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Abstract 

 

Trauma-focused psychotherapies are considered first-line treatment options for individuals with 

posttraumatic stress disorder (PTSD). However, many individuals do not respond well to these 

treatments, and many discontinue treatment before receiving the optimal number of sessions. 

Identifying objective predictors of treatment response could help clinicians select the optimal 

treatment for individual patients, potentially leading to better response rates. In the current study, 

we used structural and functional magnetic resonance imaging techniques (MRI) to measure 

dorsal anterior cingulate (dACC) volume and activation, respectively, in 14 participants before 

they received eight sessions of prolonged exposure (PE) therapy. Dorsal ACC activation was 

gathered during the Multi-Source Interference Task (MSIT), along with response times and error 

rates. Treatment response was measured using the clinician-administered Short PTSD Rated 

Interview (SPRINT). Correlations were conducted to assess associations between participants’ 

pre-treatment measures and symptom improvement with PE. Overall, the results showed no 

significant associations. While the literature suggests dACC structure and function are associated 

with PTSD symptom severity and that dACC activation could be a viable biomarker in 

determining who may be at most risk for developing PTSD after experiencing a trauma, this 

region may not be useful in predicting treatment response in PTSD.  

 Keywords: PTSD, treatment response, functional magnetic resonance imaging, cognitive 

interference, dorsal anterior cingulate cortex  
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Chapter I. Introduction 

 

Posttraumatic Stress Disorder (PTSD)  

PTSD is a trauma- and stressor-related disorder that can occur after experiencing a 

traumatic event, such as actual or threatened death, serious injury, or sexual violence (American 

Psychiatric Association, 2013). The lifetime prevalence of PTSD in the general population 

ranges from 6.1 to 6.8% (Alegría et al., 2013; Kessler et al., 2005; Goldstein et al., 2016; 

Pietrzak et al., 2011). PTSD symptoms are separated into four symptom clusters: intrusive 

symptoms, avoidance symptoms, negative alterations in cognitions and mood, and alterations in 

arousal and reactivity (DSM-5, American Psychiatric Association, 2013). Experiencing these 

symptoms can be impactful on both individual and societal levels. For example, individuals with 

PTSD exhibit greater rates of suicidal behavior (reviewed in Panagioti, Gooding, & Tarrier, 

2009) and are at an increased risk of developing other medical problems such as heart disease, 

hypertension, hyperlipidemia, and obesity (McFarlane, 2010; Pacella, Hruska, & Delahanty, 

2013). Furthermore, individuals with PTSD experience a greater economic burden as they must 

pay for treatment costs, are more frequently hospitalized, and are less likely to work full-time 

(reviewed in Davidson, 2000). On the societal level, PTSD patients will experience four days of 

work impairment per month, translating to an annual productivity loss of billions in the U.S. 

(Kessler, 2000).  

Treatment Response in PTSD 

           Many treatment options have been developed to ameliorate these symptoms and ease the 

secondary burdens described above. The most widely used and empirically supported treatment 

options are those that incorporate a component of exposure to traumatic reminders, such as 

prolonged exposure (PE) therapy, cognitive processing therapy (CPT), and trauma-focused 



BRAIN CORRELATES OF TREATMENT RESPONSE IN PTSD 7 

cognitive-behavioral therapy (CBT). The exposure component of these treatment options is 

designed to help patients confront the traumatic memory they previously avoided and correct 

their erroneous negative thoughts or feelings about the event (Foa & Kozak, 1986), and this 

component has been found to also ameliorate negative cognitions about oneself and the world 

(Foa & Rauch, 2004).  

Two main problems exist with regard to the current trauma-focused psychotherapies 

available for patients with PTSD. First, although trauma-focused psychotherapies for PTSD are 

considered efficacious and are empirically supported first-line treatments (Cusack et al., 2016), 

many people still do not respond well to them. Indeed, 30-50% of patients who complete trauma-

focused psychotherapy will still meet diagnostic criteria for PTSD (Bradley et al., 2005; Loerinc 

et al., 2015). Unfortunately, this contributes to the distress that PTSD patients face, as they can 

spend months to years cycling through therapies until they find one that provides some relief, a 

grueling process that causes strain from lost time and money (Congressional Budget Office, 

2012).  

Second, attrition rates for trauma-focused psychotherapies (PE and CPT) are higher 

compared to therapy that does not use a trauma-focused component (Lewis et al., 2020), such as 

present-centered therapy (PCT; Imel et al., 2013). For example, clinic-based studies of PE have 

shown that 31-41% of veterans drop out of treatment (Gros et al., 2011; Jeffreys et al., 2014; 

Mott et al., 2014), with similar dropout rates found in CPT (31-50%; Chard et al., 2010; Davis et 

al., 2013). Previous research suggests that patients tend to drop out early in treatment (Deviva, 

2014; Kehle-Forbes et al., 2016; Niles et al., 2018), with many dropping out either before their 

first session or before the fifth session. Although it is suggested that most individuals drop out 

given their avoidance of addressing trauma content in treatment sessions (Gutner et al., 2016; 
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Kehle-Forbes et al., 2016) and potential initial treatment symptom exacerbation (Pitman et al., 

1991; Tarrier et al., 1999), data would suggest that this is not necessarily the case (Imel et al., 

2013). It is currently unknown why dropouts occur so early in treatment.  

           In summary, the literature on response and attrition rates regarding trauma-focused 

psychotherapies illustrates the need to identify pre-treatment measures that could predict 

response to treatment and treatment dropout, potentially helping guide clinician-based decision-

making.  

Variables Associated with Treatment Response  

Personality traits, abnormalities in emotional expression, and cognitive constructs have 

been explored as potential variables associated with treatment response in PTSD. Kosten and 

colleagues (1992) found greater symptoms of alexithymia (the inability to express one's feelings) 

were associated with a poorer response to psychotherapy (but not to antidepressants) in 

individuals with PTSD (Kosten et al., 1992). Anger has been persistently found to be negatively 

associated with treatment response (Forbes et al., 2003, 2008; Foa et al., 1995; Jaycox & Foa, 

1996; Lloyd et al., 2014; Owens et al., 2008; Taylor et al., 2001; but see also Rizvi et al., 2009; 

Taylor et al., 2003; van Minnen et al., 2002). Brady et al. (2015) found that patients who 

exhibited greater perseveration and less expression of their thoughts and feelings during a 

trauma-focused CBT session responded more poorly to treatment (Brady, Warnock-Parkes, 

Barker, & Ehlers, 2015). Ehlers and colleagues (1998) blind-rated exposure therapy session 

transcripts and concluded that mental defeat after suffering a trauma, feelings of alienation, and 

permanent change caused by the trauma were associated with a poorer response to treatment 

(Ehlers et al., 1998). Böttche and colleagues (2016) found that older adults with PTSD who had a 

lower internal locus of control and posttraumatic growth had a poorer response to internet-based 
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CBT. In individuals with PTSD, having lower scores on a verbal memory test has also been 

associated with poorer responses to trauma-focused psychotherapy (Nijdam, Vries, Gersons, & 

Olff, 2015; Wild & Gur, 2008 but see also Mueser et al., 2018; Tanev et al., 2019). In female 

veterans with PTSD, Haaland, Sadek, Keller, and Castillo (2016) found that poorer pre-treatment 

verbal learning/memory measured using the California Verbal Learning Tests-II predicted a 

poorer response to both cognitive and exposure-based therapies.  

Studies have also examined whether demographic variables are associated with treatment 

response in PTSD. Those studies have found that being male is associated with a poorer response 

to treatment (Bekes et al., 2016; Fletcher, Elklit, Shevlin, & Armour, 2017; Karatzias et al., 

2007; Maguen et al., 2014; Tarrier et al., 2000; Sripada et al., 2019; Wade et al., 2016), although 

others have found no associations between gender and treatment response (Jaycox et al., 1998; 

Marks et al., 1998). Younger age (Alvarez et al., 2011; Fletcher, Elklit, Shevlin, & Armour, 

2017; Maguen et al., 2014), non-white race (Maguen et al., 2014; Steenkamp et al., 2017; 

Sripada et al., 2017; 2019), Hispanic ethnicity (Sripada et al., 2017; Walter et al., 2014), lower 

global functioning, greater pre-treatment numbing symptoms (Taylor et al., 2001), and lower 

educational attainment (Sripada et al., 2019) have been associated with poorer treatment 

outcome. Other demographic and clinical variables such as marital status, employment status, 

duration of symptoms, autonomic arousal symptoms (Connor et al., 2001; Ehlers et al., 1998; 

Foa et al., 1991; Jaycox, Foa, & Morral, 1998; Marks et al., 1998; Tarrier et al., 2000), and IQ 

(Munley et al., 1994) are unassociated with treatment response in PTSD.  

Whether the timing and type of trauma that precipitates PTSD is associated with 

treatment response has been explored, but these studies’ findings are mixed. Hembree and 

colleagues (2004) found that the combination of experiencing trauma during childhood and 
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sustaining a physical injury during an assault in adulthood significantly predicted a poorer 

response to treatment over and above initial PTSD symptom severity in women. Furthermore, 

experiencing trauma during childhood (van Minnen et al., 2002), interpersonal violence (Zang, 

Su, McLean, & Foa, 2019), and relatively greater combat exposure (Currier, Holland, & 

Drescher, 2014; Murphy & Smith, 2018) are all associated with poorer responses to treatment. 

Time since trauma was negatively associated with treatment response in one study (Ehlers et al., 

1998) but not others (Foa et al., 1991; Marks et al., 1998). Data suggest that there is no 

relationship between the perception of the traumatic event's danger or childhood trauma and 

treatment response (Ehlers et al., 1998; Foa et al., 1991; Ford & Kidd, 1998; Jaycox et al., 1998; 

Marks et al., 1998; Tarrier et al., 2000). Lastly, studies have found that the following variables 

were associated with poorer treatment responses: more treatment sessions required, longer 

durations of treatment sessions, and inconsistent attendance (Karatzias et al., 2007; Tarrier et al., 

2000).  

Variables Associated with Treatment Dropout 

 Although fewer studies have focused on uncovering variables associated with treatment 

dropout, those that have, have found the following variables to be consistent predictors of 

dropout: younger age (Gros et al., 2011; Kehle-Forbes et al., 2015; Szafranski et al., 2016), 

lower-income (Galovski et al., 2012), lower social support (Gros et al., 2013), higher pre-

treatment symptom severity (Garcia et al., 2011), and changes in family demands, job, or 

housing (Szafranski eta l., 2015; Teng et al., 2008). In active duty service members, length of 

military service and having a traumatic brain injury have been found to predict treatment dropout 

(Berke et al., 2019).  
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The studies reviewed above provide insight on variables that could be potentially useful 

in identifying individuals that may be most at risk for not responding to treatment. However, as 

suggested by the reviewed literature, many patient characteristics have been assessed as 

predictors of treatment outcome but have produced inconsistent results (reviewed in Cloitre et 

al., 2016). Biological measures may be helpful in guiding clinicians’ decisions in treatment 

options as those measures are more objective and closely coupled with the underlying 

neurobiological mechanisms associated with the disorder. Indeed, biological measures have been 

found to be more accurate than demographic and clinical variables in predicting treatment 

response in anxiety disorders (Ball et al., 2014). Using random forest classification and pre-

treatment neuroimaging data in patients with anxiety disorders, Ball and colleagues (2014) were 

able to predict treatment outcome with 79% accuracy, compared to a model using clinical and 

demographic variables (69% accuracy; specifically, anxiety measures, worry, uncertainty, 

depression, personality traits, age, gender, years of education), and compared to a model that 

included clinical, demographic, and neuroimaging data (73% accuracy). Therefore, additional 

studies measuring PTSD biomarkers and their association with treatment response are warranted. 

