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HAAn e el Fad AEE Gudeted,
ol Hgxd T A AT ¥ ol AL
A o] 98] 2855 transforming growth fac-
tor- 8 (TGF-8)Y c-myc, c-fos 5 L4
2t (proto-oncogene)?t = oz A&sto] T
2 (growth)®} A% A (remodeling) & wt’éﬁ}ﬂ] Hot
89 olgigl AAZERA 90 Qo= -7 37
59 el AT M2 B o
of FAdu LA F2F Fag a4 @
g8 F44 24 F AN dFdFE A (angio-
tensin converting enzyme, ACE) -%#%}¢] intron
169 4+ (insertion, 1)/Z< (deletion, D)ol w2
i Ado] e A=, ACE #7179 DD oM <t
AR AgELe) APt zon'l oz <l
Al DD &ol #Alduid] w3ddod, AR A9
AdAAglel A7) HAQAFT 2 F A2 g
DD oA Z7hdichs Buvh glon™ ™ ¥ ojghi=
gref e AR g e DD f-AzEe] @'l glrks
Hurh e 59 otz g gysAe ge
Fefoltt.
ofof AR FRHA MF @Rl A AR
o] ¥t ol¢ *’JL ool dadRE, 53] ACE
FrAzE hgdghe] BAle] s dolrnat &9l

Aol 99l

1. O &

2000 1€95-E 2003 129742 A 2% FizHel
ojgh NF A B 2447 2R Fulx (2500
mg/day) v 9H¥Yx (=300 mg/day)’F Ui,
ACE-inhibitor, angiotensin-II receptor antagonist
EE R ) REE YU $RAYAT g B
A %, @stel HAEA FAHE (£140/90 mmHg)
1819 tos sgom, dgzdol ¥ s ¥t
Abeh A B AEa A3 Jds B 52 A

2f a3t

¢

2. 4

kel g AFE SA4ste] AAFAFT (body

mass index, BMD 9 AZAH (body surface area,

BSA)S F3ta, %7 9 o|¢ty] s, dxue #
)

:[
H71zE, FaE

’U

Abstaitt. dxnkglstdalel A Qo] Z48 99
24N AMAXNE AFgEided 4 JETe dgid
Z:‘O] Cockroft-Gault &4& ©]§3}od A oleld

(creatmme clearance, Ccr, mL/min/1.73m%)&

B »

Xéﬁﬁi

Cer (male)=(140--age) X body weight (kg)/72 > serum
creatinine (mg/dL)
Cer (female)=Ccr (male) ¥ 0.85

Az SONOS 2500 (Hewlett Packard, An-
dover, MA, USA)S olg3dta] #ZF Zope) A=
Agatg o ojeky] A4 UlA (left ventricular
internal diameter at diastole, LVIDD), ZH %7
PWT), AAzAFA
(inter-ventricular septum thickness, IVST) &%
SAstd vge AL olf, HAMELAHF (left ven-
tricular mass, LVM)# 42 A4 (left ven
T, Faa

100 g/m’s %

(posterior wall thickness,

i

tricular mass index, LVMDE

AFA 7 S 131 g/m’, A3k

st w) A2 Aol T,
LVM (g)=0.8{1.04 % [(LVIDD +IVST +PWT)*—

(LVIDD)']} +0.6
LVMI (g/m*)=LVM/BSA

LVH:LVMI >131 g/m’ (male) or >100 g/m’ (female)
LVM :left ventricular mass

LVIDD : Jeft ventricular internal diameter at diastole
IVST ! inter-ventricular septum thickness

PWT : posterior wall thickness

LVMI : left ventricular mass index

BSA ! body surface area

LVH ! left ventricular hypertrophy

1.04 @ specific gravity of the myocardium

0.8 : correction factor
s AdHA AW WE (relative

wall thickness, RWT)oll wekd BF3A0® (Ta

Table 1. Classification of LVH

Class Type RWT LVH
1 Normal <0.45 -
2 Concentric remodeling =>0.45 -
3 Concentric hypertrophy =0.45 +
4 Eccentric hypertrophy <0.45 +

RWT: relative wall thickness=(2xPWT)/LVIDD
LVH : left ventricular hypertrophy
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ble 1).

