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Abstract 

Background: Problem solving therapy (PST) and “Engage”, a reward-exposure” based therapy, 

are important treatment options for late-life depression, given modest efficacy of 

antidepressants in this disorder. Abnormal function of the reward and default mode networks 

has been observed during depressive episodes. This study examined whether resting state 

functional connectivity (rsFC) of reward and DMN circuitries is associated with treatment 

outcomes.  

Methods: Thirty-two older adults with major depression (mean age = 72.7) were randomized to 

9-weeks of either PST or “Engage”. We assessed rsFC at baseline and Week 6. We placed 

seeds in three a priori regions of interest: subgenual cingulate (sgACC), dorsal anterior 

cingulate cortex (dACC), and nucleus accumbens (NAcc). Outcome measures included the 

Hamilton Depression Rating Scale (HAMD) and the Behavioral Activation for Depression Scale 

(BADS). 

Results: In both PST and “Engage”, higher rsFC between the sgACC and middle temporal 

gyrus at baseline was associated with greater improvement in depression severity (HAMD). 

Preliminary findings suggested that in “Engage” treated participants, lower rsFC between the 

dACC and DMPFC at baseline was associated with HAM-D improvement. Finally, in Engage 

only, increased rsFC from baseline to Week 6 between NAcc and Superior Parietal Cortex was 

associated with increased BADS scores. 

Conclusion: The results suggest that patients who present with higher rsFC between the 

sgACC and a structure within the DMN may benefit from behavioral psychotherapies for late life 

depression. ‘Engage’ may lead to increased rsFC within the reward system reflecting a 

reconditioning of the reward systems by reward exposure.  
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Resting State Functional Connectivity and Outcomes of Psychotherapies for Late-life 

Depression 

Depressed individuals often have abnormalities in the reward systems and the default 

mode network (DMN),1 behaviorally expressed as a negative view of the self and the world and 

reduced anticipation and response to rewards. DMN and reward systems abnormalities are 

particulary pronounced in late-life depression, because aging preferentially affects these 

systems.2–8  

Abnormal reward related behaviors, including reduced responsiveness to reward, reward 

anticipation, and effort valuation, have been reported in late-life depression.9–11 The dorsal 

anterior cingulate cortex12 and the nucleus accumbens (NAcc)13,14 – two key nodes of the 

reward system – participate in reward anticipation and response. Depressed adults show 

reduced activation of the dACC during reward anticipation.15 Older adults with major depression 

have lower resting state functional connectivity (rsFC) of the dACC compared to non-depressed 

individuals,16 and this abnormality predicts persistence of depressive symptoms.2 Depressed 

apathetic older adults exhibit reduced functional connectivity of the NAcc compard to depressed 

non-apathetic patients.3  

During depression, there is increased rsFC of the DMN that is associated with negative 

self-referential thoughts, rumination, and negativity bias.17,18 Specifically, depressed individuals 

show increased rsFC of the subgenual anterior cingulate cortex (sgACC) with other DMN 

regions.19,20 Abnormal rsFC of the sgACC is associated with overall depression severity,19 

negative self-referential thoughts, and affect dysregulation.21 Further, the sgACC may be 

especially important in late-life depression.2,22 Depressed older adults exhibit sgACC 

hyperactivation during affective processing, which is associated with greater white matter 

hyperintensity burden.23 

Only few studies have examined neuroimaging correlates of response to psychotherapy 

for depression. These studies suggest that greater cortical volume of the dACC and the 

sgACC24, as well as higher rsFC between the sgACC and DMN nodes prior to treatment 25 

predict superior response to cognitive behavioral therapy (CBT). A preliminary study showed 

that CBT may increase rsFC between the amygdala and fronto-parietal regions in depressed 

adults.26  

Problem Solving Therapy (PST) and ‘Engage’ psychotherapy are effective in the 

treatment of late-life major depression.27–31 PST imparts problem solving skills aimed to increase 

the individuals mastery of the environment and reduce the experience of adversity. ‘Engage’ is a 

novel neurobiologically-informed therapy whose principal intervention is ‘reward exposure’ (i.e. 

engagement in meaningful, rewarding activities), aimed to reactivate the reward systems. When 

needed, Engage treats barriers to reward exposure (i.e. negativity bias, apathy, and affect 

dysregulation) so that engagement in rewarding activities can procede unimpeded.32 To our 

knowledge, this is the first study to investigate the relationship between rsFC of the reward 

systems and the DMN, and response to psychotherapies for late-life depression.  

