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ABSTRACT

Background and Objectives : The renin-angiotensin system (RAS) genes have been studied extensively as eti-
ologic essential hypertension (EH) candidate genes in human populations worldwide. The angiotensin I-
converting enzyme (ACE) plays an important role in the RAS for the regulation of blood pressure. Recent
reports on the association of ACE gene polymorphisms with EH and the related cardiovascular diseases have
been controversial. Therefore, this study investigated the association of three polymorphisms (I/D, G14480C
and A22982G) in the ACE gene with EH in Koreans. Subjects and Methods : This study recruited a sample
population of 887 Koreans (comprising of 461 controls and 426 EH cases) from Cardiovascular Genome Center
in Korea. The ACE gene polymorphisms were determined by a polymerase chain reaction and a SNP-IT assay.
Results : The genotype and the allele frequencies of all three polymorphisms in the hypertensives and the nor-
motensives not significantly different (p>0.05). In the female control group, there was a significant difference
in SBP among the genotype with the I/D polymorphism (p<0.05). There was also an association between the
ACE polymorphisms and the hypertensive male group with the total cholesterol level. Haplotype analysis
showed that none of the haplotypes were significantly associated with hypertension. Conclusion : ACE poly-
morphisms do not appear to have any apparent association with essential hypertension in Koreans, who have a
more homogeneous genetic structure than other ethnic groups. (Korean Circulation J 2004;34(12):1137-1147)

KEY WORDS : Renin-angiotensin system ; Angiotensin I-converting enzyme ; Hypertension ; Polymorphism ;
Koreans.
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Aow Aeargste] Wshe tRRIAM] d3kow &
A4 gtk Bepd mEshe] vy v e i F=
AR kAR ol 7kt wd-<HA L 'AA
(renin—angiotensin system ; RAS) ol] #ojal= W
AR dighk A7 FFA o= o]Fox| 1 ik
RASE ¢HA] @ #lA| -4l (angiotensinogen ; AGT), @
(renin), SHX] 2 84l A3kE 4 (angiotensin conver-
ting enzyme ; ACE), FA 28X T (angiotensin 1I)
81 F F79 845 (angiotensin I typel re-
ceptor ; AT1, angiotensin I type2 receptor ; AT2)
2 FAE] glom Auvelr dgxd 9 A
OiAell #oletar 3o FEt AxE TANA 18
ol whel] FQ8k J3-S g}

Ikl loAl ACE #312H= 17q23 @AA] H-4le]
=AY 26709] elgo] 24,070 bpe] DNA®I £
st Yok AT AR ARt R
ACE 3%} thadd o Ada Agke] dadel digk
TollA 7 g o8 §-34F A= ACE insertion/
deletion(I/D) 3ot} I/D of8 ACE %%} 16
WA QIERZ] 287 bp2l Al F714H0] 4H] (inser-
tion, 1) ¥ A4 (deletion, D) ¥ F 72| izt
oz vehby 7} 7= 10, ID 12]al DDE) Al &
T A F & 7HE A 9 =3 ACE f
AxE T €3 ACE =0l that el Wele] 7
% DDEE Ad o] AT 7 =3 T30l
7 wrom IDES T Ao vlusiy STl
ACE &452 vehict? weba ol9)h e wA=
no] Wol ACE I/D thge] dstxd 3l v8t A}
ool 7t Aol & AoRE F5T 4 Sty ACE
/D vt 189t 7] Aol st A= A AlA
o] theFst QlF Heks ooz Ao 1 A
7} ol wa} AdolatA vERt S48 dEs EEe)
2] H3ta =27t AlEE L Sl A%oltk O Donnell
579 Bl dJah, SQluks de] wel @A 3tk
A /D thde Eepd nEet ke fost ddedol gl
T Ao® vERTE Ty E gE ATelAE /D o
o] el e 1Y HANIEekE Aol Je
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Ao 7 Rt v, Aol wat Aol At 2
Uehhs 2oz zakEge? ojelet Ans2 1D o
el o] A, A 13 QF Al uhet
]9 T}ekdl Ajo) & woltka 8 4= Qi) F=rel Hok
< e ® & ACE 312 B el et A= 4
of] Ets] xIsix]o] A4t gkl Feelx €] ACE
AR L7 9”l, ARRoRl T1E|an 391 ek} thE
Azt B b ey