Chapter II. The Neural Correlates of PTSD  

Neurocircuitry Model of PTSD 

 For close to three decades, researchers have used neuroimaging techniques, such as 

functional magnetic resonance imaging (fMRI) and positron emission tomography (PET), to 

understand the underlying neural correlates of PTSD. Much of the early work in this area has 

used Pavlovian fear conditioning and extinction paradigms. Thus, much of what is known 

regarding the neurocircuitry of PTSD is heavily focused on brain regions such as the amygdala, 

ventromedial prefrontal cortex (vmPFC), and hippocampus. This fear conditioning-based 
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neurocircuitry model of PTSD has been helpful in elucidating the neural underpinnings of some 

symptoms of the disorder, such as a failure to extinguish a learned fear association between 

stimuli and overgeneralization of fear responses, but an all-encompassing neurocircuitry model 

has not been proposed that successfully accounts for the many symptom presentations of the 

disorder. The National Institute of Mental Health’s Research Domain Criteria would suggest 

psychopathology often encompasses deficits in multiple dimensions and certainly this is true in 

PTSD as alterations are also present in cognitive function. For example, individuals with PTSD 

have impaired selective attention, working memory, inhibitory control, and task-

switching/planning (reviewed in Aupperle et al., 2012). Given the cognitive abnormalities 

present, instead of solely using tasks associated with extinguishing fear or overgeneralizing fear 

responses, utilizing tasks that assess the neural correlates of cognitive function in the disorder 

may also provide useful information regarding brain regions that play a key role in the 

maintenance of PTSD and in predicting treatment response. In the text that follows I will provide 

an overview of what we know of the structural and functional brain abnormalities in PTSD. I 

will present findings that utilize emotional and/or cognitive tasks when discussing functional 

brain abnormalities in the disorder.  

The amygdala, a brain region located in the medial temporal lobe, is important in fear 

conditioning (LeDoux, 2007). The amygdala is composed of several subnuclei, including the 

basolateral nucleus and the centromedial nucleus. The basolateral nucleus receives sensory cues 

from the environment, creates associations between these cues, and if these cues are threatening, 

excitatory signals are sent to the centromedial nucleus (LeDoux, 2007). Given its projections to 

the brainstem, cerebellum, and hypothalamus, the centromedial nucleus then initiates 
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physiological responses such as freezing, fear-potentiated startle, and elevated skin conductance 

in response to threatening stimuli (Davis and Whalen, 2001; LeDoux, 2007).  

According to one recent meta-analysis, amygdala volumes are smaller in individuals with 

PTSD compared to trauma-unexposed control groups but not compared to trauma-exposed 

control groups (O’Doherty et al., 2015). Morey and colleagues (2020) examined whether 

differences in amygdala subnuclei morphology and volume exist between veterans with PTSD 

compared to controls. Their results showed that veterans with PTSD had smaller bilateral lateral 

and paralaminar nuclei volumes and larger bilateral central, medial, and cortical nuclei volumes 

(Morey et al., 2020). Functional neuroimaging studies suggest exaggerated amygdala activation 

in PTSD during fear conditioning and extinction tasks, the presentation of trauma-related stimuli, 

trauma-unrelated stimuli, and negative images compared to controls (Kaur et al., 2020a). 

Exaggerated amygdala activation has been positively associated with PTSD symptom severity 

(Rauch et al., 2000; Shin et al., 2005). The origin of this hyperresponsivity has been explored 

using prospective longitudinal studies, and researchers have found that heightened pre-trauma 

amygdala responsivity is associated with more severe PTSD symptoms after experiencing 

trauma (Admon et al., 2009; 2013, McLaughlin et. al, 2014). Similar exaggerated amygdala 

activation has not been found in studies that use paradigms that assess cognitive function in 

PTSD (Bremner et al., 2004; Morey et al., 2008; Shin et al., 2001), suggesting other brain 

regions may be contributing to the maintenance of the cognitive abnormalities seen in the 

disorder. 

The vmPFC is comprised of many subregions, including the rostral anterior cingulate 

cortex (rACC), subgenual anterior cingulate cortex (sgACC), and the medial frontal gyrus 

(MFG), and is hypothesized to inhibit the amygdala from firing in situations where a fear 
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response would be inappropriate (Delgado, Olsson, & Phelps, 2006; Milad and Quirk, 2002). In 

PTSD compared to controls, reduced vmPFC cortical thickness, grey matter density, and white 

matter tract integrity have been reported (Selemon et al., 2019). The origin of these structural 

abnormalities have been explored. Kasai and colleagues (2009) studied twin pairs discordant for 

trauma exposure and found that individuals with PTSD exhibited significantly lower sgACC 

grey matter density compared to their own trauma-unexposed cotwins as well as trauma-exposed 

non-PTSD individuals and their cotwins. This finding suggests that lower sgACC grey matter 

density may be an acquired characteristic of PTSD. Functional neuroimaging studies show that 

the vmPFC is hyporesponsive in individuals with PTSD during extinction learning, presentation 

of trauma-related stimuli, trauma-unrelated emotional stimuli (Kaur et al., 2020a), and during 

response inhibition (Jovanovic et al., 2013) compared to controls. These results suggest that the 

vmPFC may have impaired inhibitory control over the amygdala in PTSD. Furthermore, vmPFC 

activation has been inversely associated with PTSD symptom severity (Britton et al., 2005; Shin 

et al., 2004; 2005; Williams et al., 2006). The origin of these functional abnormalities have also 

been explored. Dahlgren and colleagues (2018) found that individuals with PTSD had 

significantly lesser rACC and MFG activation while listening to stressful versus neutral “scripts” 

compared to their trauma-unexposed cotwins, trauma-exposed non-PTSD individuals, and their 

trauma-unexposed cotwins. This finding suggests that lesser vmPFC activation may be an 

acquired characteristic of the disorder.  

Although the dorsal anterior cingulate cortex (dACC) is a part of the anterior cingulate 

cortex, it appears to function quite differently from the rACC and sgACC. Researchers have 

found that dACC volume is diminished in PTSD (Baldacara et al., 2014; Chao, Weiner, & 

Neylan, 2013; Chen et al., 2006; 2012; Yamasue et al., 2003). Functional neuroimaging studies 
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have uncovered multiple roles of the dACC in PTSD depending on the task used. This is in large 

part guided by the connections the dACC shares with regions such as the anterior insula and 

amygdala (Menon, 2015). Indeed, intrinsic functional connectivity analyses have uncovered the 

dACC as a structure that is part of a large-scale brain network termed the salience network (SN). 

Explored in-depth in Chapter 3, the SN is involved in salience detection and integrating 

important and relevant emotional, autonomic, and interoceptive information to guide decision-

making (Seeley et al, 2007). It is likely that the connections between the dACC and the other 

brain regions within this network influence the role of the dACC in the maintenance of PTSD 

symptoms. For example, the dACC is known to modulate fear expression, similarly to the 

amygdala. In fear conditioning and extinction tasks (Milad et al., 2009) and trauma-unrelated 

emotional tasks (Fonzo et al., 2013; Hayes et al., 2009), the dACC is hyperresponsive in 

individuals with PTSD compared to controls. Secondly, the dACC is also known to play an 

important role in conflict-monitoring, response selection, error detection, and decision-making 

(Botvinick et al., 1999; Botvinick, 2007; Beckmann, Johansen-Berg, & Rushworth, 2009; Bush 

et al., 2000; Carter et al., 1998; 1999; Etkin, Egner, & Kalisch, 2011; Mohanty et al., 2007). 

Using tasks that assess these cognitive functions, the dACC is hyperresponsive in PTSD, as 

discussed in greater detail in Chapter 3. The origin of this dACC abnormality has been explored. 

Shin and colleagues (2009) measured resting regional cerebral metabolic rates for glucose 

(rCMRglu) in the dACC in Vietnam veterans with and without PTSD and their identical cotwins. 

The authors found that veterans with PTSD and their cotwins had higher rCMRglu in the dACC 

compared to veterans without PTSD and their cotwins (Shin et al., 2009). Furthermore, in the 

same study, the authors found that rCMRglu in the unexposed twins dACC was significantly 

positively correlated with their identical exposed twin’s PTSD symptom severity (Shin et al., 
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2009). This finding suggests that enhanced rCMRglu in the dACC is a familial vulnerability 

factor that increases the likelihood of developing PTSD after experiencing a trauma. In a similar 

but separate twin study examining dACC function in response to the multi-source interference 

task (MSIT), Shin and colleagues (2011) found that combat-exposed participants with PTSD and 

their identical cotwins had greater blood-oxygen-level-dependent (BOLD) signal changes in the 

dACC during the interference versus control contrast compared to Vietnam veterans without 

PTSD and their cotwins. Moreover, exaggerated dACC activation in combat-exposed 

participants and their identical combat-unexposed cotwins was positively correlated with 

combat-exposed participant’s PTSD symptom severity (Shin et al., 2011). 

Other prefrontal cortical structures, together termed the cingulo-fronto-parietal 

cognitive/attention network (Bush, Luu, & Posner, 2000; Duncan & Own, 2000), have been 

associated with cognitive function and work closely with the dACC to execute appropriate 

behavioral responses in order to accomplish tasks. For example, the inferior frontal cortex (IFC) 

has been associated with response inhibition and anticipating a need to inhibit a response based 

on contextual cues (de Zubicaray et al., 2000; Garavan, Ross, Stein, 1999; Rubia, Smith, 

Brammer, & Taylor, 2003). Moreover, the dorsal lateral PFC (dlPFC) plays a role in executing 

task-appropriate behaviors once conflict is detected by the dACC (MacDonald III, Cohen, 

Stenger, & Carter, 2000). Using a response inhibition task, Falconer et al. (2008) found reduced 

IFC, ventral PFC, dlPFC, and medial orbitofrontal cortex activation in individuals with PTSD 

compared to trauma-exposed non-PTSD and trauma-unexposed controls. Furthermore, reduced 

activation in these regions was negatively correlated with PTSD symptom severity, and the 

number of errors of commission made (Falconer et al., 2008). Similarly, using the stop-signal 

anticipation task, reduced inferior frontal gyrus (IFG) activation was found during the 
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anticipation of a stopping response in veterans with PTSD compared to trauma-exposed non-

PTSD and trauma-unexposed controls (van Rooij et al., 2014). Abnormalities in these areas may 

be contributing to intrusive and hyperarousal symptoms in PTSD as patients may have a harder 

time inhibiting unwanted memories of their trauma and have difficulty disengaging from 

potentially aversive stimuli.  

