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Disrupted Positive Affect and Reward Function
in Depression

Negative Affect

Positive Affect

Forbes & Dahl, 2005, Development and Psychopathology
Forbes & Dahl, 2012, JCPP
Forbes, Eckstrand, Rofey, & Silk, 2020, Biol Psychiatry CNNI

• anhedonia

• low motivation, fatigue, social withdrawal
• experience, behavior, physiology



Adolescence and Mental Health

Whiteford et al., 2015, Lancet 

Orben et al., (2024), Nat Rev Psych



ADOLESCENCE

6



Adolescence and Reward

Somerville, Hare, & Casey, 2011

Davey, Yücel, & Allen (2008), NBBR

Van Leijenhorst et al., 2010



METHODS



What’s Rewarding?



Choice Anticipation Feedback Outcome

Example Event

Anticipation Conditions Outcome Conditions

Win (+$1.00)

Loss (-$0.50)

Possible win

Possible loss

Neutral ($0)

Monetary 
Reward 

fMRI



The BFF fMRI Task: Personally Relevant Social Reward

going to 

Kennywood

staying up late 
to watch 

favorite movie

being co-

presidents of 

senior class

graduating



40 70 100 130 160 190 220 250 280 310 340 3700

Friend Positive

Unfamiliar Peer Neutral

Friend Neutral

Unfamiliar Peer Positive

10

BFF fMRI Task

Ambrosia et al., 2018



KEY FINDING
ADOLESCENTS WITH DEPRESSION EXHIBIT 
LESS VS AND MORE MPFC RESPONSE TO 
REWARD



Forbes et al., 2009, Am J Psychiatry



DEVELOPMENT OF DEPRESSION 

AND SUICIDALITY



DEVELOPMENT

Pubertal Maturation X VS Response Predicts 
Depressive Symptom Increase over 2 Years

Morgan et al., 2013, Neurobiology of Disease

R2 = .17

• 72 adolescents

• typically developing 
• 11-13 years



MH DISPARITIES 

mPFC Moderates Association between 
Victimization and Depression in Sexual Minority 

Adolescents

Model R2 = 0.38
p < 0.001

Age (p=0.014)

SO (p<0.001)

Eckstrand et al., 2022



MH DISPARITIES

Sexual Minority Identity Is Associated with Suicidal 
Ideation in Adolescents with Low TPJ Response to 
Social Reward

Figure 1. This figure describes differences in suicidal ideation based on sexual minority status plotted as a function of left 

temporoparietal junction response to social feedback.  

1A. Two-way Interaction of Sexual Minority Status with Neural Reactivity to Rewarding Social Feedback in Predicting 

Suicidal Ideation.  

 

 

 

  

 

 

 

 

 

 

  

 

 

 

 

 

Neural Activation during Rewarding > Baseline MNI Coordinates 

Brain Region Hemisphere Voxels X Y Z 

Temporoparietal Junction Left 304 -46 -52 28 

 

Left Temporoparietal Junction (shaded in red) 

Seah et al., under review 



SOCIAL CONTEXT AND 

DEPRESSION



mPFC Response to Reward Mediates Association between 

Socioeconomic Disadvantage and Depression in Adolescent Girls

N = 123

public assistance: age 5-16 

mPFC response: age 16 (beta = 0.03, R2 = 0.05)
depression: age 16

bootstrap tests: full mediation

dmPFC (BA 6/8/9, BA 9/10/32): 

beta = 0.24, R2 = 0.07 

pgACC: beta = 0.28, R2 = 0.06

Romens et al., 2015, JCPP



TREATMENT RESPONSE



TREATMENT RESPONSE

More Typical Ventral Striatum Function Predicts Response 
to CBT in Adolescents with Anxiety

fMRI task & 
questionnaires

16 weeks 

CBT or CCT

Sequeira et al., 2021, Am J Psychiatry

interview, 
ratings, 

questionnaires



Frontostriatal Response to 

Reward Is Related to

• Adolescent depression

• Development of depression

• Treatment response



ANHEDONIA



Anhedonia is a 
central symptom of 

depression

Fried et al., 2016

Anhedonia predicts 
pernicious course in 
depression

Gabbay et al., 2015 



Anhedonia and suicidality in high-risk youth

k means clustering with 3 aspects of anhedonia
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Profile Familial 
high-risk

