
Positive affect treatment targets reward sensitivity: A 
randomized controlled trial

Michelle G. Craske1,2,*, Alicia E. Meuret3,*, Aileen Echiverri-Cohen1, David Rosenfield3, 
Thomas Ritz3

1Department of Psychology, UCLA

2Department of Psychiatry and Biobehavioral Sciences, UCLA

3Department of Psychology, Southern Methodist University

Abstract

Objective: Determine whether a novel psychosocial treatment for positive affect improves 

clinical status and reward sensitivity more than a form of cognitive behavioral therapy that targets 

negative affect and whether improvements in reward sensitivity correlate with improvements in 

clinical status.

Method: In this assessor-blinded, parallel-group, multi-site, 2-arm randomized-controlled clinical 

superiority trial, 85 treatment-seeking adults with severely low positive affect, moderate-to-severe 

depression or anxiety, and functional impairment received 15 weekly individual therapy sessions 

of Positive Affect Treatment (PAT) or Negative Affect Treatment (NAT). Measures were self-

reported positive affect, interviewer-rated anhedonia, and self-reported depression and anxiety. 

Target measures were eleven physiological, behavioral, cognitive, and self-report measures of 

reward anticipation-motivation, response to reward attainment, and reward learning. All analyses 

were intent-to-treat.

Results: Compared to NAT, individuals receiving PAT achieved superior multivariate clinical 

status measures at post-treatment (b=.37, 95% CI:[.15,.59], t(109)=3.34, p=.001, q=.004, d=.64) 

Compared to NAT, individuals receiving PAT achieved higher multivariate reward anticipation-

motivation (b=.21, 95% CI:[.05, .37], t(268)=2.61, p=.010, q=.020, d=.32) and higher multivariate 

response to reward attainment (b=.24, 95% CI:[.02,.45], t(266)=2.17, p=.031, q=.041, d=.25) 

at post-treatment. Measures of reward learning did not differ between the two groups. 

Improvements in reward anticipation-motivation and response to reward attainment correlated 

with improvements in self-reported positive affect, interviewer-rated anhedonia, and self-report 

measures of depression and anxiety.
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Conclusions: Targeting positive affect results in superior improvements in clinical status and 

reward sensitivity than targeting negative affect. This is the first demonstration of differential 

target engagement across two psychological interventions for anxious or depressed individuals 

with low positive affect.

Trial Registration: ClinicalTrials.gov NCT05203861
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Low positive affect is increasingly recognized as a critical transdiagnostic feature of many 

psychiatric disorders (Villanueva et al., 2021). It is also a core feature of transdiagnostic 

anhedonia, characterized by markedly diminished interest or joy in usual activities. Low 

positive affect is not only a correlate but also a risk factor for onset of depression and 

anxiety and is associated with poorer longitudinal course (Morris et al., 2009). Furthermore, 

low positive affect is associated with suicidal ideation, and anhedonia is a predictor of 

suicide attempts (Ducasse et al., 2021; Ducasse et al., 2018). Patients with depression view 

the restoration of positive mood as their primary treatment goal, of more importance than 

the reduction of depressive symptoms (Demyttenaere et al., 2015). Yet, treatments to date 

for depression have not reliably improved positive affect (Bompouris, 2016). The goals 

of the current study were to evaluate the efficacy of a novel treatment for positive affect 

in depressed or anxious individuals with low positive affect, and to evaluate processes 

underlying the therapeutic effects.

Even though earlier theoretical models of mood and anxiety disorders linked positive affect 

almost exclusively to depression (e.g., Brown et al., 1998; Clark & Watson, 1991), evidence 

has accrued to suggest that low positive affect is relevant to anxiety as well. For example, 

effect sizes for cross-sectional and longitudinal relationships between positive affect and 

anxiety are on par with effect sizes for positive affect and depression (Khazanov & Ruscio, 

2016; Kotov et al., 2010). Furthermore, hedonic impairments have been observed in social 

anxiety disorder (Kashdan et al., 2011), posttraumatic stress disorder (Hopper et al., 2008; 

Litz et al., 2000), and generalized anxiety disorder (Srivastava et al., 2003), including in 

youth samples (Morris et al., 2015), and reduced positive affect on stressful days was 

prospectively related to anxiety disorders seven years later (Rackoff & Newman, 2020). 

Thus, treatments designed to increase positive affect are relevant not only for depressed but 

also for anxious individuals.

Low positive affect has been relatively unresponsive to treatment. Specifically, meta-

analyses of evidence-based psychotherapies for depression (primarily cognitive-behavioral 

therapy and mindfulness-based cognitive therapy) yield low to moderate effect sizes for 

change in positive affect, with significant heterogeneity across studies (Boumparis et al., 

2016). A re-analysis of a prior randomized-controlled trial (DeRubeis et al., 2005) shows 

that cognitive therapy and antidepressant medication were less successful in raising positive 

affect than in decreasing negative affect (Dunn et al., 2020). Even behavioral activation 

therapy, which aims to increase positive reinforcement from rewarding activities, has limited 

effects on improving positive affect in the few studies in which such effects have been 
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reported (Dichter et al., 2009; Moore et al., 2013). This is perhaps not surprising since little 

attention has been given to how to conduct behavioral activation in a manner that maximizes 

rewarding, positive emotional experiences. Pharmacological treatments show mixed effects 

and may even worsen positive emotions or responses to rewarding stimuli (McCabe et al., 

2010), although newer pharmacological approaches such as kappa-opioid antagonists are 

showing promising effects (Krystal et al., 2020). The combination of low levels of positive 

affect in depression and anxiety and limited effectiveness of treatments to date with respect 

to positive affect, indicates a substantial unmet therapeutic need.

To address this need, newer psychological treatments have emerged to specifically improve 

positive affect, such as Behavioral Activation for Anhedonia (Cernasov et al., 2021), 

Amplification of Positivity (Taylor et al., 2017), and Positive Affect Treatment (PAT) 

(Craske et al., 2019). Drawing from an extensive literature that links anhedonia to reward 

hyposensitivity (Craske et al., 2016; Wang et al., 2021), PAT aims to increase positive affect 

by targeting sensitivity to reward. In a prior randomized controlled trial, PAT was compared 

to a form of cognitive-behavior therapy that focused solely upon decreasing threat sensitivity 

and negative affect (termed Negative Affect Treatment, NAT) for individuals with moderate 

to severe depression or anxiety who reported functional impairment. PAT resulted in higher 

positive affect, lower negative affect and less severe depression, anxiety, and suicidality 

at six months follow-up (Craske et al., 2019). The first goal of the present study was to 

evaluate the efficacy of PAT in individuals selected to represent the subset with especially 

low levels of positive affect in addition to feeling depressed or anxious, and functionally 

impaired.

Change in reward sensitivity is the purported mechanism of the newer treatments for positive 

affect. Evidence to date for this treatment mechanism is however sparse and limited to 

isolated changes in neural circuitries involved in reward-related paradigms (Kryza-Lacombe 

et al., 2021) and in resting-state connectivity in default mode and frontoparietal networks 

associated with major depression (Cernasov et al., 2021). By understanding the processes 

or mechanisms that are responsible for therapeutic outcomes, treatment strategies can be 

refined to be more precisely targeted and thereby more effective (Holmes et al., 2018). 

