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ABSTRACT

Background and Objectives : Aging is a major factor related to a relaxation abnormality of the left ventricle.
Increased arterial stiffness and central distribution of body fat are common physiologic changes observed in the
elderly. To further elucidate the relationship between aging and a relaxation abnormality of the left ventricle, we
investigate the relationship between the pulse wave velocity, abdominal obesity and diastolic function parameters
of the left ventricle. Subjects and Methods * In 490 subjects (153 normotensive, 128 prehypertensive, 120 un-
treated hypertensive and 89 hypertensive on anti-hypertensive drugs, aged 59.812.6 (21-88) years), the
brachial-ankle pulse wave velocity (baPWV) and echocardiographic indices for a relaxation abnormality, i.e.
transmitral E, A, E/A, DT, IVRT, were measured. A relaxation abnormality was defined by an E/A <1 or a DT
>240 ms in the young (<55 years), an E/A <0.8 and a DT >240 ms in the old (<55 years). Subjects with
normal relaxation of the left ventricle (group I, n=252) were compared to the subjects with abnormal relaxation
of the LV (group II, n=238), with respect to the baPWV and abdominal circumference. Results : In a multiple
linear regression analysis, the mean baPWV (cm/sec) was independently correlated with pulse pressure, age,
blood pressure, abdominal circumference (AC), body mass index (BMI) and heart rate (R*=0.492, SEE=
261.898). However, neither gender nor the left ventricular mass index (g/m*’) was associated with the mean
baPWV. A logistical regression analysis showed abdominal obesity (AC=90 cm in male, =80 c¢m in female,
OR: 2.34), a high baPWV (= 1,600 cm/sec, OR: 3.96) and a high BMI (=25 kg/m’, OR: 0.60) to be inde-
pendent deter-minants of a relaxation abnormality. The age adjusted mean baPWV (1526.9+119.4 vs. 1577.1 £
106.9 cm/sec, p< 0.0001) and AC (86.2£9.8 vs. 88.5+7.7 cm, p=0.005) were higher in group II than group 1.
Conclusion : Arterial stiffness is the major determinant of a relaxation abnormality of the left ventricle.
Abdominal obesity and a high BMI were found to be independent of each other, and an inverse relationship was
found with respect to a relaxation abnormality of the left ventricle in a rural Korean population, including
hypertensive patients. (Korean Circulation ] 2006;36:221—228)
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Table 1. Demographic characteristics of study subjects

Age (year) 59.8t12.6
Sex (male/female) 209/281
Body mass index (kg/m?) 242+34
Body mass index > 25 (%) 40%
Abdominal circumference (cm) 87.3+8.9
Abdominal obesity (%) 64%
Waist hip ratio 0.90£0.06
Systolic blood pressure (mmHg) 124.6£117.3
Diastolic blood pressure (mmHg) 80.2£9.2
Normotensive (%) 31.2%
Prehypertensive (%) 26.1%
Hypertensive (%) 42.7%
Heart rate (beats per minute) 68.31+9.9
Left ventricular mass index (g/m*7) 55.7£15.8
E (cm/sec) 66.71+16.3
A (cm/sec) 75.1%+16.2
DT (msec) 203.21t36.8
IVRT (msec) 76.2+12.0

Mean brachial-ankle pulse wave velocity (cm/sec) 1552.7 +=363.5

Abdominal obesity was defined by abdominal circumference =90
cm in male, =80 cm in female. DT: deceleration time, IVRT: iso-
volumic relaxation time. Blood pressure was categorized according
to the JNC-VII guideline

=3 = 5
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St 22248 3|24 (multiple logistic regression analysis)
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Table 19]A4] 4= B} Zro] F- 490759 &4 thifo] ¢
B 59.8112,601%1aL EAdo] 209(42.7%) oAl 914
o] 281(57.3%)"8°13t}. Bt AHFA = 24,243 40|90
o $57] U2 124.6+17.3 mmHg AL o|$7] 42>
80.2+9.2 mmHgo|l o WS 44 4+13.1 mmHg 9
3 Wk Hok 68,349,935 ¢loh BITR 19678 (40%)
Al BEEQ R H|TRS 31578(64,3%) oA TEEC
o Wl O] F7h= 1437H(29,2%) 0|4 WAE AL o)¢t
75 Aoll= 2387 (48.6%) ol A =] ATHTable 1),

et 2 WAL (Mean brachial-ankle PWV)E E7dl= Q1A

S B0 = dR(=0.322), 57] o=
0.587), °]¢7] P¢H(r=0.260), WaF=(r=0,147), A2
FA4(r=0.131)2} Fo] 4 IAE K AE=FA (=
-0.157)¢} 22] AHAE B SrHTable 2)(Fig. 1), th=F
AT Wats = AF(8=0.145), BF-EH(6=0.274),

