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Abstract

Metabolic syndrome is closely associated with cardiovascular disease, there is increasing attentions
in prevention of metabolic syndrome through prediction. The aim of this study was to systematically
review the literature by collecting, analyzing, and synthesizing articles of predicting metabolic syndrome
in Koreans. For systemic review, data search was conducted on Global journals Pubmed, WoS and
domestic journals DBPia, KISS published in 2011-2020 year. Three keyword ‘Metabolic syndrome’,
‘predict’, and ‘korea” were used for searching under AND condition. Total 560 articles were searched and
the final 22 articles were selected according to the data selection criteria. The most useful variable was
WHtR(AUC=0.897), most frequently used analysis method was logistic regression(63.6%), and most
accurate analysis method was XGBOOST(AUC=0.879) for predicting metabolic syndrome. Prediction
accuracy was slightly improved when sasang constitution types was used. Based on the results of this
study, it is believed that various large—scale longitudinal studies for the prediction and management of
the Metabolic syndrome in Korean should be followed in the future.
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HASSTE LEY, 1Y, o dHXEES, HIvlo]
+Hor Wcke dF9 #H¥LOE, National
Cholesterol Education Program's Adult Treatment
Panel III (NCEP ATP IID)= 8%, 3589, SAAH,
IUE A (high density lipoprotein, HDL) =d
2HE, slEEd F 370 ololA Bl 282 7HA
= A% ATt JYRit1]. AT+ A
AARCR 8 F35EA A 5 shU=, A8ds
o] A A= LHSHA BEEo] Utk NCEP ATP
9] s Ad 7182 4835 8749 =85
e} 245 A3, AT AEREse] Aol
28] S7HEIQAAL, BE AU AMFERE 1.5H] 571
tH2). SRIAZFIRAL Ao wEd, Lyt 19
Al ol tiASF FHEES 20189 22.9%2 7
200739 21.6%°l vl F&3] S7HHAL, E2 71
7t B9 FAAL 22.5%014 27.9%= Z715E ¥, o4
2 20.8%0l141 17.9%% 23]8] ¥olA Al nt2 2}
ol5 HAHH3]. HLo] ARSI Hol7t Eof3tol
w2t fHEC] F7tel=t, S9 991 60Al oY
ogoA A7 36%, 40%9] WS- =2 SAE Bt
(4]. o]2|3t AT ARG oY & B9 &
3 ofmgith

HARSSTe] 27] o&T A ARE Hel7] St
B2 gk AT A=EGloH, F, A, 4E 5
of wet thFstA vErkth. AE"RS, sl2lEd, 5
2]-9gdo] H]&(waistto-hip ratio, WHR), &|2]-41%
H]&(waistto-height ratio, WHtR) 59 A5 Q1 A
B A= et vASE W= tAEEE o
5 ARZE go] ARGE 3lon, QIF, A, Agol ot
2} A S -t O] Aol HTH5]. H&ol Hs
A AP ArE &E&ste] AEA ALHE body
roundness index (BRDE £ HARSST d&EE
Helow, BRI dAss A% Aees ST
ZF=Rlo] ofd HiAR F3fet] A 2 AulofA
@ 7t 2polE HGrHo). FA"olAE high-sensitivity

C-reactive protein (CRP), uric acid, insulin®] tf
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o] JASTY] Y-S Brlstk=t S vH o
£ Aol o JiA| B4 1T AT dE
9 "84S AT

2 A= F2 109 5 S e R Ak
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1. o oy

B 3= 20114¥5E 202097k4] Pubmed, Web
of Science(WoS)9] =¢] #d3x} DBpia, Korean
studies Information Service System(KISS)Q] =uj
Ad dlolEHo|AE B HA 7|IEE “Metabolic
syndrome(tAES)”, “predict(9=)”, “Korea(St
)" Al 9] FI9=E AND' 202 HAsg) &
A= Participants, Intervention, Comparison,
Outcome(PICO) 4o wa} “Fh=}l(Participants)
A9 &3 Ak(Intervention)o] ARSE
2k 24 W (Comparison)< |t ofof wE 4
Z=(Outcome)7t o= H=RIFE AE-S F/d5k3ith

