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Optimized Feature Selection using Feature Subset IG-MLP Evaluation
based Machine Learning Model for Disease Prediction

Kyeongryun Kim - Jaekwon Kim - Jongsik Lee'

Cardio-cerebrovascular diseases (CCD) account for 24% of the causes of death to Koreans and its proportion
is the highest except cancer. Currently, the risk of the cardiovascular disease for domestic patients is based on
the Framingham risk score (FRS), but accuracy tends to decrease because it is a foreign guideline. Also, it can’t
score the risk of cerebrovascular disease. CCD is hard to predict, because it is difficult to analyze the features
of early symptoms for prevention. Therefore, proper prediction method for Koreans is needed. The purpose of
this paper is validating IG-MLP (Information Gain — Multilayer Perceptron) evaluation based feature selection
method using CCD data with simulation. The proposed method uses the raw data of the 4™ ~ 7™ of The Korea
National Health and Nutrition Examination Survey (KNHANES). To select the important feature of CCD,
analysis on the attributes using IG-MLP are processed, finally CCD prediction ANN model using optimize feature
set is provided. Proposed method can find important features of CCD prediction of Koreans, and ANN model
could predict more accurate CCD for Koreans.

Key words : Cardio-cerebrovascular Disease(CCD), Information Gain(IG), Artificial Neural Network (ANN),

Feature Selection, The Korea National Health and Nutrition Examination Survey (KNHANES)
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o St R B 0l o
Z¥ZF 16.4%, 13.9% S71AcH A7 RS AARE 71, 2018).
B R o o 2 St e A
24} 92| E3F 20% ujuko@ LK A, 2016).
% Ao BAL [G-MLP EAXAE v Al]dyt
Ak gloJEE ol&ste] HFsh= Aol deH, A5
Qfel] AFTAHES o83t *'il TAg oS mdo] &
{ AES AHo|E(Information gain, 1G) - Th541
Z(Multilayer perceptron, MLP) &5 7|4tk EXV,\j_,
‘%H%ﬂ Esﬁ A{EH%]—E} Exlmﬂg _;;q;agg 5»5“ Z
AEEHAE) o] ol FAIAT Bl Al = _;_o A
QlthKaregowda et al.,, 2010; Hu et al., 2015).
ARk e 2yl ERol WSt

[‘

2

_1

7zAte] AU7-A77) QAARES o] gatu(AH T
2JEE, 2007-2017), Hlole] AfA Aol o
Zof ZQ3t EYES MUt Egh AdE EXSR
AHEPABS d|Zal ARAATS AlFeI) EF
So] Ae 9l5), WA QS| il gt 1G] A
Ak 53 EAES ZE Add SRS YA
EASZ AAE SAREAFES EYAES 95 MLP
of Qgala, QEE EAREAF By HAES B
& A7t Ane] BAE AEFold vme Fa XA}
H A5 zlopd 4 ek

2. BEATL

Fele] gAY JUEE ZYEAEAS
(Framingham Risk Score, FRS)E AME-3 AT Wilson et
al,, 1998), Wj=QlE tid o= 3t vz Qe ¢
5, skelo] i DejEsk Bk SreiA Slck(Ahn
et al., 2006). T3+ FRS+= AR 21310] kA 7154 o]
ATk oS0] s stk Aol itk 2Zol= #H
9] SCOREAM]H(Systematic Coronary Risk Ealuation)
= 0|83}, ASCVD(Atherosclerotic Cardiova-scular
Disease) A= AREEIL QUA|TE, ofAJopglo] tfsf
Hefsg7t Fekal d2A IeH(Cho, 2018).

Seufete] BARARAL AEERAL B A
3 52 Sedsio] QmekE 3 Fol, 20| wet el
o] 77 Hlole) w7 whd Z7}8l3 lrkUeong et
al,, 2016).