The aims of the current study were to investigate whether: a) baseline rsFC between the 

sgACC, NAcc and/or dACC and other networks is associated with change in depressive 
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symptoms and with behavioral activation; and b) early change (weeks 0-6) of rsFC between 

these nodes and other networks is associated with change in depression severity and 

behavioral activation over the course of treatment. We hypothesized that baseline rsFC of the 

sgACC, NAcc, and/or dACC with other networks is associated with reduction in depression 

severity in both psycotherapies. We also hypothesized that rsFC of the NAcc, a central reward 

system node, is associated with reduced depression severity and increased behavioral 

activation for participants receiving ‘Engage’ therapy, but not PST. Because ‘Engage’ is 

designed to improve reward sensitivity in late-life depression, while PST is thought to improve 

depression through other mechanisms. These hypotheses were tested in a sample of 32 

depressed older participants who were randomized to 9-weeks of either PST or ‘Engage’ as part 

of a larger two-site randomized controlled trial. The participants in the MRI study were recruited 

from the Cornell site. 

Methods 

Participants  

Participants were recruited by the Weill Cornell Institute of Geriatric Psychiatry through local 

newspaper and radio advertisements as well as referral by their outpatient providers. Patients 

were recruited to participate in a psychotherapy RCT for late-life depression and randomly 

assigned to 9 weekly sessions of either ‘Engage’ psychotherapy or Problem-Solving Therapy. 

Of the patients enrolled in the psychotherpay trial at the Weill Cornell site (N = 138), 32 patients 

met elligibility and consented to an MRI scan. Scans were conducted at baseline and at week 6 

of treatment. Inclusion criteria were: (a) aged 60 or older; (b) diagnosed with unipolar major 

depression without psychotic features using the Diagnostic and Statistical Manual of Medical 

Disorders 4th Edition (DSM-IV) and the Structured Clinical Interview for DSM Disorders;33 (c) A 

score of ≥24 on the Mini-Mental State Examination;34 (d) not on antidepressant medication or on 

a stable dose; (e) capacity to consent. Exclusion criteria were: (a) intent or plan to commit 

suicide; (b) history or presence of psychiatric disorders other than major depression or 

generalized anxiety disorder; (c) use of psychotropic drugs or cholinesterase inhibitors othan 

then a mild dose of bezodiazepines or a stable dose of an antidepressant; (d) currently 

receiving psychotherapy; (e) acute or severe medical illness (e.g., delirium, metastatic cancer, 

decompensated cardiac, liver, or kidney failure, major surgery, or stroke; (f) presence of a 

neurological disease such as Parkinson’s disease, primary or secondary seizure disorders, 

intracranial tumors, mutiple sclorosis, or severe head trauma; (g) inability to speak English; (h) 

corrected visual acuity < 20/70 or color blindness; (i) contraindications for MRI scanning, 

including a cardiac pacemaker, metallic objects or implants in the body or head, and 

claustrophobia. The study was approved by the Weill Cornell Medicine and the Nathan Kline 

Institute for Psychiatric Research Instituional Review Boards, and participants received 

compensation for their time. 

Measures  

All measures were administered by trained and reliable raters who received ongoing supervision 

from PhD-level clinical psychologists. Diagnosis was determined by agreement of two clinicians 

after review of the participants' psychiatric history and Structured Clinical Interview for DSM 
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Disorders. Severity of depression was measured using the 24-item Hamilton Depression Rating 

Scale (HAMD; Hamilton, 1960) and behavioral activation was measured using the 25-item 

Behavioral Activation for Depression Scale (BADS; Kanter, Mulick, Busch, Berlin, & Martell, 

2007), administered at baseline, Weeks 2, 4, 6, and 9. Following the results of a previously 

published study,30 we eliminated item 22 from the BADS scale (‘my work/schoolwork suffered 

because I was not as active as I needed to be’) as it was not relevant to most patients in this 

sample. 