HE A7 448732 PRISMA(Preferred Reporting
Items for Systematic Reviews and Meta-analysis)[12]
of et AEsigict [Fig. 1]. PubMed(335%), WoS(74
71), KISS(1107), DBpia(417)olA & 56042 =&
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T A5 J&%ﬂﬂ A2 =R(B41)S ALsto
08719 =25 AEsIAH.
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2 FEsIoH, A+ e
AA &= A QH%EJE}. EH*}‘U—I—V__L 01];./] ;&
T2 Hwsl] ¢t AEQJ AUC(Area Under
receiver operating Characteristic)s Zgst =&
e Ags] 98t & WelM "AUC, AUROC,
‘area under the curve’® Z}z} HAsto] A3} gl=
40719 =75 HiAISIG A HH, SRl H =Y
I 22 A4 WES & 64E =7} HiA|

stetck
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Records identified through
database searching

(n =560 ;
PubMed = 335, WoS = 74
KISS = 110, DbPia = 41)

A 4

Full-text articles assessed for eligibility
(n = 69)

A 4

Studies included in qualitative synthesis
(n =22

ol2f3t IS Bl HFH o= 22719 =E(13-34]0]

3. =20| & |
25 =20] A R HIRAS) Qo] AgSie w72

Risk of Bias Assessment tool for Non-randomized
Studies (RoBANS)E ol85trH35](36]. RoBANS=

HIEAR9] 9 SRt 2t A9t ASE, AFAT 5

oA E8EE= TR IR A4, IS, &8
DEH, WY £, EAS AnAE, A9E
23 H30] 674 g B7Hd & s /=]
Rom, BlEY o] B, ‘=, EFAY 314
2 71 £ Qltk & Aollx BlEAke] A 4 3
7h g g AE A B Aol tidE B
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Records excluded
Duplicate article

(n =151)
Not a prediction article
(n = 341)

