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Health Characteristics, Nutrient Intake, and Associated Risk Factors

According to the Metabolic Health and Obesity Status in Korean Adults :
Based on the Korea National Health and Nutrition Examination Survey 2015
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Abstract

This study aimed to investigate the prevalence of metabolically healthy status among obese and non-obese adults,
utilizing the original dataset from the 2015 National Health and Nutrition Examination Survey conducted by the Centers
for Disease Control and Prevention. The study assessed health characteristics, nutrient intake, and associated risk factors
within four distinct groups categorized based on the metabolic health and obesity status. Data collection was conducted
using a complex sampling design, and subsequent analysis was incorporated in consideration of clustering variables
(survey district and household), stratification variables (province and housing type), and sampling weights. A total
of 4,772 Korean adults were categorized into the following four groups: metabolically healthy non-obese group (42.1%,
1,883 participants), metabolically unhealthy non-obese group (23.7%, 1,062 participants), metabolically healthy obese
group (10.7%, 480 participants), and metabolically unhealthy obese group (23.4%, 1,047 participants). Utilizing logistic
regression analysis, predictive factors for the metabolically unhealthy obese group compared to the metabolically healthy
non-obese group included male gender, older age, lower educational attainment, high alcohol consumption, moderate
smoking and inadequate sleep duration. For the metabolically unhealthy non-obese group compared to the metabolically
healthy non-obese group, predictive factors included male gender, older age, lower education level, smoking, and lack
of physical exercise. Conversely, within the metabolically healthy obese group, male gender, lower educational attainment,
and moderate smoking were identified as predictive factors when compared to the metabolically healthy non-obese
group. The outcomes of our study provide essential foundational data for identifying high-risk groups and devising
effective nutritional policies and intervention programs aimed at preventing or managing metabolic disorders and obesity.
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HE

IS MBI JET Aol £ ol
A AAH 2 oFE, H2d Wk opiak ARlelAA F
Eo] 718k 9lo] Azkel A7 EA)o|tH(Engin, 2017).
$elubebe Huke A Q%25 (BMI; body Mass Index)
7} 25 kefm® oldel A9z Aelae ul, Al Qe
37.2 %% ApAJske] dl2)7h o (A e, 2022). 1]
ghe I AR} A ofUl A Q14 el ek, 31ek, of
HAABSH L A FEF A AP ST
i, olF AR AEHA AMY 98E ST
(Ferrannini et al., 1997; Thomas et al., 2005).

ARES 2 19881 Reavenol 93 ‘syndrome X2}
e ® Ag EHRE, Bl 14l Ay,
—r—a‘ﬂol oA AEZL FQ EF o7 = AHE U3
tH(Reaven, 2002). thAlZ9 =gk 1 2FA| 7} AW of
YA girbsFaeo] Uehves 4e Adadd, Hdw
A A2 G o
AE T B 9 2
Z et} 2eh} A2 A7 A0 g2 o vy
#d A FHFo] BE vvRIAA Yeh= A2
Shit}.

i

7HA ‘8}%1 <
al., 2017; Yangetal 2016) EHAPGO ﬁ?&&ﬂlﬂ&ow}

—1/]?51— 2= o]

%
}6% 0171# o}ftl ol=g H‘L%EHAPQEE
0} O
B

QAR AREE R 5o HA X Fagk 9%
G e Aapsl 2 el B Sl vl 1)
B T Aol A 42t 258 of A
Zshele AT7sol Bol F =L

e A F0 AAUZ G 0EE Sal
E oo, TR EEAAL, HER S| Aolelxt, 1
A3 A} e} e AAEL oAl A B

H & (Navarro et al., 2015); Prince et al., 2014; Slagter
etal., 2018; Ortega et al., 2018). ¥hH ol A} H o7 717
a7 ke A4 AT el B SO0 g 49 O

oAl Egko L Wang et al., 2015). AL 2718, F4,

d3E AHFH ) 22 a]lo] Hinko|u} thAbA A4 dH] ol
w2t frofgk zfolE HolA ke A7E Jrh(Gomez-
Zorita et al., 2021).

AR 2 A3 Hwel 2 e A5
al., 2005), & FF2 O}E]fri—’“j}%, s
Y A|2~€l(Khan et al., 2014), 7% E
etal., 2013)9} 22 vph#]gh Al Z24-S el A
o2 dA AUot. ol thAtA 54 T
al., 2016), 18 H(Kang et al., 2016), A& 3% 23} =
ZZ(Byun et al., 2016)2] =1 93 7hA9} #Ho] 9)
u], 7Aoo 2 dalH o2 A4 e AYE
##o] glvk(Yang et al., 2016).

WA thAE o2 78k E‘@l 7 ES AL
4 7] A AR AH83h Els
AR 173 A E 821 s A H—?‘ a3t
Zlo|ok, whehA] & Aol X = Aozt 571374
W24, 2015)E o] &3] vy e H]“}’G}X] %}O
dRlell A thakA o = 73k v&-& ZAFSEAL thAFE] 1%
- vlRk offlol w2 47) o] 25 17 5437 2o OJX]',
AR 173 B e 821 rrEtaLa) sk 3ict.