Therefore, the second goal of the present study was to evaluate the degree to which PAT 

changes reward sensitivity, using a comprehensive set of behavioral, cognitive, physiological 

and self-report measurements, as recommended by the National Institute of Mental Health 

(NIMH) Research Domain Criteria Initiative (RDoC). Furthermore, the degree to which 

changes in reward sensitivity correlated with changes in clinical status was evaluated as an 

indication of a potential treatment mechanism1.

PAT was explicitly designed to target three core elements of reward hyposensitivity that 

have been investigated as robust correlates of anhedonia, depression, or low positive affect 

(Borsini et al., 2020; Craske et al., 2019; Wang et al., 2021). The first component is 

reward anticipation-motivation, which drives adaptive behaviors towards rewarding stimuli 

1The current trial was designed within the NIMH R61/33 experimental therapeutics framework with the aim of target engagement. 
By those standards, full mediational modeling is dependent upon initial demonstration of successful “target engagement” (i.e., PAT 
leading to changes in reward sensitivity measures). This study reports the findings of the initial demonstration of target engagement, 
laying the groundwork for our ongoing trial (NCT05203861), where full mediational modeling will be performed.
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and effort expended to gain reward. Evidence for anhedonic hyposensitivity in reward 

anticipation-motivation spans across neural and behavioral measures. Specifically, reduced 

ventral striatal activation during anticipation of reward is particularly related to stronger 

anhedonic symptoms in depressed samples (Wang et al., 2021). Furthermore, individuals 

with depression make fewer high effort choices than healthy controls (Allen et al., 2019) and 

the motivational effort they expend correlates negatively with anhedonia (Treadway et al., 

2009). PAT targets reward anticipation-motivation through planning pleasurable activities 

and imagining positive future outcomes. Measures of reward anticipation-motivation 

typically include physiological anticipation of monetary/social reward in guessing or cued 

tasks, behavioral effort to gain reward, and self-report of interest and motivation in 

rewarding activities (Wang et al., 2021).

The second component is response to reward attainment or the hedonic impact of rewarding 

stimuli, with evidence of anhedonic hyposensitivity across neural, self-report and cardiac 

measures. Specifically, striatal hypoactivation and altered orbitofrontal cortex responding to 

reward attainment in depressed individuals are uniquely associated with anhedonia (Wang 

et al., 2021). Additionally, individuals with anhedonia report weaker positive emotions to 

positive stimuli (Liu et al., 2014) and individuals with dysphoria exhibit reduced cardiac 

acceleration while viewing or imagining pleasant stimuli (Benvenuti et al., 2015; Fiorito 

& Simons, 1994; Liu et al., 2014). PAT targets reward attainment through engagement in 

pleasurable activities followed by extensive imaginal savoring of the experience, attending 

to and imagining the positive, and cultivating and savoring exercises of loving-kindness, 

generosity, appreciative joy, and gratitude. Measures of reward attainment typically include 

physiological or experiential response to positive stimuli, and self-report of enjoyment in 

rewarding activities (Wang et al., 2021).

The third component is learning which actions lead to rewards and which stimuli are 

rewarding, with anhedonic hyposensitivity evident across neural and behavioral measures. 

Specifically, blunted ventral striatal responses to instrumental conditioning tasks (Whitton et 

al., 2015) and impaired acquisition of a response bias to stimuli that are frequently rewarded 

correlate with anhedonic symptoms (Pizzagalli et al., 2008; Vrieze et al., 2013). PAT 

targets reward learning through self-attribution of positive outcomes and reinforcement of 

associations between actions (e.g., pleasant activities) and positive mood state. Measurement 

of reward learning includes probabilistic reward paradigms and tests of Pavlovian and 

instrumental learning (Wang et al., 2021).

Consistent with the NIMH experimental therapeutics model for clinical trials, we 

hypothesized that, at post-treatment, PAT would lead to higher levels of positive affect, lower 

anhedonia, and less anxious-depressive symptoms than NAT. Second, we hypothesized that 

PAT would lead to higher levels of reward anticipation-motivation, response to reward 

attainment, or reward learning than NAT. Finally, we hypothesized that within-person 

changes in measures of reward targets would correlate with changes in positive affect, 

anhedonia, and anxious-depressive symptoms over time. Mediational pathways were not 

hypothesized as they will be investigated in a second, forthcoming trial of this NIMH-

sponsored project.
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Method

Trial Design

This was a multi-site, assessor-blinded, parallel, 2-arm, stratified (medicated, y/n), 

randomized (1:1) clinical superiority trial for help-seeking adults with low positive affect 

and depression or anxiety, and with impairment in functioning, conducted in the greater 

Los Angeles and Dallas metropolitan areas. Given the focus upon target engagement, 

assessments were conducted at pre-treatment, throughout treatment, and at post-treatment, 

without follow-up2.

The institutional review board committees at UCLA and SMU approved the trial, and trial 

conduct was overseen by a Data and Safety Monitoring Board of four expert researchers 

from three universities. All participants signed consent. Aside from COVID-19 restrictions, 

no changes occurred after trial commencement. This study adhered to Consolidated 

Standards of Reporting Trials (CONSORT) reporting guidelines. No serious adverse events 

occurred during the trial.

Participants

A brief study description was distributed via lab websites, social media, ClinicalTrials.gov, 

and campus and local area flyers. Online screening questionnaires were followed by an 

in-depth phone screen, and then a SCID-5 diagnostic interview (First et al., 2015) conducted 

by reliability certified interviewers, with consensus diagnosis overseen by experienced 

clinicians (see Trial Protocol at ClinicalTrials NCT05203861).

Inclusion criteria were (1) 18 to 65 years, (2) English speaking, (3) low positive affect 

indexed by a score ≤24 (1SD below population mean and <18th percentile relative to a 

nonclinical reference sample; Crawford & Henry, 2004) on the Positive and Negative Affect 

Schedule-Positive Affect Subscale (PANAS-P; Watson et al., 1988), (4) Depression, Anxiety 

and Stress Scales (DASS; Lovibond & Lovibond, 1995) scores of ≥11 for depression, or 

≥6 for anxiety, or ≥10 for stress, to represent moderate-to-severe symptom severity (Brown 

et al., 1998)3, (5) ≥5 on any Sheehan Disability Scale subscale to represent clinically 

significant impairment (Willams, 2000), and (6) willingness to refrain from starting other 

psychosocial/pharmacological treatments until study completion.

