o

ojo

o]

e
=

PRIM

oS EA S 59



o

ojo

o]

e
=

PRIM

124 d

2007



o]
o]
2] ]
REE O
/1‘:,
9
REE
/1‘:,
9
REE
/1‘:,

L 2]
]|
g

ok 3 EH

o <)

o] A

2
=y

=

074d 1

20



TE KB E] ceeeeeeeeee e e iii
TLR] TP | e e v
TEEL Q) OF oottt v
A DT K] B rorererestuisstiisisiuisisinsisinisissnasissnasissussussasstssussissassissassisstastasenstseastaseastasensasensnasenes 1
11 S5 HI 73 coereseereeneese et 1
1.2 O TEIEL A HD U] @ ceeereeret et 1
1.3 {;.\‘E_,’__ v—TL}B] .......................................................................................................................... 2
A 28 A A ED B F I AT s 3
2.1 EAZ22ED B ] E AT e 3

D11 O] B M ] cerereereeres ettt e 3

2.1.2 R R 2Bl B F] ELE] oo 3
ﬂ] 3X0]- Patient Rule Induction Method oo 5
B1 O] B A B Z] ceeeeerereet e 5
3.2 QF TLE] 25 ettt 5

3.2.1 TOP—dOWN PEELing w+wsweewssersemssemsemsmssiiiiniiiinii s 9

3.2.2 BOttOM-UD PASHNE w+errerserseessesssesssmsmsimsississis s 10
A A4 AAAZE o] La 1Y FHFLAY GAA BB s 12
41 A DA DT GA A ATAE] ZFE oo 12
A2 FAL T A BIZE A] B e 12
43 B2 WA G A ZE AL B 14
A4 BIGE0] TEAT e 17
A5 BFLA] ZH T et 20

4.5.1 Patient rule indUction MEthod et 20



;q] 5?%1— A= 1;!1 L B e 32
;_} a1 T'U: ?:ﬂ ........................................................................................................................... 34
ABSTRAQCT cereeerreeereersneenstemntttententttent sttt st ettt eb ettt sttt b e sb st sab et e bt e bttt 36

,ii,



13

B EE B A

]

1 Lipids factors®] ¢

hyA
it

14

15

=]

il

]

3. Genetic risk factors? ¢

hyA
ar

18

21

5. 3% 7 PRIMO.ZHE < E7

hyA
ar

23

25

=y

7. PRIMe| w&

Ay
it

- i -



IR 1. PRIM G 3 8] S coreereeettente st 8
28 2. 394 PRIMOI A Q] TEHQE Q& T B F oo 29

,iV,



o

il

ki3

PRIMS o] &

iz

il

3

X
o

=

ie)

A 3 (complex disease)o & T}

o BgA

R

al

St A

2 49

!

of
B

ofp

o

sl

Z
=)

3] PRIM(patient rule induction method)<

g 9

dl, o

p

stz =

B =
T

)

ﬁo

B

"

o 3789, T

ofp
ﬁo

.
3o

3
7ol
!
oI
ouil

o

Ae el 4, TR,

Az el

—_—

S
R
oF

ol
)

o

3R

ks

==
o

oF

il
=
ild

M

sl
oF

=

X
o

—_—

0

"
Mo
a
|

—

~

)

Pk ela o

o

g

=
T

S R
=

i

9,]
e 9

a3, 71

t:yl_

&
AP =t 1o

Z]
=)

KN
=

}ith. PRIM
AR R )

! g

EEDEY

o

=
-

= A=

|
™
o

—~
HO

s

ﬂa

puid

o
e

B

N
ox
¢
ol

—_—

B

EEREEER

, patient rule induction method, &= #]

ELT

©al

=yl

)



A1 AL

T 7

B/

1.1

T

3

X
o

o
=0

A 3 (complex disease) . & Tt}

ild

St e A

—

!

_(H

1

=g

3 pe

A

e
=

A

B gyl

ioh-

)

ol
6

BN
it
il

R
oF
—_
o

o

el

o
ool
oF
e

oW

o
N

= ohdA s 7]
3t

o1 4

R

s oA

o
o

3

Aol 3ol

A=

o

0|

oot

—_
o

g =ol7] "ol

ol
oF
c
ﬁo
w

o

ol

3} oy

=
=

Aol o

1

gl

few

2

2} A

o
o

it
o

1
I
|
o
A
=l

nE
i

"

—_—
=

ofp

BK
"

Hr

B/

1.2

el

12 7HA

e
=

A& 7FA human genetics Fofo| A 2 H

e o

(classification)



3
s

b},

7hel ®oazp

3

Dz

32

A& (raw data)el

2]

3

e o] PRIM (patient rule induction method)

)
o
il
il

o
jaze)

reference W=

Nfo

Ulo
o
ﬁo
)

o

ol

23]

]

.
3o

o

—_—

o

o

wjr
)

W

X

i
il
1

o
ﬁO

it
o

o
"
23!

