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Abstract

Dyslipidemia is a representative chronic disease affecting Koreans that requires continuous management.
It is also a known risk factor for cardiovascular disease such as hypertension and diabetes. However, it is
difficult to diagnose vascular disease without a medical examination. This study identifies risk factors for
the recognition and prevention of dyslipidemia. By integrating them, we construct a statistical instrumental
nomogram that can predict the incidence rate while visualizing. Data were from the Korean National
Health and Nutrition Examination Survey (KNHANES) for 2013-2016. First, a chi-squared test identified
twelve risk factors of dyslipidemia. We used a naive Bayesian classifier model to construct a nomogram for
the dyslipidemia. The constructed nomogram was verified using a receiver operating characteristics curve
and calibration plot. Finally, we compared the logistic nomogram previously presented with the Bayesian
nomogram proposed in this study.
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1. M2

oA AEZT L N Fo| FFE2HE, LDLEEH2EHE, S4AYe| Beol S7Hd Aejo] Ay HDLZ
P e Eo] A" AHE Kok X‘ﬂo}v} ol TP TGy o] AEAA A3 AP
7M1= AE 5 sk, tEZFA AAdWolxt wdASo g defA Qlth (Van den Berg 5,
2009; Qi 5, 2015). HHAESAA & izl A BF, 1FH2HEG S, LTHALVESTH 22 &
e AAZ oA FEZ o) &3 FAMGE ou)z %%ﬂi At FF 32 A = T3l

hal (s}
ol AR A7IE 2 4 2, T A g WA HHW $X7h w2l X]“—Zi?l U
7} B35 224 Hl= A3F ot} World Health Organization (WHO)Oﬂ/ﬂ W3 viE = AR
2 AEAAZDS o] A AFe] 2015 71E 31.1% 9 93t (WHO, 2015). —rﬂurfﬂ"’ﬂ*ﬂ
= Wi, 9% % thapd gl o3k Abg vlge] 2016'd 71E 100,000 & 21.6% .= UxH vf 9}
t} (Korean Statistical Information Service, 2016). 2 Ix % 2016L4 ZUAZEZA wad 1
FRAARESY A A 24.2%, AR 10.8%Y FHES KAtk T3 AZHAHEEZ 304 o
A} 8 F o) ‘E,‘rX]— 19.3%, o3AF 20.2% 2 20053 o]& A&H o7 F718kal It} (Korea Centers for
Disease Control and Prevention, 2016-2018). dtjjele] Al5FolL} A&uEo] Mgl wel I
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o A FHEol ALSHLR FobA ghon, oo met gRA FAR 9 ATHAE] o] FAEE
SOl oisl ARG T e 93k S #AEE 3= 2ol $831t) (Committee for Guidelines for

Management of Dyslipidemia, 2015).

o] ARE st ofet FHoME o]eidt BATHES AMEEte] o)A I T et Y 8dS
oIt A1 E AW YTt (Fukui 5, 2011; Qi 5, 2015; Jeon 5, 2017). A€ 93 goz:
/3, e, s, wl, %"ioﬁ‘:‘ AA SR, 18, T To] Al oJXH 18 89 A
Halhe B2 A8 AFEo] A o] gAu, AR g5A FTAAY ANAES] Afole B4 2
It B gt A3 oJslE a1l ofelgo] wWrh olo thgt EAIAE-S Heety] f5 ARSEE
E77 viE =223 (nomogram) o[ th. =R 132 HAf «1‘?-01]*1 Adk 2 X159 Z3o 2AE F+
S 718 85 A&t oA A E T &S = Tz ot} (Mozina 5, 2004; Seo

2019). 9olel ~oH4 AS TelnE FAToEA U BUE A7 fUsl FFAL 2 2+ 2
A8 2952 Tt @AWY g oS5 s AL = Aok sl ollA= thgst Iy ‘3—4 A
W ol 32 913 wrago] PR AT, FllAE A%, ARV Faedol U e aUs 759
v} e} (Bochner 5, 2006; Brennan 5, 2004; Jun, 2015; Lee®} Chang, 2014; Park3} Lee, 2018).
A F2 75 RIS G e AZeta AMgEe] 2 F8 sl tisl gol #5H 3
S, 2 SR AN ASAL DAL A DA AU WL FRIAD o2
77 w28 T30l gol o FolAA] elol olol e 738 BeAL AL, AEel A
< Fsk=d Aol AR HE SAA SRS 2 2A2F 3784, Coxd] Hl#HAE
Bl ALg etk SAT, o171ME Wol= AW E Agsie] Mk (e LRIRE TET 4
2t B ](Nalve Bayesian classifier) S A3t} 3 o] AXAIZo 93 Q¢
=< Wol I o] gov, olE F3sto] 7S U o5 FEe EE5
Aok e & drepis o 280 $02 & dn dord 2P 2o
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2. SHH YY