A}elf (Karelis et

o
o] W g

I.4a+%4
1, At
B A7 2015 A e o] ek Al 67] =2l
o)A =0 7473 k24 33 A= (KNHANES VI-3; Korea

National Health and Nutrition Examination Survey VI) A
A5E BB AT AR, 2015). ZAF g2 o
ghul=rol] AFehe vk 1A o) o] gkl o 2, FRAH A=
20 SIS REFEHS ARSIt (E e
1,2017). o] W o2 Aol A o=k 30ut 7l o] Al 2] o
2 TR E F X et (PSU; Primary sampling unit) %
1927 9] 8 FZ¢9)(PSU)7L H el = ict. 2 PSUE 3
T 607)¢] 7h= A E o] §lom, Ztze] PSU A= Al
A F=HE o83l 20719 HF i 77 A8 =
ok A=l 7 W 1A o] e ANIE o= A o]
Folglon, % 7,3800] Folsglrk. & A7) #% v
Ao 194 o] 461 5,945 0 2 AA = o) ARl t)

AT B ARAR Ao} RED A5 A9 H
G we, 24 dEAE 42 40 87 Hee

of
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stdolol TNV 24212} HIEt OfS0l IS 242t 54, ekt 433 B B 201 17  avow RIS Eoe 3
4472738 1975, o4 2497R)0I0ek. Bt BF  3) Alkasle] W
2 Ao B A L O GRS NI e
2to] 1317 uhiol o] 52 A9l 4,026 ko2 71 e o
o B P FAE APAY) 2447 S S B8l
R of AAUFZALE SRR A DAL 1A
B #2 A7EAe] 24 12 1 2441kl gl T2 2l
2. ZA BS 52 7R (AP, A, AP, w4 o), 213
3} S-al wl A3z o] W3 7 A ZgFko] 3} A =2k
1) o]:rLEﬁ]_}g__} 1;_2 A]‘ﬁlﬁxﬂa _E__Aé ‘l_7< '4 “’]’ ‘A ] Q E]' 1:]'!4 (]
o] ke 2 91510l 239 £21871, A, A
B TR ATt g, R WA 252 B E 5o RawrE Ak S0 2E 84 9 4
& ATEANE 54 QAN 54 BASAG. AU 0§ HEE Rohnglon] A4F o DBE
T aEe DA A5E DE5, IS5, T ol esiel AT 92 W AF) A Bbs TS A
A5, A5 47 D0 PEANS. 1 SR St
Fo el Agstee 2EeE &Y vt o E9),
153 £, g £ o)} o 2 BRIyt ol A g AR
5 =u, M= T o =
e e s . e SEOAe] gekael WA Blel) SIstel o
£ 1% N olen vl agem wRskste ST T T
i} § L utrient Adequacy Ratio, <
F7 Bl BACE), FEE WO itk d7 ey
Argatglen, ol A% ok TS AT Fapas
Abe] Z4E R 1, 2-31, 4-51, > 61 47] 220
’ ARAAF L rol AL, ek, dlatAe] et
2 @R Age O A, du7t L B A, "
91 2kl Ag e Sl Wi ke AP
A AL A SRV NN A
A2, 6 7159, AR 7 AzA D 2H3EARL © @ #(Mean Adequacy Ratio, )= EER,

EwREA, @ BG4 5) ) g0 7R

21A) B, FAARE
< Akt ATl At
125HS 7|Fo g

0.1-5.0 g/Y), ®
S5 SFAK15.1-

il'fa———i =34

T ©

F2K5.1-15.0 g/Y),
o), ® F-52H>30.0 g/Q) 574
3 i FAH o2 D Hl—f‘ioﬂ
A FAAE, Q) A= FAAK1- 7HJ4/ ), @ 5
FA2H10-19 H9/d), © FHr} FA=H20 747 OW/
=

ER A A Sl Heirs 1A=
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3] o]7d(13] 4230 o)) A F=A ol mt

o A7 dAe] H ARk @ <7AIRE @) 7-
>9ARE 3 2F o2 BRI
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7 Qo0 NAR & 2AHE gofhe] 2 1o} /)
e,

4) skt A% A

2 A7l Febdae depd A A AL

O] TR T2 FEE RIS 52 Fo AHAE T
3 TEEd, ZWIH‘ % ZY|2HE, HDL-Z2 8 =H &,
LDL-Zd~HE, AST, ALT, 2224, FvlE=a3],
hxmfﬂéﬁk;:%&ﬁqz

5) Ak %9 7%

AFthdate] thAE A7Fe 2001 3% =7 Y 2H|

£ w8 = 2 J(NCEP; National Cholesterol Education
Program), 4¢] x| & sijd MM (ATP II; Adults Treatment
Panel 1IT) (NCEP, 2001), 2005\ 1]=+ 21743 3](AHA,;
American Heart Association), =3 417}, ¥ ol 74
(NHLBI; National Heart, Lung, and Blood Institute)2]
AT 71FS SAR 3K Grundy et al., 2005).
A 143 71 O 35 A F4A(TG) 2] 43
1150 mg/dL =5 TG 35S 218t X5, @ 4% A
il F(HDL) S 2H S 2] 1 3 <40 mg/dL, o143
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<50 mg/dL == - HDL-Z 4 2H ZS 93 22,
@ AH(BP) : 130/85 mmHg, =+ 39S 2-2]7] 98t oF
EXR AN, @ 38 83 3] : 100 mg/dL o] ==&

D FAE 277 93 F=A 7 ARG T8I 471K
71F0lM 271A] oS FFEA 7= = A v 1%
°l, 27}A| n|uto 2 FE:A7) = A2 Ak 7A7clo s

Bolai).