Exclusion criteria consisted of (1) serious medical conditions (i.e., significant, uncontrolled 

or unstable cardio-pulmonary disease, organic brain syndrome, seizure disorder, 

cerebrovascular disease, thyroid dysfunction, and diabetes), (2) active suicidal ideation, 

(3) lifetime history of bipolar disorder, psychosis, intellectual disability or organic brain 

damage, (4) substance abuse in last 6 months or dependence in last 12 months (5) ≥11 

cigarettes/week or nicotine equivalent (6) marijuana, cocaine, or stimulant use ≥5-7 times/

week before 15yrs, (7) pregnancy, (8) bupropion, dopaminergic or neuroleptic medications 

in last 6 months, consistent with other studies that investigate anhedonia (e.g., Hanuka 

2The 2-year funding scheme to demonstrate target engagement was not conducive for conducting follow-up assessments
3The DASS-Anxiety subscale assesses autonomic arousal, skeletal muscle effects, situational anxiety, and experience of anxious 
affect. The DASS-Stress scale assesses difficulty relaxing, nervous arousal, and being easily upset/agitated, irritable/over-reactive and 
impatient. Thus, both the Anxiety and Stress scales assess features of anxiety.
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et al., 2022), given their potential influence upon reward processing (Diego Pizzagalli, 

study consultant) and (9) refusal of video/audiotaping. Heterocyclics and SSRIs were 

permitted if stabilized ≥3 months. PRN benzodiazepines and beta-blockers were permitted 

but discouraged on assessment visits.

Interventions

Consistent with an experimental therapeutics approach and for the purposes of design 

specificity, we created distinctly different intervention conditions that exclusively targeted 

positive affect improvement versus negative affect reduction. Each manualized treatment 

involved 15 weekly, one-on-one sessions (switched to telehealth with COVID-19), delivered 

over ≤19 weeks (see Supplement and Trial Protocol for details). In brief, PAT began 

with psychoeducation and positive affect labeling, followed by planning and practice of 

pleasurable activities with extensive imaginal recounting to savor pleasurable moments. 

Next were cognitive exercises for attending to positive aspects of experiences, self-

attribution for positive outcomes, and imagining future positive events, followed by 

cultivating and savoring positivity through exercises such as gratitude and generosity. The 

final session was relapse prevention. PAT was effective in a prior trial for positive affect, 

negative affect, and symptoms of depression and anxiety (Craske et al., 2019).

PAT was compared to a form of cognitive-behavior therapy that exclusively targeted 

negative affect (Negative Affect Treatment, NAT). In NAT, psychoeducation was followed 

by exposure therapy to distressing and avoided situations, cognitive restructuring of 

overestimates of probability, cost and self-blame for negative events, and respiratory training 

to reduce hypocapnia and anxiety, with relapse prevention in the final session. NAT was 

effective in the prior trial for negative affect and symptoms of depression and anxiety 

(Craske et al., 2019).

Therapists were clinical psychology doctoral students. As is common in treatment 

comparative studies, therapists were assigned to both treatment conditions to minimize 

therapist effects (Staines, 2007). Fifteen percent of sessions were randomly selected by 

reliability-certified independent raters (blinded to group assignment) (see Supplement for 

details). Ten percent of rated sessions were re-rated for inter-rater reliability.

Clinical Status Measures

Three primary measures of clinical status were registered: (1) The Positive Affect Subscale 

of the Positive and Negative Affect Schedule (PANAS-P; Watson et al., 1988) measured 

self-report positive affect at pre-treatment, every therapy session, and post-treatment (one 

week after session 15). (2) Independent interviewers (blinded to group assignment) rated 

anhedonia (INTERV-ANH) on ‘loss of interest,’ ‘loss of pleasure,’ and ‘loss of motivation’ 

during the past month (4-point scale, ‘absent’ to ‘severe’) at pre-treatment, session 5, session 

10 and post-treatment (see Supplement for reliability details, kappa=.77). PANAS-P scores 

were negatively correlated with INTERV-ANH at baseline, r (83) =−.49. (3) Depression, 

Anxiety and Stress Scale (Lovibond & Lovibond, 1995) measured self-reported depression 

and anxiety at pre-treatment, every therapy session, and post-treatment. Total DASS (DASS-

TOTAL) scores were analyzed to index anxious-depressive symptoms. The DASS was 
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selected given excellent psychometric properties (Antony et al., 1998; Shea et al., 2009), 

and high correlations with other widely used self-report measures of anxiety and depression 

(e.g., Gloster et al., 2008; Ng et al., 2007).

Target Measures4

Target measures for each component of reward sensitivity (anticipation-motivation, response 

to attainment, and learning) were selected based on evidence for aberrations in relation 

to anhedonia or dysphoria/depression. Consistent with the RDoC initiative, measures were 

selected across multiple modalities (physiological, behavioral, cognitive, and experiential), 

with the eventual goal of trimming measures shown to be unrelated to clinical outcomes 

in our subsequent NIMH trial. Target measures were collected at pre-treatment, session 5, 

session 10, and post-treatment (see Supplement for target measure details and data quality 

assurance).

Reward anticipation-motivation was measured using one behavioral, one physiological, 

and two self-report measures. (1) The Effort for Expenditure for Rewards Task (EEfRT; 

Treadway et al., 2009) measured effort to work for reward. The dependent variable was 

the ratio of hard-effort choices to total choices. (2) Anticipatory heart rate acceleration to 

reward was measured using the Monetary Incentive Task (MIT), a forced reaction time 

task. The dependent variable was heart rate acceleration calculated by shortening of the 

cardiac interbeat-interval (IBI) (as the reverse of heart rate) from practice to the initial 30 

s of reward trials, where effort and motivation were thought to be most likely maximal. 

The electrocardiogram was measured with a three-lead configuration (Einthoven II) with 

active pre-gelled electrodes attached to the sternum and the lower left rib in lateral position. 

A universal bioamplifier (Biopac MP150; Biopac,Systems, Inc., Goleta, CA) sampled the 

signal at a rate of 1000 Hz and the digitized raw signal was screened and cleaned offline 

for artifacts (movement, ectopic beats). The cardiac interbeat-interval (in milliseconds, the 

reverse of heart rate) was extracted as the time interval between adjacent R-waves. Lower 

values of these IBI difference scores indicate more cardiac acceleration. We utilized this 

rather global measure of cardiac activity because the literature has shown robust associations 

with reward processes (e.g., Fowles et al., 1982; Iaboni et al., 1997; Brinkman & Franzen, 

2013) and positive stimuli (Lang al., 1993; Lackner et al., 2013; Vico et al., 2010), and 

such measurement would be feasible in clinical settings. (3) Self-report measures were 

the Reward Drive subscale of the Behavioral Inhibition and Activation Scale (BAS-RD), 

a 4-item index of effort valuation and willingness to work that correlates with measures 

of positive affect (Carver & White, 1994). (4) A second self-report measure was the 

Dimensional Anhedonia Rating Scale (DARS; Rizvi et al., 2015), a 26-item questionnaire in 

which respondents provide their own examples of rewarding experiences across domains of 

hobbies, social activities, food/drink, and sensory experience and subsequently rate current 

(“right now”) levels of desire, motivation, effort, and enjoyment for each domain. The 19 

items related to desire, motivation, and effort were summed to create an index of reward 

anticipation-motivation (DARS-A-M) (internal consistency, α=.94).

4Note that our clinical trial registration was updated to include target measures alongside clinical status measures. All of the target 
measures were as specified in the NIMH grant and Trial Protocol and remained unchanged from the start of the trial.

