkenstrom et al., 2022; McNeish & Hamaker, 2020). Further, DSEM allows for
the separate examination of between-person (i.e., an individual’s mean score across time points)
and within-person (i.e., deviations from person-specific means at each time point) associations.
This approach was chosen because the relationship of between-person variability in a therapeutic
process variable (e.g., PA or positive system activation) and a subsequent outcome variable (e.g.,
PTSD symptoms) may stem from the influence of stable patient characteristics on both process
and outcome variables, rather than reflecting a causal mechanism (Falkenstrom et al., 2013;
Sasso et al., 2016). This study examined within-person, fixed, random, and autoregressive
effects. SEM models were estimated in Mplus 8.4 (Muthén & Muthén, 2017) via Bayesian
estimation using a Markov Chain Monte Carlo algorithm, utilizing uninformative priors. While a
formal power analysis was not conducted, simulation studies suggest that the present sample
sizes (Study 1: N=130; 7= 10; Study 2: N=111, T'= 6) approached the minimum
recommended sample size for having at least 80% power to test lagged, with-person effects with
random slopes (Schultzberg & Muthén, 2018), though other studies with similar research
questions and number of observations have utilized DSEM (e.g., Gomez Penedo et al., 2021).

In Study 1, three models were estimated to examine cross-lagged relationships among PA
and NA (Model 1), PA and PTSD symptoms (Model 2), and NA and PTSD symptoms (Model 3)
across sessions 1-10. A similar approach was taken in Study 2: three DSEM models were

estimated to examine cross-lagged relationships among positive and negative system activation
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(Model 4), positive system activation and PTSD symptoms (Model 5), and negative system
activation and PTSD symptoms (Model 6) across sessions 1, 3-5, 8, and 10. Models 1-6 included
level 1 (within-person) effects of the lag-1 focal predictors and dependent variable cross-lagged
associations and autoregressions, and level 2 (between-person) effects for each focal predictor.
Models included random intercepts and slopes to allow average values, cross-lagged
associations, and autoregressive effects to vary across individuals. Some authors have
recommended detrending time-series data prior to DSEM analysis to avoid violating the
stationarity assumption (McNeish & Hamaker, 2020), though others suggest that detrending for
time may not be desirable for experimental, longitudinal studies, such as this one, where time
trends are an intended effect of the study design (Thome, 2014; Wang & Maxwell, 2015).
Therefore, because all variables in Studies 1 and 2 were expected to change over time due to
treatment, to avoid removing the very effects that were of most interest in capturing, detrending
time-varying variables was not employed. DSEM imputes missing values for each iteration of
the Markov Chain Monte Carlo procedure based on values from other time points, parameter
estimates from previous iterations, and error by sampling from the conditional posterior
distributions (Asparouhov et al., 2018).

In Studies 1 and 2, two additional sets of three DSEMs (Models 1a — 3a; Models 4a — 6a)
were fitted to test whether treatment condition moderated the cross-lagged associations between
changes in affect/positive and negative systems and PTSD symptoms; these models were
identical to Models 1-6 with addition of treatment condition (PE versus PE + sertraline) as a
level 2 (between-person) predictor of cross-lagged slopes. For the treatment condition variable,

PE alone was coded as 0 and PE plus sertraline was coded as 1. Significant interaction effects
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were probed by examining simple slopes for PE and PE plus sertraline. Visual representations of
Models 1-3 (Study 1) and Models 4-6 (Study 2) are provided in Figures 1-6.

Results
Study 1: Changes in Self-Reported Positive and Negative Affect

Means and standard deviations for PA, NA, and PTSD severity across each session are
reported in Table 3. Correlations among PA, NA, PTSD severity, and depression severity,
averaged across treatment sessions, are presented in Table 4. Correlations were as expected, with
higher PA weakly to moderately associated with lower NA, PTSD severity, and depression
severity, and higher NA moderately to strongly associated with higher PTSD and depression
severity.

Linear mixed models with random slopes and intercepts were used to examine average
change over time in PA and NA and whether changes over time were moderated by treatment
condition. Positive affect increased moderately over sessions (b = 0.67, SE = 0.16, #(109.12) =
4.15, p <0.001, 95% CI1[0.35, 0.98], d=0.51), and NA decreased strongly over sessions (b = -
1.00, SE =0.16, #(101.96) =-6.30, p < 0.001, 95% CI [-1.31, -0.68], d = 0.78). Neither changes
in PA nor changes in NA over time were moderated by treatment condition.

Cross-Lagged Associations Among PA, NA, and PTSD Symptom Change

Results of DSEM Models 1-3 are presented in Table 7, including standardized model
coefficients to provide a measure of effect size. In Model 1, session-to-session changes in PA
and NA were reciprocally related. Decreases in NA at a session predicted small to medium sized
increases in PA at the next session (NA; =2 PAw1: ES =-0.20, 95% credible interval [CI; -0.28, -
0.13]), and increases in PA predicted small decreases in next-session NA (PA; 2> NAu1: ES =-

0.09, 95% CI [-0.15, -0.02]). Notably, the NA; = PA association was approximately twice the
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size of the PA;{ > NA relationship. Thus, while the cross-lagged relationship between NA and
PA was reciprocal, a 1-unit decrease in NA predicted a 0.17-unit increase in PA at the next
session, whereas a 1-unit increase in PA predicted only a 0.10-unit decrease in next-session NA.

In Model 2, changes in PA did not predict next-session PTSD symptoms, but decreases in
PTSD symptoms predicted medium sized increases in next-session PA (PTSD; = PAw1: ES=-
0.26, 95% CI [-0.34, -0.17]). A 1-unit decrease in PTSD severity predicted a 0.17-unit increase
in next-session PA. In Model 3, session to session changes in NA and PTSD symptoms were
reciprocally related, with decreases in NA at a session predicting small decreases in PTSD
symptoms at the next session (NA;=> PTSDu1: ES =0.12, 95% CI [0.06, 0.18]), and decreases
in PTSD predicting large decreases in next-session NA (PTSD; 2> NAwu1: ES=0.50, 95% CI
[0.38, 0.60]). Notably, the PTSD; =2 NA+ association was approximately four times the size of
the NA; 2> PTSDy+1 association. Thus, although NA and PTSD were reciprocally related from
session to session, a 1-unit decrease in PTSD severity predicted a 0.35 unit decrease in NA at the
next session, whereas a 1-unit decrease in NA predicted only a 0.16 unit decrease in next-session
PTSD severity.

Across these three models as seen in Table 7, all random intercepts and slopes were
significant, indicating the within-person, cross-lagged associations among PA, NA, and PTSD
symptoms differed across participants. Thus, the cross-lagged, within-person associations among
PA, NA, and PTSD may be moderated by between-person differences, such as treatment
condition.

Finally, as seen in Table 8, across Models 1a — 3a, treatment condition did not moderate
cross-lagged associations among PA, NA, and PTSD symptoms.

Summary of Changes in Self-Reported Positive and Negative Affect
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In sum, self-reported PA and NA improved moderately to strongly over the course of
treatment. Within-person, session-to-session improvements in NA and PA were reciprocally
related, though the effect of improvements in NA on subsequent improvements in PA was twice
as strong as PA on subsequent NA. Finally, improvements in PTSD symptoms predicted
subsequent improvements in PA and NA much more strongly than the effects of improvements
in affect on subsequent changes in PTSD.

Study 2: Changes in Observer-Rated Psychotherapy Process Positive and Negative Systems

Means and standard deviations for positive and negative system activation and PTSD
severity across each session are reported in Table 5. Correlations among positive and negative
system activation, PTSD severity, and depression severity, averaged across treatment sessions,
are presented in Table 6. As expected, higher positive and lower negative system activation were
weakly associated with higher PTSD and depression severity, with slightly stronger correlations
among negative system activation, PTSD, and depression compared to positive system
activation, PTSD, and depression. Higher positive system activation was weakly associated with
lower negative system activation.