The hippocampus, another medial temporal lobe structure adjacent to the amygdala, has 

also been implicated in PTSD. The region comprises many subfields, including the cornus 

ammonis (CA) CA1, CA3, and dentate gyrus (DG) which are important in binding together 

contextual cues gathered during a traumatic event. Studies have examined whether structural 

differences exist between individuals with PTSD and controls, and most studies have found 

overall smaller hippocampal volumes in individuals with PTSD compared to non-trauma-

exposed participants (Logue et al., 2018; O’Doherty et al., 2015). When examining the volume 

of individual subfields of the hippocampus, studies have found smaller CA1 (Chen et al., 2018), 

CA3 (Wang et al., 2010), DG (Hayes et al., 2017; Wang et al., 2010), or no differences in 

subfield volume between individuals with PTSD compared to controls (Mueller et al., 2015). 

One study using the similar methodology of Kasai et al. (2009) found smaller hippocampal 

volumes in both individuals with PTSD and their trauma-unexposed identical cotwins compared 

to trauma-exposed non-PTSD controls and their cotwins (Gilbertson et al., 2002). This finding 

suggests that smaller hippocampal volumes could be a familial vulnerability factor for 

developing PTSD after experiencing a trauma (Gilbertson et al., 2002). A more recent study 

extended these findings by showing that smaller left hippocampal volume did not normalize after 

successfully completing treatment in patients with persistent PTSD symptoms, suggesting 

smaller hippocampal volume is a risk factor for the persistence of PTSD symptoms as well (van 
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Rooij et al., 2015a). Studies examining the function of the hippocampus have been mixed, with 

some studies finding lesser hippocampal responsivity in individuals with PTSD during symptom 

provocation tasks (Bremner et al., 1999), fear inhibition (Garfinkel et al., 2014; Milad et al., 

2008), response inhibition (van Rooij et al., 2016; 2018), and memory tasks using neutral or 

emotional stimuli (Astur et al., 2006; Bremner 2003a; 2003b; Geuze et al., 2008a; Milad et al., 

2009; Moores et al., 2008; Peres et al., 2007; Shin et al., 1999; 2004). Other studies have found 

hyperresponsivity of the hippocampus using similar tasks (Brohawn et al., 2010; Felmingham et 

al., 2010; 2009; Geuze et al., 2007; 2008b; Osuch, et al., 2001; Sachinvala et al., 2000; Semple et 

al., 2000; Shin et al., 2001; Thomaes et al., 2009; Werner et al., 2009; Whalley et al., 2009).  

Lastly, the insula, another node of the SN that is hidden deep within the lateral sulcus, is 

important in mediating interoceptive awareness during emotional states (Critchley et al., 2004). 

The insula is also important in cognitive function as it works with the cingulo-fronto-parietal 

cognitive/attention network to detect salient stimuli in our environments that may need our 

attention (Deng, Wang, Wang, & Zhou, 2018). Studies have provided evidence that there is 

reduced insula volume in PTSD (Chen et al., 2006; Herringa et al., 2012), and this region is 

functionally hyperresponsive in the disorder to a variety of tasks (reviewed in Kaur et al., 2020a). 

Furthermore, insular activation has been found to be positively correlated with PTSD symptom 

severity (Aupperle et al., 2012; Linnman et al., 2011; Simmons et al., 2008; Strigo et al., 2010). 

Biological Variables Associated with Treatment Response 

Epigenetic and Neuroendocrine Biomarkers 

Genetic measures have been used to predict treatment response in PTSD. Specifically, 

studies have found that PTSD patients carrying the short (S) allele of the serotonin transporter 

(5-HTTPLR), which contributes to reduced serotonergic transporter expression and uptake by 
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nearly 50% and is associated with anxiety (Lesch et al., 1996) and increased stress sensitivity 

(Hariri et al., 2002), responded more poorly to CBT than long (L) allele carriers (Bryant et al., 

2010). Furthermore, significantly reduced 5𝛼-reductase (a glucocorticoid metabolic enzyme) 

activity (Yehuda et al., 2009) and a lesser number of pre-treatment glucocorticoid receptor 

methylation sites have been associated with a poorer response to treatment (Yehuda et al., 2013).  

Given that cortisol plays such a large role in our body’s response to stress, some studies 

have examined whether cortisol might be used as a predictor of treatment response in PTSD. One 

such study was conducted by Yehuda and colleagues (2014) who collected both urine and saliva 

samples of cortisol over a 24-hour period in PTSD patients assigned to either PE or a minimal 

attention (MA) intervention. Analyses of cortisol levels found that both lower levels of salivary 

cortisol and higher levels of urinary cortisol at pre-treatment were predictors of poorer treatment 

response, regardless of treatment type (Yehuda et al., 2014). Nijdam and colleagues (2015b) 

found that a more suppressed pre-treatment cortisol awakening response, but not more 

suppressed basal morning cortisol nor dehydroepiandrosterone sulfate metabolite awakening 

response, predicted a poorer response to TF-CBT in PTSD patients. Rauch et al. (2015) 

examined cortisol awakening response (CAR) and cortisol response to traumatic cues in military 

veterans diagnosed with PTSD before they received PE or PCT. The authors found that 

individuals with PTSD who exhibited a trend toward lower pre-treatment cortisol levels during 

the presentation of their trauma script responded worse to PE treatment (Rauch et al., 2015). 

Similar findings have also been shown in a youth sample with partial PTSD (Zantvoord et al., 

2019). Higher pre-treatment cortisol reactivity to virtual reality scenes is associated with worse 

treatment response (Norrholm et al., 2016). Lastly, increased in-session cortisol response during 

PE was associated with a poorer response to treatment (Rauch et al., 2017).  
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Structural Neuroimaging Studies 

A handful of studies have examined structural neuroimaging predictors of treatment 

response in PTSD. In one of the first studies to do so, all participants underwent structural 

magnetic resonance imaging (sMRI) procedures, received eight weekly sessions of CBT, and 

then completed a clinical assessment (Bryant et al., 2008). Using voxel-based morphometry 

(VBM), the authors found that smaller pre-treatment rACC volumes predicted a poorer response 

to CBT. In contrast, one recent study found no differences in pre-treatment rACC volumes 

between responders and non-responders (Helpman et al., 2016), although methodological 

differences (mostly female participants and morphometric versus VBM measures) may explain 

this inconsistency. Additionally, Nardo et al. (2010) used VBM to compare gray matter densities 

between responders and non-responders to eye-movement desensitization and reprocessing 

(EMDR) therapy. The authors found that lesser pre-treatment concentrations of grey matter in 

the posterior cingulate, parahippocampal gyrus, insula, and the right amygdala in individuals 

with PTSD were associated with a poorer response to EMDR (Nardo et al., 2010). Using 

diffusion tensor imaging (DTI) to visualize white matter in the cingulum bundle, Kennis and 

colleagues (2015) found higher pre-treatment dorsal cingulum fractional anisotropy (FA) in 

patients who did not respond to TF-CBT, and this higher dACC FA predicted the persistence of 

PTSD long-term (Kennis et al., 2017). Dickie and colleagues (2013) measured cortical thickness 

in the ACC and found that lesser baseline cortical thickness in the sgACC was associated with 

poorer treatment response. Lastly, two studies found lesser baseline hippocampal volume is 

associated with a poorer response to trauma-focused therapies in PTSD patients (van Rooij et al., 

2015a; Rubin et al., 2016).  

Functional Neuroimaging Studies 
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Neuroimaging studies, in particular, have shown that patients with PTSD who exhibited 

greater pre-treatment activation in the amygdala (Bryant et al., 2020a; Bryant et al., 2008; Fonzo 

et al., 2017; van Rooij et al., 2016) and insula (van Rooij et al., 2016) during the presentation of 

emotionally negative stimuli had a poorer response to treatment. In contrast, two recent studies 

have found that lesser pre-treatment anterior insula activation during general emotional 

processing (i.e., examining sad and fear facial expressions; Bryant et al., 2020b) and emotion 

modulation of appraisal (e.g., participants stated whether they liked or disliked emotional and 

neutral facial expressions; Duval et al., 2020) was associated with poorer treatment response to 

TF-CBT. Studies also suggest that participants with lesser activation in the ventrolateral 

prefrontal cortex, dorsal striatum, medial prefrontal cortex (mPFC; Falconer et al., 2013; Duval 

et al., 2020), and inferior parietal lobe (van Rooij et al., 2015b) were associated with poorer 

treatment response. Greater baseline activation in the dorsomedial prefrontal cortex (dmPFC) 

during the reappraisal of negative emotional content was associated with poorer treatment 

response (Joshi et al., 2020). The ACC’s role in predicting treatment response remains unclear, 

given that the findings in this region have been inconsistent across studies. For example, greater 

pre-treatment rACC activation has been associated with poorer responses to treatment (Byrant et 

al., 2008), and depending on the task used, greater pre-treatment dACC activation has been 

shown to predict both better (Aupperle et al., 2013; Bryant et al., 2008; Fonzo et al., 2017) and 

poorer (Aupperle et al., 2013; van Rooij et al., 2016) responses to treatment.  

Few studies have explored whether the functional connectivity between these regions of 

interest can be used as a potential biomarker of treatment response in PTSD. Lesser functional 

connectivity within the ventral attention network (e.g., insula, dACC, anterior middle frontal 

gyrus, and supramarginal gyrus; Etkin et al., 2019) were associated with poorer treatment 
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response. While greater functional connectivity between regions of the SN (amygdala, insula, 

ACC) was associated with a poorer treatment response (Bryant et al., 2020a). Using a machine 

learning approach, Zhutovsky and colleagues (2019) performed resting-state fMRI connectivity 

multivariate analyses to compare resting-state networks (RSN) between treatment responders 

(defined in this study as a 30% reduction in total CAPS scores from pre-treatment to post-

treatment) and non-responders. The authors found an RSN centered on the pre-supplementary 

motor area could classify non-responders from responders with an accuracy rate of 81.4% 

(Zhutovsky et a., 2019). Using a connectome-wide analysis, Korgaonkar et al. (2020) found pre-

treatment hyperconnectivity between the cingulo-opercular, SN, and dorsal attention network 

was associated with a poorer response to TF-CBT. One study by Sheynin and colleagues (2020) 

found that greater connectivity between the amygdala and posterior cingulate cortex predicted 

poorer treatment outcomes to PE.  

To summarize, the body of research reviewed above suggests that pre-treatment 

hyperactivation of regions that mediate threat (i.e., amygdala and insula) lead to a poorer 

response to treatment in PTSD. In contrast, greater pre-treatment activation in regions known to 

regulate responses to threatening stimuli (i.e., vmPFC) leads to better treatment response.  

