creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Sh= AdRloA A dS S
of|Z: Cox H|H A2
natolw Al BA Py

Prediction of Cardiovascular Risk in Korean Adults:
Cox proportional hazards model

and privacy—preserving deep learning

20229 44



= Ao A AEEE 28 S
o= Cox H|#|HARF T}
natolH Al BA Py

A ¥ = 3 A

o] EEE st} SR o s AZT
20221 4 €

299 ostebat Shfl=iEe AT
202298 74

SR 4 3 @ Q)

H.o191% & 3 3 (€D

9 ¥ H A& (<)

=) 9 o] o 9 1))

(D)

)
o,

N,
ofN
rl




FE 282

2 AoA AHER A3 A=
% Cox WAL GY
matol WA HAH Yol

lo
o
)
Lo
o4
10 by
o ol
ol el

>
o
Al
[
El
fuj
)
o

525 (Artificial Intelligence; ©]s} ADo] oz FofojlA FH ISt
AHe Ho FiL AT o FZofolA JIFAs RS MEdsts A2

MAFEHE S ot Alefer <l AF=EL Uty Zeto]HA] HA
d2d  (Privacy Preserving Deep Learning; ©]st PPDL)2> ZHJIHEHE

Hosle sAlOl Al Ede 9T 5 dom, 19 dFQl dges

H4 YEHYIE Ad o= 7oA olE E&sr] ofHu. ¥,
Zo]dtE8ks (Transfer Iterative Learning; ©]sF TIL)2 Zo] &5 (Transfer

Learning)ell 7|5, @43t PPDL €9 dgEo=A o H2 FA4l
5 -
1



vl g o2 FLo| vEgRtet 29 4ds& 24T & Utk

7139 F&E dlolg] 2% (Common Data Model; ©]5} CDM)o|

g2 dlolHE ¥ dHlolHz AlEdeldsty FL¥ TIL& sk

GG uig Ad ¢S5 2 S fsted, AT dFtel disy
M= d5d AEIEAD] diet o5 2ol gAR, d=s Zd

ofAlol IS dHige® N HEY2 Zdo] tyrf. 2009E 1EA]
20169 129712 AFEAFTEY =7 A0ddS Al T2 =l F
Aedadstel Iys P or

AEA Aol gle 40A014 7941 Atele] 21,581,796 (&4d: 10,412,

9477, o4d: 11,168,849%)° Adelezm  AAEHIY. L4z A<l

o
lo
_O|L
2
|o
=)
o
rr
N
o
KT

QL
o
ri
lo
od,

AX doleE olgateeh. o=

292 Cox HIE 9d RIe= AZEHew 109 wx HFom

AZ5HETE, By o] 452 Harrell's C-index@} Brier score® H7}5F Tt
nygol &7 58 (discrimination) $417} 2EEATAH 249 FAst

M2 (Area Under the Receiver Operating Characteristics curve; ©]5}
AUROC)2 2 HAsIgh B9l AUROCE dAolA 0.762, o14elA
0.8115 H o™, Brier score= d/dollA 0.018, oJidolA 0.0100]. &

Aol By gh=le] thallA] Framingham risk score (FRS)2} pooled

11 -":l'\-\._! _'\-\.I_- i



cohort equation (PCE)Rt} £ A5 EHch

doles +/% & flv @404 dxdad

1—

% RS st trldS AlEFEoldsty] fIsi 5719 Aol
BEXE Ad 7] 7oz e, TIL 2ge RE folgg F3d)
AZte mgat vjwste] 7Pg W A 97.6%, 7HE 2 % 99.6%9

A4 & (Relative Efficiency; ©|st RE)= Hth FL 99.4%9°]

nﬂo
O_u

RES Bgom, §2 glo] 449 dolegtos sud 9 shg nge

D AoltEsly, metolwA BA geld, dEEY, Y-EnAY,

e 4N
ko
9

g
L
I

, S HolEH Y

2

H 1 2016-30548

111 -":lx_! _'k.l_- o



A 1% Cox HAGERFS ol g3 NI B o5

| SRR 1
A1 ARSI ZZE AT BT e 1
A 2 D BA AT] e 4
Al 3 AT AT BTE e 7
Al 4 AT QA oo 9
A5 AT W, B8 L OO e, 10
A6 A B7FE AT A A e, 12
A 2% AEEHES S Y] HHE e, 15
A1 A AT ZE AT AT A e, 15
Al 2 A ATEETO] ZHO] e 18
Al 3 A BIFATO ZHO e 21
A 4 4 Cox HEH 9 BP9 o] HIA .o, 22
A5 HBA B e 25
A 3% AEIHES S Y] AT, 26
A1 AAEETES AlS B e 29
A2 AAEIRAT AS B A 44
A 4% AEHIEHES S Y] TF e, 46

v __Jx_'é O



Al 2 F moto]HAl HA HI Y-S o8 AHEE g
A=

AT A B et 53
A1 A xefolA]l B Had AT HIZ e 53
A 2 A AT e 55
Al 3 AT A B e 58
Al 4 AT B e 60
A S AATFY] WG, B L OO 61
A 6 ™ AHEHE WHEN 5 HIHE AT AF o 62
Al 2 % metolHA BAE HEd BPO WHE ..o 65
A1 AHOTE] ZEE e 65
A 2 AHOTE] ZHT .o 69
Al 3 A7HEY o] A RTIT A e 72
Al 4 AETH DAZZTF TTF e 73
A 5 ATH DAZFO] AA e 80
A 6 A AT A e 83
AT A 7T A et 85
A 8 A IO, TITF e 86
Al 3 ZatolHA HA gl BPY AT e, 88
A 1 A xefolA] B Hed o] Z|AIShE To]Zabl e 88
A 2 dzoefolHA] HA oA &7 L EE e 90
A 3 AT 71T 71 B e 92
A 44 71 7 SFAA TIL 2 Ao, 107
A5 AT TE 7 SHAA TIL L Ao, 125
A6 Aae 71 87 SFAA TIL & Ao, 140
Al 7 AFLI TIL & FA B89 BT e 152
Al 4 maolHA HA ey oF BP9 1. 157
e | e e e e b e s et e e e bt e e ebeeeenteeenrreeenns 161
FETLE R ottt ettt 165
F N 015 Tod AR 175

v __Jx_'i i



——

|
o 0
T 1W%wwﬂ%mmﬁ4 -
: y o0 XS 0 1_|
o] Dol m./HlA. ,__MQJ.‘_ %M.ﬂ_/oz
o S N A HE 3 I888 S T
jad R S : ”\E/CN KW D 111u22<2J <t
R S PO 8 i HCH IO &
) L iE L e ™ E N
F F an.mm@_ RN m i
e w R DS A _y f o _ﬂuuﬂﬂ I ..._.
) o B RIS mﬁamawwﬂﬂﬂ.%& ~
<A Wmuimﬂﬂmwmmw . JCH SYRT W E A
L oW B BT o o O
o o e % or oo i Q_o L P TORCORCORCORC Mo el
ajo mm:ieﬂmo,sm — u NS m
—_ (T P g g Q= i 0 : .ﬂoqﬁ77ﬂ|1r1m_
0 o o S - 8 S s nomomoébﬂot
Th NMﬂAT 27 2 m : o_E Dy e o Eo O fr
o mﬂznﬂo__ou,memmH o P wﬁweeﬂﬂwﬂwmx
8o o M &5 &5 S 8T T T )
__ A Rl ol ™ T T 4
R ol h S RCIRCIRCIC)
M gkl i o T S P O b b b b o
‘Iﬂmm. - — CR N To T~ I ‘_n_m.o‘_n_m..o‘nm..o _I__ JH,._
B oiiragiciz A oF HEEuo T
Q T o] == m —.A L) -
o mm = N T e P ot oW il e e T >
i3 mmﬂﬂ%%%k&%m mﬁo%mﬂmﬂmﬂ@@ﬂﬂﬂ
a _ﬂu_._ D._HD._ —_— OATwrwr_' ﬂH._ﬂH._ﬂ_ﬂﬂo,I
y %%%wﬁm@xm_z B M%%%HWW%%&%
o 7,m.LﬂLCZE®.MHW —_— N LﬂNL,._OlL,._Olo,O',O'ﬂo
o 28 wow o T ™ Q I R R R o 3
o+ WH@_H%@Hm%@ o) hﬂ%%%%%>>%m
Wénuﬂﬁﬁwﬁmagmﬂ H dourmlﬂoﬂoﬂoj_.o&o,__oaue
—_ T 9T9 < e o X0 %0 %0 RV o
—XoogyoseR ¥ wB LT G
T 233%%_ _,Aﬁn ZAU._ﬂmLﬂdeﬂdﬁmﬂ7
I oo e — ™ ((@@@ﬂL%
oA B O X .l _Z__l LJ of 0 0_3 <+ n O >~ - H o
H ®T e GO
SR B B R = h ch ch o B



-1

i)

2 7
Al 17 Cox HIFHAAEFS o]&3t HHEH A& 9=

a9 2-1 AEITAS o= 282 gt A4 Fogzte] IS E A9 .16
a9 3-1 Ao 12 (dA) Cox Bl tist A7 o Al%2] Schoenfeld

B ettt ettt ettt 40
I 3-2 Ao 2 (oJ4]) Cox B digt Al7F of Al5=9] Schoenfeld
FEREIE et 43

9 1-1 7]1&9] AI9F 24F a5 A7 T e, 55
a9 1-2 do8te 2 9 ZHALTY N8 56
T 2-1 BIF HGE] A e 66
O9 2-2 ASdetu g de] 3% ol BaoA FE3 2 § T A}
FLRETO] ettt ettt s s 67
9 2-3 mefo|HAl B gajd AY] T e 70
19 2-4 Federated learning @] h5 TH Lo 73
% 2-5 Transfer iterative learning 2] S5 3 oo, 78
a9 2-6 A9 A5 A8t A9 Ao B, 79
9 2-7TTIL 9] WA o 2Rl T8 T e, 81
O 2-8 A AFEH HeEld BEY BAL e 83
9 3-1 mefo|HAl A g 2HoA &9 daEE 90
9 3-2 789 OB 71O TOJE I e 93
9 3-3 S9tE 2329 7MY 71 A & daejEe A9 AdE
................................................................................................................. 107
9 3-4 S9te 2329 JM 71 A & daelEe] A9 4dE
................................................................................................................. 112
a9 3-5 &% 54 BE A &1 dgE MY e ... 125
9 3-6 &% 54 Ex A &1 dgE A9 do ... 129
a9 3-7 22 713 SN 1 daeEY] MY e 140
a9 3-7 22 713 A 1 G E] AT e 144
vii 2] 2-tj &l



Hy
=
2

Al Artificial Intelligence

AUROC Area Under the Receiver Operating Characteristics curve

CDM Common Data Model

CVDs Cardiovascular Diseases

EHR Electronic Health Record

FL Federated Learning

FRS Framingham Risk Score

HDL high—density lipoprotein

LDL low—density lipoprotein

PCE Pooled Cohort Equation

PPDL Privacy Preserving Deep Learning
RE Relative Efficiency

TIL Transfer Iterative Learning

viii



Al 1 7 Cox HFHHAEY= °]&<

QB BAT o=

A1ZA B

A1 A AR A% A4 A

A1 g AR P QA o

AE IS (Cardiovascular diseases; ©]st CVD)2 AlAIA = Q7

AP Qellez 20158 100,000 285.5Wo]  Abgstgrih o]
SHLoA . Fast BEA2 20199 Ao EAH AuE o]ggh
ZAF A AET AEe 100,0008F 60.4Ho] AMYglon o= FQ

Hde = AlYstal AMgEel P wtoem, HEyw A
420802 HY ooy, olA" CVDe HY  HofolA  Ag]
AAHer Z Bgdoz z8sty 9tk IdY  (Hypertension), Tl

(Diabetes Mellitus), ©]FZ]AE3F (Dyslipidemia)> CVDe Agdgo=z

—_
o
= XY
i
i
o



iy

sp] Sfel 9ol §e AFEL A7l Hdob

AL Sulgy, olg FFssHA She o

DYAFE AN CVDE AET 4 9Tk
A 2 F TR FNAZEFTG d]
BE gEQe w9 BE AAC o

31 AFHEC NHISE

sty Rt AFAelA AlEstal Uk
Aof[o] 2] (http://nhiss.nhis.orkn)E Tl H&ET

Az A @vtel A Helsiaslel g

2
o

ol
2L
N

S35k ohd B odnitt A%

1
=

19 F s 99 I5RPL 3

. S5HlelH

OF

o

-2

d= FHE

i
i

2719 AEsfof

ghehs
=3

Hol 54

HYg don, EE PAA

o (National Health Insurance Service — NHIS)®]|

227210] golHE B

AHE  Hlolg= NHIS

A A5 AIA

P
T

s, ol H°lHE

Az o

A g8t7] 98] HolEl 7t

A Al ez R
= Yisky glew ol

PR QYT UeP. 20148 AFANA FAT Agke HA ARAY
B el 748%2 A A AFE EaTh ¥ & ek,

AlFst= dlolEHo] A (database, ©]s} DB)=

Jgmol&

DB 5°] e

47 DB, %7144 DB,

Z+A DBef| A socio—demographics domain¥t



vital statistics domain=

A% AR Ao

Aur

itt. 271A7 DBRol=

o
S

g o]

e

_04

Hlo

e AeEHe

I

A7 AT}

5

7, laboratory testof] o

<

o
v

o

)

—_—

&
{n

s}
=

3

5]

Z3
o B |

A9, 7}

g5,

, = 2922, HDL SYAHE, triglyceride, 7H71%,

I 2 71do] 8%

]

o o

o
3

dgrtel AR U

1
-

om0l DB

il
Ho
frsl

H

NO
ne!

tel AR 2AHE 5 AFol 24E ARER =1

875

wAE

FAA, A=

242}

of =t

=]
s

1ol @A A4 T

A

Al
™

2 24 k.

FALEARL ] AR ol

H

A

olA H Al A A=,

=
[}

4 o9, o

dH HAA (T20) Hols, g (A

St
=1

I



Al 24 ZA A7

Al 1 & Framingham Heart Study & °©]-83t AEEH#AS =

L

RE CVD ¢ I #4 dAge=r 3Pd dS dSstr] 9t oH
A 7F 2008 @ Framingham Heart Study (FHS)E ©]-&3}o]
AZE Qe . o] A= Cox HlE 17 &+E 30 oA 74 Al Ape]9]
ZI1Ae CVD 7t Q= d8F A7 Aol ofqt 8,491 ¥ (Bt A% 49 Al
4,522 9] o1/4d)e] Framingham A7 Fofzte] H CVD HWAS Bl

S8h ALgstch. A s 91

1’.19_4
=
r@
re
O
<
W)
1
k]
AL
o
rlr
re
oL
of

Brroldth 12 Aol e F4 7|3t Bt 1,174 7§ (456 5] o14d)o] A
CVD &< FH]lth o] ¥ar2]E2 Costatistics o4 0.763 (&4d), 0.793
() o=z F2 dea Hol FH. oo Ax= CVD 9] 9= F7tsh]
Qs gtEsHA Ag 7HsstH 4" CVD 24 HlE&2 CVD 9 =
Aol oot kel 2 Aolz F4Jh

SHAQE 19761 Framingham Heart StudyE AHEsl] 7fEd o= =gl
o|$% CVDY {FHEYN AMYEL HlFolA A Fare] gub HE
o]4® Framingham Risk Score (FRS)7} Z[T7HA] 7§A1x]o] kARHO - A

% ey
4 -":lx_! _'k.l.- i



=7t olE A=Y o7 RE HAdA HgF= W CVD7H
T otse A7 F28) A7Ise] S
FRS9] 3SHAIE =Eot7] s, Pooled Cohort Equation (PCE)7}

0] A25ks] (American College of Cardiology/American Heart Association

— ACC/AHA)® o3l Alb= et

Al 2 § ACC/AHA AHEHAS 945 29

2014 ¥ ACC/AHA = Work Group & ZA/4ste] A& us 2 A+E

F5l CVD 7} 43d $AEY wIE AT Ade B4 pes

Work Group © M<Ig} ofmelzbA ulFele] nlF o118 Fwlsh
Hot= A9 AR 7|8 IS EA risk equation & E=EFoH, IF

Hzol CVD WA (8] WA A2AM TAEW AAsloz Q5 At

= H1L "0 1,

Risk equation ©] 2HAdof Z3tH ZF pooled cohort &= ARIC
(Atherosclerosis Risk in Communities) 4 *°, Cardiovascular Health
Study'®, & CARDIA (Coronary Artery Risk Development in Young Adults)
A, Framingham Original ¥ Offspring Study S E 9] St djo] e <}

o) AT AT B0 mYSk ofd fitm, dF L AYHo=



En)
o,
!