Full-text articles excluded, with
reasons
no performance criteria
(n = 40)
Not original article
(n=6)
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First Design Size of Definiti | Prevalenc Analysis Used variables AUC
author population on e ratio method (Main
(year) (age range) of of Mets variables)
MetS
Seo YG Cross—se 13,032 NCEP M= 26.45% Logistic age, FMR, WC, MetS status, HOMA'IR, 0.9357
(2020)[13] ctional (=19 ATP Il F= 21.49% regression BMI, obesity status, daily nutritional (FMR, IR)
study intake, smoking status, alcohal,
education level, average monthly
household income, co-morbidity, survey
ear
Lee BJ Ccross—se 12,025 NCEP M= 22-29% Logistic FPG, TG, anth?'/opometric indices 0.897
(2020)[14] ctional (30-79) ATP Il F= 9-57% regression (WHtR,TG)
stu
Shin KA crossque 4 ,39%5 AHA/NH M= 13.5% ANOVA height, weight, BMI, WC, WHR, WHtR, 0.8%4
(2018)[15] ctional (= 20 LBI F= 87% ABSI, BP, (Body Shape
study Index,
WHR)
Yu JS Cross—se 3117 NCEP M= ANOVA age, sex, weight, height, WC, blood 0.837
(2018)[16] ctional (20-90) ATP Il 29.9-35.1% pressure, blood chemicals (SC types)
study F=
14.8-47.7%
Lee SA Cohort 3,874 NCEP Total= Logistic age, sex, BMI, alcohol, smoke, WC, TG, 0.879
(2020)[17] study (> 40) ATP Il 24.2% regression, HDL, glucose, BP (all)
Gaussian Naive
Bayes, random
forest, XGBoost,
and deep neural
networks
Ye SA Cross—se 3,769 NCEP M= 32.9% None BMI, WC, WHR, WHIR, sex, height, 0.874
2017)[18] ctional (7-90) ATP Il F= 26.9% weight, age, BP, glucose, HDL-C, TG (WHtR, BMI,
study WHR)
Namkung Cohort 221 Harmoni Total= Logistic TG, HDL-C, LDL-C, glucose, insulin, 0.865
J study (40-70) zed 37.1% regression HoAlc, AST, ALT, GGT, CRP, ANGPTL6 (ANGPTL6)
(2019)019] definitio
n
Hong SB Ccross—se 1,543 AHA/NH Total= Logistic height, weight, BP, WC, TCHOL, TG, 0.847
(2019)[20] ctional (> 65) LBI 20.2% regression HDL-C, LDL-C, fasting glucose, uric (Non HDL
study acid, hs—CRP, HbAlc cholesterol)
Yang HS cross—se 300 NCEP Total= ANOVA weight, skeletal muscle mass, BMI, WC, 0.84
(2020)[21] ctional (37-59) ATP Il 27.4% WHR, body fat mass, body fat, VFA, (HDL
study TCHOL, LDL-C, HDL-C, TG, HDL3-C subclasses)
Park KR Cross—se 1,051 NCEP Total= Chi-square sex, age, height, weight, BP, FG, TG, 0.833
(2016)[22] ctional (= 20 ATP I 21.5% HDL-C (WHtR)
study M= 23.9%
F= 18.6%
Lee SH Cohort 3,529 NCEP Incident Cox proportional BMI, BP, TG, HDL-C, fasting glucose, 0.8173
(2017)[23] study (mean=51.43) ATP I n/Total n hazard regression SC types (SC types)
= 1591/3529
Yoon JH Cross—se 3,338 IDF M= 317 % Logistic WC, BP, smoke, alcohol, exercise, 0.802
(2011)[24] ctional (40-70) F= 36.1% regression adiponectin, leptin, FBG, FBI, LDL-C, (L/A ratio)
study HDL-C, TG, hs-CRP, IR
Oh YH cross—se 535 NCEP M= 13.8% Logistic height, weight, WC, BMI, BP, VSR, VFA 0.798
(2017)[25] ctional (40-62) ATP Il F= 15.4% regression (VSR)
study
Lee AR Cross—se 36,783 IDF M= 39.7% None height, weight, WC, BP, FPG, TCHOL, 0.7831
(2018)[26] ctional (19-79) F= 21.4% LDL-C, HDL-C, TG (VFA)
study
Yadav D Cohort 1,590 Harmoni M= 17.1% Logistic height, weight, BMI, WC, BP, smoke, 0.75
(2015)[27] study (40-70) zed F= 15.9% regression alcohol, exercise, FBG, HDL-C, TG, (SUA)
definitio (excluding LDL-C, serum uric acid
n Mets
subjects in
baseline)
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Yadav D Cohort 2,276 Harmoni M= 18.16% Logistic BMI, WC, BP, smoke, alcohol, glusoce, 0.732
(2016)[28] study (40-70 zed F= 16.82% regression serum HDL-C, TG, LDL-C, VLDL, AST, (AST-to-AL
) definitio (excluding ALT, hs-CRP, HOMA-IR T ratio)
n Mets
subjects in
baseline)
Park JS Cross— 6,256 NCEP M= 31.9% Logistic height, weight, BMI, WC, BP, fasting 0.7
(2016)[29] section (> 30 ATP Il F= 25.6% regression glucose, TG, HDL-C, LDL-C, muscle and (MFR)
al fat mass
study
Shin KA Cross— 22,302 AHA/NH Total= Logistic height, weight, WC, BP, HR, fasting 0.676
(2017)[30] section (mean LBI 9.7% regression glucose, TG, TCHOL, HDL-C, LDL-C, (SUA, HR)
al =45) serum uric acid, hs—=CRP, HbATc, IR
stud
Kang DR Coho\r/t 1,017 Harmoni M= 32.9% Logistic WC, BP, smoke, adiponectin, LDL-C, 0.662
(2017)[31] study (40-70) zed F= 33.4% regression HDL-C, TG, hs-CRP, IR (W]
definition
Lee MY Cross—s 178,68 NCEP M 8% Logistic age, sex, height, weight, WC, biochemical 0.661
(2019)[32] ectional 3 ATP Il F=20% regression characteristics, serum GGT (GGT)
study (mean= (eduwing Mets
53.86) and daod
aonsunTption
Ay/chy in
tesding)
Lim S Cross—s 532 NCEP M= 52.7% Logistic height, weight, WC, BP, physical activity, 0.654
(2011)[33] ectional (> 65) ATP Il F= 63.3% regression VFA, IR, Tchol, TG, LDL-C, HDL-C, (VFA)
study hs—CRP. RBP4, adiponectin
Park SK Cross—s 5,988 IDF M= 24.9% Cox proportional alcohol, smoke, exercise, BP, BMI, WC, 0.576
(2019)[34] ectional | (40-69 F= 31.3% hazard glucose, TCHOL, TG, HDL-C, PG, IR (PG)
stud regression
M : male, F : female, FMR : fat to muscle ratio, WC : waist circumference, MetS : metabolic syndrome, HOMA-IR : homeostatic model assessment

