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Fig 1. RAS (Renin-Angiotensin System) model
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Subjects

]

ly

= N = 62 (M=29, F=33)

= Age : 10-13 yrs

2

Measurements

Anthropometrics, RMR (Resting Metabolite Rate)

Q

Bleeding

( 5m)

3

Whole Blood

= Hematologies
WBC (White Blood Cell)
RBC (Red Blood Cell)
Hb (Hemoglobin)
Hct (Hematocrit)
MCV (Mean Corpuscular Volume)
MCH (Mean Corpuscular Hemoglobin)
MCHC (Mean Corpuscular Hematocrit)
PLT (Platelet)

= ACE gene polymorphism
by PCR

2

Serum

= Serum lipids profiles
TC (Total Cholesterol)
HDL-Cholesterol
LDL-Cholesterol
TG (Triglyceride)
apo B (apo-lipoprotein B)
apo Al (apo-lipoprotein A1)
CRP (C-Reactive Protein)

== Insulin Resistance Indices
Glucose
HbAlc (Hemoglobin Alc)
Insulin

C-peptide

Fig 2. The experimental design of this study.
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150cm ©] A £ 16003 & viwte s #A 3= &ote ASF AR
stel A zbol A gel wha} AR A Fo] W] Wil TLIT AAAA

2717 A FF Ae £AH] sl

2,
)
¥°

4) BAAA 2 24

1247 014 % A2 FA5A @ F AIAZRY FAFAYY
AN % 5me AAsAt AAT LYo ARE FA2 FFA 243
gAgd £4E 9ste] EDTA tube (VACUTAINER'™)el se} 4Tl
ARF F o2 Fsdslch WA AR BAL A6 A gL

gol 4T, 3000rpmel A 15% 7+ 94 Ee 3 AL HAsx

~

24 AAA -80TAA WF wasglch.



D d%q A4

A Fde HE(whole blood)E € WM ¥F(White Blood Cell; WBC),
A ¥ F(Red Blood Cell; RBC), 3] 2Z 24 (Hemoglobin; Hb), slnlE 33
(Hematocrit; Het), 3 & ¥+ 434 (Mean Corpuscular Volume; MCV), %

d

A % ¥ 5% (Mean Corpuscular Hemoglobin Concentration; MCHC), ¥4 %

off

& A8 F 2% (Mean Corpuscular Hemoglobin; MCH), 3 ¥ 23+

(Platelet)2 A5} &47](CELL-DYN 1800, ABOTT, USA)E

Agahel ¥4 shelh.

2) AststA A A

HF A AoNAH F FH 2H E(Total Cholesterol; TC)H FA A A
(Triglyceride; TG), HDL-Z# 24 & (High density lipoprotein-cholesterol),
ol £ 2] gt 2 B(apo-lipoprotein B; apo B), o}Ex] ¥ 2 Al(apo-lipo
protein Al; apo Al), C-4t3-A 9 A (C-Reactive Protein; CRP)2
a2y 93 g7 FAHE &3 kit(Boeringer mannheim, Germany)$
o] §3to] w A AFs ).

LDL-Z# 2 &< Friedwald formular?] 32*e] o] A3 9ow,
= 7 3} 2] 4= (Atherogenic Index; AI)E Murata 52 #¥ oz A

}ol o

402



LDL cholesterol = Total cholesterol - HDL cholesterol - (Triglyceride+5)

Atherogenic Index =

(Total cholesterol - HDL cholesterol) + HDL cholesterol

eI AHAF AAEEN EF glucose FE+ glucotrend

(Roche. Germany)& At-&3te] &A% 3, insulin® C-peptide, HbAlc

T

= A3 FEA 7S AH$3std b (Selectra II. Vital scientific N.V.
Holland).

(5) ¥ A AZF (Resting Metabolic Rate; RMR) &3

F93 2282280 E (MedGem' ", Body Planner Co., Korea)= RMR} o]
Uz ZHelA 74 2od AAecoz oyl A22H (V0P <
AEs] SAT 5 Jd= ANEHAN, FAd7 7ML ASge] R 5.

=
SR ] oMM E I Fho] HlmH A &3}, o] FI AT @}

E EUHI & & # ol 4 Ay GdF AFS B EFFH e
2 39

E2AH FoEd Bo A% 9% 87%e) FA4E Ed2 AF

e
o

2
R0
o
o
i
+
X2
o




FA357 A AAY AT A&l F 108 AL 243 FAHS A TF
o]
A

EE32 2571 A9 AEdA vHxF FHL

R B

RMR-& Weir 43 0.858t= 24 354

¢ ol AL HQow, 1 e Bt g,

<
=
9]
n
=
=
[+¥)
S
=}
=
<
Ia)
jort
=}
g
¢}
=
o
=
2

RMR(kcal/day) = 6.931 x VO: (ml/min)




(6) ACE #+AA 934 &4

1) genomic DNA F%&

A A A genomic DNA FZ9] A£5+= BWg NW Bufferedl

ethanol® 77 24nt, 30n¢ A7hstel HAE F Agstdeh.

A ¥ (whole blood)S spin down 371 93 vortex gc}.
SamplesE ¥l e-tubed] Z+Z 200u Yo Ft}.

BL Buffere 200 Y3, o] W #AFo] A7A @=EF F9%

*

Sample®} BL Buffer7} S9°] 9+ e-tube®] protease 205 2 =t}.

e-tube ¥4 & 23, A vortex gr}.

© o ® @ o e

56 Cel A 20 7t incubation gtt}.
Incubation®] Ey sampled] ethanol (99.99%) 200 & 9 =t}.

ZA#A spin down A At}

© ©@

Spin columnel] 650uLE& Yol&E F 1% 59 8000 RPMLoE A FeE ).

©

A Spin column®l €o]¥ 3, 12} Washing A4S ¢l BW Buffer

700uE A Y& F 1¥ FU¢ 8000 RPMo =z d4Ee o).

©

tt Al A Spin column®l 9eo]E 3, 23} Washingd ¢ 31 NW Buffer
3

5005 e ¥ F 3E ¥ 15,000 RPMo= 94 & o).

®

Hl e-tubed] spin columne ¥ 3, AE Buffer 2000 & ¥ =t}.

®

AL A 2% AX incubation 39 A A DNAE F&5T

i



2) PCR$ primer AZ 2 A&

oz €A AFa L A A (Angiotensin-Converting Enzyme gene)$]
ZZg 9d A4 A7)Ad(sequence)e Evans S°V¢ 93 wyjeoz
sl 2w, ACE$ Primer (COSMO GENETIC Co., Korea)= @43

oligonucleotides& F3lo A}-£3% ).

ACE 1 5" - CAT CCT TTC TCC CAT TTC TC - 3’
ACE 2 5" - TGG GAT TAC AGG CGT GAT ACA G -3
ACE 3 5" — ATT TCA GAG CTG GAA TAA AAT T - 3

3) PCRE o] 4% ACE 444 23

PCR H-3-9 PCR =71
33 D.W Cycle 1:(1x) Stepl: 95T for 03:00
10mM Tris-Hcel (pH 9.0)
10X
50mM KCl1 .
S - loading | Cycle 2:(35x) Stepl 94T
0.1% Triton X-100 buffer Step 2 55T for 00:30
2.5mM MgCl Step 3 72T
200uM dNTP (AATP,dTTP,dGTP,dCTP)
0.2 uM ACE 1 Cycle 3:(1x) Stepl: 72T for 03:00
Primer
0.2 uM ACE 2 _
mixture
0.2 uM ACE 3 Cycle 4:(1x) Stepl: 4C for o
1.5 units®] Taq polymerase




%3 genomic DNA 18} PCR W59 24 E &35t F 2547}
¥ EE 39 t. PCR 4982 Multicolor Real-Time PCR Detection System
(iCycler iQ"", Bio-rad Co.,Korea)Z o] &3to] t}&o] wtgzA o o3 43
3 9 o}
95T A 3%¥7+ A A (pre-denaturation) A F, 94T A 30x F9k
DNAZE A (denaturation) A17]3, 55C]4 30% %< Primers ZF
(annealing) AAA, 72Ce 4 30% E9 DNA 4 (polymerization)z}
84 (extension) HF-§&& 353 HbE-3 F FHFEHOEF T2CdA 387 W3

(last-extension)3} ¢ ©}.

4) 3.5% agarose gel =7

10X TAE buffer(10mM Tris-cl, ImM EDTA, 10%(w/v) SDS,
Proteinase K 20mg/ml, pH=8.0)% 1XZ 3 A3 ¥ 1X TAE buffer®
PYREX 500ml ¥l 100m¢ ¥ 3, agarose(AMRESCO, USA) 3.5g%
Holx $A3] o 55 wztA] AAEARA A #U F Z6E Combs
o}
o

o

d A Fo Ady X3, Aol 25 WA o AT AE

Sl

_?‘
o}

N

faid



5) A 7149 % (Electrophoresis)

10X TAE buffer(10mM Tris-cl, ImM EDTA, 10% SDS, Proteinase K
20mg/ml, pH 8.0)% 1X=E 3 A3 F 3.5% agarose gel(AMRESCO, USA)
= WS FY¥ A Fo ARy F3 . FFF DNAC loading
buffer(10X) 1xE Y& F EF332 220Vl A 1Az F HMES .
00bpE A-&3 %},

[\

DNA EZEQL
6) ACE %44 g4 Add 4 %4 2 2%

A71dFo] B3 geld EtBr(ethidium bromide)3 F

=
=4
gHAE ¥l UV transilluminator® WE=g &lste]

Fig 3. Reading analysis of ACE genotypes



B dF 25+ F74 Package SPSS/Win Ver 12.0& o] £3lo £
st e, 7t A FE g BRE FAX= Fd(Mean) + IFRH A

(Standard Deviation; SD)® A+&3}9 ).

Zr i gEo W3 A{PAA = Pearson’s correlation coefficents=
A5 e, Ao & FAAHL t-testE o] §3t FAH 3} A
ACE A 3 A3 vgtse o8 ARAA A= A e FdAd &
AF37] Y& A A8 S RA S General Linear Model(GLM)
o2 BA BAH3}Y AYsden, 37 79 #F9A AFS p<0.05(x)%

p<0.01(xx), p<0.001(x=x) 4

PN
=
X
(holé
ol
o)
4



£ AT WAAEES F 62902 o} 209, oo} 33%elw, AAAZ 2

RMR 24 9@ 28 54 vhest Zeh(Table 1),

Jm

WAAEe] 944, A%, AF, RMR, BMR, VO2, BMI, RI, % body fat,
WHR, Fat mass, Muscle, LBM, Tricep, Subscapular, Suprailiac °l 4]
5% AAAZ Be 4E e zelst gsleh.