Al NHLBI (National Heart, Lung, and Blood Institution) ¢

kU
fol
m
re

it

T = X

i
ol

Pl

Work Group & H¥1Q1 & ofme&f7}A] ul=<l H{e] 10d CVD el

o
N

S

g 4l 9 QF ¥ FHXE AFsts PCE § EEoty UHAHo=R

0.
O

AESHALE 40 AN A 79 4] Abole] AN, BAFWAS, YBFATE

distgor ¥ Brh Yol zgE WEE dY, & B2ILHE,

&tA9E, Work Groupe] PCEZ ZH4J A] CVDe] %4 109 9L
it oz s|AmHA wl=mQl 9 ofrJobA]l m=Ql QIFtolA T Yol
o] f1dol o] Aol e A= AAH ez il stal Qe

PCE= wl=1o|A] # ofye}, of2] ofrlop F7P2¥oA HFEHS]loH,
7 2 20189 A1 E QAT obrJobdl wl=<le] HS| CVD=E <Igt
Abgro] 2/30] X Zom ofald 9lom? ofAle} Ayt Eat 11
AEE AYsted® CVDE gt Apdat Fofizh Fkstn 9lof®

A get CVD o= 23o] ™ Qgh Agtoltt,



A3 AE B AT 5%

A 1 & Korean Heart Study & ©o]-83%t AHIAAT d=

233} Framingham risk score ] H|u

Jee 572 1996 WRE 2001 W7HA] qH=o] 187 AZFEAAE 2] 714

4 9 A% Ze (CHD)ol fl= 30 AlollA 74 Al Afelo] gt=<l

r

268,315 ] tolgE olgste] CHD 9@ =2Fe A¥sta o&
Framingham Risk Score ¢} B w519t

1997 Q93 2011 & Aole] x[g2]o]z] ¢kAu X7 2Ql CHD AR
T8-S outcome S &2 SHR O™, 11.6 B9 FUFE F2] 717+ 5k 2,596 119
CHD 48 (1,903 79| H] XA, 693 79| 2gA)o] At 7]+ CHD
Heo]l HDL Z@|AHE, LDL S@AHEN SA4ATS F71ste] 249
CHD &322 AAstal AUROC @} net reclassification index (NRDES
o|-gsto] B= B7lsHAH

A el AUROC = 949

ol

F 0.764, o449 A% 0815 2 £
52 HF oM, FRSE o] A2 E0 Agstae o oEd A T4 Ho

3~6Hf Ee S oS0ttt o]of AFA= recalibration& 9l FRS 9]

ol &3l CHD THEe] @2 = 2+l FRS 7} CHD 9 9d<=

o WoRRe AN 9k



Al 2 & Korean Heart Study & ©o]-83%F AHIAAT d=

233} Pooled Cohort Equation 9] H]1

ACC/AHA 9 PCE & =9 KHS o] ZA&d A= Brlsta

AA=mASEA AT A% (Atherosclerotic cardiovascular disease —

AN

ASCVD)®] 9] o5 23 2L s17] 98] aF7F S 9let % KHS

Rl

S EE= 7)Ao ASCVD 7} 9= 40 oA 79 Al g+ A<ele] 200,010 F

i
s

Hgom, 10 | ASCVD ¢FL d=ol= PCE 9 discrimination,

calibration 2} recalibration = W7}t o= B2 Cox HEH &

H

g< olgatart.

wd E40lA PCE o Wddt ofmriAl m=ql EY2 KH

wn

AT ENA S tjE2o] B¢

i
)
i)
ol
-
e
ol
8
)
ol
ox,
1o
o,
o

AUROC & wiol g (0.727, of=g7}A4 m]=<¢l 23 0.725 =

ok
Hl
ro,

B2 0.741 o]l e ™, o449 A9 22 0.738, 0.739 H 0.745 At

KHS FZEA FA9 10 ¥ ASCVD gL 56.5% (el =g) 9
74.1% (oF=ZE71A] =l 1g) wof F4E 9 oo FL 27.9%
(W1 ®3) E 29.1% (OF=7HA wl=<l 2Y) T4 FG= o)

olHy AT JFE tgo=R sho] oo JfitE mFP2 ofAlo}
=7t A CVDe 9Jdg I FHIths HEo] A&EHo=R  glo]
grom® ol AFAEL LA AR AXNL FPT A=lS EFet

A0t AFH FZTE FHF F=US EZFT A7V ASEFS



Aol BaA

A 4

S O
1 -

THeh

et
99 A7

1 olgE A T

= o
=T

2 944,

e

5592

o}
21

o]

ANZ
T

Aolo] et 18]

#0)9]

23

e

A} et

shof olejsh

el

A A Aol 1 9]

St
ol

o] Holel det 2 A]et o

g0

o

dlelHE ol&

g 279 K54l

sel =

25

z49 golHere A

ol
e

o
KA

oz W

jo

st

=kl

=

=
=

M= CVD o



=0 FUARHEIAITEY]  FHor ARHNS  AY T2

N
N
rE
fol
1)
i
&
v
2
o
o2
i
@)
@)
p
=
)
do
e}
H
oflt
ftlo
2
L)
ol
oL
E
e
Al
r ]
1o

® 20099 1€oA 2016 12 Afo] A AHA dHolgel A HA

dol8E A

e 8|7k CVDO| ¥ 8-S ASHE Cox HlZ| 919 24 24

o Az 7bd mAE 1] $I8) AR Cox HlE AW 2E 24

o 7] Hg) 99 mao] 453} FRS, PCES £2] HlojHo] H427e
o] 45g vl

FRSe} PCEE dd¥ @, & =d2HE, 39 AH, T %, HDL

=Y 2HE, LDL ZH2HE, 44 52 CVDel A4 adle



ol
B
)
e
<|m

o
0o

of

—

o

—IA
B!

Ile)

it

njn
o
)

o

ol

o
<1

o
=T0o

ol

& 7 A AAE U

A

Tk

to] 2k A Al5-E

S

I A7 A A AESHE Aol Ths

sl

EMdog o

11



A6 2 ds BrE At Ax GA

Al 1 & Area Under Receiver Operating Characteristic curve (AUROC)

Receiver Operating Characteristic (©]5} ROC) 41 1 2 A Agfo

—_

WE w01 BR/ AxdY A9 S uehl: 1Yo, thd

AA ZF AAo|A False Positive Rate (FPR)®| ©3ll True Positive Rate

(TPR)= =33} shof A=

TPR 2 recall &} Fejojo]m oo} Zro] A ojelt}:

True Positive
True Positive + False Negative

TPR =

FPR 2 ofjs} 7ro] Aol

False Positive
False Positive + True Negative

FPR =

g oA @S 29 o Be 2o 9oz ERH Fale

Positive @} True Positive 5% F715H ®Hot. AUC &= 7Hsst RE B&
AA Zrell digt A s SAHEAS AlFste] 3o T EH

—

009 3, B5 Hots] wEw 109 e 2w et

12 .-:l-.\,—i _\.::_'I'._E F ]



Al 2 3} Brier Score

Brier score®” o] 7tAStH FAlL 23 Zth

N
1
BS = NE(ft _Ot)
t=1
A7NA, fiv dAFH &E, 0, ULEA ¢ oA AA| oHES] LAY

w7 FEHe ARl AREET Ao FA2 ol ERel s

EEDES

Al 3 3 Harrell’'s C—index

dole7t &= Fud 5 gt AF A4 98 2ge B
QuHoz Agae ¥ FHE AMSE Bg d@ A= 23
wpgolct .

Bt o] deld, 98 mEe 98BS g2 FPAL 9 2ol

Hds] 4H AF, 2oz AyPd uwpriA] ZEe ARl &2 &AL



(o4

e 2 A ek jol Wl (=), 19 A9 Aok A ARF (T)=

o

StE =

¥

y=sfof gttt Harrell's C & 94 &8 P(n; >n|Ti >T) &

il

M)

AAECH ¥ ol F A9 FHAJ] AE A Y & T,T; B S

noni e Hludth 4 gE2 g9 F @l 9 A2 #@ duEHEA

£
4z
i
OH,
N
AL
ol
ol
El
[
rE
4
lo
o,
o
l.n
jm}
=
ok
N
N
R
f
ol
N
N
e
2
I
)
=
el
@)

rr

()
(@)]
lo,
g
Mo
o,
KT
N
ze,
rr
£
A
4
o
<2
%
ofl
_O|L
rlr
rE
Iy
@)
I
Mo
e
JE
2
re

]

==

r

S E). wrebq Harrell o C= gl A2 Az A4 WS 49s

rr

5] e A

ek @ 4 9k

iy

14 "-:l:" I 'kl-.|- 1_-li [= 5



o] A

BE Wz A

—

IRBef| o5 HA= A, &

o] s ot

AR

AL 20099 1A 20169
A% dlolHE

99,585,14171¢] %

404 nm

A 2] = At
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21,581,796 9] AZA7 712e BA
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°lg Hho
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Z2=38= 30,613,756 9]

o2 At AR A
AZAA 29,546,9127-2

2,840,127

A

2o CVD= Xt

Aelstelrt. 1% dolEAloR

arct (ag 2-1).
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Health screening examinee from January 2009 to
December 2016 identified in NHIS database
(n=99,585,141 screenings / 30,613,756 subjects)

I Excluded

>

<40 or »79 years of age
(n=29,546,912 screenings / 8,105,296 subjects)

'

70,038,229 screenings / 22,508,460 subjects

Excluded

>

Missing values in laboratory tests
and questionnaires
(n=2.840.127 screenings / 248.835 subiects)

\ 4

Subjects at baseline
(n=22,259,625 screenings / subjects)

Excluded

>

Subjects with past medical records of diagnosed or treated
CVD in questionnaires (n=677,829 screenings / subjects)

A 4

Final Analysis subjects:
(n=21,581,796 screenings / subjects)
Men: 10,412,947 subjects
Women: 11,168,849 subjects

3% 2-1 PHBWAR o2 nge 9

FTE Aol

T el

20179 gH=to] FAHTo| wEW 40014 79412 I oF 2,570%F
(1,2609F ofmgo] &4, 1,3009F ofmgo] ofAd)olqlet. & o] A
2= o] Aol 84.0%°1 i3t
A7AZ dlolg= (1) Yol, 4 1F2]9F &2 ek | () &9
SR/ 71ZY, FF 2 RSt 259, T AA €59 35, o=
=89, A IS 22 17 gEe] wEig ¥ ) 71, 554, €4,
slelEdlet a2 AlAl AlE 2y () 38 E9 (fasting serum glucose),
ZFe AL (lipid profile), @MA  (hemoglobin), % Z#oteld (serum
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A 2 A Amagel el

A7 deAE & AdHl wE HEd, A, @A A=

ol

wREedeh. A a9y A FHo FEFS f4d (pack-year) o ®
shitstat. A B 592 AAIEAZ]H (World Health Organization

- WHOe| %% Aol g gHoR o WEF LFYL

E 2-1WHO 7|& ¢ B+ =539 A9 &7

Males Females
Low Risk 1 to 40g 1 to 20g
Medium Risk 41 to 60g 21 to 40g
High Risk 61 to 100g 41 to 60g
Very High Risk 101+g 6l+g

ABE L5F (gday) = [85 W= (37 258 ) * 5% (6=
g * ko] B (o) * TREO B (0.2) * Ao WL (0.785)] /

7 (days/week)o] 42 o]&

_O|L
32
iy
s
T
o,
EX
o
N
ol
ftlo
i)
oE
N
H

R, (D 55 2) AYYE &5 - 48+ &5F°] @804 < 41.0
g/day, oJAdellA < 21.0 g/day; (3) T 918 =5 WA 5Ll
dzto| A 41.0014 60.0 g/day, o1/dellA 21.0014 40.0 g/day; (4) 191

w7 - 987 570l @AM = 61.0 g/day, oGollA = 41.0

b ey 13
18 -":lx_i —7 -1 I



g/day?l A¢= ottt

AA Ee A, 134X 55 AEAC =t Ad dFY 5
ALGE &5 (5 =01, 271, dolzH, MeA AHdA 8§ 52 4t
e &5)S otFel 208 ol s, S ALY &F (i =01,
HEA A7), 54 HU2, dubAQl £k g AAA g7], dE)S skl
30 olg 3, otFe] AHolk 308 ¢ d2 3&E ARSI

International Physical Activity Questionnaire (IPAQ)*¥o]lA AH|oFgt H4=
AAE w2t T 459 I Fo= et ATAL siEA] (total physical
activity metabolic equivalent task — METs * min/week)&= #H7] (3.3
METs), $3F A= &% (4.0 METs), 172% &% (8.0 METs)9] Rk
Fog A4S Victoria 570] AQFeE Hiel] whet o]F AZE (¢ 600
METs * min/week), 57t Z+&= (600-2999 METs * min/week), 17 &= (>

3000 METs * min/week) &% o2

E 2-2WHO 7|1& Ad=F 59 &5

BMI Nutritional status
Below 18.5 Underweight
18.5-24.9 Normal weight
25.0-29.9 Pre—obesity
30.0+ Obesity
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AAFA 4 (Body Mass Index — BMDE =3 A= WHOY|A

Akt Hl

kg/m*2l

7HA] 52 WEh BMI < 18.5 kg/m?*Ql A9 A, 18.5-24.9

Ao AA A%F, 250-299 kg/me] A$ TAE, vl > 30,0

kg/m’= 74 oJstict.

=

g4 29

= AFEA o2 (estimated Glomerular Filtration Rate — eGFR)2

oted 4=x]o Z]¥ket Chronic Kidney Disease Epidemiology

Collaboration (CKD-EPI) 342 o]&s}lo] A4l o v A eGFRS

<60 mL/min/1.73m’=2 A 2]s}ich.

CKD-EPI 3412 th53 2t}

eGFR = 141 X min(S¢,/x, 1)* X max(Sc,/k, 1)~ 1209 x 0.99349¢

x 1.018][if Female] x 1.159[if Black]

Sere @4 Aot Y (mg/dDelm, ki o4l A% 0.7, ¥ael A9

0.90]ct,

a+ A8 49 -0.329, €49 A% -0411°]th. min Sc./k

o 4AE o|ulsl® maxk Se/x o ARALE ojulg},

gy HES 9t 8 AR HAF (urine dipstick test)®] A=
negative, trace, 1+5¥ 4+2 HIEOW [+ oS Ty o=z
A olst it
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A 3 A Aol A4

cVDY wgoEA A A Fostgon, ot FY WS

S (Acute Coronary Syndrome — ACS), 7™ (Cerebral Infarction),

o|N

HEE  (Cerebral Hemorrhage)s  Z39FSth.  ACSE=  International

Classification of Disease (ICD-10)*] w=lt 120 F= 1213 HA|A

T acetylsalicylic acid®] Aol Q&= A2 AHostdh HEE2 160,

161 E& 1629 ¥ BSHGG e Aol g A2 Ffstart.
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A 17 Cox HIF 919 29

M Z;) = Ao(Dexp(Z;p)

A7 A ()= BE 7HEo] FoIA AR &2 714 Hd &4 (baseline

hazard function)o|®, g = (B,...0,) = px1HEHZE 49
FHsh= o9 A=z AW W Zy 7t o @9 S7HE wiotd exp(By)

WE 9@8el Z715M] Bk g ol p=19 W, Z @ A 4Y

o] Hish = A it jof AR A fdvl=

Mt Z)  Ag®exp(Zif) s
A62) 20®exp(Z;8) exp|(Zi = Z;)8]
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ol Hrt. 9 Alo] FWe Azro]

A}

Hl= Algtel ojEska] ¢k 4
A= AFe] HstHRE =R
Al 2ol gt

93 A% B9
gol W A% o2 Al

p 272 9o w2
oM, Ri= ty)

ofzfet 4d wiE

Ai(®) = A (Dexp(B (1))

rr

s
T

o
H
o

§;

exp(B'zi(t)
PL(B) = n [zlemexp Ba)]

Aol o el &9t AAe] ol
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Al 3 & Schoenfeld F2}

WA BE A oRA 49 85E olgstel tgel At

A olgict .

r

)

Zzem exP(ZLB)sz
ZleRi exp(zlﬁ)

m = 8i(zij - el-j) where el-j =

A71A R ¢ AAANAS TS BARCE 7= 6 = 181 ZHA9
o ARt FojEm 7P & @2 7HAe BEREE R, = 00] " #5
MAee A ®a9] ZiTrE p 70 Schoenfeld 7H2p7b A ojsnh. o
Ao i 9k berAE 3 4 7] el % F2 WA (partial
residua) 2 TE gtk 2 BEOIA m AR EFo|n st gt 0 o]k,

vl 919 2o Axtel whet AW W49 a3t v HoE M

Slfgtchel o &I Aghel whet Wabe @4 WHAS olut o
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gL Cox M7l 918 2@ A8 PFEHUL,
Wil 9l A1 BA AAT Schoenfeld Wafel sjwker Tefm A

)

(" 3-1, 29 3-2)= ©]83t] AAsAH. Cox EIF2 Ak

R}
rok

7F &3 (time-varying effect) & 759 Cox o= 2}t Hlwstr] s

ozt AAHd g 597 st eE Cox 29 (extended

filo
k]
2
)
[
oY,
o
o,
R
)
[
w
b
14
=1
w
)
!
oflh
=
e
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it

Cox model)

AFe sttt Harrell ‘s C-index®2 o1& Zgo] ALS AXstER, Cox

0

ngs pCES] T Seg wwsl] e 444 2

offl
Am

)
||
™
M
o
lo,

=45k W2 (AUROC)®}E Brier scores AXtstAH. 714 AL =8

g9x7] 95) PCES] 919 2HE-S 1252 Uy 07277 dloldel 8d 373

S WES, BALS g5 RS ASSAT B2 0,058 folshra
wekshlct
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BP, blood pressure; HDL, high—density lipoprotein cholesterol; LDL, low-

density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate;

CVD, cardiovascular disease. *>1+ in urine dipstick for proteinuria.

M W
Variables <ne=n 10,412,947) <no=m1e 1n,168,849) Prvalue
Age (year) 51.5 £ 10.1 52.3 £ 10.5 <0.0001
Systolic BP (mmHg) 125.6 + 14.6 121.0 £ 15.7 <0.0001
Diastolic BP (mmHg) 787+ 101 5.0 £10.2 <0.0001
Waist circumference (cm) 84.5+ 78 714 £ 8.7 <0.0001
Fasting serum glucose (mg/dL) 103.1 £ 29.1 97.1 £ 22.5 <0.0001
Gamma-glutamyl transferase (U/L) 54.9 £ 71.6 24.1 £ 30.5 <0.0001
Serum total cholesterol (mg/dL) 197.8 £ 37.0 200.1 £ 37.5 <0.0001
HDL (mg/dL) 51.8 £ 13.1 58.0 £ 14.0 <0.0001
Triglycerides (mg/dL) 156.9 + 103.3 115.5 £ 711 <0.0001
eGFR<60 mL/min/1.73 m? 3.8% 4.8% <0.0001
Proteinuria® 3.0% 2.4% <0.0001
Body mass index (kg/m?) <0.0001
{18.5 2.0% 3.3%
>18.5, {25.0 58.2% 66.2%
>25.0, €30.0 36.0% 26.3%
>30.0 3.8% 4.3%
26 A 2-1



Smoking <0.0001
Nonsmoker 28.9% 94.1%
Ex—smoker 28.1% 1.8%
Smoker 42.9% 4.1%
Pack—years (among ever—smokers) ~ 11.7+13.7 0.4 £ 2.7 <0.0001
Alcohol drinking <0.0001
No drinking 34.4% 77.0%
Low risk 57.3% 20.8%
Moderate risk 5.2% 1.8%
High risk 3.2% 0.5%
Activity group <0.0001
Low activity 36.4% 44.4%
Moderate activity S1.4% 46.3%
High activity 12.2% 9.3%
Patients with hyperlipidemia 2.0% 3.0% <0.0001
Patients with hypertension 16.3% 16.6% <0.0001
Patients with diabetes 6.8% 5.3% <0.0001
Family history
Heart disease 3.3% 3.9% <0.0001
Stroke 6.5% 6.8% <0.0001
Incident CVD events 195,022 (1.9%) 111,546 (1.0%) <0.0001
E 3-1 2 Ao & A7 FHqRe 71AH EAe HojEr H4d0lA
BE 99 + EZEAL SIS + 101 Agon], o4e 523 +
10.5 Algth Q1-9  (person—years) ‘oA 53,955,629, of/dellA

59,078,475 FArt.
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217} (triglycerides), Gamma—glutamyl

transferase (GGT)

ofgollA 2o ©
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A1 A A HRES A= 2

8 d 7t

- =

A o 71t B A8l 195,022 (1.9%)7, o1/gellA

4

111,546 (1.0%)FlA CVD 7} #HAsEIet. CVD 9] incidence density +
dAolA 100,000 W-4Y  (person-years) W 361.5 A, oJAolA
188.8 dolitt. @A & [F4: EAZH AHE (hazard ratio; ©]st HR)
1.463, 95% A =47t (confidence interval; ©]3F CI) 1.443-1.484; ojA:
HR 1.886, 95% CI 1.821-1.953], Wk °FAl [d/d: HR 1.414, 95% CI
1.394-1.434; oJ4: HR 1.504, 95% CI 1.477-1.532], A4 &% [(F7+ =
A BEF) g4 HR 0.916, 95% CI 0.907-0.924 (7= A4 S5
Y41 HR 0.910, 95% CI 0.897-0.923; (F7F = A4 5) o4 HR
0.914, 95% CI 0.902-0.925 (A17F= A &5+ 141 HR 0.893, 95% CI
0.874-0.913], @i [GAd: HR 1.409, 95% CI 1.384-1.435: oJ4: HR

1.446, 95% CI 1.408-1.484]17} S-9l5tth (& 3-2).

32 ALEpEs 4z m

ofl
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o

H ¥ BHAH  EH|

(adjusted hazard ratio). So(8) of men = 0.9798, S,(8) of women = 0.9916.