2.1. & H0[X|2t 17| (Naive Bayesian classifier)

£5 oAt 277 BRI o Bllg FE3h=t] glolA 7}Z¥ retE A Z4Es 7w = sl
o+ (Mozina %, 2004) B33t A 71 o83t & FEE A I tE2A, o] 2d
& %4 @l Az Sgelehe 714 dol vlol= 71He Aol ol Zexo] tig HES A}
of Bt A AHE 4 T} (Han 5, 2012). ojuff e C+ od thidel ot 53 HSE 9v|st
o, Zt £4 a1,a2,...,amS WA S $A43S Yuidtt. webA P(C)= Fx HE7 AT &
Eoln olo] Wt P(C) = 1 — P(C)= 28 HZE7L ofd O7) s 858 = 51, $432
X ={a1,a2,...,an}2 TIAY. £A4 ol X = {a1,a2,...,an}L o, 2 C7} 2GS 2 AR
S8 o= HelE AHgsied Asa,

_ P(XnC) _ PX|C)P(C) _ TI; P(ai|C)P(C)
P(X) P(X) P(X)

I
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olul, P(C|X)e] ©.2(0dds): thew} ko] AlArg .

ot 4 #ol X u) €7} Lol HEE the W C7F Yol FEE vhe RO 2, 99 AolA
Flol] 2 (log) ke Astol AT AFhe the T} Lol el 5 vk,
e e L
e e
= log ];E + Zlog OR(a;).

olal, OR(a:) = P(ai|C)/P(ai|C) = {P(Clai)/ P(Cla:)}/{P(C)/P(C)}& 5229 A2 ¥]
P2 A Odds ratio (OR) ]2} ®7]35+c}
uebA, 919 Ae $A4 ol X4 o 2 OV 2T HF 2E P(C|X)ol thate] Aejstd ot
2ol A kAt

1

1+ exp (— log ggg; —> . log OR(ai))

P(C|X) =

ERIME Az} st= Aol )3t 7
xR Z 3] AR oist 98 29

c
N
&
1“ o

gdog F3F o] olsfrt AR Itk Mozma ‘c:,, 2004 Seo 2019). =&
9H 45 HoFE Point A, Z4F £ HEE @-/.\— 3t Risk factor A, 433

gul

[e) bl
oA AR FEL vl & £ 9A k= Probablhty 1, 228]3 Probability Ao t)-85+ =213

U
~
o
g
F

A4 L Y= Total pomt Aol gt == o ]Z]O} BR715 AHESHE H5 &8 P(OIX)= &
£A 749 log OR(a; = )9 oz ﬁﬁjE]OiZV] 2o 1% o] g3t x2S W 4 Utk
- Point A
Point A2 —100~100F 0.2 A3l
- Risk factor A1
%4 3k a; = jol W, log OR(a; = j)= THE=} ol AT}
. P(a; = j|C)
log OR(a; = j) = log —/—=—==.
/=18 Blar = 4IC)
ag]a 7 49 Pointi; = log OR(a; = j)& ©]83te] AArHTH
. log OR(a; = j)
Point;; = 100.
Otitis max; ; | log OR(a; = j)| x 100
Bt wE 449 logOR(a: = )9 Aohgt FoIA 7H 2 £49] ghe vehie] o & 713 33
A= & e sty
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- Probability A1
Probability 41-Z 004 17}k4] 0.1 @92 vro] 4% & =23 spedo] v x| gt

- Total point A
f12] Aol whe} A4S Pointy; gha ]88kl sg= = W32 Pointgk& #old Total pointgte @
= g U ok SAIRE, RIS 6] A 03 1 Aloofl s ehe &Eoll th-&3hs Total
pointgkS Al4kefoF ghrh. 2 A2 2t Zrt
Total point+ EE Point;; 2] $o]l2Z t}23} Zo] ALk

100
max; ; | log OR(a; = j)|

X ZlogOR(ai = 7).

