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Increased hepatic enzymes are associated with insulin resistance, metabolic complications, and
type 2 diabetes mellitus. Metabolically healthy obese (MHO) phenotype is not accompanied by
metabolic complications and maintains insulin sensitivity, despite excessive body fat. The purpose
of this study was to evaluate the clinical implications of hepatic enzymes in MHO men. The
diagnostic criteria for MHO were based on NCEP-ATP Il and obesity in adults was defined using
WHO Asian-Pacific criteria. We used the data from 9,683 obese men aged between 20 and 70
years. The subjects were divided into three groups according to the diagnostic criteria: The
metabolically healthy non-obese (MHNO, N=2,878), metabolically healthy obese (MHO,
N=5,427), and metabolically abnormal obese (MAO, N=1,378). Obesity criteria were classified
according to the standards set forth by WHO Asia-Pacific Criteria. AST, ALT, and GGT were
significantly lower in the MHO group than in the MAO group (p<0.001, respectively). However, the
hepatic enzyme levels were higher in the MHO group than in the MHNO group (p<0.001). Liver

enzymes were associated with metabolic syndrome risk factors. Waist circumference, fasting
glucose, total cholesterol, triglyceride, and HDL-C were risk factors for metabolic syndrome
affecting liver enzymes. In conclusion, hepatic enzymes were found to predict metabolic

abnormalities in metabolically healthy obese men.
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HITER A28 Fie, LEY, oA EZ, A gyhael v
o324 A H=(non-alcoholic steatosis), &H F3 &= =
=47 A3yl o Eeke] $1E gQlo g QIAE A QIrH1-9].
HITEQ1 74-- FHE S of| L 2] A S & I8l AR 228t o2}
7h AL, A, ARAE 5 BIA Y 2o S A o] &4
&= o] A4 ZHHectopic fat)2] FJdA o] YeRATH10]. ©]
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Tkelo] tiAbgol S Uo7 Ale] & 4= Q1] Ty <
49l Astel o] w2 H vk} dpHFo] vEEA] HEIAIE
3ol AR FHE Y AMGE St ARl A=A
2 oftH12,13]. ole} Hste] A o= 21733t H|utel
(metabolically healthy obese, MHO)-S thAFA] dFgZa} 4]
3| 7)ol FHehA] grom, dERl AR el Bt

Shal Qled Aeide RABhE HIte] FEF o AAHT
(14]. HAF o & R-213t MHOE ok 713 disiAl= &
A 7L QLo dulSA R WA 54, S84 A, A



WAL 7] 9 AA| R ote] AL I Kol 7h delog
= 14].

MHO ]=f H]9RIT2] 30 ~40%5 XA 6} [6,15], -2
uete] A AR ASRA ARE AR A 9
15.2%, B]9kITE2] 47.9%7F MHOR B-Rethal B7stgict
[16]. MHORF % Aol A thafa] 0.2 of4fo] Qli=H]Tkel
(metabolically abnormal obese, MAO)¥} H] 1.8[f MHO= 4!
A1 0 2= AR HIRE A YA et T ShA] ol = &) 7} gl

Z

O, WA &8 s A2 E4S 7H] AL QT 7). Tt
MAO®} Bl 18| MHO= ¢, B89t A Z Al o] 4 F &7}

om[14], A28 T B A EIA Aeke] fddo] Ak
A0 7 HuETH15].

SHH, Messier 51219] ol 2J8HH MAOX. T MHO®I| 4]
opATlE|o| Eotu) o] FAN(aspartic aminotransferase, AST),
oehdotu| - Ho] & Ax(alanin aminotransferase, ALT), &2+
2] o1 AR 8] & 4~ (alkaline phosphatase, ALP)2} Zhul=-FErY
| 4(gamma glutamyl transferase, GGT) 1+ 4% 7}
o= Husoleh Wi 9 S A 5HA0 R
H
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Goll w2 7F 549 Aol & vl et A= FE53 AAolrh
TIER o] Aol HIRPEAdE tiA = NCEP-ATP

III (National Cholesterol Education Programme Adult

Treatment Panel TIT) 7|22 vl alo] tjAfo] Al 6o u}

2k MHO2F MAO-C & &-7-0to] ZF s14:0] Xpo] & dofid 1l

AFE 0.2 717t vleb el Al 7k ATt AR o]4kS of

23 % Qs AEAIA) 1 YA 902 Helekarg shgict.

s

o] Ate] diVdAs U FEE UM 20149 145H
2016 1287kA] 73 =704 5 204 o) 70A] o189
B He s sRadnh A A 13,6527 SOl SigAr
o A5A7} Y BE R4 B CF A 1
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obese, MHNO), tiAtdo & 7A7ket Hvki(metabolically
healthy obese, MHO), tiAtEo2 oJito] Sl Hlvht
(metabolically abnormal obese, MAO)®] 3&8}= 9,683
= &E ATt AR AFsteih 25 A oA Y 9
OFEE-go] thet A= A7) 7|44 AR RARR fslon, A
7129 FeEd -] A9 ] (Institutional Review
Board, IRB)9] 5%l W2 & 955 ZIePsHICHIRB No:
D-1207-002-0102).