Covariates included in Cox models were selected by stepwise procedures.
HR, hazard ratio; CI, confidence interval; BP, blood pressure; HDL, high—

density lipoprotein cholesterol; LDL, low—density lipoprotein cholesterol;
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eGFR, estimated glomerular filtration rate ®> 1+ in urine dipstick for

proteinuria.
Variables Men Women
Adjusted HR (95% CI)  Adjusted HR (95% CI)
Age (year) 1.061 (1.060-1.061) 1.074 (1.073-1.075)

Systolic BP (mmHg)
Diastolic BP (mmHg)
Waist circumference (cm)

Fasting serum glucose (mg/dL)

Gamma-glutamyl transferase (U/L)

Serum total cholesterol (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Triglycerides (mg/dL)
eGFR<60 mL/min/1.73 m?
Proteinuria®
Body mass index (kg/m?)
{18.5
>25.0, €30.0
>30.0
Smoking
Ex-smoker
Smoker
Pack—year
Alcohol drinking
Low risk
Moderate risk
High risk
Activity group
Moderate activity
High activity

Current medication

Blood glucose—lowering drugs

Antihypertensive drugs
Lipid—modifying drugs
Family history of heart disease

Family history of stroke

1.010 (1.010-1.010)
1.007 (1.006-1.008)
1.004 (1.003-1.004)
1.003 (1.003-1.003)
1.001 (1.001-1.001)
1.005 (1.005-1.005)
0.988 (0.988-0.989)
1.001 (1.000-1.001)
1.000 (1.000-1.000)
1.174 (1.156-1.192)
1.409 (1.384-1.435)

0.982 (0.951-1.014)
1.021 (1.009-1.033)
1.013 (0.984-1.042)

0.889 (0.876-0.901)
1.463 (1.443-1.484)
1.005 (1.005-1.005)

0.795 (0.787-0.803)
0.760 (0.743-0.777)
0.783 (0.762-0.804)

0.916 (0.907-0.924)
0.910 (0.897-0.923)

1.414 (1.394-1.434)

1.183 (1.170-1.196)
0.996 (0.969-1.023)
1.331 (1.297-1.365)
1.167 (1.146-1.187)

1.010 (1.010-1.011)
1.009 (1.008-1.010)
1.006 (1.005-1.007)
1.003 (1.003-1.004)
1.001 (1.001-1.001)
1.003 (1.002-1.004)
0.991 (0.990-0.992)
0.999 (0.998-1.000)
1.000 (1.000-1.001)
1.181 (1.161-1.202)
1.446 (1.408-1.484)

1.141 (1.095-1.188)
0.958 (0.944-0.973)
0.867 (0.841-0.895)

1.176 (1.113-1.242)
1.886 (1.821-1.953)
1.004 (1.002-1.006)

0.990 (0.971-1.010)
1.126 (1.064-1.191)
1.154 (1.049-1.269)

0.914 (0.902-0.925)
0.893 (0.874-0.913)

1.504 (1.477-1.532)

1.240 (1.223-1.257)
0.822 (0.798-0.846)
1.076 (1.037-1.117)
1.159 (1.133-1.186)
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FA0 FAA A FA HF7E E4lA CVD o tis] s
SEQZ]EE (0.889, 0.876-0.901) o/delAl I &m¥prb gllek (1.176,
1.113-1.242). o4 &, CVD 9] 9j&d2 &+ F%¥°l 2 &5 75t
(F7F AT 9% 1.126, 1.064-1.191, 19F S5 1.154, 1.049-1.269),
@49 A CVD 9 982 59 ol" FFollME F7lekA] ottt

oé

o A3 7S Y HFolA CVD 9 S Frtote A

A4 CVD 9] 9182 BMI 7} #AFY 7% (1.021, 1.009-1.033)
S7FE QAR o2 AAFR At 7P 1E T (1,141, 1.095-1.188).
S HAZF (0958, 0.944-0.973)7F HT (0.867, 0.841-0.895)°A4+=
CVD ¢] 9Jdo] fHAaE«E Aoz 3 = (& 3-2).

AetEl CVD & 2gy FE Cox RS HuHS wf, Tl
A7 B4 (1,409, 1.384-1.435 oA 1.512, 1.485-1.539), o4 (1.446,

1.408-1.484 oA 1.573, 1.533-1.614) B5FoA AX|= AS B kAL

M

AR ThE WSl A FEeue Weke glgltt (E 3-3 ~ E 3-5, 13

3-1, 19 3-2).
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B

3-3 FHH Cox Eo] zZd W40l BHAHHE 914 (adjusted
hazard ratios). Sy(8) of men = 0.9798, S,(8) of women = 0.9916. Covariates
included in Cox models were selected by stepwise procedures.

HR, hazard ratio; CI, confidence interval; BP, blood pressure; HDL, high—
density lipoprotein cholesterol; LDL, low—density lipoprotein cholesterol;

eGFR, estimated glomerular filtration rate ®> 1+ in urine dipstick for

proteinuria.
Variables Men Women
Adjusted HR (95% CI)  Adjusted HR (95% CI)
Age (year) 1.062 (1.061-1.063) 1.075 (1.075-1.076)

Systolic BP (mmHg)
Diastolic BP (mmHg)
Waist circumference (cm)
Fasting serum glucose (mg/dL)
Gamma-glutamyl transferase (U/L)
Serum total cholesterol (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Triglycerides (mg/dL)
eGFR<60 mL/min/1.73 m?
Proteinuria *
Body mass index (kg/m?)
{18.5
>25.0, €30.0
>30.0
Smoking
Ex-smoker
Smoker
Pack—year
Alcohol drinking
Low risk
Moderate risk
High risk
Activity group

1.011 (1.011-1.011)
1.007 (1.006-1.008)
1.003 (1.002-1.004)
1.003 (1.003-1.003)
1.001 (1.000-1.001)
1.005 (1.005-1.006)
0.985 (0.985-0.986)
1.000 (1.000-1.001)
1.000 (1.000-1.000)
1.187 (1.169-1.206)
1.512 (1.485-1.539)

0.995 (0.963-1.027)
1.006 (0.994-1.017)
1.005 (0.977-1.034)

0.890 (0.878-0.903)
1.456 (1.435-1.476)
1.005 (1.005-1.005)

0.803 (0.795-0.811)

0.780 (0.763-0.797)
0.808 (0.787-0.830)

32

1.012 (1.011-1.012)
1.010 (1.009-1.011)
1.005 (1.004-1.006)
1.003 (1.003-1.004)
1.001 (1.001-1.002)
1.004 (1.003-1.005)
0.989 (0.988-0.990)
0.999 (0.998-1.000)
1.000 (1.000-1.000)
1.194 (1.174-1.215)
1.573 (1.533-1.614)

1.186 (1.141-1.234)
0.948 (0.933-0.962)
0.852 (0.826-0.879)

1.199 (1.135-1.267)
1.913 (1.847-1.982)
1.004 (1.002-1.006)

0.992 (0.972-1.011)
1.138 (1.076-1.204)
1.178 (1.072-1.296)



Moderate activity
High activity

Current medication
Blood glucose-lowering drugs

Antihypertensive drugs
Lipid—modifying drugs
Family history of heart disease

Family history of stroke

0.909 (0.900-0.917)
0.898 (0.885-0.911)

1.394 (1.375-1.414)

1.181 (1.169-1.194)
0.972 (0.946-0.999)
1.336 (1.303-1.371)
1.167 (1.147-1.188)

0.904 (0.893-0.915)
0.877 (0.858-0.897)

1.515 (1.487-1.542)

1.245 (1.229-1.262)
0.801 (0.778-0.824)
1.076 (1.037-1.117)
1.155 (1.129-1.183)
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B 3-4 ALIPAG 9= 2P chi-square ¢t p % BP, blood
pressure; HDL, high—density lipoprotein cholesterol; LDL, low—density
lipoprotein cholesterol; eGFR, estimated glomerular filtration rate *>1+ in

urine dipstick for proteinuria.

Variables Men Women
df Chi-square P-value df Chi-square P-value

Age (year) 52241.770 <.0001 41162.186 <.0001
Systolic BP (mmHg) 2129.351 <.0001 1473.649 <.0001
Diastolic BP (mmHg) 471.399 <.0001 479.748 <.0001
X‘:; t circumference 75.678 €.0001 133.694 €.0001
E;Z;Z‘i) serum _ glucose 2666.102 <0001 1335.252 <0001
S:Z;:;ihé;a/%y : 338.417 <0001 350.305 <0001
fg;g;oml cholesterol 664.332 €.0001 49.742 €.0001
HDL (mg/dL) 2017.570 <.0001 287.448 <.0001
LDL (mg/dL) 7.207 <.0001 3.446 0.063
Triglycerides (mg/dL) 0.562 0.453 11.142 0.001
;GZFR“O mL/min/1.73 423.001 <0001 363.726 <0001
Proteinuria ? 1337.072 <.0001 756.070 <.0001
Body mass index
(kg/m?)

{18.5 1.229 0.268 40.239 <.0001

>25.0, <30.0 11.754 0.001 30.453 <.0001

>30.0 0.721 0.396 78.838 <.0001
Smoking

Ex-smoker 264.124 <.0001 33.362 <.0001

Smoker 2838.992 <.0001 1255.534 <.0001
Pack-year 1005.263 <.0001 18.300 <.0001
Alcohol drinking

Low risk 2034.126 <.0001 1.037 0.308

Moderate risk 586.868 <.0001 17.065 <.0001

High risk 318.656 <.0001 8.704 0.003
Activity group

Moderate activity 321.094 <.0001 203.536 <.0001

High activity 169.663 <.0001 103.508 <.0001

34 21



Current medication

Blood  glucose—

, 2277.645 0001 1940.170 0001
lowering drugs

Antih i

nuhypertensive 932.099 €.0001 974.284 €.0001

drugs

Lipid-modifyi

tpieTmodiyng 0.099 0.753 175.497 0001
drugs
Family hi f h
amily history of heart 477.716 €.0001 15.151 €.0001
disease
Family history of stroke 299.543 <.0001 156.294 <.0001
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B

3-5 &AH Cox 29 chi-square ¢t p %k BP, blood pressure;
HDL, high—density lipoprotein cholesterol; LDL, low—density lipoprotein
cholesterol; eGFR, estimated glomerular filtration rate *>1+ in urine dipstick

for proteinuria.

Variables Men Women
df Chi-square P-value df Chi-square P-value

Age (year) 52555.092 <.0001 40267.906 <.0001
Systolic BP (mmHg) 2623.143 <.0001 1999.573 <.0001
Diastolic BP (mmHg) 465.172 <.0001 552.518 <.0001
X‘:; t circumference 64.584 €.0001 119.794 €.0001
E;Z;Z‘i) serum _ glucose 3008.243 <0001 1361.690 <0001
S:Z;:;ihé;a/%y : 363.384 <0001 445855 <0001
f;r;/rzmmtal cholesterol 490.968 €.0001 62.826 €.0001
HDL (mg/dL) 2547.729 <.0001 371.748 <.0001
LDL (mg/dL) 1.585 0.2081 4.171 0.0411
Triglycerides (mg/dL) 15.555 <.0001 6.337 0.0118
;GZFR“O mL/min/1.73 486.744 <0001 413.976 <0001
Proteinuria ? 2080.883 <.0001 1191.305 <.0001
Body mass index
(kg/m?)

{18.5 0.116 0.7339 73.186 <.0001

>25.0, <30.0 0.863 0.3529 48.230 <.0001

>30.0 0.111 0.7387 99.475 <.0001
Smoking

Ex—smoker 254.747 <.0001 42.068 <.0001

Smoker 2762.972 <.0001 1313.720 <.0001
Pack-year 1013.516 <.0001 18.479 <.0001
Alcohol drinking

Low risk 1867.009 <.0001 0.681 0.4092

Moderate risk 487.998 <.0001 20.558 <.0001

High risk 243.018 <.0001 11.498 0.0007
Activity group

Moderate activity 379.096 <.0001 254.878 <.0001

High activity 221.749 <.0001 139.094 <.0001
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Current medication

Blood  glucose-

, 2092.561 0001 1998.526 €.0001
lowering drugs

Antih i

nuhypertensive 917.405 €.0001 1018.164 €.0001

drugs

Lipid-modifyi

IPIETMOCyINg 4225 0.0398 225.756 0001
drugs
Family hi fh
amily history of heart 492.181 €.0001 15.111 0.0001
disease
Family history of stroke 149.586 <.0001 149.586 <.0001
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Schoenfeld Individual Test p: 0

Beta(t) for AGE_ID

Schoenfeld Individual Test p: 0

Beta(t) for GIE_BP_SYS
S

Schoenfeld Individual Test p: 0

BP_DIA

Beta(t) for G1E_E

Schoenfeld Individual Test p: 0.1738
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Schoenfeld Individual Test p: 0
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Beta(t) for G1E_FBS
8

Schoenfeld Individual Test p: 1e-04

Beta(t) for GIE_GGT
S

Schoenfeld Individual Test p: 0
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Schoenfeld Individual Test p: 0
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Schoenfeld Individual Test p: 0

Beta(t) for G1E_LDL

Schoenfeld Individual Test p: 0.8286

Schoenfeld Individual Test p: 0
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Schoenfeld Individual Test p: 0

Schoenfeld Individual Test p: 0

Schoenfeld Individual Test p: 0

Schoenfeld Individual Test p: 0.8659
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Schoenfeld Individual Test p: 0 Schoenfeld Individual Test p: 0 Schoenfeld Individual Test p: 0 Schoenfeld Individual Test p: 0
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Schoenfeld Individual Test p: 0

Beta(t) for G1E_LDL
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Schoenfeld Individual Test p: S5e-04

Schoenfeld Individual Test p: 2e-04
50

Schoenfeld Individual Test p: 0

Schoenfeld Individual Test p: 0.9721
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299 4%

E 3-6 Framingham risk score ¢} pooled cohort equation (PCE), 7§38 ¥
PCE, Aud o= g9 AUROC, Harrell's C-index, Brier score ¢] 10 3]

Wi Azo| A%

AUROC Harrell’s C Brier score

Men

Framingham risk score 0.728£0.002 0.715+0.003 0.032+0.003
PCE (whites) 0.730+0.002 0.715£0.003 0.031+0.000
PCE (African—Americans) 0.723+0.002 0.710£0.003 0.026+0.000
Revised PCE 0.748+0.002 0.737+0.002 0.0240.000
Our model 0.762+0.002 0.749+0.002 0.018+0.000
Women

Framingham risk score 0.741+0.001 0.723+0.002 0.013+0.000
PCE (whites) 0.753+0.002 0.734£0.003 0.016+0.000
PCE (African—Americans) 0.734£0.001 0.712£0.001 0.025%0.000
Revised PCE 0.808+0.002 0.792+0.002 0.011+0.000
Our model 0.811+0.002 0.795%0.002 0.010£0.000

E 3-6 & 49 JYavAs 9= mdo 459 okt Aot T
0y wr Ry Py SEdd £ 4% Rtk B Harrells C £

A4 0.749 £+ 0.002, o3AllA 0.795 + 0.002°]%th. AUROC 9] wat

Avte 19 3-3 o Hoh 7 PCE 9 AUROC ¢ H|wlsted,

Alote B L FAJoA 0.748 + 0.002 oA 0.762 + 0.002 &, oJAlA

0.808 £+ 0.002 94l 0.811 + 0.002 2 Ar&stgch v ZE df, Welx}

ofLe|7t A ul=<l BYFe Altd Bl A= w EAde B 0.723
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+ 0.002 oA 0.730 + 0.002, 9JAd)A 0.734 + 0.753 <] HLES HHT}
Brier score & ¢ AotH mo] 7P 22 ALS Ho FAA 0.018,
ol AollA 0.010 o]ger thE rFE A TAloA 0.024 A4 0.032,

of Aol A 0.011 oA 0.025 o] H$IS Erct.
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H4HET CVD Adel ¥ oo FA ARl vls| o4 FAAeIA

240 o5 BA HAo ¥ A Fdxe] A, o dAF= H|E olH
ol qEz] Fdo] FolstA CVD 9o o]gk& (morbidity)S &SIttt
o] glom oL FAL St o]Fox= CVD 9 9§ F7iE ek qtck

“ oft FA st AL © 2 ol5o] g Aoy el A7
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Qb 3to]l otA T A]7]= centrally hosted W4, 4 7l9] 7HE 7o =
e & ZF 7oA iAo s EHE RS AR & 29& Pt
SHE Aoz FHF PSS AT ensemble single institution models,

AT S ZAIE =2 wizbx] dd Vel RYe E¥tt v=

YL o 7|HOe 2 o]Hsk= single weight transfer 402 o]= 7
HRE 2 7)o AFEAT niAg e HYS v 7|Ee g ojdshy] A

me] AAHE 7HEA o] HIE  (epoch) BQF ZF oA HYS

el
o

J 3L X
l:l

_4

SHA 7= cyclical weight transfer B4l o2 2177 (convolutional
neural network)= ©|-85to] 7} RYPo] 5 A= HIASITH
O A3} HlolgE BT Hof &2 W9l e 78.7%2] HAEA] gt

A E HYN, ensemble WO A9 60.0%, single weight transfer +=

33
filo
R=)

68.1%, cyclical weight transfer += 20 epoch Bt} 7}EA|€ g

76.1%2] J&E Ho| centrally hosted A7} th-53t 52 HATt
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A2 AT 71F "olHE o637t 71 1 24t d3YE A+

Informatics for Biomedical Computing o4 X3t Informatics for
Integrating Biology and Bedside (i2b2) 2014 H]A|H3} A z]o] A4 7|5
o|-gsto] gt AdoA, A= 2 7ol A T AEE ots
Z2AM AR Tt collaborative learning & A@staA}p st 1%,

ol sl MIHEEDT FA7L glol FYolM THlolHE wE=
nonprotective training 21, F Z|@A HYPS SHI T THH
mefru|elE @ 7@e=s Hdste] By Jf4ASkH= round robin training

"hA] o] okA M &3t cyclical weight transfer & -FAFSHCE mixjato gz}

71ged Ede AdHor SEgH FASHINE o835t et 7]
22 7Rl gtk AV TREe e 2AY xRS N &

nygE FY AME HUWY=  privacy-preserving distributed  selective

stochastic gradient descent (DSSGD) A2 11t

1o
o
)
Mo
o
O
(@)
N

I A3t nonprotective training 4] , round robin
WAo] Z2 0961, BH /MO & xSt sk DSSGD wHA ol A
0.955 ¢ 0.840 & Ho round robin ¥Alo] T F HAFH HlolHE

ol 3t WAL} 2 Aol Holx| ke

¢
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Al 44 A7l Bay

AL BAE 8ok= FLY dijto = A Hol|akss (transfer learning)of]
7luket &59std PPDL &3 due|Eilile Axsh He SAS
a3ttt o] ¥ dagEFL =20l Wt cyclic weight transfer®™'%!,

LB - round robin method'”, cyclic transfer

iterative institutional learning
learning'"* 59| o}t o]l5o 2 |1 Utk

g9 st IHE BEHoE ol ol Ade] Suel oz FPe
uel wEzon wy Horl Y=y wEe B AT|H FolE
Fdstnz} o] g duEFe] o]go2 “Ho|RtE Sy (transfer iterative

learning; ©°Js} TIL) " & &2 mstgdeh TILS oA ool olg oA

F

glo] LRI o7 xhglo] Eloje Pl A] FLYF FEE A Holn]
FLO| 29 5713k} uliste] R olo] s WY AL BAS Qg
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o] @7 EHR dlol8E ARgste] CVD

PPDLY ofe] 48E sbgstel TA d1ZY A5 vmsigs.

