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Objective: To find the prevalence of and risk factors associated with echocardio­
graphically determined left ventricular hypertrophy (L VH) in the general Thai elderly men and 
women. 

Background: The prevalence of LVH and risk factors is not at present available for 
precise assessment of the seriousness in the general Thai population. The prevalence of L VH may 
be influenced by race, obesity, age, sex and hypertension. Their effects on left ventricular mass 
(L VM) have not been defined in the general Thai population. 

Method: A cohort of 157 subjects 60 years of age and over was studied. L VM was 
calculated using the modification of the ASE cube formula. Criteria for L VH were based on various 
LVM indexation using the published conventional partition values. Univariate and multivariate 
analyses with various variables were studied. 

Result: M-mode echocardiographic studies of adequate quality were obtained in 125 
(80%) of !57 participants. Prevalence of L VH depended on the different types of indexation. L VH 
defined by 1) unindexes LVM (~259g in men (M), ~166 g in women (F)) was 35(28'?f ); 2) 
defined by LVM/BSA (~131 glm1 in M, ~!00glm1 in F) 63 (50%); 3) (~117 g/m' in M, ~104 glm' 
in F) 68 (54%); 4) (~125 g/m2 in both M and F) 43 (34%); 5) defined by LVM/ height (~143 g/m 
in M and ~102 g/m in F) 49 (39%); 6) (~126 g/m in M and ~105 g/m in F) 52 (42%); 7) defined by 
L VM/heighe (~51 g/m2 7 in both M and F) 62 (50%); 8) (~50 g/m2 7 in M, ~4 7 g/m2 7 in F) 77 
(62% ). The following variables independently predicted LVM in descending order of statistical 
significance: BW, BMI, SBP, PP, height were the most significant (p < 0.01 ), whereas, DBP and 
gender made smaller contributions and age showed no correlation. In multivariate analysis only 
BW and PP showed significant correlation with L VM in the total population. 

Conclusion: LVH is a common echocardiographic finding in Thai elderly (28-627t ). 
Body weight and PP are major risk factors. These findings support weight reduction and PP 
control for prevention or regression of this condition. Indexing for BSA (L VM/BSA ~117 g/m' 
in M, ~1 04 g/m2 in F) reduces L VH variability in underweight, normal weight and overweight 
subgroups as well as sexes. 
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Left ventricular hypertrophy (L VH) is a 
major mechanism of cardiac adaptation to hemody­
namic overloads on the heart or contractile failure 
of the myocardium0,2). Assessment of the presence 
and degree of L VH by accurate measurement of left 
ventricular mass (LVM) is therefore of great impor­
tance. Traditionally, electrocardiograph has been 
considered a reliable method and a more sensitive 
tool than chest roentgenography to detect LVH(3.4). 
A large L VM is a significant predictor of cardio­
vascular morbidity in adults, independent of other 
established risk factors such as smoking, systolic 
blood pressure (SBP) and age(5,6). In the Framing­
ham study about 45 per cent of all cardiovascular 
deaths were preceded by L VH detected by electro­
cardiography (ECG-L VH), and the 5 year mortality 
rate in men with ECG-L VH was about 35 per cent, 
compared with I 0-15 per cent in the absence of 
ECG-LVH(7,8). LVH is the usual consequence of 
arterial hypertension, and it has been shown to 
appear within 12 years in about 50 per cent of 
patients with SBP above 180 mmHg(9). 

Compared to ECG, echocardiography 
shows a higher sensitivity and an equally high spe­
cificity for the diagnosis of LVH00). Echocardio­
graphy allows quantitation of L VM and provides 
values reasonably near to those found at necropsy 
(II, 12). ECG allowed detection of L VH in no more 
than 38 per cent of hypertensive patients with echo­
cardiographic LVH03). Some findings have sug­
gested that echocardiographic L VH could be an 
independent predictor of cardiovascular morbi­
dity04) and mortality05). 

Race and sex may affect the relationships 
between L VM and cardiovascular disease in adults. 
Hypertensive black people develop more L VH than 
do hypertensive caucasians at similar levels of 
blood pressure, which may be partially responsible 
for the greater morbidity and mortality in hyperten­
sive black people06-19). Therefore, the data from 
different races may not allow generalizability of the 
results. They need to be examined in a separate 
population. 

Men have greater L VM than women, even 
when corrections are made for body size(6, 16, 17) 
and physical activity07). Recently, the concept of 
a multiple risk factor syndrome was introduced; 
this is usually defined as a metabolic disorder mani­
fested by obesity, diabetes mellitus, hypertension, 
LVH, etc., in connection with hyperinsulinemia 
(20). Screening for a high-risk population, characte-

rised by this syndrome, is an effective strategy for 
the prevention of coronary artery disease. Increased 
L VM, which includes wall thickness and internal 
dimensions in its calculation, is also associated with 
hypertension. 

The purpose of this investigation was to 
find the prevalence of and risk factors associated 
with L VH in a general population of Thai elderly 
men and women. Before this. however, no prospec­
tive data has been available for a precise assessment 
of prevalence of the seriousness of this finding as it 
occurs in the general Thai population. 

METHOD 
Study subjects: 

Of the 445 registered elderly men and 
women around Sakaeo Crown Prince Hospital. 
341 (71%) were found by survey. All elderly men 
and women aged 60 years and over were visited by 
a home health care team and referred to the echo­
cardiographic unit at Sakaeo Crown Prince Hos­
pital. 

The study group consisted of 157 ( 46o/r) 
subjects who were referred from home health care 
and came to our echocardiographic unit where cli­
nical evaluation, repeated blood pressure had been 
measured and clinical information had been accom­
plished. The population was unselected. Further­
more, only subjects who had technically satisfactory 
M mode echocardiogram were included. 

