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ABSTRACT

Objectives: This study was conducted to propose the need of re-establishing the criteria
of the body weight classification in the elderly. We compared the Asia-Pacific Region
Criteria (APR-C) with Entropy Model Criteria (ENT-C) using Morbidity rate of chronic
diseases which correlates significantly with Body Mass Index (BMI).

Methods: Subjects were 886 elderly female participating in the 2007-2009 Korea
National Health and Nutrition Examination Survey (KNHANES). We compared APR-
C with those of ENT-C using Receiver Operating Characteristics (ROC) curve and
logistic regression analysis.

Results: In the case of the morbidity of hypertension, the results were as follows:
Where it was in the T-off point of APR-C, sensitivity was 67.5%, specificity was
43.1%, and Youden's index was 10.6. While in the cut-off point of ENT-C, it was
56.7%, 56.6%, and 13.3 respectively. In the case of the morbidity of diabetes, the
results were as follows: In the cut-off point of APR-C, Youden’s index was 14.2. While
in the cut-off point of ENT-C, it was 17.2 respectively. The Area Under the ROC
Curve (AUC) of the subjects who had more than 2 diseases among hypertension,
diabetes, and dyslipidemia was 0.615 (95% CI: 0.578-0.652). Compared to the normal
group, the odds ratio of the hypertension group which will belong to the overweight or
obesity was 1.79 (95% CI: 1.30-2.47) in the APR-C, and 2.04 (95% CI: 1.49-2.80) in
the ENT-C (p <0.001).

Conclusions: We conclude that the optimal cut-off point of BMI to distinguish between
normal weight and overweight was 24 kg/m* (ENT-C) rather than 23 kg/m? (APR-C).
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SEvket =91 QI RS WEs A 19704
3.1%°11 19809elli= 3.9%= A1413] S718I3iAIRE, 1990
Wol| S04 57} 715381 o] 191 QIFH]E0] 5.1%7} =]
glom 200090= 7.2%%2 1H 3} ARslof 2SIt 1
a2 20180l 1HEARRIR 119 (14.5%)2 Ago=, 11
3} Abs]elA] ARSI ] Y AlRto] A (1154),
w5 (72), 9= (46), Y (24) w1 w72 7|7k
(17e)o] &84 0= o551l gtk (Statistics Korea
2013). o]9} t&=e] 60~694] ©1/3<] BvHE:-S HR, 1998
d 38.6%°14 2008 43.8%= S7FeFAt} 20104
43.3%, 2012 43.1%% = 39T A GE el oL,
704 ©]F o143 =19] HIRHE-E 1998 29.4%, 2008
34.3%, 2010 34.4%, 2012\3 36.1%= 3] 57
Efe]l AT (Ministry of Health and Welfare, Korea
Centers for Disease Control and Prevention 2013).
PEst A S AL 1™t YA ES T AE sk
=, H3A BEed 59 EES ST, Aok &
A, 2 T AR A A el A
o}, o]2fgt H=gk A HA S Hrkehr] flgk ol W E
o] @& Agabzel o3l AljtE] 1 F AFS Al A
WO R thr #to® AAFsk= AlA A (body mass
index, BMD+= A& do] FojuaL 1haste] s g0l Bl
ko] AL S FAISRE 71502 SA|1A Q) 1S o} vt
ke de] A= Itk (Garrow & Webster 1985;
Deurenberg 5 1991; Kang 5 2002). X9t 2|22
TE oIS AT 1Fel whek xfe] 7} Qlo, -2uket
tfjghu|Rtets]of AAIRZI7]58] ofrlo} - Bk} A]A
of| = AHFAG 25 kg/m*S 71502 25 kg/m? o]40]
W Hwto 2 BF3l3 9Jtd(National Heart Lung and
Blood Institute; National Institute of Diabetes and
Digestive and Kidney Diseases (US) 1998).

AbeRZ mstol] mh} 52 FHAshs Wb Aol Frts)
= AT AEE A He), ol AlEe] WE) glole
dofube izl 304114 6041 Atelell ¥lid 0.2 kge] 5
o] =411, 0.5 kgd] Ao T7FAth(Hughes 5 2002).
S50AI~754173 0l o 539 oF 25%7} A4k, 5
] 9173 9] Z-9-= ol AERAC] Fhash= 78d7] o] F 5%
o] 154:3] S7kste] 60thell #ax]el o] &t} (Balagopal
1997). 2012 -eue}l 51073 FxAtellx] Aol
o2 50009} 60t €] BIRES-& AR QLS o, WS 1F

