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WA FES ABBAB WAL SN T8 200% JeiA 9ok 53 BAA A
ol oz Aol & AAIAN BFSol tehte BAEFRe 49 el F95ol
AR BB FAlOlTh oo B ATE T4 A F4 PES olgdtel ASERY AY=
£ B ole] BABFE AT 2% S A YT 2HL ANSE O 242 ok AR
+ Ay RN AN Al 57 FUAZIFEA 1R (20109)45F ] §5te] 2 Sl
A Aol Ago] H5E 3,008 s ARFATE THEA A 4 RS 4847

WA FEl A 99 T cole Brulvolgm, Hrulne £ tAEEE AT =
Fe Brulus nAYS, 1Y) 1 AW A0 Uik oAL dAEFRe Aze 4
@ Astolth. 53], gAe 49t BRuE, 4 HDL-2e2H 885, n8ge] 14 938 2go
= Sl 9lm AWY A7 25ke/nicl 4 Aol AN BRule, nAWF, n¥F) 2ol 7
Pz

1. A&
ST WA Al Aol cAste] Q4w AT HRew, n¥eh, 1YY 5o A
of & QAN Hitsol e Aoz 108849 Reaveno] “Syndrome X' 2k & @wsheirh

(Reaven, 1988). 1 & 1999 AM|AEAZ]F (WHO; World Health Organization):= ©]& tASS
2 (metabolic syndrome)©]2} B3 ole] Ak 22 FAA0Z HS0% AT} (Consulta-
tion, 1999). ARS T AEALAIE dor|e o7 74 HF &S0l 3 A Zo] EAst
£ A7 B QAE0 2 A8AAST] WS AAA o7 ZUIAIZ § rhal HRE o] dE ¢
HAA = A} (Kim 5, 2012). AT vl=ol| 4] 20A] o)A A9 23.7%, 504 o] dollA& <F
44%9] £ FHES Hola 9oy (Ford &, 2002) -2 Utetel = 20t) o4 4219 FHE-LS 1998
o o=} 14.2%, FAF 17.7% Q2 (Park 5, 2004) 200538 o=} 25.5%, WA} 27.1% 2 Z7Fakich
(Korea Centers for Disease Control and Prevention, 2008). T&o] YAlSE 72 HEFo| U A&
A% 5 s FHSoR WHE £ Q7] el I AZdo] AAT] wiel thAEEol thst A
o] Aol mf$ #xH1 Yt} (Yoo 5, 2009).
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AT A, vol, 71EY Sl g8 2 §Ao] thE A Yehe oldf e Ay Ao
kA RuE 1 it} (Jung 5, 2002; Cho 5, 2012; Ban %, 2012; Han 5, 2012). 3}A| ¢k o] 23t
TEL A f27F 2o £ Ao & AskE Avt A5 SR o] Aold Aol et g
ol sjAlo] olg i NS AAS=d] §A7} Qlth (Tak 5, 2007). wetA] 2 ApoA= ZFuA
BIRAARE o8 FoEN AFH AR E oot 7€ AT AEE Hstaia} st

2HNAE ARSI TS Addhs 2FES FA37] A t5da A9 4 (MDR; multifactor
dimensionality reduction)®¥oll thalA a7lsta, 3@ = & A2 255 MDR W 283}
o QAT At 2AEY A8 < E oty AT ol I 71Hss o8 2FES] A3
T gt A go R 4-8oAM e 38 AFRE e R AE2E AAStL 5 A W] disy
Al =9t

o}
=]
2
7.

T

o

2. A7}

i)

A7) AEarge] B3 FHL 98 YOS Richie S (2001)7 Yeo 5 (2013)9] thEdla} 29 =
4~ (MDR; multifactor dimensionality reduction)©] F& A% 1 QIth. B AFoqAM = YASEZIZS
Aste 57FA 918 2205 MDR ol A3 tiAFwdd 7P AEs &Y 93 8A5 A
Frolgl JdE = oy 2FE SoA 7P H@ S 2FE gl st