Linear mixed models with random slopes and intercepts were used to examine average
change over time in positive and negative system activation and whether changes over time were
moderated by treatment condition. Positive system activation increased strongly over sessions (b
=0.51, SE=0.05, #(131.08) = 10.61, p < 0.001, 95% CI [0.42, 0.61], d = 1.42), and negative
system activation decreased strongly over sessions (b =-0.34, SE = 0.05, #(142.96) =-7.27, p <
0.001, 95% CI [-0.43 -0.25], d = 0.98). Neither changes in positive system activation nor changes

in negative system activation over time were moderated by treatment condition.
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Cross-Lagged Associations Among Positive and Negative Systems During Psychotherapy and
PTSD Symptom Change

Results of DSEMs Models 4-6 are presented in Table 9, including standardized model
coefficients to provide a measure of effect size. In Model 4, similar to self-reported PA and NA,
session-to-session changes in in-session positive and negative systems were reciprocally related.
Increases in positive system activation at one session predicted medium sized decreases in
negative system activation at the next session (positive system; = negative system+1: ES = -0.25,
95% CI [-0.38, -0.11]), and decreases in negative system activation predicted small increases in
next-session positive system activation (negative system; = positive systeme+1: ES =-0.09, 95%
CI [-0.16, -0.004]). Notably, the positive system; = negative systemg+1 association was 2.78
times the size of the negative system; = positive systemi relationship, which is the opposite
pattern found for self-reported PA and NA, where improvements in NA more strongly predicted
subsequent improvements in PA. Here, a 1-unit increase in positive system activation during a
psychotherapy session predicted a 0.23-unit decrease in negative system activation during the
next session, whereas a 1-unit decrease in negative system activation during a session predicted
only a 0.10-unit increase in positive system activation at the next session.

In Models 5 and 6, changes in positive and negative systems during a psychotherapy
session did not predict next-session changes in PTSD symptoms, but decreases in PTSD
symptoms predicted medium sized increases in next-session positive system activation (PTSDy
- positive system+1: ES =-0.44, 95% CI [-0.55, -0.37]) and medium sized decreases in negative
system activation (PTSD; = negative system1: ES=0.38, 95% CI[0.26, 0.52]). Thus,
improvements in PTSD severity preceded improvements in both self-reported PA and NA as

well as improvements in positive and negative system activation during psychotherapy sessions.
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However, whereas self-reported NA improved more strongly than PA following improvements
in PTSD, in-session positive system activation improved more strongly than negative system
activation following improvements in PTSD. A 1-unit decrease in PTSD severity predicted a
0.11-unit increase in positive system activation but only a 0.07-unit decrease in negative system
activation during the next psychotherapy session.

Across these Models 4-6 as seen in Table 9, all random intercepts and slopes were
significant, indicating the within-person, cross-lagged associations among positive and negative
system activation and PTSD symptoms differed across participants. Thus, the cross-lagged,
within-person associations among system activation and PTSD may be moderated by between-
person differences, such as treatment condition.

Finally, as seen in Table 10, similar to Study 1 examining PA and NA, treatment
condition did not significantly moderate most temporal associations among positive and negative
system activation during psychotherapy sessions and PTSD symptoms. However, unlike the
model examining associations between changes in PTSD and self-reported PA, treatment
condition moderated the effect of positive system activation on subsequent negative system
activation (interaction ES = -0.42, 95% CI [-0.80, -0.10]). The effect of increases in positive
system activation during a psychotherapy session on subsequent decreases in negative system
activation during a session was moderately stronger when PE was augmented with sertraline. In
PE alone, the effect of changes in positive system activation on subsequent negative system
activation did not reach statistical significance (positive system; = negative system+1 = -0.05,
95% CI [-0.25, 0.14]), whereas in PE plus sertraline a 1-unit increase in positive system
activation predicted a 0.37-unit decrease in next-session negative system activation (positive

system; = negative systemu1 = -0.37, 95% CI [-0.54, -0.19]).



49

Summary of Changes in Observer-Rated Psychotherapy Process Positive and Negative
Systems

In sum, similar to the improvements in self-reported PA and NA in Study 1, positive and
negative in-session psychotherapy change processes d improved over the course of treatment.
However, improvements in positive and negative change processes during psychotherapy
sessions were larger than improvements in self-reported affect, and unlike self-reported affect,
in-session positive chang processes improved to a greater degree than did negative processes. As
was found for self-reported PA and NA, positive and negative change processes during sessions
were reciprocally related from session-to-session, but unlike PA and NA, in-session positive
processes improvements predicted stronger improvements in subsequent negative processes
compared to the reverse. Further, the effect of positive processes on subsequent negative
processes only reached significance when PE was augmented with sertraline. Similarly to Study
1, improvements in PTSD severity preceded improvements in positive and negative system
processes during psychotherapy sessions, but unlike Study 1, changes in PTSD were more
strongly associated with positive than negative processes.

Discussion

Study 1: Changes in Self-Reported Positive and Negative Affect

This study examined session-to-session patterns of change in self-reported positive and
negative affect and PTSD symptoms during PE with or without sertraline augmentation. As
hypothesized, negative affect decreased with a large effect and positive affect increased with a
medium effect over treatment sessions, and these effects did not differ with sertraline
augmentation of PE. Thus, PE may produce substantial improvements in positive emotionality,

and augmenting PE with an SSRI does not appear to amplify this effect. Although changes in
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self-reported PA and NA were related to each other from session to session, decreases in NA
more strongly predicted increases in next session PA. Notably, PTSD symptom change
consistently predicted small next session increases in positive affect and moderate next session
decreases in negative affect and not as strong in the reverse direction. Accordingly, changes in
affect may be more a consequence than a driver of PTSD symptom reduction, potentially arguing
that PTSD-specific processes rather than broader negative affect or neuroticism effects underlie
treatment change.

The strong reductions in NA observed across both treatment conditions are unsurprising.
Exposure-based treatments for PTSD and anxiety disorders are linked with extinction learning
models that promote reductions in negative emotional responses to conditioned stimuli. More
interesting is that PA increased across both treatment conditions, at a moderate effect size,
suggesting that PE may facilitate improvements in reward system functioning (e.g., Hoffman et
al., 2022). Although not explicitly designed to target PA, there are several plausible pathways in
PE through which PA may be improved. Avoidance of trauma-reminders could cause significant
functional impairment and restrict access to rewards important for well-being (e.g., Winer et al.,
2017). Once avoidance is decreased, rewards may be sought after more regularly, and PA may
naturally increase. In vivo exposure explicitly encourages approach of previously avoided,
trauma-related cues, and in vivo exposure exercises may entail behavioral activation ipso facto
via the approach of activating activities, travel to therapeutically relevant locations, and re-
engagement in social activities (Foa et al., 2019). Imaginal exposure may also increase PA by
decreasing re-experiencing symptoms and increasing feelings of mastery. Good therapists often
incorporate and highlight intrinsic, naturalistic, and more tangible rewards during therapy,

including such feelings as relief or sense of accomplishment, praise from others, a stronger sense
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of connection with friends or family, or even “treats,” “prizes,” or “rewards.” Thus, both
imaginal and in vivo exposure may directly encourage reward acquisition and, over time, lead to
increases in PA. Reductions in distress experienced over the course of repeated exposure may
also facilitate experiences of PA. Notably, augmenting PE with sertraline did not produce
superior improvements in PA and NA. This is consistent with equivocal findings concerning the
comparative efficacy of psychotherapy and combined psycho- and pharmacotherapy for PTSD
(e.g., Hetrick et al., 2010; Rauch et al., 2019; Schneier et al., 2012) and suggests that adding
SSRIs to exposure therapy may not confer meaningful benefit to improvements in PA and NA.

