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Hgke] FHES AR R w2A Frheta Qlth 1975 el v]3) vyt
A7F oF 38} 7hEF FUF8E oW (WHO, 2018), dA A AlAl el
39%°l et 199 Wol AT F& nluklFE A UrH(WHO,
2018). =9l A-golx vnke] ¥ EC] 19989 26%°14 20161 34.8%
2 Z7lete FAE Rolx Ioh(FW e, 2017). H|ukE

N

o

A RS
7z

G, gt
AEEAAS, HEF, 5 o, "JAAY 7 FEE HBA BEde 2
¥OlIL(WHO, 2014), *&35, A4 1%, AA% S HaZal
-

of7lstH, i Bl A& 713 Ash, Ad=at g2 A3A

2
N
N

0 K Jo Mg 0B T

A=
wale= o7 RuEa QUub(NIH, 1998). 28 o83k 9dAS 71K
A Hvto® Qs MAAA =z 1de] oF 3407 Hol Abgstal glof, 4
Al A7 QS AAFeLa It (Lim et al., 2012).

HIRES Yebdl= g2 X222 AAFA 5 (Body Mass Index, BMID 7k
Stk w=rell A= 30kg/m2 o3-S wIwte® Aojsta glot, tiENl=S X
Tk ofAJo} =Tbe A= 26kg/m2 o] MIRte® Aolstal QItH(WHO,

2000). Ay A=l W=, BMIZ} F71gtel whet Adads 24s U@ A}
WEo] JAB Eefow FrbEthal delA Qth(ee et al, 2006; Kim et
al., 2015).

HWlS S48k &= E}% A%+ 38 %8 (Waist Circumference, WC) &,
HBRuvke] =5 e FAjeoltt. o= BMIETE Al 28 =9
WEY 1899 fHE 4 ““@E T2 o # HolFe Axda deEiA 9l
C}(Snijder et al., 2004; Wang et al., 2005). 18]11 WCQ =77} Ad %
A HAE 9 APEER FOF AAdATE vz el ok (De



Koning et al., 2007), International Diabetes Federation (IDF)®}
National Cholesterol Education Program Third Adult Treatment Panel
(NCEF-ATP IID M= tiAbS 2o 7|l slelzedlE 2dstal 3l
=
FHZol At o ® A% Hvkel] tidh Ag-Eo] Wol o] FofA L IARE,
ole] sl AE gRkE AFAEo] E=ASHY (Hwang et al, 2012;
Kramer, Zinman and Retnakaran, 2013; Kuk et al., 2018; Al—khalidi et
al., 2019), whAbd o= AR 7lEe] 4 damit gE=A A H7
ol59 ATAAES HFs oHE ZAZE U (Liu et al., 2018). FEF
QAT R Te dAks ST 84 F studl slgEde] dxe o
et AEdAAS FE D ARl Aol7t dehdts dAyAdE EA8kd
A, deEd 549 F2/d0] X olth(Haring et al., 2010).
BMIS} WC= #oF ko] AAdAE AUARE Abgel vl 9&FS
o F23% gRlow wolw, o= AbgIte] AgyyAle] s
5

PN= Al WC7F S7hEE APgEo] F7Fekl oy (Cerhan et al., 2014;
Kim et al., 2019), Rtth® WCE FA8s Al BMIZF S71ebd @32 At
k3] 5tk (Janssen, Katzmarzyk and Ross, 2005).
gt dells Aol oF Wl oYzl Xure] vt
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1. B]%t

1.1 vIqke] o] 4 st

AARAZ T vRbE 0475 3 AR AWzAe v dA o)Ay ¥
Tt Aol FAEAEE AJsta tH(WHO, 2018). HIRRRIT= HAA]
Aoz w=A Frhsta low, 1975 Hlal] oF 3u) 7k=F SUbekolnh &
A A AA AAJAFY 39%el Fak= 199 ol FAFolH, 13% 69 5
gk wo] winkel ot (WHO, 2018). £3] A Ad % 7]+ (Organization for
Economic Cooperation and Development, OECD) 3= A 3¢ 2l
T2 50% ol’de] #AF & H|wkolw, H|WRRIFS] 7} 2030 7HA] A&
Ao g F7F Aot o 4detal QITHOECD, 2017). =ule] A 9-ol% v%k
o] fHEo] 19989 26%°l1A 2016\ 34.8%% F7tet= FAIS Hola 9l
oH(EH HeE5, 2017).

>

rr

1.2 H|REe] £l

MRS S AR Hlw o)Ay MIREOR wbE S otk AR HmHe
A vl 90% o4& AAdTh AR ]S AT AT el
FY3t avlste qUA FFol FUz AE, F luA AR A
Al BRFPOR ore] qUAZ AW FHz FAHE AS BW
o AR Bl WA Agw, AREW, 99, AF, 44 29 F o
FF P90l BPH o Wolshy] wie] I spH Awoz AW
ofel ¢ ZS7h ek CRE) HEIES BeF o4 FAL st AT



Hol=t], ol 159 A4 =4 7lsol AstEo] s Tt e AAFE
olglgt nEF AArk= AAA R AuA HAFHE F7HAA HIRbE
= AFSE dF 2% A8t W Fol] AREE AL ATt Abst AR
2 A, Aol Hls] Fu7p Ao} oA vt
s A dElE S AESFES] RIS A
5 o] Sltkal &# A Ath(Pereira et al., 2005). 2JA}
Wb e] Bl Bt A - EA AR, HAlT Aol
F7F 23]y A AFe BAvta deA 9l
: S Egte] 7l A, 5 A
o #go] &AdstEy] Ao HAME whAA Hol AufF o=
=olxth(Yamane et al., 2014). &2 A& F339 F2
= o|A ABlE AA gt AR AqUAE Al F4
PN, A=A 3 aA A e AU
A WEA 2AE shrh, APGAE A B[ = Leptin
Ghrelin, Peptide YY, Cholecystokinin, Incretin=
olal, S FHEIH WAL vFAAE FI EWzHI
H Xt (Small and Bloom, 2004). o]&gt A7 1] 4]
Dopamine, Norepinephrine Serotonin, Opioid 52| A7
=5 WIAA 4% ¥ P5S WetA7Ith(Arora and
ol