@B =4S 0148 =2

UM e TUAZYTRAE o183 =l A
ApAe Roge] dg BAR Q5] AgEse
™(Bae, 2016; Kang et al., 2017), 4] ¥ A9
et HEyaete] el E4d it d4s EIF

SJtHKim et al., 2010).

3. ¥

£ M SJ3 $HOE Fig. 19] OAES] B
S up2ch AL 98 = OML 17e] 42 7
A 8 SRS AR, SRS o8 57
3] Wt 3R] AkES Fol7] $I8, BAA 24
ol Hmol5o] AXRS Haatch. Auols ALLE Eal,
Hegl 27] BASE thRAAEE o|8% B4 w1
AES] B} Taol g4 e B0l Eat 4
o olgake uekst] 913, 10 fold WAHZFS A%
3R, 2 foldd AEIHE B3 AeE 54 PEY
50| E450) MES ANstel HF 57 NES 23
T 4 RS AFET olg3tel ABdlH Tk

Pseudo code for the feature selection.
Candidate feature set : X= {I],IQ,"',CEn}.
Calculate entropy of the class using the equation (1).
Calculate information gain between the class and the
features using the equation (3)
Select the features which have a high value.
Filtered feature set : X'¢ = {I{G?ﬁén,’",l{?}
For i=1 to ( # of the folds of cross validation )
while X'’s evaluation doesn’t increase
Do heuristic search to select the features except
the X7“’s element.
X ={a &y -2}
Evaluate the X using MLP.
}
}

Select the features which has high proportion.

Fig. 1. Pseudo code of the method.
4, Hlojg 24

R AL 93, A471-A77) FA3
A BAAR BlolE] A AT FuAger
A dahalse] BARAR Ashe] Akl Eiolx
SR, BARAe 7| 24RE B8] 9% B
ofck. gt wlo]e] Aol le] A4z, A, A



ST IG-MLP T} 7lsto] S{MEIE SRME WS 0|3 T o) jAlzly o

F 9 QA Ah So| Xy Hojglow], ol 3}
WA B9lo] BEASh AR 2% FARROI:

gole] A Aol ol§37] S8, Am U
2 F33 Hol, dlold WAz, dlole AEBL Ayst
ok HEAom dus dojg Al & 9252749 =
== olg)A glov], A8E 9la) Edlold AL 64787
(70%) 9] HZE==, HAE AL 277470(30%) 2] HZ2=
2 T4,

dlolelo] Eat Hgolln] Alae e 913 445

o] MEle sj2e] A Atk el FRSS} ASCVD)
QeisE F|koR Fslele). FRS9F ASCVDY) ¢
euiei A, Uol, $:57]8¢), $29 A6, HDLE
HlEE, TEGR, FolR, Y 5o 74
o] Qlow), 1 ool Al Aste] FoAAE
el oA A SR, 0]27]%S), BMI(Body Mass

Index) (F4FQ, 2016; A, 2015) 5= 5T

5. dlolg AAF

2 Aol A, HlolE Ao Fa BAe ST
FE2AL T ol Al AxEuEs o zde
Aoz AN 4= JYEF sk Zolch gojg A
A7 @A= dlole GA|(Data cleansing), H|oE thA]
(Data imputation), %41 8(Feature selection) 522
olFA ULt T dlolE AojA] HwderEet [
ol el s ZAet HE2E = F 291070 =, HH
Apete] gloje o] YA b=t whehA e
Agko] o] wt dlofE AlE Uk -, LAl ElolE
Ao tisf slofe] AL thA] Ale sk, =
tlole] Ae] 51t oo EAATEE XTIt Hloje o
AAe] P9 Fig. 29} 2.