Treatments  

‘Engage’ is a streamlined, stepped psychotherapy for mid- late-life depression based on the 

view that late life depression is associated dysfunctions in the reward system. Its principal 

intervention is “reward exposure” – i.e. encouraging patients to engage in (i.e. expose 

themselves to) rewarding activities between sessions in order to facilitate activation of the 

reward system.32 In patients with negativity bias, apathy, or inadequate emotional regulation 

interfering with “reward exposure”, ‘Engage’ offers additional interventions so that “reward 

exposure” proceeds unimpeded.  

Problem-Solving Therapy (PST). PST is a skills-based psychotherapy model which has been 

shown to reduce late-life depression severity.27,28,31 The first five weeks of therapy focused on 

training in a 5-step problem-solving model – teaching patients to set goals, develop ways to 

reach them, formulate action plans and assess their progress towards goals. The remaining 

sessions focus on enhancing the learned skills. The last two sessions focused on creating a 

relapse prevention plan.  

Data Analytic Plan  

Statistical Data Analysis. We investigated change over time in HAMD and BADS using mixed-

effects linear models. Analysis of clinical change was conducted using lme4 package in R37. 

The models included subject-specific random intercept and fixed effects for time. Treatment was 

initially included in the model (main and interaction effects) but was removed due to non-

significance of the effects. 

MRI Data Acquisition. MRI data were acquired on the 3T Siemens TIM Trio scanner at the 

Center for Biomedical Imaging and Neuromodulation (C-BIN) of the Nathan Kline Institute for 

Psychiatric Research. As part of the MRI scan procedure, structural and functional images were 

acquired with a 32-channel head coil. Anatomical images were acquired with a high resolution 

T1-weighted MPRAGE for co-registration of functional data (192 slices; interleaved acquisition; 

no gap; TR = 2500ms; TE = 3.5ms; voxel size = 1mm isovoxel; FoV = 256mm; flip angle = 8°). 

Resting state images (awake, eyes closed) were acquired with a T2-weighted echoplanar BOLD 

sequence (150 volumes; 34 slices; interleaved acquisition; no gap; TR = 2500ms, TE = 30ms, 

voxel size = 3mm isovoxel; FOV = 216mm; flip angle = 80º). Acquisition time for the resting 

state sequence was 6 minutes, 20 seconds. Wakefulness throughout the resting state scan was 

confirmed by the MR technician. None of the participants reported falling asleep. 
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MRI preprocessing. MRI data were preprocessed with the FMRIB Software Library (FSL; 

version 6.00; https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/; Smith et al., 2004) and the Analysis of 

Functional Neuroimages (AFNI) software package (version XXX;  https://afni.nimh.nih.gov/; 

Cox, 1996). First, anatomical images were transformed to standard MNI space using affine 

transformation to align anatomical images to the anterior and posterior commissures of the 

standard MNI-152 template brain, and nonlinear transformation to warp the participant’s 

anatomical image to the same template.40,41 Rigid-body motion correction was first performed on 

rsFC images. Next, affine co-registration was performed on motion corrected resting-state 

functional images, aligning these images to the participant’s anterior/posterior commissure-

aligned anatomical image. The subsequent image was nonlinearly normalized to the MNI-152 

template brain using FSL’s FNIRT program. Preprocessing of normalized functional images 

included temporal shifting, spatial smoothing with a 6mm full width-half maximum Gaussian 

kernel, and brain extraction. Motion- and physiologically-derived noise was addressed first via 

ICA-AROMA, which uses independent component analysis automatically regress out motion-

related and physiologically-derived artifacts.42 A final denoising step in AFNI modelled the 

following: linear trends, 12 variables corresponding to the demeaned and first temporal 

derivatives of the translational and directional motion traces outputted from rigid-body motion 

correction, fast ANATICOR regression to account for local cardiovascular and respiratory noise 

in white matter, and the first three principal components isolated from a lateral ventricle mask, 

and a low frequency bandpass filter (0.01 – 0.1 Hz). Preprocessed images were then used to 

perform further connectivity analyses. We did not remove any participants from analysis due to 

motion parameters. Mean framewise displacement for baseline was 0.196 mm and for week 6 

was 0.199.  