1l

A e e

5] 7 ¥4 S PRIMY

2A2E

i
1H_.o
xr
i

_JI

8o
e
®
-
ad

W

K

X

"
3
o
o)

H
N

s
)

X

™

el
N
o
o))
Ht

ol

~A
o
il
oI
0

™

Ag =2

jus

1.3 =% T4

-8

Z A}

B

o]

3%Fol| A= patient rule induction method?]

=

Fath 478l A

S

ki3

4

E o] A

Fhom, 57l A

S

|

=3

A

?_

Bl

e

A

oF
o
<

)

o

)

& 2

2 ouE BA

]_

.

~
o

At



3 A & A (Logistic Regression)

2~ E]
— =

2.1 &4

21.1 o] &4 "7

=y
-

A Eel

”

”’ “/'\—E_]-‘hiﬂ” ]/]_ ««A§t7

3L
[6)

“
3

al

ok
o

2144 0] A

5ol A

7h 2]

A

=
=

E’_}__

N
=

7+

7] & 9]

—_
o

3] A &4 (logistic regression)©] t}.

2~ E]
— =

o] =X

it

o=

oo

Folns] ga] A

=
=

7

2.1.2 X

= =2

o AL

pu
R

o %3

PN
HEE

R

&+
o
‘o
7
el
o

o

B
s
0|
T
i

ey

w
<

el

¢

ol
e

ol
T

ﬁo

fgng
OO

o
A=
w
™
i

ol

&
oo
et

o
o
ol
)
s

o)
ad

tel 2A1 28 34

S

o, o o

By + By +-oot 51933;;

p(y:uxl,"'?xp) .
*p(y = 1|$1‘ ...’xp)

log T



e AL 2g gl delA A AFAAE A, BFA ¢t 12 EFE

AFSED P(Y=1lr a, - x,)ol Dol Aelaiw et 2o

exp(fy + By +-+ ﬂpl’p)

Ply=1 e )=
( |-’171,-’172, -’Ep) 1 Jrexp(ﬁo + ﬁlxl +ot pxp)

S ZA ¥ WS-8k (logistic response function)z}il

rot

ok ol #HA ezl
Zpzre]l AAFEES 03 14kl #He ZHAA Ha, id AAE Bl A 4
A3 A kgh(cutoff value)S Aste] o] S 7IFo7 EFI)

228 FFAEAL ERvIHes M4 9y Agdan g wwoew HA¥A

(linearity)& 7Fg & o=2X si4o] Folstm 374+ 2 =1 (odds ratio) -2



Al 3% Patient Rule Induction Method

3.1 o] &4 w7

(object

o~
T

3}
o

Z
A

ph
=

i+ 4 3} (clustering) &

Rl o

L
R

Friedman®} Fisher(1997)

PRIM (Patient

2312

N

gl
Rule Induction Method, PRIM)c] &

function)

0|

wjr

T

N

SR EE R

3} = FHAsk

ild

¢

&

o

ghe AT U,

)

X

0
.Z:l

)

o

Atk wAl

IREL

N
1

{yivzi}



(target

|

al7)

jruzel

X

-

Toh

|

.
o

ruiel

Zs

=z =
=

function) f(z)

ol
ol
!
!

™

SJ

ofp
ol

B

o

=

ol

~O
=

X5,

Sl><S2...

S:

TR
NI
o))
®

o

T

Bl
P

average, R? (x)

fr=

o83

L
L

RN R A7)

1.

o]

T

o

!