A&ty Y2l common data model (CDM)!Pg o]835te] 40,507%H 9]

T 32} FSEE FASIYTE o] FTEE k-means clustering=

olgstel 5ol Mgl rjEer #Eet ¥
Ao TILY 452 H7kstr] Sl el
A Al 7 BE Ad @] ARgE

Ae TILE B3 2y9] g g it FA

epet Esel el

PPDLO] 27 stellA B7}

Hel 450z mEs,

o] AFoAl TILL FLo|| H|5| @A e 54 HLS ALEslH FLI

HAGTRE Ase Hol TILo| 9= JooA F&

et dlofg o] = i 2 §lo] 2 ¥dd d¥ste] NAPEE

uosle] RS AZstel Po] g YIS £ 4 9t
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Al 1 & k-means clustering

k—-means clustering = FolZl HlolHE k e EHAHZE H+e

guazon, 7 ZAHst el Aolo] B Hasels WAom

=9 g ke 292H

o]

duEE

D dlelele] 3t D oA k 7He] HolHE doE FEohal, o
golHES ZF 2829 F4 (centroid) 22 A3},

2) A3 D 9 7}t HlolH &l el k7o) SlAE FAH AYE 247
oL, ZF dlolezt o= FARAY M FAETE P w2 A
dopdet. 121 A ol FAHH SR 7 HolHE IPRith

3) 2e2Ee] FAde oAl AL

% ey 13
62 Al TH ¢



) 7+ dolge] 4% ZAEZ HHA 2e UAA 2, )L

Al 2 & Accuracy

Accuracy & ©|&E9¥
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A S oFe WAGEAS B 9%

Jol

accuracy = & AR HolH F ARt oZ9] HlE (true positive S

true negative)o|th. 0|8 AT gk AL obefet Pk

TP + TN
TP + TN + FP + FN

Accuracy =

7] 4, TP= True positive; FP= False positive; TN+= True negative;

FN+ False negative & ©]ETt.
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Al 3 & Relative efficiency

5 Axe] 4o ae4e BRA0 HEIAT FF o] Ade Fofd

Mo
ol

Azt A Aol AAE v o ARBHT FoEA] agdy

7Fs st

4
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)
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1
H
filo
M
B
=
4
2

A &84 (relative efficiency; ©Jst

o

=
RE)!'0 o] A4E| It} ! RE = AgHel CDS ¢ AUROC ©f| H|sli 7§® PPDL
g g A dse Hols

RE L theat 22 418 olgsterk:

RE = score/scorecps
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A 2 % ZetoHA B gd 2P BHE

ofll

A1 2 doly g5

R

AT FITEE AZdstude] CDMOZREH IFEHGYN olF
dolez 28 Fwon A BAClH CVDE dEatnd s 23
T2 ICD-109] Ell ¥ FEE 7HA3 9Je™ glutamic acid
decarboxylase antibody (GAD65 Ab)7F 1.0 A|%F &2 C-peptide &7}
0.9 olFel A= Aolstait

CVD HA ofRo]l mAHe o|lBy EF (binary classification 2 T4

WIEUZEL, HAH e HED F shbel wgom Fosgc

ACSE= ICD-109] 120 E+= 1219 FEE 7AW SHRXYES EZHTH

A emlEAAle, W WIEAlE  (endarterectomy),  E=
5 M3]& (coronary artery bypass graft; CABG)E At -9,

160, 161, == 162 Z=5 7HAH ¥ @5BIIE A 7150l e

A= Holgt
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Prrgoz AekE 52718%elgek 28 P A o]H CVDE

A= A= CVDE o9 91

CVDell izt 29 Frre] &= &

10

2o o) AT 5

otE Q4= 20049 1€RE 20208 129 Ato] 29

Faj=5

- =

Jenz

AR

Hat7] Qe 28 Fuy Avke] 19

oluf CVD= e &A= A Lj= it ET 7|50 fle S} A= o

40,5079 9] &2t 2F L2 ER 9ot (A¥ 2-2).
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Diagnosed with Type 2 DM from 2004 to
2020 implemented in CDM
: 52,718 persons

CVD occurred before DM diagnosis
: 8,230 persons

44,532 persons

CVD occurred within 1 year after DM diagnosis
1 1,935 persons

42,597 persons

Excluding NULL values in features
: 2,090 persons

40,507 persons

Case: 3,478 persons Control: 37,029 persons
(CVD occurred 1 year after DM diagnosis) (No CVD after DM diagnosis)
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(©)

Aggregate privacy insensitive

test results

Global score

Local score

(b)

Exchange privacy insensitive

Train, Validation set

model parameters

(@)

Raw data (Train set)

.+ B0
g+ @O0

+[E®

+ [£]

Preprocessed data (Train, Validation, Test set)

A_a

71Ast

37, 7

gy a7

B

2-3 Zao|H|A]

a4

< dHlolH

SAZ

= (@) AA= @A Ao

%

o=z X

Ho

B
__o_.h

GRS

MAHE oIt i

T
=

7=

3

Iz

o (0 29 B7F 24

=
=

e 7lg Wel 4

Jgrow A

!

fl AH-S-=t.

S

o wzt gE SAFel

SUCI =

o}
=

o ZF PPDL

S}
=

=5}

[
njp
)

,_._mo
4r
g

gloleio] el

=
1

S5t 2

A

A=

=
o

o 7 7hy 7)ol

7] W&

Ell

74

A2 CDS, FL, TILel AMEE it dlole7h 2F 713 o7 =2 {54

70



ofo
:%
el
3
i
—lOll

= Z? N; u;
YEN;

_ YEN(uf +of) 2

N

= E(X?) — E(X)?
FAAA ke 71 £, ol HAb i V1w WE, x = (WA 713
EF @A, 283 N2 HolH<

JHRA ol E ougttt. u= Fit, o=
omEte, w;, oy, Ny 713 9]

s
T

71



A 3 A g ol dA] olmrlw A4

PPDLE| e7ollA & de|E&S AP o o9 713 dHolg7t
dastet,. MA flo]gAle]l k-means clusteringsS  A-8ste] A 2H
glo|HE o]dAH dlojg Bx=z 5719 7MY 7oz Wtk (¥ 5-2).

doleE 22y & m Mo FATFES AR d&5d HsE

HEEoFSFA
=9, 145, H2EAZ 7¥se] 299 5 ¥ 7H 718 delA
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Al 1 & Federated learning

Server

@ Aggregate model

® Upload model

@ Download model
Oy1

6¢
@)
‘Train ’ "Ilaiy
—

Database B,

‘Train ’

Database By

Database B,

St& A4

1% 2-4 Federated learning 2]

D &3 AFA FF Ade T

He &2 HlolH aaAk g2 4 ANt kE, o] AdolM 4 A

2) Fdel B wWrd, mEe A M Jlweld Agdem 2
s
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Al 2 3 Federated learning 23 9] ¢ulo|Ed AHgH L&
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(Stochastic gradient descent; ©]st SGD)Co.2 ¢ile|&E

o] HhgA st}

FL o AA dlolgol A&7l As 2+ 7 7189 /WE SeEdlA
C — fraction = AESIL o] 7MY 7| =] e 2 HolH
gt 71715 AAtetleh 2BR ¢ 2 A9 iz 2715 x2-sid,
C=1 2 AA Wiz 7]&7] @4l sigdtt. ©]E FederatedSeD
(FedsGD) &ir@|Folat sttt .

c=10°]1 11

o,

=

Lo

&5 19 APH FedSGD o #ge A 714
718 k7t gx = VF(w) S AAtsH, FA 2 weollA 2 Hole 9] Ht

7Ie71E AxtstH, T4 AMe o 7Ie71E HAsH dHOIEE wiy, «
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Aol FF2 Al e ez 2HEH. ¢ iE 2ReEolA
Ats st A2 7HE 7189 e E e e SeEllA A

Wstis

@ vl 51 pE A M 7w

Hol

=
ol
4

BRI

AelolEo] AR o] nyuix] o] Z7]olet . oS o TEw trEhiw

olefet 2t

76 ;ﬁ'! -"F,' ‘_]l &l Tl



FederatedAveraging (FedAvg) €1 E8]&. K 7MY 7]

e
Jiin)

k2 QdA &

r

Atk B= A9 vy vzl 327], E= A9 epoch &+, nie= H5E

ftlo

o]
gt

Server executes:
initialize wy
for each round t = 1,2,... do
m « max(C-K,1)
S; « (random set of m clients)
for each client k € S; in parallel do
wf,, < ClientUpdate(k, wy)
Wii1 < legz1r;_kwf+1
ClientUpdate(k,w): //Run on client k
B « (split P, into batches of size B)
for each local epoch i from 1 to E do
for batch b € B do
w <« w — nVe(w; b)

return w to server
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Al 3 & Transfer iterative learning

Database B, Database B,

Local

@ Transfer
Model 6,

Database B, Database B,

% 2-5 Transfer iterative learning 2]
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A 43 A D A J5o B

37t

——— Local score

..... Global score

7% A HlolH

Federated Learning =&

Transfer Iterative E% H% H%
Learning® @ : é g }i S :

EREEREL E%EEE% TR
A 3E 1

71% C HlolH

| 12 B oy

D A9 s A4 (local score): 7 7 713e] HolHE ©]-&5}]
2de 2 & e 78S HAEAY BRY9] 42 vl
2) A9 45 A= (global score): 7 71 7139 Hlo|HE ©]-&5}

Dge A4 F BE M J|pe HAEAS A8t 29

7 % A2 8t
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Round 1

Round 2

Round 3

Round 4

Round 5

(Final models)

3% 2-7 TIL o WA oF 2tes 4 34,

o] oA|AJofA] training
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By miZfRaert w713k o i MY 713e] dloly Ao wet AbE
B4” (FedAvg ¢18]Z) Hr} FLE R3S &8 o, =7 F8t RE
7V Z1BorRE U HFE HolH dol 2E Aees BRIe=EA
z27] F=7F #¥ES HAE 342 JiJIAPHES HAor olgFHo
(A9 3-2 o). FLE 23S sty T AH 2y JHi= 2do] shhrt

29 9t

oY 450 AReR AT 4 At 27] FrE 49 45 gelgd
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Ao d Add 2AA

Batch size= 16

Input data:

One hot vector

e

OEAOAOO’—\J

Linear 07

02

Input layer Hidden layers Output
512 256 128 64 32

o AeE ded ngo BAL

[
ol
N
o
>
el

hyperparameterst= grid search A3 EAT & AAEHAY, Z5t

O

P

1

fio

ITHsHAY. B2 HA| JdZ2" AAFTe=R  (fully connected

neural network) Z}ZF 512, 256, 128, 64, 32719 FwH o2 o|F oz 57[9]

SHSeRE FAENer dd 28 FU2R olfof o F7 43

(rectified linear unit — ReLU) &7 ZF 2450 HEEHJYT EHF

AlRC|E g7t AGEUAT. wiZ] 27]= 16, sksE2 0.0001, 7154

#AE= 0.0010] AFEERO™  Adam  optimizer’t RE  uj/fHSE

ZAs}st7] Y8l A= Ach State 271317} optimizer state2 Ho|5h=

FL¥} TILO|A v} steEnieh 2715) = cHs,

83 ~ A2

At Hw-E wf offte] As S HSV] wiEel optimizer state
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epochs ST 7E 7M 718 AE BYS A9 g5 TILe
915l 100 epoch, ©d AW 22 CDSE I8l 100 epochs &5t

Le 174e] 7 ZlwelA] AH4le] HolE@ 1 epoche] EWE mHA:

A BYs T4 AR JRE, T AoA dH0lE, I ddolEH
2o terEe 32 1 ZeEd € & o I3E= FL2 JE

gheEol A gt 71| epochZ 100 =] F7|stz2 AL 27
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Al 8 4 myge] Frt

5 b @eel Wb HEsh AgHglt 94, ndd Ay @4

rr

oY 2R BrHE Agete] ZHHUT, AUROC 7+ A label yst 273
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(a) Aggregated data (b) Securely separated data
+ + + + +
Train set % Train set D D O ﬁ
0 T
Validation set D D D \ﬁ/ Validation set g D D \%/
Early stopping L74 ﬁ Early stopping
© Securely separated data @ Securely separated data
+ + + + + &
Train set D D D Train set D D D
Early stopping : : Early stopping
Validation set - Validation set i E —
L XA :'-\ » descending
@ ﬁ \g| ‘ ‘ ————— - ascending
a9 3-1 oAl Hi dEd oM ¥ dilEEs ()
collaborative data sharing (CDS), (b) & ot (federated learning; FL), (c)

219 o+ (local learning), (d) Hol¥tE2elss (transfer iterative learning:
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AAlSFE ). 1) serum CO2: serum carbon dioxide, 2) aPTT: activated Partial
Thromboplastin Clotting Time, 3) HbAlc: glycated hemoglobin, 4) ALT:
Alanine aminotransferase, 5) AST: Aspartate aminotransferase, 6) GAD65
Ab: Glutamic Acid Decarboxylase Antibody, 7) BPH: Benign Prostate
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Institution Institution Institution Institution Institution

Variable Overall B P 3 4 s P-Value
Population 40507 21532 13981 2924 1204 866

2517
Outcomes n (%) 3478 (8.6) a7 649 (4.6) 145(5.0) 116 (9.6) 51 (5.9 <0.05

20616 13783 4948 1047
Mal % 472 (39.2) 366 (42.3) <0.05
e %) 509 6a0) (G54 (358 (39.2) 366 (42.3) <

19891 7749 9033 1877
Femal % 732 (60.8) 500 (57.7) <0.05
emate ") 40 G60) (646 (642) (60.8) 500 (57.7) <

ek mean 5058 6682 4750 6335 6581 5322
EEDYYEAL D) (12.54) (695 (975 (1095  (12.13)  (14.39) :

Diabetes o 2515 12197 8268 1864 107 (587 479 (55.3) <0.05
medication Y58 (566 (59.1) (637 : A
Hyperlipidemia 10282 6095 3268

% 431 (14.7) 339 (28.2) 149 (17.2) <0.05
medication N say 083 34 (14.7) 339 (28.2) 149 (17.2) <

Anticoagulant  n (%) 1740 (4.3) 835 (3.9) 330 (2.4) 379 (13.0) 140 (11.6) 56 (6.5)  <€0.05

Antihypertension n (%) L01  7009 2653 IS o o6 6) 238 (27.5) <005
nuypertension L7 g9y 32:6)  (19.0)  (38.3) : )

Antiplatelet agent n (%) 2204 (5.4) 1611 (7.5) 369 (2.6) 97 (3.3) 105 (8.7) 22(2.5) <0.05

serum Sodium mean

139.1 (3.3) 140.4 (2.5) 139.2 (2.6) 135.7 (3.8) 138.1 (3.9) 137.8 (3.9) <0.05

(mmol/L) (SD)

serut COmean 0 33) 274 (2.9) 27.1 3.0) 253 (3.5) 23.7 (4.0) 26.1 (3.4) <0.05
oemal/L? Gy 267G 27429 21130 25335 23740 26164 Q.
Fibrinogen mean 366.9 349.1 343.2 417.6 396.2 343.6 €0.05
(mg/dL) SD) (1163) (97.6)  (98.6)  (139.6) (123.6)  (123.9) :
aPTT (sec)? Zeg)“ 327 (5.4) 322 (4.5) 32.4 (4.4) 342 (1.8) 32.9 (6.2) 33.6 (6.1) <0.05
HbAlc (%)? Zeg)“ 7411 74010 7301 74313 73012 7102 <0.05
ALT QU/LY ™97 338 (31.1)26.2 (15.4)36.1 (22.0)27.5 (18.6)23.4 (19.2) 00 0,05

SD) (62.3)
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mean 108.9

5) :
AST (IU/L) sy 22238246 (109273 13,278 168)22513.0) ")y 0.0
C-peptide MEM 9518 24(1.6) 2407 2421 4029 3322 <005
(ng/enl) sy 25 4(16) 2417 240 029 330 .
GADG65 Abmean

(U/mD)? SD) 0.2(0.1) 0.2(0.1) 020©.1D 0201 01(0.1) 01(0.1) 0.61

Essential
ssential n (@) 3115 (7.7) 2131 (9.9) 768 (5.5) 94 3.2) 63 (52) 59 (6.8) <0.05
hypertension

Cerebral
atherosclerosis

n (%) 39(0.1) 320.1) 2.0 1 (0.0) 2(0.2) 2(0.2) 0.05

BPH” n (%) 156 (0.4) 133(0.6) 6 (0.0) 6(0.2) 8 (0.7) 3(0.3) 0.05
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5% HolH oA FE5

