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Abstract

Aberrant reward processing has been predominantly associated with depressive disorders, with 

evidence that pre-treatment abnormalities in striatal reward responsiveness relates to treatment 

outcomes. Emerging research also implicates reward processing differences in anxiety disorders, 

particularly generalized anxiety disorder (GAD). The current study examined whether pre-

treatment reward- and loss-related neural activity predicts symptom improvement with behavioral 
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activation (BA) and exposure therapy (EXP) for GAD. In this randomized clinical trial 

(ClinicalTrials.gov NCT02807480) conducted from 2016 to 2021, treatment-seeking adults with 

GAD completed the monetary incentive delay task during functional magnetic resonance imaging 

pre-treatment, then were randomized to 10-session EXP or BA. The primary outcome measure 

was the GAD-7. Of 101 participants consented, 69 completed treatment, the 46 completers with 

quality imaging data were included in analyses (22 EXP, 24 BA; mean 32.7 years, 10.9 % 

male). A priori region-of-interest analysis revealed that greater left caudate activity during loss 

receipt predicted greater symptom improvement in EXP, and did not relate to symptom change 

in BA (F(1, 428)= 5.24, p = 0.023), though this was not significant after correction for multiple 

comparisons. Whole-brain analysis further identified that greater activity during reward receipt in 

left frontoparietal regions and anterior insula / ventrolateral prefrontal cortex was associated with 

better outcomes in BA and worse outcomes in EXP. These findings highlight the role of reward 

and loss reactivity in GAD treatment. In particular, patients with elevated reactivity to reward 

salience may benefit most from BA or other reward-focused treatments. Future clinical trials are 

warranted to further elucidate reward-related predictors of anxiety treatment.
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1. Introduction

Generalized anxiety disorder (GAD) is a chronic and disabling mental disorder [1] that 

affects about 6 % of adults in the United States [2]. The individual and societal costs 

related to GAD are substantial, including increased healthcare costs and decreased work 

productivity [3]. Although pharmacotherapies (e.g., benzodiazepines and selective serotonin 

reuptake inhibitors) and psychotherapies (e.g., cognitive behavioral therapy (CBT)) are 

effective treatments for GAD [4], only 40–70 % of patients with GAD experience significant 

improvement with these gold-standard interventions [5,6]. A better understanding of the 

neural factors contributing to GAD treatment response could be useful for informing the 

development of novel or optimized interventions.

1.1. Reward in depression and anxiety

A substantial literature has associated depressive disorders with reduced reward reactivity 

[7]. Decreased striatal responsivity to monetary reward anticipation [8–11], reward receipt 

[9,11,12], and loss anticipation [10] have been observed for individuals with major 

depressive disorder (MDD) compared to healthy comparison participants. Depression has 

also been associated with increased dorsal anterior cingulate cortex (ACC) activation 

during monetary reward anticipation, and increased medial and dorsolateral prefrontal cortex 

activation during monetary reward anticipation and receipt [9,11,13]. These findings point 

to an imbalance of cortical and subcortical reward reactivity in depression: decreased 

striatal reward reactivity may indicate insufficient reward-related reinforcement learning 

[14], whereas increased cortical reward reactivity, particularly to reward anticipation may 

reflect heightened top-down executive control during reward-related processing or planning 

[15].
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Anxiety-related neuroimaging research has predominantly focused on threat reactivity 

[16,17], with results from GAD-focused studies highlighting increased amygdala, ventral 

and ventrolateral prefrontal cortex (PFC), and ACC reactivity to negative affective stimuli 

[18–20]. However, maladaptive anxiety-related avoidance often occurs in the context of 

approach-avoidance conflict in which rewards are relinquished in order to avoid threats [21], 

suggesting a potential need to understand the interplay of reward and loss reactivity that 

contributes to these behavioral patterns. In addition, the high overlap between depression 

and GAD has prompted more recent research examining the role of reward and loss 

reactivity in GAD specifically [22]. Results from these studies suggest that adolescents 

with GAD show enhanced dorsal striatal activation to reward anticipation [23], and youth 

with GAD, separation anxiety disorder, and/or social phobia exhibit enhanced medial 

PFC activation to reward receipt [24], compared to healthy comparison groups. Relatedly, 

in a nonclinical sample, socially anxious individuals exhibited increased activity in the 

precuneus, posterior cingulate cortex, and parietal cortex during reward anticipation and 

receipt, and decreased ventral striatal reactivity during loss anticipation [25]. Overall, the 

limited research to date on the neural responses to reward and loss in anxiety disorders 

implicates striatal and prefrontal networks, with evidence for increased reward reactivity and 

decreased loss reactivity.