Craske et al. Page 7

J Consult Clin Psychol. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Response to reward attainment was measured using one cognitive, one physiological, 

and two self-report measures. (1) A dot probe attentional task (DOTPROBE) was chosen 

because attention is one facet of stimulus responsivity, and because less attention is directed 

to positive stimuli and more attention is directed to negative stimuli as a function of low 

positive affect and depression (Peckham et al., 2010). Response time (ms) indexed biases in 

disengagement for sad faces and biases in engagement for happy faces, relative to neutral 

faces.5 (2) Heart rate acceleration was measured to positive relative to neutral images within 

the International Affective Picture System (IAPS; Lang et al., 1993), a well-established 

paradigm for studying psychophysiology of affect. The dependent variable was maximum 

heart rate acceleration during the 6-second positive image presentation relative to the 2 

seconds before picture onset compared to acceleration to neutral images, both calculated 

by maximum shortening of the cardiac interbeat-interval (IBI) (as the reverse of heart 

rate). (3) Self-reported experiential response to reward was measured using the Temporal 

Experience of Pleasure Scale-Consummatory Subscale (TEPS-C; Gard et al., 2006) and (4) 

the DARS scale (Rizvi et al., 2015) from which the seven consummatory items (DARS-C) 

were summed (internal consistency, α=.87).

Reward learning was measured using two behavioral tasks and one embedded self-report 

scale. (1) Probabilistic Reward Task (PRT; Pizzagalli et al., 2008) measures propensity 

to modulate behavior as a function of prior reinforcements. The dependent variable was 

response bias (measured as accuracy) toward the more frequently rewarded stimulus. (2) The 

Pavlovian Instrumental Transfer task tests the extent to which a conditional stimulus (CS) 

paired with reward enhances instrumental responding to gain rewards (Talmi et al., 2008). 

The dependent variable was handgrip force exerted during CS+ relative to CS− in the test 

phase (PIT-FORCE), which has been shown to relate to activation in the nucleus accumbens 

(Talmi et al., 2008). (3) A self-report measure of reward learning embedded within the PIT 

task was a rating scale for pleasantness/valence for CS+ relative to CS− (PIT-VALENCE).

Randomization and Masking

Participants were randomized 1:1 to PAT vs. NAT via computer-generated allocation using 

permuted block randomization, stratified by medication status (2 strata; y/n). Randomization 

was managed by the study statistician and separate randomizations were generated for each 

site. Assessors were masked to group allocation. Study coordinators enrolled and assigned 

participants according to the randomization table.

Statistical Methods

Intent-to-treat analyses were performed using multilevel modeling (MLM) via mixed models 

in SPSS 26.0. As detailed in the Methods section, our measures assessed four constructs: 

1) clinical status, 2) reward anticipation-motivation target, 3) response to reward attainment 

target, and 4) reward learning target. Since each construct was assessed using multiple 

measures, each construct was analyzed using a single multivariate MLM (MMLM). MMLM 

can increase power, accommodate measures with different assessment schedules, include all 

5Preliminary analyses indicated no change in engagement bias for happy faces (b = −39.16, 95%CI: [−89.30, 10.98], t(199) = −1.54, 
p=.125) and thus subsequent analyses were limited to disengagement bias from sad faces.
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assessments as long as at least one of the dependent variables is measured at that assessment, 

and minimize inflation of Type I error (for details on MMLM, see Hox et al., 2018). The 

MMLM models were 3-levels: measures (level-1) were nested within repeated assessments 

(level-2) which were nested within individuals (level-3). The error covariance matrix at 

level-1 (the error covariance of the different measures of the construct) was modeled as 

unstructured, and models included a random intercept for individuals. Each individual 

measure was z-scored across all assessments as recommended by Hox et al. (2018). 

Maximum likelihood estimation was used in all analyses. Pre-treatment levels were included 

as covariates in all analyses to reduce error variance and to correct for any (even slight) 

group differences. As per hypotheses, we tested differences between PAT and NAT at post-

treatment in all analyses. Only when a multivariate analysis indicated a significant difference 

between PAT and NAT did we conduct separate univariate MLMs on each measure included 

in the MMLM analysis to determine which univariate measures were significant. These 

univariate MLMs were conducted using the same model as the corresponding MMLM, but 

without the multiple dependent variables. The univariate significance tests of PAT vs. NAT 

were corrected for false discovery rate using the Benjamin-Hochberg approach (Benjamini 

& Yekutieli, 2001), which corrects for multiple tests while not increasing Type II error rates 

as much as other corrections for multiple tests (e.g., Bonferroni). The false discovery rate 

(q-value) is reported for each p-value. A q-value greater than .05 indicates that the corrected 

false discovery rate is greater than .05.

The assessments for clinical status were conducted at pre-treatment, every therapy session 

and at post-treatment for PANAS-P and DASS-TOTAL (17 time points) and at four time 

points for INTERV-ANH (MMLM allows different assessment schedules for different 

measures). As per our protocol, we selected the growth curve model (linear, quadratic, 

or LN) that best fit the data (lowest Akaike Information Criteria (AIC) and lowest Bayesian 

Information criteria [BIC]). Time was centered at post-treatment so that treatment group 

differences would test the difference between PAT and NAT at post-treatment. A significant 

MMLM treatment group effect would indicate that PAT and NAT were different on the set of 

three clinical status measures at post-treatment.

Our three reward targets (anticipation-motivation, response to reward attainment, and reward 

learning) were each analyzed by a separate MMLM. The individual measures comprising 

each target were assessed at four timepoints (pre-treatment, session 5, session 10, and 

post-treatment). As per protocol, each target was analyzed using 2 (treatment group) x 4 

(timepoint) ANOVA-type models using MMLM. If the multivariate treatment group effect 

at post-treatment was significant, it was followed by univariate tests to determine which 

individual variables were different for PAT and NAT.

Details of the MMLM models, including composite equations for the MMLM models, are 

in the Supplement under Detailed Description of the MMLM Models). Since four total 

MMLMs were conducted (one for clinical status measures, and three for the targets), these 4 

p-values for treatment group difference at post-assessment were corrected for inflation of the 

false discovery rate using Benjamini-Hochberg.
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To examine the relations between reward targets and clinical status, we used SEM to 

analyze the within-person, longitudinal, concurrent relations between a latent variable 

representing the multiple measures of the reward target and a latent variable representing 

the multiple measures of clinical status (see Figure 6). We used SEM instead of MMLM 

because MMLM cannot accommodate multivariate (latent) predictors. Since scores on 

each measure at each timepoint conflate between-person average levels and within-person 

changes, we disaggregated time-varying predictors (i.e., reward target variables) into 

between- and within-person components. We only report the results for relations between 

the within-person components of our latent variables since relations among between-person 

components can be due to third variable, between-persons differences. Consistent with our 

protocol, we examined the concurrent relation between the target measures and the clinical 

status measures (not the cross-lag relations). Data were analyzed using MPlus Two-Level 

Models (see the Supplement for the syntax).