ACE G14480C th/d-& 1694 QAEZS] 37] gua-
nine (G) ] cytosine (C) 2.2 X|$+e]= F3om A22-
982Gt 25WA| QIEE|A adenine(A)©] guanine
(@)= dxE] Yehh= tgolnt ol8d F+ T/
9] gl nF diyl QER ZAARo)x wdAsh=
toR2 ACE 845 71l didst dArL sle Ao
2 ZAQO O oldt 1F Hekg ffow o

= tHoll digh A7 wile- wEsk Argoln gh=ele)
ok 7412 ofA7kA] o] FolA|A] okl g} §hE, A
Sh ARE AL o] TR S A vl
Sh= ARTHE 598 G = fAAREY] MR o
2 Tl Al A diHIAEE & AER
g A A% 22 WA (haplotype) ol AE
3 EAL sk Ao] v muHolth!? ghelel A
[e)

ACE £317 T} w} wbgs 48 aega? 1
g A HEFY Sake) dvg A7k S v
Qovt nlaa Mol 717k & BT A
& tpFo® o] Fu A WA 14 (haplo-
type analysis) 2% EEA] 1842 APAS T3
& AT o7 el vt gick

ole]l & ol 39l kS o A iz
T3 w8} gxlollA ACE 32k /D, G14480C
T12)31 A22982G TS B8] o) 414 Rl
9} e WA Fhol o] EAFHA Y ofFF o

ohs1A} S

oL |

o 2
2000 11€5E 20029 129714 9A g8
FAA ATAEIREE 42698 (A 1 1909, oA ¢
236™) 9] At R AFHARE w2 4617 (-
2017, o149 : 236%) o] AT BES Al
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&5t Aol e A= gostalon olxbd 1St
Aot aEla B o] AEke R Ak x3
ol A ). AR 2= 57] o] 140
mmHg v|¥te] 1 o]¢k7] "] 90 mmHg w|Rle|™ 11
o, Iy, HE RS, A 5o Bl ¢l
a1 olgh Agke] 7REo] glom AR AAadd
- X=224 Anld) 230] gl A8t dAdArE
= 31 HAE AT FolRke] o s A
EERARE Folo] 1, AW, B B Sl | W
Ho] 58 AR oY AT Al Sste] A
A2EA]4=(body mass index ; BMD S A=Esiick 2 A
T BE o] dPAEEREH AdsA s e &
FEpgick

ACE H0IAF CHE 24

ACE #32F thd 2412 srd Addizsos
FE A¥ 5 mLE ethylenediaminetetraacetic acid
(EDTA) FHel A&t ¥ PUREGENE DNA Purifi-
cation kit (GENTRA, Minneapolis, MA) & ©]-4-5}]
ol o] WiFT- AEZHE] genomic DNAE %3t
2tk DNA F&0] ¢hayl BE Al ~dEZ Y En|
Eox $55 SHsIgion digtas fste] 247
PCR % $%°] 96—well 9 384—well FHe| 25
ng/ul. ¥ BF3s13tk ACE I/D tFd 248 ACE &
A} AEE 16W0]| 287 bp o1& Ad 4lu element
o A AAE BEEb] S8t v 2 ek
O] AA (primer) & o]&-¢t a4 A (PCR)
< F3IATE Primerd] 71¥1E2 7+t sense pri-
mer 5 —CTGGAGACCACTCCCATCCTTTCT-3’
4l antisense primer 5 —ATCTGACGAATGTGAT-
GGCCACATC—3’ ]3lth. PCR WM& 25 ng®l ge-
nomic DNA, Z} 2.5 pM primer, 0.125 mM<2] dNTP,
50 mM KCI, 10 mM Tris—HCI(pH 8.3), 2.5 mM
MgCls, 5% dimethyl sulfoxide (DMSO) el 1 unit2]
AmpliTaq polymerase (Applied Biosystems, Foster