Table 1. General characteristics by anthropometrics in total subjects
Gender
Total Subjectsl)
Anthropometrics Male Female p-value’
(n=62) (n=29) (n=33)

Age (year) 11.52 + 0.971 11.48 + 1.153 | 11.55 + 0.794 N.Ss ¥
Height (cm) 143.64 + 8.345 142.78 + 9.320 144.40 + 7.448 N.S
Weight (kg) 42.31 + 10.368 42.11 + 11.922 42.49 + 8.971 N.S
RMR (kcal/day)4) 1396.94 + 262.007 |1372.41+ 312.737|1418.48+ 210.373 N.S
BMR (kcal/day)” 1018.42 £ 113.868 [1022.38 £119.207|1014.94 +110.704 N.S
VO: (ml/min) ¢ 201.44 + 37.695 197.86 + 45.016 | 204.58 + 30.227 N.S
BMI (kg/m*” 20.26 + 3.410 20.35 = 3.997 20.18 + 2.859 N.S
RI (kg/cm®)x10” ¥ 140.84 +20.727 142.20 + 24.280 | 139.64 + 17.318 N.S
% body fat 27.46 +8.762 26.04 = 9.775 28.71 + 7.701 N.S
WHR ? 0.89 + 0.042 0.88 + 0.040 0.90 + 0.043 N.S
Fat Mass (kg) 12.29 + 6.319 11.89 + 7.556 12.64 + 5.089 N.S
Muscle (kg) 28.27 + 4.992 28.47 + 5.201 28.10 £ 4.876 N.S
LBM (kg) ' 30.04 + 5.268 30.22 + 5.512 29.88 + 5.124 N.S
Tricep (mm) 22.60 + 6.686 21.41 * 6.951 23.64 £ 6.368 N.S
Subscapular (mm) 15.18 + 7.662 14.00 + 8.084 16.21 + 7.236 N.S
Suprailiac (mm) 18.60 + 7.779 17.28 + 8.387 19.76 + 7.128 N.S

Values are Mean = SD

No gender differences by t-test.

N.S : No significant differences between male and female.

Y RMR : Resting Metabolic Rate, ® BMR : Basal Metabolic Rate
VO : Volume of Oxygen consumption, ? BMI : Body Mass Index

8 RI : Rohrer Index,  WHR : Waist-Hip Ratio, 1 1BM : Lean Body Mass



2 AFedA 7 dAAEr A ZE2] SAYW (MedGem, Body Planner

B
Co., Korea)& °] 43 RMR< BMI(p<0.05, r’=0.141)%} Muscle(p<0.001,

’=0.207)o A 747} ko] AAAAE K el F9H(Fig 4).

=, £obE WASE HWE DAL T W g wel R HEA

MIS} RI] A#A (p<0.001, 1’=0.892)& £ A3} Fat mass$
£& ¢ & 99

A+=E B

RI®) 24 (p<0.001, r’=0.721)Et} t] =A vebyd

o]t £ 77 BMIE ol §3te] MBHES DAY Pho] ASo] U

B F= ZAFe]}(Fig 5).
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Fig 5. Correlation of the BMI, Muscle, and RMR




AR A FoNA TG TG/HDL-C ratioZ} Al ulg} z}po]r} =4,
o] & ofolr} Fofel Hls TG7F FYH2E E57] Wl Ee°]h(p<0.05).
TC, HDL-C, LDL-C, & A8 34 A5 12397 d3sE a9
2 ¢¥# apo B/apo Al ratio, Al 5 ot & WE S A= Ade 1 & #9
A Aol k. Y, Lopr) A ANAS FA - #FEL
Ao AAEFE AT F & ¥ ol THAsFSE vE oW
g 5 Qe At Ju2 o)5e 43 E
stAc. welA, A2 A FH HEE FA Al TG/HDL-C ratio,
apo B/apo Al ratio® AIA L 9 AAFAE B F9d(Fig 6).
d&d A3JA FAH AdANA = glucose?} o ool vl Folell A H2]F]
2 F71s 9 2 (p<0.05), T2 WHFoA = Al wE F9H3 ze]st
. 28y, kg 22 jnsuling #H FHe] & 2 A AYANE
93¢ v BZ insuling W wIH 2 FEH FIFAHAS B
BMI(p<0.001, r*=0.294), % body fat(p<0.001, r*=0.202), WHR(p<0.001,r°=0.184),
TG/HDL-C ratio(p<0.001, r’=0.255)%°] insulin® ¢ 434 2 Jebytel
(Fig 7). 99, 4784 I3 W49 WBC, RBC, Hb, Het, MCV, MCH,

=
ofy
ko
ot
1o
1o
N
¥o
o)
k

MCHC, PLT= EF A ©2 oA Ael7t sigdch.



Table 2.

General differences on serum lipids profiles, insulin

resistance indices, and hematologies in total subjects

Gender
Serum lipids Total(nS_I:isz)ectsl) Male (n=29) Female (n=33) p—valueZ)
TC (mg/dl)? 163.97 + 30.291 | 168.38 + 34.837 | 160.09 + 25.575 N.s ¥
HDL-C (mg/dl)” 51.79 + 10.786 | 53.86 + 10.786 49.97 + 10.614 N.S
LDL-C (mg/dl)” 94.06 + 26.149 | 98.44 + 28.098 90.21 + 24.082 N.S
TG (mg/dl)” 90.58 + 34.734 | 80.38 + 28.239 99.55 + 37.748 *
apo B (mg/d)? 56.83 + 14.050 | 57.51 + 16.517 56.23 + 11.696 N.S
apo Al (mg/dl)” 145.36 + 18.924 | 149.61 + 20.862 | 141.63 + 16.466 N.S
CRP (mg/dD)™ 1.47 + 3.443 1.30 + 2.333 1.62 + 4.218 N.S
TG/HDL-C ratio'” | 1.88 + 0.995 1.55 + 0.597 2.17 + 1.179 *
TC/HDL-C ratio™ | 3.25 + 0.724 3.19 + 0.775 3.30 + 0.685 N.S
apoAi/apoB ratio’” | 2.69 + 0.664 2.76 + 0.653 2.64 + 0.679 N.S
apoB/apoAl ratio™? 0.40 £ 0.114 0.39 + 0.130 0.40 = 0.098 N.S
AL ™ 2.25 + 0.724 2.19 + 0.775 2.30 + 0.685 N.S
Insulin Resistance
Indices
glucose (mg/dl) 88.06 + 8.832 91.00 + 8.775 85.48 + 8.163 *
HbAlc (%) 5.5 + 0.023 5.4 + 0.042 5.5 + 0.034 N.S
insulin (uIU/m¢) 11.69 + 7.819 10.52 + 7.186 12.73 + 8.307 N.S
C-peptide (ng/ml) 2.00 + 0.916 1.86 + 0.760 2.13 + 1.029 N.S
Hematologies

WBC (k/u)"” 7.14 + 1.779 7.13 + 2.066 7.15 + 1.515 N.S
RBC (cellx10%/u0)"™| 4.83 + 0.258 4.84 + 0.286 4.83 + 0.236 N.S
Hb (g/d0)" 14.02 + 0.732 14.04 + 0.695 14.00 + 0.773 N.S
Het (%)™ 41.38 + 1.956 41.25 + 2.125 41.49 + 1.821 N.S
MCV (fL)*" 85.67 + 2.857 85.32 + 2.284 85.97 + 3.285 N.S
MCH (pg)*® 29.03 + 1.268 29.06 + 0.943 29.01 + 1.512 N.S
MCHC (g/d)* 33.89 + 0.784 34.06 + 0.719 33.74 + 0.819 N.S
PLT (k/u) *¥ 333.39 + 73.045 | 340.34 + 55.178 | 327.27 + 86.166 N.S

Y Values are Mean + SD

? No gender differences at p<0.05 (¥) by t-test. > TC(Total
N.S : No significant differences between male and female.
® HDL-C : High Density Lipoprotein cholesterol, 9 LDL-C
TG Triglyceride,s' apo B: apolipoprotein B, 9)alpo Al :

1)

Cholesterol,

: Low Density Lipoprotein cholesterol
apolipoprotein Al,m' CRP : C-Reactive Protein,

" TG/HDL-C ratio : Triglyceride/High Density Lipoprotein cholesterol,”” TC/HDL-C ratio : Total Cholesterol/High Density Lipoprotein cholesterol

¥ apoAl/apoB ratio :

9 AI : Atherogenic Index,'® HbAlc : Hemoglobin Alc,
20) . i
Hct : Hematocrit,

19)

Hb : Hemoglobin,

apolipoprotein A1/apolipoprotein B, apo B/apo Al ratio :

17)

apolipoprotein B/apolipoprotein Al,
RBC : Red Blood Cell," WBC : White Blood Cell,
) MCV : Mean Corpuscular Volume,

2 MCH : Mean Corpuscular Hemoglobin,zs' MCHC : Mean Corpuscular Hemoglobin Concentration,% PLT : Platelet
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3. ACE #44 g4 d& 3§23 £x9 9E 24

2 7ML ACE #2474 o34 @& 4 FIs DY (66.1%)

BN

419, 113 (33.9%) 219 22 ZA5 9 =4 (Table 3-BZ1), ol TFAd S

o
O

PAes 243 IDIY FALF(44.5%) MRS dw, ojd dFA
IDH o] F3 20% FAE ¢ Po] £xd 722 Yerydo(Table 3).

, TF 12,8499 & WAL R AT AF S @€ FA FEAAME
ID3 (44.5%)>113 (41.1%)>DD¥ (14.4%)Z ID¥ ] 7}3 wo] Yelyton,
Aokql 29238 & AR AT dFNA = IDH(47.5%)>DDH (29.6%)
>3 (22.9%) €22 F4AH} vizngdS o OF % DDA F =7} 79

X
Aot glgleut 94 DYl 7% wel £EH AL ¢ 4 Utk

53], ¥FUd& dAez 3§ dFdA = IDF (48.0%)>11% (35.1%)>DD3
o2 23y 7S Jehy o (Fig 8).



Orients Caucasians Koreans

(12,849 9) (2,923 9) (549 %)

Fig 8. The allele frequencies of ACE genotypes among

Orients, Caucasians, Koreans groups

olg ATH}ZL Jd= I LIS 95t ACE +AA Aol &

FA BXAA o]FFHFAA IDF WEVF FIFHFAA I ol DDA

Rep go] FEHPLEE AT dAG 9, V) 2$ 97, 245 97, @

A 970 Aotg 'Y 5o dFAFAs AE A A} o) g AiE o

FAHZE ¥ A U£Se AT HH4E 97, 249 9759 o
TE @7 AA 3} H(Table3-HE21).



Table 3. The Frequencies of the Angiotensin Converting

Enzyme genotypes between Orients and Caucasians

ACE genotype Allele
Subjects N (%) frequency®
II ID DD " D ©
Orients
Koreans' 549 35.1 48.0 16.9  0.591 0.409
Japanesesm 10,772 41.9 43.5 14.6 0.637 0.363
Chineses” 1,528  46.2 42.1 11.6  0.673 0.327
x Al 12,849  41.1 445 14.4  0.634  0.365
Caucasians
American® 652 20.5 51.6 27.9  0.463 0.537
Australian® 178 23.4 52.8 23.8  0.498 0.502
Denmark® 169 20.1 55 24.9  0.476 0.524
Finland” 454 19 48 33 0.430 0.570
France” 156 18 48.8 33.2  0.424 0.576
Italy” 296 84 523 393  0.346 0.654
Pima Indians'” 301 51.8 40 8.5 0.717 0.283
Spain'" 367 14 46 40 0.370  0.630
Turkey'? 102 24.1 30.2 45.7  0.392 0.608
United Kingdom"™ 248 29.2 51.3 19.5  0.549 0.451
& Al 2,923 22,9 47.5 29.6  0.466 0.534
3 Al 15,772 32 46 22 0.550  0.450

a)

The observed genotype frequencies were in agreement with frequencies predicted

by Hardy-Weinberg equilibrium.