Anubhuti, 2006). 9 X3t H]9S %271—5— o] & 4 Qi I A
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Qdl, 647 oUlg FWE Het: FU RS Ghreling E7HA7 1
Leptin® #2AIZ 024 oux HA 4L vA vws 2o 5 vt

(Shlisky et al., 2012).
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o7k 3t Leptine A'AZo)AM L E = FHEZZEZO0 R A5S A
A AUALES FAAT= AYVse 7=, ob FAAe] EdRol}

HASH  Leptin #H] o] dofjzh A7IHEA A4S vgke] LAY £
(Montague et al., 1997). ©] 29J9|% proopimelanocortin, melanocortin 4
receptor, prohormone convertase 1 &2 F32 FdWolg} Zejr] L
TS5, ZAA I HlE S35 T ARA X‘*OHO]]/HE Hlgko] WhAE 4= itk
(g ekst3], 2018). A oF= T3 AFTT7HE sk d<le] °d + 3l
=4, clozapine, olanzapine, sertindole, risperidone, amitriptyline,
cyprohptadine 52 &#A14 °FE Amitriptyline, Nortriptyline 52 4+sk
A 894, valproate, carbamazepine, gabapentin 52 @A,
insulin, sulfonylurea, glinide 52 BxHW X TA, AlZ2EY AdA, I3~
ERRLAl, B A, AH RO EAA T8 ofmo] AlTTrtE WAL &
HA Utk Al 9 W38 A dgo Rz st nintell= FFol o3t AlF

7F YetdeE A Vs

= /\}X]% kAo el 259 f5or Jheold ¥

T eol AT(ElE, 2000). GAIAS O R IS Hlwko|= FA %o 5o

AslE, B 2w =Ho] &35

=y

30 of

1.3 H|we] Ak

AARAZIFE] Gz vivts S48k s s A NM AALE
SAdloF gk AANES WEN, AAHTH, olTAuA dxde] F
SH, 38ty v 8 e A5E 9 29, AIeEdd § g w

)

Ho WSS AIRbY Hlgo] Wel 57 o

Hor AT 5 v sHARE o]
woll etdTol A ARgst7]ol A sbA] ekt (thtnlntoiAle] #}sts], 2018).
Ot e ZAFA T A vl w A 7hgstA] BNk Hrtslr] 9kl b &8

A AREEE B2 719k EFAE sS4 ek AA A5 (Body Mass
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Faz It (WHO, 2014).
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& st sEEde FHAE ATl et dEA A Lst glor, AT
=7 e FA e sElEd 102cm o, o149 =8 88cm o] Ml
TFO R FHEStAL QUAIRE o] AA] opAJoil Fol A= W] oFo} ofA] ot Tlel A
= o] g=d 90cm ©], o142 sElEd 80cm oS H|WoE
WU THWHO, 2000). stAsE g-gvhet 418 Hy sEsdrt $Aa8S

o) HFAG U AN Q3 A4 o] NFES ol g =
AAA 20%, AFAAN 40%% Wiz 20]9 Hole g
2003). O|4E F MW ATAE Aolel A @R Bipulwe] Held V]
F2 v el @t mde] glglew, AAE dwAow

2)
International Diabetes Federation(IDF)2] 7|0 uwhe} @4 JdE

1 AA AFE FEH BEMAANL, F& AR B Feld EAE o)

ste] e SR Asksl SFekw el B FBEI TR ®
L gESe AgReA HPh FYNAE Bt Arzdel 4y F
A e AER w2l sl 0.lemsd AT A@ Wl A9 &
A F A F oA SsAge] sustel Hele AHA QAN 2
A SRR A7 ek ol F Aeels AUl AetA RS 2 =

o
ol
2
rlr
P

gz o7 stop(gisknu|rtsts], 2008).
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g, 2017).
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3 4 A A (Kujala et al., 1998; Nocon et al., 2008).



7ol AaABAAE 7zt =2 Hz2 Ayrt AolsAu(Klesges and Klesges,
1993; Jee et al.,, 2002; Plurphanswat and Rodu, 2014), &8 z}& <,
AEAAAS, v HAd HAgoR Ak Al IS 7Ty LA
QATH(CDC, 2008). &% W] A i 72t =3 HE2 it
Aolgt EAS Hola ¢lom (Kleiner et al., 2004; Lukasiewicz et al.,
2005), ol Abgel Fog JaFs 71Hoka &EA JAokDi Castelnuovo
et al., 2006). RIAIZFo] 6AZF=8AI1ZEQL Abghell Hlel] 5AIZE o8kl Algtel
AA v FHEo]l S8 2™ (Cho et al., 2018), FHAIFS AFEE
T FYst #EdS Bt (Yin et al., 2017).
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3. ulwo] Aol ¥ X& I

Guh 5(2009)0] Btz wyAHae] BAYS HAF weHEA Aol

A, Rkl w9l AdaAdds o3 dadArt des & ¢ A3
ot Xé*c}iﬂv?ﬁ] Hlel AATQ A T 2 B 9 S 2.404, A4
< 3.92v) Egkom, HIRkQl A I A B $AdS 6.74M, o4
12,419 3t gt 2o A AT vl AAT Lol FAd=
1.284, o/ o] A% 1.658 xotom, ATl vl niwktols 22