If the within-person relation between a reward target (e.g., reward anticipation-motivation) 

and clinical status was significant, we conducted bivariate analyses between each measure of 

the reward target and each measure of clinical status, using MLM. We used MLM instead 

of SEM for these univariate analyses because MLM provides unbiased estimates in small 

sample sizes (in samples as small as N=30; Maas & Hox, 2005) whereas SEM is more 

appropriate for large sample sizes. Each univariate reward target was disaggregated into a 

between-persons component (its mean across assessment occasions) and a within-person 

component (the deviation between the target value at each assessment and the target mean 

across assessment occasions). Then, these two components were investigated as univariate 

predictors of each of the three clinical status measures across the four assessments using 

MLM. These models were 2-level models (assessments nested within individuals), and the 

covariance matrix of the errors of the repeated measures was modeled as unstructured. 

All of these univariate tests were corrected for inflation of the false discovery rate using 

Benjamini-Hochberg.

All analyses were pre-specified in our protocol except those explicitly referred to as 

“sensitivity”. We used the “t” to “d” conversion to estimate effect sizes for all significant 

effects.

Our a priori power analysis, based on n=68 participants, indicated that we had greater than 

.80 power to detect an effect size difference between PAT and NAT as small as d=.35 

for the individual clinical status measures that were assessed at 17 timepoints. For our 

hypotheses regarding target engagement, we had greater than .80 power to detect an effect 

size difference as small as d=.39. For hypotheses regarding covariation between target 

measures and clinical status measures, we had .80 power to detect covariation between a 

target and PANAS-P as small as d=.44. See Supplement for power analyses details.

Results

Participants

Recruitment began February 23, 2019, ended February 5, 2021, and the final assessment 

occurred July 19, 2021. Of 1062 individuals initially screened, the majority (694) were 
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deemed ineligible, and 85 were randomly assigned to PAT (n = 42, 49.4%) or NAT 

(n = 43, 50.6%) (see Figure 1 flowchart). This final N was higher than the original 

projected N=68 because the COVID-19 lockdown required a temporary halting of the 

laboratory assessments (e.g., assessment of psychophysiological, cognitive and behavioral 

target measures), resulting in higher than anticipated rates of missing data specific to those 

measures (see Supplement). Consequently, additional participants (n = 17) were enrolled 

beyond original sample projection (n=68) to offset missing assessment data.

In terms of missing data, n = 69 (69.4%) provided assessments at all 17 timepoints (pre-

treatment, 15 sessions, post-treatment). Study attrition rates (at any point during treatment 

or post-treatment assessment) did not differ between PAT (21.4%) and NAT (39.5%); 

Fisher’s Exact Test, p = .099 (see Supplement for attrition reasons). Study completers did 

not differ from non-completers on any pretreatment demographic characteristic (age, sex, 

ethnicity, race, employment, marital status, use of psychotropic medication) or pre-treatment 

diagnoses (any anxiety disorder, any depressive disorder, or any diagnosis). 76% (N = 65; 

NAT = 32, PAT = 33) qualified as treatment completers (≥ 10/15 treatment sessions) and 

69% (N = 59, PAT = 32, NAT = 27) completed all 15 treatment sessions.

See Table 1 for pre-treatment demographic and diagnostic characteristics. T-tests and chi-

square tests confirmed that there were no significant treatment group differences on any 

pre-treatment demographic or diagnostic characteristic (ps >.140). Eighty-nine percent met 

criteria for current DSM-5 diagnoses and 60.0% had two or more diagnoses. 68.2% of 

participants met diagnostic criteria for a depressive disorder and 58.8% for an anxiety 

disorder, and 40.0% for both. Eleven (12.9%) participants did not meet diagnostic criteria 

for either depressive or anxiety disorder. Pre-treatment PANAS-P scores were 8th percentile 

relative to a nonclinical reference sample (Crawford & Henry, 2004). See Supplement 

eTablel for all raw means and SDs. See Supplement eTable2 for correlations across all 

measures at pre-treatment.

Clinical status measures

As per protocol, we first determined that the best fitting growth curve model for multivariate 

clinical status (lowest AIC and BIC), which was LN of Time (AIC = 5713.00, BIC = 

5823.23 vs linear time with AIC = 5787.02, BIC = 5869.24 and quadratic time with 

AIC = 5755.11, BIC = 5849.08). This MMLM analysis showed that PAT participants 

had significantly higher scores on clinical status measures at post-treatment than NAT 

participants, b=0.37, 95% CI [0.15, 0.59], t(109) = 3.34, p = .001, q = .004, d = .64. 

Three univariate MLMs, one for each of the individual dependent variables in this MMLM 

(PANAS-P, DASS-TOTAL, INTERV-ANH), using scale scores rather than the z-scores used 

in the MMLM, showed that, at post-treatment, PAT participants had significantly higher 

PANAS-P scores than NAT participants (Figure 2), b = 4.31, 95% CI [1.67, 6.94], t(169) 

= 3.23, p = .002, q = .005, d = .47.6 They also had significantly lower DASS-TOTAL 

scores than NAT participants (Figure 3), b = −5.24, 95% CI [1.83, 8.66], t(193) = −3.03, p= 

6See exploratory analyses in Supplement for PANAS-Negative Affect Subscale
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.003, q = .005, d = .44. There were no group differences on INTERV-ANH (Figure 4). See 

Supplement for analyses for each DASS subscale.

Reward targets

Reward Anticipation-Motivation.—PAT participants showed higher multivariate reward 

anticipation-motivation than NAT participants at post-treatment on the MMLM, b = 0.21, 

95% CI [0.05, 0.37], t(268) = 2.61, p = .010, q = .020, d = .32.7 MLM analyses of 

the four individual measures showed that PAT participants, compared to NAT, had higher 

DARS-A-M, b = 7.82, 95% CI [2.51,13.13], t(236) = 2.90, p = .004, q = .012, d = .38, and 

marginally more stable cardiac responses, compared to a decline in cardiac acceleration in 

NAT, indicated by lengthening cardiac inter-beat intervals), b = 0.03, 95% CI [0.001, 0.05], 

t(117) = 1.99, p = .049, q = .074, d = .37 (Figure 5a). PAT and NAT did not differ on the 

EEfRT task or on BAS-RD at post-treatment.

Response to Reward Attainment.—The MMLM for response to reward attainment 

showed that, compared to NAT, PAT participants displayed higher overall response to reward 

at post-treatment, b = 0.24, 95% CI [0.02, 0.45], t(266) = 2.17, p = .031, q = .041, d 
= .255. In the four univariate follow-up MLM analyses, PAT participants showed higher 

self-reported DARS-C, b = 2.27, 95% CI [0.22,4.32], t(232) = 2.18, p = .030, q = .12, d =. 

29, and a marginally shorter time to disengage from sad stimuli in the DOTPROBE task, b = 

−51.20, 95% CI [−109.49, 7.09], t(165) = −1.73, p = .085, q = .17, d = .27 (Figure 5b). PAT 

and NAT did not differ on TEPS-C scores nor on heart rate acceleration in the IAPS.

Reward Learning.—PAT did not differ from NAT at post-treatment on the MMLM 

for reward learning. Hence, univariate analyses of the individual components were not 

computed.