ACE #2289 445 $5t DNA F&2 Easy-
DNA kit (Invitrogen Inc, San Diego, CA, USA)E
Agsidon, wxael 02 mLolA DNAZ 23
2 ZF DNAY Fx&=
(A)old =A8k9rk ACE ##4A9] insertion/dele-
tion (I/D) v}EA42 ACE #42}+9] intron 169 $#
3 287 base pair (bp) EAFFE polymerase
chain (PCR)&  ol&dtd  AAstgr”
Primer2 5'-CTG GAG ACC ACT CCC ATC
CTT TCT-3'¢} 5'-GAT GTG GCC ATC ACA
TTC GTC AGA T-3'% °]€3}93, PCR product
& 3Q18le] 190 bp fragmentZ deletion (D), 490
bp fragment& insertion ()2 534

spectrophotometer 260 nm

reaction

QA5 5, A,

Student’s T-7*A T one-way ANOVA 528 o}
2atlar, A Auger ddIAkel BAI= Pear-

son ABEAL DFHARA 5& olgsdn. B

4 fol4e p<0.05Y W felshthn malth

249 Al EF A5 2005—
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1. ™A #Xel zMAH(C 7

AA gah 1818 F AAdudE 141 (77.9%)
o2 1 & FAAYA (concentric hypertrophy)7F
659 (35.9%), BAABIH (eccentric hypertrophy) &
769 (42.0%) 01 em A4 FAHAHAEA
tric remodeling)2 2+7} 349 (18.8%)3 67 (3.356)
o]t} (Table 2).

(concen-

2. ACE #dXIE0 mE zhalddity 7o

AMOIX} H|d

eSS ACE F4AFed wabA Al & 1, 1D,
D)o® Wrol HxEe] te faduh f3e

SERORNEEEEE FET S NEE E
Q47 ACE DD el Be A% w
WA kel freld Aol glglth (Table 3).
BMI, ¥¢t, Hb, Ccr, LVIDD, IVST, PWT,
RWT 5& &2, LVM9} LVMI 25 A do|A 3}

o7k gAlTh (Table 4).
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B G olreR rEYe W, T @i
BSAE Al9jgr 9441453 LVM % LVMI 52

Table 2. Distribution of LVH Patterns

LVH
1 2 3 4
3+4
n(%) (18.8) 6 (3.3) 65 (35.9) 76 (42.0) 141 (77.9)
1 normal, 2 concentric remodeling, 3 concentric hypertrophy, 4 : eccentric hypertrophy
LV . left ventricular hypertrophy
Table 3. LVH Patterns by ACE Genotype”
LVII
i 2 3 4
3+4
1 12 (20.0) 3 (5.0 22 (36.7) 23 (38.3) 45 (75.0)
D 17 (20.7) 1 (1.2) 31 (37.8) 33 (40.2) 64 (78.0)
DD 5 (12.8) 2 (5.1 12 (30.8) 20 (51.31) 32 (82.11)
1 normal, 2: concentric remodeling, 3. concentric hypertrophy, 4 : eccentric hypertrophy
(%), p=0.540, Tp=0710
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Table 4. Comparison of Clinical and Echocardiographic Variables by ACE Genotype®

1I (n=60) ID (n=82) DD (n=39) p-value
Age (years) 609 61 +11 61%11 0.896
Duration of DM (years) 14+7 167 15+8 0.390
Dialysis Pt.(%) 17 (28.3) 27 (32.9) 13 (33.3) 0.812
BSA (m?) 1.6210.16 1.63+0.18 1.61£0.19 0.738
BMI (kg/m°) 237428 231+%32 23.1£35 0.464
SBP (mmHg) 133£9 134£9 134+8 0.617
DBP (mmHg) 81%=8 84+6 82+7 0.430
No. of anti-hypertensive agents (n) 381713 39*14 37*1.2 0.715
Hb (g/dL) 104+24 105£1.8 106*16 0.783
Cer (mL/min/1.73m% 2831230 2714+232 26,0320 0.286
Urine protein (mg/d)" 1,803 (1,131-2,876) 1,644 (1,168-2,315) 1,625 (1,024-2,578) 0.931
LVM (g) 24941886 261.5+73.3 259.7+57.7 0.575
LVMI (g/m?® 149.1£516 160.2%41.1 159.2%354 0.620
LVIDD (mm) 527166 54878 5451+8.8 0.232
IVST (mm) 11.7+1.7 116+22 11.2+15 0.588
PWT (mm) 11.6£23 115%22 11.3£1.6 0.801
RWT 0.45+0.07 0.43+0.11 0.43%0.12 0.564

Abbreviations : BSA, body surface area; BMI, body mass index;, SBP, svstolic blood pressure;, DBP, dias-
tolic blood pressure; Ccr, creatinine clearance; LVM, left ventricular mass, LVMI, left ventricular mass
index; LVIDD, left ventricular internal diameter at diastole; IVST, inter-ventricular septum thickness;
PWT, posterior wall thickness: RWT, relative wall thickness