of insulin resistance, BMI : body mass index, FPG : fasting plasma glucose, TG : triglyceride, WHR : waist-to—hip ratio, WHtR : waist-to—height ratio,
ABSI : a body shape index, BP : blood pressure, HDL : high—density lipoproteins, HDL-C : high—density lipoprotein cholesterol, LDL-C : low-density
lipoprotein cholesterol, BP : blood pressure, HbAlc : hemoglobin Alc, AST : aspartate transaminase, ALT : alanine transaminase, GGT :
gamma-glutamyl transferase, CRP : c-reactive protein, ANGPTL6 : angiopoietin like 6, TCHOL : total cholesterol, hs—CRP : high-sensitivity C-reactive
protein, VFA : visceral fat area, SC types : sasang constitutional types, FBG : fasting blood glucose, FBI : fasting blood insulin, IR : insulin resistance,
VSR : visceral-to—subcutaneous fat ratio, VLDL : very—low-density lipoprotein, HR : heart rate, RBP4 : retinol binding protein4

3' EHAI‘%_?_E 01I§ E% -E-Aﬂ-“:'g ANGPTLS, 1 Heart Rate, 1
(18 312 AEFE 5 welo] ALgH wiold, -y
A5 E40 wet 34 5AE s A9 <~

Fat&muscle, 2 cvD-related

subclass, 1
(FMR, MFR) Blood markers, 10

on-HDL, 1

(WHtR), A4 (Visceral fat, fat/muscle), AEH=
3 #TH EN9AH(post glucose, uric acid,
HDL-subclass, non-HDL, leptin/adiponectin,
Insulin resistance), 7+ ®A THHA FAAHE
(AST/ALT, GGT) % 71} W(f44+ ANGPTLG, 4
dh, ARADE Yol AT dlZe] th 18 3. I8 a2 wd =2 2
T2 AMRE W ERE AP EEE I AR H(10
Hyolw, /i HeEe WHR(EHE)o] 7P Bol ARG
=t HARSSF dl& 2do] HBr= AUCE 7|&°
FMR, IR ¥W&E @802 7MY 2 B¥gx
(AUC:0.9357)E HAtH13]. o]ojA [14]==°] TG,
WHtR 45 2835t Rd(AUC=0.897)7} [15]=529]
body shape index, WHtR ¥W+E &8st d
(AUC=0.894)°] _/,:;‘(]—143§ =2 A Bt &
o2 [171=%2 5719 -vjq‘ﬂ—i AR 9
5 2d9 "3"0 H Wk, 7P Adsol 2 =Y

LA, 2

IR, 2
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2 XGboost(ACU = 0.879) ©|3it}. E3F 2HY| =&
ol A[16][23] gtefeke] 153t 7HA] B4 AME AE
< A8oto] AT &S AR [16l=E2
AdE slEEdE F8 ¥W4E AYsta, 3=
AL E S AR ARRTE o ARSSHA] B2 7
29} v|wsto] AUCES H|w kL)

Fo| T ARE TET =T 13V HEYo] ¥
o =]

H 2. RoBANSE 0[8%t ==2| & Yo}t

A B | C | D] E F
ooy | Mien | tow | Low | Low | Low | Low
(ZLOGZ%)EJZH High | Low | Low | Low | Low | Low
(2881‘?3) EA5] High | Low | Low | Low | Low uc
ootehg | M | tow | tow | Low | uc | uc
oo | Hen | tow | Low | Low | Low | Low
(23?7)8[/?8] High | Low | Low | Low | UC | UC
’\(lgomg?%f Llow | Low | Low | Low uc Low
oorog | M | tow | tow | low | Low | uc
ooy | Heh | Low | Low | Low | uc | uc
aorsby | M | tow | tow | tow | uc | uc
(2L0e 197)?;3] low | Low | Low | Low | Low | Low
oomhoe | Mg | tow | Low | Low | uC | Low
(28?7;([;'5] High | Low | Low | Low | UC | UC
(ZL(()e 168)?;6] High | Low | Low | Low | Low uc
(\2(8(113/[22] Low Low Low Low uc Low
(;S?Z)V[zgl Low | Low | Llow | Low | Low | Low
Park JS | High | Low | Low | Low | Low | Low

(2016)[29]

(zsgn)éAo] High uc Llow | Low | Low uc
(qu%[%?] Llow | Low | Low | Low uc Low
(2L((>91e 9)[M3Y2] High | Low | Low | Low | Low | Low
<2(%i1r?>[§3] High | Low | Low | Low | UC | Low
(ZPSJ 1r I;) [S?El] High Low Low Low Low Low

High : high risk of bias, Low : low risk of bias, UC : unclear risk of bias,
A : selection of participants, B : confounder, C : exposure(factors)
measurement, D : blinding of assessors, E : incomplete outcome data,
F: selective outcome reporting.