d

Q Ol

o 7

A7 - aElg - WA - wES - ks - dha)g - 491
o vRkgo] oF 33%= v]5ssis ot o3448 50t 34.9%
oA 60th= 43.1%% FAH S7FHAt Ministry of
Health & Wealth 2013). o]&$t 547} tl&o] Yo7t &
WA AT AR R wRloA] A AFR 5 LRt 4]
I S 705 ARgalof B ZIRIA e Lk ool Al7]H
o, Rk opu e} @Al v]ek 7]EellA] 654 o) elell Al A
AgE v|ake- g Aol v = it SHoAY 23]
o]o]o] Fli= AE B w=Qln|vle]] QlojA] Unt AJQlafi=
o /e Aol asks ARFsISith (Zamboni & 2005;
Oreopoulos & 2009; Han & 2011).
£ ATt o] g3t AEZLT] (Entropy) i SEWHTS £
S Ssh= Ao® ARe] 7|9gks YR (Shannon
1948), of2] ool 27787 (classification boundaries,
cut—off point) & AYsh= 7" o& o] g5 Ut} (Cao
S 2002; Yeh & 2010; Luukka 2011; Zhou &
2013).
ole] & AFoME oA =21S U R Al
Fost IS 2 WA RS o388 o] 8510] oA
o}—ef 35 9F%] o (Asia—Pacific Region Criteria, APR—
Ezyrd 7] (Entropy Model Criteria,
ENT-0) 9] #8 vuE &3l =152 Al 71l o
st APgH ] FeAS AXskaAf st

A7YY 9

1. 2N0Y R B89
A AR GEAR Al 471(2007~2009) A

mmHg o1 = DPsHA

lom, 1= #5714
+ 130~139 mmHgo AW o1e71d ¢t 85~89 mmHg®!
-2 g elalglh. @t 3 d el 126 mg/dL o1
A A 5S WL Qls Ao, el e 5d
3ol 100~125 mg/dLSl 73-¢-2 S3ie}. o dA A LT
FZe2ElE 230 mg/dL ©1, LDLZe|2~HE 150 mg/
dL o], HDLZ8 28 50 mg/dL m3F, /4341% 200
mg/dL o] Ae7]Eel o sl sdE = 45
= spglom, 7 e FEEAEE 200~229 mg/
dL, LDLZ-#| 2 HE 130~149 mg/dL, HDLZd ~H =
50~59 mg/dL, T4 150~199 mg/dLellA 174 o1
gEE Bz gelsiolet.
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1) OtAOt-BIEYAIY TIE 7% (Asia-Pacific Region Criteria,
APR-C)
AAZA = AAAS 23t AT s S48 2

W= o] g35to] AT (kg) A1 (m?) 0= ARESIl o, oA
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2) AEZOIY = {¥ (Entropy Model Criteria, ENT-C)
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b - At A= Nol 8860l Tt p 2}
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A (Receiver Operating
Characteristics curve) % 74]”«] el w2 1% o
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Yiannoutsos 2004). W2 APR—Ce} ENT-C 7]+&
H|w&}AF, ROC curve B418 Eaf] W Es} Eojx W
YoudenA|5& AR89}, Youden A= W52 4
St UiE 9} o9 gloflx] 1005 ¥ 3hs 2-8-381%lor,
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Table 1. The distribution of general characteristics of subjects

A g - WA - S g - e - 493

Total Early elderly Late elderly
(=65ynn =886 (£74ynn =595 =75y n =291 P
Age (years) 726 £ 55" 694+ 28 792+ 3.7 0.000
BMI (kg/m?) 243+ 3.1 246 £ 32 238+ 29 0.000
Waist circumference (cm) 834+ 93 841+ 9.2 821+ 92 0.003
Fasting glucose (mg/dL) 93.6 + 39.7 96.8 + 34.3 87.1 £48.2 0.002
Total cholesterol (mg/adl) 199.7 £ 35.2 199.1 £34.3 201.1 £37.4 0.472
Triglyceride (mg/dL) 150.0 £ 84.5 150.5 £ 87.8 148.7 £ 76,5 0.781
HDL-cholesterol (mg/dL) 456+ 95 459 + 9.3 44,7 £10.0 0.099
Systolic BP (mmHg) 131.3 £ 19.1 129.6 £18.6 1356.0 £ 19.6 0.000
Diastolic BP (mmHg) 76.2 £ 10.1 765+ 9.9 75.6 £10.6 0.205

1) Mean = SD

Table 2. Partial correlation coefficient between body mass index
and biochemical results and blood pressure in subjects”

BMI?
Fasting glucose (mg/dL) 0.168 (0.000)¥
Total cholesterol (mg/al) 0.046 (0.196)
Triglyceride (mg/dlL) 0.090(0.011)
HDL-cholesterol (mg/dL) —-0.156 (0.000)
LDL-cholesterol (mg/dL) 0.055 (0.125)
Systolic BP (mmHg) 0.104 (0.003)
Diastolic BP (mmHg) 0.133 (0.000)

1) Results affer controling for ages of the subjects
2) BMI: Body mass index
3) correlation coefficient (p value)

F711e18) AAZA G F2lsHl seket. A o dtke]
B 3P E= 83.4 cm$ L, 35 -2 93.6 mg/dL,
F ZY2EEY A2 199.7 mg/dLY} 150.0 mg/
dLolgict. B4 FF71d 4 o] 22 131.3
mmHg®} 76.2 mmHg%ItH(Table 1).