D) (1x2)+1D}/2

) (DDx2)+ID}/2



Table 3 - Bz 1

ACE genotype Allele
Subjects N (%) frequency®
nm I pp 1" DY
Koreans”
"V 49 10-13yr  children 62 33.9 66.1 0.670 0.330
"2 9 30<yr healthy obese 155 38.1 43.8 18.1 0.600 0.400
9 4 22<yr healthy men 39 38.4 48.7 12.8 0.628 0.372
g 15<yr young men 40 35 32.5 32.5 0.513 0.487
1-5) athelets
¢ 20<yr 46  32.6 45.7 21.7 0.554 0.446
(soccer+hockey)
6 »  22<yr judo athelets 56 41 42.8 16 0.624 0.374
"D 4 20-28yr healthy men 57 43.8 40.4 15.8 0.640 0.360
89 20<yr elite athelets 94 18.1 63.8 18.1 0.500 0.500
2 A 549 35.1 48 16.9 0.591 0.409

1-1)

This study

"2} Clinica Chimica Acta 328 : 173-178, 2003.[ref.54]

" Journal of Sport and Leisure Studies 21 : 577-586, 2004.[ref.55]

1-4)

The Korean Journal of Exercise Nutrition 7(2) : 119-125, 2003.[ref.56]

">’ The Korean Journal of Exercise Nutrition 6(2) : 77-84, 2002.[ref.57]

"6 The Korean Journal of Physical Education 41(2) : 689-700,2002.[ref.58]

""? The Korean Journal of Physical Education 42(6) : 857-867,2003.[ref.59]

"8 J. Korean. Soc. Living. Environ. Sys. 11(4) : 290-294, 2004.[ref.60]

a)

The observed genotype frequencies were in agreement with frequencies predicted

by Hardy-Weinberg equilibrium.

D) ((11x2)+ID)/2

c)

{(DDx2)+ID}/2



Table 3 - BEx 2

ACE genotype Allele
Subjects N (%) frequency®
n I pp 1” DY
Japanesesz)
2D 4% 55-60yr NTY+HT® 182  43.4 37.9 18.7 0.623 0.377
22 29 27-66yr  Nomal 136 41.2 41.2 17.6  0.618 0.382
29 29 30-79yr NT+HT 5014 42 45 13  0.645 0.355
29 59 40-80yr  NT+HT 1340 35.8 50.3 13.9 0.610 0.390
25 5% 30-89yr  Normal 3657 42.1 44.9 13.0 0.646 0.354
>0 5% 69-89yr  Autopsy 443 47 415 115 0.678 0.322
y A 10,772 41.9 43.5 14.6 0.637 0.363
? 6 studies

Y Am J Hypertens. 8(1) : 95-97, 1995.[ref.61]

2-2)

Clin Chim Acta.

285(1-2) : 91-103, 1999.[ref.62]

>3 Circulation. 101(17) : 2060-2065, 2000.[ref.63]

>4 J Hypertens. 19(1) : 47-53, 2001.[ref.64]

> Stroke. 32(6) : 1250-1256, 2001.[ref.65]

26 Circulation. 101(2) : 148-151, 2000.[ref.66]

? The observed genotype frequencies were in agreement with frequencies predicted

by Hardy-Weinberg equilibrium.

" {(I1x2)+ID}/2

d)

NT : Normotensive

9 ((DDx2)+ID}/2
e)

HT : Hypertensive



Table 3 - & 3

ACE genotype Allele
Subjects N (%) frequency”
nm m opp 1" D°?
Chineses®
Normal 750 46.7 42.9 10.4 0.682 0.318
D092 48-70 yr
NIDDM 711 45.7 43.2 11.1 0.673 0.327
2 g 23 yr Normal 67  46.3 40.3 13.4 0.664 0.336
= Al 1528 46.2 42.1 11.6 0.673 0.327
3) 2 studies

3-1)

3-2)

Diabetes Care. 25(6) : 1002-1008, 2002.[ref.67]
Life Sci. 73(20) : 2625-2630, 2003.[ref.68]

? The observed genotype frequencies were in agreement with frequencies predicted

by Hardy-Weinberg equilibrium.

D {(1Ix2)+1ID}/2 9 {((DDx2)+ID}/2

d)

NIDDM : Non Insulin Dependent Diabetes Mellitus



Table 3 - Rz 4

ACE genotype Allele
Subjects N (%) frequency®
I ID DD 1 D¢
Caucasians
09 57+1yr over weight 66 13.6 54.5 31.8 0.409 0.591
2 0 61-67yr old women 62 19.4 53.2 27.4  0.460 0.540
4-3) i sedentary 4 24.1 45.1 30.8 0.467 0.533
8% 3otlyr normotensive 66 24.4 48.3 27.3 0.485 0.515
9 58-70yr old women 58 21 57 22 0.495 0.505
- ) ) ) 570 0.4
5 o 40<yr athelets[rower] 64  29.7 54.7 15.6 0.570 0.430
controls 114 17 51 32 0.425 0.575
O 42 26-50yr IDDM?+DN® 169 20.1 55 24.9 0.476 0.524
F D 2 175 4 ) 0.405 0.595
7 19 35-6dyr requent . 00 7.5 6 36.5
Non — frequent 254 20.5 50 29.5 0.455 0.545
U 2 37-52yr healthy men 80 17.5 46.3 36.2 0.407 0.593
82 4 % 5-20yr IDDM 76  18.4 51.3 30.3 0.440 0.560
9) . normotensive 96 9.3 53.1 37.5 0.359 0.641
§ $45.5:4.7yr hypertensive 200 7.5 51.5 41  0.333 0.667
NIDDM" 49 41 10  0.695 0.305
0 ) normal 55 39 7 0.738 0.262
¢ 35-70yr obese 301 29 39 9 0.719 0.281
normal 51 41 8 0.714 0.286
cup” 185 10 47 43  0.335 0.665
11) _
& 35-79yr controls 182 18 45 37  0.405 0.595
12 B athelets 56  28.6 32.1 39.3 0.446 0.554
§ % 21-24yr controls 46 19.6 28.3 52.2  0.337 0.663
B2 19.0+0.2yr U.K. army 78 25.6 59 15.4 0.551 0.449
182 4 o runners 91 29 47 24 0.525 0.475
caucasian 79 33 48 19 0.570 0.430
2 A 2,923 22.9 47.5 29.6 0.466 0.534




4) 16 studies

*V Diabetes Care 24 : 1646-1652, 2001. [ref.69]

*? J Appl Physiol. 92(3) : 1083-1088, 2002.[ref.70]

4% Am ] Physiol Heart Circ Physiol. 279(1) : H368-H374, 2000.[ref.71]
4 J Appl Physiol. 85(5) : 1842-1846, 1998. [ref.72]

» Hum Genet 103 : 48-50, 1998. [ref.73]

® J Am Soc Nephrol. 14(11) : 2843-2850, 2003. [ref.74]

” J Appl Physiol. 92(6) : 2508-12, 2002. [ref.75]

81 J Cli Invest. 86(4) : 1343-1346, 1990. [ref.76]

82 Diabetes Care. 22(4) : 618-22, 1999. [ref.77]

? J Clin Endocrinol Metab. 86(1) : 172-178, 2001. [ref.78]
' Metabolism 47(5) : 622-626, 1998. [ref.79]

'Y International Journal of Obesity 29 : 78-84, 2005. [ref.80]
' Cire J. 69(9) : 1105-1110, 2005. [ref.81]

D Nature 393 : 221-222, 1998. [ref.82]

9720 1 Appl Physiol. 87(4) : 1313-1316, 1999. [ref.83]

2 The observed genotype frequencies were in agreement with frequencies predicted
by Hardy-Weinberg equilibrium.

P (11x2)+ID}/2 9 ((DDx2)+ID}/2

a IDDM : Insulin Dependent Diabetes Mellitus

e DN : Diabetic Nephropathy

flg) . . . . . . . ..
& Exercise frequency according to Moderate-intensity leisure time physical activity

h) NIDDM : Non Insulin Dependent Diabetes Mellitus

D CHD : Coronary Heart Disease
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Table 4. General characteristics an anthropometrics, and RMR by gender

Anthropometrics

Male (n=29)"

2)
p-value’

Female (n=33)"

2)
p-value’

II (n=8) ID (n=21) II (n=13) ID (n=20)
Age (year) 11.00+1.309 11.67+1.065 | N.S ¥| 11.23+0.832 11.75+0.716 N.S
Height (cm) | 138.08+9.597 144.57:8.784 | N.S | 142.52:6.905 145.63£7.701 | N.S
Weight (kg) | 33.13+7.213 45.53+11.670 o 41.24:8.721 43.3049.260 | N.S
RMR?
1320.00+114.642 | 1392.38+361.675| N.S |1381.54+239.647 | 1442.50+191.638 | N.S
(kcal/day)
BMR °
946.63+98.822 [1051.24+115.354| = |1008.54+126.424|1019.10£102.469 | N.S

(kcal/day)

6)
Xﬁ?min) 190.0016.406 | 200.86+52.045 | N.S | 199.23+34.339 | 208.05+27.601 | N.S
BMI ”

) 17.20+1.769 21.55+3.975 s 20.11+2.572 20.23+3.096 | N.S
(kg/m°)

8)

RE ] 124.70+11.605 | 148.87+24.678 | ##+ | 141.01:14.752 | 138.76:19.120 | N.S
(kg/cm”)*x10
9% body fat 18.54+5.869 28.90+9.518 o 27.92£6.296 29.23:8.610 | N.S
WHR ° 0.85+0.023 0.89+0.041 * 0.91+0.054 0.89+0.034 N.S
flf;)Mass 6.40+3.168 13.98+7.732 w 11.75+4.265 13.22+5.587 | N.S
Muscle(kg) 95.16+4.289 29.73+5.039 * 27.86£5.612 28.26+4.481 | N.S
LBM 10)
k) 26.72+4.571 31.56+5.334 * 29.58+5.848 30.07+4.746 | N.S
Tricep (mm)| 15.63+4.719 23.62+6.430 o 24.67+5.193 23.30+7.087 | N.S
?Iiﬁf)capular 8.50+4.690 16.10+8.191 . 16.25+6.341 16.50:7.924 | N.S
z;llﬁfflhac 10.88+5.139 19.7148.162 - 20.50+6.083 19.05:7.864 | N.S

Values are Mean + SD

? No gender differences at p<0.05 (*), p<0.01 (¥%), p<0.001(x**) by t-test.

Y RMR : Resting Metabolic Rate,

VO : Volume of Oxygen consumption,

N.S : No significant differences between II type and ID type.

® BMR : Basal Metabolic Rate
? BMI : Body Mass Index

8 RI : Rohrer Index,  WHR : Waist-Hip Ratio, 1 1BM : Lean Body Mass
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Table 5. General differencies on serum lipids profiles,

insulin resistance indices, and hematologies by gender

Male (n=29)" Female (n=33)"

T1D7 -value”
serum lipids = type (ng) | IP type (n=2D) " 11 type (n=13)]ID type(n=20) | p-value?