Echocardiographic method 
A protocol of the echocardiographic 

examination in brief, 30 minutes was allotted during 
an extensive clinical visit to obtain systematic M­
mode and screening with two-dimensional (2D). 
spectral, and colour Doppler studies in each subject 
with a Toshiba SSA-380A Power vision cardiac 
ultrasound machine (Toshiba, Japan) and according 
to a standardised protocol. The studies were mea­
sured on line and recorded on VHS videotapes. 

Echocardiographic Measurements 
These were made from M-mode echocar­

diograms with 2D guide. Each subject was studied 
in the supine and left lateral decubitus position. 
Measurements were made according to the recom­
mendations of the American Society of Echocardio­
graphy(21) (ASE). The internal dimension of the left 
ventricle at end-diastole was measured at the onset 
of the QRS complex, and the end-systolic dimen-
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sion was measured at the nadir of septal motion (i.e., 
when the ventricular septum was farthest from the 
anterior chest wall). Both measurements made with 
the ultrasound beam passing at or just below the tip 
of the mitral valve leaflets only on high-quality 
tracings on which the right and left sides of the 
interventricular septum and the endocardial and 
epicardial surfaces of the posterior LV wall were 
recorded continuously throughout the cardiac cycle. 
Particular attention was paid to identifying the cor­
rect level for LV measurements from standard 
sweeps. Three measurements were made and 
averaged. ASE-cube L VM correlated to necropsy 
LVM (r=0.9, p<O.OOI ), but systematically overesti­
mated by a mean of 25 per cent; the overestimation 
could be corrected by the equation; L VM = 0.80 
(ASE-cube L VM)+ 0.6 g, whereas, ASE-cube 
LVM = 1.04*((IVSD+LVIDD+PWD)3- LVIDD3); 
IVSD is interventricular septal thickness at end­
diastole, L VIDD is left ventricular internal dimen­
sion at end diastole, and PWD is posterior wall thick­
ness at end diastole. Each of these structures had to 
be measurable for the study to be considered ade­
quate. This formula has been anatomically vali­
dated, and values obtained using this formula were 
similar to those obtained with the Penn cube 
method02). 

In this report we selected the criteria 
widely used in cohort studies(22). In the Framing­
ham Heart Study, the means value ± 2 SD were 131 
and 100 gfm2 for men and women, respectively, for 
left ventricular mass indexed by body surface. The 
corresponding value was 143 and 102 g/m, respec­
tively, for LVM/height, and 259 and 166 g, respec­
tively, for an unindexed mass. The partition values 
reported by de Simone et a! for(23) 97.5 percentile 
of L VM/body surface, L VM/height and L VM/ 
height2.7 were 117 gfm2, 126 g/m and 50 g/m2.7 for 
men and 104 gfm2, 105g/m, and 47 gfm2.7 for 
women, respectively, the nongender-specific upper 
limit of 51 g/m2. 7. In addition, the partition value 
of 125 gfm2 for both men and women has been used 
for mass index by BSA in several studies. 

Clinical features and groups: 
Hypertension 

Stage 2 hypertension was present at the 
baseline examination if the seated blood pressure 
(average of three readings) exceeded 159 mm Hg 
systolic or exceeded 99 mm Hg diastolic. Stage 1 
hypertension was present if the average of the three-
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pressure readings was 140 to 159 mm Hg systolic 
and 90 to 99 mm Hg diastolic. A normotensive sub­
ject was SBP <140 and DBP <90 mm Hg<24l. 

Adiposity(25). 
Body mass index (BMI) was selected as a 

measure of adiposity determined as BW (kg) 
divided by height squared (m2). "Normal" weight 
was defined by BMI 20-27 kg/m2; "overweight'' as 
27 to 30 kg/m2; and "obesity" as> 30 kgfm2. Under­
weight was defined BMI < 20 kgfm2. 

Why M mode? 
As echocardiographic techniques have 

advanced from M mode to two-dimensional and. 
more recently, three-dimensional technique(26,27), 
it might be argued that this type of M mode research 
is rapidly becoming irrelevant. We believe that this 
is not so. Quantitative M mode echocardiography 
remains widely used in most echocardiography 
laboratories. Furthermore, M mode echocardio­
graphy still plays an important role in cardiovascu­
lar research. For example, M mode technique 
figured prominently in the method and tables of 
three recent articles on clinical hypertension and 
cardiac structure(26,28,29). M mode technique was 
also used in a recent report from the Cardiovas­
cular Health Study(30) and widely cited studies of 
physiologic hypertrophy in athletes(31 ,32). Further­
more, M mode measurements have been found to 
be powerful predictors of cardiovascular progno­
sis(22). Even if we used an echomachine specialised 
for cardiac examination it can apply to a general­
purpose ultrasound machine, which is now ubiqui­
tously used in general hospitals in Thailand without 
the need of Colour Doppler examination. 

Statistical method. 
All values for quantitative measures are 

expressed as mean value ± SD. Chi-square statistics 
were used to compare L VH prevalence and the 
unpaired Student's t test was used to test the mean 
difference between the subjects grouped when the 
variables had a normal distribution and Mann­
Whitney U test was used for variables that had 
skewed distribution. 

Univariate analysis. Pearson' correlation 
coefficients were obtained for relation between 
L VM and other variables. 

Multivariate analysis. Clinical and demo­
graphic variables that exhibited significant univa-



Vol. 83 No.9 ECHO-L VH IN THAI ELDERLY 1085 

riate correlation to L VM were evaluated by stepwise 
multiple regression with LVM. Variables assessed 
in this analysis were BW, BMI, SBP, PP, height, 
DBP and gender. The purpose of this analysis was 
to elucidate the relative importance of the different 
variables as predictors and potentially as determi­
nants of left ventricular muscle mass(33). 

RESULTS 
Characteristic of participants. 