1.2. Reward circuitry and treatment outcomes for depression and anxiety

The finding that anhedonia (i.e., loss of interest or pleasure in activities typically enjoyed) 

is a robust predictor of poor prognosis and poor treatment outcomes [26–29] sparked 

interest in whether neural reactivity to reward and loss might predict treatment outcome 

for depression. A number of neuroimaging studies have focused on behavioral activation 

for depression, an evidence-based behavioral therapy that focuses on re-engagement in 

valued and rewarding activities. These studies have found that greater pre-treatment striatal 

activity to reward receipt predicts greater anhedonia improvement with BA for anhedonic 

adolescents [30], and greater sustained activity in ACC during reward receipt predicts better 

response to BA for adults with MDD [31]. Findings regarding other therapeutic approaches 

have been mixed. Among adolescents with MDD, greater striatal activity and less medial 

PFC activity during reward anticipation, and lower striatal activity to reward receipt, 

predicted greater symptom reduction with CBT (alone or combined with pharmacotherapy) 

[32]. Relatedly, greater pre-treatment cortico-striatal connectivity during reward receipt has 

been found to predict greater symptom improvement with pharmacotherapy for MDD [33], 

perhaps reflecting cortical regulation of striatal reward reactivity. These findings suggest 

that pre-treatment striatal reward reactivity relates to treatment outcomes across a variety of 

treatment modalities, though the directionality may depend on the treatment and the aspect 

of reward processing examined.

Findings relating to reward reactivity and treatment outcomes for GAD are more sparse, 

and no studies to date have directly examined reward- and loss-related neural predictors 

of treatment outcomes with GAD. In our prior work, we have reported that increased 

dorsolateral PFC activation during receipt of affective decision outcomes (positive or 

negative images) related to greater symptom reduction with behavioral activation (BA) 

or exposure-based therapy for adults with GAD, and that dampened amygdala activation 
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to positive affective outcomes related to better outcomes for BA than for exposure-based 

therapy [34]. While not directly reward-related, these findings hint at the role of neural 

reactivity to positive stimuli in predicting GAD treatment outcomes. In line with this, 

another study focused on a transdiagnostic sample of youth with GAD, separation anxiety 

disorder, and/or social phobia found that pre-treatment ventral striatal activation to reward 

receipt was higher for responders compared to non-responders (across CBT and supportive 

psychotherapy arms) [24]. Taken together, these studies echo findings regarding depression 

treatment, suggesting that greater cortical and striatal reactivity to positive or rewarding 

stimuli may confer superior symptom improvement in treatment for anxiety.

1.3. The current study

In the current study, we utilized data collected as part of a randomized clinical fMRI 

study to examine whether pre-treatment neural responses to reward and loss anticipation 

and receipt (a) are predictive of the effectiveness of behavioral therapy outcome among 

adults with GAD and (b) may be useful for informing precision medicine approaches to 

therapy, differentiating the type of behavioral therapy best suited for an individual. In the 

study, two treatment arms were employed: behavioral activation (BA) and exposure-based 

therapy (EXP). BA is an evidence-based treatment widely used as a treatment for depression 

[35, 36], whereas EXP is considered a gold-standard behavioral approach to treating 

anxiety. Both of these interventions focused on modifying behavioral patterns and reducing 

avoidance as well as monitoring emotional reactions to the new behaviors or activities, 

but through the use of unique strategies; EXP emphasizes reducing distress and negative 

expectancy in feared situations [37], and BA encourages patients to increase engagement 

in activities that are rewarding or meaningful [38]. Given the differential focus of BA and 

EXP, and findings from prior studies, we hypothesized that BA would serve to capitalize 

on existing reward reactivity, such that greater striatal activity during reward would be 

associated with better symptom improvement in BA. If supported, this would suggest that 

individuals with greater baseline striatal reward reactivity might have a stronger neural 

response to the rewarding activities assigned in BA, resulting in a greater likelihood of 

continuing to engage in rewarding activities outside of treatment, and thus greater symptom 

improvement. Similarly, we hypothesized that EXP would serve to capitalize on both reward 

and loss reactivity, such that greater striatal activity during reward and loss would be 

associated with better symptom improvement in EXP. If supported, this would suggest that 

individuals with greater baseline reward and loss reactivity might more adequately process 

the positive and negative outcomes of assigned exposure exercises, thereby increasing the 

likelihood of continued adherence to exposures and symptom improvement.