TC (mg/dl)®  |169.75 + 19.970| 167.86 + 39.477 | N.S "|154.54 + 22.933(163.70 + 27.104| N.S
HDL-C mg/d)” | 59.50 + 8.519 | 51.71 + 10.951 | N.S | 49.38 + 7.489 | 50.35 + 12.407 | N.S
LDL-C (mg/d)® | 96.30 + 16.374 | 99.26 + 31.763 | N.S | 89.69 + 21.493 | 90.55 + 26.167 | N.S
TG (mg/d)” | 69.75 + 19.884 | 84.43 + 30.260 | N.S | 77.31 + 18.459 [114.00 + 40.328| ==
apo B(mg/dl)” | 53.54 + 8.990 | 59.02 + 18.572 | N.S |53.09 = 10.358 | 58.27 + 12.310 | N.S
apo Al(mg/dD)”|158.18 + 13.972| 146.34 + 22.370 | N.S |137.71 + 12.682|144.18 + 18.377| N.S
CRP (mg/dD)'”| 0.22 + 0.217 1.72 + 2.638 % 1.54 + 2.034 1.67 + 5.229 | N.S
TG/HDL-C ratio™ | 1.21 + 0.423 1.68 + 0.609 N.S 1.64 + 0.567 2.51 + 1.348 *

TC/HDL-C ratio™” | 2.89 + 0.407 3.30 + 0.856 N.S | 3.16 + 0.478 3.38 + 0.792 | N.S
apoA/apoB ratio™ | 3.02 + 0.547 2.66 + 0.673 N.S | 2.71 + 0.703 2,59 + 0.677 | N.S
apoB/apoAl ratio” | 0.34 + 0.063 0.41 + 0.145 N.S 0.39 + 0.091 0.41 + 0.104 | N.S
N 1.89 + 0.407 2.30 + 0.856 N.S 2.16 + 0.478 2.38 + 0.792 | N.S

Insulin Resistance
Indices

glucose (mg/dl) 87.38 + 9.257 | 92.38 + 8399 | N.S | 84.23 + 5.833 | 86.30 + 9.432 | N.S
HbAle (%) 5.3 + 0.042 5.4 + 0.034 N.S 5.5 + 0.034 5.4 + 0.042 N.S
insulin (uIU/nt) 5.14 + 2.143 12.57 + 7.395 wsx | 944 + 5.929 | 14.87 + 9.045 *

C-peptide (ng/nt) | 1.11 + 0.296 2.14 + 0.686 *rk 1.95 + 1.029 | 2.25 + 1.037 | N.S

Hematologies

WBC (k/u0)"™” 6.79 + 1.974 7.26 + 2.133 N.S | 7.24 + 1.112 | 7.09 + 1.754 | N.S
RBC(cell<10%40)™ | 4.73 + 0.294 4.88 + 0.279 N.S | 4.75 + 0.209 4.88 + 0.243 | N.S
Hb (g/d)"™ 13.74 + 0.847 | 14.16 + 0.610 | N.S | 13.57 + 0.787 | 14.28 + 0.637 %
Hct (%)*" 40.44 + 2.613 | 41.56 + 1.888 | N.S | 40.58 + 1.890 | 42.09 + 1.545 *

MCV (fL)*" 85.43 + 1.859 | 85.28 + 2.468 | N.S | 85.48 + 3.410 | 86.29 + 3.249 | N.S
MCH (pg)* 29.03 + 0.713 | 29.08 + 1.033 | N.S | 28.58 + 1.593 | 29.28 + 1.431 | N.S
MCHC (g/dD*¥| 33.99 + 0.755 | 34.09 = 0.722 | N.S | 33.43 + 0.760 | 33.94 + 0.810 | N.S
PLT (k/p0) * [316.88 + 55.486| 349.29 + 53.671 | N.S |334.77+ 117.364/322.40 + 61.168| N.S

Y Values are Mean + SD

? No gender differences at p<0.05 (+) by t-test. * TC(Total Cholesterol,

f) N.S : No significant differences between male and female.

® HDL-C : High Density Lipoprotein cholesterol, 9 LDL-C : Low Density Lipoprotein cholesterol

7 TG : Triglyceride,s' apo B: apolipoprotein B, “apo A1 : apolipoprotein Al,m' CRP : C-Reactive Protein,
'Y TG/HDL-C ratio : Triglyceride/High Density Lipoprotein cholesterol,

2 TC/HDL-C ratio : Total Cholesterol/High Density Lipoprotein cholesterol

¥ apoA1/apoB ratio : apolipoprotein Al/apolipoprotein B, apo B/apo Al ratio : apolipoprotein B/apolipoprotein A1,

' Al : Atherogenic Index,'” HbAlc : Hemoglobin Alc,” RBC : Red Blood Cell," WBC : White Blood Cell,
:: Hb : Hemoglobin, 20 et : Hematocrzi%t', 2 MCV : Mean Corpuscular Volume, -

““ MCH : Mean Corpuscular Hemoglobin,”™ MCHC : Mean Corpuscular Hemoglobin Concentration,” PLT : Platelet



6. ACE #A# ct3dA o] AAASF € RMR v o3

B2 A3 AR £ 629 FA ACE §AA 3 A6 uar] E753
I3 (n=21)3 ID¥ (n=41)°] v} & AAAZ 2 RMR #9 #HA S
AHE AFE Table 69 e Q).

ACE #A7 g4 Ao & AAAS 2yS T4 4% (p<0.05)<
TAEA T FoHer FUEA LY, IR IDY & of A 9&
T A el A, v, A F(p<0.05), BMI(p<0.05), % body fat
(p<0.01), Fat mass(p<0.01)= EF AL 717 o}l 1P L 717 o o}
R Aoz L3547 A&, #2332 e zol7t veld A=
Rl vt A, ACE A A ttd Ao wE viEs: 23 AF 9493
AFss EAPFE A3sd.

RMRE ACE #A32A 79 {FoHql z}o]r) 9 glc).

sk



Table 6. Effects of ACE polymorphism by anthropometrics, and RMR

II type (n=21)"

ID type (n=41)"

Total (n=62)"

. Male Female Male Female II type ID type | ..
anthropometrics p-value
(n=8) (n=13) (n=21) (n=20) (n=21) (n=41)
Age (year) 11.00 11.23 11.67 11.75 11.14 11.70 .
+1.309 +0.832 +1.065 +0.716 +1.014 +0.901
. 138.08 142.52 144.57 145.63 140.82 145.08 ;
Height (cm) £9.597 +6.905 +8.784 £7.701 +8.107 +8.187 N.s 7
. 33.13 41.24 45.53 43.30 38.14 44.44
Weight (k) +7.213 +8.721% ¥ +11.670 £9.260 +8.952 +10.493 -
RMR” 1320.00 1381.54 1392.38 1442.50 1358.09 1416.82 N.S
(kcal/day) +114.642 +939.647 +361.675 +191.638 +199.990 +288.950 :
BMR® 946.63 1008.54 1051.24 1019.10 984.95 1035.56 N.S
(kcal/day) +98.822 +126.424 +115.354 +102.469 +118.139 +109.111 :
vo2 190.00 199.23 200.86 208.05 195.71 204.36
) /min) +16.406 +34.339 +52.045 +27.601 +28.684 +41.587 N.S
BMI ¥ 17.20 20.11 21.55 20.23 19.00 20.90 ;
(kg/m®) +1.769 +2,572t +3.975 +3.096 +2.675 +3.591 )
RI ? 124.70 141.01 148.87 138.76 134.79 143.93
(kg/cm®)x10” +11.605 +14.752% +24.678 +19.120 +15.607 +22.457 N.S
18.54 27.92 28.90 29.23 24.34 29.06
% body fat +5.869 +6.296t t £9.518 +8.610 +7.590 +8.974 *
0 0.85 0.91 0.89 0.89 0.88 0.88
WHR +0.023 +0.0541 + +0.041 +0.034 +0.051 +0.037 N.S
Fat mass 6.40 11.75 13.98 13.22 9.71 13.61 .
(kg) +3.168 +4.2651 T +7.732 +5.587 +4.636 +6.698
25.16 27.86 29.73 28.26 26.82 29.01
Muscle (kg) +4.289 +5.612 +5.039 +4.481 +5.209 +4.773 N.S
LBM'" 26.72 29.58 31.56 30.07 28.48 30.83 N.S
(kg) +4.571 +5.848 +5.334 +4.746 +5.464 +5.048 )
Tricep (mm) 15.63 24.67 23.62 23.30 20.90 23.46 N.S
+4.719 +5.193t + +6.430 +7.087 +6.533 +6.674
Subscapular 8.50 16.25 16.10 16.50 13.00 16.29 N.S
(mm) +4.690 +6.341t + +8.191 +7.924 +6.685 +7.963 :
Suprailiac 10.88 20.50 19.71 19.05 17.04 19.39 N.S
(mm) +5.139 +6.083t +8.162 +7.864 +7.426 +7.924 :

Values are Mean + SD

No ACE genotype differences at p<0.05 (*) by t-test.
N.S : No significant differences between II type and ID type.

t : Significant differences by gender at p<0.05 (%), p<0.01 (*+ %),

® RMR : Resting Metabolic Rate

9 RI : Rohrer Index

" LBM : Lean Body Mass

VO, : Volume of Oxygen consumption

BMR : Basal Metabolic Rate

8)( BMI : Body Mass Index
""WHR : Waist-Hip Ratio
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Table 7. Effects of ACE polymorphism on serum lipids profiles
oV —an? Total (n=62)"
II type (n=21) ID type (n=41) otal (n
2)
serum Male Female Male Female II type ID type |PTValue
lipids (n=8) (n=13) (m=21) | (=20) | (@=21) | (n=41)
TC ? 169.75 154.54 167.86 163.70 160.33 165.82 NG
(mg/dl) +19.970 +22.933 +39.477 +27.104 +22.636 +33.654 '
HDL-C ? 59.50 49.38 51.71 50.35 53.23 51.04 s
(mg/dl) +8.519 +7.489 t © | £10.951 +12.407 +9.186 +11.556 '
LDL-C 7 96.30 89.69 99.26 90.55 92.20 95.00 s
(mg/dl) +16.374 +21.493 +31.763 +26.167 +19.540 +29.139 '
TG ¥ 69.75 77.31 84.43 114.00 74.42 98.85
Hk
(mg/dl) +19.884 +18.459 +30.260 | +40.328% || +18.893 | +38.135
apo B 53.54 53.09 59.02 58.27 53.26 58.65 NS
(mg/dl) +8.990 +10.358 +18.572 +12.310 +9.628 +15.639 )
apo ALY 158.18 137.71 146.34 144.18 145.50 145.28 NS
(mg/dD) +13.972 | z12.682t + £22.370 +18.377 | +16.387 | +20.293 '
CRP 0.22 1.54 1.72 1.67 1.03 1.69 NS
(mg/dl) +0.217 +2.034% +2.638 +5.229 £1.711 +4.057 ]
TG/HDL-C 1.21 1.64 1.68 2.51 1.47 2.08 .
. 12)
ratio +0.423 +0.567 +0.609 +1.348+% +0.548 +1.107
TC/HDL-C 2.89 3.16 3.30 3.38 3.05 3.34 NS
. 13) .
ratio +0.407 +0.478 +0.856 +0.792 +0.462 +0.815
apo Av/apo B 3.02 2.71 2.66 2.59 2.82 2.62 s
. 14) .
ratio +0.547 +0.703 +0.673 +0.677 +0.652 +0.667
apo B/apo Al 0.34 0.39 0.41 0.41 0.37 0.40 s
. 15) .
ratio +0.063 +0.091 +0.145 +0.104 +0.083 +0.125
o 1.89 2.16 2.30 2.38 2.05 2.34
Al N.S
+0.407 +0.478 +0.856 +0.792 +0.462 +0.815

' Values are Mean *+ SD

? No ACE genotype dlfferences at p<0.05 (%), p<0.01
" TC : Total Cholesterol,

(%) by t-test.
N.S : No significant differences between II type and ID type.