V. o &

AR T2 1988 Reaveno] OAAAES, 1L
g9 189 5 JdedAFEEATY] #H @S
‘Syndrome X'Z WE3FE[38], 1998W World
Health Organization (WHO)7} @A12] HAQA AL
Z35 (Metabolic syndrome) .2 % 9Js}12[39] A
AAEQI At 7|2 A& AA| gt o]« A AAH
o7 g2 d4Eo] AP £ Ave A 104
7+ =919 AT dST A Yol gt
2299] =72 AARCE £33 sflom, ol &
off % =l 718t A A& 2d A A
9] Aol EZo] =iz} gt

2 A9 8 A= o2 2ok A, S-S
&+ A 7] NCEP ATP 17} 7H Bk, €4,
A dE 2d FES A% 24 e
Logistic regression®| tj&iolglon mdo] A%
B7le 25 ROC B4 AAlsdt. vpAgte =, of
ARSE A& AHEE HgEs A8TEEe 9E
et Ay FAFAL Aot AY W4Tt 2ol AN
A1, AR S B9 YT E v AUC
P2 0575 ~ 0.9360.2 121(54.5%)2] =Fo] 0.8
oY w2 Y=g HIth

£ Aol 1Fet 22O = F 19H(86.4%)°]
2016~20204  Afolol AAE =Eog =UolA
20169FE Ao I oS gk At &
UolA o]FojdE & 4 Utk ofAo-HE G A 99
AT FHEEY A T AolA HiEE
9] I7tof|A] AZQ1 QIS eF 20% ool tiAkS-EZ9]
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oS W glom, B, B, tw] ST
BEL BA 10159 FF 7~11% SEOE A5H

F7hhs As Tekl, A S T
ojET AFTES E017] Y5t oA el Fa
= AZoITHA0L. &, AW HEEY 57 1A A
= 5HE Ad JARF 27] dF0] a3, ol=gt
Aol AT &S A% vt A7t F 2ol
o] APEGS Zo=r Pzt

AEETe] 7|2 NCEP ATP 117} 123],
harmonized definition®] 43], IDF @ AHA/NHBLI
71€0] 2t 332 S tiAS S A NCEP ATP
1119} 7120] 7P %ol ARH . tARS S Ak
MAEZAZ]F (WHO, 19984), S-HAeAANZ A+
3] (Buropean Group for the Study of Insulin
Resistance, EGIR, 19994), ul==HEEHAHE o
S22 73 91Y3] (NCEP ATP 111, 2001), AlA B3
HAW (International Diabetes Federation, IDF,
20054 SolA 254 2 Jd 71&S A6kt
[41]. NCEP ATP IIT 7]%2 B3] dJold 44 =
o] 7hsstal, XA Holdwt HE SHe=E 7Pt
@o] QI&EE 7|E0 =, ofAlol-gjHeF X|H9] 7 1t
2 YA S Ad 71e2 184 F 8wo|] NCEP
ATP 11T A3 7128 ARSSHAL, 49| AF-lA IDF
7138 #-&31tH40]. IDF 7122 3lgEd 7%l
gk QIEZE AolE WPt o, Ul Bl A o
AT 8 849 Qed APEE & WPsHA
ot A7EANE HItH42].  Harmonized
definition AAE AD7|E F 7P 2419 J7]
FOo=2 AHA, IDF = 71¥9] 8]¢] s} ghejd et 7]
FO08 FuHsls] AT AATBoA HXEt
Hh IH43].

ARG T S0l AHSE EARH o= BEAAE
B AR 0] 63.6%= 71 Wokal, 7FE F2ol HEE
=2olA HAl 2 71'Ho] HEEHJH17]. tHAs+
9] A& o7 ERel &317] 2o o]z £
714 g olgE= B4 Wl EAAE 3R]
EE9] =74 o] &tk E9] [17]19] =2 &
A Hlo|E e} HEE Fo 2XAE IAEA 5 5719
EARE Aot AR dE K49 HYk

u

ox il o Jo

o]

i

H] 51T, XGBOOST £-4j0] 7H¢ &2 AUC,

9 Eo|=& X3!, Deep neural network
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