M-mode echocardiographic studies of ade­
quate quality to permit calculation of L VM were 
obtained in 125 (80%) of 157 participants in whom 
studies were attempted. 

The clinical characteristics of the study 
subjects (mean±SD) are summarised in Table 1. The 
average age of the subjects was 67± 7 yr; BW 
55±11 kg; height 155±7 em; PP 59±14 mmHg; 
male 53 ( 42% ); BSA 1.5±0.2 m2; BMI 23±4 kgfm2; 
underweight 36 (29% ); overweight 19 (15% ); 

Separate comparison in each blood pres­
sure subgroup revealed that Stage 2 hypertensive 
subjects were younger, heavier, taller and had greater 
PP than normotensive and stage !-hypertensive 
subjects. Stage 1 hypertensive subjects were heavier, 

had greater PP and were more overweight than 
normotensive subjects. 

Echocardiographic findings: 
The average IVSD was 11±2 mm; LVIDD 

46±6 mm; LVPW 11±2 mm; LVM 176±49 g; LVM/ 
BSA 115±29 g!m2; LVM/Ht 113±31 g/m; LVM/ 
Ht2.7 54±15 gfm2.7. 

No difference in L VIDD existed in any 
blood pressure group. Septal and posterior wall 
thickness were greater in stage I and stage 2 hyper­
tensive subjects than normotensive subjects but 
there was no difference between stage! and stage 2 
hypertensive subjects. Separate comparison of men 
and women in each blood pressure group revealed 
similar patterns of findings in the women subgroup 
but men showed no difference in any blood pressure 
group. 

Prevalence of left ventricular hypertrophy. 
(Table 2) 

Prevalence of L VH depended on the dif­
ferent types of indexation. L VH defined by I) 
unindex LVM ~259 gin men and ~166 gin women 
was 35 (28% ). Defined by LVM/BSA 2) L VM/ 

Table 1. Clinical and demographic findings in normotensive and hypertensive subjects. 

Normotensive Stage I hypertension Stage 2 hypertension Total 

Number(%) 72(58) t.:j: 42(34) H 11(9)7.§ 125(100) 
Age (yr) 67±7t 67±6§ 62±2 t. § 67±7 
BW(kg) 52±9t.:j: 56±12H 65±13 t .§ 55±11 
Height (em) 156±8t 153±7§ 161±7 t. § 155±7 
Pulse pressure 50±9t.:j: 68±9 :j:. § 77±10 t. § 59±14 
Male(%) 29(40) 17(41) 7(64) 53(42) 
Body surface area 1.5±0.1 t 1.5±0.2§ 1.7±0.27. § 1.5±0.2 
BMI (kglm2) 21±3t 24±5 25±4 t 23±4 
Underweight(%) 25(35) t 11(26) 0(0) t 36(29) 
Overweight(%) 3(4) :j: 13(31) :j: 3(27) 19(15) 

Echocardiographic data 
IVSD(mm) 10±2t.:j: 11±2 :j: 12±1 t 11±2 
LVIDD(mm) 46±6 45±6 48±7 46±6 
LVPWD(mm) 10±2t. :j: 11±2 :j: 12±2 t 11±2 

LVM (g) 168±47t 179±50 216±50 t 176±49 
L VMI/BSA (glm2) 112±28 117±30 129±29 115±29 
L VMI/height (g/m) 108±29 117±33 134±30 113±31 
LVMI/Ht2.7 (g/m2.7) 51±14 57±17 60±14 54±15 

t: p<0.05 Normotensive vs Stage 2 hypertension. 
:j:: p<0.05 Normotensive vs Stage I hypertension. 
§: p<0.05 Stage I hypertension vs Stage 2 hypertension. 
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Table 2. Prevalence of L VH defined by various left ventricular mass indexation and partition values. 

Normotensive 

Number(%) 72 
Defined by unindexes L VM 
I. ~259 g in men, 166 g in women 16 
Defined by L VM/BSA 
2. ~131 g!m2 in men 32 

~100 gtm2 in women 
3. ~117 g!m2 in men 36 

~I 04 g!m2 in women 
4 ;::125 g!m2 in both men and women 23 
Defined by L VM!height 
5. ;::143 g/m in men, 25 

;:: I 02 g/m in women 
6. ~126 g/m in men, 27 

;:: 105 g/m in women 
Defined by LVM!height2.7 
7. ;::51 gtm2.7 in both men and women 30 
8. ~50 gtm2.7 in men 39 

~47 gtm2.7 in women 

7: p<0.05 Normotensive vs Stage 2 hypertension. 
:::: p<0.05 Normotensive vs Stage I hypertension. 

% 

100+4 

22 f 

44 

50 

32 

35 

38 f 

42 f 

54 

§: p<0.05 Stage I hypertension vs Stage 2 hypertension. 

Stage I hypertension 
% 

42 100 *·§ 
13 31 

24 57 

24 57 

14 33 

17 41 

17 41 

23 55 
29 70 

Stage 2 hypertension Total 
'7c '7c 

II 100 7.§ 125 100 

6 55 7 35 28 

7 64 63 50 

8 73 68 54 

6 55 43 34 

7 64 49 39 

8 73 7 52 42 

9 82 7 62 50 
9 82 77 62 

BSA ~ 131 gfm2 in men and ~ l 00 g in women was Table 3. Univariate correlates of left ventricular 
63 (50%) 3) LVM/BSA ~117 gfm2 in men and mass. 
~104 gfm2 in women was 68 (54%) 4) LVM/BSA -----------------
~125 gfm2 in both men and women 43 (34%). 
Defined by LVM/height 5) LVM/height ~143 g/m 
in men and ~102 g/m in women 49 (39%) 6) LVM/ 
height ~126 g/m in men and ~105 g/m in women 
52 (42%). Defined by LVM/height2.7 7) ~51 g/m2.7 
in both men and women 62(50%) 8) LVM/height2.7 
~50 g/m2.7in men and ~47 gfm2.7 in women 77 
(62%). 