Ly

Total point = Z Point;; =
0]
w5 W0l At BR7) BE AL Y, log OR(a: = 7)ol thal Aelet = chdshe ofels} 2uk.

. 100 1 P(Y =1)
Total = — 1 _ 1) —log———F— ] .
o POt = ax., Tlog OR(a: = J)] ( o (P(Y = 11X =2) ) 1= )

23, P(Y =1|X = z)°ll 313 Probability 49| g+2 th3H Total point A2 A 4 Qlrt

2.3. =« R2UMOo| HZE (validation about nomogram)

Receiver operating characteristic (ROC)2] =41 o}e]9] WA (area under the ROC curve; AUC)3}
Calibration plot& B34 < w1 x| ¢ BF7]E ARRsE =2 IS AZ o).

@ ROC curve
ROC =412 Aohye] Ade wwshs PHoR de) A8ss ¥ $ shtoltt (Akobeong,
2007). XSolle WA, YSHole ‘1 - 5ol='2 sto] aej2g a1, ofu tjAde 7jEo=
34 ofeff WA o] 0.52H o] thAAETE ROC F4do] el J& 4¢ F& =
ok o] gk 0.5% 8 1Atel= 2| Huj, 1] 77k9] AeS FA% golAa A58 o] Frie
AT £ Atk webA 2 dFelAe =R BYE A557] 918 ROC 342 A-8-5

jud

2 Y
bl
o

3 e

@ Calibration plot
Calibration plot-& =R IS Foix ALbE o5 53 AA2 #2d g50] dupt A o=
A& Folsk= 1 olth (D’Agostino 5, 2001). =75 53to] =9 53 Az =9 &
o] BEsHA AT Ffoll= 45° 2= Aol ZHAA H 7] e oS S5} AA FEo
45 45° 4% Aol 71A AT (lasonos 5, 2008). oo mhe} & AFoAE =RIHo R
A5E FE AA DY BEol Ak dAs=A] AS8k7] 98l Calibration plotS AR&-3H3IT

=
0

M

3. 97 A= SY

Jm

=N AZFGFZAF 67](2013-2015) 8} 77] 1xpd%= (2016) ]t} (Korean Centers for Disease Control
and Prevention, 2013-2016) 5 AFE-3lo] A& APt FUNAFI IR A= F0 A3=, A
ZeH, Aa 2 JFHH Aol ozt =7 2 AE o999 dixAdd R8-S ZE BAE S,
o]F sote] HARA] 722 gR FEHI Utk 67] AR F 22,9489 0] A AL, B A
TollAe 204 o] 7€ R AT B, oF B8 Bl AHAL Ao thE A5k 71 ol
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A Al ete, 1 ol9]e EAoA AdE = U 53 = B7Ee 9 HEE T
2R 14,2955 o] 83t BAS . 0 o] AL =l oy <
FY 7120l wetk 5,609 9] ZAREAE o] &8ttt B AFddAME AEE Ao FHElEA WA
B 67] AREN RIHE TH35 L, o]F BYE 77 AR A7 AHE ASshedl AR
9t} Bajo] AH8E == 79C SAS 9.49F IBM SPSS Statistics 23S AF&-3F1TH

o FAAEZY Adr|E2 AL -THASES| oA xS 1A 471E FIHEQ TE 27 A
n#ste] o] F stuEte FEWE o] FAAEF ol ATt 1) FEZ 8 &H E(total cholesterol)
> 240mg/dL, 2) S/ AW (triglyceride) > 200mg/dL, 3) LDL Z3|2HE > 160mg/dL, 4) HDL &
HAEE < 40mg/dL, 5) JAFREE o FALEF AHE WY A, 6) o|FANLEF X5GHE 5
48 ¢ (The Korean Society of Lipid and Atherosclerosis, 2018). o] A A E%52]
£ A AFES Faste] A4, vol, &5, ¥, ZgoR, bt AAEE, 5, ¥4, 3=, 1
e, A 9 AT oR AEsIATE Yol 20-39A4], 40-554], 56-69A1, T0A] o] 47] H
F2, 252 497 NHFa5ed W < 25%, 25-50%, 50-75%, > 5% 2 Uk stEe 2F o
3, 5F, 1E, HE oo E Urglon, nitke] A BMI X0 wet 18.5 1w A =
18.5 o] 25 mgke] A9 A4, 25 o4 Y A v|gte g HREE Rtk AAEES 2745 =
5 o]Aol A7|A&AITko] 13] 302 oY A AAGETTLE EFAL 0|9 RARARE
2 HAAEEFoRE ERSATE S92 vEd, dAFA, dAFALE YAt (Committee for
Guidelines for Management of Dyslipidemia, 2015). &3+ 437 SFF0 2N Ag Ao EF7o