= A

p
.

oA71A f

el

¢

B

o
0

X

T

b= plalis
TER

9 R

)

pu
R

= 5 f7h At A

o

KR
T

ROl =717}

=]

3=

sto}o}

N
=

A (bias-variance

Brt frel

s

A AL

trade—off) 7} & ot}



i

N+ B, ;Ry

[z, ER), Y=

1

K
r=UJB,

k

)

z,ER

By

= e 5 g,

ol

e

~O

ol & 2kH(box) 2]

= e

k

B

2=

B

o
o

ol

~H
it
o+

n
U (37]'€5jk)
j=1

toll A,

K

1

{B,}

WA Z2 B,

p

5

[¢)

74

[e]

S1k X Sgp X XSy,
=

A4 R

B,
pzS

o

o)
pos

ild

= BE AN

F A7k Al

A
[e]

SR B old e K—1719]

o]t}

ol

EEEEE

S

AgE 9 A7 Bl o

o))

ar

fgnz
OO

3

o/

o|
o

B

Ik
o)

<

ild

il

A
K

ofp
=N

=0

Zlﬁk

k

K

Br=

qFHolA v dx 2

] %

3
<!



o))

s
B

9] top-down peeling® buttom-up pasting ¥ SA[ZE 112 YFolzt. o

ohe

AE AT,

=13
=

ol

~O
iz

Nr
o

0|

)

A
o
X
A
" i
MR
S
N &/
¥k
I I
A
-
<o
—
| @
Lo
=
@
0
[
=)
=
@
o
a
=)
c — —
TR T
o)
a

else

Peeling

Pasting

— 1,

N—=n

else

Peeling

Pasting

N —n, —n, — 1
3

7,
o

a9 1. PRIM €18 F



3.2.1 Top-down peeling

=

Top-down peeling AA Fl9 98 A Bt s14A w549

i)
o
tlo
of

3 Bell &3 A bE Al A (peeling) HA HoldEs AR B—b ¢t

o] Aujt NS s el

Lo
ol
e
2

AT GaeE

Mo

o 2o
1) A A2 A subbox b 7} AAHALE AS 744 2 A¥ FF & 2E5)

= T * 4 T
3t+ subbox b & #+=1

b = argmaz,e ., ave ly;lz,E B—b]

&
Q
=
rr
)
)
lo
il
of,
g
&
=2,
>
o,
lo
)
o
N
)
il
tlo
ko
-
st
ot
=
o
fru
élt
1%
N
)
Ir

I~ I~
AAE 2 7h A5

% subbox b & b; 9 by, F shtolth b, = @A
Aarel A oA Am wge) a @ {alr; < z(ab)elx, by, e BA Akl
A oA AR a4 E {2l > 2;(1-a)}eldh zi(a)e @A A el

N AR 2o aBdFelt A oR <010t

S

i Rs z7h ME P A4S subbox b WA W muA WFe]

J
1t}

o

bj"‘ - {JI|.’EJ - SJ‘"L};SJ'HLE'SJ

3) YollA] Fe HAF subbox b 2 A A A2 B ET



4 AANA BE e Axel F f7h $AD WAA DAL DA2E WG

=8

stop: Bp = 1(z;€B) < 5,

=|~
M=

3.2.2 Bottom—up pasting

o,

top-down peeling®] ZFx e 23 Hoeo] 2 AW WFe B Jd9& e 3
ol t}, Aol A AL top-down peelingd o] @e& GAA HdeE FEAAE
Aojste WEE SAT ot W wiA g AT 74 AANA HdEd
AL AAAE e WA AALE o AAstE ofFo FH Al #3

A4 glol ul

fru
2
mt)
)
2,
o,
élt
Rl
it
o
i,
aui

ColRe HEA AL AAAL o

Al 2AToRHA MAE F e 75l ke A =E bottom-up peeling

1) peeling solution BE 7}A i1 A] &gt}

2) 443 subbox b E Reje] Az Bel tlate] 4AE B

B=BUb

,10,



Mo o® T % ok N
ol e B I S
7 ow D W =
Bo N -y -
R o T+ NB B o ;]e
o e N <
W% o EW 4
oL . 3 03
1) Me RN S Q]
R M8 S .
N~ . W v T
= ™ x Nr < =) q
=} = :.L = MM o I =
i ~
ooy o ® i
XA R B
R N
p Bk T o<
9) o _ N of
e dr = o & iy )
SR I )
1r_| L.O ﬁ_.c
< = ol X Y o
B w OME o O_ SW o
oy Box T h
WO w By Mt I
o -
T 9 % g B X
= B < ToH N lo
~o £y m ,mW i~
® @ m g X =
Ny oA X SR
o & B < ~ 3 -
Mg o g Lo 2
£3 S % ST o ojp -
woL o2 ow 2w TS
s S 7 ° & ® >

MAg = de 71871 =71+ A%

=

=

,11,

peeling solution

[e]

