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Challenges

1. Conceptual challenges

Relationship between cognitive changes and clinical symptoms 

Measurement of cognitive function

Measurement outcome 

2. Limitations of current pro-cognitive interventions 

New Directions 

3. neural and Cellular basis of cognitive (dys)function

4. Potential neural and cellular targets



0

0.2

0.4

0.6

0.8

1

Ef
fe

ct
 S

iz
e

Effect Size Differences Between Euthymic Bipolar 

Patients and Healthy Controls

Based on 4 meta-analytic studies:  Robinson et al., 2006; Torres et al., 2007; Arts et al., 2008; Bora et al., 2009

Cognitive Profile of Bipolar Disorder
Inter-episode 



MacCabe et al. Br J Psychiatry 2010

Premorbid phase: Population studies

Schizophrenia Bipolar Disorder

Koenen et al. Am J Psychiatry 2009



Multiple developmental pathways

5Papachristou et al. AJP 



No evidence of premorbid decline in Bipolar Disorder 

MacCabe et al, JAMA Psychiatry 2013

Bipolar Disorder Schizophrenia



7Zanelli et al. Am J Psychiatry 2010



Reinares et al. in preparation

High:       17% 
Normal:  49% 
Low:        34% 

High:      30%, 
Normal: 51% 
Low:       19%

High:      32%, 
Normal: 50% 
Low:       18%. 
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Kozicky et al. J Clin Psych, 2014



Post Disease Onset: Cognition as a predictor of outcome

Reinares  et al. JAD  2013



Empirical Clinical Staging in Bipolar Disorder

Reinares  et al. JAD  2013



Cognitive Dysfunction in Bipolar Disorder: 
Relationship between cognitive and clinical features

 General intellectual ability is not compromised prior to 
syndromal onset in the majority of patients

 Some evidence of premorbid heterogeneity 

 No evidence for significant premorbid decline  

 Cognitive dysfunction is present at syndromal onset in the 
majority of patients

 Evidence of post-onset patient heterogeneity

 Magnitude of cognitive impairment seems linked to clinical severity



Pro-Cognitive Strategies in Bipolar Disorder

New Directions



Genome

Epigenome

Environment

Symptoms

Somatic Disorders

Cognitive 
Dysfunction

Neural Network Disruption 

Autonomic, Immune and Endocrine 
Dysregulation

Cellular Alterations
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Neural Network Targets
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From: A Meta-Analysis of Cognitive Remediation for Schizophrenia: Methodology and Effect Sizes
Am J Psychiatry. 2011;168(5):472-485. doi:10.1176/appi.ajp.2010.10060855

Forest Plot of Global Cognition Among Studies in Cognitive Remediation Therapy



Meta-analysis of cognitive remediation studies that include patients with schizoaffective and affective disorders. Mean 

weighted effect sizes (95% confidence intervals) are shown for individual studies ranked according to proportion of study 

sample with schizophrenia

Anaya et al JAD 2012

A systematic review of cognitive remediation for 
schizo-affective and affective disorders



ALE analysis of cognitive remediation training in schizophrenia

18Ramsay et al , University of Minnesota, unpublished data



Chen et al. Bipol Disord 2011

Meta-analyses of brain functional changes in Bipolar 
Disorder

Delvecchio et al. Eur Psychopharmacol 2011

Ventolateral PFC (VLPFC) 

Links emotion with contextually 

appropriate action

Supports inhibitory control 

. Amygdala

Signals salience/ambiguity

. Parahippocampal gyrus

Appraisal of emotional stimuli

. Pulvinar /Putamen

Amplification of 

processing affective stimuli



Ventrolateral PFC inefficiency/hypoactivation
may have a central pathogenetic role in Bipolar Disorder 

Morris et al. Transl Psychiatry. 2012

Emotional Downregulation

PET, Blumberg et al. 
Am J Psychiatry, 1999

fMRI, Altshuler et al.
Biol Psychiatry, 2005

Syndromal Episodes

Pompei et al. Neuroimage 2011

Inhibitory control in remission



21Ruberto et al. PLoS One, 2011

ANK3 rs10994336 polymorphism

Dima et al. JAMA Psychiatry 2013



Lessons from resilience

Pompei et al. Neuroimage 2011 Giakoumaki et al. Psychophysiology 2010



Target Remediation Interventions

Increase DLPFC engagement

Goal Management Training 

Decreased Stress Reactivity

Stress Management Training

HPA / Orexin System

Watson et al. Biol Psychiatry. 2012
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Cellular Targets



Callosal thickness reduced in patients with 
Bipolar Disorder but not their healthy relatives 

Walterfang et al. Prog Neuropsychopharmacol Biol Psychiatry. 2009

Total white matter volume predicts functional 
outcome in patients with Bipolar Disorder but 
not their health relatives 

Forcada et al. J Affect Disord. 2011

Vederin et al. Prog Neuropsychopharmacol Biol Psychiatry. 2013

White Matter Abnormalities in Bipolar Disorder



Oligodendrocyte dysfunction

▶ Reduction in oligodendrocytes PFC 

and ACC 

▶ Reduced oligodendrocyte-related gene 

expression

26Frangou et al. J Psychopharmacol 2007



Reactive Astrocytes

Neuroinflammation

27

Activated Microglia

Anti-
inflammatory 

drugs

Aspirin

Minocycline

Altered GSK3b; b-katenin

GSK3b 
Inhibitors

Li

↑TSPO
mitochondrial 

membrane protein

↓BDNF
And other trophic 

factors

↑Glutamate

IL-1

IL-6

TNF-a ↓Monoamine
Synthasis

DA Agonists

↑NMDR 
activation

↓NOS
activation



Concluding Remarks

1. Premorbid general intellectual ability is preserved  in the 

majority of patients with BD 

2. At the time of syndromal onset patients present with a 

number of cognitive difficulties 

3. Cognitive  deficits may predominantly cluster within 

subgroups of patients 



Concluding Remarks

1. Cognitive dysfunction and clinical symptoms are emerging 

phenomena reflecting altered neural network function 

2. Cognitive and clinical symptoms may involve overlapping 

circuits 

3. Remediation strategies should be neuroscience informed 

Anchored on neural circuitry dysfunction 

Targeting underlying cellular abnormalities  