2, S

1) A= 5 H 2RI

NCEP-ATPIII 9] 7]5=e] whet D5/d A% 150 mg/dL o4,
@HDL-Z8AH1E §A4 40 mg/dL i, @ 455719} 0]k
gt 130/85 mmHg o Tz 118} oF 58, O FEET
100 mg/dL o1 = G X 54 -8, © 3| 2fEe §4d 102
cm O1FE] 57HA] 7158 - 370 o1l A5 A 0= o o]
Wiz 1, 270 ]8Rl A5 thAF o & 7S Ho & A o5kl
CH19I. ook EHH[RRe] 7-- ofAJokel o] 71591 90 cm o]/
& A-&-5HITH20]. E3 HIYE T2 WHO A AlAok=
ofrfotele] 7|59l Al &FA4x(body mass index, BMI) 25
ke/m? oJAkel A% Hgko 2 18.5~22.9 ke/m® S A%
O = OJstSiTH20]. oleRt 919 A7l whet thArA o
2 A7 AASmetabolically healthy non-obese,
MHNO, N=2,878), thAt4 o & 717}et v]vta(metabolically
healthy obese, MHO, N=5,427), tiA}& . & o]4}o] Q1= 1|
T (metabolically abnormal obese, MAO, N=1,378)2] A

o & B2l
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2) SR S AMHAZE

5719k o] Foke oY Aol Al =2 ESHA
skglom, 23] ZAste] PO 2 A|AJstelTt. Eok A
471 Inbody 720 (Seoul, Korea)2- o]0 41437} 4]
27431900, BMIE= A|5(kg) + 719] AlF(m?) o2 4319
t}. ol 2l=li= WHOOI A A AR R of] whaf o & 25 ~30
cm HH & 55 W4l Aol 4] dum g o SRR} Ik At
- Abo] o F2F RO E S5kl o, Pl Bl 9Bl
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w

) A

GHHAR= AT oV T4 & 55 ol A Ao A
M (antecubital vein)ol Al & ¥ ZA8}%Ict. TBA-200FR
NEO (Toshiba, Tokyo, Japan) Ao} A-sH-417] 2 AST, ALT,
GGT, T2Y|AHE, 1 : Aot Ze|AHE(high density
hpoprotem—cholesterol, HDL-O), A% Akl S AHE
(low density lipoprotein-cholesterol, LDL-C), &4 A1}, &
B8 gAh 17 C-8R3-A Thil(high sensitivity C-re-
active protein, hs-CRP)& 2433 0w, 1Rz C-1H3-A]
TS TTA (turbidimetric immunoassay) HeJH[EFH 9] 2]
2 24513t g E2 =R (hemoglobin Alc, HbAlc)}>
EDTA tubeo] A&3t AE HAH 2 Variant II (Bio Rad, CA,
USA) HlE olgste 1A a=ntE 129 H(high
performance liquid chromatography, HPLC)2] ¥2] & =4
Sttt Eot QlEdl Fhs A7k w4 (elec-
trochemiluminescence immunoassay, ECLIA)S] ¥z|=2
Modular Analytics E170 (Roche, Mannheim, Germany)“dH]
2 Z4sk3ict. HOMA-IR (homeostasis model assess-

ment-insulin resistance)} &< A S 7H A 0 2 vty

B A FRA TE A] QAT S o] goto] (FE A 2l
49 ulU/mLX 22 A] 8 mg/dL)/405 B4 02 A1
tH22].

3. A=A

o] A= Windows SPSS 21.0 (IBM, Armonk, USA) 57
IR HE o] gsto] AAmE HYsialon, Bapd SAN
Bt A, v R FAR S et %E A A5}
Sith. MHNO, MHO, MAO-9] A1t Q14 3l Ao}eh4 7
3, 7F 34 ZJolF Buoly| 93] deEAREA(one way
analysis of variance, ANOVA)Z AA[slG o, TA O R
xpol7} Q= A9 A AZ 0 & bonferroni HHS A48
O, 3 Y oA 918 8 019 Wl Xjo] & H| w8}
918l 7Fol Al A7 (chi-square test) AlHSHITh thake<-
T AT TF Z A ATRAIE Yobi7] f1el 1]oj9]
A EAFTHE A (pearson correlation coefficient)S AAI3F
on, AgS BA ¥ FTHe]AEA(multiple regression
analysis)< &0l 7+ o] FEFS vX= AH 890 &3t
At} o] A-ATe] A Fofe pik 0.051 e = A
gkl

=

2
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1. HASRFO] TR QIAT 31 MBIBES S 10|

A ARSI dAsE el ek MHNO,
MHO, MAOS] Al 0.2 Liro] A7t o144 Bl Adolery &

A)9] o) = v w3t Axk= Table 13} 2k, ¢8-S MHNOT-
MHOEt MAOHol A =4tH p<0.001). A% MHOEE.

l

T} MHNO2} MAO0| ZItH(p=0.001). A5, BMI, &]2]=4],
Jgo] ¢+ MHNOT-ETH MHOSE MAOW©o] #=3kom,
MHOWEtF MAOe] = tHZZE p<0.001). 5719} o] ¢k