Separate comparison in each blood pres­
sure group revealed a similar pattern in all indexa­
tion. Stage 2 hypertension showed higher preva­
lence than stage l and stage l higher prevalence 
than the normotensive group but attained statistical 
significance only in indexation for height (L VM/ 
height ~126 g/m in men and ~105 g/m in women), 
height2.7 (LVM!height2.7 ~51 g/m2.7 in both men 
and women) and in unindex L VM (L VM ~259 g in 
men and ~166 g in women) for stage 2 vs normo­
tensive (Table 2). 

Univariate correlates of left ventricular 
mass (Table 3); All studied variables except age 
exhibited statistical significance in univariate corre­
lation with L VM in the total population of 125 sub-
jects. 

Normo- Stage Stage Total 
tensive I HT 2 HT 125 
(n=72) (n=42) (n=ll) 

SBP * ns ns ** 
DBP ns ns 
Pulse pressure ns ns ns ** 
Age ns ns ns ns 
Height * ns ns ** 
BW ** ** ns ** 
BMI ** ** ns ** 
Gender ns ns 

ns: not significant 
* Correlation is significant at the 0.05 level (2-tailed) 

**Correlation is significant at the 0.01 level (2-tailed) 
Value assigned to gender: male= I, female= 2 

Among 72 normotensive subjects BW, 
BMI, gender, DBP, height, SBP exhibited the 
strongest relations with L VM, but age and PP were 
not related. Separate analysis of normotensive men 
and women revealed that only BW and BMI were 
significant correlates of L VM in each group and age 
was also correlated in men but not in the women 
subgroup. 
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Among 42 subjects with stage 1 hyperten­
sion, BW and BMI were most closely correlated 
with L VM; no correlation was observed with SBP, 
DBP, PP, height, age and gender. Subdivision of 
stage 1 hypertensive subjects by gender revealed 
that L VM was predicted only by BW and BMI in 
women and by PP, DBP, BW, age and BMI among 
men. 

Among 11 stage 2 hypertensive group, no 
variable exhibited significant relation with LVM. 
Separate analysis in women and men with stage 2 
hypertensive subjects revealed only PP (r =0.974, 
p=0.026) to be the only statistically independent 
predictors of L VM in women, whereas, no variable 
contributed to the predictive equation among men. 

The univariate analyses in the present 
study revealed strong, statistically independent asso­
ciations between echocardiographically determined 
L VM and BW, BMI, SBP, PP, height, DBP in a 
large population of normotensive and hypertensive 
elderly. Increasing blood pressure subgroups 
showed less strong and less consistent relations 
with increasing L VM. 

In multivariate analysis (Table 4). In all 
the 125 subjects, BW and PP independently pre­
dicted L VM in descending order of statistical 
significance. BMI, height, SBP, DBP and gender 
failed to contribute significantly to the predictive 
model. Among the entire group of 72 normotensive 
subjects only BW contributed independently to 
prediction of L VM. Separate analysis of normoten­
sive women and men revealed BW to be the 

Table 4. Multivariate prediction of left ventricular 
mass. 

Normo- Stage Stage Total 
tensive I HT 2 HT 125 
(n=72) (n=42) (n=ll) 

SBP ns ns ns ns 
DBP ns ns ns ns 
Pulse pressure ns * ns 
Age ns ns ns ns 
Height ns ns ns ns 
BW ** •• ns ** 
BMI ns ns ns ns 
Gender ns ns ns ns 

ns: not significant 
• Correlation is significant at the 0.05 level (2-tailed) 

**Correlation is significant at the 0.01 level (2-tailed) 
Value assigned to gender; male= I, female= 2 

strongest predictor of L VM in women, whereas, BMI 
was the strongest in men. Among the entire group 
of 42 subjects with stage 1 hypertension. BW and 
PP were the strongest statistically independent pre­
dictors of L VM. Subdivision of stage I hyperten­
sive subjects by gender revealed that L VM was 
predicted only by BMI among women and by PP 
and BW among men. 

DISCUSSION 
Indexation of left ventricular mass to 

body size(22). Since the 19th century, many aspects 
of human metabolism and organ growth have been 
'"normalised" by BSA. This indexation has subse­
quently been applied to cardiovascular measure­
ments. including ventricular mass. Height was 
chosen as a measure of body size because it is 
obesity independent(34), and the linear growth 
determined by height was the major factor influen­
cing L VM in children and young adults. Residual 
relations of L VM/BSA to BSA and of L VM/height 
to height were markedly reduced by normalisation 
of LVM for height2.7. However, a weak inverse 
association between L VM/height2.7 and height has 
been demonstrated, which may indicate possible 
overadjustment. In fact, intragroup variability of 
L VM was essentially the same regardless of the 
indexes used, except for height, where it was some­
what greater(41 l. The present study shows that dif­
ferent methods of indexation had a minimal effect 
on the observed association between L VM and 
blood pressure except defined by LVM/height2. 7 
where it was somewhat greater. 

Predictive values of different methods of 
indexation: de Simone et al(35) reported that during 
follow-up, L VM indexed for BSA or for height 
consistently demonstrated that a higher proportion 
of subjects with L VH (23o/t: to 29o/t:) had a subse­
quent cardiovascular event than those without L VH 
(9% to 12%). Of all indexes examined, identifica­
tion of the proportion of patients who had a morbid 
event with or without baseline L VH was slightly 
better with height-based than BSA indexes. Among 
gender-specific criteria, a higher odds ratio was 
obtained using L VM/height2.7 (odds ratio 3.26) 
than LVM/BSA, L VM/height or L VM/height.2.13 
The latter three were virtually identical in perfor­
mance to L VM/BSA (all odds ratio 2.50 to 2.66 ). 
Liao Y et al(22) reported high correlation among 
various body size indexes, L VH, defined by different 
indexes for L VM similarly confers an increased risk 
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of mortality in patients with or without coronary 
artery disease. No increased mortality was found 
for hypertrophy detected by height-based indexes 
in the absence of hypertrophy based on criteria in­
dexed for BSA. These patients were usually over­
weight and had a lower degree of hypertrophy. Con­
versely, the only method of indexing that rendered 
statistically nonsignificant the predictive value of 
LVM/BW(35,36). 