2.1. 307 A S4 WY

QAzke] A {FFo} 22 o]lEY 250 tid 2919 ATAE 95 2] A3 tF5 AR D E4
(MDR)® o] AAIE oW MDR W2 dutsld A3 239 AE3 SA7HY 28 B ot
FA37 2ol thst 7hg o] Rk - vHlESA whyolt) o] W2 APF-tiRTY HlES 53
=YL 1 AYEH A APToR RS F x| bt L BEFE88 vushe PHoEA A
28 B7E oA =& AR 459 Welth. MDR #e] dubAQl Ak thedt 2t
@A 1. dlelHE 2717 B9 10719 Aoz Ueth 1 F 9E 58 AR, A e 25

WA 3. AT 2T 8-S okl BAREL 2AG god 1 AYT, PARRL Fou A 4
WA 4. 88 A

oA 5. A 1014 Agelg 107 =

2
3t AR ErS et AE 81 2o HEY HRE 1 AELH
3 (dimensional reduction)d}e] A2 HFE AHoJdlal, o] AZ2 HF7) UA
TrY o AR AFEE 7HA YA sl

N



The study on risk factors for diagnosis of metabolic syndrome and odds ratio using MDR 869

3. d+2%

E ATe Ayde RN AN FUAZGFRAL Al 57] (2010 ~ 2012)1% PS.E ARE o83t
gtk Al 57] 1xpdE 2A} FojaeE 8,958 olgoy B Qs °Elb}r1‘r 4AE tigez st 2o
22 w194 olatol Ak, BEE SHo R Haubye] B83 4 gl ﬂx% Asistel 3,900
A% B4 Rtz 2AsA

3.2. YrAsEZ Ad 7lE

YASFEE QDT A2S AWEE Fol3 A9/ WO B AL 2005 AAT AT
(IDF; International Diabetes Federatlon) oNA AHEA Aol A oot Ak 7]l whet o
AeF A 29 7R B =,

1) 38 €8 (WC; waist circumference) : FAF 90cm ©]4F, oA} 80cm ©]/Fo]H A

olele] 27 2717 o 4Fe W A FEole Aekel7] = St} (Brussels, 2006).

2)
3)

AR (TG; triglyceride) : 150mg/df oA E= UA S oFS B89
¢t (BP; blood pressure) : %78 ¢ 130mmHg o]4F == o]¢+7] 9} 85mmHg ©]/do] Avt
& 2EFE 5EEFA A

az

mui ek O{N

4) HDL-Z# 28 (HDL-C; HDL-cholesterol) : ‘FA} 40mg/d¢ %}, o2} 50mg/d¢m) ¥ = kS

rlr
0,

5) ¥& Al 9 (FBS; fasting blood sugar) : 100mg/d¢ ]/l A =

50.63+13.26 Mo FA7}F 44.9%, A7} 55.1%Ach AA)

2 Adto] 2,9557, Atk Abgho] 1,035 o & H Aol A
5.9%¢°]0, /3ol wpebA = FA} 27.5% oI A= 24.7% = UERTH
WW%?— o] fr7oll we JFEA 5L Aol mEt t-FAA ol AR (p-7)S ol&Tt F

3.10] eI AR S S At & FaA® o] 56.744

2 ﬂﬂ—‘%ﬂn} 8.264171 w3kl ol TAHCE {3 AolE KTk HASIFTE AT we F
9] 7= AAZHET} 1.03cn7FE WSk AF 7.09kg =9koH o]E BFE T 7 7ol 523 xfo] =
At =9t HDL-ZFH2HEL2 A vs J9d of ¥ met ohe 7185 AAERE *é
WE2 FEste] F 72 vt I 2, AsFTe A2 oA seEed, S8AY, Y,
e 4951 =74 Ve, 719 HDL-S Y AH S 59814 WA vhebget.

Table 3.2% ZF ARG T2 57HA 918 89& ARG T o 7|80 2A3 I F $2& e
5, AR 7ol et wAHEA (p-3h)S o8-Sl Hlud Ateltt. Aol vis) AT
< Ak FollA ERuRE A ¥F, 18, A HDL-ZH2HE8F, 18EE 71 Abge] o &
goH ol JA| BF FAHLRE F3 Ao)7t it

il
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Table 3.1 Demographic characteristics