5.1 H|0|E] H~|(Data cleansing)

glole] %A 2L dole] o] AEIES A E
+ HAIBH: BHolth ASEA ok F49 tHlolHY
A A, o] ofdarg 712 4= olek. Alvapase
52 93t SAES $HEE= Table 13} 2.

tlofe Al Z, A=y S gho] 4l TlolE
oA, shte] glito] ofe] AEgko] Sl Aol dl
FTE AHA|(list wise deletion)A|2] 3}l S Fhol
AZBRI Hlolg AloA= A3 Flo] gl glatws 5

sl

N

CCD CCD*
present absent

I I

| | Data Validation | ‘

List wise . .
Deletion List \,‘- ise
Deletion
stat15t1§al Data
analysis :
sampling
Hot deck
imputation
l <Data integration™>

Training set (70%) [ Test set (30%0)
6478 records 2774 records

Iﬁ
/ Feature selection \

[ Full Feature Set ]
v

Information gain based
basic feature subset selecton

Generate feature
subset includes initial
element

. Feature
Evaluation subset
Multi layer input
perceptron

based classifier

- /
!

‘ Final Feature subset ‘

Fig. 2. Architecture of data preprocessing.
*CCD: Cardio-cerebrovascular diseases

5.2 H|0|E| CHA|(Data imputation)

23 ghe] A2 WS dEZA AA|(list wise deletion),
Bk tiA, BE2 diAlel 22 TetiA|(single imputation),
Rt (multiple imputation)5-2] ¥Ho] itk

= AtolA= dlolE A F, AlEdaste] o
F7h A R =Eo] disiAnt wlofe thAlE xlyst
k. o= lolH o] B4, 54 Aghs 7H &A1) 4=
7} agpol7] whiel, YEA A9 Wtk HolHE
sk 2] dejAolet Hetskgi).

ASEA, A0S, UiA W Table 29} 2t 4
23] Hl&o] ~10%3] ¢ o= A WS AR
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Table 1. Variables of data set

Hp W& HY Bt HZHAL
age Ak} Lol [19,80] 55.1 16.9
SBP 2z27) Yot [79,221] 1212 17.3
:‘i DBP olek7] e [25,120] 752 103
% BMI I EAR I AES [15,45] 24.1 34
total CHOL %= ZY S [83,384] 1859 38
HDL CHOL HDL Z¥2HE [20,124] 489 123
H|2
sex A {1,2} Lgx 20 o=t
hypertension T §HojH {0,1,8} 0. 9 1. 332 8 =
H dyslipidemia ol FAEEZ ol R {0,1,8} 0. 9% 1. %% 8 =&
';g diabetes Gty frols 11,23} 1D g4 2 FEEGEY 3. T
smoke 5o A (0,123} (1): ;ﬁ;]] %ﬁ i ¢ E
CCD e K R {0,1} 0. g5 1 9%
Table 2. Missing value and the ratio Table 3. F-test and T-test of the attributes
4 255 25 3t g7 3 f-test t-test
SBP 0.275% THeF S| W i p- A3 H, P
DBP 0.275% Hdgk diAl value value
BMI 0.618% Bz A Ty Tspp = 0.00 - 0.00
total CHOL 10271% | o|Ax|AEZ S50 uf2 Thyp TpBP @E}g 0.00 | o]Z4k @%94 0.00
HDL CHOL | 10306% Hot deck ] Tt |l 0,03 Bl | 0.00
i Faes B
Tgyer Tprpp 0.06 | SEAF 0.73
Z 2A7F §1aL 10~20%921 7--olli= Hot deck thA], 2] “hypertension, dyslipidemia,
7 A S9] o] mntHolat A A QIthHair et al., ““total CHOL, ~""HDL_CHOL
2013; Myers, 2011).
Hot deck thAIE I3l -84} t-HAH L2 GAE 9 5.3 EXIMEH(Feature selection)
g 7]5(donor) HlolHE AFSHL, AE5gke 7Saes Ex e neo] e s §EAkA 7] 7] 93, Hlo]E
Agict 4 Aak= Table 33+ 2t} f-94=% 0.050] i 71t 22 45 HolE 5 e BARENEE
A YRR oS 78U olebr] Bk o R ik S0 B Bo) el At g
AAAFY S0l e FRASHE SAE £ AT =8 % 5 AT SN 3L B9, dolee] 4
O Bato] GRithal sjA e 4= Qlrk SERRE o) FXEE (dimension)& 7AA|A, Bt G820l g5 AARS &
% ol @2 HDLZH| AHE 549 Hatoll= #bo] 4= QltiGuyon et al., 2003).
o} itk A4 5 olck Asie] ek, SBP, DBP, Snee] 203 A2, SHRBA] A4 e
total CHOL®] A= 7ke AelE 7] do|g] AllojA] 2 =3}, WAE REASIE| gigt B} S23jolc}, EAR
Ao A5l HDLE | A HE BMIS| A5 gk 721249 A Hrtoll= =84 EA e FAVINE v &
Bagro 2 oRlsgck A3t BR7Ieh 22 2lui(leamen) S o] §3 F47 B4
o] 9ltHHuda et al., 2016). 2 =ZolA= F+ W4
= §Hoto] B 299 sh5} Aol aeel 54