Comparison with previous studies: Echo­
cardiographic L VH is a common finding, occurring 
in 28 per cent to 50 per cent by Framingham criteria 
of the present study. These rates are likely to over­
estimate the prevalence of this condition in the 
general population because the prevalence of echo­
cardiographic L VH increases dramatically with 
advancing age from 6 per cent in persons less than 
30 years of age to 43 per cent in those over 69. For 
every I 0-year increment of age, the risk for LVH 
increases 15 per cent in men and 67 per cent in 
women. In elderly women the prevalence of L VH 
approaches 50 per cent(37). These findings in a Thai 
elderly population confirm and modify conclusions 
concerning factors correlated with a potentially 
determined LVM that have been derived from pre­
vious studies in a selected clinical as well as a 
volunteer population(33,37). Cross-sectional studies 
by several investigators have revealed significant 
univariate relations between LVM and BW or BSA, 
SBP and DBP measured either clinically or by 
ambulatory recorder, increasing age, male gender 
and estimated dietary sodium consumption(38). 
Support for the possibility that several of these 
variables may be not merely correlates but actual 
determinants of L VM has been provided by studies 
in which changes in L VM in the expected direction 
were induced by weight gain, blood pressure reduc­
tion by restriction of dietary sodium or weight loss 
and treatment by antihypertensive medication, with 
a moderate correlation being observed between the 
mean changes in blood pressure and L VM in group 
data from published trials(39). 

In most previous studies, L VM has been 
more closely correlated with SBP than DBP but did 
not include pulse pressure in their analyses(33,36). 
Although our univariate analyses tend to confirm 
these previous observations, our multivariate ana­
lysis suggest that several of the aforementioned 
variables only appear to be associated with L VM 
because of covariabilitly with actual determinants 
of L VM, or exhibit associations with L VM that are 
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so weak and inconsistent as to be practically negli­
gible despite statistical significance. Although PP 
positive correlation observation is new, it is not 
entirely surprising in the light of previous data. 

Studies of conduit vessel function have 
demonstrated that as the proximal elastic conduit 
vessels (aorta, carotids) dilate and stiffen with 
advancing age, pulse wave velocity and characteris­
tic impedance increase and arterial compliance 
decreases. Pulse wave velocity and characteristic 
impedance increase more than double from the teens 
to the 50's in humans. In contrast, steady tlow load 
(total peripheral resistance) increases only by about 
one third. Stiffening of conduit vessels is accele­
rated in the presence of hypertension, even in popu­
lations in which the prevalence of arteriosclerosis 
is low. Stiffening of the vessel wall leads to acce­
leration of pulse wave velocity and increased cha­
racteristic impedance. Because characteristic impe­
dance dictates the PP response to an instantaneous 
change in flow in the proximal aorta, the early peak 
in central aortic pressure is enhanced even if peak 
flow is unchanged. Accelerated pulse wave velocity 
causes this enhanced forward pressure wave to travel 
more rapidly down the conduit vessels to retlecting 
sites that are created by branch points and by the 
abrupt impedance change that occurs at the level of 
the resistant vessels. Because peripheral resistance 
is increased in hypertension, a greater percentage of 
this already enhanced pressure wave is re11ected 
back toward the heart. The reflected wave returns to 
the proximal aorta prematurely, in mid to late sys­
tole rather than in diastole, and augments PP and 
LV load while simultaneously diminishing diastolic 
pressure. This shifting of the reflected wave from 
diastole to systole has no effect on mean arterial 
pressure yet results in the highly unfavourable 
combination of an increase in myocardial oxygen 
demand and a decrease in coronary perfusion pres­
sure. Increased PP increases pulsatile stress and 
promotes fracture of the elastic elements and dila­
tion of the aorta. Dilation further increases stress 
and leads to a vicious cycle that culminates in ves­
sel failure at points of structural weakness. This 
vicious cycle, leading to progressively increasing 
pulsatile load, likely has implications for the pro­
gressive increase in LVM that occurs in the settin!! 
of a stable increase in mean arterial pressure in 
long-standing hypertension( 40). 

As previous studies have shown, SBP is a 
better predictor of cardiovascular risk than DBP in 
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hypertensive patients aged ~55 years. This is pro· 
bably so because of the increasing importance of 
aortic stiffness with hypertension and aging, leading 
to disproportionate increases in SBP and the result­
ing effects on target organs. As increased aortic 
stiffness not only increases SBP, but also decreases 
DBP, PP would appear to be even better than SBP as 
an index of aortic stiffness. However, there has 
been only limited study of the role of PP in cardio­
vascular morbidity and mortality independent of 
MBP or DBP(41). The relation among MBP, PP and 
cardiovascular risk was investigated in 18,336 men 
and 9,351 women, aged 40 to 69 years, living in 
Paris(42) in this study, PP alone was shown to be 
independently related to the degree of cardiac 
hypertrophy. Furthermore, in a 10-year survival 
analysis, PP was an independent predictor of car­
diac mortality in women aged ~55 years. The prog­
nosis value of pretreatment PP was also evaluated 
in New York City as a predictor of MI in a union­
sponsored hypertension control program( 43) in 
which 2,207 patients with blood pressure >160/>95 
mm Hg were grouped by tertile of PP. During an 
average follow-up interval of 5 years, 132 cardio­
vascular events (50 Mis, 23 strokes) were observed. 
Wide PP was identified as a predictor of MI. This 
finding was confirmed in a larger group of 5, 730 
participants( 44) in whom a wide pretreatment PP 
(>63 mm Hg) was associated with subsequent car­
diovascular complication. Wide PP with low DBP 
was also used to identify a subgroup of patients at 
greater risk of MI from either too large or too small 
a treatment induced decrease in DBP (J curve). 