R

Bottom-up pasting



A 47 AAARE ol &

iz
K

L

R

st

[¢]

FAADAFAYH A=

s

]

=

|

R

]

A
o

4.1

o))

Ulo

bl ot

°

s 17719

91
JE

o

i} =) of]

@ 4
o o

=

=

4 A 2 A4 (Body Mass Index, BMI)

AW =Xl Z 9 ~H = (Low density lipoproteins,
A

dl 2~ 8 = (Total cholesterol, Tchol), 1 =X ¢ = ~ ¥ = (High
HDL),

==
=

=

[

BAAE fA4 AFAE ARol

Al 3
= =2
gol 7,

]

t} & A (Single nucleotide polymorphism, SNP)

LDL) %4 A 8 (Triglyceride, Tg),

density lipoproteins,

S

(5l
~g

i+
s

~

<

4.2 &+

HE} 949

3

&

97 o

o]
=

e

o

,12,



AEHA Ao HPgacior &, Tchol, HDL, LDL, Tg&

A 3R] F ol g Afol 7t le=A AW

¥ 2 Lipids factors?

°]§Eo]: T,‘f‘__/ﬂ

ERE PR

Astol[R 1] F93 Aol ®

2 &
Covariate Without HT With HT p-value
Tchol 206.05+37.031 204.81+40.427 0.6171
HDL 49.10+12.193 44.33+11.729 0.0000:
LDL 131.62+£33.307 130.03£37.061 0.4822
Tg 126.751+73.559 152.24£74.462 0.0000:

* p-value < 0.05
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7 Aol

AAg 171 v

of ¥ Fr= vl [ 2] A sk

¥ 3SNP 95 o]8 2=

Alias SNP Gene name location
ATP-binding cassette, sub-family 9q31.1
ABCA1 R219K(G/A) A(ABC1), member 1
B angiotensin I coverting enzyme 17q23
ACE_L A-240T(A2400T) (perptidy —dipeptidase A) 1
1723
B angiotensin I I coverting enzyme
ACE2 C98TC2ATT) (perptidy —dipeptidase A) 2
17923
angiotensin I I coverting enzyme
ACE6 14094(/D) (perptidy —dipeptidase A) 6
17923
angiotensin I I coverting enzyme
ACE_T G14480C (perptidy —dipeptidase A) 7
1723
angiotensin I I coverting enzyme
ACE.8 TBAIS(ATASI9G) (perptidy —dipeptidase A) 8
17923
angiotensin I I coverting enzyme
ACE_L0 AZ2082G (perptidy—dipeptidase A) 10
AGT_2 G-217A angiotensinogen 1q42-q43
AGT_3 A-20C angiotensinogen 1q42-q43
AGT_4 G-6A angiotensinogen 1q42-q43
AGT_5 M235T(T/C) angiotensinogen 1q42-q43
APOAS5_2 T-1331C apolipoprotein A-V 1123
i 16q21
CETP. 2 C_629A cholestery I 1 ester transfer protein, q
plasma
i 1621
CETP. 3 TAQIB(G/A) cholestery I 1 ester transfer protein, q

plasma

,14,



& 2. SNP ¥ o]lF 55

4

)

Alias SNP Gene name location
CETP 5 05V (A/G) cholestery I 1 ester transfer protein, 16421
plasma
LDLR N591IN(C/T) low density lipoprotein receptor 19p13.3
LIPC_4 VISM(G/A) lipase, hepatic 15q21-q23
o] 5 SNPE oWz B4 3o F2o3 =07 de= SNP AGT_3, CETP_2,
LDLR Al 7kA E[x 3] o d && &4l ofs)] A=sad.

¥ 3. Genetic risk factors® YW F EA

Alias Without HT With HT p-value
ABCA1
AA 87 130 0.9389
GA 222 313
GG 114 163
ACE_1
AA 132 211 0.4811
AT 204 277
TT 87 118
ACE_2
CC 87 115 0.4121
CT 184 269
TT 127 212
ACE_6
DD 73 101 0.8531
ID 205 287
II 145 218
ACE_7
CC 145 213 0.904
CG 203 288
GG 74 100
ACE_S8
AA 147 217 0.8648
AG 205 281
GG 70 101

,15,



¥ 3. Genetic risk factors® 4 F BEX (A %)