Decreases in NA preceded subsequent next-session increases in PA more strongly than
vice versa, consistent with the broader literature on the relative potency of changes in NA on
subsequent PA compared to vice versa (e.g., Garland et al., 2010; Hollenstein, 2015). One of the
most plausible explanations is that exposure-based interventions directly target negative affect,
almost by definition; whereas experiences of mastery and accomplishment during imaginal and
in vivo exposure may occur (e.g., Benight & Bandura, 2004) in response to fear extinction and
decreases in negative emotional responses to trauma cues. Similarly, shifting negative, trauma-
related beliefs about oneself, others, and the world may set the stage for the adoption of new,
positive, trauma-related beliefs (Ehlers & Clark, 2000; LoSavio et al., 2017). It is also possible
that NA no longer interferes with the experiences of PA during potentially rewarding
experiences (DePierro et al., 2018) or frees up cognitive resources to facilitate greater attention
to and processing of rewarding experiences (Litz & Gray, 2002).

Remarkably, PTSD symptom change preceded decreases in NA and more strongly than
the other way around, with the effect of PTSD on subsequent NA four times as strong as the

reverse. The present results may argue that broadly targeting neuroticism and associated
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temperamental characteristics, commonly seen linked with negative affect, as suggested by some
(e.g., Barlow et al., 2021), may not be sufficient to produce clinically meaningful changes in
trauma-specific symptoms such as re-experiencing, avoidance, or an exaggerated startle
response. Rather, specifically targeting conditioned emotional responses to trauma cues and/or
negative, trauma-related beliefs may be necessary for meaningful PTSD reduction. One of the
key features that may be unique in PTSD compared to other anxiety and depressive disorders is
the trauma memory. Specific treatment focus on the trauma memory and associated memory
traces may be needed to promote hippocampal neurogenesis and better pattern separation (e.g.,
Besnard & Sahay, 2016). Indeed, inhibitory learning (Craske et al., 2014) and emotional
processing (Foa et al., 2006; Foa & Kozak, 1986) highlight the importance of violating threat-
related expectancies for trauma-related cues and the impact of their accompanying emotional
responses, with these violations producing new, threat-inhibitory learning about the meaning or
consequences of trauma-related stimuli. More broadly, these findings have implications for
debates over common versus specific factors driving recovery across treatment modalities and
disorders. While common factors like improvements in neuroticism (Barlow et al., 2014, 2021)
and the therapeutic alliance (Baier et al., 2020; Buchholz & Abramowitz, 2020) may facilitate
therapeutic change, improvements in PTSD symptoms preceding improvements in affect far
more strongly than the reverse suggests that factors specific to PTSD, and perhaps specific to
prolonged exposure therapy, play critical roles in recovery from PTSD.

Given that increases in PA predicted small subsequent decreases in NA, improvements in
PA may play a role in building and maintaining momentum during exposure therapy, helping to
generate approach motivation to engage in therapy activities (Zbozinek & Craske, 2017). Several

authors have proposed explicit targeting of PA transdiagnostically, showing that improvements
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in PA may enhance treatment engagement and outcomes (e.g., Cernasov et al., 2021; Craske et
al., 2019; Zbozinek & Craske, 2017). In the present study, however, changes in PA did not
significantly predict subsequent changes in PTSD, suggesting that improvements in PA may be
more a consequence than a driver of treatment processes and PTSD symptom reduction. In
addition, different approaches to targeting PA may differentially impact recovery processes;
explicit strategies to amplify positive emotions such as imaginal recounting of positive
experiences or gratitude exercises to savor positivity (Craske et al., 2023) may have a stronger
impact than less direct targeting of PA through in vivo and imaginal exposure exercises.
Importantly, there was significant variability in all of the cross-lagged and autoregressive
associations among PA, NA, and PTSD, including in the association between PA and subsequent
changes in PTSD. Though on average, PA is more a lagging than leading indicator of change in
PE, for some individuals improvements in PA may do more to drive recovery. Future studies
should explore moderators of the impact of changes in PTSD symptoms on subsequent PA, such
as depression severity and specific facets of reward functioning, including reward
hyposensitivity (e.g., Craske et al., 2023), to identify those most likely to benefit from additional
targeting of PA. Positive emotions related to increased self-efficacy, mastery, and goal-oriented
behaviors (e.g., pride, confidence, determination, excitement) may be particularly beneficial for
inhibitory learning during exposure therapy (Zbozinek & Craske, 2017).

Sertraline augmentation of PE did not explain the variability in the observed associations
among NA, PA, and PTSD symptoms. In PTSD, evidence is still mixed as to whether combined
psycho- and pharmacotherapy approaches outperform psychotherapy alone (e.g., Hetrick et al.,
2010; Rauch et al., 2019; Rothbaum et al., 2006; Schneier et al., 2012; Simon et al., 2008), and

fewer studies still have examined how SSRI augmentation impacts processes of change in
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exposure therapy (Allard et al., 2021; Cooper, Zoellner, et al., 2017). One explanation is that
these distinct therapies actually modulate similar brain neurocircuitry surrounding fear
expression and extinction (e.g., Heesbeen et al., 2023). Additionally, to the extent that trauma-
specific processes drive change in PE relative to general changes in affect, SSRIs’ broad impacts
on emotion systems may be outweighed by PE’s trauma-focused approach with respect to
improvements in PTSD symptoms (e.g., MacNamara et al., 2016). Another explanation might be
that there are specific people where this targeted augmentation is most important (e.g.,
DeRubeis, Gelfand, et al., 2014). Studies of individual difference variables related to reward
functioning may help to identify individuals for whom SSRI augmentation is more helpful.

In conclusion, this study highlights temporal patterns of change in self-reported affect
and PTSD symptoms during therapy for PTSD, with effects of PTSD symptom reduction on
subsequent improvements in PA and NA being substantially stronger than the reverse effects.
Although variation in temporal associations between changes in affect and subsequent PTSD
leaves open the possibility that certain patients may benefit from targeting of affect more
generally, these findings highlight the potential centrality of specifically targeting PTSD
symptoms rather than broader affect. Indeed, engaging in standard PE designed to target PTSD
symptoms appears sufficient to effect meaningful improvements in levels of positive and
negative emotions. /n vivo and imaginal exposure to trauma-related stimuli reduce negative
emotional responses to and accompanying avoidance of trauma-related cues, which may
facilitate increased reward acquisition and availability of cognitive resources for positive
emotions. Prolonged exposure may also result in decreases in negative, trauma-related beliefs
and increases in positive beliefs, which may translate to broader improvements in emotional

functioning.
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Study 2: Changes in Observer-Rated Psychotherapy Process Positive and Negative Systems

This study examined session-to-session patterns of change in positive and negative
systems comprised of in-session, observer-rated patient emotions, cognitions, and processing
styles, and their relationship to changes in PTSD symptoms during PE with or without sertraline
augmentation. Over the course of treatment, positive and negative change processes during
imaginal exposure processing increased and decreased, respectively, in a linear fashion and with
large effects, consistent with observed changes in average self-reported positive and negative
affect across treatment. Notably, improvements in observer-rated, in-session positive and
negative psychotherapy processes were substantially larger than improvements in self-reported
PA and NA. Further, improvements in positive processes during psychotherapy sessions
outweighed improvements in negative processes, whereas the reverse pattern was found for
changes in self-reported affect. This suggests that in-session patient processes offer insights into
therapeutic change not captured by self-report measures completed outside of treatment sessions.

Changes in positive and negative change processes were reciprocally related over time,
with the effect of higher positive processes on subsequent lower negative processes more than
twice as strong as the reverse effect. Thus, improvements in positive in-session psychotherapy
processes led improvements in negative in-session processes, in contrast with findings from
Study 1 that improvements in self-reported NA preceded improvements in PA. This may suggest
potential functional links between positive and negative in-session psychotherapy processes,
with increases in approach-oriented processing, positive beliefs, and positive emotions playing
an important role in inhibiting negative beliefs and cognitions and avoidant processing. This

inhibition may play a particularly important role in the context of new learning that occurs
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during exposure exercises and accompanying processing, compared to the relationship between
positive and negative affect outside of session.

