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1) A¥#A A3 (Coronary heart disease)

A2 Bivks 7EA AL e AbgelA Adad ke FlES Skt A
o= d#A YA B2 e AFEANA AFAAZ ] A= AFEEANA A
Ao, AA, sesd, ST 59 HTAR50] 5555 4384
3ol o7 o T2 ¥R Y s S Bl g HERRA oA =
A Folvt HWhS 7L Sl Abgel A AldaESo] S AS B AT
Q1 5ol vla] AdaA Sl oJg Abgolup A AbdEo] We Ao® e
W tH(Romero-Corral A et al., 2006). T t& WEHTAo|AE HTE o
AL QAR ADZFAG7E 35 kg/m2 o)1 Algk vlwke] 9= A9 717t
Zo| A AMdEo] F7lelThH(Flegal KM et al., 2013). #H+ AfolA &=
A S ol ARE sl =el7F S7Fd B9 Adadske] o571 7HE U Ao
Hetstov, A#lsee] "ol A9 AbdEe] FkskAIN AT ol A
slel=ae7F S7kE ol ol AuleEo] ARl A5 AAgEl FUksHA &

H5 BuE ATt (McAuley PA et al., 2012)
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2) A5-A (Heart failure)

Hgko] A -z 75l ofgeds wAH, A5
(Lavie CJ et al, 2014). 1eju} AF-HA 2kx}of
th 28,2099 tdow g HEHEA AN s AAAT skl A )
TkQl A9 A AbgEe] Zh7E 16%9F 33% WAl vEbgen A¥d AMGES

Zr7F 19%<F 40% wEkth. (Oreopoulos A et al., 2008) ThE wElEA o A%
ANEBAS AMGE, AA AMYES] el AAZFAFIL Fe A P =%
L, JAFA A 7E WA YElSE Y (Sharma A et al., 2015).



3) AHAl 5 (Atrial fibrillation)

ARkl A ks = A Hldieh dEste] AAls A Bkl A
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go| F7tetel, o] AIEL AMAE B Fad fdas
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al., 2016) ¥t AFAAR, 5] ol SAolA AAls A vt
e A4S By, o AT AAlEe o A AbdE 2 A
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%1 th(Badheka AO et al., 2010).
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Table 2. KCD code of Heart diseases

Disease

ECD code

Ischaemic heart diseases

- Anegina pectoris

- fcute myvocardial infarctien

— Subsequent myocardial infarction

- Certain current complications
following acute myocardial infarction
Other acute ischamic heart disease

— Chronic ischamic heart disease

Iz0, I21, IEZ2,
I23, [24, 125

Atrial fibrillation and flutter

148

Heart failure

150

_’|2_



A 2] T4 1
Al AFZA]

HEEE (120-125, 148, 160)
$hHE wre A gl

%
CHAFAF (n=349, 840)

H elth 4tz
200244 2003 7R A A
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REEET
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Figure 1. Research target selection and exclusion criteria
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1) A& A)1ZH(Survival time)
BE AT tdRtel A 2004 19 19SS 7o w A3 ASH(120-125, 148,

150)0] #Hx A8 2% MALRE ALFL7EA <]

N

17+S time-to—event &

Ao R ol Zhzh EAstglon, FARE TR AAZAA Abd o] ¢l

oA 4gAS Az 378 89 AANYRE wu ) sol§9(2013

) =2 A% (Attained age)

A% dagomyn A= AAEAE 1y Y8 A HEE =Y dF
o2 ARgstazl 20049 1Y€ 1¥E Vo= A E(120-125, 148, 150)°]
FTE AME Fol A AP ARE APl dE S, AEAE ATVl F

=
SHE vpAY o5l 8§A(2013d 12¢ 31¥) 4] AH o G5t

Table 3. Definition of Time-to—event

Event

{Death of Heart disease patients) i, U R

Event Date of death in Heart disease patients

Last date of medical treatment

(If medical treatment has not heen used during
the follow-up period, December 31, 2013 shall
be applied as the last dav of treatment)

Non-event
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HAY. <Table 4>

Table 4. Survival analysis targets and number of censoring in patients

with heart disease

T AHE)
d7Ad@+B) ATLAR)
38 AL LEEA
CaseI(F A AHL) 114,357 5,551 108,808 108,806 0
Case2(AtDE A 9 5t 4 &AM 114,357 5,023 109,334 108,806 528
Case3(d FE #aHL) 114,357 518 113,839 108,806 5,033
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AT oA duy B4

HZE AT ARt 14,3579 Ak AW GFA ¢ EH Ao w2 gigar Bk
= #QIgk 43 <Table 5>¢ A¥E5 LA,

WHO-WPRO BMI Aol AS AASw 2,832W(2.48%), AT 36,282
H(31.73%), AT 30,8768 (27%), H|WT 39,8847 (34.88%), % H|TH

»

T 4,483 (3.92%) ©] AT},

WHO BMI ®EHol A9 AAFTT 2,8329(2.48%), AAAST 67,1587
(58.73%), A+ 39,8847 (34.88%), Wk 4,44178(3.88%), L% W]kt
42+9(0.04%) 1Ak, BMI &84l wet A 7] (WHO) ol A vl Rkt o] 3.88%
2 olej A 71 (WHO-WPRO) ] ®h: 34.88% WUt} v AxsS w3t}
ATALS A EA] A AHe FAo] 59,847 (52.33%), oA o] 54,5107
(47.67%) 010 AsdL Ho]l 59.642 ‘404 o] 494 wiwE 23,1629
(20.25%), ‘5041 o] 594 wRE o] 35,0089 (30.61%), ‘604 ©]AF 694
") RE o] 32,925(28.79%), ‘704 ©]X o] 23,2629 (20.34%) .2 500 #3E
7} 744wttt sleEds P 83.4em, AAFATE Hk 24.3kg/n” O F
WHO-WPRO 71= 3+ ZHA|Foll 3 d5 ATt.