City, CA)E &3t 3, 43 F%©] 25 ul7t H 5%
3}y PCR thermal cycler (PTC—200, MJ Research,
Waltham, MA) ellA] AAJHAcE PCRE Wb 2%9}
ARRE 27) WA O R 94T 555 S & 04T
13, 627C 45%, 727C 139 #75 353 WEalglo
w HFHoE 72T 102 HYS FHs8lch PCR
Hkgo] Fr® ¥ 5 uld RFSAES 2% agarose
geloll A719%-2 Al&sla UV transilluminator 2]
A A3E glsI3ith I homozygote= 490 bp 49|
o] g FiF wAue] FEE T DD homozygote 2]
749+ 190 bpike el 2 ID heterozygote:
4907} 190 bp T &F2 =40l ¥ G14480C
9} A22982G ©}8A 412 A SNP stream 25K
system(Orchid Biosciences, Prinston, NJ) & ©]&-&
o SNP—IT (SNP—Identification Technology) assay
upl® o & tjoled 7)1 (single base extension) 4t
= THsITE HdHA71EE wEgol AFE-EE pri-
mer sequencet G14480C2] 4%, 5 —GTCAGAT-
CTGGTAGGGGTTTGAATG—-3" ©]al A22982G+
5" =TGCCCATGCTGTCTCCTTGCTTCCC—-3’ ]
Atk o= primer$l Z7+¢] PCR AdE5 A (re-
naturation) A%l ¥ fluorescein isothiocyanate (FI-
TC) T+ biotin® 2 FA¥ Z47k] dideoxynucleotide
o} REEAIA dLA7E AETh wkge] FEE &
A2 ELISA 35715 o] 8sto] 717] gy
Aoz Mg §HE Bl HF FAAE S

QC Review ™ program ©.& A )&k,

L

by |

ACE 3218 4S5 918 AFwe] SAA e} 4]
< SAS soft package version 8.1.2(SAS Institute,
Cary, NC) & AR89t BE SAG Hr+ 370
212 BAIBITE Atz 18 Sxftol A A
g H=0] 2o Student’s r—testS ARSI oM
=38 WHa=0] Hlwell= Chi—square test 5= Fisher’s
exact test® ©]g3tict F T (k] 7123 FEA
of tist Hulwe 4¥3 ANOVA 9 ANCOVAE
ARE3ISATE Begt i1 §-3AF8 9] vl = Chi—
square testZ ©]835}91 o™ ACE F4AAE tido=z
A Al E5e] tHdA mATR A9HEEE (linkage
disequilibrium ; LD) #1E= D’ g7 o2 vehiich )
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Aol haplotype 23 152 ACE t83 viAE9] ] t
FAxE BA49E vl"O 2 partition—ligation algo-

rithm< 1%0}912‘3% haplotype W¥¥#48 Haplo- 28X £

typer Z&73Y 07 Salsiolr) BAE BE 53] B AT tPdRte] A o Table 12 2tk

gt A fo9a=S pake] 0.05 HWkel A$- & AAATERTS 46170l 1Y FATS 42670131
< Aozl S 49.76+

A O ool G Ao= Flsige or, ol 3ol
10.08A], #2r-2] -9 51.39+10.30M2A] <]

Table 1. Clinical characteristics of the study subjects

. Hypertensive subjects (n=426) Normotensive subjects (n=461)
Variable
Male Female Male Female

Number 190 236 201 260

Age (y) 49.71+ 10.35 52.75+10.08 47.77 = 10.94 51.30+= 9.09 0.0173
SBP (mmHg) 133.22+ 18.12 128.19£16.55 118.20+  9.99 114.97£12.40 0.0000
DBP (mmHg) 85.47+ 11.80 80.97+11.08 7541+ 7.14 72.03t 7.79 0.0000
BMI (kg/m?) 2549+ 293 2496+ 3.02 2371+ 280 2325+ 2.70 0.0000
TG (mg/dL) 184.29+116.50 150.53+£82.19 158.41+108.13 116.95+71.63 0.0000
TC (mg/dL) 201.16+ 38.51 206.37 +42.20 20584+ 39.57 209.15+36.66 0.1652
HDL-C (mg/dL) 4205+ 11.42 45161119 4548+ 10.54 51.60£12.01 0.0000
LDL-C (mg/dL) 125.02+ 36.33 131.76£35.97 130.71+ 35.30 134.46+32.91 0.0983
Glucose (mg/dL) 96.61+ 26.48 91.75£17.70 92,98+ 20.51 86.82+15.18 0.0011

