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Nomogram comparison conducted by logistic regression
and naive Bayesian classifier using type 2 diabetes
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Abstract

In this study, we fit the logistic regression model and naive Bayesian classifier model using 11 risk factors to
predict the incidence rate probability for type 2 diabetes mellitus. We then introduce how to construct a
nomogram that can help people visually understand it. We use data from the 2013-2015 Korean National
Health and Nutrition Examination Survey (KNHANES). We take 3 interactions in the logistic regression
model to improve the quality of the analysis and facilitate the application of the left-aligned method to the
Bayesian nomogram. Finally, we compare the two nomograms and examine their utility. Then we verify
the nomogram using the ROC curve.
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Figure 2.1. Example of nomogram (Iasonos et al., 2008).

2.1. T2D 2X[AE LL203 5

EA2E ARG TEUTT HEY Wpd AR SA%EC] Fo w 53 Ade] #AY EES
Axe o) AFRET} (Lee 5, 2005; Heo9}t Lee, 2008; Park3} Lee, 2017). 2 AFoA= 24547}
o|3 WY wje] Ak 4 EEE stk SHWS X7t ed o S5HF Y7L A9 5SS 2§
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T Y7t yd 52 ot 7‘5}
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log< ( ‘ x) ):a—|—,31X1—|—52X2++,8ka
%
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47 #Be 2A2EY HARIL P(Y = 1X = 2)o] el B3k SYUS X = (Xo,..., Xp) &
cheIsiol 78 4 9lek

k
exp{a+ 1 X1+ 2 X2+ - +/3ka} o exXp {a+2i=1 ﬂiXi}

PY=1X=2)= =
l1+exp{a+p/Xi+BXo+  + Xk} 1+ exp {a + Zf:l BZXZ}

NAREE =R IS o 7} HEo] oA FEF A BT (Tasonos 5, 2008; Yang, 2014;
Park, 2018).
- Points A1

Points A2 0F oA 10082 FAHT



576 Jae-Cheol Park, Min-Ho Kim, Jea-Young Lee
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+ $5HS Y7 A5 Y A EE (prior probability) 2] 2 =1](odds ratio) ©] 1z,

P(Y=1|a;)

OR(a;) = P(a;|lY =1)  P(v=ola;) _ posterior odds
Y7 Plas]lY =0)  EX=L T prior odds
P(Y=0)

T ARREE, AAEFEY e=u|2A Y3t ol 2= 7 SAY logOR(a:)E o83t =
233E FE3%t} (Mozina 5, 2004; Park, 2018).
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A AFE Y3 Edu ¥4E 580 EY vRRIZE 158w £ o)4RIZIRE YRtk Em-
ployment ¥4 A4 FFE 93 Income W= 71 Fof vld8l =4S YA 5, A=A
2 UFD 1, 2 ARG dgets AFES low, 3, 4 AR S0 2t AFFES high® H3E
5} 591}, Smoking status M4 FA0] 100713 o)L YA AR FAL A B ATES
Ex-smoker, @A) @& 3t= AFFHES Current-smoker, 4 10073 |32 Q1 AZ TAL 3}
7 ¢ AFEES Noneo 2 HE3) &ttt WC g+ =87t EA 90cm ©]4d, A= 85cm
ol wf B& wivto|gt HEFEA T (Lee 5, 2006). Family history ¥4+ Gl 7158 §F
2 HF3} 3193, Hypertension, Dyslipidemia, ¥= ‘2 Alol| 7] s o] Ak 9k FHo] Q=
77 ek ARA Bl §HOE o /ol e g WF3E sigith vixgte g CVD W4 4833 3
7F de @AS, AL, HES Al 7R AW F shit o) Jde e A A8 A%

I A3 sgTh 7]l 2EX Y IARYP NN = W5 T AATAES Tty £49 IS =0l

7} 5.

= 2 receiver operating characteristic (ROC) curved AR89 T (Cook,
2008). ROC F4& =54 gEo| AA THFFol duht oFe] HeA Frlstke =724 9
8 BEoJA 2% 20]x Q. ROC Z#zE XE9 1 — Bo|% (1 — Specificity), Yo Wz
= (sensitivity) 2 3Fe] 28Rt} o] ROC ZA419] o] W&l Yo]& area under curve (AUC)EIL
sjul AUCT} 10] AhE4-% o520l S0 & 4 sck

7] Park (2018)¢] A8 2A 2 =R I XN E 11714 AP LAES] T Do) 43S n)x
£ 594 S verch 9 <5 wlol At B77] BEE AR FF AAAANA 4 A E
[AEY A5G B9Vt BT 28w o] A4tEh ek Sy Ao ALY FARYS T
St 29 T ARG o] A 1A grof | SHo] ol 5 9t (Mozina 5, 2004). wh
A A71ME 18 SUAED A4S 18Tty 58S ol 3glty. WA Kim 5 (2015)0] w2
Socio-Economic Status (SES)¥44% T ¥ Eo| Sezitly R ush AMdS vlgre g SESeF #3
H Edu ¥4, Income ¥4, Employment W 7F 23} A5 28 348 AA A A5 AL oz HAs)
Attt (Kim 5, 2015). T A 83A Ao} o)A AT o] T AT 0] 1 1dg =

