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Emil Kraepelin（1856―1926）
1893: dementia praecox

Eugen Bleuler (1857 –1939)

1908: schizophrenia

Bleuler ’s 4-A

1．（Autisim）

2．（Ambivalence）

3．（disturbance of Affect）

4．（loosening of Association）

History of Schizophrenia

Hallucination
Delusion



“Schizophrenia is a graveyard for neuropathologists”

Since Kraepelin, neuropathological (postmortem brain) studies of schizophrenia 
has been done extensively by psychiatrists such as A. Alzheimer

However,  he failed and 
At the 1st International Congress of Neuropathology in 1952, 
the conclusion that 
“there is no neuropathology of schizophrenia” was announced. 

Neurology has biomarkers but psychiatry does not 

In vivo Amyloid imaging
1906: the first case report 
of “Alzheimer’s disease” PET Imaging biomarker of ADSenile plaque (amyloid)

(1864–1915)



During1950’s -1970’s, neurobiological research of schizophrenia declined. 

Revival of neurobiological research of schizophrenia 

Lancet, 1976

Special issue of schizophrenia
Nature 2010 



Psychiatric diagnosis is based on 
behavioral signs but not on biomarkers

Wide gap between phenomenology and 
neurobiology

Discontents of categorical diagnosis
Comorbidity：
Comorbidity rates are very high in psychiatry (roughly 50%)

Heterogeneity:
For example, in DSM-5, there are 636,120 ways to meet diagnostic 
criteria for PTSD

Not otherwise specified (NOS) diagnoses: (rubbish bin diagnosis)



• Current situation has prompted us to shift from categorical diagnosis 
to dimensional (and data-driven) diagnosis, aiming to redefine 
psychiatric disorders as disorders of neural circuitry. (e.g. NIMH RDoC)

• Promising candidates for data-driven diagnosis include resting-state 
functional connectivity MRI (rs-fcMRI)-based biomarkers. 

From categorical to dimensional
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Combination of machine-learning algorithms of L1 regularized sparse canonical correlation 
analysis (L1-SCCA) followed by sparse logistic regression (SLR; Yamashita et al., 2008). 

L1-SCCA to identify a subset of FCs relevant only to diagnostic label while factoring out the 
effects of noise and NVs. 

SLR to further perform dimension reduction to mitigate the over-fitting and to extract the 
essential FCs representing the abnormal connectivity in schizophrenia.

Machine-learning algorithms 

rs-fcMRI: 9730 connections

ASD/HS Age Sex Site Spec Eye Open/Close

Site/Subject Independent features

ASD/HS

Canonical components

Sparse Logistic Regression  

Properties：

label：

latent relationships 
between FCs and 
various attributes of 
each individual



Temporal sequence of 
brain activity in 140 

ROIs

Correlation matrix 
of 140 ROIs
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# of SSD 
subjects: 68

# of Healthy 
controls 

subjects : 102

Each subject

Rs-fcMRI data from 68 patients with SSD and 107 healthy controls obtained from 
two different MRI scanners in Kyoto. FC data in each individual were analyzed as a correlation 
matrix representing the Pearson correlation values for 9,730 pairs of time-series data 
extracted from 140 regions in the sulci-based anatomical atlas.

Rs-fcMRI-based biomarker for Schizophrenia 
Spectrum Disorders (SSD)

Siemens Trio 3T

Siemens Tim Trio 3T 



Chronic schizophrenia 

62 patients and 102 controls

Siemens Trio 3T and Siemens Tim Trio 3T 

Kyoto University

First episode schizophrenia 

30 patients and 71 controls

Philipps Achieva 3T 

Johns Hopkins University

Chronic schizophrenia 

47 patients and 43 controls

Philipps Achieva 3T 

Utrecht University

Chronic schizophrenia 

46 patients and 61 controls

Siemens Tim Trio 3T 

COBRE database

Generalization of biomarker to independent data sets obtained 
in different countries with different MRI vendors 



Unitary psychosis
Lancet 2013

JAMA Psychiatry2015

Overlap among various psychiatric disorders  



1911: Eugen Bleuler coined the concept of autism to 
describe a symptom of the most severe cases of 
schizophrenia

DSM-Ⅱ(1968) no distinction

History of distinction between schizophrenia and autism

60-70s’: Sir Michael Rutter and other British psychiatrists
challenged this view

Sir Michael Rutter (1933-)

1943: Kanner originally conceived autism as a 
subtype of schizophrenia.

Leo Kanner (1894-1981)

DSM-Ⅲ(1980)  distinct criteria 



Burbach et al 2009

Relationship between schizophrenia and autism

Subsumed model

autism schizophrenia

Separate model

Overlapping model

Recent genetics studies indicate that both 
conditions shares some risk factors (loci and 
pathways)



We examined the specificity of the SSD classifier by applying the 
developed classifier to psychiatric disorders other than SSD. 

Application of the SSD classifier to other disorders

Yoshihara et al submitted

The SSD clarifier did not 
distinguish other  psychiatric 
disorders from their controls.



Description of psychiatric disorders by 
multiple biological dimensions

Probabilistic classifiers provide
・a degree of classification certainty

・neural liability to SSD, ASD etc
(SSD-ness or ASD-ness)

・new biological dimension of SSD, ASD etc



A prediction model of working memory 
capacity by rs-fcMRI in healthy subjects 

Visual working memory task
(3-back task)

Yamashita et al Sci Rep 2015

9 connectivity out off functional connectivity between 153 
combinations of the 18 intrinsic network masks 
(18 × 17/2) and functional connectivity within 18 masks



Generalizability to schizophrenia patients’
working memory capacity

• The model built by healthy subject was applied to 
schizophrenia data obtained by different working memory 
measures and MRI scanner (Kyoto Uni).

“3, 4, 2, 6, 7, 5, 9”

“2, 3, 4, 5, 6, 7, 9”

asked to tell the numbers in order, 
from lowest to highest.

Brief Assessment of Cognition 

in Schizophrenia (BACS)

-Digit sequencing task 

(auditory working memory)