9
al

2 MAMFASL By SlEeIAe) YA

AAPATE HIES AAASA 9 Ate] SRS
W] $15te], P& FAIT VY A52 THUTH Table
2). AAARSL F(r = 0,168, p < 0.001), FHA
(r=0.090, p = 0.011), =57] €4 =0.104, p =
0.003) ¥ o]¢k7] Fet(r = 0.133, p < 0.001) F= %<
AR, HDLEZA 8 (- = 0,156, p < 0.001)31=
%9 3RS ERsIe,

3. YA o2 WE APR-C% ENT-C 2EEANY
ROCEX

A A2k ol g A

o fu RS
W, oPIAAEF o3-S 71F 0% ROCHA A3}, 2}
A e 4% A wEAel] APR-C3F ENT -

C 73S vwakith(Table 3). thaare] AUCE Ao
w2} 0.564~0.619 Al o, Firg el AUC(0.619)7F
139H0.594) 3 oA A EZF (0.564) Kry A bt
S B
P 0]FES 7)F 0% ROCHA EAleA) APR—C
F32 WAl AAFA G 23 kg/mPlAM Q] I EE
67.5%, E°]% 43.1%, Youden A 10.6°0]%0H,
ENT-C #3 7|21 A-ZAF 24.037 kg/m*lx]= 11
= 56.7%, B0 % 56.6%, Youden A5* 13.30]31t}

Gt o3-S 7150 7 3 ROC H-4o= APR-C
FaolMe] M EE 74.9%, S°]% 39.3%, Youden A
T 14.29007, ENT-C 3 elx= W% 65.4%, 5°]
% 51.8%, Youden A5 17.2%1t}.

oA AEF o]g-goA= APR—C 7]5olA Q] 7%
= 68.5%, 50]% 41.9%, Youden A= 10.4, ENT—
C H39 "= U EE 56.0%, 5°1% 53.1%,
YoudenA|5=+= 9.10]0

1_,

rlr

© & olde] Aol 0|3k AR 71E 2 E ROCEHA &+
215 3t Ayl vERd Zloluk WA F 7Ex] o] o]kl
ZARPARS] AUCE 0.595(95% CI: 0.555—0.634)°]
3L, APR—C 7% M2 vizte= 72.0%, 50l%
40.5%, Youden A5~ 12.5¢]%12H, ENT—C®] #E7<!
A -GG 24.037 kg/m?olA = T 60.6%, 5015
52.6%, YoudenA|5+= 13.2%9t}.

ot 13t P W ol HAET T F 7] e Al
AR Bl o]gke t)iAte]l AUCE 0.615(95% CL:
0.578—-0.652)°]1%13L, APR—C &8 7|52 Q=A<
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Table 3. The sensitivity, specificities and Youden's index for the morbidity of hypertension, diabetes meliitus and dyslipidemia according

to cut-off points of BMI

Hypertension Diabetes Mellitus Dyslipidemia
AUCY (95% CI) AUC (95% Cl) AUC (95% ClI)
0.594 (0.556 — 0.633) 0.619 (0.572 — 0.666) 0.564 (0.526 —0.602)
Cut-off SS? (%) SP¥ (%) Y9 SS (%) SP (%) Yl SS (%) SP (%) Yl

22.987 67.5 42.8 10.3 74.9 39.2 14.1 68.5 41.7 10.2
APR-C¥ 23.000 67.5 43.1 10.6 74.9 39.3 14.2 68.5 41.9 10.4
24.009 56.9 56.6 13.5 65.9 51.8 17.7 56.3 53.1 9.4
ENT-C? 24.037 56.7 56.6 13.3 65.4 51.8 17.2 56.0 53.1 9.1
24.999 44.2 70.2 14.4 50.8 64.2 15.0 40.5 63.0 3.5
25.004 44.2 70.5 14.7 50.8 64.4 15.2 40.3 63.0 3.3

1) AUC: Area under the ROC curve

2) SS: Sensitivity

3) SP: Specificity

4) YI: Youden'’s index

5) Asio-Pacific Region Ciriteria
6) Entropy Model Criteria

Table 4. The sensitivity, specificities and Youden's index by the number of diseases among hypertension, diabetes mellitus and
dyslipidemia according fo cut-off points of BMI