Data values are means +standard deviation and numbers (%) . SBP: systolic blood pressure, DBP: diastolic blood pres-
sure, BMI: body mass index, TG: friglyceride, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C:
low-denisity lipoprotein cholesterol. p is comparison with means or percentages between two groups by analysis of
variance or Chi-square test

Table 2. Distribution of allele and genotype frequencies of ACE I/D, G14480C and A22982G polymorphisms in our
study population

‘ Allele/ Male Female
Polymorphism genotype Hypertensives Normortensives 5 Hypertensives  Normortensives
(n=190) (n=201) (n=236) (n=260)

ACEI/D Il 65 (0.342) 65 (0.323) 0.8903 86 (0.364) 99 (0.38) 0.8747
ID 92 (0.484) 98 (0.488) 112 (0.475) 123 (0.473)
DD 33 (0.174) 38 (0.189) 38 (0.161) 38 (0.146)
%l 0.584 0.567 0.6298 0.602 0.617 0.6146
%D 0.416 0.433 0.398 0.383

G14480C GG 32 (0.168) 38 (0.189)  0.8454 38 (0.161) 38 (0.146)  0.8099
GC 93 (0.489) 98 (0.488) 115 (0.487) 124 (0.477)
cC 65 (0.342) 65 (0.323) 83 (0.352) 98 (0.377)
%G 0.413 0.433 0.5778 0.405 0.385 0.5188
%C 0.587 0.567 0.595 0.615

A22982G AA 58 (0.305) 57 (0.284) 0.8831 76 (0.322) 94 (0.362) 0.6257
AG 96 (0.505) 106 (0.527) 116 (0.492) 118 (0.454)
GG 36 (0.189) b38 (0.189) 44 (0.186) 48 (0.185)
BA 0.556 0.547 0.7651 0.568 0.588 0.5104
%G 0.442 0.453 0.432 0.412

ACE: angiotensin converting enzyme, I/D: ACE inserfion/deletion
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Table 3. Features of all participants by ACE I/D polymorphism

ACE I/D
Hypertensives Normotensives
I D DD P I D DD P

Male
N 65 92 33 65 98 38
Age (y) 49.78%= 1095 49.20+10.16 51.00= 9.85 0.6920 49.03* 11.30 4727+ 10.86 46.89+10.64 0.5207
SBP 129.88+ 14.83 134.21£18.40 137.06+ 2226 0.1375117.94+t 99211830+ 10.53 118.42+ 8.87 0.9649
(mmHg) ’
DBP 8391+ 11.39 86.11£1206 86.79+ 11.91 0.4048 75.11+t 7.09 75.66+ 7.51 7526+ 634 0.8809
(mmHg) ’
BMI 2592+ 3.16 2530+ 2465 2518+ 3.18 0.3388 2420+ 284 2341+ 256 23.65+ 3.22 02111
(kg/m2) ’
G 166.43+:114.68 193.57+£111.41 193.61+:132.58 0.3148 144.98+£108.36 170.51+£119.72 150.18 £ 67.37

0.2953
(mg/dL)
C 191.92+ 36.26 207.64+ 39.65 201.27+ 36.92 0.0410 210.29+ 36.12203.10+ 40.72 205.29 +42.51 0.5046
(mg/dL) .
HDL-C 4114+ 11.09 4220+ 11.48 43.45+ 1207 0.6348 46.75+ 10.54 4581+ 10.52 42.44+10.29