ZatolAl B g BYgo] AHgE By 55

P_
concept_name category Missing  Overall ~ snuh_0 snuh_1 snuh_2 snuh_3 snuh_4 Val
alue
total counts characteristics 40507 21532 13981 2924 1204 866
| @) R 20616 13783 4948 1047 472 366 ©.001
mate e characteristies (50.9)  (640)  (35.4) (358  (39.2)  (42.3) :
19891 7749 9033 1877 732 500
femal % haracteristi 0.001
emaie n (%) CHAracteristies @D G60) 646 642 608  G1n  ©
(vear) D) R 59.58 66.82 47.50 63.35 65.81 53.22 ©.001
3ge lyear, meatt characteristies (12.54) (695 (975 (1095 (12.13)  (14.39) :
Hemoglobin Alc/Hemoglobin.total in Blood 7.4 7.4 7.3 7.4 7.3 7.1
3007263 mean (sp) | emoglobin Alc/Hemoglobin.toral in Blood - © o 3010 <0.001
by calculation (1.1 (1.0 (1.1 (1.3) 1.2) 1.2)
3015377 (SD)  Calciumin S Pl t 19087 92 93 o4 8.5 8.9 92 <0.001
mean alclum 1n serum or asma measuremen (06) (04) (04) (06) (07) (06) .
102.7 103.7 102.2 100.6 104.1 101.7
3014576 mean (SD)  Chloride in Serum or Plasma measurement 21993 <0.001
3.7 (3.0) (3.0) (4.6) (5.3) (3.9)
3028833 (SD)  Bilirubin.total in Blood t 18767 08 08 0.9 0.9 06 1.4 <0.001
mean irubin.total in (0]0] measuremen (05) (03) (04) (07) (04) (13) .
26.7 27.4 27.1 25.3 23.7 26.1
3015632 mean (SD)  Carbon dioxide, total in Serum or Plasma measurement 24557 <0.001
(3.3) 2.9 (3.0) (3.5) (4.0) (3.4)
3042781 (SD)  Aspartate aminotransft inS Pl t 19300 29.2 246 213 218 225 108.9 <0.001
mean spar ate aminotransierase 1n >erum or asma measuremen (238) (109) (13 1) (168) (130) (584) .
C i in in Blood by High sensitivi 15 0.7 0.8 4.5 14 1.6
42870365 mean (SD) ~ "eActive protein in Blood by FUgh sensitvity - curement 26141 <0.001
method (3.0) (1.5) (1.8) (4.9) @7 2.9)
3013682 (SD) U it in$S Pl t 18896 160 16.0 14.2 14.0 331 14.6 <0.001
mean rea nr rogen mn >Serum or asma measuremen (65) (46) (42) (57) (84) (54) .
165.7 151.2 175.1 189.6 166.8 180.6
3004501 mean (SD)  Glucose in Serum or Plasma measurement 19778 <0.001
(62.0) (51.7) (62.7) (72.7) (73.0) (66.8)
3035995 (SD)  Alkaline phosphatase in S Pl t 18816 81.5 132 76l 108.1 8.1 128.4 <0.001
mean aline p OSp atase 1n serum or asma measuremen (400) (251) (297) (621) (429) (717) .
96 -":r'\-\.q _'w.l.-l i 'I_'l I .-C'f_l ]_
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3019550 D) Sodi S Pl . 21819 139.1 140.4 139.2 135.7 138.1 137.8 €0.001
mean odium in Serum or Plasma measuiremen 33) 2.5) 2.6) 3.8 (3.9 3.9) .
4.3 4.3 4.3 4.2 4.7 4.3
3023103 mean (SD)  Potassium in Serum or Plasma measurement 21837 ©0.4) ©0.4) ©0.4) ©.5) ©.6) ©.5) <0.001
44787076 (SD)  Cholesterol in S Pl t 19060 181.6 180.6 200.7 1.1 164.9 1914 <0.001
mean olesterol in Serum or Plasma measuiremen 44.6) (39.6) 42.2) (39.3) 44.7) 49.5) .
1.0 0.9 0.9 0.9 2.1 0.9
3016723 mean (SD)  Creatinine in Serum or Plasma measurement 18834 ©0.4) ©.2) ©.2) ©0.3) ©0.9) ©.2) <0.001
3003458 (SD)  Phosphate in S Pl t 19127 39 36 >0 51 37 52 <0.001
mean osphate in Serum or Plasma measuiremen 0.6 0.6 0.6 07 0.8 ©0.7) .
33.8 26.2 36.1 27.5 23.4 139.6
3006923 mean (SD)  Alanine aminotransferase in Serum or Plasma measurement 19310 3L (15.4) 22.0) (18.6) (19.2) 62.3) <0.001
3024561 (SD)  Albumin in S Pl t 18752 &1 42 44 3.3 37 &0 <0.001
mean umin in Serum or Plasma measuremen ©.5) ©0.4) ©0.4) ©.5) 0.6 0.6 .
Proth bin ti in Blood by C lati 54.5 55.4 56.4 49.3 55.3 51.7
3002417 mean (SD) - Orrompin tme in Blood by Loaguation - asurement 26288 €0.001
assay (44.5) (45.6) (46.1) (38.3) (45.3) (42.2)
3032080 (SD)  INR in Blood by Coagulati t 26291 10 10 1.0 1.2 1.0 L1 <0.001
mean in Blood by Coagulation assay measuiremen ©0.2) ©0.2) ©.1) 03) ©02) ©0.2) .
32.7 32.2 32.4 34.2 32.9 33.6
3013466 mean (SD)  aPTT in Blood by Coagulation assay measurement 27678 5.4) @5) 4.4) 1.8 6.2 ©.1) <0.001
3004077 (Sb) dl in Capillary blood t 32029 168.4 157.9 167.5 150.3 174.9 176.7 <0.001
mean ucose in Capillary bloo measuiremen 64.8) (56.0) ©2.7) (70.3) (75.5) (70.0) .
2.5 2.4 2.4 2.4 4.0 3.3
3010084 mean (SD)  C peptide in Serum or Plasma measurement 25473 1.8 16 17 @1 2.9 2.2) <0.001
46236952 SD) Glomerular filtration rate in Serum, Plasma or . 27980 84.8 81.1 94.2 97.6 343 94.6 €0.001
fmeat Blood by Creatinine-based formula (MDRD) oo trement 268 (193 (L5 (G200 (162 (251 :
Fibri i Platel 1 b 366.9 349.1 343.2 417.6 396.2 343.6
3016407 mean (SD) . nOBeR In Fatelet  poor plasma BY . asurement 31710 €0.001
Coagulation assay (116.3)  (97.6) (98.6) (139.6)  (123.6)  (123.9)
3020148 (SD)  Glut te d boxylase 65 Ab in S t 36574 0.2 0.2 0.2 0.2 0.1 0.1 0.606
mean utamate decarboxylase in Serum measuiremen ©.1) ©.1) ©.1) ©.1) ©.1) ©.1) .
L dehyd in S Pl b 255.9 229.1 240.4 293.7 263.5 307.2
3022250 mean (SD) e dehydrogenase In serum or Fasma bY o curement 38080 €0.001
Lactate to pyruvate reaction (174.5) (11390  (153.4)  (230.6) (166.9)  (248.4)
2 2 1 &)
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3007220 (SD)  Creatine ki s Pl . 38124 124.7 107.6 118.5 170.7 130.5 130.9 €0.001
mean reatine kinase in Serum or Plasmas measuremen Q157 (1602) (1477 (3438 (2167  (2689) .
Diabetes 23515 12197 8268 1864 707 479
% dicati 0.002
medication n (%) medication (8D (566 (91 63D (8D (553 <
Hyperlipidemia @) dicati 10282 6095 3268 431 339 149 €0.004
medication e medieation @54) (83 (234 (147 (82 (172 :
1740 835 330 379 140
Anti 1 % dicati 56 (6.5 0.006
nticoagulant n (%) medication 3) (3.9) 2.4) (13.0) (11.6) 6.5 <
Antih censi @) dicati 11701 7009 2653 1119 682 238 €0.008
ntihypertension n (% medication 28.9) (32.6) (19.0) (38.3) (56.6) (27.5) ’
2204 1611 369 105
Antiplatelet agent n (%) medication 5.4) (7.5) 2.6) 97 (3.3) .7 22 (2.5)  <0.010
Target: (%) dicati 3478 2517 649 145 116 51(5.9) <0.012
e n fedication (8.6) 117 4.6 (5.0) 9.6) : :
5816 3832 1344 306 220 114
316866 % H ive disord, diti 0.001
n (%) ypertensive disorder condition (14.4) (17.8) ©.6) (10.5) (18.3) (13.2) <
834 409 354
4159131 n (%) Dyslipidemia condition @1 (1.9) 2.5) 28 (1.0) 9(0.7) 34 (3.9)  <0.001
3115 2131 768
320128 n (%) Essential hypertension condition a7 ©9.9) 5.5 94 (3.2) 63(5.2) 59(6.8) <0.001
3586 2216 1193
4029305 n (%) Hypercholesterolemia condition 8.9) (103) ®.5) 63(2.2) 48(4.00 66(7.6) <0.001
1298 720 516
432867 n (%) Hyperlipidemia condition 3.2) 3.3) 37 19(0.6) 1714 26 (3.00 <0.001
4029263 n (%) Primary combined hyperlipidemia condition 66 (0.2) 55(0.3) 10(0.1) 0(0.0) 1(0.1) 0.0 0.001
4292079 n (%) Hyperlipoproteinemia condition 38(0.1) 29(0.1) 9.1 000 000 0(.00 0.044
351 163 170
4120314 n (%) Hypertriglyceridemia condition ©0.9) ©0.8) (1.2) 6(0.2) 4(0.3) 8(0.9) <0.001
. . .. 376 253
4028741 n (%) Benign hypertension condition ©0.9) 1.2) 85(0.6) 16(0.5 15(1.20 7(0.8) <0.001
2 2 1 &)
98 = 1_.] L :
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4289933 n (%) Malignant hypertension condition 37(0.1) 21(.1) 13(.1) 0.0 1(0.1) 20.2) 0.328
4220010 n (%) Fredrickson type Ila hyperproteinemia condition 14 (0.00 11(0.1) 3.0 0(0.0) 0(0.0) 0(0.0) 0.39
4029261 n (%) Fredrickson type IV hyperlipoproteinemia condition 3(0.0) 3(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.619
4162681 n (%) Familial type 3 hyperlipoproteinemia condition 2(0.0) 2(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.779
4134862 n (%) Familial hypercholesterolemia condition 4(0.0) 4(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.474
4079876 n (%) Familial combined hyperlipidemia condition 5(0.0) 3(0.0) 200 000 000 0.0 0951
40479758 n (%) Pseudoaneurysm condition 1(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.1) 0(0.0) <0.001
1061 661 263
201340 n (%) Gastritis condition 2.6) G.1) (1.9) 81(2.8) 28(23) 28(3.2) <0.001
. .. . 188 101
193249 n (%) Acute hemorrhagic gastritis condition ©.5) ©.5) 76 (0.5)  2(0.1) 3(0.2) 6 (0.7 0.007
4232623 n (%) Helicobacter—associated gastritis condition 88(0.2) 55(0.3) 32(0.2 1.0 0(0.0) 0(0.0) 0.032
. . . 216 140
4225273 n (%) Chronic gastritis condition ©.5) 0.7 59 (0.4) 81(0.3) 5.4 4(0.5) 0.012
. .. . 252 149
192667 n (%) Atrophic gastritis condition ©.6) 0.7 93 (0.7 2(0.1) 4(0.3) 4(0.5) 0.001
. - .. . 105
4057513 n (%) Chronic superficial gastritis condition ©0.3) 55(0.3) 490.4 0.0 1(0.1) 0(0.0) 0.003
. . 134
199866 n (%) Acute gastritis condition ©.3) 64 (0.3) 40(0.3) 18(0.6) 9.7 3(0.3) 0.004
195306 n (%) Gastroduodenitis condition 82(0.2) 53(.2 2100.2 30.D 3(0.2) 20.2) 0.237
433516 n (%) Duodenitis condition 27(0.1) 18(.1 7(0.1) 1(0.0) 1(0.1) 000 0628
4087594 n (%) Acute gastric mucosal erosion condition 4(0.0) 2(0.0) 2(0.0) 0(0.0) 0(0.0) 0(0.0) 0.941
201059 n (%) Hypertrophic gastritis condition 1(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.755
2 2 1 &)
99 = 1_ l L :



198249 n (%) Congenital anomaly of digestive system condition 4(0.0) 3(0.0) 0(0.0) 0(0.0) 1(0.1) 0(0.0) 0.071

4247651 n (%) Bile-induced gastritis condition 1(0.0) 1.0 000 000 000 000 0927

4057514 n (%) Corrosive gastritis condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
993 311 422 149

194574 n (%) Chronic type B viral hepatitis condition 2.5) (1.4) 3.0) 5.1 31(2.6) 80(9.2) <0.001
1822 782 853 143

4059290 n (%) Steatosis of liver condition @.5) 3.6) ©.1) 35(1.2) 9.7 (16.5) <0.001

. . . 234 114

198964 n (%) Chronic hepatitis C condition ©0.6) ©.5) 49 (0.4) 23(0.8 7.6 41 (4.7)  <0.001
941 262 285 242 113

4098583 n (%) Posthepatic cirrhosis condition 2.3) (1.2) 2.0) 8.3) 39 (3.2) (13.0) <0.001
518 182 131 143

4064161 n (%) Cirrhosis of liver condition (1.3) ©0.8) ©0.9) 4.9) 24 (2.0) 38 (4.4) <0.001
1185 391 252 363 130

4001171 n (%) Liver cell carcinoma condition 2.9) (1.8) (1.8) (12.4) 49 (4.1 (15.0) <0.001

192680 n (%) Portal hypertension condition 4(0.0) 1(0.0) 2(0.0) 0(0.0) 0(0.0) 1(0.1) 0.026
316 140 102

194984 n (%) Disease of liver condition ©0.8) 0.7 ©.7) 38(1.3) 7(0.6) 29 (3.3)  <0.001

4225905 n (%) Liver cyst condition 92 (0.2) 63(0.3) 18(.1) 6.2 1(0.1) 405 001

4098954 n (%) Klatskin's tumor condition 25(0.1) 8(0.0) 2(0.0) 110.4)  0(0.0) 4(0.5) <0.001

4313567 n (%) Postnecrotic cirrhosis condition 34(0.1) 16(0.1) 9(0.1 7(0.2) 0(0.0) 20.2) 0.014

4001664 n (%) Intrahepatic bile duct carcinoma condition 67(0.2) 32(0.1) 6(0.0) 19 (0.6)  7(0.6) 3(0.3) <0.001

4340394 n (%) Hepatic sclerosis condition 5(0.0) 0(0.0) 5(0.0) 0(0.0) 0(0.0) 0(0.0) 0.05

4135822 n (%) Primary biliary cholangitis condition 58 (0.1) 26(0.1) 14(0.1) 5.2 2(0.2) 11 (1.3)  <0.001

4252074 n (%) Cardiac cirrhosis condition 10 (0.00 4 (0.0) 1.0 4.1 1(0.1) 0(.00 0.001
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4340379 n (%) Hepatitis B carrier condition 32(0.1) 16(.D 13(0.1) 2.1 1(0.1) 0(.00 0.889
40484532 n (%) Nonalcoholic steatohepatitis condition 21(0.1) 10.00 9(0.1) 0(0.0) 0(0.0) 20.2) 0.09
4133325 n (%) Focal nodular hyperplasia of liver condition 10 (0.0) 5 (0.0 5(0.0) 0(0.0) 0(0.0) 0(0.0) 0.746
196455 n (%) Hepatorenal syndrome condition 21(0.1)  2(0.0) 3(0.0) 9(0.3) 4(0.3) 3(0.3) <0.001
4046123 n (%) Secondary biliary cirrhosis condition 6 (0.0) 1(0.0) 1(0.0) 3(0.D 0(0.0) 1(0.1) <0.001
4026131 n (%) Non-alcoholic fatty liver condition 53(0.1)  9(0.0) 29 (0.2) 1(0.0) 0(0.0) 14 (1.6)  <0.001
4208660 n (%) Cholangiocarcinoma of biliary tract condition 59(0.1) 25(0.1) 10(0.1) 17(0.6) 2(0.2) 5(0.6) <0.001
4146459 n (%) Esophageal varices in cirrhosis of the liver condition 8 (0.0) 2(0.0) 4(0.0) 1(0.0) 1(0.1) 0(0.0) 0.322
4246127 n (%) Malignant neoplasm of liver condition 20 (0.00 4 (0.0 5(0.0) 7(0.2) 0(0.0) 4(0.5) <0.001
4130518 n (%) Neoplasm of liver condition 9 (0.0) 2(0.0) 5(0.0) 2.1 0.0 0.0 0.19
4089663 n (%) Malignant neoplasm of intrahepatic canaliculi  condition 1(0.0) 0(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0.012
4159144 n (%) Hepatopulmonary syndrome condition 3(0.0) 1(0.0) 0(0.0) 1(0.0) 1(0.1) 0(0.0) 0.009
4277276 n (%) Veno—occlusive disease of the liver condition 3(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 3(0.3) <0.001
201519 n (%) Primary malignant neoplasm of liver condition 23(0.1)  6(0.0) 5(0.0) 7(0.2) 1(0.1) 4(0.5) <0.001
192675 n (%) Biliary cirrhosis condition 1(0.00 0(.00 0.0 1(0.0 0(.00 0¢.0 0.012
4340384 n (%) Ischemic hepatitis condition 10.00 000 000 0000 000.0 1.1 0.001
4240725 n (%) Peliosis hepatis condition 10.0 0.0 0¢.0 0.0 1(0.1) 0.0 0.001
4044708 n (%) Langerhans cell histiocytosis, unifocal condition 1(0.0) 0(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0.012
4342772 n (%) Chronic non—A non-B hepatitis condition 1(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.755
4111998 n (%) Esophageal varices associated with another iy 200 100 100 000 000 000 0983
disorder
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Combined  hepatocellular ~ carcinoma and

4166154 n (%) cholangiocarcinoma condition 4(0.0) 1(0.0) 2 (0.0) 0 (0.0) 1(0.D) 0 (0.0) 0.1
4267417 n (%) Hepatic fibrosis condition 1(0.00 01(0.0) 1(0.0 0.0 0.0 0.0 075
4116347 n (%) Portal hypertensive gastropathy condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
4151243 n (%) Accidental —organ  perforation during a0 100 000 000 000 101 000  <0.001
procedure
4088114 n (%) Postoperative intra—abdominal abscess condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
432851 n (%) Secondary malignant neoplastic disease condition 2(0.0) 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.983
443597 n (%) Chronic kidney disease stage 3 condition 83(0.2) 33(.2 13(.1) 40.D 3227 1.1 <0.001
198185 n (%) Chronic renal failure condition ?(;)35) 97 (0.5 51004 5(0.2) 49 (4.1) 1.1 <0.001
193782 n (%) End-stage renal disease condition A(Lff)) 201(;) 201(;) 29 (1.0) 2?29.4) 7(0.8) <0.001
443611 n (%) Chronic kidney disease stage 5 condition 20213) 32(0.1) 240.2 9.3 55 (4.6) 1(0.1) <0.001
46271022 n (%) Chronic kidney disease condition ?1862) 207;) 66 (0.5 28 (1.0) ?1171.5) 4(0.5) 0.001
443601 n (%) Chronic kidney disease stage 2 condition 12 (0.0)  5(0.0) 4(0.0) 0(0.0) 2(0.2) 1(0.1) 0.028
443612 n (%) Chronic kidney disease stage 4 condition 63(0.2) 22(0.1) 6.0 0(0.0) 35(2.9) 01(0.0) <0.001
4030520 n (%) End stage renal failure on dialysis condition 7 (0.0) 1(0.0) 1(0.0) 1(0.0) 4(0.3) 0(0.0) <0.001
443614 n (%) Chronic kidney disease stage 1 condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
316437 n (%) Cerebral atherosclerosis condition 39(0.1) 32(0.1) 2.0 1(0.0) 20.2) 20.2) 0.001
312938 n (%) Hypertensive encephalopathy condition 3(0.0) 1(0.0) 1(0.0) 0(0.0) 1(0.1) 0(0.0) 0.044
4180026 n (%) Vertebral artery aneurysm condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
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381591 n (%) Cerebrovascular disease condition 27(0.1) 220.1) 1.0 1(0.0) 3(0.2) 0(0.0) 0.001
374384 n (%) Cerebral ischemia condition 36 (0.1)  29(0.1)  3(0.0) 1(0.0) 2(0.2) 1(0.1)  0.007
4201411 n (%) Carotid cavernous fistula condition 3(0.0) 2(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0.389
4225722 n (%) Dural arteriovenous malformation condition 3(0.0) 1(0.0) 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0.523
4278243 n (%) Cerebral arterioscrelosis condition 5(0.0) 3(0.0) 0(0.0) 1(0.0) 1(0.1) 0(0.0) 0.096
377001 n (%) Nonruptured cerebral aneurysm condition 3(0.0) 2(0.0) 0(0.0) 0(0.0) 1(0.1) 0(0.0) 0.03
4077957 n (%) Unruptured aneurysm of middle cerebral artery  condition 2(0.0) 2(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.779
4078443 n (%) Unruptured —aneurysm - of - posterior iy 200 000 100 000 101 000 0003
communicating artery
4077829 n (%) Unruptured aneurysm of carotid artery condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
4102124 n (%) Carotid atherosclerosis condition 4(0.0) 3(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.916
4077199 n (%) E;;ﬁirii‘:ﬂng ;’;:;rysm of - amterior - dicion 300 100 200 000 000 000 0828
4029497 n (%) Cerebral arterial aneurysm condition 3(0.0) 1(0.0) 2(0.0) 0(0.0) 0(0.0) 0(0.0) 0.828
432346 n (%) Dissection of vertebral artery condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
4029966 n (%) Intracranial aneurysm condition 1(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.755
4078016 n (%) Aneurysm of internal carotid artery condition 4(0.0) 4(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.474
378774 n (%) Moyamoya disease condition 3(0.0) 2(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0.389
4062391 n (%) Eifcyle sz S;:ilznakfa;?‘;;; 1Zi eiong flexor ondition 2063) 63(0.3) 36(0.3) 8(03) 5747 202  <0.001
4318545 n (%) Cellulitis of hip condition 20393) 48(0.2) 19(0.1) 9(0.3) 60 (5.00 3(0.3) 0.001
4320944 n (%) Cellulitis of toe condition 9 (0.0) 1(0.00 0(0.0) 1(0.0) 70.6)  0(0.0) 0.001
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4028237 n (%) Cellulitis of foot condition 37(0.1) 110.1D)  6(0.0) 2(0.D 1714 10.D 0.001
4100662 n (%) Cellulitis of finger condition 16 (0.00 3 (0.0) 3(0.0) 2(0.D 8.7  0(0.0 0.001
4267714 n (%) Cellulitis of hand condition 5(0.0) 2(0.0) 200,00 0(.00 000 1(0.1)  0.085
444129 n (%) Injury of wrist condition 3(0.0) 2(0.0) 1(0.0 0(0.00 0.0 00.00 0976
375545 n (%) Cataract condition 2705 2013 436 16 10 30 (3.5)  <0.001
6.7 9.3) (3.1 (4.0) 9.1
374028 n (%) Age related macular degeneration condition 2893) 83(0.4) 18(.1) 5(0.2 3(0.2) 0(0.0) <0.001
4290333 n (%) Macular retinal edema condition ?(;)(;) 2082) 95(0.7) 13(0.4 8(0.7 20.2) 0.032
378416 n (%) Retinal disorder condition 209 119 74 (0.5)  6(0.2) 9(0.7) 1(0.1)  0.039
0.5 0.6)
4146103 n (%) Degeneration of macula and posterior pole condition 96 (0.2) 83(0.4) 8(0.1) 4 (0.1 1(0.1) 0(0.0) <0.001
374025 n (%) Retinal hemorrhage condition 50 (0.1) 21(0.) 23(0.2 2.1 20.2) 2.2  0.309
379010 n (%) Epiretinal membrane condition 3032) ?1662) 46 (0.3)  4(0.1) 15(1.2) 1.1 <0.001
4224741 n (%) Degenerative disorder of macula condition 22(0.1) 150.1) 5.0 1(0.0) 0(0.0) 1(0.1) 0.511
4338894 n (%) Macular hole condition 82(0.2) 61(0.3 18(.1) 1.0 2(0.2) 0.0 0.002
4090255 n (%) Retinal drusen condition 33(0.1) 24(0.1) 8(0.1) 1(0.0 0(.00 0.0 0.208
376965 n (%) Hypertensive retinopathy condition 52(0.1) 25.1) 20(0.1) 30.D 4(0.3) 0(0.0) 0.226
4318985 n (%) Degeneration of retina condition 29 (0.1) 19(.1) 10(0.1) 0.0 0(0.0) 0(0.0) 0.353
434337 n (%) Retinal vascular disorder condition 16 (0.0) 8 (0.0 3(0.0) 1(0.0) 1(0.1) 3(0.3) <0.001
4105178 n (%) Cystoid macular edema condition 43(0.1) 28(0.1) 13(.1) 2(0.1 0(0.0) 0(0.0) 0.409
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Nonexudative age—related macular