Chapter III. The Dorsal Anterior Cingulate Cortex in PTSD  

The literature suggests that dACC abnormalities are associated with PTSD symptom 

severity, and greater dACC activation, in particular, is a familial vulnerability factor for 

developing PTSD. Nevertheless, it is currently unclear if dACC structure or function is 

associated with treatment response. Thus, this study aims to determine whether dACC structure 

and pre-treatment activation are associated with treatment response. Furthermore, additional 

studies must be conducted to determine whether performance on a behavioral task before 
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treatment is associated with treatment response in the disorder. If it is found that task 

performance is associated with treatment response, the implications of this would be substantial, 

as we could potentially use this inexpensive, easily obtained behavioral marker to predict who 

will benefit most from treatment, saving precious time and money.  

Structural Studies 

Overall, the results of meta-analyses indicate that dACC volume is smaller in participants 

with PTSD compared to control groups (Karl et al., 2006; Kühn et al., 2013; Meng et al., 2014; 

O’Doherty, 2015). For example, Yamasue et al. (2003) found lesser grey matter volume in the 

left dACC in victims of a terrorist attack with PTSD than those without, while controlling for age 

and gender. Additionally, there was a significant inverse relationship between gray-matter 

density within the dACC and PTSD symptom severity even after controlling for age and gender 

(Yamasue et al., 2003). Rogers and colleagues (2009), using the same participant sample as 

Yamasue and colleagues (2003), found that reduced grey matter density in the left amygdala was 

significantly positively associated with reduced gray matter volume in the dACC. Chen and 

colleagues (2012) found reduced gray matter volume in the left dACC in those with recent-onset 

PTSD compared to healthy controls. Furthermore, the authors found that in all trauma survivors 

both with and without PTSD, gray matter volume in the dACC significantly negatively 

correlated with PTSD symptom severity (Chen et al., 2012). Moreover, smaller grey matter 

volumes in the dACC have been found in individuals with child-abuse related PTSD (Cohen et 

al., 2006; Thomaes et al., 2010) and in individuals with acute PTSD precipitated by trauma 

endured in adulthood (Corbo et al., 2005; though only when using VBM). Additionally, greater 

left dACC thickness in patients with PTSD from adverse childhood experiences had higher 

alexithymia (the inability to describe one’s emotion) scores when controlling for sex and age 
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(Demers et al., 2015). Lastly, reduced FA has been found in the anterior cingulum in individuals 

with PTSD patients (Fani et al., 2012; Kim et al., 2005; Sanjuan et al., 2013; Schuff et al., 2011, 

but see also Abe et al., 2006). 

Functional Analyses 

Compelling evidence suggests that the human brain is composed of interconnected 

regions, creating large-scale brain networks. There have been three networks implicated in 

PTSD, the default mode network (DMN), central executive network (CEN), and the SN. The 

most relevant to this study is the SN, given that the dACC is a hub of this network. The SN has 

connections to the amygdala and insula and is important in detecting and attending to salient 

stimuli in our environment and can help switch between the DMN and CEN (Menon, 2011; 

Shalev, Liberzon, & Marmar, 2017). One study examining the SN in PTSD found increased 

functional connectivity between the amygdala and dACC at rest (Brown et al., 2014). In 

individuals with PTSD, during autobiographical recall, the dACC showed weaker connectivity 

with the other SN regions, potentially leading to inefficient cognitive control (St. Jacques, 

Kragel, & Rubin, 2013). 

In an early study of PTSD that explored the function of the dACC using the Counting 

Stroop, Shin and colleagues (2007) found that compared to the control group, the PTSD group 

exhibited a trend for greater activation in the dACC during the interference condition versus the 

control condition. This study was among the first to suggest that an abnormality of the dACC 

may be present in PTSD. However, the Counting Stroop does not robustly activate the dACC 

enough to examine the BOLD signal at the individual-level and, therefore, would not be an 

effective task to distinguish between a healthy individual from an individual with PTSD.  
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The MSIT is a motor task that combines multiple sources of interference to activate the 

dACC and the larger frontal-parietal network. As part of the task, participants view groups of 

three numbers or letters and are instructed that one number will be different from the other two 

items (see Figure 1).  

Figure 1.  

Sample Stimuli from the Multi-Source Interference Task.  

 

 

 

 

 

 

 

 

 

The participant’s objective is to identify the number different from the other two as quickly and 

as accurately as possible via a button box response. The task consists of two conditions. During 

the control condition, the target number always matches its position on the button box. During 

the interference condition, the target number never matches its position on the button box. The 

variables of interest here are dACC responsivity during the interference versus control contrast 

and response time and error rate difference scores (Interference versus Control, I-C). The task 

was first introduced by Bush and colleagues (2003) via a pilot study that validated its ability to 

assess the functional integrity of the dACC at both the group-level and in individual subjects. 
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Although one recent meta-analysis has confirmed the robustness of the MSIT to activate the 

dACC in healthy populations (Deng, Wang, Wang, & Zhou, 2018), the task has also been used in 

many neuropsychiatric conditions, including PTSD. To determine the origin of this dACC 

activation abnormality in PTSD, Shin et al. (2011) examined Vietnam veterans with and without 

PTSD and their identical cotwins while completing the MSIT during fMRI. The authors found 

that combat-exposed participants with PTSD and their identical cotwins had greater BOLD 

signal changes in the dACC during the interference versus control contrast compared to Vietnam 

veterans without PTSD and their cotwins. The authors found that dACC activation in the 

unexposed combat cotwins was significantly correlated with their combat-exposed cotwins 

symptom severity scores (Shin et al., 2011), suggesting that exaggerated dACC activation is a 

familial vulnerability factor for the development of PTSD after experiencing a traumatic event. 

Darnell and Valentiner (2020) found that MSIT performance moderated the relationship between 

trauma exposure and posttraumatic stress symptoms, consistent with the idea that deficient MSIT 

performance may be a vulnerability factor for the development of PTSD following exposure to 

trauma.  

Goals and Hypotheses 

Although previous studies have examined whether functional brain abnormalities are 

associated with treatment response in PTSD, the extent to which pre-treatment dACC 

responsivity is associated with treatment response is still unclear. Thus, we will collect response 

times, error rates, and dACC activation in response to the interference versus control conditions 

of the MSIT and determine whether these measures are associated with treatment response to PE. 

Additionally, we will determine whether dACC volume is associated with treatment response. 

Thus, we hypothesized that: (1) greater pre-treatment response time and error rate difference 
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scores during the interference versus control condition of the MSIT would be associated with a 

poorer response to PE; (2) smaller pre-treatment volumes of the dACC would be associated with 

a poorer response to PE; and (3) greater pre-treatment dACC activation in the interference versus 

control contrast would be associated with a poorer response to PE. 

Chapter IV. Method 

Participants 

 Participants were 24 (13 female) treatment-seeking patients with PTSD. Eight 

participants dropped out of the study before its completion and did not undergo post-treatment 

evaluation. Reasons for dropping out included a busy schedule (n = 2), no longer wanting to 

receive PE (n = 5), and military deployment (n = 1). One participant did not complete the MSIT 

task and data for one participant was excluded altogether as their error rate during the first run of 

the MSIT was greater than 30% (Kaur et al., 2020b). 

 The final sample size consisted of 14 (9 female) right-handed participants with PTSD 

following assault (n = 6), motor vehicle accidents (n = 4), and combat-related trauma (n = 4). 

None of the participants had a history of head injury, neurological disorders, or other major 

medical conditions. Apart from a current diagnosis of PTSD, participants met criteria for other 

current diagnoses: agoraphobia without panic disorder (n = 3), agoraphobia with panic disorder 

(n = 2), dysthymia (n =1), generalized anxiety disorder (n = 4), major depression disorder (N = 

7), panic disorder (n = 2), social anxiety disorder (n = 1), and specific phobia (n = 2). Exclusion 

criteria included serious medical illness or instability for which hospitalization was likely during 

the time of the study, pregnant or lactating women, the commencement of psychotropic 

medication within 6 months of the study, history of schizophrenia or psychosis, and loss of 

consciousness for more than 10 minutes. No female participants were pregnant at the time of the 

study, confirmed by an early detection urine pregnancy test taken before scanning. Six 
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participants were taking stable doses of psychiatric medication that included: anticonvulsants (n 

= 2), benzodiazepines (n = 2), norepinephrine/dopamine reuptake inhibitors (n = 2), serotonin-

norepinephrine reuptake inhibitors (n = 2), selective serotonin reuptake inhibitors (n = 2), 

serotonin antagonist and reuptake inhibitor (n = 1), and tricyclics (n = 1). The Partners 

Healthcare System (Boston, MA) Institutional Review Board approved this study. Written 

informed consent was obtained before study participation.  

Demographic and Clinical Measures 

Participants completed a clinical evaluation before imaging procedures. This evaluation 

included: (1) Mini-International Neuropsychiatric Interview (MINI; Sheehan et al., 1998) to 

diagnose Axis-I psychiatric disorders. (2) The Short PTSD Rating Interview (SPRINT; Connor 

& Davidson, 2001), an eight-item clinician-administered scale that assesses the severity of the 

core symptoms of PTSD. Post-treatment SPRINT scores were subtracted from participants’ pre-

treatment SPRINT scores to create a SPRINT change score. To control for baseline SPRINT 

severity scores, this difference was divided by pre-treatment SPRINT scores and multiplied by 

100 to yield a SPRINT percent improvement score. (3) The Clinical Global Impressions Severity 

Scale (CGI-S; Guy, 1976), a one-item assessment rated on a seven-point scale (1 = “normal” – 7 

“among the most extremely ill patients”) that asks the clinician to assess the patient’s overall 

illness severity, taking into account the symptoms, signs, behavior, and function in a week. The 

CGI-S post-treatment scores were subtracted from participants’ pre-treatment CGI-S scores to 

yield a CGI-S change score. To control baseline CGI-S scores, this difference was divided by 

pre-treatment CGI-S scores and multiplied by 100 to yield a CGI-S percent improvement score. 

(4) During the last treatment session, the Clinical Global Impression Improvement Scale (CGI-I; 

Guy, 1976) was also administered, a one-item assessment rated on a seven-point scale (1 = “very 
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much improved since the initiation of treatment” – 7 = “very much worse since the initiation of 

treatment”) designed to measure the patient’s overall improvement of symptoms from treatment 

initiation to the last treatment session.  

Our analyses will focus on using SPRINT percent improvement scores as our main 

symptom-related outcome measure. However, for completeness, if another symptom-related 

outcome measure is statistically significantly associated with behavioral or brain responses to the 

MSIT, or structural measures, the finding will also be reported here.  

On the day of their fMRI scan, patients also completed a series of self-report 

questionnaires, which included the Edinburgh Handedness Inventory to establish handedness 

(Oldfield et al., 1971), the Beck Depression Inventory to measure depressed mood (Beck & 

Steer, 1987), the Beck Anxiety Inventory to measure anxiety (Beck et al., 1988), and the State-

Trait Anxiety Inventory to measure cognitive components of anxiety (Speilberger et al., 1970).  