Longitudinal relations between target and clinical status measures

We conducted two SEM analyses to examine the longitudinal relations between our targets 

and clinical status, following the example of the general multilevel SEM model with 

latent variables. The first examined the disaggregated within-person relation over time 

between the latent variable representing the four indicators of reward anticipation-motivation 

and the latent variable representing the three measures of clinical status. The second 

examined the disaggregated within-person relation over time between the latent variable 

representing the four indicators of response to reward attainment and the latent variable 

representing the three measures of clinical status. We did not examine the relation between 

reward learning and clinical status since reward learning did not differ between treatment 

groups. Figure 6 depicts the graphical model for those two analyses. The bottom part 

of Figure 6 depicts the concurrent covariation over time between latent deviations in 

clinical status ήij. with the latent deviations in reward anticipation-motivation ήij. Our 

second model, which is not shown in Figure 6, was conducted with the same structure but 

used the four measures of response to reward attainment instead of the four measures of 

reward anticipation-motivation. Thus, these two models examine different aspects of reward 

7Note that the results remain the same when using the total DARS score in the MMLM analyses.
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functioning separately. The MPlus syntax for the two SEM analyses is reported in the 

Supplement.

The SEM model examining within-person covariation over time between the latent variable 

for reward anticipation-motivation with the latent variable for clinical status (Figure 6) 

showed adequate fit: RMSEA = .047, CFI = .96, TLI = .94, SRMR for the within portion 

of the model = .04. When participants had higher than their average level of latent reward 

anticipation-motivation, they also had higher than their average level of latent clinical status, 

b = 0.10, 95% CI [0.03, 0.17], z = 2.76, p = .006, q = .018. Examining the univariate 

relations between the four measures of reward anticipation-motivation with the three 

measures of clinical status using MLM (12 separate univariate analyses), and correcting 

for false discovery rate (for 12 tests), greater within-person increases in DARS-A-M were 

related to greater improvements in PANAS-P, INTERV-ANH, and DASS-TOTAL, b = 0.27, 

95% CI [0.20, 0.34], t(162) = 7.67, p < .001, q < .001, d = 1.21; b = −0.08, 95% CI [−0.10, 

−0.06], t(189) = −7.26, p <.001, q <.001, d = 1.07; b = −0.30, 95% CI [−0.40, −0.20], t(128) 

= −5.87, p < .001, q <.001, d =1.04, respectively. Also, greater within-person increases in 

BAS-RDD were related to greater increases in PANAS-P, b = 0.92, 95% CI [0.33,1.50], 

t(202) = 3.10, p = .002, q = .006, d = .44. No other relations were significant.

The SEM model examining within-person covariation between the latent variable for 

response to reward attainment and the latent variable for clinical status also showed adequate 

fit: RMSEA = .06, CFI = .94, TLI = .90, SRMR for the within portion of the model = .05. 

When participants had higher than their average level of latent response to reward attainment 

they also had higher than their average level of latent clinical clinical status, b = 0.07, 95% 

CI [0.01, 0.13], z = 2.18, p = .030, q = .045. Examining the univariate relations between the 

four measures of response to reward attainment and three measures of clinical status, and 

correcting for false discovery rate (for 12 tests), greater within-person increases in DARS-C 

were related to greater improvements in PANAS-P, INTERV-ANH, and DASS-TOTAL, b = 

0.65, 95% CI [0.46, 0.84], t(160) = 6.62, p <.001, q < .001, d = 1.05; b = −0.20, 95% CI 
[−0.26, −0.14], t(190) = −6.35, p <.001, q <.001, d = .92; and b = −0.72, 95% CI [−1.00, 

−0.44], t(138) = −5.04, p <.001, q <.001, d = .86, respectively. Also, greater within-person 

increases in TEPS-C were related to greater improvements (decreases) in INTERVI-ANH, b 
= −0.12, 95% CI [−0.19, −0.05], t(154) = 3.38, p =.002, q =.006, d = .54. No other relations 

were significant.

Sensitivity analyses

The Effect of COVID-19 Protocols.—COVID-19 protocols began during the conduct of 

this study. All assessments were coded as either before or after COVID-19 protocols. We 

investigated whether COVID-19 protocols moderated any of the treatment group effects 

by including the Group x Time x COVID interaction (and all subcomponents of that 

interaction) in the four MMLMs (one for clinical status and three for the targets). The 

only significant COVID effect that survived Benjamini-Hochberg correction indicated that 

improvement in clinical status over time was significantly faster during COVID than before 

COVID (across both treatment groups), b = 0.22, 95% CI [.012, 0.31], t(946) = 4.37, p 
<.001, d = .28, for the COVID x Time interaction.
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Testing Data Missing at Random.—MLM and SEM assume data is missing at random 

(MAR). Unfortunately, one cannot directly test whether data are MAR. The analyses 

reported above showed no pre-treatment differences between those with missing data and 

those without, are consistent with data being MAR but do not prove that data are MAR. 

Additional support for the accuracy of estimates from the MAR analyses can come from 

sensitivity analyses using missing not at random (MNAR) models (MNAR models do 

not assume that data are MAR). These MNAR sensitivity analyses are reported in the 

Supplement.

Other Treatment Effects

Treatment Fidelity.: Treatment adherence was rated on 138 (15%) recorded therapy 

sessions, equally distributed across treatment group and sites. Inter-rater reliability was 

established on 10% (n=14) and was high (ICC [2,1] = .81). Overall, adherence was high 

for PAT (91.7% [12.9]) and NAT (96.5% [8.2]) with no significant site differences. NAT 

sessions were rated as more adherent than PAT sessions (p < .05), due mainly to missing 

elements (primarily homework review) rather than protocol violations (% non-adherence, p 
> .05) during PAT.

Treatment Credibility.: Treatment credibility was assessed using the Credibility/

Expectancy Questionnaire (CEQ) after the first treatment session. Treatment credibility 

ratings were high (1–9 scale; 7.28 [SD=1.27]) and did not significantly differ between 

groups (p = .42) or sites (p = .61).

Patient-Therapist Relationship.: Patient-therapist relationship was assessed using the 

Working Alliance Inventory, a 12-item short questionnaire at end of final treatment session. 

Patient-therapist relationship ratings were high for all categories (1–5 scale): affective bond 

(4.55 [0.58]), agreement on tasks (4.25 [0.77]), and goals (4.59 [0.56]), with no groups (ps = 

.09–.30) or site differences (ps = .21–.64).

Medication Status.: Change in psychotropic medication occurred infrequently from study 

entrance through post-treatment (n=1 decreased, and n=3 increased).

Discussion

In this sample of individuals with severely low positive affect, moderate-to-severe 

depression or anxiety, and functional impairment, of whom close to 90% met diagnostic 

criteria for either a depressive or an anxiety disorder, we found that a treatment targeted 

at reward hyposensitivity (PAT) was more effective for positive affect and for symptoms 

of depression and anxiety than a treatment that targeted negative affect (NAT). PAT was 

also more effective than NAT at raising reward anticipation-motivation and response to 

reward attainment. Finally, change in reward anticipation-motivation and reward attainment 

correlated with improvements in self-reported positive affect, interviewer-rated anhedonia, 

and symptoms of depression and anxiety.