ED 5=0S20|43t5| =2X|
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Training set ( 10-folds ) = Validation = Training i={1.23, ..

.10}

ED[‘ T1|T2‘T3|...‘T10” TJ‘T2|T3‘...‘T10

Training dataset

(6478 records)

Independent Analysis

Information Gain

b

First fold (k = 1). Iterate until k= 10
4

n[n[n]. nd}-

ﬁarner based Feature Subset Evaluation

ol

based feature
analysis

\- Cross Entropy

L 7

1 calculation .
N i

- Ranking elements |

@
-

Expand
feature
element
and generate
new subset

Feature__y,
subset

Evaluati on_|

@ Huristic

Initial

]

subset search

Input
layer

Hidden Output

layer layer

Classifier :Multilayer Perceptron //

\subset

v

‘ Final feature subset )"“““““““““"I

Cross validation
Optimal feature subset H* —med

Fig. 3. Architecture of the feature selection process

A RAR, AEETEse] f57 S SRS ¢
IGE AAettKKent, 1983).
IG Akt Axtol| whet =2 16k 7H 42 2y 7]
HF HA SRR AdEng o Hxdar feEn) oy
714 EAJE S0l ML k-fold WAPAZES B4 o]
Fxck of7]8lA)= Fig. 3¢+ Atk

M

5.3.1 AR o]&(Information Gain)

AlETAS ol 2da 599 918,
IGE AXlst IGE JERT] ALES 7IREC=Z o]g7]
o e el 4 (1)7h 2o AolsicPathria ct al.
2011).

E H [e]
=R

Table 4. Entropy of CCD class

S V41 12 H(S)

CCD 2039 4439 0.896

A EHRAS grjol o] st JEZu]= Table 49¢
Zth CCD ZdAaEs ¥y

F7HA0, 1jo]H=, e o] W=
[0,1]0]tk. CCDY eZke 0.8960%, AR O] TAE7}
=th CCDoF U A] &4 710] ARIE 23]= 4] (2)9F
o] AAFer 4= Qiti(lan et al., 2016).

Cross Fntropy = H(p,q) =— E p;log,(g)  (2)
i=0

MformationGain( CCD, Attr) =
D lcep,|
vE Feature | CCD'

(ceD,={ie CCD\Attr ;,=v})

H(CCD) — H(CCD,), 3)

Attr - S
v o Attrol] %3 RE ZrSo] A
ccp, : Attre] 7ol v wf copel BEAF

A QERY= p, o tiet FHA] ¢, 2 p, T EF7

9fsl o sk ARe| Flekm ANT 4 gk
Ao, W AERT] Al B4 R4S 9

1G9 Apdoll ARE5E7] S13f 2-2fol&?] EAk(Kullback-
Leibler divergence, KLD)Z A |3t A& AM8-31% 0™
(Hall, 2000), 4] 3)7} 2t}