7] & MHNORE EF MHO2F MAOTEC] 33E0 1, MHOW-E.
o MAO0] =34th 7t p<0.001). A83FeH] 23891 FZE| A
Bl &> MHNO-E T MHO2F MAOTHO| =30 m(p<0.001),
SAAM, 3EEG 84k hs-CRP, HbAlc, 913, HOMA-IR
2 MHNO<-E.t} MHOSF MAO<of| 4] 4=3ko.m, MHO-5 th
MAO+o| =7 YebgthZ2 p<0.001). LDL-C-> MHO2k
MAOTANA] =9ko 1, MAOTEETE MHOT0] =94tH p<0.001).
T2y HDL-C-& MHNO Rt} MHOSF MAOT-o| A Wote.
™, MHOW- K.t} MAO?LOl LRITH(p<0.001). Tt A%
T HEQRI =2 Y, F2 HDL-SYAHEES, 2 &
B, ERuNh 1% *M HESo] AR
A MHORE, MAOEL. 2 AP TpE =2 He S BTzt
0<0.001).

o:
T

1

[t e
z ﬂl
sy
Z,
o
[‘-LI
=2

2. CHAIREQ| RITHZE ZH A 0| 10|
MHNO, MHO, MAO+-9] Al Hezt 7F 4] 9] Zo] & ]
W3t Ay}, ASTE MHNOZ(26.28+13.87)Ett MHOE

(30.47+£16.84)7F MAOTH35.01 +16.93)°ll4] ¥=9k3l, MHO
TR MAOTR] BA1Z 0 & G181 =9t p<0.001) (Figure
1). ALT:= MHNOw423.03 +17.62)2tF MHOT(35.61 £29.69)
I MAOH(43.77+29.02)0ll A 39%31, MHOE.tF MAO
O] FOI5HA| = UTH p<0.001) (Figure 2). GGT E3F MHNO
T438.994+48.6)ET} MHOw(55.08+49.02)7F MAO-
(74.45+65.03)0] =931, MHOF5 o} MAOT-o] =9ttt
(p<0.001) (Figure 3).

FAY} S ZE

b Aok AR 1 8 Q17H] A & AR
ASTE=3]21E3(:=0.179, p<0.001), 5271(=0.120, p<0. ooD
9} 0] 2718 %H(1=0.129, p<0.001), EZH AEIZ(=0.111,
p<0.001), LDL-C (=0.081, p<0.001), A A"(=0.128,
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Table 1. Subjects clinical and biochemical characteristics of MHNO, MHO and MAO groups

Variable MHNO (N=2,878) MHO (N=5,427) MAO (N=1,378) p-value
Age (yr) 44.65+11.54 45.23+10.43 48.29+10.85% " <0.001
Height (cm) 171.75%6.44 171.28+6.38* 171.78i6.39T 0.001
Weight (kg) 62.48+5.45 78.18+£8.08* 83.44+9.97%" <0.001
BMI (kg/m?) 21.11+0.96 26.65+2.02* 28.24+2 54% 7 <0.001
Waist circumference (cm) 76.17+4.71 87.33+£5.74* 93.36+5.89%" <0.001
Hip circumference (cm) 90.08+3.78 97.72+4.48* 100.46+5.20% " <0.001
Systolic BP (mmHg) 108.45+11.90 113.09+£11.85* 123.39+14.56% " <0.001
Diastolic BP (mmHg) 69.80+9.05 73.45+9.25* 80.51+10.47%" <0.001
Total cholesterol (mg/dL) 187.17+31.42 199.15+34.58* 201.05+37.03* <0.001
HDL-C (mg/dL) 56.69+12.38 50.41+10.48* 43.75110.01’va <0.001
LDL-C (mg/dL) 114.00£28.18 127.02+30.85* 124.40+33.42% " <0.001
Triglyceride (mg/dL) 107.76+66.54 147.66+88.24*  242.09+119,24%" <0.001
Fasting glucose (mg/dL) 87.97+17.76 91.29+15.74* 109.04+30.07% " <0.001
Uric acid (mg/dL) 5.66+1.15 6.25+1.28* 6.40+1.44%" <0.001
hs-CRP (mg/dL) 0.14+0.39 0.17+0.40* 0.21+0.50=" <0.001
HbA1c (%) 5.48+0.68 5.61+0.63* 6.20+1.11%" <0.001
Insulin (uU/mL) 3.42+2.20 5.84+3.14* 8.13+4.08"" <0.001
HOMA-IR 0.12+0.38 0.23+0.60* 0.44+1.08"" <0.001
Metabolic syndrome risk factors
Waist circumference =90cm® 10 (0.3) 1551 (28.6) 1139 (82.7) <0.001
BP =130/85 mmHg§ 252 (8.8) 779 (14.4) 730 (53.0) <0.001
HDL-C <40 mg/dL® 160 (5.6) 586 (10.6) 628 (45.6) <0.001
Triglyceride =150 mg/dL§ 491 (17.1) 1945 (35.8) 1209 (87.7) <0.001
Fasting glucose =100 mg/dL® 254 (8.8) 743 (13.7) 805 (58.4) <0.001

Calculated by one way ANOVA and bonferroni test.
Values are presented as mean+SD.