Task Procedures 

While inside the scanner, participants completed the MSIT. During this task, participants 

viewed groups of three numbers or a combination of numbers and letters (numbers included: 1, 

2, and 3; letters were always x) on a computer screen projected inside the scanner via a tilted 

mirror. Participants were instructed that one number would always be different from the other 

two items, which would always match one another (e.g., “1xx” or “131”). Using a button-press 

device with numbers representing 1, 2, and 3, participants were asked to identify the number that 

was different from the others (e.g., for “1xx” the correct response is to press the “1” button; and 

for “131”, the correct response is to press the “3” button). Participants were instructed to respond 

as quickly and as accurately as possible. Practice trials were completed before the experiment to 

ensure participants understood the task.  
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The task consisted of two conditions that were presented in separate alternating blocks. 

During the interference condition, the target number’s identity never matched its position on the 

button-press device (e.g., 131). During the control condition, the target number’s identity always 

matched its position on the button-press device (e.g., 1xx). A 30-second fixation block consisting 

of a white dot presented in the middle of the screen was presented at the beginning and end of 

the task.  

Stimuli were presented using MacStim 3.2.1 (WhiteAnt Occasional Publishing, West 

Melbourne, VIC, Australia) operating on an Apple Macintosh Powerbook computer. Each block 

consisted of 24 stimuli, with each stimulus presented on the screen for 1.5 seconds with 0.25 

second interstimulus interval. Blocks were presented with alternating conditions in a fixed order 

of 4 interference (I) blocks, 4 control (C) blocks, and a fixation (F) block presented at the 

beginning and end of each run (FCICICICIF). Each run lasted 6 minutes, 42 seconds, with 

participants completing up to three runs of the MSIT. Given that previous research has shown 

that response time difference scores and activation of the dACC can decline with each additional 

run in this task (Bush et al., 2003; Bush & Shin, 2006; Shin et al., 2011), we decided a priori to 

analyze data from the first run only.  

fMRI Procedures 

A Symphony/Sonata 1.5-Tesla whole-body high-speed imaging device equipped for 

echo-planar imaging (Siemens Medical Systems, Iselin, NJ) with a 12-axis gradient head coil 

was used to scan our participants. Head movement was restricted using expandable foam 

cushions. Shimming procedures were used to optimize field homogeneity after acquiring an 

automated scout image. High-resolution 3D magnetization-prepared rapid acquisition gradient 

echo (MPRAGE) sequence and shimming procedures were gathered in a sagittal plane, with scan 
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parameters as follows: repetition time/echo time/flip angle, 2.73 seconds/3.39 milliseconds/7. 

T2-weighted sequence functional images were gathered in the coronal plane, with scan 

parameters as follows: repetition time/echo time/flip angle, 1.5 seconds/40 milliseconds/90. We 

gathered fMRI data in 16 coronal slices angled perpendicular to the anterior commissure-

posterior commissure line with slice thickness at 5 millimeters, skip 1 millimeter; voxel size, 

3.1x3.1x5 millimeter. 

Treatment Procedures 

After scanning procedures, participants underwent eight weekly 90-minute treatment 

sessions of PE with a doctoral-level clinician. Treatment sessions consisted of three components: 

(1) educating the patient of how to process their distorted emotional memory of the trauma 

effectively, (2) exposing the patient to reminders of their trauma via imaginal exposure during 

treatment sessions as well as in vivo exposures, long enough to allow any negative emotional 

reactions to decline, while also providing the patient with new updated information to restructure 

their erroneous thoughts and/or feelings regarding the traumatic event, and (3) reviewing what 

was learned during exposure sessions (Foa, Hembree, & Rothbaum, 2007). 

Data Analysis 

Behavioral Analyses 

Within each participant’s data, trials with response times of less than 100 milliseconds or 

more than 2.5 standard deviations from above the mean were removed from the analysis. 

Response times from correct trials were averaged within each condition for each participant. 

Errors were expressed as a percentage of the total number of trials the participants responded to 

within each condition for each participant. Difference scores were created by subtracting the 

average response time or error rate in the control condition from the average response time in the 
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interference condition. These difference scores were then correlated with symptom improvement 

measures to determine their association with treatment response.  

Structural MRI Data Analyses  

Cortical parcellation was conducted automatically using the Desikan-Killiany-Tourville 

(DKT; Desikan et al., 2006; Fischl et al., 2004; Klein & Tourville, 2012) atlas from T1-weighted 

images using FreeSurfer version 6.0 (http://surfer.nmr.mgh.harvard.edu) and the library tool 

recon-all (Iglesia et al., 2015; Saygin & Kliemann, et al., 2017). The corresponding label used 

for our volume extraction for the dACC on this atlas was the ‘caudal anterior cingulate.’ Visual 

inspection of brain segmentation was conducted using FreeView (http://freesurfer.net) by going 

through each slice of coronal, axial, and sagittal planes of the brain. Manual editing was 

conducted when needed. Total intercranial volume (ICV) was calculated for each participant and 

used as a covariate in our analyses, along with age, handedness, and sex.  

Functional MRI Data Analysis 

 Image preprocessing and statistical analyses were performed using SPM8, a statistical 

parametric mapping software package (http://www.fil.ion.ucl.ac.uk/spm/) (Department of 

Imaging Neuroscience, London, UK). Preprocessing steps included: (1) realignment/motion 

correction of functional images for the first run of the MSIT, (2) coregistration to the 

participant’s high-resolution structural MRI image, (3) segmentation into grey matter, white 

matter, and cerebral spinal fluid, (4) spatial normalization with standard stereotactic space 

(Montreal Neurological Institute, MNI), and (5) smoothing (8mm) to decrease our signal to noise 

ratio.  

http://surfer.nmr.mgh.harvard.edu/
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We used two different approaches to measure and extract dACC activation during the 

MSIT: (1) a group-based univariate approach commonly used in neuroimaging studies and (2) an 

individual subject-based approach. Each analysis will be reviewed in-depth below.  

Group-Based Analyses. Hypotheses were tested as contrasts where linear compounds of 

the model parameters are evaluated using t-statistics, which were transformed into z-scores. In 

general, we computed interference versus control contrasts in each participant (first-level) and 

used these in group analyses (second-level). Nuisance regressors were added to the first-level 

statistical models to control for movement. Two group-level analyses were conducted: region of 

interest analyses and whole-brain voxelwise analyses. These two types of group-level analyses 

were conducted given that region of interest analyses tend to be more conservative, potentially 

leading to the occurrence of type II errors. On the other hand, whole-brain voxelwise analyses 

conduct simultaneous statistical computations across the many voxels of the brain, thus this 

analysis may lead to type I errors. Given these limitations, this dissertation focuses on region of 

interest analyses while whole-brain voxelwise analyses are treated as exploratory.  

Region of Interest Analyses. In the second-level group analyses, given our clear 

directional a priori hypotheses and based on previously published approaches (e.g., Shin et al., 

2011), we ran voxelwise one-sample t-tests using the interference versus control contrast to 

assess pre-treatment activation in our a priori region of interest, i.e., the dACC. Next, to 

determine whether activation in this region is statistically significantly related to treatment 

response, we (1) defined a functional region of interest (ROI; sphere with a radius of 4mm) 

around the peak voxel of the significant dACC activation in the second-level group map; (2) 

extracted the contrast estimates from this ROI; and (3) determined whether the contrast estimates 

were correlated with symptom improvement measures.  
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Whole-brain Voxelwise Analyses. We computed voxelwise interference versus control 

contrasts within each subject and correlated these contrast images with symptom improvement 

scores across participants.  

Individual-Based Analyses. The first-level steps for the individual-based analyses were 

similar to the group-based analyses. To determine whether dACC activation found in an 

individual participant’s interference versus control contrast was statistically significantly related 

to treatment response, we (1) defined a functional ROI using the maximum dACC voxel that was 

present in each participant’s interference versus control first-level contrast; (2) extracted signal 

from the maximum dACC voxel for each participant; and (3) determined whether participants’ 

maximum dACC voxel values were correlated with symptom improvement scores.  

We conducted these two separate analyses because we know the MSIT has been found to 

robustly elucidate dACC activation in both group- and individual-based analyses (Bush & Shin, 

2006). While group-based analyses have been overall helpful in determining average differences 

across participants, solely focusing on group-based analyses to predict treatment response does 

not allow for inferences to be made at the individual patient-level. Furthermore, the dACC is a 

relatively large structure and group-based analyses may be undermined by anatomical 

heterogeneity. 

Statistics  

 The statistical parametric maps resulting from the above analyses were inspected for 

activation in the dACC, defined as the portion of the anterior cingulate superior to the corpus 

callosum between y = 0 and y = +30mm (Bush et al., 2002; Shin et al., 2011). For group-based 

analyses, based on previous work, the significance threshold for directional hypotheses in the a 

priori regions of interest was p<.001 (z score, ≥ 3.09, one-tailed, uncorrected; Hariri et al., 2002; 
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Phan et al., 2003; Shin et al., 2005). We chose to use a constant significance threshold since 

correcting p values based on region size is biased toward finding significance in small structures. 

For regions with no a priori prediction, we used a more conservative constant significance 

threshold of p<.00002 (z score, ≥ 4.27, two-tailed, uncorrected; Shin et al., 2005; Brohawn et al., 

2010). For individual-based analyses, statistical parametric maps per participant were inspected 

for activation in the dACC and the peak activation that fell within the dACC boundary set were 

extracted regardless of z-score.  

Pearson correlation tests were conducted on extracted values for both a priori regions and 

regions that surpassed our more conservative significance threshold. Exploratory multivariate 

regression analyses using demographic, clinical, behavioral data, and brain data were conducted 

to assess whether these variables significantly predicted symptom improvement to PE. For these 

analyses, collinearity was assessed between variables using the VIF value between 1 to 10. Non-

collinearity was found for all results. Similarly, Mahalanobis distance was calculated to 

determine multivariate outliers, and none were present in the results. However, caution should be 

used when interpreting these analyses given our small sample size. Lastly, chi-squared tests of 

independence and independent samples t-tests were conducted on demographic, clinical, 

behavioral data, and brain data to assess significant differences between participants who 

completed versus those who prematurely dropped out of treatment. Findings were determined 

significant at the significance threshold of p<0.05, two-tailed. We used the Statistical Package 

for the Social Sciences (SPSS) for Macintosh, version 26.0 (SPSS, Statistics, IBM, Armonk, NY, 

USA) to analyze demographic, clinical, behavioral, and extracted brain data.  

Chapter V. Results  
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 A breakdown of demographic data and scores on psychometric measures by PE 

completion status can be found in Table 1. Due to technical difficulties, behavioral data were not 

collected for one participant during the first run of the MSIT; however, imaging data for this 

participant were still included in the analyses. 

Table 1.  

Demographic and Clinical Characteristics of Participant Sample. 