0.1232
(mg/dL)
LDL-C 121.59+ 31.31 128.20%+ 38.68 122.99+ 39.30 0.5275 136.95+ 35.69 125.67+ 32.91 132.81£39.27 0.1339
(mg/dL) ’
Glucose 91.23% 17.09 97.74+ 26.66 10409+ 37.63 0.0638 90.08* 10.62 93.45+ 20.58 96.71+30.64 0.2724
(mg/dL) .
Female
N 86 112 38 99 123 38
Age (y) 51.59+ 10.47 53.56+ 1047 5295+ 8.62 0.3931 5129+ 8.87 5087+ 9.05 5271+ 9.89 0.5535
SBP 12628+ 17.76 129.55+ 15.92 128.50+ 15.53 0.3845 112.51+ 120011587+ 12.33 118.50£12.71 0.0213
(mmHg)
DBP 80.86+ 12.54 8120+ 10.01 80.58*+ 10.81 0.9504 71.60+t 7.06 7228+ 834 7232+ 7.93 0.7842
(mmHg)
BMI 2468+ 3.01 2505+ 3,13 2535+ 2469 0.4831 2327+ 273 2337+ 275 2280%+ 2.45 0.5291
(kg/m?)
G 144.64+ 86.50 146.08+ 71.04 176.97+ 98.55 0.0948 118.47+ 83.15118.35+ 66.55 108.42+:53.96 0.7311
(mg/dL)
C 199.14+ 37.01 208.11+ 44.53 217.61+ 4422 0.0664 207.60+t 38.74211.24+ 34.94 206.47 £37.12 0.6791
(mg/dL)
HDL-C 4373+ 11.06 4615+ 11.48 4549+ 10.50 0.3174 49.94+ 11.88 52.57+ 1210 52.82+11.91 0.2137
(mg/dL)
LDL-C 127.80+ 31.65 132.75+ 39.05 137.94+ 41.60 0.3606 134.76+ 35.02135.00+ 32.16 131.97+£30.37 0.8795
(mg/dL)
Glucose 90.40t 18.63 93.10E£ 19.08 90.84%t 9.54 0.5440 86.67* 1573 86.97+t 15.40 86.76*£13.27 0.9890
(mg/dL)

ACE: angiotensin converting enzyme, I/D: ACE insertion/deletion, SBP: systolic blood pressure, DBP: diastolic blood
pressure, BMI: body mass index, TG: friglyceride, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-

C: low-denisity lipoprotein cholesterol

Aol Atz vlste] =okth HU viES g AR 9=
Zdrjzrel A @A7F 2019 (43.6%), o147 260

(56.4%) 0191 FARrelrt= WA 19078 (44.6%),
27} 236%9 (55.4%) 0= tha 2el7} glglont B
A e s Zlow vpEhge mst g izl
T57] Dbt olely] dgte] FHAR= 717} 116.38+
11.51 mmHg$} 73.50+7.69 mmHgo|ort w3t 3

130.43+17.43 mmHg?} 82.98+11.61

mmHg=Z ARSI T8 $xlrte] et 2271 H)
A WA veRt olfi= i #Are] 83.8% (357
W) 7F FudEY ok
ERsity 2Ev 7] "
FARCE Folg A7t Y=
0.0001). 8 LBk el BMI, L o) o2

7] mEel Zow
215 Hlwst Aol
AoR A A<

T
2 gaha
o) I~
-

i
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Table 4. Features of all participants by ACE G14480C polymorphism