1.84uH, o3-S 2429 =gtk HEF DA A ATl vl A
oA FAdS 1.234, oA 1.168) =kom, AAAT ol Bls) vinkd
39 S 1510, oA 1.4909) =okth BAEw Ag ukay o]
= ARAS Il vlE HAF Lol A2 1 14
ATl vl vl A FdS 1729, oS 310 =%
HIRES 574 ofe] A A s AdAol itk &= A vk, vk #)7gek
AL ZAPeE wEREA o A= Al F el vls] Al elA #ge
2 Qs AlEo] 1.06H, H]wHFolAE 1.318) =t (Majumder et al.,
XL%WJrQ ﬂﬁloﬂ WOHH ZAFeE wlEREA] o A= B Rkto]
o] 1.22¥] E5&5 ¢ T UAF(Lee
et al., 2015). iﬂ%—ﬂr zﬂ*ﬁﬁ%‘fﬂ HAS FRlst Ao, BMIZY
S5kg/m2 Z7}e4E % &4 Wk Eo] [l 15% 718 }Oﬂr/}(Zhong et
al., 2016). vtz @t BAETO AAE FAFSE Aol HdAF el
Hlal Al g ol T el dAEC] FAS 1.069, o149 1.26M) Egkom,
HAF A= Fdd 2 =1
(Tan et al.,, 2015). ¥+ A F el 1] 3| Hl UW% Aoz At At
AW A WEREA oA =, ATl vE] HAlFTelA FHdo®
915k Aol 0.7648], B]Rko
al., 2016).
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_— —

Z7F 1.2141, =4 Aol H“E 217} 147w, &3} XJOH Ay
Wl =3kth(Simon et al., 2006). H|TFY} Eotylo] A ojs)] *
HEREA ATl s ATl BlE] wRkr e =7 14w =Skt
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Table 1. Classification of independent variables

Variable Category

40-49 (Ref)
50—-59
60—-69

270

Age

N O

Low
Middle
High (Ref)

Income

W=

Disability None (Ref)

[N

Have

Smoking status None smoker (Ref)

Ex—smoker

W

Current smoker

None (Ref)
1-2
>3

Drinking per week

w Mo

Physical activity 1. High (Ref)
2. Low
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Table 264 P/ 82,8307l o, o] & E& AJCE QIS APY
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gto g Q13 AR 2959 (0.4%) 02 F1Hn) FPEdEzE 15
o] 20,2897, 23 wto] 23,5707, 3ol 21,1359, 43 xke] 11,936%, 5
Aeto] 5,880 o ® T O, AIZEY] A ite] wE HAS wiA AR
& 713 Fee] denlueAE S EdEE T AEE 2 dHEor g
AP EC] 1T 65 elA FosAl E=es & 5 A , A
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= AAFETol 1,4851, AAA|F o] 27,7254, HA|F o] 24,602, HIR
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of nlal] A Fz 11{%011*1 T AP EY ddgo R A% AMYE, A
| AFEEC] BF foeHA wHes & F Ak A%l
40~49A417F 17,5197, 50~59417F 43,3397, 60~69417} 15,9
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T APEE 9 FHEoR Qe AE, AEAA AFOF A AMLES A
o7} gtk A5 A% 2t -,
A7 29A ke tidA R foletA F AT E Y
E, AEHA Ao A AbdE] HSS & & AN (p<.0001). Fel
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o] 3,980 % Yelston, sgEdl7F 90emol gl 5ol & APE
Ao 7 Q3 AlLES] FSA wkoU, FEdd AL
Ask Ao A= Foe Aol & F GlATH(P=0.2098). AHFASF
T Al AAF el 1,326%, FAlTwol 24,0779, ATl 15,10
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Table 2. General characteristics of the study population in men

All-cause mortality

Cancer-related mortality

CVD-related mortality

Characteristic Total
Yes No Yes No Yes No
N % N % N w FPvloy % N % Pvlooy % N y vl
ue ue ue

Total 82,830 100.0 2,179 2.6 80,651 97.4 1,018 12 81,812 98.8 295 0.4 82,535 99.6
Waist circumference <.0001 <.0001 <.0001
Group 1 (<80cm) 20,289 245 694 34 19,595 96.6 306 L5 19,983 98.5 78 0.4 20,211 99.6
Group 2 (<85cm) 23,570 285 545 23 23,025 97.7 262 1.1 23,308 98.9 69 0.3 23,501 99.7
Group 3 (<90cm) 21,135 25.5 486 23 20,649 97.7 217 1.0 20,918 99.0 78 0.4 21,057 99.6
Group4(<95cm) 11,956 14.4 282 24 11,674 97.6 145 1.2 11,811 98.8 43 0.4 11,913 99.6
Group5(>95cm) 5,880 7.1 172 2.9 5,708 97.1 88 L5 5,792 98.5 27 0.5 5,853 99.5
Body mass index <.0001 <.0001 0.002
Underweight 1,485 1.8 111 7.5 1,374 92.5 43 2.9 1,442 97.1 12 0.8 1,473 99.2
Normal weight 27,725 34.1 987 3.6 26,738 96.4 439 1.6 27,286 98.4 118 0.4 27,607 99.6
Overweight 24,602 30.3 515 2.1 24,087 97.9 255 1.0 24,347 99.0 71 0.3 24,531 99.7
Obesity 27,403 33.7 530 1.9 26,873 98.1 259 0.9 27,144 99.1 87 0.3 27,316 99.7
Age <.0001 <.0001 <.0001
40~49 17,519 212 163 0.9 17,356 99.1 59 0.3 17,460 99.7 22 0.1 17,497 99.9
50~59 43,339 52.3 691 1.6 42,648 98.4 313 0.7 43,026 99.3 96 0.2 43,243 99.8
60~69 15,930 19.2 607 3.8 15,323 96.2 305 1.9 15,625 98.1 81 0.5 15,849 99.5
>70 6,042 7.3 718 11.9 5,324 88.1 341 5.6 5,701 94.4 96 1.6 5,946 98.4
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Table 2. General characteristics of the study population in men (continued)