Alias Without HT With HT p-value
ACE_10
AA 132 196 0.9241
GA 205 293
GG 81 112
AGT_2
AA 8 16 0.5343
GA 130 199
GG 285 391
AGT_3
AA 273 421 0.0093
CA 128 175
CC 19 9
AGT_4
AA 274 413 0.5197
GA 130 165
GG 14 22
AGT_5
CcC 279 416 0.613
CT 130 169
TT 14 21
APOAbL_2
AA 199 306 0.5517
GA 193 258
GG 31 42
CETP_2
AA 86 173 0.0166%*
CA 207 298
CC 92 108
CETP_3
AA 60 86 0.5352
GA 202 309
GG 161 211
CETP_5
AA 118 158 0.6262
GA 213 309
GG 85 136

,16,



¥ 3. Genetic risk factors® 4 F X (A %)

Alias Without HT With HT p-value
LDLR

CC 314 471 0.3426
CT 103 130

TT 6 5

LIPC_4

AA 43 64 0.7762
GA 179 243

GG 201 299

* p-value < 0.05

o AT AEAL nPd AW 29 o, AW, BMIL &FHE, £%5
Bogny AddeRe 9Wd PAFe] Add A@ad HDL, Tg 19z

AGT_3, CETP_2, LDLR Al 7FA¢] SNPe AR} w5 9= 2™t A 560
o= AdAskslt.

_u

g AW 378" F 938W S AT 4

59 T4

WA gu7h 9= PRIM 245 $ste] SHMsEo

a2
N
odtt
N

T8 o] F0
op b, AEAAAE FAAAE 2w volo Hdol AT 46.80+10.28,
2EQ AT 555141084 o] B2 454 H|REI} 454 o]Ao =2 o] FF A

HDL# 2 40mg/dl v Rk} o] o2 o] 3 39 th(Cleeman et al, 2001). =3+ Tg
TE 150mg/dl PR} o] o= o] 23 3 tH(Cleeman et al, 2001). BMI <&
23kg/m’ olstet ZHZ H}AF JFoR o)RF FATH U WEHE, 2005). ol

99 Art oS [E 49 2.

o

M
oL

,17,



F 4 W55 W53 2 NE

Covariate Without HT With HT
(n=378) (n=560)
Traditional risk factor
Age
<45 143(0.38) 91(0.16)
=45 235(0.62) 469(0.84)
Sex
Male 173(0.46) 242(0.43)
Female 205(0.54) 318(0.57)
Drinking
No 145(0.38) 272(0.49)
Yes 233(0.62) 288(0.51)
Excercise
No 251(0.66) 267(0.47)
Yes 127(0.34) 298(0.53)
Diabetes mellitus
No 376(0.99) 542(0.97)
Yes 2(0.01) 18(0.03)
Lipids and BMI
HDL 84(0.22) 209(0.37)
<40 294(0.78) 351(0.63)
> 40
Triglycerides
<150 270(0.71) 326(0.58)
=150 108(0.29) 234(0.42)
BMI
<23 202(0.53) 158(0.28)
> 23 176(0.47) 402(0.72)
Genetic risk factors
AGT_3
AA 254(0.67) 390(0.70)
AC 106(0.28) 162(0.29)
CC ?18(0.05) 8(0.01)
CETP_2
AA 85(0.22) 170(0.30)
AC 203(0.54) 284(0.51)
CC 90(0.24) 106(0.19)

,18,



4 W55 HF3 2 UNEAS)

Covariate Without HT With HT
(n=378) (n=560)
LDLR
CcC 280(0.74) 436(0.78)
CT 4(0.25) 119(0.21)
TT 4(0.01) 5(0.01)

,19,
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¥ 5. 397 PRIMo2HE 2 BAH fo3 B

Traditional HT
risk factor terms

Lipids and BMI

HT risk factor Genetic HT risk

Partition & Partition terms & Partition factor terms &
label . label . label Risk
Risk Risk . ; o
estimation (%) estimation(%) estimation(%)
BMI>23 & Py CE(T(\QI;—:?O)AA
Py HDL<40 TP
Age> 45 & (84.00) Piip n‘(’79 s
a o - CETP 3-AA
(66.09) P not Py, L (75.00)
e (56.61) Pypn not P p
(48.87)
P e
Tg>150 .
Age2 45 & Pa (70.45) P not P54
Female & 21R (70.00)
P, Drink & :
B P AGT_3=AA
no-DM not Py 21 (56.56)
(60.34) Pyp
(54.17) Ponn not Pyp
(51.85)
AGT_3=AA&
BMI>23 & Pyyq LDLR=CC
Py, HDL<40 (93.94)
(90.91) Py p not Py
Age=>45 & ° (85.71)
Female & P321 LDLR=CC
Py no-Drink & P HDL > 40 (66.67)
no-DM 52 (64.38) P not Py,
(69.57) s2h (57.89)
P AGT_3=AA
P not Py 31 (68.75)
o (68.00) Purn not Py
° (66.67)
P, CETP_2=CC
P BMI>23 (64.00)
a (50.89) P not Ppy
o (47.13)
e M L
not P AGT_3=CA
Fnn s Fn: (26.32)
Prar not Prp~Prpo