22
i

N

9T CVD W4 7 2% 45 RE 32 244 45 Foz AARAE AP 2As
7 me AN A, 11744 % H9) SES Waelal @A 24 4EAS HF, 19 4
# 28 B WGoIA T A 24 45RE BIA F 1444 BBt BARCE Rl gk
Table 4.1 147}7] &3e] 229 3|9 B3PAe =419} Points < AAbsE dieltt. A&
A5 B Edu ¥4, Income W42 A5 22 g2 {4 AA &2 0.025, Hypertension ¥
4=, Dyslipidemia W8] A5 2R 2] F2]&E2 0.007, Dyslipidemia W42} CVD W42 4% 2
2 3lo] RoJIEL 0.0118 EAACE 89519t 3 Hosmer-Lemeshow AA Z3} 89 &0
0.0931 o|BE A&zgo] 1 B2 JARFY ] A3t & 4 ot TA £42 SPSS 235
ARS3FA T} (SPSS Inc., Chicago, IL, USA).

F

st
Ad3AA A3y Aol H} (Chung 5, 2018). wehA Hypertension , Dyslipidemia W4 1
gl
&
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Table 4.1. Multiple logistic regression analysis results considering interactions

Variable Level Odds ratio 95% CI p-value Points
20-39 1 0
Age 40-59 3.594 2.757, 4.685 0.000 65
60-85 7177 5.426, 9.493 0.000 100
Female 1 0
Sex
Male 1.761 1.468, 2.113 0.000 29
igh 1
Edu Hig 0
Low 1.467 1.201, 1.792 0.000 19
Employed 1 0
Employment
Unemployed 1.258 1.104, 1.432 0.001 12
High 1 0
Income
Low 1.474 1.238, 1.756 0.000 20
None 1
Smoking Ex-smoker 0.964 0.793, 1.173 0.716
Current-smoker 1.386 1.137, 1.689 0.001 18
we Norrr.lal 1 0
Obesity 1.705 1.513, 1.922 0.000 27
. No 1 0
History
Yes 3.216 2.820, 3.668 0.000 59
o tonsi No 1 0
ertension
P Yes 2.073 1.787,2.404  0.000 37
No 1 0
Dyslipidemi
yshpicemia Yes 3.107 2518,3.834  0.000 58
N 1 0
VD ©
Yes 1.919 1.475, 2.497 0.000 33
LowxLow 0.752 0.585, 0.965 0.025 0
EduxIncome
O.W. 1 26
H tensi Dvslipidemi YesxYes 0.533 0.533, 0.906 0.007 0
Trtensionsx 1p1 1111
ypertensio yslipidemia O.W. 1 14
YesxYes 0.603 0.409, 0.889 0.011 0
DyslipidemiaxCVD ’
yslipidemiaxCV OW. 1 18

Hosmer-Lemeshow goodness-of-fit test : x? = 13.59, df = 8, p-value = 0.0931.

Figure 4.1 & 37 2315 22 &
2018). Figure 4.1(a)+= Park (2018)0°] B2

ToA FE5T Aol aEE A~ Hojrh. WA vheo] ®groll A 60414 854 o] st /3
o] H7h 10082 B ol 7P 2 %l e ¢ 7 Aok F =REIHS Y, 4%
Z-go] 1T A k2 Age, Sex, Employment, Smoking, WC, History ¥4=2] Points = & =21
o] Az 2t} AW AT EE o] 13 H Edu, Income, Hypertension, Dyslipidemia, CVD ¥4
I gko]l aA E7HeS & 4 9tk Edu W49 Points k2 11904 198 Z=7}819 2, Income W
= 1194 2022 %7}6}%1D]-. =3} Hypertension 4= 3194 372 Z7}5+99, Dyslipidemia ¥
= 42004 58F, CVD W= 2004 33202 ZF71sltt. AS2go] vy WeEo] gy vy
fr7oll vle &3 2717 SRS € o doh 2RI FEo= SAS 948 ] AHEH T}
(SAS Institute Inc., Cary, NC, USA; Yang, 2014).
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(a) Logistic nomogram (b) Logistic nomogram with 3 interactions

Figure 4.1. Comparison of the logistic nomogram.
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Figure 4.2. Left-aligned Bayesian nomogram.
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Figure 4.3. Comparison of the T2D nomogram.

gjgolc} (Mozina 5, 2004). 2A28 TRl HE AR 2] 4T24E FE Yol 2L A
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Figure 4.4. ROC curve of T2D nomograms.
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