Characteristics Control Metabolic syndrome p-value
N=2955 N=1035
Gender
Male 1298(43.9%) 192(47.5%) 0.044
Female 1657(56.1%) 543(52.5%) :
Age 48.48 + 12.76 56.74 + 12.76 < 0.001
Height 162.69 + 8.76 161.66 +9.71 0.002
‘Weight 61.46 + 10.13 68.55 + 12.17 < 0.001
BMI 23.14 + 2.72 26.09 + 2.93 < 0.001
Waist circumference
Male 82.64 £ 7.22 91.92 +8.14 < 0.001
Female 76.27 £ 7.70 87.18 + 7.30 < 0.001
Triglyceride 112.36 + 88.25 211.75 £ 143.40 < 0.001
HDUL-cholesterol
Male 47.83 +10.26 39.02+7.71 < 0.001
Female 52.95 + 10.41 42.87 + 8.06 < 0.001
Fasting glucose 93.61 + 15.754 110.22 4 29.243 < 0.001
Drinking
No 1211(41.4%) 473(46.4%) 0.006
Yes 1711(58.6%) 546(53.6%) :
Smoking
No 2311(78.4%) 806(78.3%) 0.925
Yes 637(21.6%) 224(21.7%) )
BMI; body mass index, HDL-C; high density lipoprotein cholesterol
Table 3.2 Frequency of risk factors for metabolic syndrome
Factors Control Metabolic syndrome p-value
N=2955 N=1035
Waist circumference
< 90(M)or < 80(F) 2330(78.8%) 238(23.0%) < 0.001
> 90(M)or > 80(F) 625(21.2%) 797(77.0%) ’
Triglyceride
< 150 2473(83.7%) 292(28.2%) < 0.001
> 150 482(16.3%) 743(71.8%) ’
Blood pressure
normal 2186(90.6%) 769(48.7%) < 0.001
hypertension 226(9.4%) 809(51.3%) ’
HDL-cholesterol
> 40(M)or > 50(F) 2018(68.3%) 232(22.4%) < 0.001
< 40(M)or < 50(F) 937(31.7%) 803(77.6%) ’
Fasting glucose
normal 2788(82.4%) 167(27.5%) < 0.001
diabetes mellitus 594(17.6%) 441(72.5%) )

3.4. MDR £33}

Table 3.3 hAHEF2) Bk 71F0] Ht 5714 918 292 MDR il 488 2342 458
eld A9 A=E Az 2 ol

B3ughe] 4 dlole] Ale] AEEst 0.7706, A58 vlolE] Ae] AEEsl 0770302 ehtow]
ol %%‘—H]UPOI ST g ARE B AT 2998 ulu. of Ak 0 ol
537 499 9 309 B4E A4 AATLATS ANFET B FAT AAE JohIT
(Brussels, 2006). %5015kl Abghe Bulgo] obyl Alghurh tlAsFze] w2d SEo] 12.484)

J\_J.-I_. ]

= 3o WPReow Felstel vehd Aolth 5744 918 29
B

o
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2 o 95% Aol 24 105379, H o 14.7914)] =2 2oz Yepgth. uAEF 39
148 dlolg Aol Arol AZS dolg Aol AT s} 0.77742 BERu| kR T OA| VEREA| 2
vl 13.0558 o A Uesith 1@9e] A 57 A8 2% FolA 7P w2 =S
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Table 3.3 MDR results of single risk factors for metabolic syndrome

Factors Training Testing OR
i accuracy accuracy (95% C.1.)
WwWC 12.484
0.7793 0.7793
(Waist circumference) (10.537-14.791
TG 13.055
0.7774 0.7774
(Triglyceride) (11.049-15.426
BP 10.176
(Blood pressure) 0.7607 0.7607 (8.595-12.047
HDL-C 7.454
7294 7294
(HDL-cholesterol) 0.729 0.729 (6.318-8.795)
FBS 12.395
0.6848 0.6848
asting blood sugar . -15.
Fasting blood 10.159-15.122

Table 3.4 MDR results of three-factor interactions including waist circumference for metabolic syndrome

. Training Testing OR
Interactions
accuracy accuracy (95% C.1.)
96.978
TG, BP 0.9060 0.9060
’ (74.890-125.579)
68.453
HDL-C, BP 0.8835 0.8835
) (52.857-88.651)
47.697
TG, HDL-C 0.8730 0.8730
’ (38.353-59.317)
WC
HDL-C, FBS 0.8509 0.8509 41.935
’ ' ' (34.358-51.184)
70.775
TG, FBS 0.8476 0.8475
’ (55.954-89.521)
FBS, BP 0.8282 0.8282 31.878