*Significantly different from MHNO at p<0.05, TSigniﬂcantly different from MHO at p<0.05. *Calculated by x*-test. Data are presented

as number (%).

Abbreviations: MHNO, metabolically healthy non obese; MHO, metabolically healthy obese; MAO, metabolically abnormal obese; BMI,
body mass index; BP, blood pressure; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hs-CRP,
high sensitivity C-reactive protein; HbA1c, hemoglobin Alc; HOMA-IR, homeostasis model assessment-insulin resistance.

70~ p < 0.001
60 ‘ sr |
® % |
: 50
~
= 40 T
=
= 304
7))
< 20_
10+
0

MHNO MHO MAO

Figure 1. Difference of AST of MHNO, MHO, MAO groups. MHNO
(26.28+13.87), MHO (30.47+16.84), MAO (35.01+16.93). Ab-
breviations: AST, aspartate aminotransferase; MHNO, metabolically
healthy non obese; MHO, metabolically healthy obese; MAO,

metabolically abnormal obese. **p<0.001.

100+
90+
80 il
70+
60+
50+
40+

30+ T
20+
104

* %

ALT (IU/L)

T T
MHNO MHO MAO
Figure 2. Difference of ALT of MHNO, MHO, MAO groups. MHNO
(23.03£17.62), MHO (35.61£29.69), MAO (43.77%29.02). Abb-
reviations: ALT, alanine aminotransferase; MHNO, metabolically
healthy non obese; MHO, metabolically healthy obese; MAO,

metabolically abnormal obese. **p<0.001.
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2<0.001), 3EEL(=0.118, p<0.00D)T} SAZHo& {2
B oFo] AMIAIS K ik ALTE 3121 %3(7=0.266, p<0.001),
$571(=0.104, p<0.00D)2} o718 4(=0.110, p<0.001),
F2Y|281E(,=0.150, p<0.001), LDL-C (:=0.144, p<0.001),
*311‘%}(1:0.191, p<0.001), 5EF(=0.125, p<0.001)
= 93t o) A E B 9lew, HDL-C (7= —0.149,
p<0.00DI= 9] FHAE Bt GGT o=
(=0.215, p<0.001), #=71(1=0.141, p<0.001)2} o]$H7] &
(r=0.144, p<0.001), FZHAHE(=0.178, p<0.001),
LDL-C (:=0.077, p<0.001), F"dA%(;=0.308, p<0.001),
FEEF(=0.192, p<0.001)7t] F-ol 3t ko] oA 7} 9L
= 20 & UEETHTable 2).

p < 0.001
180+

160 T
140- |
120-
100-
80
60
40
201

GGT (IU/L)

MHNO MHO  MAO

Figure 3. Difference of GGT of MHNO, MHO, MAO groups. MHNO
(38.99+48.61), MHO (55.08%£49.02), MAO (74.45+65.03).
Abbreviations:  GGT, gamma-glutamyl transferase; MHNO,
metabolically healthy non obese; MHO, metabolically healthy
obese; MAO, metabolically abnormal obese. **p<0.001.

A B T FOARAL A4

S A= A HE 8l kS
t| X = At 8 8.1 521 =d|(p<0.001), o] 7] &

H(p=0.016), FEEHp<0.001), FZH2E=Z(p=0.001),
A (p<0.001), HDL-C (p=0.013)°]%o.™, 5]2] =7}
ASTOl| 7H G % v A= alolgith ALTel= d12=d
(p<0.001), FEEHp<0.001), F=HAE=H(p<0.001),
24 789Hp=0.002), HDL-C (p<0.001)°] G 1] x| a2l
o & yepgton, sjelEd 7t ALT 7H 3k vl X= 8.2l
1Mqﬂﬁkmvﬂd¢~ﬂ1~4&~T¥HM&°—d
21E58)(p<0.001), FEIHp<0.001), EZAENZ(p=0.010),

FAAH(p<0.001), HDL-C (p<0.001)0]1%loH, SA A4
& GGToll 7P¢ G2 A= 83108 YelgtthTable 3).

i

2k

MHO®F MAO-0 & F-573fo] 7+ 54:0] 2ol 5 Yol A},
AST, ALT, GGT= MAOTRE T MHOT oA EAACE §-9
SHA| ottt J#u MHOW-S MHNOREE = 7F 447
=7 ebRteh T3 A v S el e
lom, slelEd, 358, SZUAEE, S84, HDL-C
& AST, ALT, GGTell 8= nX= Ad a1 o= eyttt
Ak o2 A7t vlnkel(metabolically healthy obese,
MHO)&- A=A ¢ & F716H3lS ti= v|vhe]] &51A]R 4
2o g oledl 7Ado] 1l YA vutE 7L wron] Eeto]

