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Abstract

Background: Left ventricular hypertrophy is a forerunner of coronary heart disease, congestive cardiac failure, stroke
and may also lead to sudden death. Estimation of left ventricular mass by echocardiography offers prognostic information
better than the evaluation of traditional cardiovascular risk factors.

Objective: The aim of this study was to determine the relative contributions of haemodynamic and metabolic factors
affecting left ventricular mass in non-diabetic patients with essential hypertension.

Material and methods: 100 non-diabetic hypertensive patients were taken. The association between age, gender,
smoking, alcohol, height, weight, heart rate, clinic blood pressure, fasting blood glucose, lipid profile, haemoglobin,
body mass index and stroke volume with LV mass was studied. Left ventricular mass was measured by using standard
M-mode echocardiography measurement obtained by way of standard recommended by the American Society of
Echocardiography.

Results: Left ventricular mass was analyzed as a continuous variable. In males body mass index (r=.35, p<.004) and
stroke volume(r=-.26, p<.039) were significantly correlated with LV mass. In females body weight was significantly
related to left ventricular mass(r=.36, p<.02). The independent association between significant factors and left ventricular
mass was assessed by stepwise multivariate logistic regression. Body mass index and systolic blood pressure came as
independent determinants of left ventricular mass in all patients. A maximum of 13% of left ventricular mass variability
could be explained by these two factors.

Conclusion: In untreated patients with hypertension patient’s body mass index and systolic blood pressure are
independent predictors of left ventricular mass after adjustment for other haemodynamic and metabolic factors. They
explain a maximum of 13% of left ventricular mass variability. More knowledge is needed about factors that may alter
cardiac morphology in the evolution of hypertensive patients.
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Most common effect of hypertension on the heart ambulatory blood pressure explains the variability
is hypertrophy of left ventricle. Left ventricular of LV mass better than clinic BP and can assess day
hypertrophy is a forerunner of coronary heart disease, night BP variability which is of interest because lack of
congestive cardiac failure, stroke and may also lead to nocturnal B.P. fall has been associated with increased left
sudden death'3. Increased LV mass and hypertrophy ventricular mass®’. Body size is a powerful determinant
on the echocardiogram are associated with increased of LV mass and it may explain part of sex difference in
risk for sudden death after accounting for other known LV mass'®. Weight reduction has been shown to decrease
coronary disease risk factors®. Estimation of left left ventricular mass index in overweight hypertensive
ventricular mass by echocardiography offers prognostic patients even more than pharmacological anti
information beyond that provided by the evaluation of hypertensive treatment''. Several non haemodynamic
traditional cardiovascular risk factors. In men, the risk determinants of LV mass have also been described like
factor—adjusted relative risk of cardiovascular disease angiotensin II, catecholamine, hyperinsulinaemia and
was 1.49 for each increment of 50 g/m in left ventricular insulin resistance!>!3. Dyslipidemia is another metabolic
mass corrected for the subject’s height, in women it was abnormality observed most frequently in hypertensive
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patients. A positive association between total and low
density lipoprotein cholesterol and coronary heart
disease is well established'*">. However, the existence
of independent association between serum lipids and
LV mass is not clear.

So, the present study was done to evaluate haemodynamic
and metabolic predictors of LV mass moresoever
because there is lack of data regarding similar, studies
in South Asian countries especially in Nepal.

Materials and methods

Study population

Study population consisted of consecutive patients with
hypertension attending medical OPD in B.P. Koirala
Institute of Health Sciences, Dharan (BPKIHS), until a
sample size of 100 was attained. Study duration consisted
of one year from 1% June 2004 to 31% may 2005.