2(3)9 Ao m, Al d&shs R
50l Hisl, CCD Sei29f AERy] ool gt
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v S g 4= Qltk 1G] gho] 422 CCDY| 2579
FS 1| x|, Table 5% 7 4450 e IG 3

A A3l age?} hypertension £430] 3-2J0|gt IG
42 733, EehS el SBPS} DBPE 1G 41o] 4
o7} Wik Al AN Lol 2l E Rl 93
ol 714 2 WeE oA Atk

Table 5. IG results of attributes and CCD

Attribute IG
age 0.2094
hypertension 0.1157
diabetes 0.0530
dyslipidemia 0.0529
SBP 0.0415
total CHOL 0.0369
HDL CHOL 0.0286
smoke 0.0152
BMI 0.0128
DBP 0.0037
sex 0.0004
5.3.2 THRAA 7] SARENY Ad
AU o5 mHe] BRI 98, SRR
Qo] B7io MLPE ol <t} B4 s} S &
F71% AR BYAE WL Aol Frhu 2elA

o
glovt, 44 Tl whet Qlate] A|5H O F713t]
£go] WolAtk, 1B B =R IG BAS B
3 SRR 22 f4o] AE F MLP 7)9 £4
Hee zs)at),

—TiaE v

1G AR Holsh Rl e ptagel ¢

J —E'a iH‘i‘?ﬂE} MLP 7]H} Ex 80| AL
Fa2gee] At Hte] lok SRR A
EAHEZE} {age, hypertension} o] 40
LB =HBoHde 2718t £40] A 9F)A
%‘.’ A(Heuristic search)% 3}1}¢] Beam search
B7EE SRt &5 71 MLPS o]-8shH, A
BBAFL] 7l F-score AALC.E o]2| Atk
Beam search 7|2 Best-first search (BFS) &ilz]
FolA T 215 F7IREEA 7¥olt). BFS«+ gAY

Z LEE 1% 7|938R|uk Beam search B 7]

O ox Jn o Hd
[> B lI L
l‘N'
H‘U Fl

?#

rﬂ;ﬂjﬂﬂrlowmf'i_
29
o A0 L

ox M ok

Am 35

oX, ok
]I

[ 16 JEEINE=RISECIEISV

o 20 55 Ajlste] B aaAls ZiAlsk, MLP
7[RE EAMEe] ARE Al Aol STl dEA Sl
(Kohavi and John, 1997).

SARRAR WIS S5 ML SRR
SRR o] SRUAE ) oIS Qe
=tk MLP= 2749] 3] ﬂloloi(hldden layer) S 714,
slEdolo]e] T S 747 n/2 , n+22 HAE
o} QJEglw EAEBASo] Hrl= Fl-score 412 H|ZE
oF| A, A4S Table 63} 2tk

Precision> &% Zgholl gt AA| ko] vl
T}, Recall A gkl Hiet o5 kel vleolot.
Fl-score+= precision} recall @] Z3lH4toln, £33t

—

tlo]Elo]l a4 = precision} recall g£8] % U= B
A7t Rssit,
Table 6. Confusion matrix
Predicted
Confusion Matrix
Positive Negative
Positive TP FN
Observed
Negative FP N
L P
Precision = TP1 FP
1P
Recall = 5N

Pricision X Recall

Precision+ Recall

TP(True Positive): 2+ s FOo 2 o=
'P(Fulse Positive) : 7%7] e oz J=

TN (True Negative): A3 @& AROR o

N (False Negative) : 3+ #h& AAOR o

Fl—score =2 X

Table 7. Frequency of selected elements of the feature subset.