hv y =

L AT AR o) o] HI7} o tiARA O = 7% JHE o

o] Gl HITAE ThAOR ThALA o4 fite] et

—J—F‘

Table 2. Correlation between metabolic syndrome risk factors and hepatic enzymes

AST (1IU/L) ALT (1IU/L) GGT (IU/L)
Variable
r D r D r D
Waist circumference (cm) 0.179 <0.001 0.266 <0.001 0.215 <0.001
Systolic BP (mmHg) 0.120 <0.001 0.104 <0.001 0.141 <0.001
Diastolic BP (mmHg) 0.129 <0.001 0.110 <0.001 0.144 <0.001
Total cholesterol (mg/dL) 0.111 <0.001 0.150 <0.001 0.178 <0.001
HDL-C (mg/dL) —0.027 0.078 —0.149 <0.001 0.024 0.082
LDL-C (mg/dL) 0.081 <0.001 0.144 <0.001 0.077 <0.001
Triglyceride (mg/dL) 0.128 <0.001 0.191 <0.001 0.308 <0.001
Fasting glucose (mg/dL) 0.118 <0.001 0.125 <0.001 0.192 <0.001

Calculated by Pearson correlation coefficient.

Abbreviations: AST, aspartate aminotransferase ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; BP, blood pressure;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
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Table 3. Multivariate linear regression analysis: the association between the components of the metabolic syndrome with the hepatic

enzymes
AST (1U/L) ALT (IU/L) GGT (IU/L)
Variable
B SE B 0 SE B ) B SE B D
Waist circumference (cm)  0.179 0.034 0.133 <0.001 0.689 0.056 0.200 <0.001 0.939 0.094 0.144 <0.001
Systolic BP (mmHg) 0.011 0.035 0.008 0.765 0.047 0.058 0.022 0419 0.054 0.096 0.013 0.569
Diastolic BP (mmHg) 0.109 0.045 0.068 0.016 0.078 0.074 0.029 0.290 0215 0.123 0.041 0.081
Fasting glucose (mg/dL) 0.058 0.012 0.074 <0.001 0.116 0.020 0.087 <0.001 0.298 0.035 0.114 <0.001
Total cholesterol (mg/dL)  0.027 0.008 0.056 0.001 0.079 0.013 0.098 <0.001 0.054 0.021 0.035 0.010
Triglyceride (mg/dL) 0.011 0.003 0.056 <0.001 0.015 0.005 0.052 0.002 0.165 0.008 0.299 <0.001
HDL-C (mg/dL) 0.059 0.024 0.042 0.013 -0.163 0.039 -0.069 <0.001 0.860 0.066 0.191 <0.001
F=31.722* B*=0.055, 75304, F*=0.122, F=128.488, F’=0.163,
Adj #=0.053 Adj #=0.120 Adj #=0.162

Calculated by multivariable linear regression analysis adjusted for age.

< 0,001,

Abbreviations: AST, aspartate aminotransferase ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; BP, blood pressure;

HDL-C, high density lipoprotein cholesterol.

A= etk skeff-olTH14l. Bliher [23]=
QoA A 5,
H AT} Qe AeHdo] S7FSHA, BTkl 5 10 ~25%+=
ledl Al FAISH tiato] el RIE7F 2 MHOY S
B arskoich T3t v|vke] HIHA QI A= E 93l tiAHE o4

= A

5] ujg

4
2,
=
4
=
=
ok
N
i
)
ol
ok
—Orh
rr
pads
o
e,
Fo
—Orh
L
rir
1o
I

o
ofm

AlSFEH23]. 3HA, Calor 52412 159 5 F4 45
off 1l A9 FHISE vk} ge] MHOW-S AAAF
E, O 9 Ao oSt Aol S7FSHA] ohota= Hal
5191 1, Hamer®} Stamatakis [25]= MHO-2 7d7F 2
ZARSH A A E e 9l AA Aol STFsHA] skt
31 ©arskeieh v, MHOY= MHNO 3} H] e wf A2 of
ST e tiARA o k-0 WA Qe o] =0, MHOZH -+
St S SJu|SHA] = ghethal B aTETH26].

2 A2 3} MHOT-> MHNOE. ot & 2=, €, A4
31 HOMA A7} =01, MAOZEETh= WA UERT &
SHiARSSt 1 a.01o] HE-S MHO-o] MHNO- Rt
=

&

=]

AL ool e} 7k AKX = Wkl B ustgrh2,17].

£ 547} AST, ALT, GGTA+= MAOw-5.tf MHO< 0] &

QkoLt, MHNO- R o= 9tth B9t 7 a4} thAls-9<t
T

(o]
ek |
fo
ro,
rlo

o] 9lom, 5]2]EH = AST, ALTl| 7H 3¢
& U 8)lol et Aol mh=wm ZF 491 AST, ALT,
GGTY) 2 % 55 eI, & Ao Hujgda
& ¥ 3K nonalcoholic fatty liver disease, NAFLD)}

o] glo, olfel HHAL A2 Py U AEyA A
P QS =0)= Ylo] HrH29-32]. Messier 5(2]