Region of Interest (ROI) Selection. Three a priori regions of interest (ROIs) were selected 

based on existing literature on reward functions and depression (see introduction) and were 

utilized as seed regions in our rsFC analyses: subgenual cingulate (sgACC), dorsal anterior 

cingulate cortex (dACC), and nucleus accumbens (Nacc). We generated the ROIs from the 

Harvard-Oxford cortical and subcortical structural atlases.43 We constrained the cortical and 

striatal ROIs further by masking the Harvard-Oxford parcels using resting state functional 

networks of interest (i.e. default mode (DMN) and reward networks). In particular, these ROIs 

were created by masking the clusters extracted from the Harvard-Oxford atlases by the 

corresponding networks in the 17-network Cortical Parcellation by Yeo et al.44 and the 17-

network Striatal Parcellation by Choi et al.45 

Whole-Brain ROI-to-voxel resting-state functional connectivity (rsFC) analysis. For each 

resting-state run, we used a general linear model for each ROI’s mean time-series 

independently, modeling the whole brain parametric mask corresponding to the whole-brain 

rsFC of each ROI. The resultant contrasts of parameter estimates were then used to generate 

higher level group statistics.  

Higher-level statistics. Two group-level baseline mixed-effects general linear models were 

performed to assess whether pre-treatment rsFC was significantly associated with response to 

psychotherapy. First, we examined the association between baseline rsFC and percentage of 

https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/
https://afni.nimh.nih.gov/
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improvement on the HAMD from baseline to Week 9. Second, we examined the associations 

between rsFC at baseline and BADS scores at Week 9, while controlling for baseline BADS 

scores. Second, two group-level, repeated-measures, mixed-effects general linear models were 

performed for each ROI to examine the association between change in rsFC in Weeks 0-6 and 

clinical outcomes (change BADS scores and HAMD percentage of improvement in Weeks 0-9). 

In all models we accounted for age and gender. 

We implemented cluster-based inference using Gaussian Random Field Theory with a 

height z-score > 3.2 and a Bonferroni-corrected cluster-p < 0.0125 (two-tailed) to correct for the 

number of ROIs analyzed. For all analyses, we first examined the associations in the combined 

sample (both PST and ‘Engage’) and then separately at each treatment condition by exploring 

the two-way interaction effect.  

Results 

Our sample consisted of 32 patients (16 received ‘Engage’; 16 received PST) who completed 

an rsFC scan at baseline. Out of this sample, 23 patients completed an additional scan at Week 

6 (see Table 1 for demographics and clinical characteristics). All patients in this sample 

completed treatment and participated at baseline and week 9 assessments.  

Change in Depression Severity and Behavioral Activation over time  

A mixed-effects model showed that depression severity (HAM-D) improved over the course of 9 

weeks of ‘Engage’ or PST (Total Sample; F(5,145) = 14.30; p < .0001). BADS scores also 

increased over the course of treatment (F(5,145) = 5.24; p < .0001). The main effects of 

treatment and of time by treatment interaction were not significant in both models (Figure 1).  

Resting State Functional Connectivity (rsFC) at Baseline and Change in Depression All 

Subjects. In the combined sample (PST and ‘Engage’), higher rsFC between the sgACC and 

the middle temporal gyrus (MTG) at baseline was associated with greater improvement in 

depression severity (195 voxels; Cluster-p = <0.0001, Peak z-score = 4.29; see Table 2; Figure 

3). This association remained significant after applying Bonferroni correction.  