Attribute f:gq‘fl:l':g H T
sex 2 ek
age 10 L}o]
hypertension 10 k= Igsans
dyslipidemia 10 oV IAAETHT
smoke 7 FAoR
SBP 3 =718
DBP 3 olgEY
BMI 7 AR FA
diabetes 10 TR
total CHOL 10 ZIYAE 2
HDL_CHOL 6 HDLE Y AHE
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1
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Tl
oC
o
=

E Z=To|| A& 10-fold WA}3(cross vahdatlon CV)
2 E3) Z,E]Z EQMAS Z]sﬂo]-oﬂ on, & 1099 CVoj
A

F

T Zh 7]E%d\_i ANt ageQ} hypertension2 A 2]
dlalA 2= dyslipidemia, diabetes, total CHOLS] 44
2 10/10 HI=2 AHE|9 1, 22 2= smoke, BMI,
HDL CHOL,0] $-ou|}A| ¥le7} =9rom, SBPe}
DBP+= W2 HIEE 7k

6. 37}
6.1 SHIIE
o TP e TN
Sensitivity : TP N Specificity : TN+ P
P TN
PPV: ———r NPV : ———
v TP+ FP v TN+ FN
Sensitivity 1— Sensitivity
LR+ . =20 ppo . 2RISR
B+ 1— Specificity 7 Specificity
=40 DpgolH AeE SguEge] WEssh
e HHES 1099 OV 3 A% SYRRYY] 3

i #
jus)

% o
)
N

Sdee ArsiuA SRR HAeE A9
ﬁ?mﬂ*i% e sl ofeliet 22 S84
Sensitivity= recallZ} £t Zrolx, Al 24
M AFES0] HALE Ed| oFAJo
Specificity+= A¥o| gle ARFE©° oA
2} ke ggo| sensitivity9} Hito|ch PPVE AL
?— A7} okAol Alo] AlAE A

V= Ayt SAlel Alo] AA|
E} LR+ 94 7R el s,
H9l g2 | Ee} of ARk EL
Aol & 4L A P skl vl
o] AA ATy} kAo L FFo| dnft
FL xHo|H, 1 Hr} S22 ddHgo) OA?)‘]-E]-_T_’_
4 9ltk LR-& 24 7RsmH]et a4 3, Qo] ofs)
Sk Aol A4 AR7E 4ol ke Sl blsl, &
3k Akl ZAF 23t S40R Ug 2o ot
o 24 geF= A Folv, 1 B} 22 ghe 7, gt

A~
H45

lo et 2
o :
oS r
i T
_l

o

o

_\1

o
&
e
o
H

X
o M
o
o |
ot
(]
o

o
>

o & mﬁd Qi
o X

ﬂJZ{
e
=
ol 40 1o

:|
o 2
me 2

mr & of o

ru
_>i

MLPZ A1§8

k. A dlolg] el 70%2] 6478712] Edloly Hlo|E]
2 HeE B A3 10-fold CVE 53 g5
glom, Frl= 30%2] 2774719] HIAE Ho]EE E3
Ryt

63 48 23t % 24
3 AolA Aot IG-MLP7JE 2] 54 41e)e)
Ma]ﬁ“_].‘— Table 84. 7%0111 7L /\Iz;]g] /\% %7].15_
ROC curve?] W& 2] 57]¢1 AUROCS] H|ZE E3]| o]
FRth AUROCE X, X9 S4F-24%S ARg-sto
ghot Elo] 0.861% Zko| 7FY =itk nE &S
E33 X, 014] sexe} DBP, SBPS # S48 A4S
w74 AUROC7} A58ttt E2t, 1IG-MLP2| A3}
o] W7} 1010090 659 W) X, AHge e
7HA= AUROC®] gro] tstA| Zhaxshe FAI AL
7 oj5e) BAREGOR s wASe] AUROC
gke 348 Bolsirk
X, A mEe mzhET) 0,691, EO|EE 0.836
o]9jc}. PPVZEE 0.6580|H NPV 712 0.8560]%]c}
X0 ser S AL X, A 2de v
=71 0.767, E0]T+= 0.791, PPV 0.626, NPV=
0.882F sex &AL CCD 59 B30 SA4=7} Y}
W% o
X, olA DBP &35 A9t X, &
A=} 0.767, Eolk+= 0.799% k. PPV 0.6340]H,
NPV 0.882810}. E3), AlWEyHge] HARE 2133
< uj, LR++= 3.809, LR-= 0.292%Th
X,0lA SBP &/8& ARt X& AR ke 1l
A%=710.784, B0l 0.7842 W=} Eo|v} HlS
GTLPPVE 0.6240]0, NPV 0.889%1 T} E3H LR++=
3.630, LR-= 0.275%c}