2. Method

2.1. Study design and participants

The study was a randomized clinical trial conducted in [removed for masked review] 

examining how pre-treatment neural responses predicts the effectiveness of behavioral 

therapy outcome among adults with GAD. The study protocol was registered in advance 

with Clinical Trials. gov (NCT 02807480). Participants underwent fMRI while performing 

the monetary incentive delay (MID) task at pre-treatment, followed by 10 weeks of 
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manualized EXP or BA therapy. Participants provided consent to participate in the study and 

received monetary compensation according to the guidelines set by the Western Institutional 

Review Board, which approved the study protocol. Research was conducted in accordance 

with the World Medical Association Declaration of Helsinki.

Participants were recruited from local community mental health clinics as well as online 

and print advertisements. Participants were eligible for the study if they were 18–55 years 

old, had sufficient proficiency in English to complete measures, met the criteria for GAD 

per the Mini International Neuropsychiatric Interview (MINI, version 6.0.0 for DSM-IV-

TR or version 7.0.2 for DSM-5, administered by trained clinicians) and scored higher 

than 7 on the Overall Anxiety Severity and Impairment Scale [39]. Comorbid MDD was 

allowed, but severe depressive symptoms (Patient Health Questionnaire-9 score >17) and 

comorbid psychotic, bipolar, or obsessive-compulsive disorders were exclusion criteria; full 

inclusion and exclusion criteria are described in the Supplement. Participants completed 

self-report assessments at pre-treatment, on the day of their weekly treatment sessions, and 

at post-treatment. The primary outcome measure was GAD-7 [40]. A Bonferroni-corrected 

p threshold of 0.0125 was used to correct across the set of four regions of interest for each 

analysis.

Only participants who completed at least 7 of the 10 sessions of treatment were included 

in the present analyses, to enable prediction of symptom outcomes for an adequate dose of 

treatment. Of the 101 participants who met the study criteria and consented to participate 

(54 BA, 47 EXP), 69 completed at least 7 sessions of treatment. Of these, 19 (11 BA, 8 

EXP) had incomplete or missing MID task fMRI data, and an additional 2 participants (both 

BA) were excluded from fMRI analysis due to poor fMRI data quality (e.g., excess motion 

defined as an average Euclidean norm value of 0.30 or greater, artifacts), and 2 participants 

(1 BA, 1 EXP) were excluded for extreme outlier behavior during the task (number of hits 

or misses less than 2 SD below the mean). As a result, the final analysis included fMRI data 

from a total of 46 (24 BA, 22 EXP) participants (Fig. 1, Table 1).

2.2. Interventions

The therapies are described in detail in our published protocol paper [41]. EXP and BA 

both included ten manualized sessions. Both interventions focused on behavioral techniques 

such as identifying maladaptive behavioral patterns, assigning weekly behavioral homework, 

and planning for behavioral modification, without involving any cognitive techniques (e.g., 

cognitive restructuring). EXP focused on testing out one’s negative expectancies concerning 

anxiety-provoking events by having individuals be exposed to feared situations in a 

controlled and safe environment. BA focused on increasing opportunities for reinforcement 

or reward by having individuals behaviorally engage in activities in line with their values 

or goals. Further information about the interventions, providers, and fidelity measures are 

provided in the Supplement and in our prior report of clinical outcomes associated with 

these interventions [42].

Berg et al. Page 5

J Mood Anxiety Disord. Author manuscript; available in PMC 2025 May 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.3. Experimental paradigm

Participants completed two runs of the MID task, a validated paradigm designed to elicit 

neural responses to monetary reward and loss [43], during fMRI at pre-treatment (Fig. 2). 

Each trial of the task begins with an “anticipation” cue (250 ms) signaling potential reward 

(+$1 or +$5), loss (-$1 or -$5), or no reward/loss. After a delay, participants then view a 

target shape. The participant must respond to the target by pressing a button quickly enough 

in order to gain the reward or prevent the loss. The feedback appeared immediately after the 

response (1650 ms) conveying “receipt” of reward or loss. A total of 30 trials per condition 

were presented across two runs. Trial order was pseudo-randomized, and all participants 

completed the runs in the same order. Task difficulty was adjusted based on participants’ 

pre-scan reaction times so that each participant would succeed on approximately 66 % of the 

target responses and earn $0–40 [13,43,44].