>
X o

)

o A

j(_), 0
ok
ko
ro
o
fu

¢

Aol BHPFo] 126mg/dL ool ALt FYFHA EE AEVL AT FSE NEoE B

o A DB F 2§ 5D S
2 ESgch Ao R 4254 0 G45 (AFABE A o3 drkiske 498 MEos
B M0 o gARRFY AP A AEB wet Be GFS B Aol AW, F
MAGGFRA 5 GF R 2423 34 2R AASt] AL ASH 4GB F35
£ wel7t e Aoz Bk

4.1. WXAH2A (Chi-squared test)0] 2|oF 22 Q1 MY

A B AN o)A ABSe] 97 2007 AEE WG thaje] o)A ABSe] Wy e =
AR oz Aol7k QA L7] Aske] WAL AT} (Table 4.1). % 12709 $13 2910 tjst
o] FoPEL BE 0,000 #213 AL FA 5 k. =3 AREAZ F F3A vl )
W G, 3, 2ER So] £02 2 o) Hol: AL ¢ 4 i}

A2 ABAT S w489 AW RIS E A, o), AKSE, wwaE, AANBEAE, 59,
G, T, AFAS Sollrh. et 9o BARAA LA 12709 9789 F A, vol,
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Table 4.1. Chi-squared test about 12 risk factors

Risk factors Dyslipidemia(%) Non-dyslipidemia(%) X2 p-value
Female 2084(31.7) 5183(68.3)
Sex 272.4 0.000
Male 2938(45.9) 3190(54.1)
20-39 897(23.2) 3082(76.8)
40-55 1740(41.1) 2696(58.9)
Age 916.2 0.000
56—69 2079(55.7) 1655(44.3)
> 70 1206(56.9) 940(43.1)
< 25% 1413(51.7) 1205(48.3)
25— 154 2 .
Income 5-50% 546(39.3) 078(60.7) 147.2  0.000
50-75% 1441(35.2) 2484(64.8)
> 75% 1522(35.8) 2606(64.2)
<Elementary school 1639(57.9) 1212(42.1)
Middle school 846(52.5 779(47.5
Education rcie sehoo (52.5) (47.5) 5487 0.000
High school 1718(39.7) 2440(60.3)
>University 1719(29.7) 3942(70.3)
Singl 486(23.5 1597(76.5
Marriage status el (23.5) (76.5) 3202 0.000
Marriage 5436(42.9) 6776(57.1)
Lower weight 72(10.5) 480(89.5)
Obesity status Normal 3151(31.8) 5862(68.2) 824.3  0.000
Obesity 2699(55 8) 2031(44.2)
. Non-physical activity 3761(40.8) 4981(59.2)
Exercise status K . 27.9 0.000
Physical activity 2161(35.7) 3392(64.3)
No drink 2633(42.0) 3199(58.0)
Low drink 2492(34.7) 4142(65.3)
Alcohol stat 85.9 0.000
COnOT Satts Middle drink 624(45.0) 778(55.0)
High drink 173(42.9) 254(57.1)
Non-smoker 3286(33.2) 5443(66.8)
Smoking Past smoker 1314(44.8) 1544(55.2) 220.0 0.000
Current smoker 1322(47.2) 1386(52.8)
N 4623(34. 2(65.1
Diabetes © 623(34.9) 7902(65.1) 699.2  0.000
Yes 1299(73.6) 471(26.4)
, No 3585(32.7) 7013(67.3)
Hypertension 248.1 0.000
Yes 2337(62.9) 1360(37.1)
N 4 2 2 1.
Heart disease © 5654(38.2) 8260(61.8) 108.7 0.000
Yes 268(69.1) 113(30.9)