One disease Two diseases Two or three diseases
(n = 364) (n =289 (n=374)
AUC" (95% Cl) AUC (95% CI) AUC (95% CIl)
0.474 (0.436 -0.512) 0.595 (0.555 - 0.634) 0.615(0.578 - 0.652)
Cut-off S5 (%) SP¥ (%) Y19 SS (%) SP (%) vl SS (%) SP (%) Yl
22.987 62.4 35.4 -2.2 72.0 40.4 124 71.9 42.4 14.3
APR-CY 23.000 624 35.6 -2.0 72.0 40.5 125 71.9 42.6 14.5
24,009 50.0 46.9 -3.0 60.6 52.4 13.0 61.2 55.1 16.3
ENT-CY 24.037 50.0 47.1 -2.9 60.6 52.6 13.2 61.0 55.1 16.0
24,999 36.3 59.4 -4.3 48.1 65.7 13.8 47.3 67.4 14.7
25.004 36.0 59.4 -4.6 48.1 65.8 13.9 47.3 67.6 14.9
1) AUC: Area under the ROC curve
2) SS: Sensitivity
3) SP: Specificity
4) YI: Youden'’s index
5) Asia-Pacific Region Criteria
6) Entropy Model Criteria
23 kg/m?IMe] WEE= 71.9%, Bl 42.6%, Youden F-2J5H =7kt (p € 0.001).

X477 14.501%a1, ENT-C 7= = WU73%E 61.0%,
E0]% 55.1%, YoudenA|4= 16.00]3T}.

5. APR-C2 ENT-CS| 2 Fuf N Eefto| HEHY

APR—-CZ A-AZAG 23 kg/m*S, ENT-Ci=
A4 24.037 kg/m* & A319] IHAIF 9l wiRke] FrEo R
3k3int. o]of Table 5= tldAte] Aol fﬂﬂ FEHES B

A

sk, 18t FAp IAF 2 vk 58 APR-C2F
ENT-C2] #HHS 7|5 0% vt @ﬂri A=l s
T2 AAFEQlol| B8] APR—C 259 #% mpa)|Zo)4

o] e £& FEo] 1.799](95% CI: 1. 30 247N,
ENT-CY] 71504 2.049] (95% CI: 1.49-2.80) %

6. APR-C® ENT-C2| 27D T afol 2y
APR—-C¢} ENT-C] #HAS 7|5 0= 319 g
gt & FEAPo) 9 e o Al 9 oviek

o 55 ¥41% A= Table 601 eI

SEEPN =t 3 datel vlsl s
kol SjFdehs WA E Au R, APR—-C715 Al 2.374)
(95% CI: 1.61—-3.49), ENT—-C 715 Aol 2.21H)
(95% CI: 1.55—-3.16) % Z7}sta, @ diidate] 4
i, APR-C 3 7% Al 2.339(95% A1=| -1k
1.59-3.41), ENT-C 32 7|Fel = 2.464 (95%
CL 1.72-3.51) & =7kl (p < 0.001).

9l )
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Table 5. The adjusted odds ratio and 95% confidence interval for overweight or obesity of Asia-Pacific region criteria and entropy

rmodel criteria by the stage of hypertension

) APR-CY ENT-C?
Categories
OR (95% Cl) p OR (95% Cl) P
Normal (n = 241) 1 1
Prehypertension (n = 91) 1.05(0.64-1.71) 0.858 1.22(0.74-1.99) 0.440
Hypertension (n = 554) 1.79 (1.30 - 2.47) 0.000 2.04 (1.49 - 2.80) 0.000

1) Asia-Pacific Region Ciriteria
2) Entropy Model Criteria

Table 6. The adjusted odds ratio and 95% confidence interval for overweight or obesity of Asia-Pacific Region Criteria and Entropy

Model Criteria by the stage of diabetes mellitus

Categories APRCT ENT-C

OR (95% Cl) p OR (95% Cl) P
Normal (n = 533) 1 1
Impaired fasting glucose (n = 174) 2.37 (1.61 - 3.49) 0.000 2.21(1.55-3.16¢) 0.000
Diabetes mellitus (n = 179) 2.33 (1.59-3.41) 0.000 2.46(1.72-3.51) 0.000

1) Asio-Pacific Region Ciriteria
2) Entropy Model Criteria

Table 7. The adjusted odds ratio and 95% confidence interval for overweight or obesity of Asia-Pacific Region Criteria and Entropy