Table 2. Pearson correlation coefficients between the parameters of transmitral blood flow and the clinical variables including age, gender, body

size, blood pressure, arterial stiffness, and LV mass index

Pearson correlation coefficient

E A DT IVRT EAR
Age (year) -0.3107 0.2637 03077 03037 04371
Gender (male) -0.098* -0.1817 0.072 0.002 0.045

Body mass index (kg/m?) 0.167" 0.013 -0.105* -0.017 0.078

Abdominal circumference (cm) -0.041 0.145T 0.076 01317 -0.1507T
Systolic blood pressure (mmHg) -0.1427 0.328" 0.1821 0.170° -0.3241
Diastolic blood pressure (mmHg) -0.023 01221 0.012 0.099* -0.1331
Heart rate (beats per minute) -0.113* 02397 0.080 0.005 -0.2337
LV mass index (g/m?>7) -0.076 0.1871 01177 0.138" -0.1987
Mean baPWV (cm/sec) -0.3571 0.369 T 0.306 " 02761 -0.480"

BaPWV: brachial-ankle pulse wave velocity, LV left ventricular, PWV: pulse wave velocity. *: p<0.05, T: p<0.01
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Fig. 1. The correlation between parameters of transmitral flow and mean brachial-ankle pulse wave velocity. PWV: pulse wave velocity.

APAZ(8=-0,410), 5571 BeHE=0,633), ©|¢7]F
9H(B=-0.103), HE(5=0122)9 B PBAHE 1

ATHR’=0,492, SEE=261.89).
S YRST AT oSt AT & 24
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(r=-0.357), A (r=0.019)°] AUAE HArHTable 2)
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0.263), BEH-E9|(r=0.145), +=7] EL(r=0.328), o]
H(r=0.122), Weka=(r=0,.239), HFWut&E(r=0.369), =}
A QA4 (r=0.187), AJE(r=0.181)2] thoFet Wl A
A7 AATHTable 2)(Fig. 1). this 2447t =

AV 2t ojek7] Do ARt AB(8=0.133), HFE
2(8=0.196), 571 DH(8=0.246), WE=(8=0.217), 3

THIHEE(B=0.138), FAIAAEA]G=(5=0.106), JH(B=
0.160)0] EHH ¢l & IAGITHR’=0,281, SEE= 13,979).
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4(r=—0.105), $%7]8H(r=0.182) HHF ML (r=0,306),
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(r=0.131), 4==7] &(r=0.170), 0}2718Hr=0.099), MWu}
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(Table 2)(Fig. 1), THAZFEA AT} A% (=0,228), BHE
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E/A Hl= AF(r=-0,437), BEEH(r=—0,150), 37|
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Fig. 2. The relationship between E to A ratio of transmitral blood flow and abdominal circumference and pulse wave velocity. BaPWV:
brachial-ankle pulse wave velocity.

Table 3. Multivariate logistic regression analysis of independent
parameters as a predictor of relaxation abnormality of left ventricle

o,
=

oF wedsgo] iglem(odds H]: 0.88, p=0.5) =5 B[Rt
=H2 WAt odds H]: 1.77, p=0.016). 24