The effect of increased positive change processes on subsequent decreased negative
change processeson was stronger with sertraline augmentation. Thus, sertraline augmentation
may enhance the extent to which positive psychotherapy processes inhibit subsequent negative
processes, possibly by boosting the effects of subjective reward perception during post-exposure
processing. Finally, decreases in PTSD symptoms preceded medium increases and decreases in
positive and negative processes, respectively, but neither positive nor negative processes
subsequent changes in PTSD symptoms, suggesting that the observer-rated patient emotions,
cognitions, and processing styles during imaginal exposure processing may be lagging rather
than leading indicators of recovery during exposure therapy for PTSD. Together with findings
from Study 1 that improvements PTSD led improvements in self-reported affect, this provides
strong evidence that change processes specific to PTSD symptoms, such as extinction learning
and changes in trauma-related beliefs, are more closely tied to recovery than are nonspecific
change processes during exposure therapy for PTSD.

Larger improvements in positive patient emotions, cognitions, and processing styles
across sessions of imaginal exposure processing relative to improvements in their negative
counterparts stand in contrast to the larger improvements in self-reported NA relative to PA
found in Study 1. Not only does PE appear to effect improvements in average levels of emotions,
but it also produces robust improvements in adaptive processing of trauma-related material and
accompanying improvements in trauma-related emotions and cognitions (Foa et al., 2006; S.
Rauch & Foa, 2006). Furthermore, changes in positive and negative processes appeared to be

mutually inhibitory over time. Processing of imaginal exposure during PE sessions offers
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patients the opportunity to reflect on the experience of engaging in imaginal exposure and to
create new ways of appraising the trauma and the trauma-related reactions upon approaching the
trauma memory (Foa et al., 2019). The development of this new, more adaptive, trauma-related
learning may be reflected in relative increases and decreases in positive and negative system
activation over the course of treatment.

It is striking that, in contrast to relatively smaller changes in self-reported PA and smaller
effects of PA on subsequent NA in Study 1, Study 2 revealed substantially larger improvements
in positive compared to negative psychotherapy processes and stronger effects of positive
processes on subsequent negative processes. Thus, positive, in-session patient processes during
post-exposure processing appear to play a more prominent role in therapeutic change than either
self-reported, average PA or negative, in-session patient processes. These discrepancies may be
explained in part by the different processes captured by self-reported mean levels of affect and
observer-rated in-session patient statements and behaviors. Positive psychotherapy patient
processes, in particular, may capture strong indicators of progress in PE. Expressions of
hopefulness during post-exposure processing may reflect patient perceptions that treatment is
helping and increased confidence in completing treatment; hopefulness may also reflect
increases in future-oriented thinking and posttraumatic growth, including the perception of new
possibilities in life (e.g., Hagenaars & Van Minnen, 2010; Tedeschi et al., 2015). Increases in
expressions of positive beliefs about oneself and relationships with others may reflect adaptive
changes in trauma-related beliefs, increased social engagement and interpersonal connection, and
increases in perceived self-efficacy and mastery, all of which are desirable and target outcomes
of PE (e.g., Brown et al., 2019; Foa et al., 2019). Together with increases in cognitive-emotional

processing, these factors may be picking up on new insights being generated by the patient, new
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meanings made, and easier retrieval of new, adaptive learning relative to the retrieval of
maladaptive learning.

Conversely, increases in negative patient psychotherapy processes may indicate that
problems are occurring in PE. Increases in unproductive processing, avoidance, and hopelessness
may reflect difficulties generating new trauma-related insights and be a sign that the patient is
getting stuck processing their trauma. Indeed, hopelessness and negative beliefs about oneself
may be more likely to occur when treatment is not progressing as the patient desires; increases in
statements about relationship difficulties may indicate challenges in obtaining social support or
strengthening interpersonal connections. Given that increases in positive psychotherapy
processes predicted subsequent dampening of negative processes, increases in positive processes
may indicate greater resilience to challenges in PE and even help patients overcome difficulties
encountered in treatment. For example, a patient who increasingly believes they can do difficult
things (i.e., engage in exposure and approach the trauma memory) and effectively tolerate
distress may become less discouraged following a particularly difficult imaginal exposure
exercise or new relationship difficulty, and they may be more likely to address these challenges
with approach-oriented rather than avoidance-oriented coping strategies. Taken together,
increases in positive patient processes during post-exposure processing may be a potent signal —
moreso than changes in self-reported emotions outside of therapy sessions — to therapists that
treatment is working, whereas increases in negative patient processes across sessions should
raise alarms for therapists that adjustments may be needed to facilitate therapeutic response.

Although sertraline augmentation of PE did not significantly moderate temporal patterns
of change in self-reported affect and PTSD symptoms in Study 1, increases in positive

psychotherapy processes were more strongly associated with subsequent dampening of negative
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psychotherapy processes when PE was augmented with SSRI medication. Thus, it appears that
engaging in PE with a supplemental pharmacological aid may increase the potency of positive
psychotherapy processes. This finding contrasts with previous studies in which pharmacological
monotherapy (Cooper, Zoellner, et al., 2017) and augmentation of psychotherapy (Zoellner et al.,
2017) were associated with decoupling of changes in putative therapeutic change processes,
specifically improvements in negative trauma-related beliefs, and PTSD symptoms. Findings
from these previous studies may suggest that engaging in psychotherapy without the aid of
medication results in greater internal attributions of change, translating to increased self-efficacy
that helps patients overcome challenges in treatment. Indeed, previous studies have found that
individuals taking medication while engaged in psychotherapy experience smaller improvements
in beliefs about coping abilities and lower confidence in maintaining treatment gains after acute
treatment (e.g., Moradveisi et al., 2015; Schaumberg et al., 2013). However, this study suggests
that SSRI augmentation may enhance the degree to which positive psychotherapy processes
inhibit negative processes. Experiencing positive emotions during post-exposure processing may
enhance exposure-related learning by encouraging semantic and relational processing and
rehearsal of newly learned information (Zbozinek & Craske, 2017). The impact of positive
emotions on learning may be strengthened by SSRIs, which have been shown to boost subjective
reward perception during learning (Michely et al., 2020). Thus, SSRIs may increase the salience
of rewards encountered during processing, such as experiences of mastery, which may in turn
facilitate increased engagement in therapy activities and build motivation to overcome
challenges.

Consistent with the findings from Study 1for self-reported negative and positive affect,

neither changes in positive nor negative system activation during therapy sessions predicted
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subsequent changes in PTSD symptoms; instead, reductions in PTSD symptoms predicted
subsequent moderate next-session increases in positive and decreases in negative system
activation. Changes in positive and negative emotions, cognitions, and processing styles during
imaginal exposure may be consequences rather than drivers of changes in PTSD. Thus, as
discussed above, treatment processes specific to PE and PTSD may lead to broader
improvements in positive and negative psychotherapy processes during post-exposure
processing, not the other way around. These findings particularly in regard to therapy-session
content are partially consistent with others that have looked at the relationship between in-
session CHANGE-coding processes and PTSD symptom change. Some studies have failed to
find significant associations between outcomes of trauma-focused CBT and putatively adaptive
psychotherapy processes such as expressions of overgeneralized trauma beliefs (Ready et al.,
2015), rumination, and avoidance (Hayes et al., 2017), while another found that lower negative
psychotherapy processes including, cognitive, emotional, behavioral, and physiological patient
responses predicted greater PTSD improvement (Alpert et al., 2021). Few studies utilizing
CHANGE coding have examined relationships between positive psychotherapy processes and
PTSD outcomes, though greater cognitive-emotional processing and hopefulness, included
among this study’s positive psychotherapy processes, did predict improvement in depression
(Abel et al., 2016; Hayes et al., 2014).

