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Background Methods Results Conclusions

SCHIZOPHRENIA AND BIPOLAR DISORDER: FROM SEPARATION TO CONTINUITY

PSYCHOTIC 
SYMPTOMS

DEPRESSION/MANIA 
SYMPTOMS

Schizophrenia
Schizoaffective disorder

Psychotic symptoms with AND 
without depression/mania

Major Depressive Disorder / Bipolar disorder

Mostly 
depression / maniaWITH 

psychotic symptoms
WITHOUT 
psychotic symptoms

Despite the traditional nosological discrimination separating schizophrenia and bipolar disorder1, 
cross-domain evidence suggests a quite large degree of overlap between the two disorders at multiple levels.

THE EXTENDED CONTINUUM

CLINICAL
OVERLAP2,3

PARTIALLY 
SHARED 
GENETIC 

RISK4,5

1. American Psychiatric Association, 2013 2. Pearlsnon, 2015 3. Lake, 2010 4. Moskvina et al., 2009 5. Purcell et al., 2009



THE “QUANTITY-OR-QUALITY” DILEMMA

The most of univariate literature9,10 is relatively consistent in showing more quantitative (i.e., in terms of severity of impairments) than 
qualitative (i.e., in terms of differentially impaired domains) differences between full-blown bipolar disorder and schizophrenia for what 
concerns the pool of typical cognitive and socio-cognitive alterations.

THE COMPLEXITY GAP (1): WHAT ABOUT THE INTERACTION BETWEEN COGNITION AND SOCIAL COGNITION?

Among phenotypes in common between patients with schizophrenia (SCZ) and with bipolar disorder (BD), those related to cognitive and 
socio-cognitive impairments 6,7 play a key role, resulting crucially associated with both the diseases 8.
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6. Bortolato et al., 2016 7. Bora & Pantelis, 2016 8. Jiménez-Lopéz et al., 2019 9. Daban et al., 2006 10. Reichengberg at al., 2009



BACK TO THE ORIGINS: THE EXTENDED RISK CONTINUUM

Millan et al., 2016

Subclinical signs identifying risk conditions for both psychosis and
bipolar disorders are paralleled by similar (quantitatively and
qualitatively) cognitive and socio-cognitive impairments11,12,13 

THE HETEROGENEITY GAP (2)

...described by highly heterogeneous susceptibility trajectories
resulting in multiple clinical fates and outcomes.

Overlapping cognitive and socio-cognitive abnormalities in full-blown 
BD and SCZ as potential downstream manifestations of a common 

risk core...
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11. Sheffield et al., 2018;      12. Bauer et al., 2018;         13. Lee et al., 2015 



MIND THE GAPS: THE MACHINE LEARNING OVERCOMING CONTRIBUTION

Background Methods Results Conclusions

MACHINE LEARNING (ML) TECHNIQUES ALLOW TO OVERCOME BOTH THE COMPLEXITY AND THE HETEROGENEITY GAPS 

BY DELIVERYING DATA-DRIVEN MODELS BASED ON DECISIONAL RULES

ML FEEDS RESEARCH: SUCCESSFUL IDENTIFICATION (AT FULL-BLOWN STAGES) AND GENERALIZATION (TO EARLY ONSET AND AT RISK CONDITIONS) OF 

INDIVIDUALIZED AND FINE-GRAINED PATTERNS OF COGNITIVE AND SOCIO-COGNITIVE ALTERATIONS

ML FEEDS CLINICAL PRACTICE: READY-TO-USE INFORMATION ABLE TO SUPPORT CLINICAL DECISION MAKING IN THE REAL-WORLD PRACTICE 

(EARLY DIAGNOSIS, PROGNOSIS, NON PHARMACOLOGICAL TREATMENT)

INDIVIDUALIZED GENERALIZABLE

Identification of latent interactions 

between multiple domains 

(i.e. cognition, social cognition)

and eligible markers of psychopatology (risk) 

from multiple predictors used 

as a unique multivariate information14,15

MULTIVARIATE

Results quantified at the single subject-level

(rather than at the group-level only)16

Validation of the generated models on independent 

popoulations of individuals via internal and external 

cross-validation (CV) methods16

14. Kloppel et al., 2008;      15. Lao et al., 2014;         16. Dwyer et al., 2018 



AIMS AND STUDY DESIGN

1) To identify data-driven cognitive and socio-cognitive 
signatures of BD and SCZ at the single-subject level, 

furtherly investigating: 

2) their trans-diagnostic relevance 
(VS. specificity for each diagnosis)

3) if the identified signatures were also relevant to risk 
conditions for these diseases or their early stages.