372629 n (%) degeneration condition 64 (0.2) 54(0.3) 6(0.0) 1(0.0) 3(0.2) 0(0.0) <0.001
376966 n (%) Exudative age-related macular degeneration condition 55(0.1) 46(0.2) 4(0.0) 2(0.D 20.2) 1(0.1) <0.001
432890 n (%) Microaneurysm of retinal artery condition 1(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.755
372894 n (%) Central serous chorioretinopathy condition 25(0.1)  9(0.0) 110.1) 2.1 1(0.1) 20.2) 0.187
376973 n (%) Cataract secondary to ocular disease condition 4(0.0) 3(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.916
4335998 n (%) Proliferative vitreoretinopathy condition 150.00  9(0.0) 6 (0.0) 0(0.0) 0(0.0) 0(0.0) 0.715
4195988 n (%) Myopic macular degeneration condition 10 (0.0) 5 (0.0 4(0.0) 0(0.0) 1(0.1) 0(0.0) 0.609
4195046 n (%) Clinically significant macular edema condition 84 (0.2) 56(0.3) 27(0.2 0.0 1(0.1) 0(0.0) 0.019
4103381 n (%) Retinitis pigmentosa condition 14 (0.0)  8(0.0) 6 (0.0) 0(0.0) 0(0.0) 0(0.0) 0.726
432619 n (%) Angioid streaks of choroid condition 2(0.0) 1(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0.209
435810 n (%) After—cataract condition 39(0.1) 30(.1) 7.1 0(0.0) 1(0.1) 1(0.1) 0.038
4232976 n (%) Coats' disease condition 2(0.0) 1(0.0) 1(0.0 0(0.00 0.0 00.00 0983
378142 n (%) Retinal ischemia condition 2(0.0) 200 000 0.0 0.0 0.0 0779
4081146 n (%) Lens capsule opacity in pseudophakia condition 5(0.0) 3(0.0) 2(0.0) 0(0.0) 0(0.0) 0(0.0) 0.951
4338889 n (%) Acute retinal necrosis condition 4(0.0) 2(0.0) 1(0.0) 0(0.0) 1(0.1) 0(0.0) 0.135
436403 n (%) Retinal vasculitis condition 9 (0.0) 5(0.0) 0(0.0) 1(0.0) 1(0.1) 20.2) <0.001
4195500 n (%) Idiopathic juxtafoveal telangiectasia condition 1(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.755
4083487 n (%) Macular drusen condition 28 (0.1) 17(.1) 8(0.1) 2(.1) 0.0 1(0.1)  0.792
378414 n (%) Retinal detachment condition 6 (0.0) 1(0.0) 3(0.0) 2(0.D 0(0.0) 0(0.0) 0.095
4029156 n (%) Subretinal hemorrhage condition 4(0.0) 3(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.916
105 A 2-tj] &



377270 n (%) Hereditary retinal dystrophy condition 4(0.0) 2(0.0) 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0.723
319016 n (%) Retinal lattice degeneration condition 4(0.0) 1(0.0) 3(0.0) 0(0.0) 0(0.0) 0(0.0) 0.56
4090244 n (%) Retinal macroaneurysm condition 3(0.0) 0(0.0) 2(0.0) 0(0.0) 1(0.1) 0(0.0) 0.017
433197 n (%) Pseudoexfoliation of lens capsule condition 5(0.0) 4(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.809
4334885 n (%) Parafoveal telangiectasia condition 4(0.0) 3(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.916
373499 n (%) Disorder of eye region condition 2(0.0) 2(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.779
4197160 n (%) Ocular ischemic syndrome condition 5(0.0) 4(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.809
4317952 n (%) Radiation retinopathy condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
376401 n (%) Traumatic cataract condition 4(0.0) 3(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.916
4109548 n (%) Drug-induced cataract condition 2(0.0) 2(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.779
437267 n (%) Peripheral retinal degeneration condition 6 (0.0) 3(0.0) 2(0.0) 1(0.0) 0(0.0) 0(0.0) 0.9
441555 n (%) Retinal telangiectasia condition 1(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.1) 0(0.0) <0.001
4204368 n (%) Eales' disease condition 10.00 000 000 000 00Q0.0 1(0.1) 0.001
372903 n (%) Retinal edema condition 1(.00 0(0.0) 1(0.0 0.0 0¢0.0 00.0 075
373766 n (%) Retinopathy of prematurity condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
40479994 n (%) Presenile cataract condition 1(0.0) 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.755
4164175 n (%) Diabetic intraretinal microvascular anomaly condition 1(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.927
45770919 n (%) Infantile and/or juvenile cataract condition 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.1) <0.001
198803 n (%) Benign prostatic hyperplasia condition 2053) 20336) 6 (0.0) 6(0.2) 8 (0.7 3(0.3) <0.001
4093346 n (%) Large prostate condition 22(0.1) 17(0.1D  3(0.0) 1(0.0) 1(0.1) 0(.00 0.195
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CDS, FL, TIL, LOCAL & ztz} Zof dagy

A
% (federated learning), Zo|¥t=E2ls5 (transfer iterative

b

sharing, A%
learning), A19 <5 (local learning)-= 2|v|3tct,
TIL-10 & TIL-1 2 A7} 10 et @ 2=8 YEhH, asc &

dlole7h A2 7@ @2 71 MR (2FA), desc £ HOlH7}

ftlo
ol

W oA AL 7T M2 (WHAe) S A ou|gitt
Specificity & 0.750 &2 17s}e] Aitstglet.
AUROC &= Area Under the Receiver Operating Characteristics curve S

olm|stH, £SD = Standard Deviation & 2Jn|gttt,

Metric  AUROC +SD  Accuracy #SD fl +SD  Sensitivity +SD
CDS server 0.890 0.000 0.760 0.000 0.383 0.001 0.867 0.004
FL server 0.885 0.001  0.760 0.001 0.381 0.003 0.862 0.008
model 1 0.884 0.001  0.759 0.000 0.378 0.002 0.853 0.006
model 2 0.852 0.005 0.753 0.001 0.351 0.006 0.780 0.016
LOCAL model 3 0.849 0.003 0.753 0.001 0.355 0.004 0.790 0.010
model 4 0.809 0.002 0.747 0.002 0.326 0.007 0.713 0.018
model 5 0.844 0.005 0.754 0.001 0.359 0.002 0.800 0.007
model 1 0.887 0.003  0.759 0.001 0.380 0.004 0.859 0.011
model 2 0.874 0.005 0.758 0.002 0.373 0.009 0.839 0.024
TIL-10-asc ~ model 3  0.869 0.011  0.757 0.002 0.369 0.007 0.829 0.020
model 4 0.880 0.004 0.758 0.000 0.373 0.002 0.841 0.005
model 5 0.878 0.006 0.758 0.001 0.374 0.005 0.843 0.013
model 1 0.887 0.001  0.760 0.000 0.384 0.002 0.869 0.006
model 2 0.885 0.001  0.759 0.000 0.378 0.001 0.853 0.004
TIL-10—-desc model 3 0.877 0.005 0.758 0.001 0.373 0.003 0.839 0.009
model 4 0.878 0.002 0.758 0.001 0.375 0.004 0.844 0.010
model 5 0.880 0.002 0.759 0.001 0.377 0.003 0.851 0.007
model 1 0.887 0.003  0.759 0.001 0.380 0.004 0.859 0.011
TIL-1-asc
model 2 0.873 0.005 0.758 0.002 0.373 0.009 0.838 0.024
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model 3 0.861 0.002 0.755 0.001 0.363 0.004 0.811 0.012

model 4 0.852 0.007 0.753 0.001 0.352 0.006 0.782 0.015
model 5 0.844 0.005 0.754 0.001 0.359 0.002 0.800 0.007
model 1 0.884 0.001  0.759 0.000 0.378 0.002 0.853 0.006
model 2 0.881 0.001 0.758 0.000 0.375 0.002 0.844 0.006
TIL-1-desc  model 3 0.877 0.005 0.758 0.001 0.373 0.003 0.839 0.009
model 4 0.874 0.003  0.757 0.001 0.372 0.004 0.836 0.012
model 5 0.874 0.003  0.758 0.001 0.373 0.003 0.840 0.007
o] ATE Fell, MY M BN EAE BN AE S A1

HAE ANEL »y (o HAE AE j.2 ®rlstgon (9 ji 739

MEg ofnjgie

AAE, AUROC o A9 A% A4t A9 dold £2xo] fg 29

0.884 £ 0.001 ¥} 0.809 + 0.002 Ftt. Hlo|HE 7P Hol] A3t 7MY

TIL 2ge A9 A% @5l BE 29 o1& Bge b5k CDS 9
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TIL-10-desc RJNA 7 =& AUROC ¢ 7P 2o AY
AUROCE ©g 12 0.887 + 0.001 ¥ 23 492] 0.877 + 0.005 9}
TIL-1-asc 9@} TIL-1-desc (=& 1 I} 504 upxjat 7P 7]3of A
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(b) Local learning
Target test set

Test set 1 Test set 2 Test set 3 Test set 4 Test set 5

— 1.00
g
(a) Server based train algorithms s 0.98
Target test set ~
Test set 1 Test set 2 Test set 3 Test set 4 Test set 5 @ 0.96
100 B
k=34 098 o=
28 096 3, 0.94
‘g 0.94 Sg
3 o o
0. b -0.88 V4
08 T -0.90
s
" -0.88
g
S 0.86
(c) TIL-10round (d) TIL-1round
Target test set Target test set
Test set 1 Test set 2 Test set 3 Test set 4 Test set 5 Test set 1 Test set 2 Test set 3 Test set 4 Test set 5
— 1.00 — 1.00
g g
= 0.98 = 0.98
% 0.96 % 0.96
o o
_= _=
§m 0.94 §m 0.94
H P
gs 092 E2 -0.92
- Ay
g 0.90 g 0.90
2 2
- 088 -0.88
3 3
g 086 2 0.86
39 3-4 B Exo] s T Seld A g1z A9 4%
CDS mgeo] Hsof tfs] AUROC 9] RE 7} A=At S|E W (heat
map)®] ZF ¥ 7 PPDL &8 LSS Fof THE HE HIS
omjeitt. 74 A2 7| HIAE Al oujeitt. (a) AH Z]8F PPDL &€
dueEe] A5, CDS o FL = &of &xld 29 RE, (b) A< o5
2ge A (o 7H 719 dlolg 2719 WHAeCe® 10 #RE=E
=t TIL 299 5. (D 7 7139 dHeold 2719 Yyaeo=w
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ooz 9 AUROC = 7iE 7ME 7189 dofee] dgdet 7id

v

239 45 ds= vlust] AAs) SE=EAT (2™ 3-4). CDS & F5h

@]

olg & e i A NE M 71l wet %27 miEZe] PPDL

£ ATYZY oG SIS W] S8 CDS 2R Aol e

(18 3-4a 9] CDS ).

dlolel 471 2 Jjweld staE Ao sy mEe Aol M W

dlole 47t 44 Ze Ao} st 29 5 7F A e RE & BYom,
0.851 £ 0.027 9] AUROC & E3tt (A" 3-4 b 9 Bd 5, HAE ME
5).

a9 FpF 717 o] e BAE ME] gt Ao s mYe] H4

(19 3-4, gZ+4 9] RE), HIAE AE 5¢°f tist 24 4 9] RE7} 7%

AL ofN

gkom 0.872 £ 0.031 o] AUROC & Htt (I¥ 3-4b 9 23 4,
HAE AE 5).

FL 232 CDS 231t 54 REE EHTh
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3] oja] W7} A Adh,

r
5
b

f

E 3-4 (A %) Ho
CDS, FL, TIL, LOCAL 2 Z+Zt 3% d3d 2¥<Ql collaborative data sharing, 9% 8h<5 (federated learning), %do]¥H=-3]

(transfer iterative learning), %9 €5 (local learning)S 2|u|3ITt,
TIL-10 ¥ TIL-1 2 ZZt 10 2ot & 2Rt & YEYH, asc & HlolE7F A2 7|TolA @2 7|3 £AZ (LEA),
}.

o]

rol

10

N

AN A2 71 Mz (WHAE) St A=

desc = HlolEI7} B2 7|
5ttt AUROC = Area Under the Receiver Operating Characteristics curve &, +SD +=

Specificity & 0.750 &2 11%5to] A4t

Standard Deviation & 2]u|gtc},
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o 7} 714 714 ol&E AUROC

Metric AUROC
Target test set  Test set 1 +SD  Test set 2 +SD  Test set 3 +SD  Testset 4 +SD  Testset 5 +SD
CDS server 0.852 0.001 0.928 0.001 0.944 0.004 0.922 0.005 0.951 0.008
FL server 0.849 0.002 0.926 0.001  0.927 0.009 0.910 0.005 0.936 0.011
model 1 0.850 0.001  0.920 0.001 0.901 0.016  0.909 0.007 0.918 0.014
model 2 0.809 0.004 0.918 0.004  0.904 0.014 0.865 0.010 0.925 0.014
LOCAL model 3 0.796 0.003  0.899 0.006  0.909 0.009 0.922 0.013 0.878 0.013
model 4 0.773 0.001 0.854 0.007 0.828 0.015 0.855 0.006  0.830 0.030
model 5 0.804 0.005 0.880 0.008 0.863 0.007 0.879 0.019 0.810 0.026
model 1 0.850 0.002 0.927 0.005 0.926 0.013  0.895 0.021 0.955 0.008
model 2 0.827 0.005 0.926 0.004  0.947 0.010 0.890 0.022 0.946 0.011
TIL-10-asc model 3 0.822 0.013 0.913 0.008 0.939 0.010 0.902 0.008  0.909 0.020
model 4 0.837 0.006  0.920 0.004 0.932 0.007 0.912 0.012  0.947 0.011
model 5 0.837 0.008 0.915 0.003  0.927 0.013  0.909 0.002 0.916 0.006
model 1 0.852 0.001 0.926 0.002 0.919 0.010 0.925 0.005 0.910 0.011
model 2 0.842 0.002 0.928 0.002 0.936 0.007 0.899 0.008 0.935 0.018
TIL-10—desc model 3 0.833 0.007 0.920 0.003  0.948 0.007 0.875 0.019 0.910 0.009
model 4 0.835 0.004  0.927 0.003  0.928 0.012  0.909 0.010 0.928 0.015
model 5 0.839 0.004 0.926 0.001 0.934 0.016 0.911 0.014 0.919 0.017
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model 1 0.850 0.002 0.927 0.005 0.926 0.013  0.895 0.021 0.955 0.008
model 2 0.825 0.004 0.925 0.003  0.947 0.009 0.881 0.026  0.950 0.005
TIL-1-asc model 3 0.814 0.003  0.908 0.001 0.933 0.007 0.894 0.016  0.900 0.008
model 4 0.809 0.004 0.894 0.006  0.909 0.021 0.902 0.004 0.891 0.030
model 5 0.804 0.005 0.880 0.008 0.863 0.007 0.879 0.019 0.810 0.026
model 1 0.850 0.001  0.920 0.001 0.901 0.016  0.909 0.007 0.918 0.014
model 2 0.841 0.003  0.925 0.002 0.920 0.012 0.879 0.019 0.932 0.016
TIL-1-desc model 3 0.833 0.007 0.920 0.003  0.948 0.007 0.875 0.019 0.910 0.009
model 4 0.829 0.005 0.925 0.002 0.922 0.014 0.903 0.013 0.918 0.009
model 5 0.828 0.006 0.923 0.002 0.941 0.012 0.891 0.017 0.932 0.016
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o 7} 7P 71WolA olZH Accuracy