 PTSD (n = 22)  

  
Completers 

(n = 14) 

Dropouts 

(n = 8) 
 

Measure Mean SD Mean SD 
p-

valuea 

Gender (M/F) 5/9 - 4/4 -  

Handedness (R/L) 14/0  7/1  .36 

Age (Years) 43.4 12.4 40.5 7.2 .56 

Education (Years) 16 2.6 14.3 2.2 .13 

Time since trauma (Years) 12.6 14.3 - -  

BDI pre-treatment score 21.9 10.5 20.1 10.3 .71 

BAI pre-treatment score 19.1 9.4 17.8 11.5 .79 

STAI-State pre-treatment score 51.9 11.2 49 13.2 .60 

STAI-Trait pre-treatment score 53.4 10.2 55.1 8.8 .70 

SPRINT pre-treatment score 21.8 5.6 20.3 4.3 .58b 

SPRINT post-treatment score 12.6 10.5 - - - 

SPRINT (pre-post) difference score 9.2 7.9 - - - 

SPRINT percent improvement 

score 
46.7% 38.9% - - - 

CGI-S pre-treatment score 4.7 0.7 4.5 0.5 .53b 

CGI-S post-treatment score 3.3 1.4 - - - 

CGI-S (pre-post) difference score 1.4 0.9 - - - 

CGI-S percent improvement score 31.8% 20.1% - - - 
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CGI-I score 2.5 1.2 - - - 

Taking psychiatric medication (N) 6 - 2 - .44c 

Right dorsal ACC volume (mm3) 2132.86 491.33 1820.13 382.82 .14 

Left dorsal ACC volume (mm3) 2819.50 520.58 2436.38 244.96 .07 

Note. Data given as mean (standard deviation). PTSD = posttraumatic stress disorder; SPRINT = 

Short Posttraumatic Stress Disorder Rating Interview; CGI-S = Clinical Global Impressions 

Severity Scale; CGI-I = Clinical Global Impressions Improvement Scale; BDI = Beck Depression 

Inventory; BAI = Beck Anxiety Inventory; STAI-S/T = Spielberger State-Trait Anxiety Inventory 

Scale.  

a df = 20.  

b df = 18.  

c df = 21. 

Clinical Change 

A paired-sampled t-test comparing pre- versus post-treatment symptom severity scores 

for those who completed treatment showed a statistically significant improvement in symptom 

severity, as indicated by the SPRINT, t(13) = 4.36, p = .001.  

Behavioral Results 

 

Response Times  

 A paired-samples t-test comparing the mean response times during the interference and 

control conditions illustrated a significant difference in individuals who completed PE, t(12) = 

4.34, p = .001. The mean of response times during the interference condition (M = .98, SD = .16) 

was significantly higher than the mean of response times of the control condition (M = .67, SD = 

.16), (See Figure 2). 
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Figure 2. 

Mean Response Rates and Standard Error for the Interference and Control Condition of the 

Multi-Source Interference Task Across Completers.  

 

 

 

 

 

 

 

 

 

 

Note. In individuals with PTSD that completed treatment, response times were 

significantly greater during the interference condition of the multi-source 

interference task (MSIT) compared to the control condition (t = 4.34, df = 12, p = 

.001). Error bars indicate standard error of the mean. 

A Pearson correlation coefficient was calculated to assess the relationship between 

participants’ response time difference scores (interference versus control, I-C) on the MSIT and 

SPRINT percent improvement scores. We found no significant correlation between response 

time difference scores (I-C) and SPRINT percent improvement scores, r(11) = -.26, p = .40. 

Multivariate Regression. A simultaneous multivariate regression was calculated to 

predict SPRINT percent improvement scores using the following variables: age, education, 

gender, time since trauma, psychiatric medication use, and response time difference scores (I-C) 
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on the MSIT. No significant correlations were present between any of the variables in the 

simultaneous regression (all ps > .06). The simultaneous regression predicting SPRINT percent 

improvement scores was non-significant, F(6,6) = 2.28, p = .17 with an R2 of .70. Age was the 

only significant predictor of SPRINT percent improvement scores in the model, t(6) = -3.28, p = 

.017. For every one-unit higher score on age, there was a 3.28-unit lower SPRINT percent 

improvement score, holding all other variables constant.  

Completers versus Dropouts. An independent-samples t-test was calculated comparing 

the response time difference scores (I-C) of those who completed treatment (M = .31, SD = .26) 

and those who prematurely dropped out of treatment (M = .38, SD = .06). No significant 

difference was found, t(19) = .81, p = .43.  

Error Rates 

 A paired-samples t-test comparing the means of error rates of the interference and control 

condition illustrated a significant difference in individuals who completed PE, t(12) = 4.33, p < 

.001. The mean error rate during the interference condition (M = 5.47, SD = 4.32) was 

significantly higher than the mean error rate of the control condition (M = .82, SD = 1.39), (see 

Figure 3). 
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Figure 3. 

 

Mean Error Rates and Standard Error for the Interference and Control Condition of the Multi-

Source Interference Task Across Completers.  

 

Note. In individuals with PTSD that completed treatment, error rates were 

significantly greater during the interference condition of the multi-source 

interference task (MSIT) compared to the control condition (t = 4.33, df = 12, p < 

.001). Error bars indicate standard error of the mean.  

 A Pearson correlation coefficient was calculated to assess the relationship between 

participants’ error rate difference scores (I-C) on the MSIT and SPRINT percent improvement 

scores. We found no significant correlation between error rate difference scores (I-C) and 

SPRINT percent improvement scores, r(11) = -.38, p = .20.  

Multivariate Regression. A simultaneous multivariate regression was calculated to 

predict SPRINT percent improvement scores using the following variables: age, education, 

gender, time since trauma, psychiatric medication use, and error rate difference scores (I-C) on 
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the MSIT. No significant correlations were present between any of the variables in the 

simultaneous regression (all ps > .06). The simultaneous regression predicting SPRINT percent 

improvement scores was non-significant, F(6,6) = 1.37, p = .36, with an R2 of .58. There were no 

significant predictors of treatment outcome in this model.  

Completers versus Dropouts. An independent-samples t-test was calculated comparing 

the error rate difference scores (I-C) of those who completed treatment (M = 4.7, SD = 3.8) and 

those who prematurely dropped out of treatment (M = 6.1, SD = 4.2). No significant difference 

was found, t(19) = .80, p = .43.  

Structural fMRI Results 

Given that significantly smaller left dACC volume has been found in individuals with 

PTSD compared to controls (Baldacara et al., 2014; Chen et al., 2006; 2012; Chao, Weiner, & 

Neylan, 2013; Cohen et al., 2006; Thomaes et al., 2010; Yamasue et al., 2003), we conducted a 

paired-samples t-test to compare the mean between the left and right dACC volumes of 

individuals who completed PE. A significant difference was found, t(13) = 6.86, p < .001. Within 

our sample, participants had significantly greater left dACC volumes (M = 2819.5, SD = 520.58) 

compared to right dACC volumes (M = 2132.86, SD = 491.33).  

A partial Pearson correlation coefficient was calculated separately for left and right 

dACC volumes and SPRINT percent improvement scores in completers while controlling for 

sex, age, and total ICV. No significant associations were found between the variables (all ps > 

.22).  

Completers versus Dropouts. A 2 (Laterality: left, right) x 2 (Group: completer, 

dropout) repeated-measures analysis of covariance (ANCOVA) was calculated comparing left 

and right dACC volumes between those who completed treatment and those who prematurely 
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dropped out of treatment while controlling the effect of handedness, sex, age, and total ICV. This 

analysis revealed no significant main (all ps > .10) or interaction (all ps > .21) effects. Thus, the 

groups did not significantly differ on mean bilateral dACC volumes.  

Functional MRI Results 

Group-Based Analyses  

 

 Significant activations in our a priori regions of interest are presented in the text below. 

Significant non a priori activations are reported in Table 2.   

Region of Interest Analyses. A one-sample t-test was conducted using the voxelwise 

IvC contrast for those who completed PE. This analysis revealed three separate dACC 

activations that met our a priori significance threshold. Functional ROIs were created for each 

significant dACC activation (MNI x = 0, y = 18, z = 48; z-score = 3.57, k = 75; MNI x = 6, y = 

4, z = 52; z-score = 4.15, k = 55; MNI x = 12, y = 18, z = 36; z-score = 3.43, k = 12), and the 

data from each ROI were extracted for all participants. Pearson correlation coefficients were 

calculated separately between the data extracted and SPRINT percent improvement scores, but 

none were statistically significant, r(12) = 0.39, p = 0.17 (Figure 4a), r(12) = 0.40, p = 0.16 

(Figure 4b), r(12) = 0.26, p = 0.36 (Figure 4c), respectively. 
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Figure 4.  

 

Correlations Between Extracted Dorsal Anterior Cingulate Region of Interest Activation and SPRINT Percent Improvement Scores. 
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Note. The functional images show activation in the dorsal anterior cingulate cortex (dACC) in three distinct coordinates: A. MNI x = 

0, y = 18, z = 48; B. MNI x = 6, y = 4, z = 52; and C. MNI x = 12, y = 18, z = 36 during the interference versus control contrast. 

Extracted blood-oxygen-dependent-level (BOLD) signal from this area was correlated with the short-posttraumatic stress disorder 

rating interview (SPRINT) percent improvement scores. 
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Multivariate Regressions. Significant correlations were present between extracted data 

from the dACC ROIs. Therefore, separate simultaneous multivariate regression models for each 

ROI were calculated to predict SPRINT percent improvement scores. The simultaneous 

regression models included age, education, gender, time since trauma, psychiatric medication use 

and extracted data from one of the significant dACC ROIs (MNI x = 0, y =18, z = 48; MNI x = 

6, y = 4, z = 52; MNI x = 12, y = 18, z = 36) as predictors of SPRINT percent improvement 

scores. None of the models were significant (all ps > .47).  

Completers versus Dropouts. A two-sample t-test was conducted to determine whether 

the IvC contrast images differed between completers of treatment and those who prematurely 

dropped out of treatment. No significant between-group differences were found. 

Table 2.  

 

Summary of significant non a priori brain activation during interference versus control contrasts 

and correlations with symptom improvement measures. 

 
   Correlationa Partial 

Correlationb 

Brain 

Region 

Peak MNI 

Coordinates 

(X, Y, Z) 

Cluster 

size in 

voxels 

Peak 

z-score 

SPRINT 

Percent 

Improvement 

 

SPRINT Change 

controlling for 

SPRINT Pre-

treatment 

 

Dorsal Lateral Prefrontal 

Cortex 

    

 -38, 6, 34 406 4.77 .33 .41 

 -32, 0, 58 283 4.61 .34 .20 

 28, 2, 54 176 4.57 .37 .58* 

a df = 12. 

b df = 11. 

* p < .05, two-tailed. 

Whole-brain Voxelwise Analyses 
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Exploratory whole-brain voxelwise correlations were computed using voxelwise IvC 

contrast images and symptom improvement scores for each participant.  

SPRINT Percent Improvement Scores 

 Voxelwise correlational analyses were computed to determine the relationship between 

pre-treatment brain activation in the IvC contrast and SPRINT percent improvement scores. 