2.4. Neuroimaging

Acquisition parameters for fMRI are described in the Supplement. Neural activity was 

examined during anticipation and receipt for the contrasts ‘loss vs. non-loss’ and ‘gain 

vs. non-gain’ in the whole brain as well as in a priori regions of interest (ROIs) from 

the Brainnetome atlas [45] in left and right caudate and nucleus accumbens, based on our 

hypotheses regarding striatal responding to reward and loss.

2.5. Data analysis

To identify predictors of symptom trajectory, LMEs were conducted with symptom score 

as the outcome variable, and time (linear effect of time as a numeric variable: Week 1 of 

treatment = 1 through post-treatment = 11), treatment-arm, and pre-treatment MID neural 

response, and the interactions among these, as predictors. For those without post-treatment 

symptom scores, the last available symptom score was used; i.e., “last one carried forward”. 

The pre-treatment symptom score was included as a covariate, to ensure that modeled 

effects did not reflect baseline differences. Baseline motion was included as an additional 

covariate, and participant ID were included as random effects. An autocorrelation structure 

of order 1 was included. Effects of interest included the time x treatment-arm x brain 

activation. Whole-brain analyses were conducted using 3dLMEr in AFNI, with models 

taking the same form as the ROI analyses: participant- and timepoint-specific “volumes” 

of clinical scores were entered as the outcome variable, and volumes of voxelwise pre-

treatment task-related coefficients were entered as predictor variables (see Supplement). 

Although MDD did not have significant effects on symptom change in prior analyses [42], 

to examine potential effects of MDD on reward-related prediction of symptom change, 

ROI analyses were repeated with major depressive disorder status as a covariate. This 

did not substantially change results; therefore, results from models without MDD as a 

covariate are reported here. Data and analysis scripts are available at https://osf.io/nfj5v/?

view_only=dd3c8710697c4d1e847b9c37a6261a6c.
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3. Results

3.1. Differential predictors of treatment outcomes

Greater activity in the left caudate during loss receipt predicted greater GAD symptom 

reductions in EXP but not in BA (F(1, 428)= 5.24, η2p = .012, p = 0.023) (Fig. 3), although 

this finding did not meet the Bonferroni-corrected threshold. We conducted an exploratory 

post-hoc analysis to determine the direction of this effect, which revealed that in EXP, 

greater levels of pre-treatment left caudate activation corresponded to better outcomes (p = 

0.017), in contrast to comparably favorable symptom declines across levels of pre-treatment 

left caudate activation in BA (p = 0.479). Post-hoc correlation indicated that pre-treatment 

left caudate activity during loss receipt did not correlate with pre-treatment GAD-7 scores 

(p = .646). Other a priori regions of interest for other contrasts were not predictive of GAD 

symptom trajectory (activation * time and activation * time * treatment-arm effects: ps > 

.08).

Whole-brain analyses revealed differential prediction of treatment outcomes in left cortical 

regions. Specifically, activation in the left dorsolateral PFC, left anterior insula / operculum, 

and left temporo-parieto-occipital junction to reward receipt was associated with differential 

outcomes across treatment-arms. Post-hoc analyses revealed that greater activation in these 

regions was associated with better outcomes in BA and worse outcomes in EXP, such 

that treatment outcomes differed across treatment-arms for those with higher levels of left 

cortical activation (Table S3, Fig. 4). Time x activation effects (i.e., common predictors) 

were not significant.

4. Discussion

This study examined reward- and loss-related predictors of behavioral activation and 

exposure therapy outcomes for adults with GAD. We hypothesized that EXP would 

capitalize on pre-treatment striatal reward and loss reactivity. Our findings that lower pre-

treatment activation of left caudate to loss receipt related to poorer outcomes for EXP (but 

not BA) partially supported this hypothesis. We also hypothesized that BA would capitalize 

on pre-treatment striatal reward reactivity; while this was not supported, we did find that 

greater cortical reward reactivity was associated with better BA. These findings shed light on 

the role of reward and loss reactivity in GAD and its treatment.

Our findings revealed that caudate reactivity to loss was differentially related to treatment 

outcome, with greater activation relating to better outcomes for EXP but not for BA. While 

this finding did not meet Bonferroni thresholds, it is worth considering for replication in 

future studies given its potential theoretical relevance to treatment. Caudate activity during 

reward / loss receipt may reflect learning or updating of action-outcome contingencies 

[46,47], given evidence for its role in reward learning [48–51]. Caudate reactivity to the 

task may therefore relate to encoding of the relationship between the target response and the 

associated outcomes, which may enable learning from the outcomes of exposure exercises. 