Metric Accuracy
Target test set  Test set 1 +SD  Test set 2 +SD  Testset 3 +SD  Test set 4 +SD  Testset 5 +SD
CDS server 0.748 0.001 0.761 0.000 0.762 0.001 0.769 0.002 0.769 0.000
FL server 0.748 0.002 0.760 0.000 0.759 0.001 0.766 0.005 0.765 0.004
model 1 0.749 0.001 0.761 0.000 0.758 0.001 0.764 0.002 0.762 0.000
model 2 0.740 0.002 0.761 0.000 0.761 0.002 0.759 0.003 0.769 0.000
LOCAL model 3 0.739 0.001 0.760 0.000 0.759 0.002 0.768 0.000 0.768 0.003
model 4 0.730 0.000 0.757 0.001 0.751 0.003 0.757 0.007 0.754 0.005
model 5 0.743 0.001 0.756 0.003 0.755 0.001 0.761 0.009 0.749 0.004
model 1 0.751 0.001 0.761 0.000 0.759 0.003  0.765 0.003  0.769 0.000
model 2 0.745 0.001 0.761 0.000 0.761 0.002 0.765 0.006 0.769 0.000
TIL-10-asc model 3 0.745 0.003  0.760 0.001 0.762 0.001 0.768 0.006 0.765 0.004
model 4 0.747 0.002 0.760 0.000 0.761 0.002 0.769 0.007 0.769 0.000
model 5 0.748 0.002 0.760 0.000 0.759 0.001 0.772 0.002 0.768 0.003
model 1 0.750 0.001 0.761 0.000 0.758 0.003  0.769 0.005 0.760 0.003
model 2 0.748 0.001 0.760 0.000 0.760 0.001 0.762 0.000 0.766 0.007
TIL-10—desc model 3 0.748 0.002 0.760 0.000 0.762 0.001 0.762 0.000 0.766 0.004
model 4 0.745 0.001 0.761 0.000 0.761 0.002 0.762 0.000 0.768 0.003
model 5 0.747 0.002 0.761 0.000 0.761 0.003 0.766 0.003  0.765 0.004
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model 1 0.751 0.001 0.761 0.000 0.759 0.003  0.765 0.003  0.769 0.000
model 2 0.744 0.001 0.761 0.000 0.760 0.001 0.761 0.005 0.769 0.000
TIL-1-asc model 3 0.743 0.001 0.759 0.001 0.762 0.001 0.761 0.005 0.762 0.000
model 4 0.741 0.001 0.759 0.000 0.760 0.002 0.769 0.002 0.760 0.008
model 5 0.743 0.001 0.756 0.003 0.755 0.001 0.761 0.009 0.749 0.004
model 1 0.749 0.001 0.761 0.000 0.758 0.001 0.764 0.002 0.762 0.000
model 2 0.748 0.001 0.760 0.000 0.759 0.001 0.762 0.000 0.768 0.003
TIL-1-desc model 3 0.748 0.002 0.760 0.000 0.762 0.001 0.762 0.000 0.766 0.004
model 4 0.744 0.002 0.761 0.000 0.761 0.003 0.762 0.000 0.768 0.003
model 5 0.744 0.002 0.761 0.000 0.763 0.001 0.765 0.003 0.766 0.004
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o 7} 7Mg 7oA A=H fl

Metric fl
Target test set  Test set 1 +SD  Test set 2 +SD  Testset 3 +SD  Test set 4 +SD  Testset 5 +SD
CDS server 0.407 0.003 0.275 0.000 0.290 0.006 0.437 0.009 0.348 0.000
FL server 0.406 0.006 0.273 0.001 0.279 0.006 0.424 0.019 0.326 0.020
model 1 0.409 0.003 0.275 0.000 0.269 0.007 0.415 0.010 0.311 0.000
model 2 0.375 0.006 0.276 0.002 0.286 0.012 0.398 0.012 0.348 0.000
LOCAL model 3 0.369 0.004 0.269 0.002 0.274 0.008 0.432 0.000 0.340 0.016
model 4 0.333 0.001 0.257 0.004 0.233 0.014 0.389 0.028 0.272 0.028
model 5 0.386 0.004 0.251 0.013 0.257 0.007 0.406 0.036  0.249 0.022
model 1 0.416 0.003 0.276 0.001 0.274 0.015 0.420 0.012 0.348 0.000
model 2 0.395 0.005 0.275 0.002 0.286 0.008 0.419 0.024 0.348 0.000
TIL-10-asc model 3 0.394 0.013 0.272 0.004 0.290 0.006 0.432 0.021 0.326 0.020
model 4 0.403 0.006 0.272 0.001 0.288 0.010 0.436 0.028 0.348 0.000
model 5 0.406 0.007 0.273 0.001 0.276 0.005 0.449 0.009 0.340 0.016
model 1 0.413 0.004 0.275 0.000 0.271 0.016 0.436 0.018 0.303 0.017
model 2 0.405 0.003 0.273 0.001 0.283 0.005 0.411 0.000 0.333 0.034
TIL-10—desc model 3 0.404 0.008 0.272 0.000 0.293 0.006 0.411 0.000 0.333 0.020
model 4 0.395 0.004 0.275 0.002 0.288 0.010 0.411 0.000 0.340 0.016
model 5 0.400 0.007 0.274 0.002 0.286 0.014 0.424 0.012 0.326 0.020
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model 1 0.416 0.003 0.276 0.001 0.274 0.015 0.420 0.012 0.348 0.000
model 2 0.391 0.005 0.276 0.001 0.283 0.005 0.406 0.018 0.348 0.000
TIL-1-asc model 3 0.385 0.003 0.268 0.003 0.293 0.006 0.406 0.018 0.311 0.000
model 4 0.376 0.002 0.267 0.003 0.283 0.013  0.437 0.009 0.303 0.042
model 5 0.386 0.004 0.251 0.013 0.257 0.007 0.406 0.036  0.249 0.022
model 1 0.409 0.003 0.275 0.000 0.269 0.007 0.415 0.010 0.311 0.000
model 2 0.406 0.005 0.272 0.002 0.279 0.006 0.411 0.000 0.340 0.016
TIL-1-desc model 3 0.404 0.008 0.272 0.000 0.293 0.006 0.411 0.000 0.333 0.020
model 4 0.390 0.007 0.274 0.001 0.286 0.014 0.411 0.000 0.340 0.016
model 5 0.388 0.008 0.275 0.002 0.295 0.005 0.420 0.012 0.333 0.020
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o 7} 714} 7|HoA o= Sensitivity

Metric Sensitivity
Target test set  Test set 1 +SD  Test set 2 +SD  Testset 3 +SD  Test set 4 +SD  Testset 5 +SD
CDS server 0.737 0.007 0.979 0.000 0.973 0.025 0.953 0.026  1.000 0.000
FL server 0.736 0.013 0.973 0.006 0.927 0.025 0.918 0.053 0.925 0.068
model 1 0.741 0.006 0.979 0.000 0.891 0.025 0.894 0.026 0.875 0.000
model 2 0.666 0.013  0.984 0.009 0.955 0.045 0.847 0.032  1.000 0.000
LOCAL model 3 0.653 0.008 0.955 0.009 0.909 0.032  0.941 0.000 0.975 0.056
model 4 0.577 0.001  0.909 0.015 0.755 0.052 0.824 0.072  0.750 0.088
model 5 0.690 0.010 0.882 0.054 0.845 0.025 0.871 0.097 0.675 0.068
model 1 0.758 0.006 0.984 0.006 0.909 0.056 0.906 0.032  1.000 0.000
model 2 0.710 0.012 0.981 0.009 0.955 0.032  0.906 0.067 1.000 0.000
TIL-10-asc model 3 0.707 0.029 0.969 0.015 0.973 0.025 0.941 0.059 0.925 0.068
model 4 0.728 0.013  0.967 0.005 0.964 0.038 0.953 0.077 1.000 0.000
model 5 0.735 0.016 0.973 0.006 0.918 0.020 0.988 0.026  0.975 0.056
model 1 0.752 0.009 0.979 0.000 0.900 0.059 0.953 0.049 0.850 0.056
model 2 0.734 0.006 0.973 0.006 0.945 0.020 0.882 0.000 0.950 0.112
TIL-10—desc model 3 0.731 0.017 0.969 0.000 0.982 0.025 0.882 0.000 0.950 0.068
model 4 0.710 0.010 0.979 0.010 0.964 0.038 0.882 0.000 0.975 0.056
model 5 0.722 0.016 0.975 0.009 0.955 0.056 0.918 0.032  0.925 0.068
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model 1 0.758 0.006 0.984 0.006  0.909 0.056 0.906 0.032  1.000 0.000
model 2 0.702 0.011 0.984 0.006 0.945 0.020 0.871 0.049 1.000 0.000
TIL-1-asc model 3 0.688 0.007 0.951 0.013 0.982 0.025 0.871 0.049 0.875 0.000
model 4 0.669 0.005 0.948 0.010 0.945 0.050 0.953 0.026 0.850 0.137
model 5 0.690 0.010 0.882 0.054 0.845 0.025 0.871 0.097 0.675 0.068
model 1 0.741 0.006 0.979 0.000 0.891 0.025 0.894 0.026  0.875 0.000
model 2 0.735 0.010 0.969 0.007 0.927 0.025 0.882 0.000 0.975 0.056
TIL-1-desc model 3 0.731 0.017 0.969 0.000 0.982 0.025 0.882 0.000 0.950 0.068
model 4 0.699 0.016 0.975 0.006 0.955 0.056 0.882 0.000 0.975 0.056
model 5 0.696 0.019 0.981 0.009 0.991 0.020 0.906 0.032  0.950 0.068
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CDS, FL, TIL, LOCAL

b

sharing, A% <5

learning), A9 oh&

(local learning)-& ©Ju]
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TIL-10 T TIL-1<2 Z}zF 10 gtecel Tl gtec e 9

Specificity & 0.750 &= 117sto] A4EsEth, AUROC= Area Under the

Receiver Operating Characteristics curve &, +SD + Standard Deviation &
p g

oju i,
Metric  AUROC +SD  Accuracy #SD fl +SD  Sensitivity +SD

CDS server 0.892 0.001 0.761 0.000 0.387 0.002 0.877 0.006
FL server 0.888 0.001  0.760 0.000 0.383 0.002 0.867 0.005
model 1 0.881 0.002 0.759 0.001 0.377 0.002 0.852 0.006

model 2 0.881 0.001 0.758 0.001 0.373 0.002 0.841 0.006

LOCAL model 3 0.846 0.005 0.751 0.001 0.346 0.004 0.766 0.012
model 4 0.829 0.006 0.750 0.002 0.341 0.011 0.751 0.029

model 5 0.822 0.008 0.750 0.001 0.338 0.003 0.746 0.008

model 1 0.885 0.002 0.759 0.001 0.380 0.004 0.857 0.010

model 2 0.883 0.002 0.759 0.001 0.379 0.003 0.857 0.008

TIL-10-asc ~ model 3 0.871 0.005 0.757 0.001 0.369 0.003 0.828 0.009
model 4 0.882 0.005 0.759 0.001 0.377 0.003 0.850 0.007

model 5 0.879 0.007 0.758 0.001 0.376 0.002 0.846 0.006

model 1 0.884 0.004 0.759 0.001 0.379 0.003 0.856 0.008

model 2 0.884 0.002 0.759 0.001 0.379 0.003 0.855 0.007

TIL-10—-desc model 3  0.883 0.006 0.759 0.001 0.378 0.004 0.854 0.012
model 4 0.883 0.006 0.759 0.001 0.378 0.004 0.854 0.012

model 5 0.880 0.012 0.758 0.003 0.374 0.012 0.843 0.033

model 1 0.885 0.002 0.759 0.001 0.380 0.004 0.857 0.010

model 2 0.881 0.004 0.759 0.001 0.378 0.005 0.852 0.014

TIL-1-asc model 3 0.855 0.004 0.753 0.001 0.353 0.004 0.786 0.010
model 4 0.840 0.003 0.754 0.000 0.356 0.002 0.792 0.006

model 5 0.822 0.008 0.750 0.001 0.338 0.003 0.746 0.008
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model 1 0.881 0.002 0.759 0.001 0.377 0.002 0.852 0.006
model 2 0.884 0.001 0.759 0.001 0.379 0.003 0.856 0.009
TIL-1-desc model 3 0.879 0.010 0.758 0.002 0.375 0.010 0.844 0.028
model 4 0.879 0.010 0.758 0.002 0.375 0.010 0.844 0.028
model 5 0.876 0.012 0.757 0.003 0.372 0.013 0.836 0.035
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(@) Server based train algorithms
Target test set
Test set 1 Test set 2 Test set 3 Test set 4 Test set 5

1.02
1.00
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CDS

PPDL method

-
™

(c)

TIL-10round
Target test set
Test set 1 Test set 2 Test set 3 Test set 4 Test set 5

1.02

1.00

0.98

-0.96

-0.94

Source model
Model 5 Model 4 Model 3 Model2 Model 1

-0.92

wE oA

Ao tisl AUROC

(b)

Source model
Model 5 Model 4 Model 3 Model 2 Model 1

d

Source model
Model 5 Model 4 Model 3 Model 2 Model 1

Local learning
Target test set
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CDS, FL, TIL, LOCAL 2 ZtZt 5% d3d 2dQ collaborative data sharing, %t 8h<5 (federated learning), Zdo]qtEok<s
(transfer iterative learning), %9 €5 (local learning)S 2|u|3ITt,

TIL-10 7 TIL-12 247z} 10 2Bt 24 2he=s onlelt.

Specificity & 0.750 2.2 1145t A4St AUROC &= Area Under the Receiver Operating Characteristics curve 5, £SD &

Standard Deviation & 2]u|gtc},
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o 7} 714 714 ol&E AUROC

Metric AUROC
Target test set  Test set 1 +SD  Test set 2 +SD  Test set 3 +SD  Test set 4 +SD  Testset 5 +SD
CDS server 0.890 0.002 0.886 0.001 0.915 0.004 0.916 0.002 0.911 0.003
FL server 0.887 0.001 0.882 0.001  0.908 0.006 0.914 0.003 0.921 0.012
model 1 0.880 0.003 0.874 0.000 0.899 0.006  0.908 0.003  0.905 0.011
model 2 0.875 0.002 0.878 0.001  0.907 0.002  0.905 0.003  0.943 0.006
LOCAL model 3 0.833 0.007 0.852 0.004 0.891 0.003  0.873 0.005 0.874 0.006
model 4 0.823 0.006 0.829 0.006 0.837 0.016 0.877 0.010 0.879 0.018
model 5 0.817 0.006 0.811 0.010 0.873 0.005 0.853 0.014 0.882 0.017
model 1 0.880 0.004 0.882 0.003 0.921 0.004  0.903 0.009 0.893 0.004
model 2 0.876 0.004 0.883 0.003 0.918 0.005 0.913 0.005 0.879 0.016
TIL-10-asc model 3 0.864 0.005 0.873 0.006  0.896 0.008 0.904 0.005 0.861 0.008
model 4 0.878 0.006 0.877 0.007 0.915 0.012  0.904 0.010 0.891 0.008
model 5 0.875 0.005 0.875 0.010 0.916 0.011  0.905 0.008 0.885 0.017
model 1 0.882 0.004 0.880 0.005 0.896 0.005 0.918 0.005 0.895 0.005
model 2 0.883 0.002 0.880 0.003  0.894 0.006 0.921 0.002 0.895 0.006
TIL-10—desc model 3 0.880 0.008 0.880 0.004  0.895 0.008 0.914 0.010 0.885 0.023
model 4 0.880 0.008 0.880 0.004  0.895 0.008 0.914 0.010 0.885 0.023
model 5 0.877 0.016 0.878 0.010 0.897 0.005 0.914 0.015 0.889 0.015
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model 1 0.880 0.004 0.882 0.003 0.921 0.004  0.903 0.009 0.893 0.004
model 2 0.874 0.005 0.882 0.004 0.919 0.005 0.901 0.012  0.893 0.016
TIL-1-asc model 3 0.845 0.005 0.858 0.004 0.897 0.003  0.880 0.019 0.878 0.016
model 4 0.837 0.003 0.831 0.004 0.874 0.008 0.863 0.018 0.896 0.013
model 5 0.817 0.006 0.811 0.010 0.873 0.005 0.853 0.014 0.882 0.017
model 1 0.880 0.003 0.874 0.000 0.899 0.006  0.908 0.003  0.905 0.011
model 2 0.883 0.002 0.879 0.002 0.894 0.006 0.919 0.005 0.895 0.006
TIL-1-desc model 3 0.874 0.014 0.878 0.004 0.894 0.007 0.914 0.008 0.878 0.024
model 4 0.874 0.014 0.878 0.004 0.894 0.007 0.914 0.008 0.878 0.024
model 5 0.872 0.016 0.873 0.010 0.897 0.005 0.909 0.014 0.883 0.016
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o 7} 7P 71WolA olZH Accuracy

Metric Accuracy
Target test set  Test set 1 +SD  Test set 2 +SD  Testset 3 +SD  Test set 4 +SD  Testset 5 +SD
CDS server 0.759 0.001 0.759 0.001 0.771 0.001 0.771 0.005 0.773 0.000
FL server 0.759 0.001 0.757 0.001 0.770 0.001 0.769 0.003 0.773 0.000
model 1 0.758 0.001 0.757 0.001 0.769 0.002 0.769 0.005 0.773 0.000
model 2 0.756 0.001 0.757 0.000 0.770 0.001 0.764 0.003 0.773 0.000
LOCAL model 3 0.748 0.001 0.753 0.001 0.765 0.003 0.756 0.004 0.762 0.004
model 4 0.749 0.002 0.749 0.003 0.751 0.003 0.763 0.007 0.765 0.005
model 5 0.749 0.001 0.746 0.001 0.757 0.002 0.758 0.003 0.761 0.004
model 1 0.757 0.001 0.758 0.001 0.771 0.001 0.767 0.000 0.773 0.000
model 2 0.758 0.002 0.758 0.001 0.772 0.001 0.767 0.000 0.770 0.004
TIL-10-asc model 3 0.754 0.002 0.758 0.001 0.766 0.002 0.763 0.003 0.756 0.010
model 4 0.758 0.001 0.757 0.001 0.769 0.004 0.767 0.000 0.771 0.003
model 5 0.757 0.001 0.757 0.001 0.769 0.005 0.766 0.002 0.770 0.004
model 1 0.758 0.001 0.758 0.001 0.767 0.002 0.774 0.003 0.773 0.000
model 2 0.757 0.001 0.758 0.001 0.767 0.002 0.773 0.005 0.773 0.000
TIL-10—desc model 3 0.757 0.002 0.758 0.001 0.767 0.002 0.770 0.006 0.768 0.010
model 4 0.757 0.002 0.758 0.001 0.767 0.002 0.770 0.006 0.768 0.010
model 5 0.756 0.004 0.757 0.002 0.767 0.002 0.772 0.004 0.770 0.007
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model 1 0.757 0.001 0.758 0.001 0.771 0.001 0.767 0.000 0.773 0.000
model 2 0.757 0.001 0.757 0.001 0.771 0.001 0.764 0.003 0.773 0.000
TIL-1-asc model 3 0.751 0.002 0.753 0.001 0.766 0.003  0.760 0.006  0.762 0.004
model 4 0.754 0.001 0.751 0.000 0.762 0.002 0.763 0.005 0.767 0.003
model 5 0.749 0.001 0.746 0.001 0.757 0.002 0.758 0.003 0.761 0.004
model 1 0.758 0.001 0.757 0.001 0.769 0.002 0.769 0.005 0.773 0.000
model 2 0.758 0.002 0.758 0.001 0.767 0.002 0.772 0.006 0.773 0.000
TIL-1-desc model 3 0.756 0.004 0.757 0.001 0.766 0.004 0.771 0.005 0.767 0.014
model 4 0.756 0.004 0.757 0.001 0.766 0.004 0.771 0.005 0.767 0.014
model 5 0.755 0.004 0.757 0.002 0.766 0.003  0.769 0.006 0.767 0.008
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o 7} 7Mg 7oA A=H fl