ARg3E e 1)

AetolH, o]Fo] £HEL 2T ST Ham
AelEl RIm=7E6/10 ool 7] wieel, Xy& o]-8-3 &
9 Hirke Aso] "old Zlolet ol dE L, AARE
e 07882 423 5ot o, 5ol 0.784%
A&Lol vl AjAez YdZo] Ar}. PPVES 0.612
2 ZFASH A NPV 0.8892 U5}tk Fl-score
U= FstHA "ol on, AUROC E3F HolFth
A5 9lel, EARENTES IGE B0 ey =

{age, hypertension} 2] X,o] =28 uf 71x] Y4E 5}
U RSk QsE

rlo
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Table 8. Evaluation of the feature subset

Semsitvity | Specificty | PPV | NPV | 5]‘:/1:+CI) . s];/FCI) AUROC
X, = ALL' 0.691 0836 | 0.658 | 0856 (3‘7;‘(')2_35718) (0.3243_(7)‘.)409) 0.858
X, =X, —sez 0.767 0791 | 0626 | 0882 (3.32'26_Z§0 0 (0.2262-?)‘.‘333) 0.859
X, = X,,— DBP 0.767 0799 | 0634 | 0882 |y s o (0.2252_3233 o | 0861
X, = X, SBP 0.784 0784 | 0623 | 0.889 (3.3%%?981) (0.22'22_;53 i3 | 0861
X, = X, — HDL_CHOL 0.788 0773 | 0612 | 0889 |y, ;'14{2,979 5 (0.22'12_253 i3 | 08s8
X, =X, — BMI 0.798 0767 | 0609 | 0893 | 5, o 5 (0.2262_(6).33 o | 08S8
X = X, — amoke 0.830 0750 | 0602 | 0907 | s 5 (0.1842_362 ) | 08
oy = 5, — et 0.837 0743 | 0.597 | 0909 (2.93'72_;2529) (0.1352_(1).92 55 | 0854
X, = X,— 0.828 0727 | 0.58 | 0903 (2.836(2.1281) (0.28;‘2_3.627 g | 0840
e = 0.822 0733 | 0583 | 0901 (2_82’392 . " (0.28;)2_‘(‘).2280) 0.841

Abbreviations :

LR-, Negative Likelihood Ratio; CI, Confidence Interval, AUROC, Area Under ROC curve
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Fig. 4. ROC curve comparison of proposed model
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Table 9. Comparison with other feature selection methods.

Sensitivity | Specificity | PPV | NPV | AUROC

IG-MLP 0.784 0.784 0.623 | 0.889 | 0.861

FRS 0.799 0.751 | 0.594 | 0.892 | 0.852
PC’ 0.775 0.760 | 0.595 | 0.881 | 0.841
IG 0.744 0.787 | 0.614 | 0.871 | 0.852
CFS™ 0.822 0.742 | 0.592 | 0.902 | 0.852

Abbreviations : PC, Pearson’s correlation between the class and
attributes; CFS, Pearson’s correlation between the class and the
feature subsets

Feature Subsets : FRS {sex, age, hypertension, smoke, SBP,
total CHOL, HDL CHOL}; PC {age, hypertension, diabetes, SBP,
total CHOL, HDL_CHOL}; IG {age, hypertension, dyslipidemia,
diabetes, SBP, total CHOL}; CFS {age, hypertension, Smoke,
total CHOL, HDL_CHOL}
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