ACE G14480C
Hypertensives Normotensives
GG GC cc P GG GC CcC o}
Male
N 32 93 65 38 98 65
Age (y) 51.13% 998 49.17+ 10.11 49.78=+ 10.95 0.6554 46.89+10.64 47.27+ 10.86 49.03= 11.30 0.5207
SBP 137.28+ 22.58 134.16+ 18.31 129.88+ 14.83 0.1305 118.42+ 8.87 11830+ 10.53 117.94+t 9.92 0.9649
(mmHg)
DBP 86.69+ 1208 86.15+ 1200 8391+ 11.39 0.4111 7526+ 634 7566+ 7.51 7511%£ 7.09 0.8809
(mmHg)
BMI 25,17+ 323 2530 2464 2592+ 3.16 0.3379 23.65+ 322 2341+ 256 2420+t 28402111
(kg/m?)
G 196.50+133.64 192.57£111.21 166.43+£114.68 0.3106 150.18+67.37 170.51+£119.72 144.98+108.36 0.2953
(mg/dL)
C 199.59+ 36.21 208.15+ 39.74 191.92+ 36.26 0.0316 205.29+42.51 203.10+ 40.72 210.29+ 36.12 0.5246
(mg/dL)
HDL-C 4340+ 1226 4223+ 11.42 41.14%= 11.09 0.6478 42441029 4581+ 10.52 46.75+ 10.54 0.1232
(mg/dL)
LDL-C 120.69+ 37.88 128.92+ 39.02 121.59+ 31.31 0.3801 132.81+39.27 125.67+ 32.91 136.95+ 35.69 0.1339
(mg/dL)
Glucose 104.25+ 38.22 97.75% 26.52 91.23%= 17.09 0.0627 96.71£30.64 93.45+t 20.58 90.08%= 10.62 0.2724
(mg/dL)
Female
N 38 115 83 38 124 98
Age (y) 5295+ 862 5333+ 1030 5184+ 104205883 5271+ 9.89 5090+ 901 5127+ 891 0.5612
SBP 128.50+ 15.53 129.57+ 15.87 126.14+ 17.86 0.3558 118.50+12.71 11585+ 12.28 112.49+ 12.06 0.0214
(mmHg)
DBP 80.58+ 10.81 81.08£ 10.02 81.01%x 1261 0.9709 7232+ 7.93 7227+ 831 7160t 7.09 0.7924
(mmHg)
BMI 2535+ 2469 2505+ 3.10 24.65+ 3.06 0.4537 22.80+ 2.45 2338+ 2.74 2325+ 2.740.5189
(kg/m?)
G 176.97+ 98.55 149.39+ 76.65 140.00+t 79.81 0.0695 108.42+53.96 118.76+ 66.44 117.96+ 83.42 0.7287
(mg/dL)
C 217.61+1 4422 207.91 £ 4438 199.08 36.98 0.0694 206.47£37.12 211.39+ 34.84 207.37 = 38.87 0.6406
(mg/dL)
HDL-C 4549+ 10.50 4593+ 11.43 4394+ 11.18 0.4578 52.82+11.91 5246+ 12.11 50.04% 11.89 0.2632
(mg/dL)
LDL-C 137.94+ 41.60 132.80+ 39.38 127.60+ 30.84 0.3452 131.97+30.37 135.17+ 32.09 134.54+ 35.13 0.8719
(mg/dL)
Glucose 90.84*t 9.54 9296+ 1887 90.50%= 18.94 0.5969 86.76+13.27 87.09* 1540 86.51= 15.73 0.9610
(mg/dL)

ACE: angiotensin converting enzyme, SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: body mass index,
TG: triglyceride, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-denisity lipoprotein choles-

terol

(HDL), S4A%(TG) 18]aL 3

g A ol A

ACE #TI7 LRy 24

277} vlweix] FAFCE fogt xjolE vERE RE
ol FFY|2El=(total cholesterol) 3 AUE Fall~
HE(@LDL) ]2 Blaelx= 7 i Tl f-25 xjo]
7} SlSiT
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Addlzazt 1-d Skl vERt ACE 1/D,
G14480C 1831 A22982G tHdAle] B = Table
29} 329k} /D vhaAdollA] faakEge] wiks dixat
ol Ztz} I 1 ID : DD=0.356 : 0.479 : 0.165, =}
o= 0.354 1 0.479 : 0.1672A4 5 bl £9)
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Table 5. Features of all participants by ACE A22982G polymorphism