All-cause mortality Cancer-related mortality CVD-related mortality
Characteristic Total
Yes No Yes No Yes No
N % N % N % Pval N % N % Poval N % N v Pl
ue ue ue

Smoking <.0001 <.0001 <.0001
Non-smoker 28,019 33.8 739 2.6 27,280 97.4 343 12 27,676 98.8 92 0.3 27,927 99.7
Ex-smoker 26,318 31.8 531 2.0 25,787 98.0 266 1.0 26,052 99.0 66 0.3 26,252 99.7
Current smoker 28,493 34.4 909 32 27,584 96.8 409 1.4 28,084 98.6 137 0.5 28,356 99.5
Alcohol <.0001 <.0001 <.0001
None 27,163 32.8 846 3.1 26,317 96.9 385 1.4 26,778 98.6 132 0.5 27,031 99.5
Moderate 34,847 42.1 620 1.8 34,227 98.2 298 0.9 34,549 99.1 88 0.3 34,759 99.7
Heavy 20,820 25.1 713 3.4 20,107 96.6 335 1.6 20,485 98.4 75 0.4 20,745 99.6
Exercise 0.6086 0.8230 0.5007
High 32,671 39.4 871 2.7 31,800 97.3 405 1.2 32,266 98.8 122 0.4 32,549 99.6
Low 50,159 60.6 1,308 2.6 48,851 97.4 613 12 49,546 98.8 173 0.3 49,986 99.7
Income <.0001 <.0001 <.0001
Low 13,520 16.3 580 43 12,940 95.7 256 1.9 13,264 98.1 87 0.6 13,433 99.4
Middle 25,262 30.5 818 3.2 24,444 96.8 398 1.6 24,864 98.4 111 0.4 25,151 99.6
High 44,048 53.2 781 1.8 43,267 98.2 364 0.8 43,684 99.2 97 0.2 43,951 99.8
Disable <.0001 <.0001 <.0001
No 82,510 99.6 2,141 2.6 80,369 97.4 1,003 1.2 81,507 98.8 289 0.4 82,221 99.6
Yes 320 0.4 38 11.9 282 88.1 15 4.7 305 95.3 6 1.9 314 98.1
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Table 3. General characteristics of the study population in women

All-cause mortality

Cancer-related mortality

CVD-related mortality

Characteristic Total
Yes No Yes No Yes No
N % N % N % Pl N % N % P N % N % Pl
Total 56,422 100.0 694 1.2 55,728 98.8 307 0.5 56,115 99.5 122 0.2 56,300 99.8
Waist circumference <.0001 .0082 0.2098
Group 1 (<75cm) 20,942 37.1 213 1.0 20,729 99.0 91 0.4 20,851 99.6 37 0.2 20,908 99.8
Group 2 (<80m) 13,960 24.7 161 12 13,799 98.8 71 0.5 13,889 99.5 28 0.2 13,932 99.8
Group 3 (<85cm) 11,420 20.2 161 1.4 11,259 98.6 77 0.7 11,343 99.3 27 0.2 11,393 99.8
Group4(<90m) 6,120 10.8 82 1.3 6,038 98.7 36 0.6 6,084 99.4 16 0.3 6,104 99.7
Group5(>90cm) 3,980 7.1 77 1.9 3,903 98.1 32 0.8 3,948 99.2 14 0.4 3,966 99.6
Body mass index <.0001 1045 0.0076
Underweight 1,326 2.4 43 3.2 1,283 96.8 14 1.1 1,312 98.9 7 0.5 1,319 99.5
Normal weight 24,077 43.8 292 12 23,785 98.8 130 0.5 23,947 99.5 59 0.2 24,018 99.8
Overweight 15,108 27.5 175 1.2 14,933 98.8 80 0.5 15,028 99.5 19 0.1 15,089 99.9
Obesity 14,508 26.4 160 1.1 14,348 98.9 73 0.5 14,435 99.5 32 0.2 14,476 99.8
Age 1,403 2.5 24 1.7 1,379 98.3 10 0.7 1,393 99.3 5 0.4 1,398 99.6
40~49 <.0001 <.0001 <.0001
50~59 9,382 16.6 41 0.4 9,341 99.6 24 0.3 9,358 99.7 6 0.1 9,376 99.9
60~69 29,675 52,6 160 0.5 29,515 99.5 73 0.2 29,602 99.8 27 0.1 29,648 99.9
>70 11,780 20.9 159 1.3 11,621 98.7 85 0.7 11,695 99.3 21 0.2 11,759 99.8
>70 5,585 9.9 334 6.0 5,251 94.0 125 22 5,460 97.8 68 12 5,517 98.8
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Table 3. General characteristics of the study population in women (continued)

All-cause mortality

Cancer-related mortality

CVD-related mortality

Characteristic Total
Yes No Yes No Yes No
N % N % N v Pl N % N % Pl N % N y Pl
ue ue ue