6) B

AlA B 7192 4”0 obrfoljle] Hint Al d Al S
(BMI)9] &HA17d-S 25 kg/m20. 2 Agtal o). whaba], H]
H|TH] BMI<25 kg/m?9} H|¥H1S =25 kg/m? 2 g 2] ]
2ATHWHO, 2000).

7) WA Ak el mE el R

2 AT t Al thAY A v ek w405 2
2 Rtk (1) thAber d7kgk H\wk OF
(MHNO; metabolically healthy non-obese), thAFA7-2]
7|55 27FA] m|RE S5 A171WA BMI<25 kg/m? 7IE &
Z; (2) A o2 7733k 8] 9k 25 (MHO; metabolically
healthy obese), A7 2] 7158 2714 w|vk SE5A]7]
WA BMI> 25 kg/m? 715 52 (3) AHE 0.2 7173314
942 vjH]vt Z1E(MUNO, metabolically unhealthy non-
obese), WAL 7|Es 2714 o) FFAI7IRA
BMI<25 kg/m? 5= (4) A o2 173314 ¢k Biwt
1E(MUO; metabolically unhealthy obese), tHAF17-2]
71555 27HA m|ek S A1 71984 BMI> 25 kg/m? 71 &
=0 7 Ao

3. 842N
Ao e AP EAHEA (one-way ANOVA), 7}o]
A%, th = 2A] 2y 3934 & AF3te] HlolH

M O r

B> 1

slElEd, 757 g9 %
s WS 7ke] 2po] Aol S8
gk o]z} & W AlEAA R
Scheffe testE AAIEIT). 7oAl F HAAL ¢3S HH,
T, LA EF5 2 3 do]el o] xfolE A3}
7] 3l AREE ). B At AT RS giAME A%
2 H|gk A ol et 47)) 1F o 2 B Rk e, iAo
2 78 vugt 12(MHNO)S 712180 2 A3y

o o e 2
o2
X
HoS
o
T -
m

32
H

ol
)
2
o do rlo
o,

,d
rlo
T

871542 59 2} el oAb
3e BB, olu) A, A

o, £ W=, SRARL, 18] DI
Mg BANGE EYete] A LE 24
] fro] FE2 p < 0.052 AR5t vlolE] B4&

0
3 2z Eglo]i= SPSS 21.0 (SPSS Inc., Chicago, IL)Z
Apesrsict.
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ATl FRFe] thARA 2173 gk of o w2 18}

535 <3 1> AAEHI AP o2 73733k Bl
Ik 12(MHNO)o] 42.1%(1,883%) 2 713 =7 Yelyt
3, hAE o 2 7173381A] -2 v 25(MUNO)Z} o
784 ke Mgk IF(MUO)o] ZHzt
23.7%(1,062), 23.4%(1,04778)0|2o ], tha}z o
735k vWE 2F(MHO)©] 10.7%(48078) = 7Hd w3kt
FAA| 44727 2] AFH IR} F 1,52778 0] H]FFo] ] o
(34.1%), A 0.2 17381A] @2 7Rl 2] ¥]&-2 vjv|wh
227 v)gk 1204 22} 36.1%, 68.6%2 B ¥ L&)
Al oF v A== =7 Vel @Abe] Bl&-S& MHNO
(41.3%) 04 7F3 $E9ka1, MHO(54.9%)<MUNO(56.3%)
<MUO(60.6%)2] s=0.2 =9kt). A& oAM= 19-394]¢]
H]-&o] MHNO(51.3%)>MHO(46.3%)>MUO(21.5%)
>MUNO(14.8%)2] =02 7hAaste] tALd oz 7A7st
2FollA 404 wiRke] Hlgo] AL o= T SHA] b2
5o s A =2 Z o2 YT B E, 654
oe] H]-8-S MHNO(7.3%)<MHO(11.5%)<MUO(20.2%)
<MUNO(26.8%)2] <=2 2 tAH o &2 7173s1A] ¢4 1
FollA 2A SR &5 Sl A5 AR
224} o]4te] H]g-o] MHNO(70.2%)>MHO(65.6%)>MUO
(56.4%)>MUNO(53.2%) 2] 4+ =2 7+43}e], thalz o
2 275 2 gl 28 A) 92 gl HlE| &5 FFol
EUTH WS P UE o] HE°] MHNO 13-4
717 329k31(44.5%), MHO(40.1%)>MUO(33.8%)>MUNO
(26.9%)9] =07 7HA43th. MHNO L&l s =4
A el AFsl= Blg-o] 7FE -2 1HH(86.9%), MUO 1

Folde T A A5 vlgo] 7HE =7 B E G

2

=]