Contrary to our hypotheses, no significant correlations in the dACC were found. However, 

significant positive correlations were found in the left dlPFC (MNI x = -48, y = 8, z = 34, z-score 

= 3.51; k = 10) and right dlPFC (MNI x = 44, y = 26, z = 22, z-score = 3.37, k = 8). This finding 

suggests that individuals with greater pre-treatment dlPFC activation had a better response to PE. 

Furthermore, a significant positive correlation was also found in the sgACC (MNI x = 6, y = 14, 

z = -18, z-score = 3.99, k = 6), suggesting that greater pre-treatment sgACC activation is also 

associated with a better response to PE.  

CGI – I Scores 

 Similar voxelwise correlational analyses were computed between pre-treatment brain 

activation in the IvC contrast and CGI – I scores. Contrary to our hypotheses, greater pre-

treatment dACC activation (MNI x = -10, y = 30, z = 46, z-score = 3.66, k = 28) was 

significantly negatively correlated with CGI-I scores. These finding suggest that greater pre-

treatment dACC activation is associated with a better response to treatment. Significant negative 

correlations were found in the right (MNI x = 44, y = 26, z = 22, z-score = 3.16, k = 2) and left 

dlPFC (MNI x = -46, y = 8, z = 34, z-score = 3.30, k = 5), and sgACC (MNI x = 6, y = 12, z = -

20, z-score = 4.26, k = 5). 

Individual-Based Analyses 
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 Region of Interest Analyses. First-level IvC contrasts for each subject were created and 

inspected for dACC activation. For each participant, data were extracted from the maximum 

voxel. Figure 5 depicts dACC activation found per participant. Pearson correlation coefficients 

were calculated between these extracted maximum voxel values and SPRINT percent 

improvement scores, but they were not statistically significant, r(12) = 0.33, p = 0.25.  

Figure 5.  

Schematic of Dorsal Anterior Cingulate Activations Extracted from Individuals who Completed 

Prolonged Exposure Therapy.  

 

Note. The local maxima in the dorsal anterior cingulate cortex (dACC) for 

individuals who completed prolonged exposure therapy are presented in pink with 

a purple outline. For the purpose of this figure, all points were reported to 

represent activations in the anterior cingulate cortex to x = 9 mm (Talairach and 

Tournoux, 1988). Local maxima are collapsed across hemispheres.  

 

Completer 
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Multiple Regressions. A simultaneous multivariate regression was calculated to predict 

SPRINT percent improvement scores using the following variables: age, education, gender, time 

since trauma, psychiatric medication use, and the dACC maximum voxel extractions from each 

participant. The simultaneous regression model predicting SPRINT percent improvement scores 

was non-significant, F(6,7) = .86, p = .56, with an R2 = .43.  

Completers versus Dropouts. An independent-samples t-test was calculated comparing 

the maximum voxel values in the dACC (IvC) between those who completed treatment and those 

who prematurely dropped out of treatment. Figure 6 depicts dACC activation found per subject 

for completers (M = 1.30, SD = .63) and dropouts (M = 1.29, SD = .83). No significant 

differences were found, t(20) = .03, p = .98. 

Figure 6. 

Schematic of Dorsal Anterior Cingulate Activations Extracted from Individuals who Completed 

and Prematurely Dropped out of Prolonged Exposure Therapy.  

 

Completer 

Dropout 
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Note. The local maxima in the dorsal anterior cingulate (dACC) for individuals who 

completed prolonged exposure therapy are presented in pink with a purple outline, 

while those who prematurely dropped out are presented in yellow with a blue 

outline in the dACC. For the purpose of this figure, points were reported to 

represent activations in the anterior cingulate cortex to x = 9 mm (Talairach and 

Tournoux, 1988). Local maxima are collapsed across hemispheres. 

Chapter VI. Discussion 

 

In the current study, we sought to determine whether pre-treatment behavioral and brain 

data collected during the performance of the MSIT are associated with symptom change 

following PE. We hypothesized that greater response time and error rate difference scores, 

smaller dACC grey matter volumes, and greater dACC activation during the interference versus 

control contrast of the MSIT would be associated with a poorer response to PE. We found no 

significant associations between the behavioral and brain data and treatment response to PE. One 

possible explanation for these null findings is that although previous studies have provided 

strong evidence for the dACC’s association with symptom severity in PTSD (Chen et al., 2012; 

Shin et al., 2011; Yamasue et al., 2003) and its role as a vulnerability factor in the development 

of PTSD (Shin et al., 2011; van Wingen et al., 2011a; 2011b; Herringa et al., 2013), these 

measures may not be viable biomarkers for predicting treatment response in particular. Another 

explanation for these null findings could be that the differences in methodologies used may 

influence the relationship between dACC activation and treatment response. Additionally, our 

sample size was small, therefore, we may not have had the power to find a significant effect if 

one was present.  

Functional MRI Findings 
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In PTSD, dACC activation is associated with PTSD symptom severity and has been 

shown to normalize after successful treatment; however, based on our findings, it may not be as 

sensitive a biomarker in predicting treatment response. Greater dACC activation has been 

associated with more severe PTSD symptom severity (Neumeister et al., 2017; Offringa et al., 

2011), and is a vulnerability factor to the development of PTSD (Shin et al., 2009; 2011). One 

study found that childhood maltreatment exposure may be an important familial vulnerability 

factor as the authors found that childhood maltreatment and adult combat exposure 

independently correlated with dACC activation to threat (Herringa et al., 2013). Perceived threat 

can also have detrimental effects on dACC activation that may contribute to the development of 

PTSD symptoms upon subsequent trauma exposures. For example, in one study, healthy combat 

soldiers completed an emotional face-matching task during fMRI scanning before being 

deployed to combat and assessed perceived threat during deployment two months upon return 

(van Wingen et al., 2011a). Functional connectivity analyses showed that individuals who 

perceived greater threat during deployment showed a reduced amygdala-dACC coupling 

compared to individuals that perceived little threat during deployment (van Wingen et al., 

2011a). During a follow-up scan two years later, the authors found that even in the absence of 

additional combat exposure, perceived threat-dependent changes in amygdala coupling with the 

dACC persisted (van Wingen et al., 2011b). Lastly, pre-and post-treatment studies have explored 

whether dACC activation normalizes after treatment. One study by Thomaes et al. (2012) had 

female participants with child abuse-related complex PTSD complete a hybrid emotional and 

classic Stroop task before and after undergoing either treatment as usual or group-CBT. Before 

treatment, there was a trend for increased pre-treatment activation in the dACC compared to 

trauma-unexposed controls during the completion of the classic Stroop task. After six months of 
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treatment, PTSD patients who underwent group-CBT exhibited symptom improvement 

associated with decreased dACC activation during the classic Stroop. Across all groups, there 

was a significant positive association between symptom improvement and decreased dACC 

activation during the negative versus neutral contrast of the emotional Stroop (Thomaes et al., 

2012). Furthermore, individuals with PTSD who still had clinically significant PTSD symptoms 

after completing treatment exhibited greater bilateral dACC activation compared to remitted 

patients and controls (van Rooij et al., 2016). Thus, while the dACC is associated with PTSD 

symptom severity and normalization after successfully completing treatment, it may not be as 

sensitive a biomarker in predicting treatment response.  

Methodological differences may explain the mixed results among studies that found 

significant associations between dACC activation and treatment response (see Table 3 for details 

of each study that found dACC activation associated with treatment response). For example, the 

task used may have influenced the relationship between dACC activation and treatment 

response. Studies that found greater dACC activation was associated with poorer response to 

treatment used tasks that presented participants with negative trauma-unrelated images (Aupperle 

et al., 2013; Kennis et al., 2017; van Rooij et al., 2016). In contrast, studies in which participants 

completed cognitive tasks found that lower dACC activation was predictive of poorer response 

to treatment (Aupperle et al., 2013; Fonzo et al., 2017). Indeed, although dACC activation in our 

study did not significantly positively correlate with treatment response, the correlations were 

heading in this direction (i.e., lesser dACC activation is associated with poorer treatment 

response). Our exploratory whole-brain voxelwise correlational analyses showed that dACC 

activation was significantly negatively associated with CGI-I scores, suggesting that greater 

dACC activation is associated with a better response to PE. However, given the many 
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simultaneous significance tests conducted during the execution of this type of analysis, an 

occurrence of a type I error is likely. Therefore, conclusions drawn from the voxelwise 

correlational findings should be made with caution.  

Finding that greater dACC activation is associated with a better response to PE in PTSD 

may seem counterintuitive and was not what we originally hypothesized. However, there are 

potential explanations for why this increased dACC activation could be potentially beneficial. 

The conflict-monitoring theory posits that the dACC becomes more activated in response to 

interference than when an error is committed (Carter et al., 1998). For example, using the 

Flanker task (Botvinick et al., 1999) or the Stroop task (Carter et al., 1999), authors found that 

greater dACC activation during trials with high levels of interference compared to low levels of 

interference was significantly positively correlated with the severity of interference (Botvinick et 

al., 1999). In trying to replicate this effect, we computed follow-up Pearson correlation 

coefficients with our own data, but we did not find significant correlations between response 

time or error rate difference scores and extracted dACC ROI data during the completion of the 

MSIT. Furthermore, one study measured dACC function using fMRI, single-neuronal 

recordings, and dACC pre-and post-surgical cingulotomy lesion behavior to illustrate the 

adaptiveness of the dACC to increase reaction times during interferences trials of similar 

difficulties that occur in succession (Sheth et al., 2012). Using the MSIT, the authors first 

replicated and extended findings of increased neuronal population activity during the 

interference condition compared to the control condition and neuronal activity within the dACC 

correlated with the degree of conflict present in a trial. The authors extended these findings by 

showing that faster response times were present when the preceding trial type was the same as 

the current, and increased dACC single-neuron activity was higher for interference trials 
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preceded by a high interference trial (Sheth et al., 2012). These findings highlight the importance 

of the dACC in evaluating the amount of cognitive control needed to complete a task and 

orchestrating other regions to perform regulatory functions of control (i.e., the dlPFC and inferior 

parietal lobe) to resolve the interference (MacDonald III, Cohen, Stenger, & Carter, 2000). 

Therefore, as has been illustrated previously (Shin et al., 2011), given the cognitive difficulties 

seen in the disorder, individuals with PTSD exhibit increased dACC activation compared to 

healthy participants to allow them the ability to complete the task successfully. Because we did 

not have a control group in this study, we cannot determine whether the dACC activation in our 

PTSD sample was similarly aberrant as found in previous studies.  

Studies that found that greater dACC activation was associated with a poorer response to 

treatment had participants view negative trauma-unrelated stimuli. As stated earlier, given the 

dACC’s connections to the amygdala, during more emotional tasks, the dACC could induce 

amygdala reactivity, initiating physiological responses such as heightened arousal, increased 

heart rate, and skin conductance, thus potentially leading to a poorer ability to resolve emotional 

conflict when discussing traumatic reminders during therapy sessions.  