This set of findings builds upon prior evidence (Craske et al., 2019) for PAT as an 

effective intervention for individuals with depression or anxiety. Percentile improvements 
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in positive affect at post-treatment were significant and reached ~26th percentile relative to 

a non-clinical reference sample (Crawford & Henry, 2004), from a pre-treatment level of 

8th percentile. Improvements were less than in the prior trial where post-treatment positive 

affect values approximated the 40th percentile (Craske et al., 2019), perhaps because our 

current sample was more severely low on positive affect (this trial required low PANAS-P 

cut-off inclusion criteria whereas the previous trial did not). Positive affect continued to 

improve over the six-month follow-up after PAT in the prior study (Craske et al., 2019), 

suggesting that values may have similarly improved in the current study had we included 

follow-up assessments. Improvements in anxious-depressive symptoms paralleled the prior 

trial. For example, DASS-depression scores decreased from the extremely severe to normal 

range and DASS-stress scores decreased from severe to normal in PAT (see Supplement). 

We should also note that DASS depression and stress scores improved in NAT as well, but to 

a lesser degree than in PAT.

In support of hypotheses, PAT resulted in greater improvements in reward anticipation-

motivation and response to reward attainment relative to NAT. This is the first demonstration 

of differential target engagement across two psychological interventions for anxious or 

depressed individuals with low positive affect. The target effects extended across units 

of analyses, from self-report of reward hyposensitivity to marginal (following correction 

for false discovery rate) univariate effects for physiological (monetary incentive task) and 

cognitive (attention dot-probe task) measures. As such, the target effects are unlikely to 

be fully explained by responder biases. Marginal results from the dot-probe attention task 

were limited to faster disengagement from negative stimuli, and did not extend to longer 

engagement with positive stimuli, in PAT versus NAT. Whereas more prolonged positive 

engagement would be expected from a therapy designed to increase attention to positive 

stimuli, the faster negative disengagement is also relevant, given that more attention is 

directed to negative stimuli as a function of low positive affect and depression (Peckham et 

al., 2010). Nonetheless, differences in terms of negative disengagement do not necessarily 

represent reward sensitivity per se.

PAT did not result in greater improvements in reward learning compared to NAT. This 

result may indicate the need for stronger reward learning therapeutic strategies (akin to 

cognitive bias modification training) in order to observe greater changes in reward learning 

in PAT compared to NAT. It is also possible that the measures of reward learning (Pavlovian 

Instrumental Transfer and Probabilistic Reward Tasks) were insufficiently sensitive to 

differences between the two treatments. On the other hand, changes in the Probabilistic 

Reward Task have been observed as a function of a pharmacological intervention compared 

to placebo (Pizzagalli et al., 2020). In that case, the task was analyzed with computational 

modeling, which may produce more sensitive indices for treatment effects. Nevertheless, 

reaction time tasks (such as the Probabilistic Reward task) are inherently limited and 

behavioral measures that possess greater ecological validity and capture complex behavioral 

trajectories across changing conditions (e.g., Mobbs et al., 2021) may offer greater treatment 

sensitivity in future trials.

As hypothesized, within-person change in reward targets of reward anticipation-motivation 

and response to reward attainment covaried with within-person change in clinical status. 
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The combination of greater changes in reward targets in PAT compared to NAT and 

covariation between changes in reward targets and clinical status provides preliminary 

evidence for reward sensitivity as a possible mediator of PAT. The current study was 

not powered nor designed for full mediational analyses, which are planned for the next 

phase of our NIMH-sponsored research. As such, we cannot draw any conclusions on 

temporal precedence and causality between the reward targets and clinical status, and 

prior clinical status may have acted as a confounder. Notwithstanding, it is notable that 

follow-up univariate analyses revealed that only self-report measures (and not physiological, 

cognitive, or behavioral measures) of the two reward targets covaried significantly with 

clinical status. Lack of coherence across different modalities of measurement is not 

uncommon (e.g., Enkavi & Poldrack, 2021; Peng et al., 2021). Such incoherence may 

represent differential measurement biases (e.g., test-retest reliabilities), differential temporal 

sensitivities, or differential modulating influences, to name a few, and represents a challenge 

for multi-modal measurement approaches. Nonetheless, the covariation occurred not just 

with self-report measures (as in the PANAS-P and DASS-TOTAL) but also with independent 

interviewer ratings of anhedonia.

Limitations of the study include generalizability from academic settings to community 

settings, although our sample was diverse in ethnic/racial background, socioeconomic status, 

and regionality (California and Texas). The majority female distribution is consistent with 

the epidemiology of depression and anxiety. The large percentage who were ineligible, 

largely due to insufficiently low positive affect at pre-treatment, necessitated by the 

mechanistic nature of the study, also limits generalizability. Our sample was selected to 

have low positive affect, as opposed to anhedonia; hence, the results may not generalize 

to samples diagnosed with anhedonia. Nonetheless, in the current sample, self-reported 

positive affect correlated with interviewer-rated anhedonia (r(83) = −.49), and pre-treatment 

TEPS-consummatory scores closely resembled scores in samples with major depression. 

Attentional bias was utilized as a measure of reward responsiveness since attention is a 

facet of stimulus responsivity, but results were limited to disengagement from sad faces 

rather than engagement with happy faces. Other aspects of reward sensitivity (e.g., reward 

satiation or devaluation) could be essential therapeutic targets that await future investigation. 

Although well justified by our focus on target engagement, the lack of follow-up prevented 

assessment of long-term changes in both target measures and clinical status; such longer-

term effects are being assessed in our ongoing mediational trial. Our sample size was 

powered for moderate effects, and smaller effects may require larger samples. Inherent to 

the nature of psychological treatment studies, participants were not blinded to condition. On 

the other hand, treatment credibility ratings were high and did not differ between conditions. 

Finally, by virtue of the experimental therapeutics approach and in order to limit treatment 

diffusion, our intervention conditions were designed to specifically target either reward 

sensitivity and positive affect or threat sensitivity and negative affect. As such, NAT was 

not fully representative of standard cognitive-behavioral therapy for depression. A third 

treatment arm of such therapy could be a valuable control comparison in future research.

In conclusion, PAT was more effective for positive affect and symptom reduction than an 

intervention that targets negative affect for individuals with severely low positive affect who 

were depressed or anxious and functionally impaired. PAT also led to greater changes in 
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multi-modal measures of reward anticipation-motivation and response to reward attainment. 