® HDL-C : High Density Lipoprotein cholesterol,

6) 4

10 apo Al

14)
15)

* Significant differences by gender at p<(,05 (%), p<0.01 (* 1)
LDL C : Low Density Llpoprotem cholesterol,
: apolipoprotein Al
¥ TC/HDL-C ratio
apo Al/apo B ratio :
apo B/apo Al ratio :

) TG : Trlglycerlde, 9

' CRP : C-Reactive Protem, " TG/HDL-C ratio :
¢ Total Cholesterol/High Density Lipoprotein Cholesterol
apolipoprotein A1/apolipoprotein B ,
apolipoprotein B/apolipoprotein Al ,

apo B: apolipoprotein B,

10 AT : Atherogenic Index

Triglyceride/High Density Lipoprotein cholesterol
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Table 8. Effects of ACE polymorphism related insulin resistance

indices

II type (n=21)1) ID type (n=41)1) Total (n=62)"

Insulin p—valuem
resistance Male Female Male Female II type ID type

indices | (;-g) (n=13) (n=21) (n=20) (n=21) (n=41)
Glucose 87.38 84.23 92.38 86.30 85.42 89.41 s
(mg/dl) +9.257 +5.833 + 8.399 +9.432% +7.270 +9.327
HbA LY 5.3 5.5 5.4 5.4 5.4 5.5 s
(%) £0.042 +0.034 +0.034 £0.042 +0.032 +0.024
insulin 5.14 9.44 12.57 14.87 7.80 13.68 .
(ulU/me) +2.143 +5.929 +7.395 +9.045 +5.222 +8.219
C-peptide 1.11 1.95 2.14 2.25 1.63 2.19 .
(ng/mt) +0.296 +1.029t ¥ +0.686 +1.037 +0.917 +0.865

‘” Values are Mean + SD

? No ACE genotype differences at p<0.05 (*), p<0.01 (**) by t-test.

¥ N.S : No significant differences between II type and ID type.

9+ : Significant differences by gender at p<0.05 ( * ), p<0.01 ( * ).

® HbAlc : Hemoglobin Alc
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uabA, 7 FHUAE AEEG ACE 32 F-o] aA A4se
22 Bt}



Table 9. Effects of ACE polymorphism on hematologies

II type (n=21)1) ID type (n=41)1) Total (n=62)"
2)
Male Female Male Female II type ID type |PValue
0=8) | @=13) | @=2D | @=200 | .. (nd1)
WBC @ 6.79 7.24 7.26 7.09 7.06 7.17 s
(/1) +1.974 +1.112 +2.133 +1.754 +1.468 +1.934 ]
REC 4.73 4.75 4.88 4.88 4.74 4.88
6 *
(cellx10°/0) | +0.294 +0.209 +0.279 +0.243 +0.237 +0.258
—_ 13.74 13.57 14.16 14.28 13.63 14.21
ek
(g/de) +0.847 +0.787 £0.610 +0.637 £0.793 £0.618
Het © 40.44 40.58 41.56 42.09 40.52 41.81
P
(%) £2.613 £1.890 +1.888 +1.545 +2.130 +1.727
B — 85.43 85.48 85.28 86.29 85.46 85.77
N.S
(fL) +1.859 +3.410 +2.468 +3.249 +2.861 +2.884
N — 29.03 28.58 29.08 29.28 28.75 29.17
N.S
(pg) +0.713 +1.593 +1.033 +1.431 +1.321 +1.231
N 33.99 33.43 34.09 33.94 33.64 34.01
N.S
(g/dD) +0.755 £0.760 £0.722 +0.810 £0.789 £0.760
pLT 1V 316.88 334.77 349.29 322.40 327.95 336.17
N.S
(k/p0) +55.486 | +117.364 | +53.671 | +61.168 | +97.063 | +58.332

o=

4)

-

19 MCHC(Mean Corpuscular Hemoglobin Concentration),

Values are Mean + SD

5 No ACE genotype differences at p<0.05 (*), p<0.01 (**) by t-test.
* WBC (White Blood Cell),

N.S : No significant differences between II type and ID type.

® RBC (Red Blood Cell)

% Hb (Hemoglobin), ” Hct (Hematocrit),
8 MCV(Mean Corpuscular Volume), 9 MCH(Mean Corpuscular Hemoglobin),

' pLT(Platelet)




10. ACE F3A g3 Aol & nwtx7t AAAS 2 RMRY

nie ¥

¥ (n=21)3} ID¥ (n=41)9) ACE Az t3d A o vigtss &57
R, 19989 gL otHA I oA Tx Lol FEFERE VELER
ste] BMI W &9 Fo wiat vt 84 MES S o5 o o “HAZE”
85 M4 o) Ad W “nutF’er F {3
E d7E O 9 nwuxst ARAF(n=17), v HF(n=4)22 Yeyt

on, IDH e @& HBEE AXTF(n=24), B PHF(n=17)2 2 ey
(Fig 9).

(&91: 9)

Il type 17 .
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0 Normal group @ Obesity group

Fig 9. Distribution of Obesity degree by ACE gene polymorphism



o W& vgE dRE FYAHA zo]E Hid.

53], I8 el 4 = BMR(p<0.001), % body fat(p<0.05), LBM(p<0.001), &=
- (Suprailiac)(p<0.05)5 oA AAFl vls] vlgtFo A FoHeoz Fr}
oy, dfd AEE BRASA A% Avds EF #94A Aolst
9t

ID¥ ol A = BMI(p<0.001), Fat mass(p<0.001), Muscle(p<0.001),
A% F 38 (Subscapular)(p<0.01)5 4 FJH o2 zlo]7} Y, o &

ID¥ & 7FA wwbZo] AAT vl FdH g Frheslr] W Eolch.

e, M o4 e] RMRE A3 AES EAT A vjddeA {94
° 2 F71819 2 (p<0.05), IDF 9l 4] RMRE v utE e} Hado] ¢lglch,
u2tA, RMRE ACE 3 AR vHglxe] 43P & W= 25 eyl

O



Table 10. Effects of ACE polymorphism an anthropometrics, and
RMR divided obesity degree

II type (1’1=21)1) p—valueZ) ID type (1’1=41)1) p—valueZ)
. b)
Normal ¥ Obesity (ad.)® Normal ¥ Obesity ” (ad.)®
(n=17) (n=4) (n=24) (n=17)

Height N.s" N.S
(cm) 139.70£7.305 145.60+10.768 (0.000)"* 143.55+9.317 147.24+5.861 (0.000)"
Weight % sk
(kg) 35.42+5.861 49.72+11.415 (0.000)°™ 38.75%8.135 52.48+7.926 (0.000)™
R 5) [ -
(kcal/day) 1307.64+144.071| 1572.50+283.24 (0.049)+ 1346.25+211.697 | 1516.47+355.368| N.S
BMR ¢ N.S &
(kcal/day) 952.88+77.670 |1121.25+173.994| (4 o00)*~ | 1001.79£116.428 | 1083.23+78.431 (0.000)"
vo2 " « .
(ml/min) 188.47+20.506 226.50+41.008 (0.049)" 194.25+30.588 | 218.647+51.073 N.S
BMI ® ors s
(kg/m?) 18.03+1.669 23.10£2.273 (0.000)°™ 18.63+2.347 24.10£2.392 (0.000)"™
RI 9) s EEd
(keg/em®)= 107 129.20+11.134 158.57+5.583 (0.000)°™ 130.02+15.748 163.56+14.306 (0.000)"
%body fat 23.05+7.214 29.82+7.551 (0.1:)](‘%)“ 23.74+7.325 36.57+4.673 (O.O*S'O)M
WHR 0.86+0.036 0.96:0.037 | o1y | 0.86£0.033 0.91:0.021 | (9.000)"
Fat mass N.S s
(kg) 8.48+3.528 14.92+5.665 (0.003)™ 9.47+4.223 19.44+4.978 (0.000)"
Muscle N.S *
(kg) 25.40+3.390 32.87+7.707 (0.000)™" 27.54+5.102 31.08+3.424 (0.000)"™
LBM 'V N.S %
(kg) 27.00+£3.592 34.79+8.045 (0.000)°™ 29.26+5.389 33.037+3.622 (0.000)™
Tricep * .
(mm) 19.41+5.788 27.25+6.291 (0.006)™ 20.79+6.050 27.23+5.739 (0.012)°
Subscapular Y s
(mm) 11.58+6.000 19.00+6.831 (0.043)° 12.50+5.710 21.64+7.721 (0.002)"
Suprailiac N.S sk
(mm) 15.64+7.305 23.00+4.966 0,010 16.20+7.312 23.88%6.594 (0.012)°
Y Values are Mean = SD
? Before adjusted by age and gender (¢ p<0.05 , ** p<0.01)
» Adjusted by age and gender (+ p<0.05 , ## p<0.01, ##% p<0.001).
i) N.S : No significant differences between normal group and obesity group
» RMR : Resting Metabolic Rate, ® BMR : Basal Metabolic Rate,
& VO: : Volume of Oxygen consumption, 8 BMI : Body Mass Index, 9 RI : Rohrer Index

9 WHR : Waist-Hip Ratio 'Y LBM : Lean Body Mass

a)b)

a)Obesity degree (%) = BMI 50 Percentile according to Korean J Peadiatrics.

Normal group defined as a percentile of BMI shorter than 84 percentile.
Obesity group defined as a percentile of BMI more than 85 percentile.




11. ACE Az g3 A =& vgEst A +F

ACE _'9'_1‘_2], ];]_'g}g o]] tt]—E]- —E—-'E-'-% H]‘:"]_'E_oﬂ “}% %‘_iigx]g ‘)F'%E"]"q
£ 23+ o537 Z2ek(Table 11).

N3 eAes A8 d9S A7 Ad+= TC(p<0.01), HDL-C
(p<0.05), LDL-C(p<0.05), apo Al(p<0.05)7} v ukFeo] A AF o

Hd fFeHes LA, 2y, A d9E AT 294 TCH
LDL-CZ #9311 Ate]7t A%},

Wb IDP A e AEF 93 S BASY) dele BT 93 #olst
Aoy, »AZ A3 TG(p<0.05)% apo B(p<0.05)7} H] 2k o 4]

UOEEERE VT Y



Table 11. Effects of ACE polymorphism in serum lipids profiles

divided obesity degree

II type (n=21)" ID type (n=41)"
serum p-value” p-value’
lipids | Normal ¥ Obesity " Normal 2 Obesity ”
(n=17) (n=4) (ad)® | (n=24) (n=17) (ad.)”
4)
(Trfg/dn 166.23+20.571| 135.25:11.086 (1:*5) 160.70+28.010| 173.05+40.109 | N.S®
EfgL/:ﬂC)e) 55.29+8.672 44.50+5.972 © 0*;1) 51.66+12.592 50.17+10.223 N.S
(Lnl?gL/;uC)ﬂ 96.36:18.904 | 74.55+11.221 | ("o | 90.60+22.186 | 101.23:36.671 | N.S
(Tlfg JqyP | 7288420062 | 81.00+12.727 N.S | 92.20:42.309 | 108.23+30.044 ((}‘Li)
f;"g/ﬁl)s,) 54.50+9.878 47.97+7.178 N.S | 54.91:11.700 |  63.93+19.080 ((}\LLE)
?ITg /1311)“., 149.53+14.241 | 128.37+15.010 | 0::7) 145.69+20.384 |  144.71+20.776 N.S
(CnIl{gP/dl)“’ 1.05+1.885 0.97+0.751 N.S | 0.77:1.339 2.99+5.957 N.S
i(t’i{)%PL_C 1.3740.525 1.87+0.521 N.S | 1.98:1.319 2.23+0.726 N.S
L%%PL'C 3.05+0.482 3.07+0.427 N.S | 3.2040.650 3.53+0.994 N.S
;‘ggﬁi/.ap"B 2.84+0.648 2.76+0.763 N.S | 2.76+0.655 2.42+0.653 N.S
i‘;‘;ﬁfﬂ?"m 0.36+0.082 0.38+0.096 N.S | 0.380.088 0.44+0.158 N.S
Al @ 2.05+0.482 2.07+0.427 N.S 2.20+0.650 2.53+0.994 N.S

Values are Mean + SD
Before adjusted by age and gender (* p<0.05 , #* p<0.01)

Adjusted by age and genger (* p<0.05 , ** p<0.01)
TC : Total Cholesterol, ? N.S : No significant differences between normal group and obesity group
% HDL-C : High Density Lipoprotein cholesterol,” LDL-C : Low Density Lipoprotein cholesterol,

8 TG : Triglyceride,

apo B :

apolipoprotein B, '

apo Al :

apolipoprotein Al,

D CRP : C-Reactive Protein,m TG/HDL-C ratio : Triglyceride/High Density Lipoprotein Cholesterol,

¥ TC/HDL-C ratio : Total Cholesterol/High Density Lipoprotein Cholesterol
apolipoprotein A1/apolipoprotein B,
apolipoprotein B/apolipoprotein Al,

14)
15)

a)b)

apo Al/apoB
apo B/apo Al ratio :

ratio :

19 A1 (Atherogenic Index),

Obesity degree (%) = BMI 50 Percentile according to Korean J Peadiatrics.