AZE" 549 4% & e vHFdx, 3AEFA, dAFALRE 7
sto] 3@AIRZ BRI, WA= 76,4499 (67.63%), A 20,336
(17.99%), FAA= 16,2567 (14.38%) oldth. &5 AHE HSFT
4(66.95%), &F2 37,6479(33.05%) °lJtk. FHZAHQ +EE I
TET2 63,8778 (57.47%), SHA = A= 47,2698 (42.53%) ©] AT},
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1

gad
18,055 (15.79%) ©] At}
89,356 (78.14%) ©] ST},
75,4277 (65.96%) ©] 31T},

1-34 0] 56,6514 (52.14%),
(1.27%) ©]Jc}.

ANEZ TS 96,3021 (84.21%), AT
a8 AATLS 25 0019H(21.86%), SHTS
S AATS 38,930 (34.04%), SHTE

45,3408 (41.73%)
1,3827

04 ]

6% ol 4ol

4-574 0] 5,280 (13.56%)
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Table 5. BMI cut-off value characteristics

© PETEOMN,

&

Total(H=114, 357)

Yariable CE];;’F;;;I Category X X
WHO-WPRO BMI=<18.5 Low weight 2,832 2.48
cut-off 18. 5<BMI <23 Normal weight 36, 282 31.73
SE<HMI<C25 Over weight 30, 876 27
25 < BMI< 30 Obesity 39, 884 34.88
BMI =230 Severe ohesity 4,483 3.92
WVHO cut-off BHI<18.5% Low weight 2,832 2.48
18. 5<BMI <25 Normal weight 67, 158 £8.73
SH<HMI<C30 Over weight 39, 884 34,88
30<HMI<< 40 Obesity A4l 3.88
BMI =40 Severe ohesity 4z 0.04
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Table 6. General characteristics of the study population

Unit @ person, £

Total{N=114,357)

Yariable Category
N X Hi5D
Sex Male 59,847 h2.33
Female 54,510 47 .67
hge (year) 59,58 + 10.%

40-49 23,162 20.25
50-59 35,008 30.61
60-69 32,925 28.79
=70 23,262 20,34

BMI (ke/m2) 2.27 £ 3.11

Waist (ca) B3.36 + B.45
smoking status Non-smoker 76,449 &7.63
Current non-smoker 20,338 17.99
Current-smoker 16,256 14.38
Alcohol use No 76,251 B6.95
Teg 37,647 33.05
Begular emercise No 3,877 A7.47
Yo 47,269 42 53
Hyperlipidenia Mo 18,055 15.79
Yesg 46,302 8d4.21
Abdominal obesity Mo 79,038 69.11
Yeg 35,321 30.89
HTN Mo 25,001 21 .86
Yes5 B9, 356 78,14
)i Mo 38,830 34.04
Yeg 75,427 B5 .96
Charlson Comorhidity Index {CCI) 0 45,340 41.73
1-3 56,651 52,14
4-F 5,280 4.8
fi+ 1,382 1.27
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W oPAdS 39.19%% 7HE W HES AXEa FAHOE frog xfolrt
AATHp<0.0001). A& E¥E= 60,70t AAZF vl 22zt 30.65%,
39.94%% 7% =<kar 40,50t oA L EH| R H]go] 21.57% 32.55%% 7+

s dAE Fdspglon $AHCE [T Aol7b AT (p<0.0001). H]

gk AFel7h AATHP<0.0001). HSFAE RE AAF EXA SFA R
A vebstew AR g Aozt AT (p<0.0001). A A &
& st SETY A& RATTAA 43.55%% 7HE m=dom HAS o
oA AAT Boh o wol X3t AdeS ISk on FAHoR F9
gk Zpol7h AATHD<0.0001). FHFHFF H]&S 3% H[Whrol Al 95.43%= 7}
F ERIL AATTAAE HEHRE vEo] 1.34%%2 7P wekon SAA o
2 frolsk 2polzt AATHP<0.0001). Y H|ES % H]FWhEO A 91.08%
2 7P o AR vkt o g A5E g Shel oy BA4
o2 Fod Aozt AATHP<0.0001). FkW HELE A= H[ oA
75.44%% 7}V =93 AbwtR T HRbrE o R
o] 64.83%% AATHETE AR O] = HES Sld £ 9
Aoz Foldk Aol7k AATH(p<0.0001). LA EZF ML L H| ol A
90.1%%= 7Hd il AAwETh Mo R A oAt Sl oH

202 §o8 2o17F YRTHp<0.0001).
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Table 7. Comparison of Heart disease Risks by BMI(WHO-WPBO)

