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• The pre-cl inical stage of 
dement ia,  mi ld cognit ive 
impairment (MCI) carr ies 
various pathological 
pathways and respective 
prognoses. 

• The two foremost causes of 
MCI and dementia are 
Alzheimer ’s disease (AD) 
and Lewy body disease 
(LBD) respect ively,  and 
large-scale autopsy studies 
show that 43-53% of cases 
have two or more 
neurodegenerat ive 
diseases[1].

• In part icular,  AD pat ients 
with LBD show more rapid 
cognit ive decl ine and 
disease progression than 
pat ients with AD alone[1][3] .  

• Hence, correct ident i f icat ion 
of  AD and LBD in MCI 
pat ients plays a crucial  role 
in effect ive designing of 
t reatment methods.

• We ut i l ized quant i tat ive 
electroencephalography 
(QEEG) to generate a 
c lassif ier that discr iminates 
the degree of LBD in MCI.

• A total  of  180 MCI pat ients’ EEG data were 
aggregated into 3 groups, pure AD (n=29), pure 
LBD(n=88),  and mixed (n=63).  The mixed type was 
further subdivided into main AD (n=31) and Mixed 
(n=29)and main LBD(n=3) groups, in accordance 
with AD/LBD tendency exhibi ted by the pat ients.

• The cl inical label l ing was brought by the 
experienced experts of  Yonsei Severance hospital,  
South Korea.

• 1D SE-ResNet-based classif icat ion model (Figure1) 
was establ ished for quant i tat ive invest igat ion of  AD 
and LBD propensity.

• The power spectrum density (PSD) in dB/Hz scale 
were computed from the EEG data that was 
measured in 19-channels f rom subjects’ scalps at  
si tes corresponding to the internat ional 10 -20 
system and 19-channels PSD data were taken as 
the input of  the classif icat ion models.

• Due to the smal l  number of  data,  augmentat ion was 
appl ied to the training data. The augmentat ion 
method is i l lustrated in Figure 2.  Ini t ial ly,  the EEG 
data is segmented into 4 -second epochs through 
cropping. Subsequently,  the absolute PSD is 
calculated for each epoch, and a random select ion 
of  PSD data is made. The chosen PSD data is then 
averaged and transformed to the dB/Hz scale.

• The f inal  dataset was spl i t  into 8 to 1 to 1 rat io 
(Train n=5968: 2274 pure AD + main AD; 3694 pure 
LBD + main LBD, Val idat ion n=40: 3 pure AD + 3 
main AD; 8 Pure LBD + 26 Mixed, Test n=18: 3 pure 
AD + 3 main AD; 9 pure LBD + 3 Mixed).

F i g u r e  1 .  1 D  S E - R e s N e t  m o d e l  a r c h i t ec t u re  

Original data augmentation

Pure AD 23 1084

Main AD 25 1190

Main LBD 3 153

Pure LBD 71 3541

Total 122 5968

Ta b l e 1 .  T h e  n u m b e r  o f  t r a i n  d a t a  ( E E G  d a t a )

F i g u r e  2 .  ( a )  F l o wc h a r t  o f   d a t a  a u g m en t a t i on     
( b )  A u g m e n t a t i o n  r e s u l t  o f  o n e  s a m p l e  d a t a  ( b l a c k  

b o l d  l i n e  :  m e a n  o f  g e n e ra t ed  d a t a )  

(a) Original EEG Data

Cropping data to 4 second 

Calculate absolute PSD

Randomly select PSD

Calculate average PSD

Augmentation data

Translate absolute PSD 

to dB/Hz scale

• The confusion matr ix of  c lassif icat ion models 
are shown in Table2.Val idat ion results of  
83.3% AD sensit iv i ty and 70.6% LBD sensit ivi ty.  
And test resul ts were at  83.3% accuracy, 
83.3% AD sensit iv i ty and 83.3% LBD sensit ivi ty.

Ta b l e  2 .  c o n f us i on  m a t r i x  o f  Va l i d a t i on  &  Te s t  r e s u l t s

Validation
pred 

LBD(-)
pred 

LBD(+)

pure AD 3 0

main AD 2 1

Mixed 8 18

pureLBD 2 6

Test
pred 

LBD(-)
pred 

LBD(+)

pure AD 3 0

main AD 2 1

Mixed 1 2

pureLBD 1 8

(a) pure AD, pred: LBD (-) (b) main AD, pred: LBD (-) (c) pure LBD, pred: LBD (+)

F i g u r e  3 .  X A I ( m e t hod =  G r a d  C a m )  r e s u l t  o f  A D / L B D  t e n de nc y  
c l a s s i f i e r  m o d e l ;  ( a )  X A I  r e s u l t  o f  t r u e  c l a s s -pu reA D  

( b )  c l a s s  – m a i n A D  ( c )  c l a s s - p u r e LB D

• Based on the XAI results shown in Figure 3,  
the classif ier model exhibi ts s igni f icant 
at tent ion to the Delta band (1 -4Hz) for 
predict ion, fol lowed by theta and alpha bands 
in terms of weight ing. 
MCI-LBD tends to show a relat ively s lower 
qEEG main frequency compared to MCI -AD [2] ,  
and our model also appears to pay attent ion to 
this reasonable aspect.

• QEEG-based  deep  lea rn ing  c lass i f ie r  deve loped  
in  th i s  s tudy success fu l ly  d i s t i ngu ished  the  
degree  o f  LBD in  MCI  pa t i en ts .  

• Our  mode l  can  he lp  i den t i f y  sub type -spec i f i c  
spec t ra l  t rends ,  wh ich  cou ld  a l so  make  
con t r i bu t ions  i n  the  es tab l i shment  o f  e f fec t i ve  
t rea tment  methods  fo r  MCI .
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