(0.00)

,21,



938(560)

Py Py Py Pp
289(191) 116(70) 299(208) 234(91)
Py Pip Py Pyp Py Py, Pyp Ppy Prp
100(84) 189(107) 44(31) 72(39) 55(50) 219(141) 25(17) 112(57) 122(34)

Plll Pll}.? PIRI PlRR P211 PQlR PQRI
27(26) 74(59) 56(42) 133(65) 34(24) 10(7)

P2RR P311 P31}? P321 P32R P3R1

PBRR PRII
45(25) 27(14) 33(31) 21(188) 162(10

PRIR PRRI PRRi PRRR

57(33) 16(11) 9(6) 25(16) 87(41)  79(24) 38(10) 5(0)

a9 2. 394 PRIMoAlA 9] 8 AL

=
aT

M
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X 6. 05 2A2EY AN e 2 2R 9F FE

Age>=45 Sex Drink Exercise DM BMI>23 HDL<40 Tg>=150 AGT_3 CETP_2 LDLR Prob.(%)

No M  Yes No No No No No CC CA CC 4.4

No F  Yes No No No No No CC CA CC 5.57
No M Yes No No No No No AA CC CT 10.12
No M  Yes Yes No No No No CC CA CR 11.91
No F No No No No No No CC AA CC 12.24
No M  Yes No No No No No AA CA CT 12.25
Yes F  Yes No No No No No CC CA CC 12.67
No F Yes No No No No No CA CC CT 12.86
No M  Yes No No No No No CA CC CC 13.29

Yes F No Yes No Yes Yes Yes AA AA CC 94.33
Yes M Yes No Yes Yes Yes No AA AA CC 94.74
Yes M Yes Yes Yes No Yes Yes AA AA CC 95.41
Yes M Yes Yes Yes Yes Yes No CA CA CC 95.82
Yes M Yes No Yes Yes Yes Yes AA AA CC 95.9
Yes M Yes Yes Yes Yes Yes Yes AA CA CC 96.68
Yes M No Yes Yes Yes Yes No AA CA CC 96.91
Yes M Yes Yes Yes Yes Yes No AA AA CC 97.44
Yes M Yes Yes Yes Yes Yes Yes AA AA CC 98.01
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PRIM ¢]

. Age>45 Sex Drink Exercise DM BMI > 23 HDL <40 Tg>150 AGT_3 CETP_2 LDLR Prob.(%)
partition label

P Py Py Yes M Yes No No Yes Yes No CA AA CT 72.27
Yes M Yes No No Yes Yes Yes CA AA CT 77.19

Yes M Yes No No Yes Yes Yes AA AA CcC 81.50

Yes M Yes No Yes Yes Yes Yes AA AA CC 95.90

Yes M Yes Yes Yes Yes Yes No AA AA CcC 97.44

Yes M Yes Yes Yes Yes Yes Yes AA AA CC 98.01

Pp Yes M Yes Yes No Yes Yes No CcC CA CT 44.08
Yes M No Yes No Yes Yes Yes CcC CA CT 58.85

Yes M Yes No No Yes Yes No AA CA CT 60.10

Yes M Yes Yes Yes Yes Yes No CA CA CcC 95.82

Yes M Yes Yes Yes Yes Yes Yes AA CA CC 96.68

Yes M No Yes Yes Yes Yes No AA CA CcC 96.91

Pim Yes M Yes No No No No No CA AA CT 37.26
Yes M Yes No No No No Yes CA AA CT 43.54

Yes M Yes No No No No No AA AA CC 43.60

Yes M Yes Yes No Yes No Yes CA AA CC 83.72
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PRIM 9}