Metric fl
Target test set  Test set 1 +SD  Test set 2 +SD  Testset 3 +SD  Test set 4 +SD  Testset 5 +SD
CDS server 0.377 0.004 0.372 0.003 0.434 0.004 0.463 0.017 0.444 0.000
FL server 0.379 0.003 0.365 0.002 0.432 0.005 0.455 0.011 0.444 0.000
model 1 0.373 0.003 0.364 0.003 0.427 0.006 0.455 0.018 0.444 0.000
model 2 0.364 0.005 0.365 0.001 0.432 0.005 0.439 0.011 0.444 0.000
LOCAL model 3 0.331 0.004 0.345 0.005 0.411 0.012  0.405 0.015 0.403 0.017
model 4 0.335 0.009 0.329 0.015 0.357 0.011 0.435 0.028 0.415 0.021
model 5 0.335 0.004 0.316 0.003 0.381 0.007 0.414 0.012 0.397 0.017
model 1 0.371 0.004 0.367 0.003 0.437 0.004 0.447 0.000 0.444 0.000
model 2 0.371 0.007 0.367 0.002 0.439 0.005 0.447 0.000 0.433 0.016
TIL-10-asc model 3 0.358 0.007 0.366 0.006 0.418 0.009 0.435 0.011 0.378 0.040
model 4 0.371 0.006 0.362 0.006 0.429 0.015 0.447 0.000 0.439 0.013
model 5 0.370 0.003 0.364 0.005 0.429 0.019 0.443 0.009 0.433 0.016
model 1 0.372 0.005 0.367 0.006 0.422 0.008 0.475 0.011 0.444 0.000
model 2 0.371 0.006 0.367 0.005 0.420 0.010 0.471 0.017 0.444 0.000
TIL-10—desc model 3 0.369 0.010 0.369 0.005 0.420 0.010 0.459 0.023  0.426 0.041
model 4 0.369 0.010 0.369 0.005 0.420 0.010 0.459 0.023  0.426 0.041
model 5 0.364 0.018 0.365 0.009 0.420 0.010 0.467 0.014 0.432 0.027
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model 1 0.371 0.004 0.367 0.003 0.437 0.004 0.447 0.000 0.444 0.000
model 2 0.368 0.006  0.365 0.004 0.437 0.004 0.439 0.011 0.444 0.000
TIL-1-asc model 3 0.345 0.007 0.347 0.005 0.418 0.011 0.422 0.023  0.403 0.017
model 4 0.354 0.006  0.336 0.002  0.400 0.006  0.435 0.019 0.421 0.013
model 5 0.335 0.004 0.316 0.003 0.381 0.007 0.414 0.012  0.397 0.017
model 1 0.373 0.003  0.364 0.003  0.427 0.006  0.455 0.018 0.444 0.000
model 2 0.372 0.007 0.366 0.004 0.420 0.010 0.467 0.020 0.444 0.000
TIL-1-desc model 3 0.365 0.015 0.363 0.006 0.416 0.016  0.463 0.017 0.420 0.056
model 4 0.365 0.015 0.363 0.006 0.416 0.016  0.463 0.017 0.420 0.056
model 5 0.361 0.019 0.362 0.007 0.416 0.013  0.455 0.023 0.421 0.033
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o 7} 714} 7|HoA o= Sensitivity

Metric Sensitivity
Target test set  Test set 1 +SD  Test set 2 +SD  Testset 3 +SD  Test set 4 +SD  Testset 5 +SD
CDS server 0.853 0.010 0.857 0.007 0.970 0.011 0.937 0.044  1.000 0.000
FL server 0.857 0.007 0.838 0.006 0.965 0.014 0.916 0.029 1.000 0.000
model 1 0.840 0.009 0.834 0.009 0.950 0.018 0.916 0.047 1.000 0.000
model 2 0.817 0.013  0.839 0.004 0.965 0.014 0.874 0.029 1.000 0.000
LOCAL model 3 0.726 0.012 0.783 0.012  0.905 0.033  0.789 0.037 0.883 0.046
model 4 0.737 0.024 0.739 0.039 0.760 0.029 0.863 0.071 0.917 0.059
model 5 0.739 0.010 0.705 0.009 0.825 0.018 0.811 0.029 0.867 0.046
model 1 0.835 0.012 0.843 0.009 0.980 0.011 0.895 0.000 1.000 0.000
model 2 0.836 0.018 0.844 0.006 0.985 0.014 0.895 0.000 0.967 0.046
TIL-10-asc model 3 0.799 0.018 0.840 0.017 0.925 0.025 0.863 0.029 0.817 0.109
model 4 0.836 0.017 0.830 0.016 0.955 0.041 0.895 0.000 0.983 0.037
model 5 0.832 0.007 0.836 0.013  0.955 0.054 0.884 0.024 0.967 0.046
model 1 0.838 0.014 0.845 0.016 0.935 0.022 0.968 0.029 1.000 0.000
model 2 0.835 0.016 0.843 0.013  0.930 0.027 0.958 0.044  1.000 0.000
TIL-10—desc model 3 0.830 0.027 0.849 0.015 0.930 0.027 0.926 0.060 0.950 0.112
model 4 0.830 0.027 0.849 0.015 0.930 0.027 0.926 0.060 0.950 0.112
model 5 0.817 0.049 0.839 0.024 0.930 0.027 0.947 0.037 0.967 0.075
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model 1 0.835 0.012 0.843 0.009 0.980 0.011 0.895 0.000 1.000 0.000
model 2 0.827 0.017 0.838 0.011 0.980 0.011 0.874 0.029  1.000 0.000
TIL-1-asc model 3 0.765 0.019 0.789 0.014 0.925 0.031 0.832 0.058 0.883 0.046
model 4 0.790 0.016 0.757 0.005 0.875 0.018 0.863 0.047 0.933 0.037
model 5 0.739 0.010 0.705 0.009 0.825 0.018 0.811 0.029 0.867 0.046
model 1 0.840 0.009 0.834 0.009 0.950 0.018 0.916 0.047 1.000 0.000
model 2 0.837 0.018 0.841 0.011 0.930 0.027 0.947 0.053  1.000 0.000
TIL-1-desc model 3 0.819 0.042 0.833 0.016 0.920 0.045 0.937 0.044 0.933 0.149
model 4 0.819 0.042 0.833 0.016 0.920 0.045 0.937 0.044 0.933 0.149
model 5 0.808 0.050 0.829 0.020 0.920 0.037 0.916 0.060 0.933 0.091
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CDS, FL, TIL, LOCAL

sharing, A%

learning), A<

TIL-10 3% TIL-12 247} 10 =f2=et & =
Specificity & 0.750 &= 117sto] A4EsEth, AUROC= Area Under the

Receiver Operating Characteristics curve =, +SD + Standard Deviation &
p g

b

St (local learning)-& 2]

—

A
% (federated learning), ZdoJ¥tE

ofmjghet,
Metric  AUROC +SD  Accuracy =£SD f1 +SD Sensitivity  +SD

CDS server 0.874 0.017  0.757 0.004 0329 0.019 0.826 0.056
FL server 0.828 0.029 0.753 0.005 0311  0.023 0.773 0.067
model 1 0.744 0.040  0.745 0.006 0275 0.029  0.669 0.081

model 2 0.729 0.079  0.741 0.010  0.253  0.051  0.610 0.138

LOCAL model3 0.789 0.035 0.749 0.005 0291 0.025 0.714 0.070
model 4 0.815 0.026  0.752 0.005 0309 0.023  0.767 0.068

model 5 0.814 0.023  0.751 0.004 0305 0.018 0.754 0.051

model 1 0.805 0.050  0.752 0.006 0306  0.030  0.759 0.086

model 2 0.806 0.059  0.751 0.007 0301 0.034  0.745 0.097

TIL-10 model 3 0.832 0.037 0.754 0.005 0315 0.025 0.785 0.073
model 4 0.832 0.028 0.753 0.004 0314 0.018 0.781 0.053

model 5 0.860 0.017  0.757 0.003 0331 0.015 0.831 0.044

model 1 0.744 0.040  0.745 0.006 0275 0.029  0.669 0.081

model 2 0.761 0.050  0.745 0.005 0274  0.025 0.666 0.070

TIL-1 model 3 0.801 0.033  0.750 0.005 0.298 0.024 0.736 0.069
model 4 0.822 0.029  0.753 0.004 0311 0.018 0.773 0.052

model 5 0.851 0.019  0.756 0.003 0.328 0.016  0.822 0.047
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CDS, FL, TIL, LOCAL 2 ZtZt 5% d3d 2dQ collaborative data sharing, %t 8h<5 (federated learning), Zdo]qtEok<s
(transfer iterative learning), %9 €5 (local learning)S 2|u|3ITt,

TIL-10 7 TIL-12 247z} 10 2Bt 24 2he=s onlelt.

Specificity & 0.750 2.2 1145t A4St AUROC &= Area Under the Receiver Operating Characteristics curve 5, £SD &=

Standard Deviation & 2]u|gtc},
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o 7} 714 714 ol&E AUROC

Metric AUROC
Target test set ~ Testset 1  +SD Testset2 £SD Testset3 xSD Testset4 £SD Testset5 xSD
CDS server 0.807 0.044 0.890 0.043 0.897 0.053 0.883 0.038 0.893 0.023
FL server 0.817 0.037 0.896 0.038 0.882 0.050 0.852 0.043 0.828 0.055
model 1 0.788 0.064 0.846 0.066 0.790 0.072 0.751 0.089 0.681 0.059
model 2 0.736 0.088 0.808 0.074 0.777 0.087 0.737 0.123 0.780 0.093
LOCAL model 3 0.763 0.048 0.849 0.049 0.852 0.075 0.799 0.066 0.797 0.073
model 4 0.762 0.046 0.839 0.064 0.841 0.060 0.849 0.048 0.848 0.040
model 5 0.822 0.038 0.889 0.049 0.858 0.071 0.743 0.060 0.810 0.023
model 1 0.816 0.047 0.880 0.049 0.848 0.081 0.805 0.083 0.795 0.081
model 2 0.805 0.058 0.871 0.060 0.867 0.065 0.804 0.082 0.799 0.088
TIL_10round model 3 0.813 0.037 0.884 0.035 0.900 0.049 0.837 0.058 0.840 0.058
model 4 0.811 0.040 0.876 0.043 0.895 0.044 0.853 0.058 0.849 0.044
model 5 0.824 0.038 0.892 0.044 0.890 0.066 0.845 0.057 0.878 0.028
model 1 0.788 0.064 0.846 0.066 0.790 0.072 0.751 0.089 0.681 0.059
model 2 0.776 0.060 0.849 0.049 0.809 0.072 0.777 0.070 0.731 0.081
TIL lround  model 3 0.794 0.038 0.872 0.042 0.886 0.054 0.810 0.062 0.791 0.055
model 4 0.800 0.033 0.871 0.040 0.886 0.041 0.859 0.045 0.826 0.038
model 5 0.820 0.036 0.888 0.044 0.889 0.058 0.831 0.057 0.858 0.024
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® 7} 7P 7oA o= Accuracy

Metric Accuracy
Target test set Testset 1 +£SD Testset 2  +£SD Testset 3 +£SD Test set 4 +£SD Testset 5 +SD
CDS server 0.743 0.016 0.757 0.005 0.758 0.005 0.764 0.012 0.762 0.005
FL server 0.745 0.014 0.759 0.005 0.758 0.005 0.757 0.010 0.752 0.007
model 1 0.746 0.017 0.754 0.006 0.748 0.006 0.746 0.014 0.740 0.006
model 2 0.730 0.020 0.752 0.008 0.748 0.008 0.743 0.020 0.748 0.013
LOCAL model 3 0.738 0.017 0.756 0.006 0.753 0.007 0.749 0.013 0.750 0.010
model 4 0.736 0.012 0.755 0.005 0.754 0.006 0.759 0.011 0.755 0.009
model 5 0.750 0.017 0.758 0.004 0.754 0.006 0.745 0.009 0.749 0.004
model 1 0.750 0.015 0.757 0.005 0.753 0.007 0.753 0.012 0.748 0.009
model 2 0.745 0.015 0.756 0.006 0.755 0.005 0.752 0.012 0.752 0.010
TIL_10round model 3 0.748 0.015 0.757 0.005 0.758 0.004 0.755 0.012 0.755 0.008
model 4 0.747 0.016 0.757 0.006 0.759 0.004 0.758 0.011 0.755 0.008
model 5 0.750 0.015 0.758 0.004 0.758 0.005 0.757 0.011 0.758 0.005
model 1 0.746 0.017 0.754 0.006 0.748 0.006 0.746 0.014 0.740 0.006
model 2 0.743 0.016 0.754 0.005 0.751 0.005 0.749 0.012 0.746 0.010
TIL_lround model 3 0.743 0.015 0.756 0.006 0.756 0.006 0.752 0.012 0.748 0.009
model 4 0.745 0.014 0.756 0.007 0.758 0.005 0.762 0.008 0.753 0.008
model 5 0.749 0.016 0.758 0.004 0.759 0.004 0.756 0.011 0.755 0.005
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Metric fl
Target test set Testset 1 +£SD Testset 2  +£SD Testset 3 +£SD Test set 4 +£SD Testset 5 +SD
CDS server 0.361 0.066 0.253 0.028 0.259 0.028 0.402 0.049 0.312 0.024
FL server 0.371 0.056 0.264 0.025 0.258 0.027 0.371 0.042 0.265 0.037
model 1 0.375 0.069 0.241 0.034 0.204 0.037 0.323 0.063 0.199 0.035
model 2 0.307 0.088 0.224 0.045 0.205 0.044 0.307 0.089 0.241 0.069
LOCAL model 3 0.342 0.073 0.249 0.036 0.231 0.037 0.338 0.057 0.250 0.055
model 4 0.335 0.049 0.245 0.029 0.238 0.033 0.380 0.046 0.279 0.047
model 5 0.388 0.069 0.258 0.022 0.240 0.033 0.320 0.040 0.249 0.020
model 1 0.392 0.060 0.254 0.028 0.232 0.039 0.353 0.055 0.242 0.048
model 2 0.371 0.062 0.247 0.035 0.244 0.027 0.349 0.051 0.262 0.054
TIL_10round model 3 0.382 0.060 0.254 0.028 0.259 0.022 0.365 0.050 0.280 0.041
model 4 0.379 0.062 0.254 0.032 0.263 0.022 0.378 0.045 0.278 0.042
model 5 0.390 0.057 0.262 0.022 0.259 0.027 0.373 0.048 0.291 0.027
model 1 0.375 0.069 0.241 0.034 0.204 0.037 0.323 0.063 0.199 0.035
model 2 0.362 0.066 0.236 0.025 0.222 0.028 0.339 0.054 0.231 0.053
TIL_lround model 3 0.363 0.060 0.248 0.032 0.250 0.033 0.353 0.051 0.244 0.046
model 4 0.369 0.056 0.248 0.036 0.258 0.025 0.392 0.033 0.267 0.043
model 5 0.385 0.061 0.259 0.024 0.264 0.023 0.366 0.047 0.278 0.025
149 A2t 8



o 7} 714} 7|Ho A o= Sensitivity

Metric Sensitivity
Target test set Testset 1 +£SD Testset 2  +£SD Testset 3 +£SD Test set 4 +£SD Testset 5 +SD
CDS server 0.636 0.139 0.897 0.111 0.920 0.113 0.863 0.128 0.880 0.080
FL server 0.656 0.120 0.940 0.100 0.913 0.108 0.780 0.110 0.728 0.118
model 1 0.668 0.145 0.847 0.134 0.703 0.140 0.663 0.150 0.528 0.102
model 2 0.529 0.175 0.783 0.173 0.707 0.167 0.630 0.212 0.660 0.210
LOCAL model 3 0.597 0.148 0.880 0.139 0.807 0.144 0.700 0.144 0.683 0.170
model 4 0.579 0.101 0.863 0.115 0.837 0.128 0.805 0.119 0.773 0.149
model 5 0.696 0.145 0.913 0.091 0.843 0.132 0.653 0.097 0.675 0.062
model 1 0.703 0.129 0.900 0.112 0.813 0.149 0.737 0.132 0.658 0.151
model 2 0.659 0.132 0.873 0.137 0.860 0.108 0.727 0.126 0.723 0.168
TIL_10round model 3 0.681 0.130 0.900 0.112 0.917 0.091 0.767 0.128 0.775 0.129
model 4 0.676 0.136 0.900 0.126 0.937 0.088 0.800 0.114 0.770 0.134
model 5 0.699 0.127 0.930 0.090 0.920 0.108 0.787 0.122 0.810 0.088
model 1 0.668 0.145 0.847 0.134 0.703 0.140 0.663 0.150 0.528 0.102
model 2 0.639 0.139 0.827 0.101 0.773 0.110 0.702 0.134 0.625 0.162
TIL_lround model 3 0.640 0.127 0.877 0.125 0.883 0.131 0.735 0.126 0.663 0.141
model 4 0.653 0.121 0.877 0.142 0.913 0.102 0.835 0.087 0.735 0.137
model 5 0.688 0.136 0.920 0.097 0.940 0.094 0.768 0.119 0.768 0.080
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Abstract

Prediction of Risk of Cardiovascular
Diseases in Korean Adult Population
. Cox proportional hazards model
and privacy preserving deep learning

Sung Hyouk Choi
Graduate School, College of Medicine, Seoul National University

Biomedical Engineering Major

While artificial intelligence (AI) has demonstrated extensive potential in
various domains, developing Al models in healthcare is limited because of
medical data privacy restrictions. Privacy preserving deep learning (PPDL)
attempts to train Al models while protecting data privacy, and one type of
PPDL training algorithm named federated learning (FL) has been gaining
attention as a solution. However, FL is based on model synchronizations that
require automated FL platforms, which may be difficult to implement in some
medical institutions with closed networks. We present transfer iterative
learning (TIL), a decentralized PPDL training algorithm based on transfer
learning which can achieve model performances comparable to FL at lower
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communication cost.

Therefore, the main purpose of this study is to preliminarily analyze
predictive modeling applying the conventional statistical method using data
from the National Health Insurance Service, and to analyze the patient data
implemented in the Common Data Model (CDM) of a single institution. It is
to implement FL and TIL by simulating with multicenter data and compare
the performance.

For predictive modeling with clinical significance, although many
prediction models for cardiovascular diseases (CVDs) have been developed
and validated for Western populations, the development of CVD prediction
models for Asians has been slow. Our cohort study retrospectively analyzed
the incidence of CVD that occurred between January 1, 2009, and December
31, 2016, in all Koreans who underwent national health screening. This
dataset included 21,581,796 adults between the ages of 40 and 79 years
(10,412,947 men, 11,168,849 women) without CVD at baseline. The primary
outcome, CVD, was defined as the development of any of the following: acute
coronary syndrome, cerebral infarction, and cerebral hemorrhage, as defined
with health insurance claims data. The prediction model was constructed by
Cox proportional hazard regression and validated with tenfold cross-
validation. The performance of the models was evaluated through Harrell's
C-index and Brier score. The discrimination of the models was assessed by the

area under the receiver operating characteristic curve (AUROC). Our model
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showed an AUROC of 0.762 in men and 0.811 in women. The Brier score of
our model was 0.018 in men and 0.010 in women, which was better than the
pooled cohort equation (PCE). Our novel model performed better than the
FRS and PCE for Koreans.

To test the performance of TIL as a follow—up experiment, a
predictive model of CVDs was created using data composed of 40,507
diabetic patients implemented in the CDM of Seoul National University
Hospital. The worst and best TIL models presented relative efficiency (RE) of
97.6% and 99.6 %, respectively, compared to the model trained on aggregated
data. FL demonstrated 99.4% RE, and the worst and best local learning
models showed 85.1% and 99.3% RE, respectively. The results suggest that
TIL is a communication efficient PPDL training algorithm which could be
considered as an alternative to FL for medical institutions that could not

support an FL framework.
Keywords: Transfer Iterative Learning, Privacy Preserving Deep Learning,

Prediction Model, Cardiovascular Diseases, Federated Learning, Common

Data Model
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