Smoking <.0001 .0003 <.0001
Non-smoker 55,342 98.1 656 12 54,686 98.8 293 0.5 55,049 99.5 112 0.2 55,230 99.8
Ex-smoker 339 0.6 6 1.8 333 98.2 2 0.6 337 99.4 1 0.3 338 99.7
Current smoker 741 1.3 32 43 709 95.7 12 1.6 729 98.4 9 12 732 98.8
Alcohol .0009 2124 0.0354
None 47,583 84.3 618 1.3 46,965 98.7 268 0.6 47315 99.4 110 0.2 47,473 99.8
Moderate 7,393 13.1 58 0.8 7,335 99.2 30 0.4 7,363 99.6 7 0.1 7,386 99.9
Heavy 1,446 2.6 18 1.2 1,428 98.8 9 0.6 1,437 99.4 5 0.3 1,441 99.7
Exercise 0597 16998 0.6239
High 20,629 36.6 230 1.1 20,399 98.9 109 0.5 20,520 99.5 ry) 0.2 20,587 99.8
Low 35,793 63.4 464 1.3 35,329 98.7 198 0.6 35,595 99.4 80 0.2 35,713 99.8
Income 11033 0689 0.9256
Low 14,664 26.0 204 1.4 14,460 98.6 92 0.6 14,572 99.4 33 0.2 14,631 99.8
Middle 19,534 34.6 223 1.1 19,311 98.9 88 0.5 19,446 99.5 43 0.2 19,491 99.8
High 22,224 39.4 267 12 21,957 98.8 127 0.6 22,097 99.4 46 0.2 22,178 99.8
Disable <.0001 0119 <.0001
No 56,278 99.7 679 12 55,599 98.8 304 0.5 55,974 99.5 118 0.2 56,160 99.8
Yes 144 0.3 15 10.4 129 89.6 3 2.1 141 97.9 4 2.8 140 97.2
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Figure 1. Kaplan-Meier Curve of all-cause mortality stratified by waist circumference in

men
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Figure 2. Kaplan-Meier Curve of all-cause mortality stratified by waist circumference in

women
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Harrell C—index& E3to] 54T ES ASEE A A7, & wF
Soll AA=FEAFRE Zghetd G AN 0.7466, A AA 0.75362] Fkol
o, sElErt 23 Al FAe 4§ 0.7450, o142 A9 0.75199 #
o] gttt ol 3 o BFolAA sl nls AAZFAFIE AP
S d5sel o AFst Wyets A RolF, AdgA S} e E

oNAA 0.7476, odAIA 0.75512] gko] e}

B XgA7= Aol AMEES AS5EE 7MY Eole Ade ¢

EEds AEWTE A4 49, deEd7t lem 718 weioh F ARG
A 9glo] 1.02¥H(95% CI: 1.008—1.027), ¢&dgoz 913 Al glo
1.02¥1(95% Confidience Interval [95% CI]: 1.001-1.028) 934 =
Zhatom, AdEAAAGTOE Qs AbY UALS 1.02v] FsHIAI R -2 st
A kSTH(95% CI: 0.998—1.048). & EdUE ScmitAe] weh Joko=
TESE A, FERAHGEA 28 vls] 43¥ ¢ (Hazard Ratio[HR]=1.21,
95% CI: 1.026—1.423)3 58 %(HR=1.47, 95% CI: 1.191—1.810) A
T APgEC] FostA Srbsklod, Ao ® sk Al A9 23w
Hlal 58Tl 1.38W1(95% CI: 1.026—-1.863) Z7lstitt. A daAAS
o7 Qe Abg2 23 ko] wls| 3ol 1.3641(95% CI: 0.962—1.909),
47 kel Al 1.2990(95% CI: 0.837-1.988), S5 olA 1.50W(95% CI:
0.871—2.588) S 7Fatl ot FoJahA] ekt

BMIZ d&H4E 243 249 BMIZF 199 5718 wujct & AFgEo]
0.90¥1(95% CI: 0.877-0.922), &@go= <Ast AgEC] 0.939(95%
Cl: 0.897-0.966) 2 FoJstAl #rAastiov, HdAALTOE Qs ALg2
0.96W(95% CI: 0.892—-1.022) 2 {+&JstA &skth. AdATTs g

or AAsE A, AATIAM T AFEESl 1.519(95% CL

_29_



1.229-1.843) & FostAl =dow, ATl Hlal AAFTaoAA ok

oz Q% AFYELS 1.308(95% CI: 0.944-1.799), Ad@#AAgc g <

3 APYES 1.399(95% CI: 0.750-2.562) 2 ¥4 YeEldou #2948

ot A Hﬂv?oﬂ v dHAlFwelA F AFEEC]l 0.679(95% CL:
0.758), HI¥krolA F AFgE©C] 0.6181(95% CI: 0.526-0.706),

BT ] Rl i W 0.66H1(95% CI: 0.456—0.968) 2 F3HA oA RS
A

¢

40—49A4°  wla]  50-59A4l4d  F  AFE f1ge]l  1.699(95% CL
1.427-2.010), 60—-69M 1A 3.6791(95% CI: 3.071—-4.378), 704l °]*
ol A 11.71v1(9.820—-13.968) & FJstAl #3kom, Fdsow QIgh A
AL 40-49A° vl 50-59A14 2.149(95% CI: 1.621-2.831),
60—69A41°l4 5.3081 (95% CI: 3.986—7.040), 704 o]AtellA 16.44H)
(95% CI: 12.371—21.848) S7tetaivt. AddaAASd o g A Sl
40—49A ] B&) 50—59A41e14 2.14¥(95% CI: 1.621—2.831), 60—69A
oA 5.30W1(95% CI: 3.986—7.040), 704 o]’dolx 16.44¥](95% CI:
12.371-21.848) 2 fF9atA =& A& & + AU