(26.324-38.603)

WC; waist circumference, TG; triglyceride, BP; blood pressure, HDL-C; high density lipoprotein
cholesterol, FBS; fasting blood sugar, OR; odds ratio

Table 3.4% AT AEFERo e o] whe} BRuehe 23s FAAY, Wk,
HDL-SA2HE, $2 4 9% 3 200 A AL oot 2UES DAL A9 o
otk A% HelE Ao AREE Jzoz so] YPAwoz Ueh) A% A4S BT A, 2
ulekt DA 8%, BRG] 0.90602.% 7F5d 674 £ F Y ¥ NEE cﬂom A
=9} 458 Hlold A AFEE Holxglth ot oF 2ol hAS Tl A 15 o
ZFE FolA Mg AV ZRAL YuF], L2uE o5 S ANA FL ARHT} HASF
of w29 Eo] 96.0784) EUTH HEu|wh, A HDL-Ze 28885, 1ol tAET2el &
Az ABE e Uerteh o159 22w oA 6845302 T MR EA ehdeh A,
8%, n@Ye] 2ol 15 6749 23 F thl WA AiAoR e JPAS Yo} ofF
e A1 e a8 e Aol uls) thAEFTe) w29 BEol 70775 9tk o A%

1R

BN
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Figure 3.1 The best three-way interaction including waist circumference for metabolic syndrome. (A) The 8
combinations displayed by MDR. High-risk combinations are in grey and low-risk combinations in white. The left
bar represent the metabolic syndrome group and the right bar represent the controls. (B) The validation of high
and low risk classification by Chi-square test.

WC; waist circumference, TG; triglyceride, BP; blood pressure, HDL-C; high density lipoprotein cholesterol,
FBS; fasting blood sugar, OR; odds ratio

Figure 3.1 (A)E tAEFTol 714 988 2o Soig Bruw, 1A8%, 18 2%
A9 Fa5t0] ekl Aoltk. 715 s71e] 819 2% FolA 3717 918 2908 BF AR 497}
4w ART-Uzee vEE T HPToR BRI HAL, 3744 98 29 F o 2744 29

& ANE ASelE 3 ABToE $R/ A5tk Byuvel} nANZ, AT F 14 AY 2
AL 74 B35 3744 2o B YA g Aol A APEOR $RHUCh Figure 3.1
Bt & o PAR AYE-22) WEL 59 A WL 2 APLE hehiich. B,
2AW%, TUY FAA ol 27 48l AY 8AE AL Aol ATE-BEEel gl A4
143 o402 SARRD $ob 1 AVFOR RHE SHgom, 1449 A7 2ARS AAE 3S

ofr ZANE BESA e APolt FARRL RS VBP-HEE WS A APEOR teh)gl

o}.
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Table 3.5 ASEZ 29 5 oﬂ wat Quk
'/Fa g‘%‘ Ta —J—E%B‘]‘o:] MD R 3]
2 29 500 o434} 50T moL

o9 Bt 712 /i 1202 3 8, A, AAT A%, 25
Rol B 5 HoA £ 202 BRAA 2 20 1% AUL AABS29 298 A, 2
A, Aol weh BRI 49 dAL B, A HDL- 226283, ndge] 3ol Mg 98
3 AEFE ﬂef& solslglon] of 3] 49 AT WA ST A ol
645872 btk AAF M%7k 25ke /w4 HIEF FAAE BRulY DA B, n¥FY 23
of g Y 2P A= glon o5 ZAT Hs PAFFES AT FEo| 46.8440)
otk Aol A9 ALE A5} 25ke/miv] el B9, AT SFIRE Teld ARHE BN
g AR 2oz FoE B, 1ADF, NP qe] WASER Hg AFR Aoz

e

Table 3.5 Best three-way interactions including waist circumference by demographic characteristics

Int i Training Testing OR
nter 1011
cractions accuracy accuracy (95% C.1.)
Gender
68.453
Mal WC, HDL-C, BP 0.8887 0.8841
ale ' ' (46.695-89.326)
153.020
Female WC, TG, BP 0.9237 0.9237 (103.647.225.913)
Age
151.562
50 WC, TG, BP 0.9248 0.9248
<008 (94.002-244.368)
63.736
> 50 WC, TG, BP 0.8817 0.8817
= os il (33.549-65.407)
BMI
106.250
25 WC, TG, BP 0.9069 0.9069
< P (75.112-150.277)
46.844
> 25 WC, TG, FBS 0.8640 0.8640
= (33.549-65.407)
Drinking
130.634
N WC, TG, BP 0.9184 0.9184
© il (87.508-195.013)
54
Yes WC, TG, BP 0.8963 0.8963 78549