Tnit : person, %
Bl (¥orld Bealth Organization Western Pacific Regiomal Office, WHO-WPRD)
Syt Lower wei Hormal Overveisht Obesi Severe obesit
Characteristic =2, 5m€ht m=33_|]mdt ﬂlﬂ,ma?!) (IFBSSTQ (H=4, 109) X Palve
H x H (&) H [6.4] N X H X)
Tatal Z. 832 100 36,282 100 90,876 100 39,884 100 4, 483 10
Sex
Male 1,528 53.95 18, 421 50.77 16,915 54.78 21,230 53.23 1,753 29,1 0001
Female 1,304 46.05 17, 861 49.23 13, 961 5,22 18,654 A6, 77 2,740 60,9
hee
40-43 297 10.49 7.061 19.46 6,307 20.43 8,530 21.39 967 21.57
50-59 536 12.93 10, 267 28.3 9,842 31.88 12,904 32.35 1,459 32,65 < 0001
B0-63 363 30.65 10,388 28.63 8,977 29.07 11,403 28.59 1,289 28,75
=T 1,131 39,94 8,566 23.61 5,750 18.62 7,047 17.67 768 17.13
Smoking status
Non-smoker 1,837 64.87 24,483 67.48 20,359 65 .94 26,475 66, 38 3.2% 73.5
Current non-smoker 366 12.92 5.577 15.37 5,902 19.12 7.828 19,63 663 14,79 < 0001
Current-smoker 594 20.97 5. 780 15.93 4,297 13.92 5,108 12.81 477 10.64
Missing 35 1.24 442 1.22 318 1.03 473 1.19 43 1.07
Alcohol use
No 2,140 75.56 5,202 69.46 20,046 654,92 25,680 64,39 3.184 71.02
Yes 680 24.01 10,932 30.13 10,717 24,71 14,059 35.2 1,27 28.53 =, 0001
Missing 12 0.4 148 0.41 114 0.37 165 0,41 &0 0,45
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Table 7. Comparison of Heart

disease Risks by BMI(WHO-WPBO) (continued)

Unit @ person, &
Bl (¥orld Bealth Orsanization Western Pacific Regiomal Office, WHO-¥PRD)
e Lower weight Hormal weight Overveisght Obesity Severe obesity
Characteristic (H=2, 508) (H=33.047) (=28, 418) (H=36,844) (F=4, 109) Fetug
H 4] H 0 H [+.4] .| (4] N x)
Taotal 2,82 100 36,282 100 20,876 100 29,884 100 4, 483 10
Regular exercise
Ho 1,93% 68.33 al.221 52.49 16,558 £2.62 21,562 54,04 2,611 58,24
Yes 812 28.67 14,043 38.71 13, 448 43,55 17.214 43,18 1,752 39.08 =, 0001
Missing a5 3 1,018 2.81 870 2.82 1,118 2.8 120 Z.68
Abdominal ohesity
Ho 2,794 98.66 4,676 95.57 24,88 80.6 16,475 41.31 205 4,57 < 0001
Tes 38 1.34 1,606 4_43 5,990 19.4 23,409 58.69 4,278 95,43
Hvpertension
Mo 207 28.5 10, 222 22,19 5,985 2. 62 6,581 16.5 400 g.92 - ool
Tes 2,025 71.5 26, 054 71.81 23,891 7788 23,303 23,5 4,022 91.02
Diahetes mellitus
Mo Q96 35.17 12, 420 7.0z 10,757 34,84 12,648 31.71 1,101 24,56 <, 0001
Tes 1,836 64,83 22,852 G2, 98 20,1149 5,16 27,238 68,29 3,38 75,44
Hyperlipidemia
Ho 75 2h.25% 7.0z 19,38 4,742 15.22 5,115 l1z.82 444 9.4 - 000l
Yes 2,117 74,75 29,249 &0.62 o6, 128 84,62 34,769 g7.18 4,05 40,1
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Table 7. Comparison of Heart disease Risks by BMI(WHO-WPBO) (continued)

Init @ person, &

Bl (Yorld Bealth Orzanization Western Pacific Begiomal Office, WHO-¥PRD)

s Lower wei Hormal wei Overweisht Obesi Severe obesit
Characteristic N=2, Sm%ht {Nﬁ‘mﬂdﬁ (}t%&,aﬂgg) ﬂkﬁﬁig‘!) (W4, 109) 7 Pvalue
N [£3] N (% H 3] N (¢3) N (X)
Total 2,882 100 36,282 100 90.876 100 39,884 100 4,483 100
Charlsom Comorbidity Index
0 993 35,06 14, 262 39.31 12,583 40. 7% 15,838 39,71 1,664 37.12
1-3 1,476 BE.12 12,011 49.64 15, 09 43,88 19,752 49,52 2,318 51.73
4-5 165 £.83 1,648 4,54 1,348 4,37 1,869 4,69 250 5,58 <. 0001
6+ st 2.0: 493 1.36 220 1.04 464 1.16 &5 1.03
Missing 139 4,491 1,868 5.15 1,532 4,96 1,561 4,92 204 4,55
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AA A Aol M= A FHAF(HO-WPRO)Y ] 79~ A tin] A5 ol A
Abg A E =7E 2.780(95% C1:2.527-3.058) % F7}el= Ao R UEwe

] A4 0.604(95% C1:0.564-0.647), BT A 0.482(95% C1:0.451-0.516),
=N A 0.439(95% C1:0.369-0.521) o2 H|WL=7} Sepdes Ay 2
BAPEsL st v Ge] EAstE AR FAKYon BE FAF
oz frolatqnt.