AL Ag vlgAxte] vE FARAAA F AFE = o] 1.564)
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Table 4. Cox proportional analysis for prediction of mortality in men

All-cause mortality

Cancer-related mortality

CVD-related mortality

Variables Adjusted HR 95% CI Adjusted HR 95% CI Adjusted HR 95% CI
Waist circumference
Continuous variable 1.02 1.008-1.027 1.02 1.001-1.028 1.02 0.998-1.048
Group 1 (<75cm) 1.05 0.930-1.185 1.03 0.858-1.225 0.96 0.673-1.356
Group 2 (<80m) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Group 3 (<85cm) 113 0.994-1.286 1.01 0.831-1.214 1.36 0.962-1.909
Group4 (<90m) 1.21 1.026-1.423 1.20 0.953-1.514 1.29 0.837-1.988
Group5 (>90cm) 1.47 1.191-1.810 1.38 1.026-1.863 1.50 0.871-2.588
Body mass index
Continuous variable 0.90 0.877-0.922 0.93 0.897-0.966 0.96 0.892-1.022
Underweight 1.51 1.229-1.843 1.30 0.944-1.799 1.39 0.750-2.562
Normal weight 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.67 0.596-0.758 0.76 0.640-0.909 0.73 0.521-1.014
Obesity 1 0.61 0.526-0.706 0.69 0.557-0.854 0.78 0.529-1.137
Obesity 11 0.66 0.456-0.968 0.95 0.576-1.559 1.05 0.432-2.553
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Table 4. Cox proportional analysis for prediction of mortality in men (continued)

All-cause mortality

Cancer-related mortality

CVD-related mortality

Veriables Adjusted HR 95% CI Adjusted HR 95% CI Adjusted HR 95% CI

Age

40~49 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
50~59 1.69 1.427-2.010 2.14 1.621-2.831 1.73 1.085-2.748
60~69 3.67 3.071-4.378 5.30 3.986-7.040 3.54 2.186-5.747
>70 11.71 9.820-13.968 16.44 12.371-21.848 12.08 7.468-19.530
Smoking

Non-smoker 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Ex-smoker 0.96 0.860-1.079 1.04 0.879-1.218 1.01 0.732-1.392
Current smoker 1.56 1.406-1.725 1.55 1.334-1.802 2.12 1.605-2.792
Alcohol

None 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Moderate 0.82 0.735-0.910 0.88 0.751-1.027 0.71 0.536-0.939
Heavy 1.15 1.040-1.278 1.20 1.032-1.395 0.73 0.543-0.972
Exercise

ngh 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Low 1.08 0.987-1.174 1.11 0.976-1.257 0.99 0.783-1.250

_33_



Table 4. Cox proportional analysis for prediction of mortality in men (continued)

All-cause mortality

Cancer-related mortality

CVD-related mortality

Variables Adjusted HR 95% CI Adjusted HR 95% CI Adjusted HR 95% CI
Income
Low 1.63 1.459-1.820 1.51 1.278-1.775 1.98 1.467-2.663
Middle 1.47 1.330-1.623 1.52 1.315-1.754 1.63 1.239-2.152
High 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Disable
No 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Yes 2.21 1.602-3.056 1.85 1.105-3.082 2.57 1.137-5.797
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Table 5. Cox proportional analysis for prediction of mortality in women

All-cause mortality

Cancer-related mortality

CVD-related mortality

Variables Adjusted HR 95% CI Adjusted HR 95% CI Adjusted HR 95% CI
Waist circumference
Continuous variable 1.02 1.006-1.035 1.02 1.000-1.044 1.01 0.978-1.046
Group 1 (<75cm) 0.96 0.775-1.199 0.94 0.672-1.300 0.90 0.536-1.509
Group 2 (<80m) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Group 3 (<85cm) 115 0.915-1.438 1.26 0.901-1.759 1.14 0.654-1.972
Group4 (<90m) 0.99 0.740-1.319 1.02 0.659-1.576 1.07 0.542-2.125
Group5 (>90cm) 1.26 0.903-1.754 1.26 0.758-2.088 112 0.506-2.475
Body mass index
Continuous variable 0.92 0.887-0.957 0.93 0.882-0.989 0.96 0.875-1.045
Underweight 1.70 1.221-2.372 1.40 0.791-2.461 1.22 0.537-2.756
Normal weight 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.90 0.736-1.106 0.89 0.654-1.201 0.48 0.278-0.838
Obesity 1 0.73 0.569-0.928 0.72 0.499-1.032 0.72 0.412-1.259
Obesity 11 1.06 0.644-1.727 1.00 0.471-2.140 1.17 0.387-3.511
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Table 5. Cox proportional analysis for prediction of mortality in women (continued)

All-cause mortality

Cancer-related mortality

CVD-related mortality

Veriables Adjusted HR 95% CI Adjusted HR 95% CI Adjusted HR 95% CI

Age

40~49 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
50~59 1.24 0.881-1.753 0.97 0.613-1.546 1.41 0.582-3.428
60~69 3.07 2.166-4.349 2.80 1.761-4.437 2.69 1.075-6.737
>70 12.66 9.064-17.682 8.31 5.284-13.075 16.64 7.073-39.123
Smoking

Non-smoker 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Ex-smoker 1.28 0.568-2.859 1.02 0.254-4.132 1.11 0.154-8.075
Current smoker 2.79 1.939-4.011 2.50 1.385-4.499 4.43 2.191-8.966
Alcohol

None 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Moderate 0.88 0.668-1.154 1.00 0.681-1.469 0.60 0.276-1.297
Heavy 1.05 0.654-1.688 1.23 0.626-2.400 1.50 0.601-3.741
Exercise

ngh 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Low 1.09 0.930-1.278 1.01 0.800-1.280 0.99 0.681-1.444
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Table 5. Cox proportional analysis for prediction of mortality in women (continued)