L. Age>45 Sex Drink Exercise DM BMI > 23 HDL <40 Tg>=150 AGT_3 CETP_2 LDLR Prob.(%)
partition label

Yes M Yes Yes Yes No Yes Yes AA AA CT 93.99

Yes M Yes Yes Yes No Yes Yes AA AA CcC 95.41

Pipp Yes M Yes No No No No No AA CA CT 25.55
Yes M No No No Yes No No CcC CA CcC 27.28

Yes M Yes No No No No No AA CA CC 31.36

Yes M No Yes No Yes No No CA CA CcC 76.57

Yes M Yes Yes Yes No No No AA CA CcC 83.65

Yes M Yes No Yes Yes No Yes AA CA CcC 88.19

Py, Py Py Yes F Yes No No No No Yes CA CA CC 43.73
Yes F Yes No No No Yes Yes AA CA CcC 58.43

Yes F Yes No No Yes No Yes AA CC CC 59.26

Yes F Yes Yes No Yes No Yes AA AA CC 86.57

Yes F Yes Yes No Yes Yes Yes AA CA CcC 87.57

Yes F Yes Yes No Yes Yes Yes AA AA CC 92.26

Pyp Yes F Yes Yes No No No Yes AA CC CT 49.31
Yes F Yes Yes No No No Yes AA CA CT 54.67

Yes F Yes No No Yes No Yes AA CA CT 57.55
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PRIM ¢

. Age>45 Sex Drink Exercise DM BMI > 23 HDL <40 Tg>150 AGT_3 CETP_2 LDLR Prob.(%)
partition label

Yes Yes No No Yes No Yes AA AA CT 69.64

F
Yes F Yes Yes No Yes No Yes AA CA CT 74.11
Yes F Yes Yes No Yes No Yes AA AA CT 82.89
Pyp Pop Yes F Yes No No No No No AA CcC CC 32.07
Yes F Yes No No No No No AA CA CC 36.92
Yes F Yes No No Yes No No AA CC CT 45.70
Yes F Yes Yes No Yes No No AA CcC CC 70.28
Yes F Yes Yes No Yes No No AA CA CC 7457
Yes F Yes Yes No Yes Yes No AA CA CC 84.43
Ppp Yes F Yes No No No No No CA CA CT 31.01
Yes F Yes No No No No No CA CA CC 37.43
Yes F Yes Yes No No No No CA CA CC 55.81
Yes F Yes Yes No Yes Yes No CA CA CT 80.64
Yes F Yes No No Yes Yes No CA AA CC 81.63
Yes F Yes Yes No Yes No No CA AA CC 83.53
Py Py Py Yes F No No No Yes Yes No AA CC CcC 74.32
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PRIM ¢]

. Age>45 Sex Drink Exercise DM BMI > 23 HDL <40 Tg>150 AGT_3 CETP_2 LDLR Prob.(%)
partition label

Yes F No No No Yes Yes No AA CA CC 78.20

Yes F No No No Yes Yes Yes AA CC CcC 78.98

Yes F No Yes No Yes Yes Yes AA CA CcC 90.77

Yes F No Yes No Yes Yes No AA AA CC 92.76

Yes F No Yes No Yes Yes Yes AA AA CcC 94.33

Pyp Yes F No No No Yes Yes No CA CA CT 73.37
Yes F No No No Yes Yes Yes AA CC CT 73.85

Yes F No Yes No Yes Yes Yes CC AA CT 75.61

Yes F No Yes No Yes Yes Yes CA CA CT 88.31

Yes F No Yes No Yes Yes No CA CA CcC 88.56

Yes F No Yes No Yes Yes Yes CA CA CcC 90.96

Py Py Yes F No No No No No No AA CcC CC 39.73
Yes F No No No No No No AA CA CC 44.98

Yes F No Yes No Yes No No CcC CC CcC 45.01

Yes F No Yes No Yes No No CA AA CC 87.63

Yes F No Yes No Yes No Yes AA AA CcC 90.00
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PRIM ¢]

L. Age>45 Sex Drink Exercise DM BMI > 23 HDL <40 Tg>150 AGT_3 CETP_2 LDLR Prob.(%)
partition label

Yes F No Yes No Yes No Yes CA AA CcC 90.20

Pyp Yes F No No No No No No AA CA CT 38.05
Yes F No No No No No No AA AA CT 50.97

Yes F No Yes No No No No AA CcC CT 51.12

Yes F No Yes No No Yes No AA AA CC 84.38

Yes F No Yes No Yes No Yes AA AA CT 87.12

Yes F No Yes No Yes No Yes CA AA CT 87.37

Pyp Pap Yes F No No No No Yes No AA CA CT 53.18
Yes F No No No No Yes No AA CcC CC 54.94