Ao
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StMQI0| CHAPY Z4Zn} HZh OfF0f| M2 212 E4, a5 H 23 Q01 ¢ oot kizesug gz 5

(20%). m|&2l 7A$E MHNO(34.4%)>MHO(30.9%)  Zol|A] 44.2%= 7} =9k31, MUO &84 32.4%= 7}
>MUO(12.8%)>MUNO(9.8%)2] <=0 & 743tar 7] & yieh

()21 73-9= MHNO(59.1%)<MHO(60.5%)<MUNO

(74.2%)<MUO(74.4%)2] =08 Z7135}e], Az o 5 A2t EA

A7 ek 2F-olA] vl & vl Eo] il 7| E(ful) ] HlE

o] yrgkt}, walk 719l S27) 41 o]0 B8 MHNO 1 A 74737} v)gke)] wh2 AFdigrke] A 542

(Z 1) AN 212 & dizh ofFoll wE AT ERI ekl Sd (V=4,472)

W MHNO(n=1,883) | MUNO(n=1,062) | MHO(n=480) | MUO(n=1,047) | p-value
A (R}, %) 413 56.3 54.9 60.6 ok
AR
19-39 51.3 14.8 46.3 21.5
40-64 41.4 58.4 423 58.4 ok
> 65 7.3 26.8 11.5 20.2
&5 AR
2 36.3 29.2 31.8 29.4
Z=2 33.9 24.0 33.8 27.0 w
=3} 20.3 26.2 22.1 24.8
3F 95 20.6 12.4 18.9
& FFE
Z2Z o]&} 7.0 25.9 12.3 243
== 6.5 12.9 7.8 10.4 s
1= 42.0 343 39.9 31.5
OZ o) 445 26.9 40.1 33.8
A4
Fe)x}, AR} 2 B Ak} 19.2 11.7 16.0 15.0
APE-ZA} A2} 13.2 8.1 12.8 11.8
A2 g g EARA} 14.4 11.9 14.3 11.8
=ole] d AR 2.5 52 3.9 4.8 Hokk
7159, Ax]-7)A 22 2 ZHZA}A) 8.9 14.8 9.3 15.7
e AT 6.5 9.6 11.0 8.5
FA(FH, 34 %) 35.3 38.8 32.7 325
AFA 4
5 86.9 81.7 85.5 80.0 xs
SRl 13.1 18.3 14.5 20.0
A& 3
nE 34.4 9.8 30.9 12.8
REICE ) 59.1 74.2 60.5 74.4 otk
7| (AP, o] &, HA) 6.4 16.0 8.6 12.8
7
14 6.1 11.8 8.9 8.4
2-31 497 52.6 54.3 59.3 -
4-5v 40.9 33.2 34.5 29.8
> 67 33 24 2.3 2.6

Unweighted N = 4,472, weighted N = 32,315,401

Abbreviations: MHNO, metabolically healthy non-obese; MUNO, metabolically unhealthy non-obese; MHO, metabolically
healthy obese; MUO, metabolically unhealthy obese.

Chi-squared test

**xp <0.001.
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HEEE

}sts|X| m|323 63 2023

<3 2>l AAs T =F

T H&

(Z 2) A

A A H|gh ofFol| wE

A9 FEE olgel &
go] MHNO 28(11.8%)]l H]&l MHO(14.0%)<MUNO
(21.3%)<MUO(23.8%) %= =tt}. &4

Z
50—

= MHNO 22(9.8%)0l 1]3] MHO(14.9%)

AT ARt HLSY

AL

J2pc

(M=4,472)

<MUNO(19.6%)<MUO(20.1%) w=2.
MHNO 15 9] 373 % 257 T%—Eﬂ 5
H] &2 247} 9.6%,

=

A
=

7.8%= MUO Z2o|u} MUN
Hr} =gto}, MHO 1&9o)A 7+ 14.0%, 8.