#" Normal group defined as a percentile of BMI shorter than 84 percentile.
Obesity group defined as a percentile of BMI more than 85 percentile.




12. ACE FAA Ao o & vuts7 d=3 A

FAAAE WAL P

ACE #A 7 o3 A v £79 vgEd & Jdad A3 79
FAARS AL

N3 eAs 933 A8E RAT 2 vdxed b8 F993 Aoz}
A9 Glucose(p<0.05), HbA1lc(p<0.05), insulin(p<0.05), C-peptide(p<0.01)
oA EF zel7t vdetged, ol AXATR HRT dA FoH o
Z7}81 99 7] Wl Eo)ct. IDH o) Al & insulin(p<0.05)F C-peptide(p<0.01)7} A
AR v A FH R FrhEg

o2, B dFZAANAH = AdEdAFA FH AdA7} vt Ee S
go] B AT yrgid, SAF AFAHYG A& AFHY B
2 243 Wilkin %9 dF2FqAE A FAFA £ A o) F F

gt A, AAe)HA IDH S 7} ZLolRt} niuto]dA A DY S 717 Zo}lr}
DedAFAAFA ZAAe] Mg =y £ & JdAeH, AdA9
|

3 FosfoF & Aol



Table 12. Effects of ACE polymorphism in insulin resistance indices

divided obesity degree

II type (n=21)" ID type (n=41)"

Insulin a2 value?
resistance| Normal * Obesity p-va ue3) Normal @ Obesity @ |”" ues)
indices | (n=17) (n=4) (ad.) (n=24) (n=17) (ad.)
Glucose N.s ¥ N.S

84.64+7.398 88.75t6.500 90.70+10.289 87.58+7.697
(mg/dl) _ (0.017) (0.047)°
HbAlc N.S
5.3+0.032 5.5+0.045 5.3+0.063 5.5+0.021 N.S
(%) (0.011)°
insulin N.S s
6.34+3.396 13.97+7.584 10.19+5.476 18.62+9.030
(uIU/ml) (0.018)" (0.007)"
C-peptide N.S i
1.37+£0.596 2.72+1.317 1.87+0.660 2.63+0.940
(ng/ml) (0.002) (0.001)™*

Y Values are Mean + SD

2)
3)
4)

® HbAlc :

a)b)

Before adjusted by age and gender (¢ p<0.05 , ** p<0.01)

Adjusted by age and gender (* p<0.05 , ** p<0.01)
N.S : No significant differences between normal group and obesity group
Hemoglobin Alc

Obesity degree (%) = BMI 50 Percentile according to Korean J Peadiatrics.

b)

Normal group defined as a percentile of BMI shorter than 84 percentile.

Obesity group defined as a percentile of BMI more than 85 percentile.
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28 BE WSES 2A A FE F8 Aol7 gl



Table 13. Effects of ACE polymorphism in hematologies
divided obesity degree
II type (n=21)" . ID type (n=41)"
p-value pfvalueZ)
Normal * Obesity (ad.)® [ Normal * Obesity ” (ad.)®
(n=17) (n=4) (n=24) (n=17)
5)
Xif) 6.98+1.568 7.40+1.036 N.SY | 6.72+1.754 7.81+2.047 N.S
RBC ¥ ) .
6 4.76+0.247 4.630.178 N.S 4.84+0.284 4.92+0.218 N.S
(cellx10"/xt)
Hb” (g/d0) | 13.66+0.871 13.50+0.346 N.S | 14.26%0.715 14.15+0.461 N.S
Het® (%) 40.57+2.317 40.30+1.230 N.S | 41.92+1.986 41.67+1.324 N.S
£
MCVY(fL) | 85.10+2.617 86.97+3.780 N.S | 86.52+2.857 84.717+2.653
(N.S)
MCH"(pg) | 28.65+1.341 29.15+1.340 N.S | 29.46+1.249 28.77+1.116 N.S
11)
?gfdlli)c 33.67:0.834 | 33.50:0.632 | N.S | 34.05:0.838 33.97+0.657 N.S
PLT 12)
i/ at) 336.76+104.224| 290.50+50.639 | N.S |330.83+52.404| 343.70+66.752 N.S

11

a)b)

b)

Values are Mean + SD
Before adjusted by age and gender (* p<0.05)
Adjusted by age and gender

N.S : No significant differences between normal group and obesity group
® WBC : White Blood Cell, ® RBC : Red Blood Cell,
Hct : Hematocrit, ? MCV : Mean Corpuscular Volume,
MCHC : Mean Corpuscular Hemoglobin Concentration,

10)

? Hb : Hemoglobin,

MCH : Mean Corpuscular Hemoglobin,
12

PLT : Platelet

Obesity degree (%) = BMI 50 Percentile according to Korean J Peadiatrics.
Normal group defined as a percentile of BMI shorter than 84 percentile.
Obesity group defined as a percentile of BMI more than 85 percentile.
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7R #HA WEEL R FA92 2 F94 Aol
3}

o I8 & 713 oJolie} IDYH S 7}% o ofo A Hb(p<0.01),
s 7t

5. ACE A= g3 Ae] AAASZ 2L RMRY vx+ 23+ oS3 2.

1) AAMAZ HAFE F 48 (p<0.05), A F(p<0.05), BMI(p<0.05),
% body fat(p<0.05), Fat mass(p<0.05)= EF ID¥ o] II¥ Xt}
e Hew F7t3 4.

2) RMRZ ACE #A% 2 2o oAl zteo]7k §9el.
6. ACE A7 ©3 Ao RAA FE v+ 2Fd= b3 R
AAR A5 dFEo]l #AIZ 9 Aol7t gt

284, TG(p<0.01)2} TG/HDL ratio(p<0.05)= &€ ¢} IDYF & 714
dolel vls) IDYF & 7} ol A {FeH e FrtE .



7. ACE 47 thy Ao A% A DA nxE Aos
e 2,

ACE #+A# k@A w2 d&d AFA FH AAS FoA insulin

(p<0.01)3 C-peptide(p<0.05)= II3F X} IDYFANA FoH ez F7}

st} o] IDHE & 71A ool A insulin? C-peptide’} 93

02 FAse] A8 2ol Aol & HelFoh,

8. ACE w4z ¥ Ae] @FEA FAAA viA+= A2+ b3 2o

d3EA AHAAE F RBC(p<0.05), Hb(p<0.01), Het(p<0.05)7}

I3 o vl IDA o] FFE Frlstg o, A 719 o]+ .
wetA, 384 FHFW S = AHRg ACE FAA W47t 24 &4
e Aoz Hald,

9. ACE #4874 thg 4o wha} wl b (o) @2 olzhet

“AARAEL7IH vigtETe R ERdgc. ® d7s ¥l AL (n=17)3
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10. ACE 44 4ol 0 muEsr AMAS 2 RMRe] wAE As
&3t 2o,



53], II3¥ < BMR(p<0.001), % body fat(p<0.05), LBM(p<0.001),
A Z 2} 5 (Suprailiac) (p<0.05)7F A Ao w8 wwkFo A Fe)Foz
F7tstd oy, AR AEE EARA ddSs Atde EF F9FHA
Zko] 71 1 A et
ID3 & BMI(p<0.001), Fat mass(p<0.001), Muscle(p<0.001),
AZF ¥ (Subscapular)(p<0.01)e] A FJ &2 xto]l7} Ye=u,
o] IDI & 7HA HIvtFo] {FoHos Frts9r] W Eold.

2) IR A RMRY A3 AdE RAT A3 vgtToA Fodges
F7Het 9 2 (p<0.05), IDF el 4 o] RMR2 HwtE gt fd o] ¢l
wetA, RMRS ACE fAA R vigtse] g5 s o2 veyld,

11 ACE 4% d@Ae 9g vwsst A2 530 vae 29:
g3t 2

113 ¢l Al &= HDL-C(p<0.05)3} apo A1l(p<0.01)7} B AT H) & v gk
NA FeH R 72359, IDH A= TG(p<0.05)2 apo B(p<0.05)

£ o AT W ARTAA FelHoR Frhsde.

12. ACE #A7 ct Ao & vtE7 e AZA B AAl
nx e A4 ds3 2.



NI A 933 A8E BAT 2 vdxed b8 F993 Aoz}
A9 9 Glucose, HbAlc, insulin, C-peptide’} EF =}o]7} Yelyt 4],
I ARTEG vt E A {FogH ez Frhstgdr] Wl £e]ldh(p<0.05).
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FT AFEE A2AZ A= JdEd.



1. www.who.int/dietphysicalactivity/publications/facts/obesity/en/
2. Catherine, Viney C, Richardson K, Ross K. Childhood and
adolescent obesity. 4th ed. Academic Press, New York
pp. 148-167 , 1999
3. www.kfda.or.kr “oJgle] nH]uk o]A] Fe]do] ofrc}.”
2] & o] o &g F, 2005
4. @A, ol %, AFH, F&F, AF
o] ulwkFo]. tf g0} 73] 47(3) : 2004

o] &}, oA, Ado, o]s)A, A ZY. Nutrition Status of Micronutrients

lo_\u'

2397 AEAY 252

<]
o][‘l
.
ox

o

in Korean Obese Populations. = ¢#8] 2}Fsl3] 2] 14(2) : 94, 2005
6. FEF, A5, TdA. ATAY 2532 YS9 H2 189 7H1979-1996)
H 9 W3l Fo] 9 ngto} FrtokA. ¢4 9Fef3 %] 30(7) : 832-839, 1997
, o] Av]. vwtA 2 aPo] 2F3w wwlelFe HWE,
AAMzA, AF, A 2 AYFel vz 23, ofFZEH A 10(1) :
8. o] E, o]He, AAY,. AAY, d&EFE. ASAN &dF 25T o}F
o4 wiwke] FHE B AP L. AFF Y3 21(7) - 866-873, 2000
9. o] Fqt. wigtx} AR P A3I, g/ gH/ etz 1(1) : 34-39, 1992



10.
11.

12.

13.

14.

15.

16.