All-cause mortality

Cancer-related mortality

CVD-related mortality

Variables Adjusted HR 95% CI Adjusted HR 95% CI Adjusted HR 95% CI

Income

Low 1.28 1.067-1.539 1.20 0.914-1.567 121 0.770-1.893
Middle 1.05 0.877-1.255 0.86 0.656-1.133 1.18 0.774-1.788
High 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Disable

No 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Yes 3.63 2.163-6.083 1.87 0.596-5.860 5.01 1.821-13.787
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Table 6. Subgroup analysis of the relationship between waist circumference and all-cause mortality in men

All-cause mortality

Variables Group 1 (<80cm) Group 2 (<85cm) Group 3 (<90cm) Group 4 (<95cm) Group 5 (295cm)
HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Body mass index
Underweight 0.52 0.249-1.084 1.00 [Reference] 1.45 0.297-7.028 - - - -
Normal weight 1.08 0.940-1.249 1.00 [Reference] 1.23 1.004-1.507 1.33 0.875-2.016 1.49 0.478-4.657
Overweight 1.12 0.831-1.496 1.00 [Reference] 1.09 0.885-1.343 1.33 1.018-1.726 1.57 0.910-2.724
Obesity 1 1.20 0.614-2.334 1.00 [Reference] 1.01 0.755-1.350 1.04 0.780-1.394 1.34 0.984-1.819
Obesity 11 - - 1.00 [Reference] - - - . _ _
Age
40~49 1.54 0.961-2.475 1.00 [Reference] 1.44 0.884-2.360 1.82 1.001-3.298 2.57 1.237-5.346
50~59 1.03 0.828-1.276 1.00 [Reference] 1.15 0.918-1.435 1.08 0.806-1.451 1.47 1.017-2.110
60~69 1.02 0.808-1.287 1.00 [Reference] 1.12 0.880-1.418 1.18 0.876-1.600 1.45 0.990-2.124
>70 1.01 0.818-1.236 1.00 [Reference] 1.05 0.827-1.321 1.26 0.941-1.677 1.44 0.971-2.133
Smoking
Non-smoker 0.91 0.734-1.119 1.00 [Reference] 1.17 0.941-1.449 1.10 0.835-1.461 1.37 0.969-1.935
Ex-smoker 1.25 0.969-1.609 1.00 [Reference] 0.94 0.723-1.233 1.37 1.010-1.865 1.47 0.981-2.192
Current smoker 1.07 0.892-1.285 1.00 [Reference] 1.24 1.010-1.510 1.17 0.892-1.531 1.56 1.101-2.215
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Table 6. Subgroup analysis of the relationship between waist circumference and all-cause mortality in men (continued)

All-cause mortality

Variables Group 1 (<80cm) Group 2 (<85cm) Group 3 (<90cm) Group 4 (<95cm) Group 5 (295cm)

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Alcohol

None 1.02 0.838-1.243 1.00 [Reference] 1.31 1.059-1.612 1.52 1.170-1.973 1.70 1.208-2.384

Moderate 1.12 0.888-1.402 1.00 [Reference] 1.06 0.839-1.348 1.08 0.798-1.467 1.33 0.892-1..970

Heavy 1.04 0.848-1.284 1.00 [Reference] 1.02 0.815-1.278 1.03 0.769-1.377 1.38 0.961-1.972

Exercise

High 0.97 0.803-1.170 1.00 [Reference] 1.04 0.849-1.269 1.16 0.898-1.498 1.41 1.015-1.953

Low 111 0.949-1.303 1.00 [Reference] 1.20 1.017-1.423 1.25 1.007-1.541 1.51 1.150-1.985

Income

Low 1.03 0.815-1.297 1.00 [Reference] 1.17 0.908-1.510 1.57 1.148-2.139 1.43 0.919-2.215

Middle 1.05 0.864-1.286 1.00 [Reference] 1.18 0.956-1.453 1.25 0.961-1.636 1.49 1.061-2.097

High 1.08 0.879-1.319 1.00 [Reference] 1.05 0.852-1.305 0.95 0.718-1.254 1.47 1.050-2.045

Disable

No 1.05 0.927-1.182 1.00 [Reference] 1.12 0.985-1.278 1.21 1.027-1.429 1.48 1.199-1.828

Yes 1.15 0.397-3.348 1.00 [Reference] 1.71 0.644-4.518 0.76 0.206-2.832 0.57 0.079-4.025
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Table 7. Subgroup analysis of the relationship between waist circumference and all-cause mortality in women

All-cause mortality

Variables Group 1 (<75cm) Group 2 (<80cm) Group 3 (<85cm) Group 4 (<90cm) Group 5 (290cm)
HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Body mass index
Underweight 0.67 0.278-1.631 1.00 [Reference] 1.31 0.321-5.341 - - - -
Normal weight 1.01 0.766-1.329 1.00 [Reference] 1.23 0.864-1.754 1.16 0.634-2.137 1.11 0.404-3.051
Overweight 1.02 0.648-1.592 1.00 [Reference] 0.95 0.654-1.383 0.86 0.523-1.401 1.62 0.841-3.132
Obesity I 1.69 0.647-4.392 1.00 [Reference] 1.58 0.874-2.845 127 0.689-2.341 1.72 0.931-3.177
Obesity 11 - - 1.00 [Reference] - - - . _ _
Age
40~49 0.81 0.351-1.886 1.00 [Reference] 1.30 0.493-3.437 0.89 0.181-4.338 3.84 0.942-15.625
50~59 0.65 0.417-1.010 1.00 [Reference] 1.27 0.812-1..998 1.30 0.719-2.339 0.66 0.263-1.647
60~69 1.04 0.642-1.669 1.00 [Reference] 111 0.692-1..789 0.96 0.517-1.767 1.91 0.996-3.656
>70 1.27 0.927-1.743 1.00 [Reference] 1.13 0.809-1.574 0.96 0.635-1.447 1.27 0.798-2.004
Smoking
Non-smoker 0.94 0.753-1.183 1.00 [Reference] 1.17 0.930-1.479 1.00 0.747-1.350 1.30 0.930-1.829
Ex-smoker 9.63 0.284-326:00 1.00 [Reference] 0.41 0.017-9.875 0.83 0.026-26.898 . :
Current smoker 1.19 0.464-3.047 1.00 [Reference] 0.68 0.213-2.158 0.68 0.154-2.974 0.94 0.153-5.740
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Table 7. Subgroup analysis of the relationship between waist circumference and all-cause mortality in women (continued)