AAFAFWHO) ol A At oy AAFTAA  AFE BAFE =T
3.404(95% C1:3.103-3.734) % EAds}A =7let= Aoz Jeigon =
o Al 0.590(95% C1:0.554-0.629), H]wrel A 0.535(95% CI1:0.450-0.635), il
EHgkol = 0.807(95% C1:0.202-3.230) 2 FA&tA 7HAaslte] vjwk 944
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AtE AQgh dHo R Qg Al WA A = AW A 4= (WHO-WPRO) <] 74 -
A4 dib] AAFN A AP A =T 2.856(95% C1:2.587-3.154)2 %
7Vete Ao vehgtow dA|Fel A 0.606(95% CI:0.564-0.652), H]wke]A]
0.469(95% CI1:0.436-0.504), IL%EH]EkolA 0.452(95% CI1:0.378-0.540) ©.&
HIREE7) Sebade s Al A AT radke vRE JAo] EXjsE A
2 IR oH BT FAHOR folsditt.
AdZFAFOHO) Sl A9 At div] AAFAA AP SR IA =T
3.490(95% CI:3.171-3.842)% ZA&lA Z7lels Aow Uehgon 333
o Al 0.574(95% C1:0.536-0.614), H]Wrel Al 0.550(95% CI:0.460-0.657),
vl gkl = 0.890(95% €1:0.223-3.561) & FdatA #Aaste] viwk IS

=
B & 5 ARAT LT WA EAGOR oS 2.

Rl
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Figure 2. Kaplan-Meier Curve of Heart disease patients’ deaths by Body Mass Index (All deaths)
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Figure 4. Kaplan-Meier Curve of Heart disease patients’ deaths by Body Mass Index (Deaths from Heart disease)
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Table 8. Cox proportional analysis for Body mass index of Heart disease patients’ deaths incidence

All death All death excluding accidents Death for Heart disease
Variable
R e
Body Mass Index(¥HO-¥PRO)
Low weight JTE0 (2.527-5.058) <, 0001 2,856 (2.587-3.154) <, 0001 JB51 (1.909-3,680) <, (1001
Normal weieht Ref Ref Ref
Over weieht 604 (0.564-0.647) <, 0001 0.606 (0.564-0.652) <, 0001 677 (D.542-0.847) 0. 0006
Ohesity 0.482 (0.451-0.516) <. 0001 0.469 (0. 436-0.504) <. 0001 562 (0.452-0.699) =, 0001
severe ohesity 0.439 ¢0.369-0.521) <. [1001 0.452 (0. 378-0.540) <. 0001 0. 439 (0.245-0.785) 0.00%5
Body Wass Index(¥HO)
Low weight 04 (3.103-3.734) <, 0001 3.490 (3.171-3.842) =, 0001 14 (2.267-4.279 <, (001
Normal weisght Ref Ref Ref
Owver weieght .580 (0.554-0.629) <. 0001 0.574 (0.536-0.614) <.0001 BBl (0.540-0.809) =, 0001
Ohesity 0.535 (0.450-0.635) <. 0001 0.550 (0. 460-0.857) =.0001 B2l (0.293-0.927) 0.0268
severe ohesity 807 (0.202-3.230) 0.7623 0.890 (0.223-3.561) 0.28693 - N
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Sk A dRAl O] zfol 7} QLA ERRlekeith. ek 1% ek (Left truncation)
£

Hogn A= AXNEAS 18sty] 98 =dd® (Attained age)S AlZF
HArem 283 S22 vl A3 Bde ol&ste] AF=E AEsta 2w 1

AT A AR @ S22 3AENS s A dA Abgel A Al
AdA g A dinl AAwelAd AR AL R 2.152(95%
(1:1.943-2.383) S7kete o®  uehgton  HAFolA  0.614(95%
C1:0.570-0.661) 2 F+A&3klaL, Hlwkell Al 0.458(95% CI:0.419-0.501), 1%

o AFAA 0.623(95% CI:0.576-0.674)=  FFAsESlar,  H]Rkoj A

A7} 2.038(95% C1:1.432-2.901) =7}et= Aoz Uelgow A%
o A 0.712(95% CI:0.558-0.909)= 7A3t9ar, uv]vkA  0.519(95%
C1:0.390-0.691), TEH]TH]A 0.366(95% C1:0.185-0.722)% A} =393



Tt faehe o R FRlEglon] B SAHOR frofsgitt.

HoR 3t F FARAS A Ay AA ARgel A A
AFAG At onl AAFTAA AP EAYFETE 1.850(95%
C1:1.670-2.049) =7lste= Aoz yelgon  HAFolA  0.654(95%
C1:0.607-0.705) & Z+2a}glaL, Hlwkell A 0.522(95% C1:0.478-0.570), L%
Hlwkel A 0.487(95% C1:0.400-0.592) = Abd LA w7} 7Hasts Aow

gelEom B TAHOR fofstsitt.

AbILE Aleg Ao QI Ao A= A AR T G oin] A A Fol
A A AR =) 1.881(95% C1:1.692-2.092) 718t Ao vehyto
™ FA|FA] 0.664(95% CI1:0.614-0.718)%  ZFAakglar,  H]uho)A]
0.513(95% C1:0.467-0.563), aLX=H] koA 0.503(95% CI1:0.411-0.
WAL P LT acte oR FlEgon B FAXCRE {5l

AEgddo R QT Aol = AEFA s AT ] AA TN AP E

ﬁi
10

A7} 1.737(95% C1:1.220-2.475) Z=7}et= Ao = Uelyon A%
o A1 0.764(95% C1:0.598-0.975)% 723}, vlwko Al 0.597(95% CI:0.449
-0.794), TEM|TFO|A] 0.433(95% C1:0.219-0.853)2 A}Y WAl w7} 7+
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Table 9. The factors associated with Heart disease patients’ deaths incidence (continued)