For example, when an exposure exercise results in a negative outcome, caudate activation 

may serve to update the set of expectancies associated with the activity (e.g., comparing 

severity of negative outcome with prior negative expectancy, processing concurrent negative 
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and positive outcomes). While BA undoubtedly also involves learning from experience, 

perhaps it is less reliant on caudate-based learning to negative outcomes. In light of 

this, the present finding suggests that strategies or tools that enhance caudate activation 

when processing outcomes may serve to enhance response to exposure-based therapy 

specifically. Future studies corroborating this finding could support the use of cognitive-

behavioral strategies (e.g., to enhance awareness of action-outcome contingencies) [47] 

or neuromodulation techniques [52,53] to enhance caudate activation when processing 

exposure outcomes.

Through exploratory whole-brain analyses, we also identified poorer symptom 

improvements in EXP among those with greater activation within executive control and 

salience regions during reward receipt, specifically in left frontoparietal regions and anterior 

insula. One possibility is that activity in these regions reflects greater orienting and attention 

during reward receipt, given the role of the anterior insula in salience detection [54] and 

the role of frontoparietal networks in attention regulation and cognitive control [55–57]. The 

anterior insula cluster we identified also extends into the left ventrolateral prefrontal cortex 

(Brodmann area 45), which has specifically been implicated as a reward-related salience 

network node [58] with relevance for psychopathology [59,60]. Heightened frontoparietal, 

anterior insula, and vlPFC activity to reward receipt in the present study could therefore 

reflect greater orienting toward the rewarding stimulus, up- or down-regulation of positive 

emotion, and/or recruitment of cognitive resources, when processing positive or rewarding 

outcomes. Our findings suggest that for individuals with heightened baseline cortical 

reward reactivity, BA’s focus on rewarding activities serves to capitalize on this tendency, 

whereas EXP’s focus on anxiety reduction does not. Of note, previous cross-sectional 

studies identified increased dlPFC activation during reward receipt in populations with 

depression [9,11], modulation of dlPFC circuitry with repetitive transcranial magnetic 

stimulation (rTMS) has been effective in the treatment of depression [61], and there is some 

evidence that dlPFC rTMS may enhance reward sensitivity [62,63]. Further experimental 

investigations are needed to examine how modulation of these circuits during reward 

processing influences behavior, symptoms, and/or treatment outcome for individuals with 

depression or GAD.

The present study comes with some limitations. First, we did not include a comparison 

intervention condition such as an attentional control or waitlist, limiting our ability to draw 

conclusions about whether identified predictors are specific to behavioral therapy effects. 

In addition, we focused on striatal regions of interest, given prior literature on the role of 

the striatum in reward reactivity. However, this focus may have been limiting, especially 

in light of our whole-brain results which highlight the relevance of prefrontal reward 

reactivity in predicting treatment outcomes. Finally, our finding in the left caudate a priori 
region of interest was not significant after correcting for multiple comparisons, perhaps due 

to our limited power to detect differential predictors. Future studies with larger samples 

and additional comparison conditions will be well-suited to further assess the conclusions 

suggested by the present findings.

All in all, the present findings highlight the role of reward and loss reactivity in predicting 

response to behavior therapy for GAD. A crucial next step will be identifying specific 
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behavioral or neuromodulation strategies that can be paired with EXP or BA to improve 

treatment outcomes, such as enhancing awareness of action-outcome contingencies or 

modulating engagement of executive control or striatal regions in the context of reward 

and loss.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Participant flow diagram. Participants who discontinued treatment were asked to remotely 

complete a survey assessing reasons for discontinuation, which included ratings of various 

potential reasons as well as a space to provide free text. Participants were allowed to indicate 

as many reasons for discontinuation as applicable. Responses were summarized using the 

categories shown above.
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Fig. 2. 
The monetary incentive delay task. Events of interest for fMRI analysis are anticipation (4 

s including the anticipation cue and the subsequent delay) and receipt (2 s). Reward-related 

contrasts were +$1 and +$5 trials minus $0 trials, loss-related contrasts were -$1 and -$5 

trials minus $0 trials.
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Fig. 3. 
Neural activation to loss receipt in the left caudate, an a priori region of interest, 