Therapists providing PE would be aided by future studies that can identify in-session
factors that are not merely indicators of progress, but that predict subsequent improvements. It
may be the case that in aggregating positive and negative psychotherapy processes, this study
papered over unique contributions of specific psychotherapy processes, for example cognitive-

emotional processing or hope, as demonstrated in other, non-PTSD studies (Abel et al., 2016;
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Hayes et al., 2014). The high degree of between-patient differences in the temporal associations
between self-reported affect and PTSD and between psychotherapy processes and PTSD also
suggest that, for some individuals, these processes may predict change in PTSD. Given the
central role of diminished positive affect in depression and high rates of co-occurrence of PTSD
and depression, future studies should examine whether depression severity moderates the
relationships between positive and negative processes and their impact on recovery (Clark &
Watson, 1991; Peskin et al., 2019; Zoellner et al., 2014). Recent computational advances in
identifying multivariate profiles of individual difference variables that impact treatment response
may also facilitate efforts to optimally match individual patients with different treatment
strategies (e.g., DeRubeis, Cohen, et al., 2014; van Bronswijk et al., 2021). As suggested by
these studies, multimodal assessments including self-report, observer-rated, physiological, and
cognitive neuroscience measures assessing both pre-treatment patient characteristics as well as
in-session change processes will provide the most comprehensive insights. Finally, therapist
behaviors during post-exposure processing may drive subsequent PTSD improvement; the
CHANGE system codes for therapist behaviors, but they were not included in this study. Indeed,
therapist competence in case conceptualization was found to predict sudden gains during
depression treatment (Abel et al., 2016).
General Conclusions

The present studies examined positive and negative processes of therapeutic change in PE
with or without sertraline augmentation for the treatment of PTSD, utilizing dynamic structural
equation modeling to examine session-to-session patterns of change in self-reported positive and
negate affect, observer-rated, positive and negative patient emotions, cognitions, and processing

styles during the processing of imaginal exposure, and PTSD symptoms. Both PE with and
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without sertraline were associated with substantial gains in positive affect and positive
psychotherapy change processes and large reductions in negative affect and negative
psychotherapy change processes; the medium to large increases in positive processes are notable
given that PE was designed to most directly target negative, trauma-related emotional, cognitive,
and behavioral responses (Foa et al., 2011). Improvements in positive processes suggest that the
impacts of exposure therapy extend beyond reducing fear responses to trauma-related,
conditioned stimuli. Indeed, engagement in exposure therapy may lead to increases in reward
acquisition via increased engagement in rewarding activities, strengthening of interpersonal
relationships through in vivo exposure, and increases in mastery, accomplishment, and perceived
self-efficacy by completing challenging exposure exercises (Foa et al., 2019; Hoffman et al.,
2022; Winer et al., 2017).

Across measurement modalities of self-report and observer ratings of in-session patient
processes, changes in positive and negative affect and between positive and negative systems of
psychotherapy change processes were reciprocally related, such that decreases in negative
processes begat subsequent increases in positive processes, and vice versa. This consistent
pattern across indices suggests that the improvements in positive and negative processes
observed over the course of PE may be functionally linked. Indeed, PTSD may be characterized
by an imbalance of approach and avoidance (Stein & Paulus, 2009), and PE may help individuals
with PTSD achieve a more adaptive homeostasisbetween pursuing rewards and avoiding threats.
With respect to self-reported PA and NA, decreases in negative responses to trauma cues and
threat expectancies accomplished through in vivo and imaginal exposure may result in decreases
in excessive avoidance motivation in the context of potential reward acquisition. Increased

contact with rewards through behavioral activation, improvements in perceived coping abilities
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and self-efficacy (Benight & Bandura, 2004; Cyniak-Cieciura et al., 2015), and strengthening of
interpersonal bonds may result in increases in diminished approach motivation. With respect to
in-session psychotherapy processes, increase in positive processes may be an especially strong
indicator of favorable progress in treatment, and increases in hope, positive self-views, and
adaptive insights may empower patients to overcome problems or challenges encountered during
PE and indexed by elevated negative psychotherapy processes. Medication augmentation may
enhance the benefits of increases in positive psychotherapy processes, possibly by boosting
subjective reward perception and encoding and rehearsal of new learning during post-exposure
processing (Michely et al., 2020; Zbozinek & Craske, 2017).

Notably, improvements in PTSD preceded changes in affect and psychotherapy
processes. Reciprocal, mutually inhibitory relationships between positive and negative processes
appear to be a robust characteristic of therapeutic change in PE with or without SSRI
augmentation, consistent across both self-report and in-session change coding. One logical
conclusion from these consistent findings is that targeting trauma-specific processes may be
more effective than more broadly targeting positive and negative processes in general, as has
been suggested by some (Barlow et al., 2021). Furthermore, examining the role of interactions or
transactions between positive and negative processes and subsequent PTSD change may yield
greater insight into treatment processes compared to examining positive and negative processes
independently with respect to PTSD. The facilitative effect that decreases in NA may have on
subsequent increases in PA, together with the effect increases in positive psychotherapy
processes may have on patients ability to overcome challenges during treatment, may contribute
to building and maintaining adaptive engagement in in vivo and imaginal exposure and

accompanying improvements in PTSD. Additional research clarifying the processes through
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which decreases in negative processes facilitate subsequent increases in positive processes, and
vice versa, will inform treatment strategies to augment this effect, which may in turn enhance
treatment response. Candidate processes of reciprocity between positive and negative processes
may include the role of negative affect interference on positive affect (DePierro et al., 2018),
enhancement of inhibitory learning via induction of positive affect (Zbozinek & Craske, 2017),
enhancement of approach motivation via direct treatment of anhedonia (Craske et al., 2023), and
the neural circuits supporting integration of approach and avoidance, particularly limbic, striatal,
and orbitofrontal cortex activity (Aupperle & Paulus, 2010; Nawijn et al., 2015).

Finally, across both studies, there was significant between-patient variability in the
relationships between positive and negative processes and PTSD symptoms. In other words,
though on average affect and psychotherapy processes followed changes in PTSD, for some
individuals the relationship may be reversed, and changes in affect and psychotherapy processes
may in fact drive subsequent changes in PTSD. This highlights the importance of both
examining within-person changes in addition to between changes, and of elucidating moderators
of these relationships. Depression severity may be one such moderator (Clark & Watson, 1991;
Peskin et al., 2019; Zoellner et al., 2014), and advances in computational strategies to identify
multivariate profiles predicting treatment response may also aid in this work (e.g., DeRubeis,
Cohen, et al., 2014; van Bronswijk et al., 2021).

Strengths of these studies include the comparison of a gold-standard psychotherapy for
PTSD with and without pharmacological augmentation, session-by-session examination of
changes in affect and psychotherapy processes and their relationship to changes in PTSD
symptoms, and an analytic approach that facilitates examination of within-person effects and the

testing of reciprocal temporal relationships within a single model. Previous studies of temporal
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patterns of change during exposure therapy for PTSD have relied on MLM approaches (e.g.,
Cooper, Zoellner, et al., 2017), but MLM may yield biased estimates of cross-lagged effects
compared to DSEM (Falkenstrom et al., 2022). Previous studies of change processes in exposure
therapy have frequently relied on pre-post changes or only a limited number of measurements
taken during the course of treatment, limiting insight into session-to-session patterns of change
that may be most salient to clinicians. A key strength of this study is the multimodal assessment
of putative change processes, the importance of which is reinforced by differences in the
relationships between positive and negative affect and psychotherapy processes and their
associations with PTSD symptoms. Other strengths include strong clinical measurement,
standardized interventions, and experimental controls within a well-designed randomized clinical
trial.

Despite its strengths, findings from this study should be considered in light of its
limitations. The use of a primary PTSD sample, trauma-focused exposure therapy, and a single
SSRI medication may limit generalizability to other anxiety, depression, and other traumatic
stressor-related disorders, as well as to other forms of psycho- and pharmacotherapy. However,
processes theorized to underlie exposure therapy are thought to operate transdiagnostically
(Craske et al., 2012), and other SSRIs and other classes of antidepressants are generally thought
to operate along shared mechanisms (Harmer et al., 2017; MacNamara et al., 2016). Though the
inclusion PE with and without sertraline augmentation facilitates inferences about the impact of
sertraline on change processes, the lack of a control condition, for instance of non-trauma
focused treatment, precludes causal inferences about the impact of PE. That said, PE is a well-
established treatment, with strong evidence of efficacy compared across psychotherapies (e.g.,

Sakaluk et al., 2019), arguing that the observed changes can be attributed to PE. Further, the
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relationship between PE and sertraline has been studied in two larger randomized controlled
trials showing efficacy (Rauch et al., 2019; Zoellner et al., 2019) and it is reasonable to
benchmark observed changes in self-reported PTSD severity seen in this study (Table 3) with
those trials. Finally, this study examined session-to-session changes in average levels of PA and
NA and in psychotherapy processes; studies examining affective dynamics over even shorter
time scales using intensive longitudinal data may yield different insights into the role of affective
processes during PTSD treatment (Wichers et al., 2015).