Model Criteria by the stage of dyslipidemia

. APR-C" ENT-C?
Categories
OR (95% Cl) P OR (95% Cl) p
Normal (n = 255) 1 1
Borderline risk (N = 167) 1.55(1.03-2.32) 0.036 1.17 (0.78 = 1.74) 0.436
Dyslipidemia (n = 464) 1.79 (1.30 - 2.4¢) 0.000 1.47 (1.08 —2.01) 0.015

1) Asia-Pacific Region Ciriteria
2) Entropy Model Criteria

Table 8. The adjusted odds ratio and 95% confidence interval for overweight or obesity of Asia-Pacific Region Criteria and Entropy

Model Criteria by the number of chronic diseases

o APR-C" ENT-C2
Number of chronic diseases
OR (95% Cl) o] OR (95% Cl) p
0 1 1
1 2.14(1.44-3.16) 0.000 2.22(1.48 -3.33) 0.000
2 3.27 (2.15-4.97) 0.000 3.37 (221 -5.15) 0.000
3 3.29 (1.84 - 5.87) 0.000 3.71 (211 -6.52) 0.000

1) Asia-Pacific Region Ciriteria
2) Entropy Model Criteria

7. APR-C2 ENT-CH 22 EIt O|gAIRBTIf TEY

At ddES RS & APR—CS ENT-C2] 3
A& 710z oA AT IS vl At
(Table 7), oVSAEAZT tl A7} dRlel vlste] AAF
2l njgtel] 38 gEo] APR-C 7152 2% 79% (95%
CI: 1.30—2.46), ENT—C9] 7|elM= 47% (95% CL:
1.08-2.01) S7FsI8lH

8. APR-C% ENT-Co| 2N DtYAY H
gy

Table 82 APR—C9} ENT-C 43

2 sto] g AS 1St
2} 25 2 Hlﬂ&%l s
18}, G W oK A EF0 A 5 o st v}
2] s BASE oY= Aol gl dbdiel vls APR—
C 7159 % 2.1490(95% CI: 1.44-3.16), F 7H4 A
S BH3 o= 3.2790 (95% ClL: 2.15-4.97), A9
Al 7HA BE B3 giaAbE 3,294 (95% CI: 1.84—
5.87) % A5 U H|ute]] £& g5o] Frsleit)
ENT-C 8 7%l #Alls 2 vinte)] 48 ghgo]
ZArgo] gl tivdAtel vl 3t 7H4] AS HA-5 ddas
2.229](95% 1.48-3.33), 7 7 A& B3t gzt

o
J—:lH
RS
=
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= 3.37W(95% CI: 2.21-5.15), Al 7}4) A¥L& 55 1w
S8k o= 3.7181(95% CI: 2.11-6.52) & Z7}319
th(p < 0.001).

1oz

FH it ofe] Aol Uk AololA AREE = A A4
£ BIES 0T W] Eo] wRlolAls AEekA] grhs
tloksl #d 9) AA-So] /‘ﬂV\]Q 21t} (Roubenoff 2004;
Zamboni 5 2008; Ding 5 2013). ¥ A= =33k

0
e B8 =150 %

o] Ed IAF eHAle] A RE o
H 70 R 35 A7t vk =0 Stz
AARE o] g3le] AEZY] REls 283 7|F5kS o2}

10 A A G A2 7)E AR A F AT
whebA] 2 A AW foe S 7=
Td ARk o8-S o] §5te] ofA|ot—ElE YA AT
WE Sl

AR ZA ol 2 g1zl il E Thetetr] ¢
& A E HAAIAIGE 89 (- = 0.168, p < 0.001D), T
A (r = 0.090, p = 0.011), %7] L (r = 0.104,

= 0.003) % o]¢k7] e+ (r = 0.133, p < 0.001)I+=
ol A dE, HDLEFEAHE (r = —0.156, p < 0.001)
= 22 IS FrYsH Byl o Ake] e g
skoket.

ARSSFs 7H SExroll A vIvhEs) % 5|2
E3} oFo] AAIAAG L (Park 5 2004), 2 0TS = 11
ot (Huang 5 2002; Wakabayashi 2004), o]4#4d
% (Sullivan 5 2008), 3™ (Smith & Singleton 2013)
£ H]Esh v Agke] Sl oAt B it 2 AT

M= Az %]:X]Tﬂ' TEY, TR, oV IHAETY] 2
AARI 5716} ole7] Ak, di, SAAE SR 4

‘S, HDL-Z A Sk 52 S BoRA
15 wdAgke] AT 2 AAZATE o] F 3
= 0% A ROC Curves ©]g-sfo] A& &A|2}
o5t 43S Zhe A 1Y G, oA ET
of 2k 7hA]of| wial] A A3k, AUCH ard st o]
g 9= 0.594%1 01, L 0.619, o A HEF
A= 0.564F, AAEFA ST} o5 Wl ske] ok AAL
Aol st S 5= TFE0l™, G, S oA
AEFo o7 & o5k A o® ekt