Study population was first screened by
- Fasting blood sugar
- Blood Pressure measurement

Clinic blood pressure was measured by a physician
in the hospital outpatient clinic with a mercury
sphygmomanometer after the subject sat for about
5 minutes. Two readings 5 minutes apart on at
least two separate visits were taken. An average of
the 4 measurements was considered for analysis.
Hypertension was diagnosed if the average reading
was 140/90 mm Hg or more. Diabetes was diagnosed
as either symptoms of diabetes plus random plasma
glucose concentration >equal to 200 mg/dl or fasting
plasma glucose >equal to 126 mg /dI'®.

All subjects fulfilling the following criteria were
included: (1) Non-diabetic patients with blood pressure
of 140/90 mm Hg or more; (2) No previous treatment
with anti hypertensive drugs or less than 3 weeks
treatment at any time'’; (3) No previous treatment with
lipid lowering drugs.

Then out of these, patients having following criteria were
excluded.(1) Age <30 years;(2) Haemodyanamically

unstable patients;(3) Heart failure;(4) Regional
wall motion abnormality;(5) Hypertrophic
cardiomyopathy;(6) Ventricular aneurysm;(7)

Significant stenotic or regurgitant valvular defects(8)
Poor cardioecho window. Patients fulfilling all the
inclusion criteria and not having any of the exclusion
criteria were included in the study.

Following variables were studied in them with the help
of a performa and investigations. Age, gender, smoking
(in pack years), alcohol (amount/day, duration),
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body height, body weight, heart rate, clinic blood
pressure, fasting blood glucose, lipid profile(After 14
hour of fasting), Total cholesterol, HDL cholesterol,
Triglycerides, LDL cholesterol, haemoglobin, body
mass index(Weight/height 2), Stroke volume (SV).

Echocardiographic Examination:

An M-mode echocardiography study (Hewlett Packard
Sonos1800) was performed under two dimensional
control. Measurements of left ventricular internal
diameter and septal and posterior wall thickness were
taken at end diastole according to the American Society
of Echocardiography's. Left Ventricular Mass (LVM)
was calculated using Devereux formula®®.

LVM=1.04 (LVIDd + IVSTd + LVPWTd)* — (LVIDd)?
—13.6gms.

Because left ventricular mass varies directly with the
body surface Area, it was commonly indexed for this
measure of body size. This was left ventricular mass
index (LVMI) expressed in gram/square meter.

LVMI (gram/m?) = LVM/BSA. Left ventricular outflow
tract diameter (D) and timed velocity integral (TVI)
were also measured.

Stroke volume was calculated by the formula SV
=D**.785 *TVI.

Statistical analysis

Data were recorded on a pre-design Performa and
managed on an excel spread sheet. Quantitative
variables were summarized by mean + S.D. Median was
calculated for variables having wide range of values.

Pearson correlation coefficient (r) was between two
quantitative variable following normal distribution was
calculated.

For wvariable following non-normal distribution
spearman’s rank correlation (rho) was calculated.

Multiple variate linear regression analysis was applied
to determine the predictors of left ventricular mass.

Strata 8.0 were used for statistical analysis.

In this study p value <0.05 has been considered
statistically significant.

Results

One hundred and ten patients of essential hypertension
were screened and out of those 10 were excluded,
one due to age <30,two due to significant stenotic or
regurgitant defects and seven due to poor cardio echo



window. In 100 patients analysis was done. Out of these
62 were males and 38 were females.

Table 2 shows the mean values of Left Ventricular
Internal Dimension in the diastole (LVIDd), Left
Ventricular Posterior Wall Thickness in diastole
(LVPWTd), Inter Septal Thickness in diastole (IVSTd)
in study subjects.

The mean left ventricular mass and left ventricular
mass index in age greater than 40 was 214.16+ 90.57
(gm) and 130.82+ 54.30 (gm/m?) respectively and
in age less than 40 was 164.584+58.7(gm) and 97.08+
28.20(gm/m?) respectively. The p-value for difference
in LVM was 0.05 and LVMI was 0.03, which were
significant in our study. The left ventricular mass and
left ventricular mass index was studied by dividing the
study population in sub category of body mass index
less than or greater than 25.The left ventricular mass
in BMI >25 was 236.15+ 110.54(gm) and in <25 was
188.76(gm) and the difference was significant.