[e]
Variables Odds ratio 95% CI p ; alRAL :]9—]4(n:238)0ﬂ/\1 BAF o]2ktn=252)0] HIHA
Age (=55 yrs) 1.99 1.54-2.43 0.002 = ©° = °° =
Gender (female) 0.72 025-118  0.162 et HIHETE F9TH1407.8£261.1 vs 170621 393,14,
Hypertension 1.55 0.72-1.58 0.039 p<0.0001). o]3t zjol= AFS A FTo= FAEA
Heart rate (=68 bpm) 1.75 1.33-2.16 0.006 th(1526.9+119.4 vs 1577.14+106.9, p<0.0001)(Table 4).
Obesity 0.60 0.10-1.09 0.040
Abdominal obesity 2.34 1.78-2.89 0.002 n A
LVH 1.13 0.72-1.54 0.531
Increased PWV 3.96 3.46-4.45 0.000 Bl 1ol s el 3t B2 ol ATk
et s ot by ool ooty OO 108 Qo) 28] e 5 Aamel =
s ndex el of sender Abomina ey was Jfed by 3 wlo] Shijdlel 019 Aolo} ojriak AIAS L3
male. LVH was defined by =52 g/m*7 of left ventricular mass index Q=R Lol AlYEQlon 1 AT} ARERTE W)
&9 Z7F 9 EX ujyto] A9 o|eh Aol ddat
o (r=-0.324), °|&7|E€U(r=-0.133), HeHr=-0.233), o R Bl USS & 4 AUtk 55A41E T
Wk = (r=—-0.480), FHA AFA]4(r=-0.198)e} 70| o7 Aol wet ZHz g ol 7lE Aolel W 7=
U THTable 2)(Fig, 2). ThHEFEA AT} A (4=-0.288), I Wuld e o] Fote) oigt Y 7|ES HEsi37] W
HREEY(B =-0.320), AEFA(B =0.276), WEH(p =— of Wuj&i; B H|gke] BE A gt o2 3R
0.190), Mul&=(5=-0,2478), 2l HeFA|4=(=-0.118) mao Az Aol ot o] Aofle] TS odds BI7F
7t £ BAJAAATHR’=0.406, SEE=0.258). oAER A FAEGon Yot Lrol By ughe
A= SHHOR AL ol Aollel TGS Hol
A OlRTIF Zefell ofsk= 2IAt 3L Qdeh
EXAE 3| HEA A A% (odds H]: 1,98, p=0.002), 53] Wupb e thE B4 Hobe #4A ol Aot
H|YHodds H]: 0.62, p=0.04), HXH|THodds H]: 2,34, p= M = WS BolFal lenk s BAEE &
0.002), 418F=(odds H]: 1.7, p=0,006), L&Y (odds H: Aale] Gtxet o|¢ 7)5o] HEel QlojA Fash M
1.55, p=0.039), Wu}&=9] F7Hodds H]: 3,96, p<0.001) < W= o= g7t olgAor= QA Y] &
7F A Q] WARIAF StK(Table 3), A& #|=of ok Holl A EohA Alo] wskel dite] Hsh A2 ezt
HlRt}y ERHRE & o} 236k oA ok Aofjol £ o7 spsor Ayt 4 o widl B
e A= viEls #EES Hof Feou 47 gEoe 2 Ao SHoA Hopd UAFHRQL olfof o3t Fu
2 g mdox= AAeE Aol ot vvk oleh A of 24 W &= Hal A WRoANE FARSHA T
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Table 4. Comparison between group of normal left ventricular relaxation (Group I) and group of abnormal relaxation (Group II)

Group I (N=252) Group II (N=238) )

Age (year) 57.11+13.0 62.6111.6 <0.0001
Male/Female 108/144 100/138 0.78
Height (cm) 159.5£8.5 155.2+9.4 <0.0001
Weight (kg) 62.5+11.3 58.0+10.2 <0.0001
Body mass index (kg/m?) 245+3.7 23.9+3.0 0.08
Abdominal circumference (cm) 86.2t9.8 88.5+17.7 0.005
Waist hip ratio 0.88+0.06 0.92+0.06 <0.0001
Systolic blood pressure (mmHg) 120.3£14.4 129.1£18.8 <0.0001
Diastolic blood pressure (mmHg) 79.1£9.0 81.3£9.3 0.01
Pulse pressure (mmHg) 41.2+10.3 478+ 14.7 <0.0001
Heart rate (beats per minute) 66.31£9.0 70.3£10.4 <0.0001
LV mass (gram) 189.31+55.8 189.8+53.3 0.92
LV mass index (g/m*7) 53.61+15.7 57.9+15.6 0.003
E (cm/sec) 76.2*14.8 56.6+10.9 <0.0001
A (cm/sec) 67.5+14.6 83.2+138 <0.0001
Deceleration time (msec) 183.8+22.1 223.61+38.2 <0.0001
[sovolumic relaxation time (msec) 71.91+9.4 80.9+12.8 <0.0001
E to A ratio 1.16£0.29 0.69+0.13 <0.0001
Mean brachial-ankle PWV (cm/sec) 1407.8£261.1 1706.2£393.1 <0.0001
Age adjusted mean brachial-ankle PWV (cm/sec) 1526.9+119.4 1577.1£106.9 <0.0001

Age adjusted mean brachial-ankle PWV was higher in group II than group I. LV: left ventricular, PWV: pulse wave velocity

Table 5. Multivariate logistic regression model predicting relaxa-
tion abnormality of left ventricle in a subgroup excluding subjects
on anti-hypertensive medication

Variables Odds ratio 95% CI B
Age (=55 yrs) 2.10 1.59-2.61 0.002
Gender (female) 0.67 0.22-1.12 0.12
Hypertension 1.53 1.02-2.03 0.09
Heart rate (=68 bpm) 1.70 1.22-2.19 0.01
Obesity 0.53 -0.05-1.13 0.02
Abdominal obesity 2.44 1.99-2.90 0.003
LVH 1.20 0.65-1.76 0.401
Increased PWV 3.96 3.46-4.45 0.000

CI: confidence interval, LVH: left ventricular hypertrophy, PWV:
pulse wave velocity. Obesity was defined by =25 kg/m? of body
mass index regardless of gender. Abdominal obesity was defined by
>80 cm of abdominal circumference in female and =90 cm in
male. LVH was defined by =52 g/m*" of left ventricular mass index
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