EES | MHNO(n=1,883) [ MUNO(1=1,062) | MHO(n=480) | MUO(n=1,047) | p-value
A3 (%)
AN - QH3t 18.8 29.4 18.6 245
o 7S o3} 474 31.7 47.9 33.1
72 A 22.1 17.6 19.5 18.6 ok
ZFEL 2574 6.2 8.2 7.1 10.5
oz} 5.6 13.1 6.9 13.3
4
v &} 68.6 51.1 56.9 49.0
#A FA# 14.9 25.5 19.4 26.8
Ax FAA 6.7 3.9 8.7 42 ok
T FAX 5.7 9.5 9.4 9.9
o} Foixt 4.1 10.1 5.5 10.2
IFE 5
2Rl 9.6 5.5 14.0 73 xs
v A 90.4 94.6 86.0 92.7
TR %
ekl 78 4.1 8.6 5.4 .
k! 92.3 95.9 91.4 94.6
T AIZE
<7 X3k 40.8 43.0 45.6 48.7
7-9 A7k 56.9 54.8 50.6 49.4 ok
>9 A7k 2.4 23 3.8 2.0
d (%) 8.2 73 4.8 3.9 ok
z‘ﬂal%fﬂl (cm) 75.7 £ 0.2° 81.7 + 0.2° 89.6 + 0.4° 93.4 + 0.3¢ ok
Z7] g4t (mmHg) 109.7 + 0.3 124.6 + 0.6° 116.3 + 0.7° 1263 + 0.5¢ ok
01%71 9} (mmHg) 71.5 + 0.2° 782 + 0.4° 74.9 + 0.5° 81.1 + 0.4¢ FkE
T I (mg/dL) 91.0 + 0.3* 108.9 + 1.1° 932 + 0.5° 109.8 + 1.0° i
HDL-Z#| 28| & (mg/dL) 57.4 + 03¢ 46.0 + 04° 51.7 £ 0.5° 431 £ 0.3° ok
A A(TG) (mg/dL) 86.7 = 1.2° 181.3 = 5.1° 1105 + 3.7° | 216.8 + 6.4¢ ok
% 29 2H = (mg/dL) 184.9 + 0.9° 193.8 + 1.2° 192.3 + 1.6° 199.1 + 1.4° ok
LDL-Z | 28] 2 (mg/dL) 109.1 + 0.8° 1159 + 1.2° 1205 + 1.5° | 1204 £ 1.2° ok
AST (TU/L) 202 + 0.2° 24.7 + 0.6° 224 + 0.6° 282 + 0.6 ok
ALT (IU/L) 16.7 £ 0.3 234 +08° 240 + 1.1° 341 £ 1.4° ok
& 223 (mg/dL) 14.0 + 0.0 144 + 0.1° 145 + 0.1° 148 + 0.1° Ak
Bl E = 8(%) 423 + 0.1° 433 + 0.2° 439 + 0.2° 443 £ 0.2° ok
hsCRP (mg/L) 0.8 + 0.0° 1.5 +0.1° 1.4 + 0.1° 1.6 £ 0.1° ok

Unweighted N = 4,472, weighted N =32,315,401. % or Mean = SEM.
Abbreviations: MHNO, metabolically healthy non-obese; MUNO, metabolically unhealthy non-obese; MHO, metabolically
healthy obese; MUO, metabolically unhealthy obese; HDL, high density lipoprotein; LDL, low density lipoprotein; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; hsCRP, high-sensitivity C-reactive protein.
One-way ANOVA and post hoc Scheffe test
Different superscript letters indicate statistical significance.

#%p < 0.01; ***p < 0.001.

- 850 -



SH=2M0I0| LAY 2424z} HITH 00| WhE 742 M, ok MF I 2 201 o7 : 20154 IowizieimAls wigoz 7
MHNO & HEt} MHO &9 &5 AH o]l e 7o 3, A HHEMF H|Z(NAR)

2 Uehgth TAIRE o]te] S Hehes Al Hlge
MHNO(40.8%) 0141 7} SEokaL, 7-9A17F 8-S Fsh=
H]-&(56.9%)°] 7} =3kt

&l 2] &8 9] 49, MHNO(75.7 cm)<MUNO(81.7 cm)
<MHO(89.6 cm)<MUO(93.4 cm)2] =02 §-2J3lA &
7hste] thARA A7 el o} v|vk ool wEl f-ofshHA| 5
71ehE Bt 7571 ¢ o]¢hr] "9k MHNO 15
o 7 vkekar, 1 ths-0 2 MHO &0l #2351
Z713k9.0.1, ] MUNO 153 MUO 18 02 &
oA S7Fekdth. 35 3% TG &3 vigk 157 1|
H|Tk 250l A o2 A% EA] 2 % FelsHl
Z715F itk HDL-Z8| 28| &-& vyt tjALd o 17
3FA] g2 ] ol oJ3te] f-2fsk Al S7Feke] MHNO L&

AR 21733} v)gkel] whE A date] kA A
e <3 3> AAISHITE AU A, Tl vlERT A, ]
BRI C, Elopyl, ?1¢] B9 7} 25 E NARS| Apo| & B
o]#] gttt Z2fvk MHNO -l H]3] MUNO &<l
A 2| EEEH, rololal, Zr o] NAR | 24 9ol
O] NARLE Fo# 0 2 £ &3tk MHO 19| 7
- MHNO 150 v]sf H&o] NARYF ooz =9k
th. MUO Z1-8-& MHNO ZZ-& 9] H]3} g|HZa}4l, tfolo}
212 NAR 0] frof 2 o & Yokl 7 o] NAR-2 =4t
ok (i g AFNES 7 2R FoH <l Ao}

UrEREA 33kt

NA 7 EXAL MUO ZFollA 7HE gkt 4, tHAKN ZdZ, digtet gAEEl 20l
71% A% AST, ALT= MHNO ZLEl|A] 74 w9k
1, oAb A2 ek ul ool wek frojabal Brheh  CToo w2 SIHIEA S MENO g vt
Sick. wol WY B el AR Feal prsarpe O VUNO HFE ASEHE AL, DU, 2E
=8 H]8-2 MHNO ZE0A 7p4 Yo}, wid el njgoltp ' 1 & 7NE, TEE oY F, T & HAHe
= gl vs) S7eslc B, 9% AE g c vk MHNO S WISk MHO =13 o=t
524 T (hsCRP; high sensitivity C-reactive protein) <= A0S W, W2 SETE, o FU o R T
Zo MHNO 1504 714 e 220 uolw, g 4 adl MUO 152 MHNO 5 _u] 3 3, = o
:L_E_Oﬂ}\i %9]*8}-7“ %7]—'8]—9\3,\11]—, Eg, L?%‘% 6_‘11—3_:15’:%’ 7]\5}, 3 %; %%‘E T:T?j, zé%‘% —’F?i’\]{}
o] olZ.8.910 2 ERTI<E 4>
(E 3) AN Z & H|gt oiFof mE AFHARIS] P HEMFE (M=4,026)
W MHNO(n=1,691) | MUNO(®n=961) MHO(n=443) MUO(n=931) p-value