17.

o) 3. Zotu|utFe] ZA3 A}, gftu/orels)z] 1(1) : 40-47, 1992

74, o1 &%, WA, olFE, oA FFY ¥ 27(1) :

“ T, 1w
79-89, 1994
A7, hEAN, OB, FEE PR IE wiwole] HolHH Aelsk 4

&, Aol ute] A FIAXE. FFHF 352 41(5) : 927-943, 2002.
A%, A%, 2AD, AN, A5, W%, AN, 245, A58,

2% 2554w BMI AE AA 2 Agste] B o
CENAERF BAAA o EUR A% G 9L,

Matthias Barton, Renata Carmona, Henning Morawietz, Livius V.
d'Uscio, Winfried Goettsch, Heinz Hillen, Christian C.
Haudenschild, Jose E. Krieger, Klaus Munter, Thomas Lattmann,
Thomas F. Luscher, Sidney Shaw. Obesity Is Associated With
Tissue—-Specifc Activation of Renal Angiotensin—-Converting
Enzyme In Vivo Evidence for Regulatory Role of Endothelin.
Hypertention 3(part2) : 329-336, 2000



18.

19.

20.

21.

22.

23.

24.

25.

Ferrannini E, Seghieri G, Muscelli E. Insulin and the renin-
angiotensin-aldosteron system : influence of ACE inhibition.

J Cardiovasc Pharmacol 24 : S61-69, 1994

Ambrosioni E, Bacchelli S, Degli Esposti D, Borghi C.
Ace-inhibitors and atherosclerosis. Fur J Epidemiol 8 : 120-126, 1996
Cassis LA, Saye JA, Peach HJ. Location and regulationof rat
angiotensinogen messenger RNA. Hypertension 11 : 591-596, 1988
Jones BH, Standridge MK, Taylor JW, Moustaid N.
Angiotensinogen gene expression in adipose tissue : analysis of
obese models and hormonal and nutritional control. Am J Physiol
273 : R236-242, 1997

Crandall DL, Gordon G, Hezlinger HE, et al. Transforming growth
factor alpha and atrial natriuretic peptide in white adipose tissue
depots in rats. Eur J Clin Invest 22 : 676-680, 1992

Jonsson JR, Game PA, Frewin DB. The expression and localization
of the angiotensin-converting enzyme mRNA in human adipose
tissue. Blood 3 : 72-75, 1994

Crandall DL, Herzlinger HE, Saunders BD, Armellino DC, Kral JG.
Distribution of angiotensin II receptors in rat and human
adipocytes. J Lipid Res 35 : 1378-1385, 1994

Giacchetti, G., Faloia, E., Mariniello, B., Sardu, C., Gatti, C.,

Camilloni, M.A., Guerrieri, M., & Mantero, F. Overexpression of



26.

27.

28.

29.

30.

the renin—-angiotensin system in human visceral adipose-tissue in
normal and overweight subjects. American Journal of Hypertension
18 : 695-702, 2002

Cho JH, Bae MH, Lee KW, Jin JH, Sim CS, Im SK, Association
of the ACE Gene Polymorphism with Hemodynamics under
Exercise Stress Condition in Normotensive Healthy Men. The
Korean Journal of Physical Education, 42(6) : 857-867, 2003
Hubert, C., Houot, A.M., Corvol, P., Soubrier, F. Structure of the
angiotensin I —converting enzyme gene. Two alternate promoters
correspond to evolutionary steps of a duplicated gene. J. Biol.
Chem. 266(33) : 1537-1583, 1991

Danser AH, Schalekamp MA, BAX WA, van den Brink AM,
Saxena, PR, Riegger GA, Schunkert H. Angiotensin—-converting
enzyme in the human heart. Effect of the deletion/insertion
polymorphism. Circulation 92(6) : 1387-1388, 1995

Prasd A, Narayanan S, Waclawiw MA, Epstein N, Quyyumi AA.
The insertion/deletion polymorphism of the angiotensin converting
enzyme gene determines coronary vascular tone and nitric oxide
activity. J Am Coll Cardiol 36(5) : 1579-1586, 2000

Perticone F, Ceravolo R, Lacopino S, Ventura G, Maio R, Gulletta
E, Perrotti N, Mattioli PL. Relationship between angiotensin

converting enzyme gene polymorphism and insulin resistance in



31.

32.

33.

34.

35.

never—treated hypertensive patients. J. Clin. Endocrinol. Metab.
86(1) : 172-178, 2001

Montgomery HE, Clarkson P, Dollery CM, Prasad K, Losi MA,
Hemingway H, Statters D, Jubb M, Girvain M, Varnava A, World M,
Deanfield J, Talmud P, McEwan JR, McKenna WJ, umphries S.
Association of angiotensin-converting enzyme gene I/D polymorphism
with change in left ventricular mass in response to physical training.
Circulation 96(3) : 741-747, 1997

Cambien F, Poirier O, Lecerf L, Evans A, Cambou J-P, Arveiler D,
Luc G, Bard J-M, Bara L, Ricard S, Tiret L, Amouyel P,
Alhenc-Gelas F, Soubrier F. Deletion polymorphism in the gene
for angiotensin converting enzyme is a potent fisk factor of
myocardial infarction. Nature 359 : 641-644, 1992

Raynolds MV, Bristow MR, Bush EW, Abraham WT, Lowes BD,
Zisman LS, Taft CS, Perryman MB. Angiotensin-convertingenzyme
DD genotype in patients with ischaemic or idiopathic dilated
cardiomyopathy. Lancet 342 : 1073-1075, 1993

Marian AJ, Yu Q-T, Workman R, Greve G, Roberts R.
Angiotensin-converting enzyme polymorphism in hypertrophic
cardiomyopathy and sudden cardiac death. Lancet 342 : 1085-1086, 1993
Schunkert H, Hense H-W, Holmer SR, Stender M, Perz S, Keil U,

Lorell BH, Rieger GA]J. Association between a deletion polymorphism



36.

37.

38.

39.

40.

of the angiotensin—-converting-enzyme gene and left ventricular
hypertrophy. N Engl J Med 330 : 1634-1638, 1994

Nakai K, Itoh C, Miura Y, Hotta K, Musha T, Itoh T, Miyakawa T,
Iwasaki R, Hiramori K. Deletion polymorphism of the angiotensin
-Converting enzyme gene is associated with Serum ACE concentration
and increased risk for CAD in the Japanese. Circulation 90 :
2199-2202, 1994

Johns BH, Standridge MK, Moustaid N. Angiotensin Ilincreases
lipogenesis iin 3T3-L1 and human adipose cells. Endocrinology
138 : 1512-1519, 1997

Giacchetti, G., Faloia, E., Mariniello, B., Sardu, C., Gatti, C.,
Camilloni, M.A., Guerrieri, M., & Mantero, F. Overexpression of
the renin—angiotensin system in human visceral adipose-tissue in
normal and overweight subjects. American Journal of Hypertension
18 : 695-702, 2002

van Harelen, V., Elizalde, M., Ariapart, P., Bergstedt-Lindqvist, S.,
Reynisdottir, S., Hoffstedt, J., Lundkvist I., Bringman, S., &Arner, P.
The association of human adipose angiotensinogen gene expression
with abdominal fat distribution in obesity. International Journal of
Obesity 24 : 673-678, 2000a

van Harelen, V., Ariapart, P., Hoffstedt, J., Lundkvist I.,Bringman, S.,

& Arner, P. Increased adipose angiotensinogen gene expression in



41.

human obesity. Obesity Research 8 : 337-341, 2000b

Perticone F, Ceravolo R, Iacopino S, Cloro C, Ventura G, Maio R,

Gulletta E, Perrotti N, Mattioli PL. Relationship between
Angiotensin—-Converting Enzyme Gene Polymorphism and Insulin

Resistance in Never-Treated Hypertensive Patients. J Clin

Endocrinol Metab. 86(1) : 172-178, 2001

42. Yu SM. How do we evaluate and diagnose obesity in childhood?

43.

44.

45.

46.

The Korean Journal of Obesity. 14(2) : 53, 2005

Daniels SR, Khoury PR, Morrison JA. The utility of body mass
index as a measure of adiposity among children and adolescents :
a validation study. J. Pediatr 132 : 204-210, 1998

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem. 18(6) :
499-502, 1972

Murata M, Fujita Y, Okuni M. Strategies of screening for
hyperlipidemia(dyslipoproteinemia) in school-age children in the
Tokyo area. Prev Med. 12(6) : 810-814, 1983

Brandi LS, Bertolini R, Calafa M. Indirect calorimetry in critically
ill patients: clinical applications and practical advice. Nutrition.

13(4): 349-358, 1997



47.

48.

49.

50.

51.

S2.

53.

Kirkland L. Effects of ventilator resetting on indirect calorimetry
measurement—-the importance of patience. Crit Care Med. 27(3) :
531-539, 1999

Brandi LS, Bertolini R, Santini L, Cavani S. Effects of ventilator
resetting on indirect calorimetry measurement in the critically ill
surgical patient. Crit Care Med. 27(3) : 531-539, 1999

Weir JB. New methods for calculating metabolic rate with special
reference to protein metabolism. J Physiol. 109(1-2) : 1-9, 1949
Evans AE, Poirier O, Kee F, Lecerf L, McCrum E, Falconer T,
Crane J, O'RourkeDF, Cambien F. Polymorphisms of the angiotensin
-converting-enzyme gene in subjects who die from coronary heart
disease. @ J Med. 87(4) : 211-214, 1994

Walldius G, Jungner I. Apolipoprotein B and apolipoprotein A-1I :
risk indicators of coronary heart disease and targets for
lipid-modifying therapy. J Intern Med. 255(2) : 188-205. 2004
Walldius G, Angelin B, Eriksson M. The apoB/apoA-I ratio is
better myocardial infarction marker than lipids Lakartidningen.
103(10) : 751-752, 2006

Yu KH, Son CS, Dockgo YC. Studies on Serum Lipids in
Primary School Children. Korea University medical journal

28(1) : 283-295, 1991



o4.

55.

56.

S57.

58.

59.

Um JY, Mun KS, An NH, Kim PG, Kim SD, Song YS, Lee KN,
Lee KM, Wi DH, You YO and Kim HM. Polymorphism of
angiotensin-converting enzyme gene and BMI in obese Korean
women. Clinica Chimica Acta 328 : 173-178, 2003

Lee KW, Kwon SO. The Effects of Maximal Exercise with
ACE Gene Polymorphism on Blood Apo A, Apo B. J of Sport and
Leisure Studies 21 : 577-586, 2004

Choi SJ, Kim SH. Influence of Angiotensin Converting Enzyme
Gene Polymorphism on Physical Fitness in Response to Combined
Training in Male Students. The Korean J of Exercise Nutrition
7(2) : 119-125, 2003

Khil JH, Park H, Cha BK. ACE Polymorphism and
Cardiopulmonary Capacity in Athletes. The Korean J of Exercise
Nutrition 6(2) : 77-84, 2002

Han SC, Jo HC, Shin YO, Oh JK. Correlation between the
Genotypes of ACE and Apo E, Cardiorespiratory Endurance
Fitness, and Blood Lipid Contents of Elite Judo players.

The Korean J of Physical Education 41(2) : 689-700, 2002

Jo JH, Bae MH, Lee KW, Jin JH, Sim CS, Im SG. Association
of the ACE Gene Polymorphism with Hemodynamics under
Exercise Stress Condition in Normotensive Healthy Men.

The Korean J of Physical Education 42(6) : 857-867, 2003



60.

61.

62.

63.

64.