)
>
w2
—

AT, GGT7F@on, o]= MHOR O A THE3k 24
EA40 2 5= NAFLD T 9 &o] W& oJu|dirar
FRATH18]. MHOOI|A] 7Fe] A5 ghaafo] e Ao =l

o] AJAHZ) Gl AR A] A s

koo

O

A A8 20

1o do mx ¢

Dok oo BE
w2
o of

o
rr

N
N,
my, g -
o
o
ro.
i
r
3
)
=,
bl
-0,
S
=2,
>
ro
>
r
>
ok
o,
o

o & i d
10
Hoo
AT
Q_Z:
ro

N
N
bk
Y
>

O

ol Al&dl AgHAdo] miZiA & 2-g-dhrtar
™[30], HOMA A& 7}t Q& Aa/do] of
At} ¥l s MHOEOA o8l W Aitks
oA = HOMA AJ4== MHO-0] MAO-E. T}
MHNOE TH= A Ureput A8 ed-ret dX)H 2y

2 AFATE HHsHE o2 0= Qlad 2H8-
Fhosal 7hof| A B8 = d|utE 7ol (hepatokine) 2] 3F
LRI fetuin-At Q&3 WIZHY 9 H|ehah AJaA 1§ Kol
MHO< ol A] fetuin-A7} 22 545 Hof MHOwMo| 4/ A
SHE ded Aol FES FHHoR FHsiltt

fe 4o
Bojn b
mgpm?%iﬂﬁﬁ
og;&loiiLomhr
N Py S R s Y

tlo ¢
of

&l

o

www.kjcls.org



254 Kyung-A Shin. Hepatic Enzymes in Metabolically Healthy Obese

[34-36]). 121} Soriguer 5371 MHO<-9] 37%7} 61 9]
MAOZ gk thil B aste), MHOE 1744 7ide] ofyzt
MAOR Z18He)i= 7} 7|4 dhAletar g8t S{eH38]. & A
of|A%= MHNOllA MHO2F MAO-2 & ZI38=E HOMA
A5 A ARt SR T AKX TS
4 glch 18R MHOE §1¥e] ¢l
of e} tApA C.= o} /o] 9l
AR A 18 E3sta
[39,40]. MHO®]| gt c}e
o] Yol B8al(l,6,
R IR R e
AHA 0.8 24743t BTt o

d

>.

N o
oy 1 it
OIS
O e

=

|o
buorlr

LS
o rr
(RIRPA}

I

rr

yo rlr
rlr
poy
|o
bl

O
o
ot
N
Y
N,
N
Lo
by 1%
AN =
o S
o

:
el
o
oo b fl
o,
o2
o

X T

=
&
fh
re,
rir
=
a5
O
B
r_l

I

b
i

r
oX,
o
et
ro,
ook

O
[l

(A
C [
A=)
2
oZ
=
b
oo
o,
)

ot
BN
)

i)
i
12
[e] (0]
]
=
jam
@)
b
flo
:
b
i)
)
=1
:<l>:l-
o
fk
>

e oz
k1
o lo
oN
B
(o Mu

MU T
2
|o
A
)

b ot
B>
Ir
=
oN
%

SURNCY
40 Ho
)
ry L
o,
x0,
rir
pay

iw
i)
o
o

o,
o
o,
30,
rlr
=)
=}
B
]
o)

[}
)
i
)
>~
o,
12
J_o

il
Ry
o
=
=
ol
ox,
2

o)
kot
B
N
o

-

[l

L8 o

>

2 o

LA -3

ox

o ok

£ 4
%0,
rir
)
Fl
ro
L

¢ Mo ¢
ok
o]
ok

S/
>
2

1

°o 1
5 7
rok
=
L 5

of 2 A7/} o 7Eck, o]
2743k HlgrAe] BjAa 0 5 ofafo

7S R O Tk
Aol B astelet AR CH4L,

o HU o ¥R
o
-

—
mek %O,
o an xo

)

tjAFz o & A7t vlukel(metabolically healthy obese,
MHO) thAH S-S S HISHA] ofom, I3t A& o]
T &= otal Sl e A4Sk HIRke] A o]t o]
A= 2041] o)/ 704 ofske] = thAt o= vt AR
o] A} -5 whek MHNO, MHO2F MAOR: 0. & E-53-sto] 751
420] Ao 5 YotH il thAA O 7 70 vluhg /oAl 7 &
A7FHAR o] A5 4= Qs AR 1L A QJolE
stelslarzl ki), Executive Summary of The Third Report
of The National Cholesterol Education Program Adult
Treatment Panel ITT (NCEP-ATP III) {et7]5=0 & tjA}A o]
23S 7rekel o, He 7|52 WHOON A AJAJSH= oFA]
ofelo] 7|58 whet Al Fto2 BRoltt X% A it
9,083 & HAFHCRE A7eE AAHIETHmetabolically
healthy non obese, MHNO) 2,878, thAF4 0. & 733t 1]
dH(metabolically healthy obese, MHO) 5,427, ThAFZ] &

n

ox.

www.kjcls.org

F oJAko] Ql= H|u(metabolically abnormal obese, MAO)
1,378 ©]3ith. AST, ALT, GGT+= MAOT- K.t} MHO-A]
SAROE FoJoHA| @oto k7t p<0.001), MHOT-
MHNOwEtH= 7F 2AX7F A YepdthZ2E p<0.001).
E3h 7 B AR 19 8913k eo] glom, SEE
dl, 3599, T2 AHE, S49AY, HDL-C2 AST, ALT,
GGToll & mX&= E 0107 eyttt 22207 4
AP 0 & A7 e vIRh /ol Al 7 AL ShARY o] kg ol

4 gl A AL el

Acknowledgements: None
Funding: None
Conflict of interest: None

REFERENCES

1. Karelis AD, Brochu M, Rabasa-Lhoret R. Can we identify meta-
bolically healthy but obese individuals (MHO)? Diabetes Metab.
2004;30(6):569-572.