Finally, changes in these two reward targets correlated with changes in positive affect, 

anhedonia, and depression and anxiety.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public health significance statement

This study demonstrates that positive affect treatment was significantly more effective 

than an intervention that targeted negative affect for adults with severely low positive 

affect, moderate-to-severe depression or anxiety, and functional impairment. The findings 

of this study suggest that positive affect treatment improves positive affect and aspects of 

reward hyposensitivity.
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Figure 1. 
Recruitment Flow Chart. PAT = Positive Affect Treatment, NAT = Negative Affect 

Treatment
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Figure 2. 
Clinical improvements in Positive and Negative Affective Schedule (PANAS)-Positive, using 

estimated means from the growth curve model and superimposed raw means (dots=PAT 

squares=NAT) for participants randomized to positive affect treatment (PAT) or negative 

affect treatment (NAT). Gray vertical lines indicate treatment modules (i.e., Session 1–

7: behavioral activation plus recounting [positive affect treatment, or PAT] or exposure 

[negative affect treatment, or NAT]; Session 8–10: cognitive exercises [PAT] or cognitive 

restructuring [NAT]; Session 11–14: cultivate and savor positive experiences exercises [PAT] 

or respiratory regulation [NAT]; Session 15: relapse prevention [NAT, PAT])
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Figure 3. 
Clinical improvements in depression, anxiety, and stress (DASS-TOTAL scores) using 

estimated means from the growth curve model and superimposed raw means (dots=PAT 

squares=NAT) for PAT and NAT. Note: Abbreviations and gray vertical lines, see Figure 2
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Figure 4. 
Clinical improvements in interviewer-rated anhedonia using estimated means from the 

growth curve model and superimposed raw means (dots=PAT squares=NAT) for PAT and 

NAT

Note: Abbreviations, see Figure 2
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Figure 5. 
Estimated means and superimposed raw means (dots=PAT squares=NAT) for univariate 

analyses of target measures that were significant or marginally significant with correction for 

false discovery rate. (A) Reward anticipation-motivation for PAT and NAT (B) Response to 

reward attainment for PAT and NAT

Note: Abbreviations, see Figure 2; MIT= monetary incentive task; IBI = cardiac 

inter-beat interval (nb lower interbeat-interval = higher heart rate); DARS-A-M 

= Dimensional Anhedonia Rating Scale-Anticipation-Motivation Items; DARS-C = 

Dimensional Anhedonia Rating Scale-Consummatory Items; SAD = sad faces of the dot 

probe task
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Figure 6. 
SEM model for the within-person relation over time between reward anticipation-motivation 

and clinical status (bottom portion). A second model, with the same design but modeling the 

relation between response to reward attainment and clinical status, was also calculated.The 

top portion of the model is the level-2 portion of the model (one value for each parameter 

per individual). Hence, all parameters in the top portion have a subscript of “i” designating 

“individual” participants. The bottom portion of the model represents level-1 of the model 

(one value for each timepoint for each individual). Hence, every parameter in the bottom 

portion has a subscript of “ij” designating timepoint “j” for individual “i”. As discussed 

in the text, we focus on the within-person concurrent relation between clinical status and 

reward anticipation-motivation portion of the model (the bottom portion of the model). 

The ή1i – ή7i (top portion of model) represent the latent average of variables 1-7 across 

the assessments for each individual. The ή1ij – ή7ij in the bottom portion of the model 

represent the latent deviations from the average of variables 1-7 at each timepoint for 

each individual. The latent Between-Persons Outcome ήi (top portion of the Figure) 

represents the underlying individual characteristic that drives the average level of each 

variable across assessments for each individual. In the bottom portion of the model, the 

latent Clinical Status ήij represents the composite latent deviation score for Clinical Status 

(at each timepoint for each individual). Similarly, the latent reward anticipation-motivation 

ήij represents the composite latent deviation score for reward anticipation-motivation at 

each timepoint for each individual. We report the correlation of these 2 latent variables, a 

correlation within-persons over time, as our test of whether the target is related to concurrent 

outcomes.

Note: Abbreviations see Figures 2-5; BAS-RD = Behavioral Activation Scale-Reward Drive 

Subscale; %Hard Choices = % of hard choices in the Effort Expenditure for Rewards Task.
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Table 1.

Pre-treatment and Demographic Characteristics of Intent-to-Treat Sample Receiving Positive Affect Treatment 

(PAT) or Negative Affect Treatment (NAT)

Valuea

Characteristics Total (N = 85) PAT (n = 42) NAT (n = 43)

Age, M (SD), years 31.73 (12.3) 31.95 (11.5) 31.51 (13.1)

Female sex 67 (78.8) 31 (73.8) 36 (83.7)

Race/Ethnicity

 White 53 (62.4) 28 (66.7) 25 (58.1)

 Asian 17 (20.0) 8 (19.0) 9 (20.9)

 Alaska Native/Native American/Indigenous 1 (1.2) 1 (2.4) 0 (0.0)

 Pacific Islander/Native Hawaiian 1 (1.2) 0 (0.0) 1 (2.3)

 Black or African American 5 (5.9) 2 (4.8) 3 (7.0)

 Hispanic/Latino (White) 15 (17.6) 6 (14.3) 9 (20.9)

 Hispanic/Latino (non-White) 8 (9.4) 4 (9.5) 4 (9.3)

 Multiracial 4 (4.7) 3 (7.1) 1 (2.3)

 Other 8 (9.4) 1 (2.4) 7 (16.3)

Marital status

 Married 19 (22.4) 9 (21.4) 10 (23.3)

 Single, in a relationship 23 (27.1) 10 (23.8) 13 (30.2)

 Single, not in a relationship 38 (44.7) 19 (45.2) 19 (44.2)

 Separated 2 (2.4) 1 (2.4) 1 (2.3)

 Divorced 3 (3.5) 3 (7.1) 0 (0.0)

Employed full or part time 61 (71.8) 32 (76.2) 29 (67.4)

Education level

 High school diploma/GED 10 (11.8) 3 (7.1) 7 (16.3)

 Some college or a 2-year degree 26 (30.6) 15 (35.7) 11 (25.6)

 4-year college degree 24 (28.2) 11 (26.2) 13 (30.2)

 Graduate degree 25 (29.4) 13 (31.0) 12 (27.9)

Income

 <$10,000 14 (16.5) 7 (16.7) 7 (16.3)

 $10,001-30,000 11 (12.9) 5 (11.9) 6 (14.0)

 $30,001-50,000 16 (18.8) 11 (26.2) 5 (11.6)

 $50,001-70,000 11 (12.9) 6 (14.3) 5 (11.6)

 >$70,000 33 (38.8) 13 (31.0) 20 (46.5)

Current psychotropic medication 24 (28.2) 12 (28.6) 12 (27.9)

Any diagnosis 76 (89.4) 37 (88.1) 39 (90.7)

Depressive diagnoses 58 (68.2) 27 (64.3) 31 (72.1)

 Major depressive disorder 46 (54.1) 19 (45.2) 27 (62.8)

 Persistent depressive disorder 33 (38.8) 17 (40.5) 16 (37.2)

Anxiety diagnoses 50 (58.8) 24 (57.1) 26 (60.5)

 Panic disorder 10 (11.8) 5 (11.9) 5 (11.6)
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Valuea

Characteristics Total (N = 85) PAT (n = 42) NAT (n = 43)

 Agoraphobia 3 (3.5) 1 (2.4) 2 (4.7)

 Social anxiety disorder 34 (40.0) 17 (40.5) 17 (39.5)

 Generalized anxiety disorder 31 (36.5) 15 (35.7) 16 (37.2)

 Specific phobia 7 (8.2) 3 (7.1) 4 (9.3)

Posttraumatic stress disorder 3 (3.5) 0 (0.0) 3 (7.0)

Obsessive compulsive disorder 3 (3.5) 0 (0.0) 3 (7.0)

Attention deficit hyperactivity 14 (16.5) 9 (21.4) 5 (11.6)

Adjustment disorder 2 (2.4) 1 (2.4) 1 (2.3)

Data are presented as number (percentage) of patients unless otherwise indicated.
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