ACE A22982G
Hypertensives Normotensives
AA AG GG o} AA AG GG o}
Male
N 58 96 36 57 106 38
Age (y) 4993+ 11.20 4921+ 10.09 50.69+ 9.81 0.7512 4937+ 11.37 4722+ 10.83 46.89+ 10.64 0.4232
SBP 129.81+ 14.87 13427+t 18.34 135.92+ 21.67 0.2052 118.6++ 9.94117.91+ 10.47 11842+ 8.87 0.9020
(mmHg)
DBP 83.79+ 11.55 86.10E£ 11.99 86.50%+ 11.750.4250 7551+ 682 7541+t 7.62 7526% 6.340.9867
(mmHg)
BMI 2600+ 326 2524+ 258 2533+ 32202791 2423+ 294 2346+t 2.53 23.65= 3.22 0.2433
(kg/m?
G 172.66+118.86 190.36110.74 186.83+129.09 0.6539 141.67+103.89 170.37£120.81 150.18 = 67.37 0.2375
(mg/dL)
C 19112+ 37.15 206.76 £ 39.43 202.39+ 35.85 0.0487 211.60%= 36.07 202.94+ 40.32 205.29 = 42.51 0.4124
(mg/dL)
HDL-C 4114+ 10.93 4223+ 11.68 43.05+ 11.69 0.7201 47.75%= 10.80 4534+ 10.29 42.44+ 10.29 0.0541
(mg/dL)
LDL-C 119.92+ 32.35 127.84+ 37.79 125.77+ 38.61 0.4486 137.54+ 36.21 126.13+ 32.82132.81 = 39.27 0.1399
(mg/dL)
Glucose 91.91%= 1774 97.06% 26.28 102.97+ 36.34 0.1402 90.51£ 10.63 92.96+ 20.05 96.71% 30.64 0.3545
(mg/dL)
Female
N 76 116 44 94 118 48
Age (y) 5132+ 10.59 5394+ 998 5207+ 9.230.1871 5136+ 888 5092+ 899 5213+ 9.87 0.7383
SBP 126,00+ 17.32 129.94+ 16.20 127.36+ 15.95 0.2554 112,45+ 12,09 11595+t 1229 117.52+t 12.64 0.0351
(mmHg)
DBP 80.84+ 11.93 81.40% 10.58 80.09%+ 11.02 0.7962 7132+t 698 7247+t 832 7231 8.01 0.5425
(mmHg)
BMI 24,65+ 281 2520+ 3.18 2487% 294 0.4653 2322+ 279 2327+ 267 23.04+ 2.62 0.8340
(kg/m?
G 141,12+ 82.87 14991 £ 75.14 168.41+ 96.72 0.2145 117.65+t 84.46 118.25+ 65.57 112.38+ 58.57 0.8862
(mg/dL)
C 198.28+ 38.10 207.57 £ 42.37 217.18%+ 46.49 0.0551 207.23+ 38.08 210.96+ 34.57 208.48+ 39.29 0.7573
(mg/dL)
HDL-C 4430+ 11.42 4509+ 10.89 46.84+ 11.63 0.4889 4995+ 1208 5288+ 12.17 51.71+ 11.33 0.2101
(mg/dL)
LDL-C 126.23+ 32.56 133.20+= 37.55 137.71+ 42.05 0.2305 134.60+ 34.76 134.43+ 31.85134.30= 32.51 0.9986
(mg/dL)
Glucose 89.63%= 18.94 93.66t 19.03 90.39%= 9.97 0.2626 86.26+ 15.67 87.13+ 13.53 87.19£ 18.10 0.9026
(mg/dL)

ACE: angiofensin converting enzyme, SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: body mass index,
TG: triglyceride, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cho-

lesterol

3k 2jo)7} QIQITE G14480C A HAoME thx 23 IS thoR o5 Al EF thaAdel tigh
oAl GG GC 1 CC=0.165 : 0.482 : 0.354%10m  tifQIAF vl Alel= W% zlol= §Igieh iz
AR A= 0.164 10488 1 0.347% F 2k B ¥ SRS 27 W9 T o R AlEste] olE o
AR FoAde gle ASZE 2AEITh A22982G of Aol fdx Y difIAE e IR A% Ay}
B o] 749l AA 1 AG:GG=0.328 : 0.486 :  °INE 2 F 7H EAAE FHE gl Ao e
0.187%1om A} 0.315 1 0.498 : 0.188% v} Wt AA dixs 2 e ACE 34 v s
U 5 7 7k {93k xpo)E woA| ekgkt) wEk tix o thdk fRAE e B¥E= 2% Hardy—Weinberg
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equilibriums W31 (p>0.05), tiz=ry} #xkre] A