Other methodological differences that could be contributing to our null findings include 

differences in the acquisition of brain data and analysis. For example, almost all the other studies 

that found dACC activation was associated with treatment response used 3T fMRI scanners 

while we used a 1.5T. The only other study to use a 1.5T was Bryant et al. (2008), but this 

research team also separated their participants into two groups, responders and non-responders, 

and made statistical comparisons in brain activation between these two groups. We did not do 

this in the present study for the reasons described below. Next, the treatment used in each study 

and the number of sessions completed differed. The only study in the table that used PE was 



BRAIN CORRELATES OF TREATMENT RESPONSE IN PTSD 54 

Fonzo and colleagues (2017), but participants in their study also completed more treatment 

sessions than our study (9-12 sessions compared to 8 sessions). The timing of when symptoms 

were re-evaluated also differed from our study. All other studies in the table reassessed PTSD 

symptom severity anywhere from 1 to 6 months after treatment completion, whereas we 

reassessed PTSD symptom severity during the last treatment session (usually during session 

number 8). Lastly, all other studies in the table used the clinician-administered PTSD scale 

(CAPS) to measure symptom severity, although the SPRINT has been shown to perform 

similarly to the CAPS in assessing PTSD total symptom scores (Vaishnavi, Payne, Connor, & 

Davidson, 2006).  
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Table 3.  

Studies with findings associated with pre-treatment dorsal anterior cingulate cortex and treatment response in individuals with 

posttraumatic stress disorder.  

Study Association 

with Non-

response 

Task/Stimuli Used Scanner 

Details 

Sample Size Treatment Used Symptom Measure Sample 

characteristics 

Bryant  

et al. (2008) 

Lesser 

activation 

Fearful versus neutral 

faces 

1.5T 7 responders  

7 non-responders 

 

8 sessions  

CBT 

Residual CAPS scores 8 female 

Mixed trauma type 

Aupperle  

et al. (2013) 

Lesser 

activation 

Anticipations of 

negative versus positive 

images 

3T 14 PTSD 

Participants 

 

12 sessions  

CTT-BW 

CAPS (covarying pre-

treatment CAPS) 

All female 

IPV survivors 

Fonzo  

et al. (2017) 

Lesser 

activation 

Fearful versus neutral 

faces 

3T 36 PTSD 

participants 

undergoing 

treatment 

30 PTSD waitlist 

control 

9 to 12 sessions  

PE 

CAPS (covarying pre-

treatment CAPS) 

23 female  

Mixed trauma type 

Fonzo  

et al. (2017) 

Lesser 

activation 

Emotional conflict 

regulation 

- - 

 

- - - 

Aupperle  

et al. (2013) 

Greater 

activation 

Negative versus 

positive trauma un-

related pictures 

- - - - - 

van Rooij  

et al. (2016) 

Greater 

activation 

Negative versus neutral 

trauma-unrelated 

stimuli 

3T 21 responders 

22 non-responders 

25 combat 

controls 

9 sessions 

EMDR 

TF-CBT 

or both 

CAPS (covarying pre-

treatment CAPS) 

All male 

War veterans 

Kennis  

et al. (2017) 

Greater 

activation 

Negative versus neutral 

trauma-unrelated 

stimuli 

3T 28 PTSD 

participants 

28 sessions 

EMDR, 

Eclectic therapy, 

CBT 

CAPS 

(covarying pre-

treatment CAPS) 

All male 

War veterans 
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Note. Abbreviations: CAPS = Clinician-Administered Posttraumatic Stress Scale; CTT-BW = Cognitive trauma therapy for battered 

women; EMDR = Eye-movement desensitization and restructuring; IPV = Intimate partner violence; PE = Prolonged exposure 

therapy; T = Tesla; TF-CBT = Trauma-focused cognitive behavioral therapy.  
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Significant dlPFC activation was found in both the ROI and whole-brain voxelwise 

group-level analyses. Although we did not have a priori hypotheses regarding the association 

between pre-treatment dlPFC activation and symptomatic improvement scores, the MSIT has 

been shown to robustly activate the dACC and other regions involved in the cingulo-fronto-

parietal cognitive/attention network, including the dlPFC (Bush & Shin, 2006). Our results 

suggest that greater dlPFC activation is associated with a better response to PE. This finding is in 

line with a previous study (Fonzo et al., 2017; however, one study has also found the opposite 

pattern Duval et al., 2020). The dACC and dlPFC are highly interconnected regions yet are 

associated with different cognitive control functions (MacDonald III et al., 2000), suggesting that 

the two regions work together to execute complex cognitive control functions. Studies suggest 

that the dACC is important in signaling to the dlPFC when conflict is present for the dlPFC to 

perform cognitive control functions to resolve the conflict (Shenhav et al., 2017). Thus, 

individuals who exhibit lesser dlPFC activation in response to conflict may have a harder time 

successfully resolving that conflict when it is present. Difficulty resolving conflict could be 

detrimental during treatment as PTSD patient may not be able to inhibit intrusive negative 

thoughts, avoidant coping techniques, or regulate their levels of distress to complete treatment 

sessions or homework assignments successfully.  

Furthermore, the finding that dlPFC activation is associated with treatment response is 

important to explore further as the dlPFC is an area of interest to target using the noninvasive 

neuromodulation technique, transcranial magnetic stimulation (TMS), as a potential treatment for 

PTSD. Indeed, many studies have provided evidence to suggest TMS applied to the dlPFC may 

be an effective treatment option for PTSD (McCann et al., 1998; Grisaru et al., 1998, Boggio et 
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al., 2010; Cohen et al., 2004; Watts et al., 2012; Berlim, Van den Eynde, 2014). Thus, future 

studies should further explore the role of the dlPFC and treatment response in PTSD.  

Structural MRI Findings 

Our structural analyses suggest that dACC volume is not associated with treatment 

response to PE. This finding is surprising given the evidence that dACC volume is negatively 

associated with PTSD symptom severity (Chen et al., 2012; Yamasue et al., 2003). It is unknown 

whether our sample replicated the findings of decreased dACC volumes in PTSD given our lack 

of a comparison group. Therefore, we are unsure if our PTSD sample exhibited the same 

volumetric abnormality as other studies. Given this limitation, it is difficult to interpret these null 

findings. Previous studies have found other structural abnormalities of the dACC in PTSD 

including FA and cortical thickness (Demers et al., 2015; Fani et al., 2012; Kennis et al., 2015; 

2017; Kim et al., 2005; Sanjuan et al., 2013; Schuff et al., 2011), future structural analyses 

should be conducted to determine whether these measures are associated with treatment response 

in PTSD. Lastly, our study utilized a 1.5T fMRI scanner, potentially contributing to our null 

findings. Utilizing a stronger Tesla fMRI scanner would be beneficial in gathering better 

resolution images for all structural analyses.  

Behavioral Findings 

 Response time and error rate difference scores were not associated with or predictors of 

treatment response to PE in PTSD. One study utilizing a twin dataset discordant for PTSD found 

that neurocognitive impairments may make an individual more susceptible to developing PTSD 

after a trauma (Gilbertson et al., 2006). Although some previous findings have suggested that 

cognitive deficits may not be the most optimal predictor of treatment response (Haaland, Sadek, 

Keller, Castillo, 2016), other studies have found associations between the two (Nijdam, de Vries, 
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Gersons, & Olff, 2015; Walter, Palmieri, & Gunstad, 2010; Wild & Gur, 2008). For example, a 

group of researchers used receiver operating characteristic curves on pre-treatment verbal 

memory performance to predict treatment response and found that close to 76% of patients in the 

study could be correctly classified as a responder. The authors found that PTSD patients who 

performed more poorly on a verbal memory task had a poorer response to trauma-focused 

psychotherapy (Nijdam, de Vries, Gersons, & Olff, 2015). Thus, there is some evidence to 

support the continued exploration of these variables in predicting treatment response in PTSD.  

Group Comparisons 

Although we did not have a priori hypotheses regarding potential differences in 

behavioral and dACC measures between PTSD individuals who completed PE versus PTSD 

individuals who prematurely dropped out of treatment, we found no significant differences 

between groups on these measures. The lack of significant findings could have been caused by 

the small sample size of the groups.  

 In similar studies that have examined potential structural or functional predictors of 

treatment response in PTSD, participants are usually separated into two groups: responders or 

non-responders to treatment. We decided not to separate our final sample into these groups for 

two main reasons. First, classifying participants as a responder or a non-responder is rather 

arbitrary, and diverse definitions have been used to define each group in PTSD research (Varker 

et al., 2020). Of the studies reviewed that explored whether neuroimaging measures are 

associated with treatment response in PTSD, there were at least four different ways of defining 

responders and non-responders. For example, studies have defined responders as those who (1) 

no longer met PTSD criteria after treatment, (2) have a cut-off score on a symptom severity 

measure, (3) meet a 30% reduction in symptom severity scores after treatment, and (4) meet a 
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50% reduction in symptom severity scores after treatment. Secondly, if we were to choose one of 

the previously used ways of categorizing responders from non-responders, then the 14 

completers would be split up into two small groups making it hard to draw conclusions from the 

results obtained from our lack of statistical power. Although we did choose not to split our 

sample into responders and non-responders, creating more precise definitions of each group is 

imperative so future studies can examine differences between those who ultimately recovered 

from treatment from those who do not is important to elucidate the potential brain mechanisms 

that may prevent an individual’s recovery from PTSD.  

Limitations and Future Directions 

 Our study is not without limitations. First, our sample size is small, limiting the statistical 

power to detect effects. Adding more participants is a future step that needs to be taken to 

determine whether the lack of significant findings are correct, allowing us to conclude that the 

dACC is a region not associated with treatment response. Furthermore, adding additional 

participants would make our findings more generalizable to the larger population of treatment-

seeking PTSD patients. Moreover, we were able to offer only PE to participants as a treatment 

option and lacked a waitlist control group. Future studies should examine other therapy options, 

such as CPT and pharmacological interventions. A waitlist control group would be beneficial to 

ensure the conclusions drawn from the data are not influenced by treatment response or 

spontaneous changes over time. Additionally, treatment outcome was assessed immediately after 

treatment completion. Using meta-analytic analyses, Bisson and colleagues (2013) found that 

differences in psychotherapy outcomes can appear up to four months post-treatment in some 

individuals. In our study, we gathered post-treatment severity scores during the final week of 

treatment which was usually at week 8. Therefore, future studies should collect symptom 
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severity not only immediately after treatment but follow-up months later to allow for 

consolidation of treatment changes. Our study did not evaluate participants for PTSD 

dissociative subtype, but research suggests a different neural profile for this subtype which 

includes decreased connectivity between SN hubs to the primary visual cortex (Nicholson et al., 

2020). Thus, future studies should also include PTSD participants that exhibit this dissociative 

subtype in their samples to determine whether pre-treatment brain measures can be used to 

predict treatment response in these samples as well. Lastly, because the dACC one region of the 

SN and the cingulo-fronto-parietal cognitive/attention network, future studies should use 

functional connectivity analyses during the completion of the MSIT to determine whether 

regions of these networks are more predictive in treatment response than measuring single 

regions of interest. 
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