Taken together, these findings indicate 
that the brachial PP is a significant predictor of 
cardiovascular risk, especially L VH and MI. Both 
epidemiological and hemodynamic findings sup­
port the belief that increased arterial stiffness, the 
major contributor of disproportionate SBP over 
DBP, should be considered in future evaluations of 
cardiac and other target organ complications( 41). 
The present study supports this hypothesis. 

Effect of indexing on detection of left 
ventricular hypertrophy. The use of one norma­
lisation instead of another is likely to affect the 
results when subjects of different body size are 
compared. Normalisation of L VM for BSA yielded a 
significant difference between none obese and both 
mildly obese and moderately obese patients (both 
p<0.001), with 23 per cent mean increase in ventri-

cular mass index in those with mild obesity. Preli­
minary analysis in hypertensive patients has shown 
that use of the allometric (or growth) signal for 
height detects a higher prevalence of L VH in over­
weight patients than does conventional indexing 
by BSA(45). The present study does not support 
these findings. In the overweight subgroup (Table 
5), by Framingham criteria, we found no difference 
in prevalence between normalisation of L VM for 
BSA or height. But conversely, L VM/BSA detects a 
higher prevalence of L VH in underweight and nor­
mal weight subjects although it did not attain sta­
tistical significant. Among the indexes studied. in­
dexing for BSA (~117gfm2in M and ~104g/m2 in F) 
provide methods of normalising L VM for body size 
that reduces L VH variability in underweight. nor­
mal weight and overweight subgroups as well as 
sexes. (Table 5-6) Indexing of L VM for height and 
height2.7 are less successful in reducing variability 
for prevalence of L VH among underweight. normal 
weight and overweight. 

Clinical implications. The mechanisms by 
which L VH is associated with incidence of coro­
nary heart disease are speculative. Increased t VM 
may promote coronary disease in a causal manner 
or may merely serve as a potent marker of risk. It 
represents a cardiac end-organ manifestation of 
hypertension and obesity, yet it predicts risk inde­
pendent of these traditional risk factors. Increased 
L VM results in increased myocardial oxygen 
demand which, when coronary blood supply is fixed 
or compromised, may hasten the development of 
ischemia, infarction, and sudden cardiac death. It is 
also possible that increased L VM serves only as a 
marker for coronary heart disease, because L VH 
and coronary heart disease appear to share common 
risk factors. The limitations in predicting coronary 
disease incidence according to levels of traditional 
risk factors may reflect several interacting pheno­
mena. In this aging cohort, secular trends in risk 
factors levels or in their relationship to coronary 
heart disease may have occurred, for example, the 
powerful relationship of blood pressure level to 
coronary heart diseases may no longer pertain in an 
era in which most hypertensive persons receive 
antihypertensive drug therapy, which in most in­
stances resulted in hypertension control. This theory 
is suggested by the lack of association of SBP with 
coronary disease incidence in men, and only margi­
nally significant association in women( 46). 
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Table 5. Influence of BMI on the distribution of L VM normalised for body size. 

Number 
I. LVM 

<!259 gin M 
<!166ginF 

Defined by L YM/BSA 
2) <!131 g/m2 in M 

<!100 g!m2 in F 
3) <!117 g/m2 in M 

<!104 g!m2 in F 
4) <!125 in both M and F 
Defined by L YM/height 
5) <!143 g/m in M 

<!102 g/m in F 
6) <!126 g/m in M 

<!105 g/m in F 
Defined by LVM/height2 7 
7) <!51 g/m2.7 in M and F 
8) <!50 gfm2.7 in M 

<!47 g/m2 7 in F 

-;: p<0.05 underweight ~·s overweight 
:j:: p<O.OS underweight vs normal weight 
§· p<O.OS normal weight I'S overweight. 

Under-weight 

36 
3(8) t. + 

13(36) t 

19(53) 

9(25) 

7(19) -:-. + 

5( 14) -:-, + 

10(28) t. + 
16(44) f.+ 

Normal weight 

70 
20(29) +·§ 

37(53) 

37(53) 

28(40) 

29(4l):j:.§ 

34(49) + 

38(54) + 
45(64) + 

Over-weight 

19 
12(63) ·;·.§ 

13(68) ; 

12(63) 

6(32) 

13(68) '· § 

13(68) ·: 

14(74) -;-
16(84) -; 

Table 6. Influence of sex on the distribution of L VM normalised for body size. 

Male Female 

Number(%) 53(100%)* 72(100%)* 
Defined by unindexes L YM 
I. <!259 g in men, 166 g in women 4(8) ** 31(43)** 
Defined by L YMIBSA 
2. <!131 g/m2 in men 16(30) ** 47(65)** 

<!100 g!m2 in women 
3. <!117 g/m2 in men 27(51) 41(57) 

<!104 g/m2 in women 
4. <!125 g/m2 in both men and women 21(40) 22(31) 
Defined by L YM/height 
5. <!143 g/m in men, 9(17) ** 40(56)** 

<!102 g/m in women 
6. <!126 g/m in men, 16(30) 36(50) 

<!105 g/m in women 
Defined by LYM/height2.7 
7. <!51 g/m2.7 in both men and women 25(47) 37(51) 
8. <!50 gfm2.7 in men 27(51) * 50(69)* 