Observer-rated measures of psychotherapeutic processes are few, likely in large part due
to the increased resources required to implement them. Observer-rated measures may come with
other limitations compared to self-report. For instance, distributions of individual CHANGE
variables were highly skewed and suffered from low base rates of observed phenomena.
Ultimately, some of this is inherent when studying patient behaviors during individual therapy
sessions. Even if a patient behavior occurs with low frequency does not mean it cannot have a
substantial impact on therapeutic change. Indeed, assessing these processes in-session, as they
occur in real-time, may be the most proximal way to study change during psychotherapy.
Further, observer-rated measures may complement self-report and physiological measurement to
provide a more holistic portrait of change processes. Coding across the whole session, rather than
the processing of imaginal exposure, specifically, may have improved statistical properties of the
CHANGE variables; however, studying processing of imaginal exposure was a central aim of
this study due to the relative dearth of research about it compared to exposure exercises
themselves. More problematic is the possibility that these studies were underpowered to detect

smaller effects (Schultzberg & Muthén, 2018), which may have obscured potential relationships
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between affect and psychotherapy processes and subsequent changes in PTSD symptoms, or
additional treatment moderation effects.

Clinically, therapists should be reassured that standard PE leads to substantial
improvements in both positive and negative emotions as well as positive and negative in-session
patient emotions, cognitions, and processing styles. Increases in positive psychotherapy
processes during post-exposure processing, in particular, may be a powerful sign to clinicians
that recovery is taking place and may also equip patients to better navigate challenges
encountered during treatment. On the flipside, increases in negative psychotherapy processes
during post-exposure processing, such as increased avoidance, unproductive processing,
hopelessness, and negative self-views, may function as an alarm for potential problems in
therapy and the need for course-correction. SSRI augmentation of PE may be considered for
patients experiencing difficulties in PE, those this requires further study. Finally, self-report and
observer-rated, in-session psychotherapy process variables may provide complementary

information about patients’ recovery during prolonged exposure for PTSD.
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Table 1
Baseline Sample Characteristics for Study 1 (Changes in Self-Reported Positive and Negative

Affect; N = 130)

Participant Characteristics PE (n=67) PE plus sertraline (n = 63)
% n % n

Gender

Female (cisgender/transgender) 79.1% 53 77.8% 49
Race

White 59.7% 40 57.1% 36

Black or African American 29.9% 20 27.0% 17

Other Background 10.5% 7 15.9% 10
Education

Not College Educated 68.7% 46 63.5% 40
Income

Less than $20,000/yr 53.7% 36 52.4% 33
Trauma Type

Adult Sexual Assault 31.3% 21 27.0% 17

Childhood Assault (e.g., CSA) 11.9% 8 23.8% 15

Adult Assault (non-sexual) 28.4% 19 20.6% 13

Accident (MVA, natural disaster) 6.0% 4 4.8% 3

Combat/war 3.0% 2 3.2% 2
Any current co-occurring diagnosis 77.6% 52 85.7% 54

(SCID-1V)
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M SD M SD
Age (years) 34.5 11.7 36.7 12.2
Time Since Trauma Exposure (years) 10.4 13.6 15.4 12.9
PTSD Symptoms (PSS-I-5) 34.5 6.2 37.0 6.2
Depression Symptoms (QIDS-C) 14.1 4.5 15.6 4.2
Positive Affect (PANAS) 27.4 9.6 26.2 7.3
Negative Affect (PANAS) 30.9 8.4 329 7.8

Note. CSA = Childhood Sexual Abuse, MVA = Motor Vehicle Accident, SCID-IV = Structured

Clinical Interview for DSM-IV, PSS-I-5 = PTSD Symptom Scale — Interview for DSM-5, QIDS-

C = Quick Inventory of Depressive Symptomatology — Clinical Rating, PANAS = Positive and

Negative Affect Schedule.
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Table 2
Baseline Sample Characteristics for Study 2 (Changes in Observer-Rated Psychotherapy

Process Positive and Negative Systems; N = 111)

Participant Characteristics PE (n=58) PE plus sertraline (n = 53)
% n % n

Gender

Female (cisgender/transgender) 82.8% 48 75.5% 40
Race

White 56.9% 33 62.3% 33

Black or African American 34.5% 20 20.8% 11

Other Background 8.6% 5 16.9% 9
Education

Not College Educated 69.0% 40 60.4% 32
Income

Less than $20,000/yr 46.6% 27 41.5% 22
Trauma Type

Adult Sexual Assault 32.8% 10 28.3% 15

Childhood Assault (e.g., CSA) 17.3% 10 30.2% 16

Adult Assault (non-sexual) 31.0% 18 22.6% 12

Accident (MVA, natural disaster) 6.9% 4 5.7% 3

Combat/war 1.7% 1 3.8% 2
Any current co-occurring diagnosis 77.6% 45 84.9% 45

(SCID-1V)
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M SD M SD
Age (years) 33.4 11.4 37.7 12.6
Time Since Trauma Exposure (years) 8.2 10.2 15.4 13.6
PTSD Symptoms (PSS-I-5) 34.6 6.2 36.7 6.0
Depression Symptoms (QIDS-C) 14.6 4.4 15.5 4.5

Note. CSA = Childhood Sexual Abuse, MVA = Motor Vehicle Accident, SCID-IV = Structured

Clinical Interview for DSM-IV, PSS-I-5 = PTSD Symptom Scale — Interview for DSM-5, QIDS-

C = Quick Inventory of Depressive Symptomatology — Clinical Rating.
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Study 1: Means and Standard Deviations of Self-Reported Affect and PTSD Severity at each
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Session
Variable Session

1 2 3 4 5 6 7 8 9 10
Positive

24.65 25.07 26.55 27.24 27.62 27.54 28.66 29.95 29.74 31.78
affect

(7.51)  (8.85)  (8.61)  (9.43) (854  (9.08)  (9.39)  (9.60)  (9.10)  (9.02)
(PANAS)
Negative

31.33 27.19 27.54 26.82 25.15 23.85 22.13 21.89 19.94 19.81
affect

(7.99)  (8.64) (885  (9.66)  (9.21)  (9.64)  (8.98)  (8.94)  (7.42)  (8.16)
(PANAS)
PTSD

33.61 31.73 28.83 27.77 25.19 23.00 20.45 18.35 16.57 13.85
severity

(8.00)  (9.26) (10.29) (11.49) (11.12) (11.25) (12.08) (11.70) (11.21)  (10.96)
(PSS-SR)

Note. Observed means are reported outside of parentheses; standard deviations are inside

parentheses. PANAS = Positive and Negative Affect Schedule; PSS-SR = PTSD Symptom

Scale, Self-Report.



102

Table 4
Study 1: Correlations among Self-Reported Affect, PTSD Severity, and Depression across

Sessions

Variable 1 2 3

1. Positive affect (PANAS) - - -

2. Negative affect (PANAS) -0.14 - -
3. PTSD severity (PSS-SR) -0.22 0.64 -
4. Depression severity (QIDS-SR) -0.29 0.52 0.71

Note. PANAS = Positive and Negative Affect Schedule; PSS-SR = PTSD Symptom Scale, Self-Report; QIDS-SR =
Quick Inventory of Depressive Symptomatology — Self Report.