Preliminary Findings: 

‘Engage’ Group Only: We found two significant results at the cluster level which did not survive 

the Bonferroni correction of p=0.0167 for multiple comparisons for the three ROI’s.  

Association between baseline rsFC and treatment outcome. Lower rsFC between 

the dACC and dorsomedial prefrontal cortex (DMPFC) (107 voxels, cluster-p = 0.02, peak z-

score = 3.79; Table 2; Figure 3); was associated with greater improvement in depression 

severity over the course of treatment. We did not find significant associations in the PST group.  

Association between change in rsFC from baseline to Week 6 and treatment 

outcome. Increase in rsFC from baseline to Week 6 between the NAcc and the Superior 

Parietal Cortex was associated with increase in behavioral activation (BADS scores; 97 voxels, 

cluster-p = 0.022, peak z-score = 3.92; Table 2; Figure 4). We did not find significant 

associations in the PST group.  
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Discussion 

The principal finding of this study is that higher rsFC between the sgACC and the middle 

temporal gyrus (MTG) at baseline was associated with greater reduction in depression severity 

in both PST and ‘Engage’. The MTG is a node of the default mode network (DMN), which 

underlies regulation of negative self-referential thinking in major depression.46,47 Functional and 

structural abnormalities in this region are common in major depression in adults48 and older 

adults.49,50 Hyperactivation of sgACC is associated with depression severity19 and depression-

related negative thought processes and affect.21 Our finding suggests that depressed older 

adults with high rsFC between the sgACC and a node of the DMN are good candidates for 

behavioral psychotherapies for late life depression. Our finding is consistent with findings in 

young and middle-aged individuals with depression showing that high connectivity of sgACC-

DMN was associated with superior response to CBT but poor response to pharmacotherapy.25  

 Preliminary findings also suggest that lower rsFC between the dACC and dorsomedial 

prefrontal cortex (DMPFC) was associated with greater improvement in depression over the 

course of ‘Engage’, but not PST. The dACC, a node of the cognitive control network, and the 

DMPFC, a node of the DMN, both underlie processes of directed attention and emotion 

regulation in depression.1,51 Activation of the dACC-DMPFC underlies the conscious threat 

appraisal and emotional processing, including catastrophizing and worrying.52,53 A meta-analysis 

suggests that psychotherapy for anxiety and depression in adults may reduce rsFC within the 

DMPFC.54 ‘Engage’ is aimed to improve abnormalities in these regions through interventions 

focused on emotion regulation.32 Our finding suggests that lower rsFC of the dACC/DMPFC at 

baseline may facilitate response to ‘Engage’.  

 Our preliminary findings also suggest that increase from baseline to Week 6 in rsFC 

between the NAcc and the Superior Partial Cortex (SPC) was associated with increase in 

behavioral activation over the course of treatment. The SPC is involved in visuospatial attention 

and attention shifting,55 while the NAcc is a core node responsible for reward processing, which 

is a core impairment in major depression.56 Our results show that increase in rsFC between 

reward processing circuitry and regions responsible for directed attention is associated with 

greater response to ‘Engage’. This preliminary finding is consistent with the conceptual premise 

of ‘Engage’, a treatment aimed to reactivate and recondition the reward systems through 

systematic reward exposure.32 It also parallels our previous observation that ‘Engage’ increases 

engagement in rewarding and pleasant activities, which is followed by reduction of late life 

depression severity. 30,57,58   

Our findings should be considered in the context of the study’s limitations. First, our 

sample is small and findings that did not meet correction for multiple comparisons require 

replication. However, given the limited knowledge on neurobiological predictors of response in 

psychotherapies for late life depression, our findings may be used to generate focused 

hypotheses for larger studies. Our study did not include a post-treatment scan since our a-priori 

aim was to investigate early change in rsFC in PST and ‘Engage’. Future studies can expand 
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this line of inquiry to later treatment phases and examine trajectories of change in rsFC and 

clinical outcomes in psychotherapy. The length of the resting state scan was relatively short by 

today’s standards, which may have had a negative impact on our ability to detect relationships 

between rsFC and response to psychotherapy.  