<!47 g/m2.7 in women 

**p<O.Ol 
* p<O.OS 

Abbreviations and Acronyms 

Total 

125 
35(28) 

63(50) 

68(54) 

43(34) 

49(39) 

52(42) 

62(50) 
77(62) 

Total 

125(100%) 

35(28) 

63(50) 

68(54) 

43(34) 

49(39) 

52(42) 

62(50) 
77(62) 

BMI =Body mass index. BSA =Body surface area. BW =Body weight. SBP =Systolic blood pressure. DBP =Diastolic blood pressure. 
IVSD = interventricular septal thickness at end-diastole. LVM = left ventricular mass. L VIDD = left ventricular internal dimension 
at end diastole. MBP =mean blood pressure. PP =pulse pressure. PWD =posterior wall thickness at end diastole. 
BSA (body surface area)= 0.007184 x Bw0.425 x Height0.725 
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As previous Framingham report docu­
mented an association between ECG-LVH and risk 
for coronary heart disease, it was an infrequent 
finding, occurring in less than 3.2 per cent of this 
population(8). The overall sensitivity of echocardio­
graphic L VH for coronary events is far greater than 
that ofECG-LVH (46% compared with 3%) in men; 
39 per cent compared with 9 per cent in women 
and occurs without associated loss of predictive 
value of a positive test compared to the ECG-LVH 
in men (17% for ECG-L VH compared to 17% for 
echocardiogram LVH). However, a decrease in pre­
dictive value of a positive test for the echocardio­
gram compared to ECG was noted in women (5% 
compared with 25%, reflecting the low overall inci­
dence of coronary disease (approximately 1% per 
year and the high prevalence of echocardiographic 
L VH (35%) in women of this largely healthy elderly 
cohortj(46). 

L VH denotes a serious prognosis in the 
course of hypertension or coronary heart disease. 
When L VH appears it should be regarded as a grave 
prognosis sign rather than an innocent compensa­
tory phenomenon, because ECG-L VH may indicate 
myocardial ischaemia as well as hypertrophy. ECG­
L VH merits preventive management against coro­
nary disease, its major and most lethal squela. This 
is justified because the outlook for ECG- L VH 
closely resembles that of ECG evidence of myocar­
dial infarction. In individuals with an adverse coro­
nary risk profile, and ECG repolarization abnor­
mality often signifies silent ischaemic myocardial 
involvement. Despite the lack of symptoms, this 
common ECG abnormality is associated with a high 
rate of development of overt manifestations of 
coronary heart disease. The serious prognosis of this 
silent ischaemia demands an active preventive regi­
men, which includes aspirin and beta-blockers. Risk 
factor modification and supervised exercise should 
be recommended(47). The direct beneficial in­
fluence in L VH of the reduction of BW in over­
weight individuals has been demonstrated in a ran­
domized controlled trial of young, overweight 
hypertensive patients(48). LVM was reduced inde­
pendently of changes in blood pressure. Thus, weight 
reduction can be recommended in overweight 
hypertensive patients as a means not only of lower­
ing the blood pressure but also for the prevention or 
correction of L VH. 

There are many unresolved issues con­
cerning the pathogenesis and treatment of L VH. 
Antihypertensive therapy and weight control have 
been shown to at least partly reverse hypertrophy. 
It is not clear, however, whether the remaining 
myocardium becomes functionally improved and 
whether some drugs are more efficacious for this 
purpose than others. More data are also needed on 
whether reverse ECG-L VH and anatomical hyper­
trophy by antihypertensive therapy or weight reduc­
tion substantially improves the patient's prognosis. 
The seriousness of L VH requires, however. that all 
information is used in a rational, effective manner. 

Study limitation. However, it is impor­
tant to note several limitations. Clinically important 
mitral and aortic regurgitation usually results in LV 
dilatation. We did not systematic examination with 
Doppler to determine the presence and severity of 
coincidental mitral regurgitation (MR) and aortic 
regurgitation (AR). However, we detected AR 15 
(12%), MR 4 (3.2%), MS I (0.8%), others 3 (2.4o/r) 
subjects during examination by color Doppler and 
Spectral screening. All subjects were included in 
each subgroup for analysis. Those who take anti­
hypertensive drug(s) were included in each blood 
pressure group according to blood pressure recorded 
during the study. 

SUMMARY 
The presence of L VH adds substantially to 

the risk of cardiovascular disease in particular, at 
any level of other predisposing risk factors. The 
prevalence of LVH in general Thai elderly (28-62o/r) 
is very common in echocardiographically findings. 
BW and PP are major risk factors. However. it is 
clinically significant although not closely examined 
in this country. In the United States, it was found 
that from epidemiological observations that the risk 
of coronary heart disease in individuals with ECG­
LVH varies over more than a 10-fold range depen­
ding on the number of coexisting risk factors. L VH 
defined by different indexes for L VM similarly 
confers an increased risk of mortality in patients 
with or without coronary heart disease (odds ratio 
2.50 to 2.66). This offers the possibility for reducing 
the risk factors for coronary heart disease. Thai 
elderly are different from caucasians and black 
people, they are more underweight and less over­
weight. Even in overweight L VM/BSA can detect 
the prevalence of L VH equal to index for height and 
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detect L VH more in underweight and normal 

weight. Indexing for BSA (L VM/BSA ~117 gfm2 

in M, ~104 g/m2 in F) reduces the prevalence of 

L VH variability in underweight, normal weight and 

overweight subgroups as well as sexes. 

J Med Assoc Thai September 2000 

Clearly, we have more to learn about the 

role of L VH in the Thai population. However, 

enough is known to assign a high priority to detec­

tion, prevention and correction of LVH in preven­

tive cardiology. 