‘mean*SD, Tgeometric mean (95% Confidence Interval)

Table 5. Comparison of Clinical and Echocardiographic Variables by Sex”

Male (n=91) Female (n=90) p-value
Age (years) 60t 12 62113 0.259
Duration of DM (years) 16+8 157 0.241
Dialysis Pt. (%) 30 (33.0) 27 (30.0) 0.749
BSA (m%) 1.74%0.14 151%0.12 0.001
BMI (kg/m®) 23.4+32 231132 0.451
SBP (mmHg) 1349 133%8 0.584
DBP (mmHg) 3416 81+7 0.342
No. of anti-hypertensive agents (n) 37713 36+12 0.887
Hb (g/dL) 104£19 105*15 0.909
Cer (ml/min/1.73m") 26.11227 26.3124.3 0.955
Urine protein (mg/d)" 2,054 (1,441-2.930) 1,424 (1,040-1,949) 0.124
LVM (g) 28321687 229.31T71.8 0.139
LVMI (g/m% 160.2+40.6 151.7+43.7 0.206
LVIDD (mm) 537168 52.3£76 0.200
IVST (mm) 116+22 11.2+24 0.220
PWT (mm) 115*19 11.2+20 0.171
RWT 0.44+0.10 0.43%0.11 0.648

Abbreviations | BSA, body surface area; BMI, body mass index; SBP, systolic blood pressure; DBP, dias-
tolic blood pressure; Ccr, creatinine clearance; LVM, left ventricular mass; LVMI, left ventricular mass
index; LVIDD, left ventricular internal diameter at diastole; IVST, inter-ventricular septum thickness;
PWT, posterior wall thickness, RWT, relative wall thickness

‘mean+SD, 'geometric mean (95% Confidence Interval)
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Table 6. Comparison of LVM and LVMI by ACE Genotype in Male"

I (n=29) ID (n=41) DD (n=21) p-value
Age (years) 59+12 6211 59+14 0.547
Duration of DM (vears) 14+7 187 169 0.120
Dialysis Pt. (%) 12 (41.4) 11 (26.8) 7 (33.3) 0.443
BSA (m) 1.74%0.13 1.74£0.16 1.72£0.14 0.819
BMI (kg/m?®) 232127 23.2+3.1 229+33 0.916
SBP (mmHg) 132+12 135+8 135£7 0.333
DBP (mmHg) 32+8 8+7 3E6 0.377
No. of anti-hypertensive agents (n) 3713 42*15 30F13 0.206
Hb (g/dL) 106122 103£1.8 10718 0.739
Cer (mL/min/1.73m% 2031219 2641216 2121261 0.543
Urine protein (mg/d)" 2,309 (1,099-4,852) 2,079 (1,276-3,388) 1,726 (753-3,958) 0.840
LVM (g) 2669765 288.8179.4 295.3+54.0 0.150*
LVMI (g/m®) 144.8+436 166.1+43.9 171.2+34.1 0.028"

Abbreviations - BSA, body surface area; BMI, body mass index, SBP, systolic blood pressure;, DBP, dias-
tolic blood pressure; Ccr, creatinine clearance;, LVM, left ventricular mass, LVMI, left ventricular mass i1~

dex

‘mean+SD, Tgeometric mean (95% Confidence Interval), Il vs. DD

Table 7. Comparison of LVM and LVMI by ACE Genotype in Female

II (n=31) ID (n=41) DD (n=18) p-value
Age (years) 6217 61+11 65112 0.555
Duration of DM (years) 14%+7 13%6 14%7 0.991
Dialysis Pt. (%) 5 (16.1) 16 (39.0) 6 (33.3) 0.104
BSA (m?) 151£0.12 153£0.13 150£0.11 0.683
BMI (kg/m®) 242+32 229135 235%3.0 0.283
SBP (mmHg) 134*6 133+10 132110 0.635
DBP (mmHg) 81*8 827 7911 0.421
No. of anti-hypertensive agents (n) 40*14 36x14 33%1.3 0.431
Hb (g/dL) 10316 106*1.4 107115 0.662
Cer (ml/min/1.73m°% 215+21.2 2831266 2121240 0.592
Urine protein (mg/d)" 1,486 (793-2,734) 1,334 (816-2,179) 1,530 (916-2,556) 0.932
LVM (g) 23261 78.2 229.2*70.3 224.0+65.4 0.923*
LVMI (g/m®) 153.2£46.8 151.2+46.9 150.3+43.7 0.9757

Abbreviations - BSA, body surface area; BMI, body mass index;, SBP, systolic blood pressure; DBP, dias-
tolic blood pressure;, Ccr, creatinine clearance;, LVM, left ventricular mass;, LVMI, left ventricular mass in-

dex

‘mean tSD, Tgeometric mean (95% Confidence Interval), ‘II vs. DD

ZpolE Bolx| sttt (Table 5). 2@l EaprollA
T LVMIZ} DD #AAEAA T ARG & &
AL BE9x (DD vs. I, 171.2 vs. 144.8, p=0.028)
(Table 6), #Ho ArRtollAE FHARF AolE B
o1x] 9rgkt} (Table 7).