Yariable

Tise scale

Tize-on study

Attained aze

A11 death A11 death excluding Death for Heart disease All death All death excluding Death for Heart disease
<l» accidents «2» <3 < accidents «b» b=
Adjusted HR Adjusted HR Adjusted HR Adjusted HR Adjusted HR Adjusted HR
G I (Grey Pl (o) P o P (gropy Al (wroy P
Body Mass Index(¥HO-WPRO)
Low weight 2.152 (1.943-2,383) <0001 2,190 (1.9A9-2.435) <.0001  2.098 (1.432-2.901) <.0001 1.615 (1.458-1.787) <0001  1.G50 (1.485-1.835) <0000  1.550 (1.090-2.204) 0.0148
Normel weight Bef Ref Ref Ref Ref Ref
(ver weight 0.614 (0.570-0.661) <0001  0.623 (0.676-0.674) <0000  0.712 (0.558-0.909) 0.0064 0.741 (0.687-0.799) <0001  0.749 (0.692-0.810) <.0001  0.BA0 (0.6EG-1.0R4) O0.1900
Ohesity 0.458 (0.419-0.501) <.0001  0.450 (0.410-0.434) <.0001  0.519 (0.390-0.691) <.0001 0.647 (0.593-0.708) <0001  0.632 (0.577-0.693) «<.0001  0.724 (0.545-0.960) 0.0250
Severe ohesity 0.415 (0.341-0.505) <0000  0.420 (0.349-0.626) =<.0000  0.366 (0.185-0.722) 0.0038 0.673 (0.564-0.818) <0001  0.690 (0.663-0.845) 0.0003  0.580 (0.234-1.141) 0.1146
Sex
Male fef Ref Ref et fef Ref
Fenale 0.379 (0.363-0.407) <0000  0.382 (0.366-0.412) <0000  O0.512 (0.404-0.650) <.0001 0.414 (0,305-0.444) <0001  0.416 (0.306-0.448) <0000  0.547 (0.432-0.681) <.0001
Smoking status
Non-smoker Ref Ref Ref Ref Ref Ref
Current non-snoker 0.710 (0.682-0.772) <0000  0.723 (0.662-0.790) <0000  0.829 (0.G20-1,108) 0.2061 0,766 (0,694-0.820) <0001  0.766 (0.701-0.836) <.0001  0.658 (D.644-1.145) 0.2983
Current-snoker 1,349 (1.246-1.460) <.0001  1.366 (1.257-1.48R) <0000  1.960 (1.512-2.540) <0001 1.669 (1.543-1.804) <0001  1.683 (1.5A0-1.827) <0000 2,390 (1.B95-3.082) <000
Alcohol use
No Ref Ref Ref Ref Ref Ref
Yes 0.761 (0.711-0.816) <0001  0.738 (0.6A6-0.794) <0000  0.739 (0.586-0.930) 0.0101 0.983 (0.918-1.052) 06118  0.950 (0.8R4-1.021) 0.1593  0.959 (0.764-1.205) O0.7200
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Table 9. The

factors associated with Heart disease patients’ deaths incidence

Time scale

Tize-on study

Attained age

Nariable All death All death excluding Death for Heart disease All death All death excluding Death for Heart disease
<1> accidents <2> <3» <dx accidents <b> <b>
Adjusted HR hdjusted HR Adjusted HR Adjusted HR Adjusted HR Adjusted HR
(%% CI) p-alee (%% CI) prvalie (%% C) p-valee (%% CI) p-valie (95% CI) p-value (5% CI) p-valie
Regular exercise
No Ref Ret Ret Ret Ret Ret
Yes 0.674 (0.634-0.716) <0001 0.673 (0.632-0.717) «.0001 0.579 (0.556-0.629) D0.0001 0.777 (0.732-0.825) < 0001 0,774 (0,727-0.825) «.0001 0.78! (0.633-0.953) D0.DLAD
Hyperlipideaia
o Ref Ref Ref Ref Ref Ref
Yes 0.538 (0.501-0.577) <.0001 0.536 (0.497-0.577) <.0001 0.642 (0.503-0.820) 0.0004 0.624 (0.582-0.670) <.0001 0.622 (0,578-0.670) <.0001 0.736 (0.577-0.939) 0.013
Abdominal obesity
o Ref Ref Ref Ref Ref Ref
Tes 1,304 (1.204-1.413) «.000L 1.296 (1.191-1.411) <000 1,320 (1.021-1.705) 0.0338 1,091 {1.008-1.181) 0.0315 1.0B7 (1.000-1.182) 0.0434  1.117 (0.867-1.439) 0.3927
HTH
o Ref Ref Ref Ref Ref Ref
Yes 1.465(1.345-1.505) <0001 1.503 (1,373-1 B46) <.000L 2,524 (1.860-3.702) <0001 1.030 (0.947-1.120) 0.4302  1.063 (D.5872-1.163) 0.180! 1.839 (1.308-2.586) 0.0005
jil.|
o Ref Ref Ref Ref Ref Ref
Yes 1.736(1.515-1.866) <0001 1.815 (1.680-1.961) <.000L 1,326 (1.056-1.665) 0.0161 1.496 (1.393-1.607) < 0001 1,570 (1.454-1 B34) <.000L 1,155 (0.922-1.447) 0.2100
Charlson Comorbidity Index
0 Ref Ref Ref Ref Ref Ref
1-3 0.993(0.933-1.064) 0.9865  0.9%7 (0.915-1.043) 0.4872  0.B16 (0.B66-1.0017 0.0508 0.893 (0.833-0.950) D.1BBO  D.B75 (0.820-0.933) <.0001 0.730 (0.597-0.694) D.0023
4-5 1.185(1.063-1.322) 0.0022  1.173 (1.047-1.314) 0.0060  1.142 (0.B09-1.514) 0.4503 0.988 (0.BB7-1.101) 00079  0.983 (0.B78-1.100) 0.7653  0.969 (0.689-1.363) 0.8568
B+ 1.337(1.128-1.584) D.000B  1.354 (1.137-1.614) 0.0007  1.493 (0.B98-2.482) 0.1222 1.096 (0.925-1.298) 0.0148  1.115 (D.8936-1.327) 0.2229 1,242 (0.750-2.058) D 4003
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Table 10. Subgroup analysis for Body mass index(WHO-WPRO) of Heart disease patients’ deaths incidence