(Received for publication on October 15. 1998) 
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NJ.J'Sn "J'IJYIT1, W.1J. *, 1J:iJ'VIl:i .!:/YiiJ\1, W.U* 

urnh rr~ hi:i:Jm'l~Til"l'l-1ll'lll>l'l/n'lm~m'lLi'i(;lli'l1"lLl'U(;l1Lr\"'lilV L(;l (left ventncular hypertrophy) ( LVH) 

LL"::ih-lm~v~~rnh1Ln(;l 1ul'lu hw..t1'11 u u"l-lm~v~~rn h1Lii(;l LVH e:mLii(;l"lln L~B'Il'l&i, Dl'\..1, fllt!. LWA LL"::I'lll>J­

\ilu t"~V~'J~ m1An1~11 '\.JL~!l'll'l&i'VId~ hi~l>Jl'il:l'Wl>Jl1 it u~n'll'l&i'VId~ hi iilB~m'lm'lf1mn L(;l m'llwl:: 1 '\..ILL Iii "::L ~!l'll'l&i 
ifiCJl.h::a-.:Jfi": LYlfl'VIll'lll>l'l/nLL"::u"l-i'm~m~Yil1li' Lii(;l LVH ~l'll"liillVnl'lVI'll"llllWI'l~'\.JL~V~~:;'I'l!J'U"lln 

li'lh 1urJOJ~fllt! 1 'r'IV'Il'lVLL":;m~~ 

1nm~ftmn rJOJ~!llt! 157 l'l'U1'UL'liV'IfUi1(;l'Jl'!JU'll!l~L'l~WVl1Jl"~>JL~"lW'l::t!W'll'll'~'l::LLrll1iilfum'l 

V~'ll"llllWI'l~'\.JL~v~~:;'l'l!Ju"llnli'l1"l Al'\.Jlru'VIl>ll"'llmLl'UV~1Lr\"'lllv L(;lVHOJm LVM = O.Bxl1.04x[ ( IVSD+LVID+ 

PWD)
3 
-LVID3))+0.6 g lLI'l'll::l-i'l'lll>Jiff>Jvrurf'liB~\illLLU'll'il~'l L(;lV un1variate LL":: mult1vanate analys1s 

t.lftm~ftmn "llnrJOJ~!llt! 157 1'1'\..1 ~l>ll'ltlVI'll"l\illVI'l~'\.J~::'I'l!l'UL~V~li'lhhi'flrulllWLY1V~W!l 125 f\'\..1 

(80%) l'lll>l'l/n'll!l~ LVH ~'\.J!l~nUAl~lrlVII'lll>JI'il~'l\il~\J 1) un1ndexes LVM (.?.259 nf>J 1'\.J'Il'lV (M), 166 nf>J 

1u'VI~~ (F) ~!l 35 ( 28% ); 2) ~lrl(;ll'lll>J L(;lV LVM/BSA (;:131 nf>J/L>JV~'l 2 1u M. ;:1 oonfWL:~-JV~'lc 1u FJ 63 ( 500fo ); 

3) (;:117 nf>J/L:l-J(PI1q'\.J M, ;:104 nf:~-J/L:l-JVI'l 2 1u F) 68 (54%), 4) (;:125 nf>JIL:l-JVI'l2 1u M LL":; F) 43 (34%); 

5) ~lrl(Piflll>JLVIV LVM/flll:l-l'J~ (;:143 nfWL:l-lVI'l 1u M LL":; ;:1 02 nf>J/L:l-JVI'l 1u F) 49 (39% ); 6) (;:1 26 nfWL:l-JVI'l 

1u M LL":; ;:105 nf>J/L>J(PI1 1u F) 52 (42%); 7) ~lrl(Piflll:l-JL(PIV LVM/he1ght27 (;:51 nf>J/L>J(PI'l27 1u M LL":; 

F) 62(50% ); 8) (;:50 nf:~-J/L:!-JV!'l 27 1u M, ;:4 7 nf:~-JIL:l-JVI'l 27 1u F) 77 (62% ). 1uu'l::'ll'lmJ~'VI>J(PI \PllLLU'lD~'l:;~j:j 

D'r'lfiw"l'ifl LVH L1v~in\ilUVil:l-JUVV::'r'll~~ii&if'i!l BW, BMI, SBP, pulse pressure, (p < 0.01 ), 'lJru::~ DBP LL"::LwA 

:i:Juvv::~ll'l!1Jucwn1lLW::tnfl hi:i:JI'lll>Jiff:~-Jvrurf m'l'iLI'l'll::l-i'ml:~-Jfl(jjflflm'ir~'li'Duwu-ll BW, Pulse pressure whJu~:i:J 
All:~-Jiff:~-Jvrurfm~«ii&inu LVM 

«11.J: LVH Ltluu"l-lm~v~~V~'ll"lwuhiuBv1urJOJ~mfl1 'r'IV:i:JAll>J'l/n 28-62% V~l>Jm'lli(;l'l'l'll'ul'il~'l u"l-lv 

L~v~~iff:~-Jvrurfnum'lLii(;l L VH Fimh~1un\illLL":: pulse pressure m'l'i-i'vA{~d«uu«11unl'lf'1lUIPJ:l-l,;il'VIUnLL":: puise 

pressure 1um'lU!l~rl'ULL"::mUIPJ>lnl'lLii(;l LVH m'lli\il'll''\1 LVM/BSA (;:117 nf:~-J/L>Jr.i'l 2 1u M, ;:1 04 n1WL:l-l(PI'i-

1u F) <ll>Jl'ltl"(;lf'1ll>Jc1''ULL U'l'll!l~ LVH 1um'l~lLL'\.JnV~l>J BMI LL"::LWA 

tll1ft'1iqj : LVH, LVMI, Echocardiogram, Thai Elderly 

~m ti'l.l-n~. mnm .rj-nfl.:J 
'ifi~~!JL~flm.:JLLyj'nrJ "1 2543; 83: 1082-1094 
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