(55.939-110.299)

WC; waist circumference, TG; triglyceride, BP; blood pressure, HDL-C; high density lipoprotein
cholesterol, FBS; fasting blood sugar, OR; odds ratio

WAEEES & AL BEN R EYSa 1A8%, 18, A HDL-2d 20833, 189
F 270 o149 R91€ AT Yt B9E R, B AT MDR WS ol g3kl BAFT
2o JYST FAFHT g WASFEE AT 2 FAA HF AT 2T ANSEE BHL F
oh AsE A 57 FUAZGYRA IPIE AR F 300092 SAsgon 1 A, A ER
oA A B B 29 BN BRulEre] 0779302 7bg JREt £ ekt o)y %
Aol A) ) PAFSFRANE L 5 9ol BRulwo] hAEFTES AusHeT o] 7H3
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28 2A9e et Aotk BRuwe 4889, Tuy, 8% § 2a4 283 v 2
of & Aow FHA A} (Jee 5, 2005). WA BRu[Te nALE, Gy, 1YL 5L FLA
7= $28 290007 o] S F2e JINE 71 28 2ol & 4 Aok

7 5 2
AAG e Aeojol Hah Brune £89 dAETTe 2% % 14 998 239
oz o] 3o TS HolE A Awe) RS Yoy Ao FHE s} 0.90602

I aAds, 18
A e e =uk 96.978vW= 7 =4 vEbkth mebA tialsSe 271 FAgEty] flsiA
£ Bt FAAY deke A5 Helvh 7P 2 estrial Bk =3, @Ae] Aeole B
FHlwk, A HDL-ZE2HE8S, L2 23] 713 AFe tiAeFT o= Uepdon S|t
WA A HDL-Ze 2HEES, 12 7H dAL 284 o2 @0l visl tiAs sl =59 3
B0l 64.5840 =2 2= AL 5 ATk FH2 579k F, 25 %] HDL-Zd&H gl 9%= +
= &‘Oi & A e, AT FEvet AN F A7 23 EE0] 2olue FAlolBR
A} 5570 4| HDL-Za 28 E 8500 932 vAe 222 AZ4d (Kim 5, 2010). A= A
7k 25kg/m°]" A Bk oA EAR, IX]TZ;E%ﬁ udYe] 2] 7ME AP AT
ATy WRke T Al gt A X i, uA DS, LE 5 AAiArer A ANE #
TN 7= AR 8900 2 B o #HE dSAYI7IE itk (Kim 5, 1994). whebA wHlwkel -9

= = 3k 2

TSl A AT A 1 FFVZ] DR & AFE GHERA ARE o83 Ao® A}
ST HY 25 AR AFBAE Hobeled AVE Sk FF AFlA AFH 24 AkR
£ ol8% d8 /o] 27U W2 ol&ol gl Aozt Azt
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Abstract

Metabolic syndrome has been known as a major factor of cardiovascular disease.
Several metabolic disorders, particularly chronic disease is complex, and from individ-
uals that appear in our country, the prevalence of the metabolic syndrome is increasing
gradually. Therefore, this study, using a multi-factor dimensionality reduction method,
checks the major single risk factor of metabolic syndrome and suggests a new diagnosis
results of metabolic syndrome. Data of 3990 adults who responded to all the question-
naires of health interview are used from the database of the 5th Korea national health
and nutrition examination survey conducted in 2010. As the result, the most dangerous
single risk factor for metabolic syndrome was waist circumference and the most danger-
ous combination factors were waist circumference, triglyceride, and hypertension. This
is the result of a new diagnosis of the metabolic syndrome. Especially, waist circumfer-
ence, low HDL-cholesterol and hypertension were the most dangerous combination for
male. In particular, the combination of waist circumference, triglyceride and diabetes

was dangerous for obese people.

Keywords: Metabolic syndrome, multifactor dimensionality reduction, odds ratio.
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