Correlation coefficients were calculated separately for each session 1-10, converted to z-scores using Fisher’s r to z
transformations and averaged across sessions. The mean z scores were then converted back to correlation

coefficients so that values reflect the average correlations of scores over sessions 1-10.
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Study 2: Means and Standard Deviations of Positive and Negative Systems and PTSD Severity at

each Session

Variable Session
1 3 4 5 8 10
Positive system 2.71 2.57 3.30 3.55 4.64 7.94
activation (CHANGE) (1.95) (1.83) (1.75) (2.15) (2.51) (2.82)
Negative system 5.84 4.49 4.75 4.96 4.09 2.40
activation (CHANGE) (2.43) (2.26) (2.55) (2.73) (3.00) (2.08)
PTSD severity (PSS- 33.65 28.70 27.54 25.28 18.63 14.05
SR) (8.13) (10.43)  (11.62)  (11.11)  (11.84)  (11.04)

Note. Observed means are reported outside of parentheses; standard deviations are inside

parentheses. CHANGE = Change and Growth Experiences Scale; PSS-SR = PTSD Symptom

Scale, Self-Report.
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Table 6
Study 2: Correlations among Positive and Negative Systems, PTSD Severity, and Depression

across Sessions

Variable 1 2 3

1. Positive system activation (CHANGE) - - -

2. Negative system activation (CHANGE) -0.08 - -
3. PTSD severity (PSS-SR) -0.16 0.24 -
4. Depression severity (QIDS-SR) -0.12 0.22 0.72

Note. CHANGE = Change and Growth Experiences Scale; PSS-SR = PTSD Symptom Scale, Self-Report; QIDS-SR
= Quick Inventory of Depressive Symptomatology — Self Report.

Correlation coefficients were calculated separately for each session, converted to z-scores using Fisher’s 7 to z
transformations and averaged across sessions. The mean z scores were then converted back to correlation

coefficients so that values reflect the average correlations of scores over sessions 1, 3, 4, 5, 8, and 10.
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Study 1: Cross-Lagged Dynamic Structural Equation Models for Self-Reported Affect and PTSD

Severity

Model 1: Positive and Negative Affect

Fixed effects Coefficient (SD) 95% CI ES?
Within-patient associations
PA{=> NAw -0.10* (0.05) -0.19, -0.00 -0.09
NA(=> PAu -0.17* (0.04) -0.25,-0.10 -0.20
PA{=> PAu 0.38* (0.06) 0.26, 0.50 0.36
NA:=2> NAw 0.59* (0.05) 0.50, 0.68 0.59
Between-patient associations
PA & NA 6.90 (8.57) -11.76, 22.08 0.16
Random effects Coefficient (SD) 95% CI ES
Level 1
PA residual 30.39* (1.77) 27.06, 33.97 --
NA residual 32.42%* (2.00) 28.92, 36.56 --
Level 2
PA intercept 45.39* (10.06) 29.76, 69.09 --
NA intercept 42.22% (14.71) 19.26, 23.90 --
PA{=> NAislope 0.10* (0.04) 0.04, 0.20 --
NA:=> PAslope 0.05* (0.02) 0.02,0.10 --
PA{=> PA slope 0.12* (0.04) 0.07,0.20 --
NA:=> NAu1slope 0.06* (0.02) 0.02,0.11 --




Model 2: Positive Affect and PTSD symptoms

Fixed effects Coefficient (SD) 95% CI ES?
Within-patient associations
PA{=> PTSD¢1 -0.05 (0.05) -0.14, 0.06 -0.06
PTSD: > PAw1 -0.17* (0.04) -0.24, -0.10 -0.26
PA{=> PAw 0.27* (0.06) 0.21,0.39 0.27
PTSD:=> PTSDu1 0.78* (0.04) 0.69, 0.86 0.75
Between-patient associations
PA < PTSD 11.74 (19.26) -32.43,43.95 0.15
Random effects Coefficient (SD) 95% CI ES
Level 1
PA residual 29.61* (1.60) 26.68, 33.05 --
PTSD residual 37.63* (2.06) 33.88,41.99 --
Level 2
PA intercept 64.57* (17.70) 39.02, 106.83 --
PTSD intercept 100.64* (38.94) 43.98, 199.68 --
PA(=> PTSD¢1 slope 0.04* (0.02) 0.01,0.10 --
PTSD; > PA1 slope 0.04* (0.02) 0.02, 0.09 --
PA{=> PA slope 0.11* (0.04) 0.05,0.19 --
PTSD;=> PTSD+ slope 0.03* (0.01) 0.01, 0.06 --
Model 3: Negative Affect and PTSD symptoms
Fixed effects Coefficient (SD) 95% CI ES?

Within-patient associations
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NA=> PTSD¢ 0.16* (0.06) 0.03,0.26 0.12
PTSD: 2> NAw 0.35* (0.05) 0.25,0.44 0.50
NA:=2> NAw 0.24* (0.06) 0.13,0.37 0.24
PTSD:=> PTSDu1 0.75* (0.05) 0.65, 0.87 0.74
Between-patient associations
NA < PTSD 37.69* (20.72) 3.58, 85.63 0.53
Random effects Coefficient (SD) 95% CI ES
Level 1
NA residual 31.07* (1.71) 27.95, 34.65 --
PTSD residual 37.98* (2.08) 34.18, 42.30 --
Level 2
NA intercept 41.26* (17.56) 12.39, 80.42 --
PTSD intercept 85.33* (35.23) 30.93, 166.61 --
NA:=> PTSD¢1 slope 0.05* (0.03) 0.01,0.13 --
PTSD: > NA slope 0.04* (0.02) 0.02,0.10 --
NA:=> NAu1 slope 0.09* (0.04) 0.04,0.18 --
PTSD;=> PTSD+ slope 0.03* (0.02) 0.01, 0.07 --
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Note. *p < .05; PTSD = posttraumatic stress disorder PA = positive affect; NA = negative affect;

CI = credible interval; ES = effect size; (= time.

2 Effect sizes represent the average of the standardized associations across clusters for each

parameter.



Table 8

Study 1: Between-Patient Moderators of the Associations between Self-Reported Affect and

PTSD Severity

Model 1a: Positive and Negative Affect

Fixed effects Coefficient (SD) 95% CI ES?
Treatment condition*PA; 2 NAw 0.09 (0.09) -0.08, 0.28 0.10
Treatment condition*NA 2 PAw 0.05 (0.08) -0.10, 0.20 0.07
Model 2a: Positive Affect and PTSD symptoms

Fixed effects Coefficient (SD) 95% CI ES?
Treatment condition*PA; 2 PTSDy+ -0.02 (0.07) -0.15,0.12 -0.04
Treatment condition*PTSD; 2 PA -0.02 (0.07) -0.14, 0.10 -0.03
Model 3a: Negative Affect and PTSD symptoms

Fixed effects Coefficient (SD) 95% CI ES?
Treatment condition*NA 2 PTSDy+1 -0.08 (0.06) -0.21, 0.03 -0.14
Treatment condition*PTSD; 2 NA+ -0.03 (0.05) -0.14, 0.07 -0.06
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Note. C1 = credible interval; ES = effect size; PA = positive affect; NA = negative affect; PTSD

= posttraumatic stress disorder; = time. Treatment condition coded: 0 = prolonged exposure; 1 =

prolonged exposure plus sertraline

2 Effect sizes represent the average of the standardized associations across clusters for each

parameter.