WSTE, HTHALE, ALA , B
S WolZ L BRVIY BHE At 7 AF
3t} (Table
ot} (Figure 4.1).
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Table 4.2. Naive Bayesian classifier model results about dyslipidemia

Risk factors P(a; = j|Yes)  P(a; = j|No) logOR(a; =j) p-value
S Female 0.496 0.619 -0.21 —13
ex
Male 0.503 0.381 0.26 17
20-39 0.151 0.368 —0.89 —57
A 40-55 0.294 0.322 —0.09 —6
e
& 56-69 0.351 0.198 0.57 37
>70 0.204 0.112 0.60 38
<Elementary school 0.277 0.145 0.65 42
. Middle school 0.143 0.093 0.43 28
Education X
High school 0.290 0.291 0.00 0
>University 0.290 0.471 —0.48 —31
Lower weight 0.012 0.057 —1.55 —100
Obesity status Normal 0.532 0.700 —0.27 —18
Obesity 0.456 0.243 0.63 41
. Non-physical activity 0.635 0.595 0.07 4
Exercise status . .
Physical activity 0.365 0.405 —0.10 -7
Non-smoker 0.555 0.650 —0.16 —10
Smoking Past smoker 0.222 0.184 0.18 12
Current smoker 0.223 0.166 0.30 19
. No 0.781 0.944 —0.19 —12
Diabetes
Yes 0.219 0.056 1.36 88
0 tensi No 0.605 0.838 —0.32 —21
ertension
P Yes 0.395 0.162 0.89 57
. No 0.955 0.987 —0.03 -2
Heart disease
Yes 0.045 0.013 1.21 78

AE7 nEGl UE A F AFE 01H0E o gAYRZe) WY o5 BEL F 93%ehs A4S

99k 2ol ¢4 Mol HRIE ST o AAABEY) wRIAS AS37] 98l ROC F417}
95]\

® ROC curve (Area under ROC curve)
FUAZAEZAF 67](2013-2015) AR S AREEIA] 2RI WE FEEQ T, 77] A1xPdE(2016)
£ Fot 753 RIS A5chel AReklth 24 AR SS9 ROC F4S a3s o 23
23} 2t} (Figure 4.3). Training data (2013-2015)2] ROC curveo|A/] AUC k2 0.737°] 91,
Test data (2016)9] ROC curveoll A} AUC g+ 0.7150]ith. o]0 weg} 728 =R a2o] 323
fr&sitk= A2 258 + Aok

@ Calibration plot
FRAR =RIO9S A5 P2 S e AA FES vud 4 3l Calibration plotg
AR WA 67] AARE AR olE FEES YT 578 2FA 0l & 100718 25
o2 U§ojRAL olo] thet ZefZ L Figure 4.4(a)2} ZSkth =3 AAAS(R?)7}F 0.8150]917]
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Figure 4.1. Bayesian nomogram for dyslipidemia.
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Figure 4.2. Application for one case using Bayesian nomogram.

e FF3] dFo] F IS A 5 Ik IR E 77] X8 E ARESE calibration
plotel] A= 22 0] 987 E L} oA Figure 4.4(b)9} 2ol 28R, 2R AL (R?)7} 0.8032
2 U] uBof B Ao 758 =2 IHo] f83thE AL A5 5+ Aok

2 dFelAe AZ88A A8 A3 2oz 43X AR F skl oA A @Sl whete] 1yt
HHE A 8AS FASL, A5 WY FES AME 7 v =RIMS FEETE ARSSE



Nomogram building for dyslipidemia using a naive Bayesian classifier model 627

ROC =4 ROC =

T T s T T
0o 0.2 o4 o8 08 10 0o 0.2 0.4 08 X:] 1.0

1-=0l% 1-=0l=
L2t = S=20 215 42200 CH2AH S S0 2488 45200
(a) Training data (b) Test data

Figure 4.3. ROC curve for the constructed Bayesian nomogram. ROC = receiver operating characteristic.
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Figure 4.4. Calibration plot for the constructed Bayesian nomogram.
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Points.

Points
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Diabetes e -
" e Heart —
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B B
HypersHeart - Diabetes s "
Total Points. Total points
o 45 80 120 144 167 188 213 243 288 381 -254 -0 -6 -3 -4 22 a8 ki e 64 384
Probability Probability
& - by
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Figure 5.1. Comparison of two dyslipidemia’s nomograms.
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