Familial low-
risk

Low-
Anhedonia

23 26

High-
Anhedonia

23 9

Gupta et al., 2024

high-anhedonia profile: higher suicidal ideation and negative affect, 

lower positive affect and desire for emotional closeness

a c r o s s  p r o f i l e s :  h i g h e r  s u i c i d a l  i d e a t i o n  i n  
a d o l e s c e n t s  w i t h  h i g h  a n h e d o n i a  ( a n y )  a n d  h i g h  

d m P F C  r e s p o n s e  t o  r e w a r d



Adolescent Anhedonia: Higher dmPFC Response, 
Stronger VS-dmPFC Connectivity

Healey et al., 2014



Neural Factors Predict 

Peak Anhedonia in 
High-risk Adolescents, 

Even When Considering 
Demographic and 
Clinical Factors

Variable LASSO Derived Coefficient

Clinical Variables

Impulsivity .088

Neural Variables

Caudate Body Activation .095

Sub-Gyral Temporal Lobe Activation .022

Cuneus Activation .037

Left VS-Thalamus (Ventral Posteolateral) Negative FC .131

Left VS-Thalamus (Left Ventral Anterior Nucleus) Negative FC .037

Left VS- Thalamus (Right Ventral Anterior Nucleus) Negative FC .028

Right VS-Thalamus (Ventral Posterolateral Nucleus) Negative FC .015

Right VS-SMA Negative FC .0004

Right VS-Thalamus (Pulvinar) Negative FC .0303Reddy et al., In press!

Additional 

40% of 
variance

10% of 

variance

N = 73, 53% girls

13-17 years

3 time points over 2 years



FROM PATHOPHYSIOLOGY 

TO INTERVENTION:

BRAIN-BASED TREATMENT



mPFC Subregions

•dmPFC

• BA 9, 24 (pregenual anter ior cingulate cortex), and 32 (ante rior  midcingu late cor tex): 

del iberative decision-mak ing and the evaluation o f external  information and social 

s i tuat ions. Predict ing and resolv ing conf licts  be tween internal valuat ions and external  cues.

•rmPFC

•BA 10 and the  anter ior  cingu late  cor tex (BA 24,  32): modulating internal  valuations based 

on external  factors and s ituational  contexts. St rategic decision-mak ing, par ticularly in social  

set tings where exte rnal  cues inf luence  in ternal  judgment s.

• dmPFC: Projections to st riatum to enhance cogni tive control  and inh ibi t reward -seeking



What is important in being “cured” from depression? 

Discordance between physicians and patients

Demyttenaere et al. ,  2015



Anhedonia Reduction Mediates Association 
between Left VS and Life Satisfaction

Eckstrand et al. (2019). JAMA Psychiatry.  

↑ Left Ventral Striatum 
Reward Activation

Reduction in Anhedonia

Improvement in Life 
Satisfaction

𝛃 = -0.07
p < 0.001

Total Effect:  p < 0.01

Direct Effect: p = 0.16
6 months

𝛃 = 0.08
p = 0.04

DIAMOND Study 
N=52

Young Adults with High 
Distress



Theta Burst Stimulation of Frontostriatal 
Reward Circuitry in Young Adults

with Depression
 

After Each TBS 
Session

• rs-fMRI
• reward fMRI
• reward 

behavior 
• mood
(20 min total)

cTBS

iTBS

Sham TBS

29 Youth with 
Depressive 

Disorder
• 18-25 years (M =21.4)

• 79% female
• Range of anhedonia

• No bipolar disorder, 
psychosis history, 

mod-severe SUD, 
serious neurological 
disorder, SNRIs or 

stimulants
• Randomized while 

accounting for 
dmPFC response and 
gender

• 2 sham types

Before 1st  Session: MRI for neuronavigation

3 sessions of TBS to right dmPFC 
(within-subjects design, randomized to order)