2. Messier V, Karelis AD, Robillard ME, Bellefeuille P, Brochu M,
Lavoie JM, et al. Metabolically healthy but obese individuals:
relationship with hepatic enzymes. Metabolism. 2010;59(1):
20-24.

3. Messier V, Karelis AD, Prud'homme D, Primeau V, Brochu M,
Rabasa-Lhoret R. Identifying metabolically healthy but obese
individuals in sedentary postmenopausal women. Obesity
(Silver Spring). 2010;18(5):911-917.

4. Karelis AD, Faraj M, Bastard JP, St-Pierre DH, Brochu M,
Prud'’homme D, et al. The metabolically healthy but obese in-
dividual presents a favorable inflammation profile. J Clin
Endocrinol Metab. 2005;90(7):4145-4150.

5. Shea JL, King MT, YiY, Gulliver W, Sun G. Body fat percentage
is associated with cardiometabolic dysregulation in BMI-de-
fined normal weight subjects. Nutr Metab Cardiovasc Dis.
2012;22(9):741-747.

6. Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak S,
Wylie-Rosett J, et al. The obese without cardiometabolic risk
factor clustering and the normal weight with cardiometabolic
risk factor clustering: prevalence and correlates of 2 pheno-
types among the US population (NHANES 1999-2004). Arch
Intern Med. 2008;168(15):1617-1624.

7. Peppard PE, Young T, Palta M, Dempsey J, Skatrud J. Longitudi-
nal study of moderate weight change and sleep-disordered
breathing. JAMA. 2000;284(23):3015-3021.

8. Sowers M. Epidemiology of risk factors for osteoarthritis: sys-
temic factors. Curr Opin Rheumatol. 2001;13(5):447-451.

9. Frezza EE, Wachtel MS, Chiriva-Internati M. Influence of obe-
sity on the risk of developing colon cancer. Gut. 2006;55(2):
285-291.

10. Stefan N, Kantartzis K, Machann J, Schick F, Thamer C, Rittig K,



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

et al. Identification and characterization of metabolically be-
nign obesity in humans. Arch Intern Med. 2008;168(15):
1609-1616.

D'Adamo E, Cali AM, Weiss R, Santoro N, Pierpont B, Northrup
V, et al. Central role of fatty liver in the pathogenesis of insulin
resistance in obese adolescents. Diabetes Care. 2010;33(8):
1817-1822.

Flegal KM, Kit BK, Orpana H, Graubard BI. Association of
all-cause mortality with overweight and obesity using standard
body mass index categories: a systematic review and meta-
analysis. JAMA. 2013;309(1):71-82.

Beleigoli AM, Boersma E, Diniz Mde F, Lima-Costa MF, Ribeiro
AL. Overweight and class I obesity are associated with lower
10-year risk of mortality in Brazilian older adults: the Bambui
Cohort Study of Ageing. PLoS One. 2012;7(12):52111.
Primeau V, Coderre L, Karelis AD, Brochu M, Lavoie ME,
Messier V, et al. Characterizing the profile of obese patients
who are metabolically healthy. Int ] Obes (Lond). 2011;35(7):
971-981.

Meigs JB, Wilson PW, Fox CS, Vasan RS, Nathan DM, Sullivan
LM, et al. Body mass index, metabolic syndrome, and risk of
type 2 diabetes or cardiovascular disease. J Clin Endocrinol
Metab. 2006;91(8):2906-2912.

Lee K. Metabolically obese but normal weight (MONW) and
metabolically healthy but obese (MHO) phenotypes in Koreans:
characteristics and health behaviors. Asia Pac J Clin Nutr.
2009;18(2):280-284.

Brochu M, Tchernof A, Dionne ], Sites CK, Eltabbakh GH, Sims
EA, et al. What are the physical characteristics associated with a
normal metabolic profile despite a high level of obesity in post-
menopausal women? J Clin Endocrinol Metab. 2001;86(3):
1020-1025.

Mulhall BP, Ong JP, Younossi ZM. Non-alcoholic fatty liver disease:
an overview. ] Gastroenterol Hepatol. 2002;17(11):1136-1143.
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive summary of the third re-
port of the national cholesterol education program (NCEP) ex-
pert panel on detection, evaluation, and treatment of high
blood cholesterol in adults (Adult Treatment Panel III). JAMA.
2001;285(19):2486-2497.