Jung AR, Kang HS, Lee DT. Physical Morpology, Fitness, and
Eating Behavior to ACE Genotype of Korean Elite Female Athletes.
J. Korean. Soc. Living. Environ. Sys. 11(4) : 290-294, 2004
Ishigami T, Iwamoto T, Tamura K, Yamaguchi S, Iwasawa K,
Uchino K, Umemura S, Ishii M. Angiotensin I converting
enzyme(ACE)gene polymorphism and essential hypertension in
Japan. Ethnic difference of ACE genotype. Am J Hypertens. 8(1) :
95-97, 1995

Okumura K, Matsui H, Kawakami K, Numaguchi Y, Kaneko S,
Morishima I, Mokuno S, Toki Y, Hayakawa T. Relationship
between the apolipoprotein E and angiotensin-converting enzyme
genotypes and LDL particle size in Japanese subjects.

Clin Chim Acta. 285(1-2) : 91-103, 1999

Higaki J, Baba S, Katsuya T, Sato N, Ishikawa K, Mannami T,
Ogata J, Ogihara T. Deletion allele of angiotensin-converting
enzyme gene increases risk of essential hypertension in Japanese
men : the Suita Study. Circulation. 101(17) : 2060-2065, 2000
Zaman MM, Yoshiike N, Date C, Yokoyama T, Matsumura Y,
Ikemoto S, Tanaka H. Angiotensin converting enzyme genetic
polymorphism is not associated with hypertension in a cross -
sectional sample of a Japanese population: the Shibata Study.

J Hypertens. 19(1) : 47-53, 2001



65. Mannami T, Katsuya T, Baba S, Inamoto N, Ishikawa K, Higaki

66.

67.

68.

69.

70.

J, Ogihara T, Ogata J. Low potentiality of angiotensin-converting
enzyme gene insertion/deletion polymorphism as a useful
predictive marker for carotid atherogenesis in a large general
population of a Japanese city: the Suita study. Stroke. 32(6) :
1250-1256, 2001

Nakahara K, Matsushita S, Matsuoka H, Inamatsu T, Nishinaga M,
Yonawa M, Aono T, Arai T, Ezaki Y, Orimo H. Insertion/deletion
polymorphism in the angiotensin-converting enzyme gene affects
heart weight. Circulation. 101(2) : 148-151, 2000

Lee Y], Tsai JC. ACE gene insertion/deletion polymorphism
associated with 1998 World Health Organization definition of
metabolic syndrome in Chinese type 2 diabetic patients.
Diabetes Care. 25(6) : 1002-1008, 2002

Zhao B, Moochhala SM, Tham S, Lu J, Chia M, Byrne C, Hu Q,
Lee LK. Relationship between angiotensin—-converting enzyme ID
polymorphism and VO(2max) of Chinese males. Life Sci. 73(20) :
2625-2630, 2003

Ryan AS, Nicklas BJ, Berman DM, Ferrell RE. The Insertion /
Deletion Polymorphism of the ACE Gene Is Related to Insulin
Sensitivity in Overweight Women. Diabetes Care 24 : 1646-1652, 2001
Hagberg JM, McCole SD, Brown MD, Ferrell RE, Wilund KR,



71.

72.

73.

74.

75.

76.

Huberty A, Douglass LW, Moore GE. ACE insertion/deletion
polymorphism and submaximal exercise hemodynamics in
postmenopausal women. J Appl Physiol. 92(3) : 1083-1088, 2002
Rankinen T, Gagnon J, Perusse L, Chagnon YC, Rice T, Leon AS,
Skinner JS, Wilmore JH, Rao DC, Bouchard C. AGT M235T and
ACE ID polymorphisms and exercise blood pressure in the
HERITAGE Family Study. Am J Physiol Heart Circ Physiol.
279(1) : H368-H374, 2000

Hagberg JM, Ferrell RE, McCole SD, Wilund KR, Moore GE.
VO2 max is associated with ACE genotype in postmenopausal
women. J Appl Physiol. 85(5) : 1842-1846, 1998

Gayagay G, Yu B, Hambly B, Boston T, Hahn A, Celermajer DS,
Trent RJ. Elite endurance athletes and the ACE allele-the role
of genes in athletic performance. Hum Genet 103 : 48-50, 1998
Jacobsen P, Tarnow L, Carstensen B, Hovind P, Poirier O,
Parving HH. Genetic variation in the Renin-Angiotensin system
and progression of diabetic nephropathy. J Am Soc Nephrol.
14(11) : 2843-2850, 2003

Fuentes RM, Perola M, Nissinen A, Tuomilehto J. ACE gene and
physical activity, blood pressure, and hypertension:a population
study in Finland. J Appl Physiol. 92(6) : 2508-12, 2002

Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P, Soubrier



7.

78.

79.

80.

F. An Insertion/Deletion Polymorphism in the Angiotensin I-
converting Enzyme Gene Accounting for Half the Variance of
Serum Enzyme Levels. J CIli Invest. 86(4) : 1343-1346, 1990
Bouhanick B, Gallois Y, Hadjadj S, Boux de Casson F, Limal
JM, Marre M. Relationship between glomerular hyperfiltration
and ACE insertion/deletion polymorphism in type 1 diabetic
children and adolescents. Diabetes Care. 22(4) : 618-22, 1999
Perticone F, Ceravolo R, lacopino S, Cloro C, Ventura G, Maio R,
Gulletta E, Perrotti N, Mattioli PL. Relationship between
Angiotensin—-Converting Enzyme Gene Polymorphism and Insulin
Resistance in Never-Treated Hypertensive Patients. J Clin
Endocrinol Metab. 86(1) : 172-178, 2001

Nagi DK, Foy CA, Mohamed-Ali V, Yudkin JS, Grant PJ,
Knowler WC. Angiotensin-1-Converting Enzyme (ACE) Gene
Polymorphism, Plasma ACE Levels, and Their Association With
the Metabolic Syndrome and Electrocardiographic Coronary
Artery Disease in Pima Indians. Metabolism 47(5) : 622-626, 1998
Riera-Fortuny C, Real JT, Chaves FJ, Morales-Suarez-Varela M,
Martinez-Triguero ML, Morillas-Arino C, Hernandez-Mijares A.
The relation between obesity, abdominal fat deposit and the
angiotensin-converting enzyme gene I/D polymorphism and its

association with coronary heart disease. International Journal of



81.

82.

83.

84.

Obesity 29 : 78-84, 2005

Tanriverdi H, Evrengul H, Tanriverdi S, Turgut S, Akdag B,
Kaftan HA, Semiz E. Improved endothelium dependent vasodilation
in endurance athletes and its relation with ACE I/D polymorphism.
Circ J. 69(9) : 1105-1110, 2005

Montgomery HE, Marshall R, Hemingway H, Myerson S,
Clarkson P, Dollery C, Hayward M, Holliman DE, Jubb M, World M,
Thomas EL, Brynes AE, Saeed N, Barnard M, Bell JD, Prasad
K, Rayson M, Talmud PJ, Humphries SE. Human gene for
physical performance. Nature 393 @ 221-222, 1998

Myerson S, Hemingway H, Budget R, Martin J, Humphries S,
Montgomery H. Human angiotensin I-converting enzyme gene and
endurance performance. J Appl Physiol. 87(4) : 1313-1316, 1999
Wilkin TJ, Metcalf BS, Murphy M]J, Kirkby J, Jeffery AN, Voss
LD. The relative contributions of birth weight, weight change, and
current weight to insulin resistance in contemporary 5-year-olds :

the EarlyBird Study. Diabetes. 51(12) : 3468-3472, 2002



ABSTRACT

Studies on Serum Lipids Profiles,
Insulin Resistance & Resting Metabolic Rate
according to ACE Polymorphism in Korean

Elementary School Students.

Kwon In-Su
Department of Food & Nutrition

The Graduated School

Sungshin Women'’s University

Angiotensin-Converting Enzyme (ACE) is a key enzyme of the
Renin-Angiotensin System (RAS). Contrast to the role of RAS in
kidney, the local RAS in adipose tissue devorted to the regulation of fat
metabolism and differentiation of adipocytes.

ACE may be involved in obesity-related metabolic syndrome.



Sixty-two elementary school boys and girls were participated in
the finding of the relationship among anthropometrics, biochemistry on
serum lipids, insulin resistance, RMR mesurements, and obesity degree

according to ACE gene polymorphism.

The results of this study were as following ;

1. The distribution and allele frequency of the ACE gene polymorphism
were indicated to II type(33.9%, n=21) and ID type(66.1%, n=41).
Compared to the orients studies, II type was increased 20% more
than this study.

2. No significantly differences between male and female in RMR.

3. There was significantly increased to CRP(p<0.05), insulin(p<0.01),

C-peptide(p<0.001) in ID male than II male.

4. There was significantly increased to TG(p<0.01), TG/HDL-C
ratio(p<0.05) in ID female than II female.

5. There was significantly increased to insulin(p<0.001) in ID
female than II female.

6. There was significantly increased to age(p<0.05), weight(p<0.05),
BMI(p<0.05), % body fat(p<0.05), fat mass(p<0.05) in ID than II.

7. There was significantly increased to TG(p<0.01), TG/HDL-C

ratio(p<0.05) in II female than ID male.



10.

11.

12.
13.

. There was significantly increased to insulin(p<0.01), C-peptide

(p<0.05) in ID than II.

. Most of all anthropometrics parameters were significantly

incresed obesity group than normal group.

There was significantly increased to RMR(p<0.05) between
normal group and obesity group in II, but there was no
significant differences in ID.

In Summary, RMR has effects more obesity degree than

ACE genotypes.

There was significantly increased to insulin resistance indices
between normal group and obesity group as the results of
adjusted age and sex.

There was showed correlation among BMI, Muscle, and RMR.
There was showed correlation among BMI, %body fat, WHR,
and TG/HDL-C ratio.



	Ⅰ. 서 론
	Ⅱ. 연구내용 및 방법
	1. 연구대상자 및 기간
	2. 연구방법
	(1) 신체계측
	(2) 피부두겹두께 측정
	(3) 비만도 판정
	(4) 혈액채취 및 분석
	1) 혈액학적 검사
	2) 생화학적 검사

	(5) 휴식대사량 측정
	(6) ACE 유전자 다형성 분석
	1) genomic DNA 추출
	2) PCR용 primer 제작 및 사용
	3) 중합효소 연쇄반응(PCR)을 이용한 ACE 유전자 증폭
	4) 3.5% agarose gel 만들기
	5) 전기영동 (Electrophoresis)
	6) ACE 유전자 다형성 결과에 따른 확인 및 판독


	3. 통계분석

	Ⅲ. 연구 결과 및 고찰
	1. 연구 대상자의 일반적인 특징
	2. 혈액학&#8228;생화학적 분석에 대한 일반적인 특징
	3. ACE 유전자 다형성에 따른 형질 분포와 빈도조사
	4. 성별에 따른 신체계측 및 RMR에 대한 일반적인 특징
	5. 성별에 따른 혈청 지질수준, 인슐린 저항성 및 혈구분석 관련인자들에 대한 일반적인 특징
	6. ACE 유전자 다형성이 신체계측 및 RMR에 미치는 영향
	7. ACE 유전자 다형성이 혈청지질 수준에 미치는 영향
	8. ACE 유전자 다형성이 인슐린 저항성 관련인자들에 미치는 영향
	9. ACE 유전자 다형성이 혈구분석 관련인자들에 미치는 영향
	10. ACE 유전자 다형성에 따른 비만도가 신체계측 및 RMR에 미치는 영향
	11. ACE 유전자 다형성에 따른 비만도가 혈청지질 수준에 미치는 영향
	12. ACE 유전자 다형성에 따른 비만도가 인슐린 저항성 관련인자들에 미치는 영향
	13. ACE 유전자 다형성에 따른 비만도가 혈구분석 관련인자들에 미치는 영향

	Ⅳ. 요약 및 결론