Before Each 
TBS Session

• rs-fMRI
• reward 

behavior 
• mood
(15 min total)



…and Youth Who Had 
Greater Decreases in VS-

dmPFC Had Greater
Increases in Positive Mood

Time * Condition F(2,28) 

= 3 .9, p < 0 .05

Time effect for cTBS: 

pooled t(24) = 2.1, p < 

0.05 Helmet Karim, PhD

Targeting dmPFC with cTBS—a 

Brief Form of TMS Thought to 
Reduce Cortical Activity—

Decreased Connectivity 
between VS and dmPFC

Change score analysis: 
r(18) = -0.5, p < 0.05

Tina Gupta, PhD Gupta et al., 2024



• N = 100, 50 with TMS

• age 15-25

• all with depression, varying in 
anhedonia

• 1 year/person

PA Training



TMS Protocol

• cTBS to dmPFC

• Reward/PA system

• (Not left DLPFC!)

• Goal: enable PA flexibi lity

– reduce dmPFC response 

– reduce dmPFC-VS functional connectivity

• Personalized target from resting fMRI

• 20x: 2x/day, 5 days/week, 2 weeks

• PA Training between sessions (Craske)

• Pre: MADRS, MRI, Qs; post: MADRS, Qs



Symptom Change

TMS Treatment 

Response
24%



Anhedonia
Improvement

Happy
min

Energetic
 M

Happy
 M

Anticipatory 
anhedonia

M

Anticipatory 
anhedonia

min

Do EMA and MRI proxies for DA 
predict decrease in anhedonia? 

Brain DA variables not 

selected



Anhedonia
Improvement

Happy
M or min

Energetic
 M

Anticipatory 
anhedonia
M or min

Do EMA and MRI proxies for DA 
predict decrease in anhedonia? 

Brain DA variables not 

selected

better

worse



Responder 
Status

Does neural response to reward 
predict TMS responder status? 

SMA
win

SMA
 anticipation

dmPFC
anticipation

dmPFC
win



Responder 
Status

Does neural response to reward 
predict TMS response? 

SMA
win

SMA
 anticipation

dmPFC
anticipation

dmPFC
win

lower

higher



Anxiety
severity

Responder 
Status

Anhedonia not selected

Do baseline symptoms predict 
TMS response? 



Anxiety
severity

Responder 
Status

Anhedonia not selected

lower

Do baseline symptoms predict 
TMS responder status? 



Predictors of TMS Response

Is TM S to  f rontost r iatal  reward system more l ike ly to work in  those with 

depression-l ike d isruptions? 

• Compensation? Cont rary to  capi tal izat ion  f indings wi th CBT and SSR I

• Treatments  that  target  disruptions more li kely to work  for those wi th  dis rupt ions?

Perha ps re f lecting  appropr iateness to  anhedonic  subtype, lower anxiety  

sever ity wa s related to  h igher l ike lihood of treatment response



Findings on Pathophysiology Have 
Motivated Brain-Based Treatment, with 
Ongoing Focus on Development
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Thanks!

Affective Neuroscience and Developmental Psychopathology Lab

andp.pitt.edu

Participants and families

Current ANDP Team
• Ashley Pogue
• Ashley Wentz

• David Rogers
• Kate Hart

• Colin Rutenbar
• Anvi Kumar
• Megan Julien

• Zach Brodnick
• Chloe Horter

• Kate Hart
• Ola Owodunni
• Tina Gupta

• MDs and PhDs 
• Kristen Eckstrand

• Tina Gupta
• Stanley Seah
• Manny Rengasamy

Forbe

s

Jones
Luna

Price

Ryan Diaz Karim

Calabro



Is this how it is?

Is this how it’s always been?

To exist in the face of suffering and death

And somehow still keep singing

Free, Florence & the Machine
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