Jlu#] NAR 0.85 + 0.01 0.85 + 0.01 0.84 + 0.01 0.85 + 0.01 NS
chal " NAR 0.90 + 0.01 0.89 + 0.01 0.91 + 0.01 0.90 = 0.01 NS
HlERY A NAR 0.70 + 0.01 0.70 + 0.01 0.70 + 0.02 0.70 + 0.01 NS
Hjelgl C NAR 0.61 = 0.01 0.63 £ 0.02 0.62 + 0.02 0.63 £ 0.01 NS
EJo}yl NAR 0.96 = 0.00 0.96 + 0.00 0.96 + 0.01 0.96 + 0.00 NS

28 Zahy NAR 0.82 + 0.01° 0.75 + 0.01° 0.82 = 0.01° 0.80 = 0.01° #k
tpoolal NAR 0.85 = 0.01° 0.81 + 0.01° 0.85 = 0.01° 0.83 = 0.01° =

Z4 NAR 0.62 + 0.01° 0.58 + 0.01° 0.62 + 0.02° 0.61 = 0.01° o

¢l NAR 0.95 + 0.00 0.93 % 0.01 0.95 + 0.01 0.94 + 0.01 NS

ZHE NAR 0.90 + 0.01° 0.95 + 0.01° 0.93 = 0.01° 0.95 + 0.01° ok
MAR 0.82 + 0.00 0.80 = 0.01 0.82 + 0.01 0.82 = 0.01 NS

Unweighted N = 4,026, weighted N = 28,532,622. Mean = SEM
Abbreviations: MHNO, metabolically healthy non-obese; MUNO, metabolically unhealthy non-obese; MHO, metabolically
healthy obese; MUO, metabolically unhealthy obese; NAR, nutrient adequacy ratio; NS, not significant

One-way ANOVA and post hoc Scheffe test
Different superscript letters indicate statistical significance.
*p <0.05; **p < 0.01; ***p <0.001.
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(Z 4) AN 212 & digkn 2E o 5221 (A=4,026)

MUNO (n=961) vs. MHO (n=443) vs. MUO (n=931) vs.

Variables MHNO(n=1,691) MHNO(n=1,691) MHNO(n=1,691)
AOR (95% CI) AOR (95% CI) AOR (95% CI)
4
= 1.80 (1.38, 2.34)*** 1.61 (1.14, 2.28)** 2.01 (1.49, 2.73)***
4 Reference Reference Reference
A%

19-394] Reference Reference Reference
40-644] 4.79 (3.47, 6.61)** 1.10 (0.83, 1.47) 3.09 (2.38, 4.02)***
> 654] 8.16 (5.51, 12.10)*** 1.30 (0.84, 2.00) 3.66 (2.56, 5.22)***
THA =5

== Reference Reference Reference

b7l =& 0.88 (0.65, 1.18) 1.26 (0.89, 1.78) 1.02 (0.74, 1.39)

o7 g 1.20 (0.90, 1.61) 1.21 (0.86, 1.72) 1.33 (1.00, 1.76)*

s 1.08 (0.78, 1.49) 111 (0.71, 1.74) 1.19 (0.83, 1.69)
e 52

z5m 9 2.41 (1.70, 3.42)*** 1.93 (118, 3.14)** 2.69 (1.86, 3.89)***

Zotul =9 1.45 (1.00, 2.10) 1.38 (0.84, 2.27) 1.27 (0.86, 1.88)

158w =4 1.01 (0.79, 1.30) 1.01 (0.78, 1.30) 0.81 (0.63, 1.04)

Hetw 24 Reference Reference Reference
49

APRZ] 22} Reference Reference Reference

Ao Al A 2t

0.95 (0.65, 1.39)

1.03 (0.67, 1.57)

0.80 (0.56, 1.16)

Ak 222t

1.00 (0.72, 1.39)

1.12 (0.77, 1.64)

0.85 (0.61, 1.17)

72 1.17 (0.88, 1.57) 0.96 (0.66, 1.39) 0.86 (0.64, 1.15)
AFA

A Reference Reference Reference

= 1.06 (0.82, 1.37) 1.05(0.75, 1.48) 1.33 (0.99, 1.78)
AEAR
HE Reference Reference Reference

7] & (%) 1.78 (1.13, 2.79)* 1.14 (0.78, 1.65) 1.70 (1.17, 2.47)**

|
71E(AHE, o1&, E7))

9 Ty =

2.06 (1.15, 3.70)*

1.23 (0.74, 2.04)

1.83 (1.08, 3.11)**

1.46 (0.75, 2.81)