To identify profiles of cognitive and socio-cognitive similarities and differences between bipolar disorder and schizophrenia, 
also testing their prognostic relevance before the full-blown onset
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SAMPLE CHARACHTERIZATION AND MACHINE LEARNING PIPELINE

MODALITY 1
COGNITIVE UNIMODAL CLASSIFIER

(52 FEATURES)

Phonologic and semantic fluency
Continuous Performance Task

Trail Making Test
Wechsler Memory Scale

Rey Auditory Verbal Learning Test
N-Back task (0,1,2 back)

Wisconsin Card Sorting Test

CLASSIFICATION 
ALGORITHM

CROSS VALIDATION FRAMEWORK
FEATURE

ENGINEERING

Classification strategy
Support Vector 

Machine (LIBSVM)
11 C parameters

(0,0156 [first] -16 
[last])

Number of modalities: 
2

Cognition
Social cognition

Fusion strategies: 
Stacking-based

Double cycle, nested cross-validation

CV1 (inner cycle) 
5 permutations, 10 folds

CV2 (outer cycle)
5 permutations, 10 folds

→0-1 scaling of data
→ k-Nearest Neighbor imputation
→ Partial correlations to regress out 

age and gender confounding 
effect

Wrapper-based 
procedures 

(Forward greedy 
feature selection, 

80% early 
stopping, each 

feature stepping)
PREPROCESSING PIPELINE

MODALITY 2
SOCIO-COGNTIIVE UNIMODAL CLASSIFIER

(37 FEATURES)

FEIT 
(Facial Emotion Identification Test)

TASIT 
(The Awareness of Social Inference) 

MSCEIT 
(Meyer-Salovey-Caruso Emotional 

Intelligence Test)
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DISCOVERY UNIMODAL AND MULTIMODAL CLASSIFICATION ALGORITHMS
Between-cohorts performance comparison

In both the cohorts the multimodal classifier 
(i.e., stacking-based model) performed better than the two unimodal classifiers

THE MULTIMODAL INFORMATION CONTRIBUTES TO BETTER DISCRIMINATE BETWEEN HEALTHY CONTROLS AND PATIENTS
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HC1-BD HC2-SCZ

CLASSIFICATION MODELS (Balanced Accuracy %)



WHAT KIND OF DEFICITS AT THE CORE OF EACH DISORDER?

Probability of each feature for being selected in the Machine Learning Cross-Validation framework 
for the cognitive and the socio-cognitive classifiers

HC1-BD HC2-SCZ

COGNITION → dominance of memory-related core deficits

SOCIAL COGNITION 
→ dominance of emotion identification core deficits 

COGNITION → broader pool of core deficits 
(information processing + memory and learning + semantic fluency)

SOCIAL COGNITION → more balanced core deficits among 
basic and complex social inference and emotion identification
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REVERSAL DISCOVERY-VALIDATION STRATEGY
Classification performance (2)

Reciprocal validation 
of the signatures generated in 
HC1-BD and HC2-SCZ cohorts

→ Despite the identification of some 
“core”, diagnosis-related alterations, 

the high generalization of each model 
to unseen individuals with a different 

diagnosis proved the non-specificity of 
the overall bipolar and schizophrenia 

signatures

“Fade” bars represent the performance 
derived from the application of all the models generated 
in each discovery cohort on the data from the other one
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EXTERNAL VALIDATION 
ON INDIVIDUALS AT CLINICAL RISK OR AT FIRST EPISODE OF PSYCHOSIS

External validation 
of the multimodal HC1-BD discovery model

BD-related and SCZ-related multimodal signatures generalized to early stages of disease irrespectively from diagnostic boundaries

CHR may be affected by cognitive and socio-cognitive alterations, but such impairments may not be shaped as those present in full-
blown schizophrenia or bipolar disorder yet

External validation 
of the multimodal HC2-SCZ discovery model
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1. Despite diagnosis-related “hubs” of cognitive and socio-cognitive alterations can be identified, full-blown bipolar disorder
and schizophrenia share in both domains an overall common pattern of multi-domain impairments that should therefore be
trans-diagnostically approached. For both the diseases, classification signatures’ accuracy benefit from the combination of
information from both the cognitive and the socio-cognitive domain (→ multimodal model bears the greatest amount of
classification power)

→ effective remediation strategies for BD or SCZ individuals should be tailored both on these specific cognitive and socio-
cognitive deficits at the core of each disorder, but anyway within an overall approach involving assessment and intervention
also on less central alterations.

2. Our findings support the potential translation of such trans-diagnostic framework at earlier stages of diseases, but only after
the disease onset and not when individuals are just at clinical risk.

→ our results are potentially relevant from a clinical perspective, as they provide ready-to-use information to refine
individualized intervention focused on cognitive and socio-cognitive impairments for both the earlier and the chronic phases of
the diseases.
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FINAL LANDMARKS AND CONCLUSIONS
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