(All deaths excluding accidents)

Low weight Over weight Dbesity Severe cbesity
Yariable justed HE justed HE justed HE Adjusted HE
‘Eu&g cn s ‘Eum; D1 ‘Eum; 1 (&X )1 e

e

Mle 1,985 (1,744-2,260) <001  0.616 (0,580-0.676) <0001 0.404 {0,359-0,454) <0001 0,297 (0.216-0.410) <,0001

Fena le 2,671 (2,219-3.218) <0001 0.626 (0,541-0,724) <, 0001  0.541 {0, 463-0,633) <, 0001 0,591 {0,449-0,779) <, 0001
MGE

40-49 1,346 (0,625-2,805) 0.4464 0,732 (0,548-0,979) 0,083 0.430 {0, 305-0,608) <, 0001 0,450 0,23%-0,861) 0.0159

B0-59 2.431 (1.753-3.538) <001  0.674 (0,553-0.822) <0001 0.506 (0,402-0.637) <0001 0,520 (0,326-0.831) 0,062

f0-69 2.437 (2.060-3.027) <001  0.616 (0,537-0.707) <0001  0.486 (0.414-0.571) <0001 0,422 (0,293-0.607) <, 0001

=70 2.7 (1.772-2.341) =001  0.600 (0.53-0.676) <0001  0.414 (0,358-0.478) <0001 0,404 {0,291-0.561) <, 0001
AGE( Female)

40-49 2,520 (0.566-10.804)  0.2132 0,777 (0.3M-1.633) 0,583  0.782 (0,351,723 0.5414 2,801 {0,916-9,565) 0.071

=50 2,911 (2,417-3.507) <0001 0,597 (0,515-0,693) <0001 0,498 (0,425-0,583) <0001 0,473 (0, %4-0,.631) <,000]
Smoking status

Mon-smoker 2,397 (2,083-2,748) <0001  0.622 (0,562-0.689) <0001 0.491 {0,437-0.551) <0001 0,516 {0, 409-0,652) <, 0001

Ourrent mon-smoker 2,379 (1.818-3.113) <0001  0.599 (0.48-0.721) 2,001  0.351 {D,279-0.442) <0001 0,250 {0, 136-0.461) <, 0001

Ourrent-suoker 1,710 (1.373-2.130) <0001 0,637 (0,55-0,755) <0001  0.423 {0,339-0.528) <0001 0,260 {0,139-0.483) <, 0001
Alcohol use

Mo 2,314 (2,085-2.606) <0001 0.628 (0,571-0.690) <0001  0.478 {0, 428-0.533) <0001 0,476 {0,378-0.600) <, 0001

Yes 1,71 (1,389-2,258) <0001 0,610 (0,527-0,708) <0001  0.390 {0,360, 466) <0001 0,314 {0,203-0.485) <, 0001
Begnlar ezercise

Mo 2,126 (1.881-2.402) =001  0.620 {0.562-0.683) =,0001  0.458 {0,408-0.514) =001  0.402 {0,310-0,520) =, 0001

Tes 2.3 (1.922-2.981) =001  0.628 {0.550-0.718) =, 0001  0.436 {0,372-0.511) <, 00001 0,477 (0,31-0,667) =, 0001
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Table 10. Subgroup analysis for Body mass index(WHO-WPRO) of Heart disease patients’ deaths incidence (continued)