1.60 (0.71, 3.63)

1.18 (0.56, 2.51)

2-3 1.14 (0.61, 2.13) 1.29 (0.63, 2.65) 1.34 (0.69, 2.63)

4-5 1.10 (0.59, 2.07) 1.01 (0.48, 2.14) 0.90 (0.45, 1.80)

>6 Reference Reference Reference
o=

Ay ot 3 Reference Reference Reference

0.69 (0.52, 0.91)**

1.15 (0.83, 1.59)

0.85 (0.64, 1.13)

0.82 (0.59, 1.14)

0.78 (0.50, 1.23)

0.87 (0.61, 1.25)

[e]
To= A

0.93 (0.54, 1.60)

1.02 (0.57, 1.82)

1.29 (0.76, 2.20)

52 1.62 (0.98, 2.69) 1.00 (0.54, 1.85) 1.90 (1.21, 2.98)**
SO
H\
H]& A=} Reference Reference Reference
34 F Az} 1.13 (0.80, 1.59) 1.08 (0.72, 1.64) 1.21 (0.86, 1.69)
BE F AR 0.84 (0.49, 1.43) 1.58 (0.90, 2.77) 0.77 (0.43, 1.38)
255 394 1.87 (1.11, 3.15)* 1.89 (1.09, 3.28)* 1.86 (1.12, 3.09)*
I} F A 1.80 (1.06, 3.06)* 1.43 (0.71, 2.90) 1.62 (0.91, 2.89)
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29l (A=4,026)

MUNO (n=961) vs.

MHO (n=443) vs.

MUO (n=931) vs.

Variables MHNO(n=1,691) MHNO(n=1,691) MHNO(n=1,691)
AOR (95% CI) AOR (95% CI) AOR (95% CI)
IRE &5
A Reference Reference Reference
H] A 1.12(0.77, 1.64) 0.67 (0.44, 1.04) 1.12(0.70, 1.78)

1A Reference Reference Reference

LIEIE| 1.74 (1.20, 2.52)** 1.06 (0.64, 1.74) 1.24(0.78, 1.97)
T AIZE

<7 A3k 0.94 (0.76, 1.17) 1.18 (0.92, 1.50) 1.27 (1.04, 1.55)*

7-9 A|1ZF Reference Reference Reference

>9 AIzk 0.93 (0.50, 1.71) 1.78 (0.86, 3.69) 0.81 (0.41, 1.59)

MAR

> 0.90 Reference Reference Reference

0.80-0.89 0.87 (0.65, 1.16) 0.97 (0.69, 1.36) 0.91(0.69, 1.22)

<0.80 0.93 (0.74, 1.17) 1.05 (0.79, 1.41) 0.93(0.71, 1.20)

Unweighted N = 4026, weighted N = 28,532,622
Abbreviations: MHNO, metabolically healthy non-obese; MUNO, metabolically unhealthy non-obese; MHO, metabolically
healthy obese; MUO, metabolically unhealthy obese; AOR, adjusted odds ratio; CI, confidence interval

Multinominal logistic regression (Reference: metabolically healthy non-obese group)
Adjusted for all other covariates in each variable
Statistical analysis of weighted data with adjustment for complex survey design
Different superscript letters indicate statistical significance.
*p <0.05; **p <0.01; ***p <0.001.

vV, % B2 Aruieh Aot 71l uket theksiAl BalE o]
1 o1(Gomez-Zorita et al., 2021) A A= F3H oz
B A7 AwgtalYold £a3 20159 Zoiagey A }i Aol ofel 7ot} o] e|gh F 7HA| i o] 4l
P2t ANARE ool ) IAE oAb 2wy DRELI AT To o] R E R AVEE 7Tk o]
o we} 4150 7 el 7 120 SWES Br1ele] Eﬂf‘& %‘1%‘% ZreA| 8] sk Sl mEdhE
ok el 3 oAb 2% )k ool e o) agd 1] cheisiolo} & e
AT B4, 717 B4 s AT Bastgn BASE IATEH O
tJAbE 0 & 7AZFsk ujujuk 22(MHNO)S 7|20z vz MUNO i< d58h= WA, LAH, e gk
3729 BAE 9018 Fstus sk T, T, 5 F50 2 YERyth MHNO 157 v| 1l
B AT g ARHE 4,772 9] SFEAdel) & MHNO 11 oFeI MUO J15-& oS3 &3, g, e g
2 42.1%, MUNO 1823.7%, MHO 12 10.7%, MUO 517+, ¥3& A4 3T T F, #e
IE 234%2 TR vuke] v ge AT g = AREeE FQAHIT HO 7132 MHNO 15
34.1%(1,5278)0|QL, thAtd oz AgelA] ke Aol ol ¥l & S SEE, Te e o] Flo] A
o] Hlg-L Huwt 223} vk 22oA] 77} 36.1%9}  SSISE YERT uf I AT ol %
68.6%= HTk T12ojx] 2w 71k A Gehe) wak,  WElshEE alo Aol AR AAIA -, A% St &
MUNO 29 $98(23.7%)& MHO 12¢ gwe Dot fidas $404om Adshs o] 483 o]
oh E=3 59, %, 42, FUAR 22 AL HTH2 ]