Yes F No No No No Yes Yes AA CA CT 59.60

Yes F No No No No Yes Yes AA AA CcC 76.87

Yes F No Yes No No Yes Yes AA AA CT 84.06

Yes F No Yes No No Yes No AA AA CC 84.38
Pypp Yes F No No No No Yes Yes CA CA CC 66.74
Yes F No No No No Yes No CA AA CC 72.34

Yes F No Yes No No Yes Yes CA CA CT 76.10
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PRIM ¢]

L. Age>45 Sex Drink Exercise DM BMI > 23 HDL <40 Tg>150 AGT_3 CETP_2 LDLR Prob.(%)
partition label

Yes F No Yes No No Yes No CA CA CcC 76.54

Yes F No Yes No No Yes Yes CA CA CcC 80.91

Pr  Pp  Ppy No M Yes No No Yes No No CA CcC CC 26.67
No M Yes No No Yes No Yes CA CC CcC 32.08

No M Yes Yes No Yes No No AA CC CT 36.08

No M Yes Yes No Yes Yes Yes AA CC CcC 64.34

No M No Yes No Yes Yes No CA CC CcC 66.48

No F No Yes No Yes Yes Yes AA CC CcC 76.35

Ppip No M Yes No No Yes Yes Yes CC CA CC 20.80

No F Yes No No Yes No No AA CA CT 29.81

No M Yes No No Yes No No AA CA CC 30.61

No M No No No Yes No No AA CA CT 31.64

No M Yes Yes No Yes Yes No AA AA CC 74.45

No F No Yes No Yes No Yes AA AA CcC 78.55

No M Yes Yes No Yes Yes Yes AA AA CC 79.10

Prr  Prm No M Yes No No No No No AA CA CT 12.25
No M Yes No No No No No AA CA CC 15.67

_30_



1
Lo

& (A

4

¥ 7. PRIMol @& tF 2A28 3FAEA] gk T4 9 )

PRIM ¢]

L. Age>45 Sex Drink Exercise DM BMI > 23 HDL <40 Tg>150 AGT_3 CETP_2 LDLR Prob.(%)
partition label

No F Yes No No No No No AA CC CcC 16.11
No F No Yes No No No No AA AA CT 47.17
No F No Yes No No Yes Yes AA CA CcC 62.78
No M No Yes No No Yes Yes AA AA CC 69.02
Prpo No F Yes No No No No No CA CcC CC 16.41
No M Yes No No No No No CA AA CcC 24.33
No M No No No No No No CA AA CT 25.23
No F No Yes No No No No CA CA CcC 41.79
No F Yes No No No Yes No CA AA CC 43.24
No M No Yes No No Yes No CA AA CT 56.85
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ABSTRACT

A classification of genetic high risk group for

essential hypertension using PRIM

Ahn, Jin Hee
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

The complex disease such as hypertension has become known to be
contributed by the different combinations of genetic and environmental risk
factors. Therefore, there is a need to use an appropriate method that can
identify subgroups of individuals at substantially increased risk of hypertension
to be each characterized by a particular combination of risk factors.

In this thesis, we proposed an application of the Patient Rule Induction
Method(PRIM) to classify genetic high risk group for hypertension. The PRIM
had an advantage that it could identify subgroups and individuals at risk by
integrating data from many genetic factors and multiple environmental
variables in detail. The PRIM was applied to model the cumulative incidence
of hypertension in a sample of 938 unrelated individuals(560 patients with

hypertension and 378 normal individuals) with 17 single nucleotide

,36,



polymorphisms(SNP) 10 environmental variables from Yonsei Cardiovascular
Genome Center.

In the first stage, the traditional risk factors for hypertension such as age,

sex, drinking history, regular exercise, and diabetes were analyzed.
Secondly, the PRIM was executed with variables of serum lipid profiles, and
body mass index, and in the final stage, it was conducted with multiple SNPs.
The result of analysis was compared with that of logistic regression analysis
which was commonly used to evaluate and classify risk factors.

In conclusion, we found that the PRIM had some utilities that it could
identify the degree of risk in each partition with combination of risk factors
and find out the highest risky group. Also, it could find partitions where the
risk of hypertension was high and maximize the number of hypertension cases
explained by the partitions. So, it could support to draw the implications that

were clinically meaningful.

Key words : essential hypertension, patient rule induction method, logistic regression
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