 In conclusion, our study suggests that patients who present with higher rsFC between 

the sgACC and a structure within the DMN may benefit from behavioral psychotherapies for late 

life depression. ‘Engage’ may lead to increased rsFC within the reward system reflecting a 

reconditioning of the reward systems by reward exposure. This is the first study to investigate 

the association between abnormalities in the DMN and reward network and response to 

psychotherapies for late life depression. Our results parallel the observation that targeting the 

sgACC via dorsolateral prefrontal transcranial magnetic stimulation (TMS) is associated with 

greater antidepressant responses in treatment-resistant depression in adults.59–61 While our 

results are preliminary, they suggest that identifying specific behavioral and neural network 

targets can guide the development of streamlined, efficacious psychotherapy interventions.  
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Table 1. Demographics and Baseline Clinical Characteristics  

 Engage 

N=16 

PST 

N=16 

P value 

Age 70.4 (7.43) 74.3 (8.54) 0.174 

Gender  

   Male 

 

3 (18.8%) 

 

6 (37.5%) 

0.433 

   Female 13 (81.2%) 10 (62.5%)  

Ethnicity 

  Non-Hispanic 

  Hispanic 

 

16 (100%) 

0 (00%) 

 

15 (93.8%) 

1 (6.25%) 

1.00 

HAMD 22.9 (4.29) 22.2 (4.45) 0.659 

BADS  74.9 (17.8) 75.2 (19.5) 0.963 

Note. Numeric variables are presented with summary statistics of mean and standard deviation 

as well as test statistic from independent two-sample t-test. Categorical variables are presented 

with summary statistics of frequency and percentage as well as test statistic from chi-squared 

test. HAMD = Hamilton Depression Scale; BADS = Behavioral Activation for Depression Scale 

 

 

Table 2. MNI Coordinates for significant regions of functional connectivity and clinical outcomes 

(depression severity and behavioral activation) 

ROI Hemisphere Region BA Cluster-p MNI 

     Peak 

voxel 

x y z 

Combined Sample        

SgACC* L Temporal Pole, Middle 

Frontal Gyrus 

21, 

38 

<.001 4.43 -56 10 -22 

Engage Only        

dACC R DMPFC   .02 3.79 6 38 41 

NAcc L Superior Parietal Lobe 7 .02 3.92 -17 -52 63 

Note. All findings indicate correlation between baseline functional connectivity and depression 

improvement, with the exception of NAcc-Superior Parietal Lobe finding which indicates 

correlation between baseline-Week 6 change in functional connectivity and change in 

behavioral activation scores. *survived Bonferroni correction for multiple ROIs; ROI = Region of 

Interest; L = left; R = Right; BA = Brodmann Area; DMPFC = Dorsal Medial Prefrontal Cortex; 

SgACC = Subgenual Anterior Cingulate Cortex; dACC = Dorsal Interior Cingulate Cortex; NAcc 

= Nucleus Accumbens  
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Figure 1. Trajectories of change in means of depression severity (HAMD; right) and 

behavioral activation (BADS; left) over 9 weeks of Engage and PST. Linear Regression lines 

with 95% Confidence Interval. 

 

 

 
Figure 2. Primary Finding: In ‘Engage’ and PST: Higher 
baseline resting state functional connectivity between seed 
Subgenual Anterior Cingulate Cortex (sgACC; right) and 
Middle Temporal Gyrus (MTG; left) associated with 
depression improvement over 9 weeks of treatment 
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Figure 4. Preliminary Finding 2: In ‘Engage’, but not 
PST: Increase in resting state functional connectivity 
between seed nucleus accumbens (NAcc; right) and 
Superior Parietal Cortex (SPC; left) associated with 
increase in behavioral activation

 
 

 

Figure 3. Preliminary Finding 1: In ‘Engage’, but not 

PST: Lower functional connectivity between the 

dorsal anterior cingulate cortex (dACC; Left) and 

Dorsal Medial Prefrontal Cortex (DMPFC) associated 

with greater improvement in depression severity. 
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