Table 9

Study 2: Cross-Lagged Dynamic Structural Equation Models for Positive and Negative Affect

Systems and PTSD Severity

Model 4: Positive and Negative Systems (CHANGE)

Fixed effects Coefficient (SD) 95% CI ES?
Within-patient associations
PSA{=> NSAw1 -0.23* (0.07) -0.36, -0.08 -0.25
NSA(=> PSAu -0.10* (0.05) -0.19, -0.00 -0.09
PSA{=> PSAw+ 0.60* (0.05) 0.50,0.70 0.59
NSA:=> NSAw# 0.07 (0.06) -0.03, 0.20 0.07
Between-patient associations
PSA < NSA 0.30 (0.35) -0.55, 0.88 0.45
Random effects Coefficient (SD) 95% CI ES
Level 1
PSA residual 5.50* (0.36) 4.86, 6.29 --
NSA residual 5.51*%(0.42) 4.77, 6.40 --
Level 2
PSA intercept 0.76* (0.56) 0.15,2.36 --
NSA intercept 0.93* (0.42) 0.26, 1.87 --
PSA:=> NSA1slope 0.09* (0.05) 0.02,0.20 --
NSA=> PSA1slope 0.05* (0.02) 0.02,0.22 --
PSA:=> PSA¢slope 0.01* (0.01) 0.00, 0.03 --
NSA:=> NSA1slope 0.02* (0.01) 0.00, 0.05 --
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Model 5: Positive System and PTSD symptoms

Fixed effects Coefficient (SD) 95% CI ES?
Within-patient associations
PSA{=> PTSD¢1 -0.04 (0.02) -0.08, 0.000 -0.09
PTSD:=> PSAw1 -1.07* (0.15) -1.38, -0.84 -0.44
PSA{=> PSAw+ 0.36* (0.06) 0.23,0.45 0.36
PTSD:=> PTSDu1 0.75* (0.04) 0.67,0.83 0.75
Between-patient associations
PSA < PTSD -0.13 (0.37) -1.13,0.26 0.25
Random effects Coefficient (SD) 95% CI ES
Level 1
PSA residual 4.70* (0.34) 4.09, 5.43 --
PTSD residual 0.58* (0.04) 0.51,0.68 --
Level 2
PSA intercept 1.00* (0.80) 0.07, 2.93 --
PTSD intercept 0.46* (0.28) 0.02,1.13 --
PSA;=> PTSD¢ slope 0.001* (0.001) 0.001, 0.003 --
PTSD; > PSA1 slope 0.04* (0.04) 0.003, 0.14 --
PSA:=> PSA¢slope 0.01* (0.01) 0.001, 0.02 --
PTSD;=> PTSD+ slope 0.003* (0.002) 0.001, 0.01 --
Model 6: Negative System and PTSD symptoms
Fixed effects Coefficient (SD) 95% CI ES?

Within-patient associations
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NSA;=> PTSD¢1 0.003 (0.02) -0.03, 0.04 -0.01
PTSD; > NSAw 0.73* (0.13) 0.50, 1.00 0.38
NSA:=> NSAw# 0.05 (0.06) -0.08, 0.16 0.05
PTSD:=> PTSDu1 0.81* (0.04) 0.74, 0.88 0.82
Between-patient associations
NSA < PTSD 0.04 (0.24) -0.31, 0.62 0.29
Random effects Coefficient (SD) 95% CI ES
Level 1
NSA residual 5.51*%(0.38) 2.65,3.78 --
PTSD residual 0.56* (0.04) 0.48, 0.65 --
Level 2
NSA intercept 0.49* (0.40) 0.09, 1.58 --
PTSD intercept 0.30* (0.26) 0.02, 1.00 --
NSA(=> PTSD¢ slope 0.004* (0.002) 0.001, 0.01 --
PTSD; > NSA1 slope 0.13* (0.08) 0.02,0.32 --
NSA:=> NSA1slope 0.02* (0.02) 0.003, 0.07 --
PTSD;=> PTSD+ slope 0.002* (0.002) 0.001, 0.01 --

Note. *p < .05; CHANGE = Change and Growth Experiences Scale; PTSD = posttraumatic
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stress disorder PSA = Change and Growth Experiences Scale - positive system activation; NSA

= Change and Growth Experiences Scale - negative system activation; CI = credible interval; ES

= effect size; (= time.

2 Effect sizes represent the average of the standardized associations across clusters for each

parameter.
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Table 10
Study 2: Between-Patient Moderators of the Associations between Positive and Negative Systems

and PTSD Severity

Model 4a: Positive and Negative Systems

Fixed effects Coefficient (SD) 95% CI ES?
Treatment condition*PSA; 2 NSAw -0.32* (0.13) -0.56, -0.08 -0.42
Treatment condition*NSA; 2 PSAw -0.16 (0.08) -0.31, 0.01 -0.44

Model 5a: Positive System and PTSD symptoms

Fixed effects Coefficient (SD) 95% CI ES?
Treatment condition*PSA; 2 PTSD -0.01 (0.03) -0.08, 0.04 -0.12
Treatment condition*PTSD; 2 PSAw 0.34 (0.27) -0.24, 0.78 0.52

Model 6a: Negative System and PTSD symptoms

Fixed effects Coefficient (SD) 95% CI ES?
Treatment condition*NSA; 2 PTSDy+ -0.06 (0.03) -0.12, 0.001 -0.40
Treatment condition*PTSD; 2 NSAu 0.29 (0.24) -0.14, 0.74 0.30

Note. *p < .05; PTSD = posttraumatic stress disorder PSA = Change and Growth Experiences
Scale (CHANGE) - positive system activation; NSA = Change and Growth Experiences Scale
(CHANGE) - negative system activation; CI = credible interval; ES = effect size; (= time.
Treatment condition coded: 0 = prolonged exposure; 1 = prolonged exposure plus sertraline

2 Effect sizes represent the average of the standardized associations across clusters for each

parameter.
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NAwithin t+1

PAwithin t+1

Figure 1. A visual representation of Model 1, the cross-lagged dynamic structural equation
model examining the session-to-session association between within-person PA and NA change.
Note. Circles depict disaggregated, latent within- and between-person variables, whereas
rectangles depict observed or measured variables at consecutive time points (i.e., t and t +1).
Paths with filled dots were allowed to vary between people (i.e., random slopes).

PA = Positive and Negative Affect Schedule — Positive Affect; NA = Positive and Negative
Affect Schedule — Negative Affect.
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Figure 2. A visual representation of Model 2, the cross-lagged dynamic structural equation
model examining the session-to-session association between within-person PA and PTSD
symptom change.

Note. Circles depict disaggregated, latent within- and between-person variables, whereas
rectangles depict observed or measured variables at consecutive time points (i.e., t and t +1).
Paths with filled dots were allowed to vary between people (i.e., random slopes).

PA = Positive and Negative Affect Schedule — Positive Affect; PSS-SR = PTSD Symptom Scale
— Self-Report.
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Figure 3. A visual representation of Model 3, the cross-lagged dynamic structural equation
model examining the session-to-session association between within-person NA and PTSD
symptom change.

Note. Circles depict disaggregated, latent within- and between-person variables, whereas
rectangles depict observed or measured variables at consecutive time points (i.e., t and t +1).
Paths with filled dots were allowed to vary between people (i.e., random slopes).

NA = Positive and Negative Affect Schedule — Negative Affect; PSS-SR = PTSD Symptom
Scale — Self-Report.
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Figure 4. A visual representation of Model 4, the cross-lagged dynamic structural equation
model examining the session-to-session association between within-person positive and negative
system activation change.

Note. Circles depict disaggregated, latent within- and between-person variables, whereas
rectangles depict observed or measured variables at consecutive time points (i.e., t and t +1).
Paths with filled dots were allowed to vary between people (i.e., random slopes).

PSA = Change and Growth Experiences Scale - positive system activation; NSA = Change and
Growth Experiences Scale - negative system activation.
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Figure 5. A visual representation of Model 5, the cross-lagged dynamic structural equation
model examining the session-to-session associations between within-person positive system
activation and PTSD symptom change.

Note. Circles depict disaggregated, latent within- and between-person variables, whereas
rectangles depict observed or measured variables at consecutive time points (i.e., t and t +1).
Paths with filled dots were allowed to vary between people (i.e., random slopes).

PSA = Change and Growth Experiences Scale - positive system activation; PSS-SR = PTSD
Symptom Scale — Self-Report.
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Figure 6. A visual representation of Model 6, the cross-lagged dynamic structural equation
model examining the session-to-session associations between within-person negative system
activation and PTSD symptom change.

Note. Circles depict disaggregated, latent within- and between-person variables, whereas
rectangles depict observed or measured variables at consecutive time points (i.e., t and t +1).
Paths with filled dots were allowed to vary between people (i.e., random slopes).

NSA = Change and Growth Experiences Scale - negative system activation; PSS-SR = PTSD
Symptom Scale — Self-Report.