ﬁ%“, G5, oPIAAGT FollA 7 7] Al o]

OO0,
kel AUCGE 0.595(95% CI 0.555-0.634)°]

Oztomo o

R, F 7HA] = Al Ao o]
0.615(95% CI 0.578—0.652) & F 7}#] o4
8-S F83 499 AUCH] o =4 Yehyt

o|Z=AM EES o] 9= AEHA T 4?5 A3
£9] o]ghgo] Bt o7 ggrofol o SH S 1] ¥
A= Ao AR, Aukd o2 AUC 0.70]/do]H
o] oksslttal & 4= Qi (Swets 1988).

A& TEAES Vo ® AT 7 240l Tt A
Aegx]R2] o 58 Fro A 50~594 AF el ROCT
Ae] AUC7F 0.51~0.679]91 2™ (Ohwaki & Yano
2009), 556~74A4] oRlE thF o= Ayt Ak grlej
3t A=) o= Frle s AUCE 0.55~0.61

o]t} (Mirmiran 5 2004).

ZArgo] Sl FALE Awo] okl Aest = 9l o5
Q1 vizkEe} AHo] gl Sk o] glrhar 2ekst = 9l

© 5ol%, 83 VIR Bl E B 4L
ATE 0%}3;7] 98t ROCHA Aoz, 18} Jiey o)
Pﬂ S w] ENT-C 32 285l 1l
T 50%°]73°]1 11, YoudenA| T+
APR-C 89 %hﬂ% oA ®r} =gkt ENT-CH3 9
cut—off pointol|Aq W7ES} Eo]% U YoudenA|o+= &
o) 7 715kl et o) & A5 E F7ksIgloH, o]
3l Argo] F 7] ool M7k 60%0VE, 5015 50%

sl vl Ake] AUCE
2819 of

e Ay et

1=

o]AkS YERNS AL, YoudenAae= AW F Y off 13.29
o]3kdH 27) oY W= 16.00.% APR—C9] 12.58}
14,55} =9k},

APR—C2} ENT—C {32 F oA detvte] 7
Aol ™l Az g2delel vl Al 2 njgke] 9
&o|| &3 g5o] APR-C F82] 4% 1.799, ENT-C
83 7)o 2.044) SV W k] FEA o)
A B oL gdlel vlsl #AlE 2 vkl wat

H] 7} APR—C7]1% Al 2.338)(95% A&7 1 1.59~
3.41), ENT-C 7]= Alefli= 2.469](95% A2 +3t :
1.72~3.51)E frolatA 57kttt 1 d7tellxi= ENT—

T3] HEelA nE AT G IR 16 vl
3l FAlFol el 13l &3 ghEo] 20| oo yrERE
1, 5&2FY At A7 (Eom 5 2008) oA AAZA G
23 kg/m? w9k 71504 A EAF 23~25 kg/m*d o
18] Y¥EE 2,314 (1.32~4.03) AT} FAEA
ATz 40~64A4] ool d= AdZA ]G upE 5
%7]9}olghy] dete] AFEE 23 kg/m? VS 7|FO0 R
319 W) 23~25 kg/m?eld %7189 1.0614, ©]¢H7]
o 1.14141, 25 kg/m?lH= 5%7] gt 1.108H), o]
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7189} 1.162v12 F7Fskel ™ (Kim 2010), thdA7
A AE] W 39l /32 -5, BMIZE 7dR1 e vl
A1 ol A1 2] THPAY L1n]E 2,328 =34t (Yoon
2013).
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AL 18 ¥ EE 1.644](1.34~2.02), B S
1.429) (1.02~1.96) 2 YRS Yang 5 (2008)> &=
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T7F 25 50% oldellal, YoudenA= APR—-C
o] B Ao W} =9kt e APR—C9F ENT—-C
o] A 1 Y Gy o] A elA ENT-C
9] EHA A TG Gl g dlel] vl
A Fol el 13l 438 ghEo] 2n) o] o= YERt
e tigh AF2E57 71 Aol B adHe AR

o do

-1 X
e3lo]) W 2 W s} o= 253 AR Q13 A4 R0
WHalel Ao AAE 5 4 Qi) oo & AT wlEY
S AArstat A2

AT 71l thek A o] oA
Aot {5 S 2t THAEES] o3-S o]
4350 ofrlol—efH kxS 7= (APR—-C) ¥ Entropy
4 7] (ENT-C) F32] vlwsialct.

