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Neurobiology of Reward Processing

Binge eating disorder patients:
• Low positive affect, anhedonia
• Increased striatal dopamine 

release in response to food cues
• Decreased prefrontal activity 

modulating response inhibition

Binge eating disorder is the most common of all eating disorders. 
Binge eating is associated with rising rates of obesity.

Are these changes a cause of 
consequence of binge eating?dopamine
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Animal model of sucrose bingeing
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• yo-yo diets

• stressor

Sucrose bingeing

• reduces the rewarding effect of sucrose

• increases compulsive and disinhibited responding for sucrose

• disrupts activity of dopamine neurons



Excessive sucrose intake produces 

immunocompromised state, 

rendering animals susceptible to 

infection…. and depression

Sucrose bingeing  produces:
• brain necrosis

• elevated cytokines

• increased white blood cell counts

• neuroinflammatory markers

Immunocompromised State



Inflammation Alters Reward Processing

Psychiatric disorders characterized by 

reward dysfunction are associated with 

alterations in neuroimmune responses.

• addiction, depression, Alzheimer’s 

Stress Impacts Reward Processing

Stress
Inflammation

Anhedonia

Endocannabinoids

Neuroscience and Biobehavioral Reviews 2016



Stress, Inflammation, and Anhedonia

Lanoix, 2013
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• Chronic stress elevates 
ACTH release, leading to 
adrenal gland hypertrophy

• Stress-related disorders, 
including major depression, 
are associated with 
increased adrenal volume

Biological stress assay 
predicts anhedonia



Reward-immune Interactions:
When you are sick, why do you feel unhappy?

Working model:
“Neuroinflammation mediates the impact of 

stress on reward function via a biological 

system….. .”

“… examine the impact of stress and immune activation on anhedonia …

testing participants in stress paradigm 21-29 hours after flu vaccination, a 

period of peak inflammatory responses.”



Stress and Health, 2020

Stress and Inflammation: 

A Naturalistic Experiment

SARS-CoV2 is primarily a respiratory virus, but… 

• prognosis is worsened by pre-existing conditions characterized by 
inflammation

-hypertension, obesity, diabetes
-aging associated with increased inflammatory responses
-males are more susceptible to poor COVID outcomes



• chronic stress and SARS-CoV2 
induce inflammation

• interaction amplifies inflammation 
producing cytokine storm

• psychiatric conditions 
characterized by hypercortisolism 
will be associated with poor 
prognosis following COVID 
infection

Cytokine Storm: 
State of Intense Hyperinflammation

Prediction: 
Chronic stress impacts adrenal function, rendering individuals more 
susceptible to negative COVID outcomes

healthy COVID stressed



Does COVID-19 Impact Brain Reward Function?

Post-COVID symptoms include:
• lack of interest in daily activities
• ‘brain fog’ 
Anhedonia and cognitive control
predict poor outcome in depression

Attentional Network Task

Which direction is 
the arrow pointing?

Self Report Measures
• depression
• anxiety
• anhedonia
• stress
• cognitive control
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Depression

AnhedoniaAnxiety

Brain, Behavior, & Immunity (2021)

Long COVID
• 1-4 months post-infection
• increases depressive scores
• increases anxiety
• increases anhedonia 

• “whopping effect”



Increased conflict score 
consistent with:
• reduced activity in dorsal 

anterior cingulate cortex 
• health conditions with 

increased inflammation 
• performance of depressed 

patients

Long-COVID Selectively Impairs Cognitive Control

Nature March18 2021 



Stress Perceived stress scale (PSS)
• independent of pandemic-related stress 

experiences (Pandemic Stress Index)
• perceived stress does not moderate COVID 

effects on depression, anhedonia, or anxiety

Self-reported Stress

SARS-coV-2
• virus that causes COVID-19
• mimics amino acid ACTH 

sequence
• antibodies destroy ACTH
• decreases cortisol production

Stress 
response

Stress-COVID Interactions



Stress-
response

depressive 
symptoms

COVID-19 
infection

Assessing long-term adrenal functioning & depressive 
symptoms in COVID-19 survivors

• Self-report measures: depression, anxiety, anhedonia
• Behavioural measure: Implicit Association Task
• Perceived stress: Pandemic Stress Index
• Cortisol responses to acute stressor

Challenges: 
Most participants have been vaccinated multiple times, and the majority 
have been infected with COVID, also multiple times!

Biological Basis of Stress-COVID Interactions



Next Steps: Large-Scale Meta-Analyses



Prevalence of Long COVID in China

• Over 1,000 individual who 
survived hospitalization due 
to COVID-19

• More than half report
symptoms 2 years later

• Close to 30% suffer anxiety 
and depression one year later

>1 symptom



World-wide Estimates of Long COVID

38% of 3,700 patients from 56 countries

4 months post-infection

Most common estimate: 25%-40% of patients show more than 
one symptom four months post-infection



Characterizing Long COVID

Chen et al., J Infectious Diseases 2022

• Over 50 studies separating prevalence of individual symptoms  

• > 200 symptoms 
associated with 
Long COVID 

• cognitive deficits
are centered on
frontal lobe
function

• similar patterns of
cognitive and
affective
symptoms
reported with
SARS and MERS
infection



Predictors of Long COVID

Bucciarelli et al., Tr Cardio Medicine 2022

• males often experience 
worse short-term effects 
and longer recovery from 
COVID

• females experience 
worse short- and long-
term mental health 
effects of COVID and 
have higher risk for long 
COVID

• asthma is strong predictor of 
respiratory problems in long 
COVID but doesn’t link to 
mental health symptoms

• ongoing debate whether 
vaccines protect against
long COVID



Predicting Long COVID

Over 60 000 individuals surveyed from April 2020 to Sept. 2021

• Pre-infection 
psychological 
distress associated 
with increased risk 
of long COVID

• significantly impact 
on daily activities

• Increased stress may 
explain the higher 
proportion of women 
that develop long 
COVID



Stress-induced Susceptibility to Long COVID

Social isolation
• alters immune function
• reduces function of reward 

system

“Inflammation and immune dysregulation may link psychological distress 
with long-term COVID.” 

• Chemo-fog is produced by immune system dysregulation
• Gender differences in long COVID presentation disappear with age
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