All-cause mortality

Variables Group 1 (<75cm) Group 2 (<80cm) Group 3 (<85cm) Group 4 (<90cm) Group 5 (290cm)

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Alcohol

None 0.9 0.787-1.252 1.00 [Reference] L11 0.871-1.418 1.07 0.788-1.443 1.37 0.966-1..933

Moderate 0.74 0.339-1.595 1.00 [Reference] 1.88 0.925-3.841 0.63 0.190-2.062 0.76 0.191-3.029

Heavy 1.08 0.336-3.439 1.00 [Reference] 0.50 0.121-2.033 0.18 0.019-1.699 0.13 0.007-2.344

Exercise

High 0.94 0.643-1.362 1.00 [Reference] 0.97 0.643-1.455 1.41 0.881-2..251 1.06 0.571-1.974

Low 0.99 0.754-1.289 1.00 [Reference] 1.24 0.943-1.627 0.79 0.548-1.151 1.33 0.897-1.968

Income

Low 0.83 0.558-1.224 1.00 [Reference] 1.06 0.695-1.617 0.91 0.514-1.592 1.38 0.729-2.612

Middle 1.09 0.735-1.604 1.00 [Reference] 1.28 0.861-1.906 0.97 0.578-1.627 1.27 0.707-2.287

High 0.97 0.680-1.385 1.00 [Reference] 1.11 0.773-1.604 1.04 0.666-1.626 1.19 0.707-2.002

Disable

No 0.94 0.754-1.170 1.00 [Reference] 1.12 0.892-1.410 1.00 0.744-1.333 1.26 0.899-1.762

Yes 4.06 0.723-22.801 1.00 [Reference] 6.57 1.026-42.038 0.87 0.070-10.782 1.86 0.187-18.428
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ABSTRACT

The impact of body mass index and waist circumference

on mortality

— National Health Insurance Services Medical A check—up Cohort

Database from 2009 through 2015 —

JAE JUN LEE
Dept. of Health Policy Management
Graduate School of Public Health

Yonsei University

(Directed by Professor Eun—Cheol Park, M.D., Ph.D.)

Background : The prevalence of obesity is increasing rapidly around
the world, and there are currently 1.9 billion people known as
overweight or obese. A representative method of measuring obesity is
the body mass index, which is known to have a significant correlation
with mortality. Another method of measuring obesity is the waist
circumference. It indicates the degree of abdominal obesity and known
to be closely related to mortality. Many studies have analyzed the
effects of body mass index and waist circumference on mortality
respectively, but few studies have identified the effects of
combination of body mass index and waist circumference on mortality.
Methods: We wused data from the National Health Insurance
Services (NHIS) Medical check—up cohort 2009-2015. and subjects
who had a history of illnesses affecting death and those who had

missing values were excluded. The causes of death were identified as
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death due to all cause, death from cancer, and death from
cardiovascular disease. We performed a survival analysis using a Cox
proportional hazards model to investigate the effect of body mass
index and waist circumference on mortality.

Results: 139,252 subjects were included in the analysis. Of 82,830
men, 2,179(2.6%) died of all cause, 1,018(1.2%) died of cancer, and
295(0.4%) died of cardiovascular disease. Of the 56,422 women,
694(1.2%) died of all cause, 307(0.5%) died of cancer, and
122(0.2%) died of cardiovascular disease. In both men and women, a
5 cm increase in waist circumference increased the total mortality
rate and mortality rate from cancer by 10%. On the other hand, in
the case of body mass index, for every lkg/m?® increase in men, the
total mortality rate is reduced by 10% and the mortality rate from
cancer disease is reduced by 7%. For every lkg/m? increase in
women, the total mortality rate decreased by 8% and mortality rate
from cancer by 7%. The total mortality rate of men was 1.51 times
higher and that of females was 1.7 times higher in the underweight
group than in the normal weight group. Both males and females
tended to increase the total mortality as waist circumference
increased by 5 cm in normal weight and overweight groups. In the
normal weight, overweight, and obese groups, central obesity tended
to increase all—cause mortality then non—central obesity.

Conclusions: This study examined the effects of body mass index and
waist circumference on mortality. Body mass index and mortality
were negatively correlated, while waist circumference and mortality
were positively correlated. Both men and women had the highest

mortality rate in the underweight group, and even the same weight
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group, higher waist cimcumference increased mortality. Because the
mortality rate is highest in underweight group. it i1s important to
maintain a proper weight rather than to lose weight unconditionally.
and it 1s necessary to adjust the waist circumference in all weight
groups. Therefore, we should measure not only their height and
weight, but also their waist circumference to maintain proper health

by measuring their height and weight.

Keywords: body mass index, waist circumference, mortality, obese,

central obesity
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