2007~20094 =T AZARZAAE ]9l 8867
= oo E A=A} vk J3ke] AedE et
7] S18te] HHEA &
o] §34S n|wstaA}t ROC 415 F3ll 1598 AFEs1el
o logistic regressiont=A] 0% A skyle] veAdS

v 2 Avks v 2

AT - S - WA - S - aEg - aed - 497
A A gA| ¢} slelEds Y, 494, HDLE 2~ H
, TE18% oSkl AwRikehs folst gt
AZ BT

18} o3 7)Fol ] APR—CH3 2] wid o)A e wl
PEE 67.5%, E01% 43.1%, YoudenA5* 10.6%.0.H,
ENT-C #3 75l & W% 56.7%, 5015 56.6%,
Youden#|5= 13.30]21t}.

iy o] 7]Foll - = APR—C F3olld ) witEs=
74.9%, E°|% 39.3%, YoudenA+ 14.2%.7  ENT—
C FdolM = 17 E 65.4%, E°)%= 51.8%, YoudenA|F~
17.2%t}.
ot G W oPIHNAEST F T 7o) el
o|ghed tAkx}e] AUCE 0.615 (95% CI: .578—.652)°]
Ak APR-C 3 7]ellA 9] v eE 71.9%, 50l%
42.6%, YoudenA|5= 14.5012131, ENT—C 7|5 = 7
25 61.0%, E°1% 55.1%, Youden®5* 16.00]31T}.

w3t tidTo] FdEettel vlsl APR-C 2572 7
T AT 9 vRke] 913l &3 o] 1,794 (95% CL:
1.30—2.47)%, ENT—C9] 7|ZAE= 2.044] (95% CIL:
1.49-2.80)% F-2lsH 571kl (p < 0.001).

D Ut gl nis) BAlE 2 vjeke] §
gof] &3t gt50] APR-C 9 7]5olA & 2.3391(95%
A#FT7Y 1 1.59-3.41), ENT—C 32 7|5ox= 2.46
vl (95% CI: 1.72—3.51) 4tk (p < 0.001).
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& AT ohE AW ZA 2] 71E0] Al Eofok &
RO AAZITE AN AN IR 2007~2009 =
A7 Gk zAr AFF 2] o2l 88672 o R & A
o] 7)ol 9 t] w2 AR E o] &3k AFlFe] 2ot

=4
=g

]

Ruig

to % 2

References

Balagopal P, Rooyackers OE, Adey DB, Ades PA, Nair KS (1997):
Effects of aging on in vivo synthesis of skeletal muscle myosin



498 - opx|o}-e} 5 x4 7157} Entropy R 7% v L

heavy-chain and sarcoplasmic protein in humans. Am J Physiol
273(4 Pt 1): E790-800

Cao L, Shi Z, Cheng EK (2002): Fast automatic multilevel
thresholding method. Electron Lett 38(16): 868-870

Deurenberg P, Weststrate JA, Seidell JC (1991): Body mass index as
a measure of body fatness: age- and sex-specific prediction
formulas. BrJ Nutr 65(2): 105-114

Ding C, Stannus O, Cicuttini F, Antony B, Jones G (2013): Body fat
is associated with increased and lean mass with decreased knee
cartilage loss in older adults: a prospective cohort study. /nt J
Obes (Lond) 37(6): 822-827

Eom JS, Lee TR, Park SJ, Ahn Y, Chung YJ (2008): The risk factors
of the pre-hypertension and hypertension of rural inhabitants in
Chungnam-do. Korean J Nutr 41(8): 742-753

Garrow JS, Webster J (1985): Quetelet's index (W/H2) as a measure
of fatness. Int J Obes 9(2): 147-153

Han TS, Tajar A, Lean ME (2011): Obesity and weight management
in the elderly. Br Med Bull 97: 169-196

Huang KC, Lin WY, Lee LT, Chen CY, Lo H, Hsia HH, Liu IL,
Shau WY, Lin RS (2002): Four anthropometric indices and
cardiovascular risk factors in Taiwan. Int J Obes Relat Metab
Disord26(8): 1060-1068

Hughes VA, Frontera WR, Roubenoff R, Evans WIJ, Singh MA
(2002): Longitudinal changes in body composition in older men
and women: role of body weight change and physical activity.
Am J Clin Nutr 76(2): 473-481

Kang JH, Ryu BY, Suh HS, Shim KW (2002): Neck circumference
as a simple obesity index. J Korean Soc Study Obes 11(2): 142-
149

Kim WK (2010): The risk of hypertension according to obesity and
age of middle-age women. Korean J Sports Sci 19(2): 1377-1384

Statistics Korea (2013): Korean statistical information system, Daejeon,
Statistics Korea