World Health Organization. The Asia-Pacific Perspective:
Redefining obesity and its treatment. Sydney, Australia: Health
Communications Australia; 2000. p19-20.

Lynch LA, O'Connell JM, Kwasnik AK, Cawood TJ, O'Farrelly C,
O'Shea DB. Are natural killer cells protecting the metabolically
healthy obese patient? Obesity (Silver Spring). 2009;17(3):601-
605.

Moon K, Sung SH, Chang YK, Park IK, Paek YM, Kim SG, et al.
The association between Apolipoprotein E genotype and lipid
profiles in healthy woman workers. J Prev Med Public Health.
2010;43(3):213-221.

Blither M. The distinction of metabolically 'healthy' from "un-
healthy' obese individuals. Curr Opin Lipidol. 2010;21(1):38- 43.
Calori G, Lattuada G, Piemonti L, Garancini MP, Ragogna F,
Villa M, et al. Prevalence, metabolic features, and prognosis of
metabolically healthy obese Italian individuals: the Cremona
Study. Diabetes Care. 2011;34(1):210-215.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Korean ] Clin Lab Sci. Vol. 49, No. 3, September 2017 255

Hamer M, Stamatakis E. Metabolically healthy obesity and risk
of all-cause and cardiovascular disease mortality. J Clin
Endocrinol Metab. 2012;97(7):2482-2488.

Bell JA, Kivimaki M, Hamer M. Metabolically healthy obesity
and risk of incident type 2 diabetes: a meta-analysis of pro-
spective cohort studies. Obes Rev. 2014;15(6):504-515.

Hong HC, Lee JS, Choi HY, Yang SJ, Yoo HJ, Seo JA, et al. Liver
enzymes and vitamin D levels in metabolically healthy but
obese individuals: Korean National Health and Nutrition
Examination Survey. Metabolism. 2013;62(9):1305-1312.
Ibrahim MM. Subcutaneous and visceral adipose tissue: struc-
tural and functional differences. Obes Rev. 2010;11(1):11-18.
Hanley AJ, Williams K, Festa A, Wagenknecht LE, D'Agostino RB
Jr, Haffner SM. Liver markers and development of the metabolic
syndrome: the insulin resistance atherosclerosis study. Diabetes.
2005;54(11):3140-3147.

Hanley AJ, Williams K, Festa A, Wagenknecht LE, D'Agostino RB
Jr, Kempf], et al. Elevations in markers of liver injury and risk of
type 2 diabetes: the insulin resistance atherosclerosis study.
Diabetes. 2004;53(10):2623-2632.

Stefan N, Kantartzis K, Haring HU. Causes and metabolic con-
sequences of fatty liver. Endocr Rev. 2008;29(7):939-960.
Thamer C, Tschritter O, Haap M, Shirkavand F, Machann J,
Fritsche A, et al. Elevated serum GGT concentrations predict
reduced insulin sensitivity and increased intrahepatic lipids.
Horm Metab Res. 2005;37(4):246-251.

Frayn KN. Adipose tissue as a buffer for daily lipid flux.
Diabetologia. 2002;45(9):1201-1210.

Mathews ST, Singh GP, Ranalletta M, Cintron V], Qiang X,
Goustin AS, et al. Improved insulin sensitivity and resistance to
weight gain in mice null for the Ahsg gene. Diabetes. 2002;
51(8):2450-2458.

Ix JH, Wassel CL, Kanaya AM, Vittinghoff E, Johnson KC, Koster
A, et al. Fetuin-A and incident diabetes mellitus in older
persons. JAMA. 2008;300(2):182-188.

Stefan N, Hennige AM, Staiger H, Machann J, Schick F, Krober
SM, et al. Alpha2-Heremans-Schmid glycoprotein/fetuin-A is
associated with insulin resistance and fat accumulation in the
liver in humans. Diabetes Care. 2006;29(4):853-857.

Soriguer F, Gutiérrez-Repiso C, Rubio-Martin E, Garcia-
Fuentes E, Almaraz MC, Colomo N, et al. Metabolically healthy
but obese, a matter of time? Findings from the prospective
Pizarra study. ] Clin Endocrinol Metab. 2013;98(6):2318-2325.
Appleton SL, Seaborn CJ, Visvanathan R, Hill CL, Gill TK, Taylor
AW, et al. Diabetes and cardiovascular disease outcomes in the
metabolically healthy obese phenotype: a cohort study. Diabetes
Care. 2013;36(8):2388-2394.

Yoo HJ. Pathogenesis and clinical implications of metabolically
healthy obesity (MHO) and metabolically obese normal weight
(MONW) subjects. ] Korean Diabetes. 2014;15(1):12-16.

Hong SB, Shin KA, Choi WS. Comparison of echocardiogram
and clinical profile between metabolically healthy obese (MHO)
and non metabolically healthy obese (Non-MHO) subjects. ]
Exp Biomed Sci. 2012;18(3):260-267.

Velho S, Paccaud F, Waeber G, Vollenweider P, Marques-Vidal
P. Metabolically healthy obesity: different prevalences using
different criteria. Eur J Clin Nutr. 2010;64(10):1043-1051.

www.kjcls.org