differentially predicts GAD-7 symptom change. Lower levels of left caudate activation 

corresponded to poorer symptom improvement in EXP (leftmost panel). Estimated marginal 

means are shown from model with the form symptom ~ time * treatment * neural activity + 

pre-treatment symptom + head motion, with random effects for participant. Estimated values 

are shown for left caudate activity at the sample mean + /−1 SD. 95 % confidence intervals 

are shown. Timepoints on the x axis reflect timepoints from Week 1 of treatment (1) through 

post-treatment timepoint (11). L: left; BA: behavioral activation, EXP: exposure.
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Fig. 4. 
Whole-brain analysis revealed clusters in which neural activation to reward receipt 

differentially predicts GAD-7 symptom change. Estimated marginal means are shown 

from models with the form symptom ~ time * treatment * neural activity + pre-treatment 
symptom + head motion, with random effects for participant. ROI #1: left dlPFC; ROI #2: 

left anterior insula / ventrolateral prefrontal cortex; ROI #3: left temporo-parieto-occipital 

junction. Estimated values are shown for whole-brain ROI activity at the sample mean + /

−1 SD. 95 % confidence intervals are shown. Timepoints on the x axis reflect timepoints 

from Week 1 of treatment (1) through post-treatment timepoint (11). ROI: region of interest 

(defined by whole-brain analysis); BA: behavioral activation, EXP: exposure.
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Table 1
Demographic and Clinical Characteristics.

BA EXP p

n 24 22

Age (mean (SD)) 35.12 (11.30) 29.95 (8.21) 0.085

Gender = Male (%) 5 (20.8) 0 (0.0) 0.05†

Income (%) 0.185†

 Not provided 0 (0.0) 1 (4.5)

 Less than 50,000 12 (50.0) 6 (27.3)

 50,000 to 100,000 3 (12.5) 7 (31.8)

 100,000 to 150,000 8 (33.3) 5 (22.7)

 over 150,000 1 (4.2) 3 (13.6)

Race (%) 0.472†

 American Indian 8 (34.8) 3 (15.0)

 Asian 0 (0.0) 1 (5.0)

 Black 2 (8.7) 1 (5.0)

 Hispanic 1 (4.3) 1 (5.0)

 Multi 0 (0.0) 0 (0.0)

 White 12 (52.2) 14 (70.0)

Race = White (%) 12 (50.0) 14 (63.6) 0.526

Education (%) 0.307†

 Less than high school 1 (4.2) 0 (0.0)

 High school or GED 0 (0.0) 2 (9.1)

 Some college, no degree 7 (29.2) 4 (18.2)

 Bachelor’s degree 9 (37.5) 7 (31.8)

 Associate’s degree 3 (12.5) 1 (4.5)

 Master’s degree 4 (16.7) 8 (36.4)

 Professional/doctoral degree 0 (0.0) 0 (0.0)

GAD7 (mean (SD)) 11.88 (3.57) 12.00 (4.92) 0.921

PROMIS Anxiety (mean (SD)) 65.25 (4.38) 64.64 (4.57) 0.644

PROMIS Depression (mean (SD)) 58.79 (5.78) 54.51 (7.30) 0.032

SDS (mean (SD)) 13.83 (4.89) 11.09 (5.18) 0.071

Psychiatric medications (%) 9 (37.5) 8 (36.4) > 0.99†

Current MDE (%) 11 (45.8) 4 (18.2) 0.092

Social Anxiety Disorder (%) 5 (20.8) 9 (40.9) 0.247

Agoraphobia (%) 0 (0.0) 3 (13.6) 0.101†

Panic Disorder (%) 0 (0.0) 2 (9.1) 0.223

Suicidality (%) 10 (41.7) 5 (22.7) 0.292

PTSD (%) 0 (0.0) 0 (0.0) > 0.99†

Binge Eating Disorder (%) 1 (4.2) 1 (4.5) > 0.99†

Sessions Attended (mean (SD)) 8.96 (1.04) 8.86 (0.99) 0.754
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†
Fisher’s exact test.

J Mood Anxiety Disord. Author manuscript; available in PMC 2025 May 16.


	Abstract
	Introduction
	Reward in depression and anxiety
	Reward circuitry and treatment outcomes for depression and anxiety
	The current study

	Method
	Study design and participants
	Interventions
	Experimental paradigm
	Neuroimaging
	Data analysis

	Results
	Differential predictors of treatment outcomes

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Table 1