Lee YE, Park JE, Hwang JY, Kim WY (2009): Comparison of health
risks according to the obesity types based upon BMI and waist
circumference in Korean adults: the 1998-2005 Korean National
Health and Nutrition Examination Surveys. Korean J Nutr 42(7):
631-638

Luukka P (2011): Feature selection using fuzzy entropy measures
with similarity classifier. Expert Syst Appl 38(4): 4600-4607

Ministry of Health & Welfare (2009): 2008 National Health Statistics-
The 4th Korea National Health and Nutrition Examination Survey,
the second year

Ministry of Health & Welfare (2011): 2010 National Health Statistics-
The 5th Korea National Health and Nutrition Examination Survey,
the second year

Ministry of Health and Welfare, Korea Centers for Disease Control
and Prevention (2013): Korea Health Statistics 2012: Korea
National Health and Nutrition Examination Survey (KNHANES
V-3), Cheongwon, Korea Centers for Disease Control and
Prevention

Mirmiran P, Esmaillzadeh A, Azizi F (2004):
cardiovascular risk factors by anthropometric measures in

Detection of

Tehranian adults: receiver operating characteristic (ROC) curve
analysis. EurJ Clin Nutr 58(8): 1110-1118
Nakas CT, Yiannoutsos CT (2004): Ordered multiple-class ROC

analysis with continuous measurements. Stat Med 23(22): 3437-
3449

National Heart Lung and Blood Institute; National Institute of
Diabetes and Digestive and Kidney Diseases (US) (1998):
Clinical guidelines on the identification, evaluation, and treatment of
overweight and obesity in adults: the evidence report, Bethesda
(MD), National Heart, Lung, and Blood Institute

Ohwaki K, Yano E (2009): Body mass index as an indicator of
metabolic disorders in annual health checkups among Japanese
male workers. Ind Health 47(6): 611-616

Oreopoulos A, Kalantar-Zadeh K, Sharma AM, Fonarow GC (2009):
The obesity paradox in the elderly: potential mechanisms and
clinical implications. Clin Geriatr Med 25(4): 643-659, viii

Park MY, Kwon JH, Lee DJ, Cho EK, Park PS (2004): A study on
the dietary attitudes and nutritional status of lifestyle disease
patients living on Tongyoung city. Korean J Health Promot Dis
Prev4(3):137-147

Roubenoff R (2004): Sarcopenic obesity: the confluence of two
epidemics. Obes Res 12(6): 887-888

Van der Schouw YT, Verbeek AL, Ruijs JH (1992): ROC curves for
the initial assessment of new diagnostic tests. Fam Pract 9(4):
506-511

Shannon CE (1948): A mathematical theory of communication. Bell
Syst TechJ27(3): 379-423

Smith AG, Singleton JR (2013): Obesity and hyperlipidemia are risk
factors for early diabetic neuropathy. J Diabetes Complications
27(5): 436-442

Sullivan PW, Ghushchyan VH, Ben-Joseph R (2008): The impact of
obesity on diabetes, hyperlipidemia and hypertension in the
United States. Qual Life Res 17(8): 1063-1071

Swets JA (1988): Measuring the accuracy of diagnostic systems.
Science 240(4857): 1285-1293

Wakabayashi I (2004): Relationships of body mass index with blood
pressure and serum cholesterol concentrations at different ages.
Aging Clin Exp Res 16(6): 461-466

Yang X, So WY, Ma RC, Ko GT, Kong AP, Ho CS, Lam CW, Ozaki
R, Cockram CS, Tong PC, Wong V, Chan JC (2008): Thresholds
of risk factors for ischemic stroke in type 2 diabetic patients
with and without albuminuria: a non-linear approach. Clin
Neurol Neurosurg 110(7): 701-709

Yeh FC, Tang A, Hobbs JP, Hottowy P, Dabrowski W, Sher A, Litke
A, Beggs JM (2010): Maximum entropy approaches to living
neural networks. Entropy (Basel) 12(1): 89-106

Yoon SH (2013): Relationships between blood pressure and serum
lipids, obesity indices in adults using health examination data. J
Korea Acad Ind Coop Soc 14(9): 4394-4401

Zamboni M, Mazzali G, Fantin F, Rossi A, Di Francesco V (2008):
Sarcopenic obesity: a new category of obesity in the elderly.
Nutr Metab Cardiovasc Dis 18(5): 388-395

Zamboni M, Mazzali G, Zoico E, Harris TB, Meigs JB, Di Francesco
V, Fantin F, Bissoli L, Bosello O (2005): Health consequences of
obesity in the elderly: a review of four unresolved questions. Int
J Obes (Lond) 29(9): 1011-1029

Zhou R, Cai R, Tong G (2013): Applications of entropy in finance: a
review. Entropy (Basel) 15(11): 4909-4931