Low weight Over weight Obesity Severe obesity
Yariable idjusted HB idjusted HB idjusted HB idjusted 0B
(@ cnt P (#rcpt P (ot P (srmt palue
Byperlipidemia
00 1,713 (1.309-2.089) <0001  0.653 (0.549-0.777) <0001 0560 (0.455-0.688) <0001 0,542 (0.%08-0.888)  0.0173
Yog 2,444 (2.150-2.967) <001  0.616 (0.563-0.673) <0001  0.420 (0.397-0.476) <001  0.400 (0.27-0.511)  <.000
dbdominal obesity
M 2,293 (2.0M4-2.488) <001  0.638 (0.5%-0.695) <001  0.518(0.451-0.581) <001  0.737 (0.31-1.64)  0.4566
Yog 1,725 (0.898-3.380) 01123 0.460 (0.3%6-0.569) <0001 0518 (0.268-0.379) <0001  0.311 (0.243-0.38)  <.0001
i
Mo 2,950 (1.741-2.907 <001  0.615 (0.4M-0.766)  <.0001  0.404 {0.303-0.533)  <.001  0.539 (0.244-1.190)  0.1258
Yog 2,163 (1.9%6-2.430) <001  0.621 (0.571-0.676) <0001  0.454 (0.412-0.502) <001  0.425 (0.344-0.56) <0001
™
M 2,180 (1.751-2.936) <0001  0.614 (0.514-0.733) <0001  0.480 (0.395-0.604) <0001  0.817 (0.530-1.288)  0.3681
Yog 2,177 (1.909-2 456) <001  0.625 (0.573-0.683) <0001  0.440 (0.397-0.480) <0001  0.368 (0.292-0.464) <0001
Charlson Comorbidity Inde=
0 2,082 (1.715-2. 527 <0001 0.642 (0.FE2-0.734) <0001 0520 (0.445-0.608) <0001 0,414 (0.282-0.606) <0001
1-3 2.%6 (1.061-2 505) <0001  0.606 (0.543-0.674) <0001  0.428 (0.377-0.487) <001  0.407 (0.%09-0.5%) <0001
4+ 260 (1.BA-3508) <0001 0.702 (0.5%-0.814)  0.087  0.373 (0.268-0.517) <001 0663 (0.382-1.161)  0.1442
1.6 (0.685-2.606) 0,352  0.495 (0.201-0.783)  0.0081  0.336 (0.199-0.567) <0001 0,180 (0.042-0.782)  0.0221
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Table 11. Subgroup analysis for Body mass index(WHO-WPRO) of Heart disease patients’ deaths incidence

(Deaths for Heart disease)

Tow weight Over weight Obesity Scvere besity
Variable usted HE usted HE usted HE idjusted HE
]Euﬁ cD 1 Fnm t'“ﬁ cDi e lt‘uﬁ_g)t st (% D1 o

Se=

Mmle 1.065 (0.568-1.894)  0.8310  0.789 (0.590-1.056)  0.1108  0.504 (0.%62-0.722)  0.0002  0.139 (0.033-0.57)  0.0088

Female 3.745 (2.006-6.003)  <.0001 _ 0.526 (0.3%-0.833)  0.0062 _ 0.524 (0.326-0.843) _ 0.0077 _ 0.523 (0.271-1.4%)  0.2652
ik

-4 : = 1.270 (0.546-2.954)  0.5785  0.835 (0.22-2.170)  0.7118  0.422 (0.047-2.787)  0.4411

50-59 1.585 (0.372-6.763)  0.535 0,847 (0.4%-1.576)  0.609  0.864 (0.45-1.577)  0.6659  0.626 (0.130-3.013)  0.583

60-83 1.233 (0.50-2.869)  0.6257 0,505 (0.315-0.810)  0.0046 0538 (0.2-0.893)  0.0179 0,137 (0.018-1,043)  0.0656

=70 2.540 (1.6%-3.953) <, 0001 0.726 (0.509-1.036) 0.0779 0.364 {0.233-0.569) <,0001 0.445 (0.184-1.073) 0.0729
AGE( Female)

0-49 - - - - - - 2,038 (0.007-827.3)  0.8076

=50 4.43 (2.786-7.127) <0001 _ 0.518 (0.3%-0.824)  0.0064  0.491 (0.304-0.793)  0.0037  0.474 (0.198-1,13%)  0,0941
Smoking status

Non-smoker 3.%2 (2.228-4.948) <001 0,706 (0.5(8-0.881)  0.038  0.612 (0.425-0.880)  0.0082  0.535 (0.245-1,171) 0.7

Carrent mon-swoker 0.360 (0.048-2647)  0.3153  0.601 (0.33-1.0683)  0.0802  0.240 (0.116-0.495)  0.0001 = -

Oarrent-soker 0.7%6 (0.301-1.913)  0.5578  0.794 (0.42-1.281)  0.3453  0.621 (0.344-1.121)  0.1142  0.429 (0.085-1.937)  0.2713
ilcolol wse

Mo 2.374 (1.621-3.478) <001  0.694 (0.518-0.929)  0.0140  0.480 (0.341-0.675) <0001  0.358 (0.167-0.770)  0.0085

Yes 0.94 (0.343-2.657)  0.9285  0.751 (0.480-1.175)  0.2102  0.528 (0.373-1.058)  0.0003  0.363 (0.083-1,635)  0.1892
Begnlar ezercise

o 1.5 (1,289-2.907)  0.0015 0,660 (0.496-0.895)  0.007%6  0.545 (0.5-0.774)  0.0007 0,329 (0.138-0.766)  0.0123

Yes 2.346 (1.160-4.776) _ 0.0187 _ 0.815 (0.540-1.231) _ 0.3310 0482 (0.292-0.795) 0,003 0.445 (0.149-1,3%)  0.1436
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Table 11. Subgroup analysis for Body mass index(WHO-WPRO) of Heart disease patients’ deaths incidence (continued)

Low weight Over weight Obesity Severe obesity
Variable idjusted HR idjusted HB idjusted HR idjusted HR
(S D1 p-wle (%2 CD) 1 ooy (%2 c1) Pl (%2 1) 1 Pl

Hyperlipidemia

Mo 1.016 (0.426-2.421) 0,973  0.731 (0.409-1.306)  0.2009  0.774 (0.408-1.468)  0.4%8  0.291 (0.067-2.20)  0.2399

Tes 2,583 (1.721-3.726) <0001 0,705 (0.530-0.923) 0,011l  0.477(0.%47-0.656)  <.0001 0,373 (0.181-0.789)  0.007%
ibdominal obesity