(10.7%) 3.t} 28] o] =9kth. MUNO B= MHO2] #1
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H,

Kot fo

HIRE 25 BFolA] At o2 A3ekA] ek
Hop A A o2 o &5 2 o] 2Atk(de Rooij et al., 2016).
& wE}EA o] Aol A& MHOE MUOJ 134 t] &
FH 0|l grola] Hul= Al7ko] HSITK(Ortega et al.,
2018). Al 671 gF=-<l o w1 A7 FF2AH2013-2015)
o] B AofM = A3 214 SF-2 v|vhsl 1FollA
ALE A%3 A gt B st gri(AEF 9, 2022).
e 2 A7 247 MUNO 1E94 MUO 12 HTh: 11
Bt T 2 A vgo] Yo}, AlA| &) v|vk
237} v)ugk 2204 212 MHOSF MUNO=ZH= 31¢)
% P46 718 e Ao = YERgTt

B AFrollA] glEZel, vrelolale] A H FFol tiAL
Ao g 77FsA] 92 1FolA] gtk kA 9](2019)
o] AFoM T glEZenlH ololile ¥, &E &
g, HDL-Z 8| 28| & 5ol 4TS rHe2 g5402 4]
& dghe] 35 A & Avkar Aljtshsint. Ligk
Shi (2022)9] AFolM = grZe o] HF FFo] e
I52 BE Aoz et ApdER Add deto = <l
StAPG-E 2] 918 S7keh S = At &3t vrolofale] B
Zo 8% A w9, BMI, 9958 217, F
%] ZFo AT APES THAAIHT
(Canner et al., 2006). §HHl| gl 2] tfo|olil 4
e ST FHES 94 0 2 72 AZ]t(Shin
etal., 2011). B]EZEpH1 tfoloprle 5 oy A] tiA}
HA o) FoJeh= F4o) 2EAT g HENIO R,
o] HIEMIO] tALE 247 ol o) BA &S vX=A| #
A BA A WAUFS 185 A7 MR
Fej =|ojof g Alo|tt.

o), 91 A 2 %9] s a2l w9 dviEa
2l H]- 8-S MHNO 1294 7} w12 MUNOU, MHO,
MUO g9l FolsHAl S71st T, o3l o] Al 7i
o] ZagoA FE- NARo| MHNO 15 u|a) f-2J3}
Al 7V A FEEHE Zog Wl u|wsl ojgo]
(4-14A) 0l A thAPA o 2 7331 A] 98 739 717338 ¢
o vls] E= A e s nIF =N BTt fola A =3
th= B % 9lo}(Suarez-Ortegon et al., 2019) £ <37+ 4

LA g ghd, Gl Gda A HlE Hrge Ao

N,

il

£
©

0 &2 th s EFete] Ak 3o S
obshe A7 ol 3 ¥ vl )itk ¥ NHANES 1M
WAL ]k R AE(MONW)S] Alo] sjEl-g 2aigt
I F2 wrste AHAES] g skE 2d)7)E oAde
MONW W& 5719} #do] Qli= b, 1eh 2o]
MONW £1§ 7Fax9} o] Qlrhal B g tk(Choi et al.,
2012). o}l 9= Mitchelstown .5 E(45-744], n=2,047)
oA 2% Febn] = A AR e 212 MHOY 7}
54 o] =gk o v(Phillips et al., 2013), ZHA] 0] AL} v]gt
1 o]t HadellA At Av)go] A ol 2 )
He MUOY 938 A2 Uelgti(Rouhani et al.,
2023).

[

fr Lo om rr &

WA C-hd el (hsCRP)& tHEH 2] A53-84]
HHF] 97 AR LA ATHYousuf et
al., 2013). & Aol hsCRP2] %2 MHNO 159
H&l] T2 Al 7] o] 2185 BFolA f-2lsHl S7sk Tt &,
MHO 82| 7% MUNO ZEot MUO L& H]3)
hsCRP] $50] 7143814 &gkth. o] 7S MHO 159|
MUNO Z5-f vl3) & gjEd7t S7Hstelw &3t

o, @9, HDL-Z¥2H| &, TG 0] &3t
Aot = Z¢ 2 HE, LDL-Z# 28 &3 37
%% =W oA= MUNO &9l H] &l utedz|ak e
& HoF2Ark Jung 91(2015)9] Aol 21283
W2 MHO 28941 MHNO 289 Hla] Z7}ah¢]
o1}, hsCRP §250] $-&- MHO thdtollx = A28 d =
Wl =

b go] felshl S5k skt

C
BEX, AP

S

T L
o o > oMo
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kr

<)
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=
Ig

Aol 85 B A gl e
A 21 9 WlE olZEhe oo Ame sok
S0} ol G s AE e wa, 7RI
3¢ F2 12X FH Az ol A
Aoz B9 WAFE BRI SA ek
D, QT ] O B olElE AL ate] tAbe o
W ags areg shel iAo 7
Wl 283} AV A el T v
9, Q7 5, 9k AR s
0818 masitis 0] 227} i # 7
Q85 vjng AL A g

]
3 G B S Z 2 ol f-8-3F
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