4. LVM % LVMI ARIXISIO| 2HA|

Pearson A#EoA LVMi= BSAS ko] A

#AZ (r=0.365, p=0.001), hemoglobin, Ccrde &
o ARAAZ BYr (Hb:r=-0.281, p=0.001; Ccr:
r=-0.218, p=0.008), LVMIi= hemoglobin, Ccr¥® -&
o A#AAAE R¥en (Hb:r=-0.320, p=0.002; Ccr
1r=-0267, p=0.001), ol RF TFIARAHNME
frejd #AE Byt a2y, @Al ACE DD
ol A LVMIZ} 2 234 BHAX% o534
A fod BAE RolAe FUTH (Table 8).
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Table 8. Multiple Regression Analysis of LVM

and LVMI
Variables B p-value
LVM
BSA 0.458 0.001
Hb -0.218 0.009
Cer -0.200 0.018
R*=0.545
LVMI
Hb -0.235 0.012
Cer -0.182 0.050
R*=0.348
LVMI®
Hb -0.316 0.017
Cer -0.293 0.026
ACE DD 0.080 0.515
R*=0.500

Abbreviations ' LVM, left ventricular mass, LVMI,
left ventricular mass index; BSA, body surface area;
Hb, hemoglobin, Ccr, creatinine clearance, ACE
DD, angiotensin converting enzyme gene DD type
4 . standard regression coefficient

R’ multiple coefficient of determination
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= Abstract =

Association between Left Ventricular
Hypertrophy (LVH) and Angiotensin
Converting Enzyme (ACE) Gene
Polymorphism in Diabetic
Nephropathy Patients

Tae Hee lLee, M.D., Hyeong Cheon Park, M.D.
Ji Sun Nam, M.D., Tae Woong Noh, M.D.
Jae Sung Lee, M.D., Seung Suk Paik, M.D.

Shin Wook Kang, M.D., Kyu Hun Choi, M.D.

Ho Yung Lee, M.D., Dae Suk Han, M.D.
and Sung Kyu Ha, M.D.

Department of Internal Medicine, College of
Medicine, The Institute of Kidnev Disease,
Yonsei University, Seoul, Korea

Background : Left ventricular hypertrophy (LVH)
ts an important risk factor of cardiovascular disease
in diabetic nephropathy patients. Renin-angiotensin
system has an independent role as a neurohormonal
factor in promoting cardiac growth and remodeling.
Genetic and environmental factors also influence the
pathogenesis of LLVH. The association of LVH pro
gression and angiotensin converting enzyme (ACE)
gene polymorphism is well known, especially in ACE
DD genotype. But there is some controversy between
LVH and ACE gene polymorphism. So, we evaluated
the prevalence and patterns of LVH and analyzed
the associated factors including ACE polymorphism
in diabetic nephropathy patients.

Methods : One hundred and eighty one type 2
diabetic patients with overt proteinuria were re-
cruited in the study. ACE genotyping and echocar-
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diogram were performed to observe the association
between LVH and ACE polymorphism.

Results : The prevalence of LVH was 141 out of
181 (77.9%) patients (concentric, 35.9% and eccentric,
42.0%, each). Patterns of LVH, left ventricular mass
(LVM), and left ventricular mass index (LVMID
showed no differences among the three genotypes.
But, LVMI was higher in DD genotype group than
in II group in men (171.2 vs. 144.8 p=0.028). On the
other hand, in women, there were no differences of
clinical and echocardiographic variables among three
genotypes. LVM and LVMI were negatively corre-
lated with hemoglobin level in all patients.

Conclusion : The results suggest that ACE DD
genotype is associated with LVH in male patients
with diabetic nephropathy, but not in female patients.
Determining whether or not the gender influences
LVH in the diabetic nephropathy patients will re-
quire further studies. (Korean ] Nephrol 2005;24
(1):90-99)

Key Words : Diabetic nephropathy, Left ventric-
ular hypertrophy, Angiotensin con-
verting enzyme gene
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