o
A biast F3] A 207 ZAEIL: #) Qyhet. 8 oy L BATONE ACE Al F
Aot T BT 2] o) B rew kA Wl Ande SAMew e
Faato] 2420) ACE 7 W Al E5el T £ algeh

ol M I, T, T 2EE, HDL, LDL L
g1 o] WgAE ZAIItH(Table 3-5). 71 &
¥, o AR B 757 9] A7 /D
thg Aol DDE, G14480ColME GGE 12
I A22982G tHdAdoIME GG A olM 71 =
Al YERstTE whde] olF thEgAdel 19, CCY 18lar
AA AR A= Bl A e 57 A7 o
Efion o]F oA e nlwst A7), SAKCE &
9Jst Ao7} Q= Aoz BAErHp=0.0213, 0.0214,
0.0351). o|gh= ¥, P Adzarolre o
ol ufz WFES] 4] Haks B4 48 1B
o|x] ¢kokth kA A 1Y IR A FFelA
HE 271 /D t4 M= 1D, G14480ColA &=
GC¥ 8]al A22982G thEdelME AG FAkel
A 7P =9ka 018, CCH 18]al AAE] 7H e
7oz Uehon oj# AvEs W vzt H|ws|
& u, ZAFOE st zle)rt Yl AoE AL
2AcHp=0.0410, 0.0316, 0.0487). 12t} A 128
¢} SAlrelA S AEHE $XE AlQlsta ACE o

Table 6. Pairwise LD and statistical significance of poly-
morphisms in the ACE gene

G14480C Z18]al A22982G 7+ D’ A7} BF
0.9900 oo A Yehgow Zhu 5'90] el
haplotype block definition®] Z-&-A171 Az}, ¥ AA-te]
ol 3=l gk Welld common haplotype block
o] TAlste Ao FAHIT old diw & ),
ACE 42+ Ul Al T8 thdee A4S 1ol vl
st LD A7 Sl Ao® ARSI} Haplo-
type 415 F3tel ACE F44F Wl Al F72 T34
of TAE =+ = haplotype] 7 B 8 T/ 5
ARk Aol M= 6 TR haplotypeol] =Stk
(Table 7). Haplotype ¥4 2%}, Y9 & vl
2 FAlrellA haplotype ICAS] 17} 7Fd A 1
ERo ™ U5 © 2 haplotype DGG7F 2 Z1o& %
AF=)$itk. Haplotpe IGA S DGAY A thzt3} &4t
ol EA5A] 29k o™ haplotype DCGE 5+
P Aot BEET 9]0 BRalME
A 4L} Haplotype RIE BE5 083 HY
g=r e e vlaelxe B FANCE £
o7t Sl Ao E YERG T (p>0.05).

Polymorphism I/D G14480C A22982G

_ A\
I/D 0.9880 0.8874 1 A}
G14480C 0.9980 - 0.8817
il s o7 . RASE AdiolN 8% 2 Jegs 28 ¥
LD is D' below the diagonal, and r2 is above the diago- ) ) -
nal. LD: low-density = R AA giate] dEks sl dBsES
Table 7. Comparison of ACE gene haplotype frequencies in study population

Male Female
Haplotype 1/D G14480C A22982G  Hypertensives Normotensives P Hypertensives Normotensives P
(n=380) (n=402) (n=380) (n=402)

1 | G A 0.0000 0.0000 - 0.0064 0.0020 -
2 | C A 0.5579 0.5472 0.7651 0.5614 0.5846 0.4611
3 | C G 0.0263 0.0200 0.5499 0.0339 0.0308 0.7806
4 D G A 0.0000 0.0000 - 0.0000 0.0002 -
5 D G G 0.4132 0.4328 0.5778 0.3983 0.3808 0.5716
6 D C G 0.0026 0.0000 - 0.0000 0.0000 -
n: chromosome number, ACE: angiotensin converting enzyme
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