Mo 2,017 (1.4%-3.037) <0001 0692 (0.527-0.908)  0.0080 0598 (0.423-0.845) 0,086 1,165 (0.163-8.3%)  0.8791

Tes 1.986(0,262-15.035) 05066 0,621 (0.340-1.133)  0.1205 0.,39] (0.226-0.679)  0.0008 0,288 (0.126-0.661)  0.0033
HIN

] 0.973 (D.223-4.243) 0.978 0.601(0.249-1.452) 0.2533 0.500 (0.181-1.380) 0.1e09 - -

Yes 2.175 (1.511-3.132) <0001  0.718 (0.557-0.926)  0.0107 0518 (0.34-0.697)  <.0001  0.392 (0.196-0.7%8)  0.004
m

Mo 1.534 (0.718-3275)  0.2838  0.656 (0.389-1.104)  0.1124 0.743(0.424-1.303)  0.2096  0.510 (0.114-2.291)  0.3798

Yes 2,285 (1.506-3.348) <0001  0.723 (0.548-0.953)  0.0216  0.462 (0.332-0.543)  <.0001  0.332 (0.155-0.712)  0.0046
Charlson Comorbidity Index

0 1.95 (1.069-3.501)  0.0318  0.683 (0.461-1.011)  0.056 0.495(0.311-0.790)  0.0031  0.210 {0.049-0.907)  0.0366

1-3 2,175 (1.313-3.603)  0.005 0,787 (0.562-1.123)  0.1%3  0.673 (0.452-1.003)  0.0517  0.389 (0.149-1.015)  0.0636

5 3,145 (1.249-7.916)  0.0150 0,615 (0.2%-1.37)  0.2373  0.310 (0.101-0.947)  0.039  1.762 (0.378-8.218)  0.4711

fi+ - - 0,504 (0.157-1.619)  0.2497  0.070 (0.013-0.387)  0.0003 - -
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= ABSTRACT =

Effects of Obesity of Heart Disease Patients on
Survival : Obesity Paradox

Tae-Woong Seol

Department of Biostatistics
Graduate School of Public Health

Yonsei University

Background and Purpose : Obesity is known as a risk factor to make

structure and function of the heart change and it could increase
possibility to cause cardiovascular disease and heart failure. However
recently, it is interesting to report that as the body mass index of
heart disease patients became more overweighted or obese they had
the better prognosis rather than some people who are in normal
group. This phenomenon is called ‘obesity paradox’, and its exact
cause and mechanism are not known yet. In particular, large-scale
cohort studies on the obesity paradox have not been conducted in
Korea, and most research just focused on some patients in a hospital.
Therefore, this study is to identify whether Korean people would have
the obesity paradox by using cohort data of National Health Insurance
Service Physical Health Examination Cohort, and it is to suggest basic
data to prevent and manage heart disease by researching various
variables related to obesity and heart disease.

Research objectives and Methods : This study is a retrospective
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cohort research, utilizing cohort data of National Health Insurance
Service Physical Health Examination Cohort from 2002 to 2013, and it
analyzed whether there is a difference of the risk of death depending
on the body mass index of heart disease patients. In order to choose
heart disease patients, this study selected participants who are over
40 years old and since 2004 they are newly diagnosed with heart
disease by specifying Ischemic heart diseases, Heart Failure, and
Atrial Fibrillation and Flutter.

In order to analyze the risk of death depending on body mass index,
this study classified causes of deaths into total deaths, deaths due to
disease except accidents, and deaths due to heart disease, by utilizing
the health examination results, closest to the date of heart disease
diagnosis. This study analyzed time scale by using Cox Proportional
Hazards Model after applying Time-on Study and Attained age. It
analyzed the body mass index after applying both WHO and
WHO-WPRO classification standards. It set control variables including
age, gender, smoking, drinking, waist circumference, exercise status,
diabetes, high blood pressure, hyperlipidemia, and Charlson
comorbidity index into the analysis and then it revised them.

[t utilized SAS version 9.4 for every statistical analysis.

Research Results : This study confirmed that when the body mass
index of heart disease patients was underweight the risk of death was
more increased than people in a normal group and when the body
mass index of heart disease patients was overweight, obese, or highly
obese the risk of death was decreased. In a case of the Cox

Proportional Hazards Model which further analyzed time scale with the
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attained age, this study found that when the body mass index of heart
disease patients was underweight the risk of death was more
increased than a people in a normal group and when the body mass
index of heart disease patients was overweight, obese, or highly obese
the risk of death was decreased. However, in a case of abdominal
obesity group among risk factors, which set standards with waist
circumference, this study identified that as the patients were more
obese, the risk of death was statistically significantly increased unlike
the body mass index. As a result of analyzing subgroups, this study
found that every group except a female group in their 40s had a

tendency of the ‘obesity paradox .

Conclusion: This study has a significance. It provided evidence
indicating that there is the ‘obesity paradox in Korean heart disease
patients through large-scale cohort studies, and it suggested basic
data for follow-up research by examining the relation between death
incidence and risk factors of heart disease depending on each of the
body mass index. However, this study also had some limitations that it
did not consider death incidence risk based on change of the body
mass index during follow-up period, it could not identify the ‘obesity
paradox’ out of the other obesity diagnostic standards like ‘waist
circumference / height’ ratio, and it included research subjects that
had been diagnosed with some disease causing weight loss (Chronic
Obstructive Pulmonary Disease, tuberculosis, and some cancers).
Through continuous cohort follow-up research that complement those
limitations, it would be necessary to confirm the exact cause and

mechanism of the obesity paradox.
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