Univariate analysis

Left ventricular mass was analyzed as a continuous
variable. The association of variables with left ventricular
mass was separately assessed in males and females. In
males Body mass index was strongly positively related
with left ventricular mass (r=.35, p<.004) and stroke
volume was inversely related with left ventricular mass
(r=-.26, p<.039)

In females body weight was significantly positively
related to left ventricular mass(r=.36, p<.02).

In all patients body weight (p=0.005) and body mass
index (p=0.003) had a significant direct association
with left ventricular mass. And pack years of smoking
were weakly inversely related to left ventricular mass
(p-value<.15). Systolic blood pressure, pulse pressure,
Age, height, diastolic blood pressure, fasting blood
sugar and haemoglobin had a positive correlation
with left ventricular mass but the correlation was not
significant. Stroke volume, heart rate, total cholesterol,
high density lipoprotein cholesterol, low density
lipoprotein cholesterol had an inverse association
with left ventricular mass but the correlation was not
significant. (Table 3)

Number of pack years, duration and amount of alcohol
were not significantly correlated with left ventricular
mass in all patients.

The independent association between significant
factors and left ventricular mass was assessed by
stepwise multivariate logistic regression. Body mass
index and systolic blood pressure came as independent
determinants of left ventricular mass in all patients in
our study. A maximum of 13% of left ventricular mass
variability could be explained by these two factors.
(Table 4).

Table 1: Baseline characteristics of the 100 patients according to gender

Variables All(N=100) Men(N=62) Women(N=38)
Age(yrs) 53+12.4 52.6£12.78 53.6£11.9
Pack year 15(1-50) 15(1-50) 10(3-35)
Alcohol (duration in years) 20(5-60) 20(10-60) 22.5(5-50)
Alcohol(amount ml/day) 500(50-1000) 500(50-1000) 500(200-1000)
Ht(cm) 156.02+18.2 160.12421.5 149.3+£7.07
Wt(kg) 60.8+10.1 64.65+8.8 54.6+9.13
BMI (kg/m?) 24.4+3.4 24.3+2.9 24.5+4.05
SBP(mm hg) 152.6+16.09 153.7+£15.5 150.8+£17.09
DBP(mm hg) 100.4+8.27 101.5+8.4 98.5+7.8
PP 52.04+14.45 51.8+13.4 52.3£16.08
HR(/min) 85.3+12.7 85.9+13.8 84.3+10.76
TC(mg/dl) 168.7+34.0 168.2+30.9 169.5+£38.9
HDL(mg/dl) 43.2+8.85 42.6+8.9 44.2+8.7
TGA(mg/dl) 152.8+83.66 163.1+£87.72 136.08+74.6
LDL(mg/dl) 95.1+£32.55 92.4+28.2 99.5+38.5
FBS(mg/dl) 83.68+14.3 85.2+15.5 81.05+11.9
Hb (g/ml) 13.92+1.34 14.2+1.02 13.36+1.2
SV(ml) 59.67+25.57 63.1+£26.8 53.95+22.5
LVM(gm) 207.7+88.46 215.03+£71.6 195.7+110.5
LVMI(gm/m? 126.4452.8 126.4+43.5 126.3+65.8
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Table 2: Echocardiographic findings according to gender

All (N=100) Males (N=62) Females (N=38)
IVSTd (cm) 1.13+0.24 1.15+0.22 1.09 +£0.27
LVIDd (cm) 4.41 +0.66 4.47+0.67 4.31+0.63
LVPWTd (cm) 1.05+0.26 1.08 £0.25 1.01 £0.26

* Values are expressed in meant S.D.

Table 3: Pearson’s bivariate correlation coefficient of left ventricular mass with selected parameters in all patients

(n=100)
Variables Pearson’s correlation p-value
Age 123 221
Ht .062 .537
Wt 280 .005%*
BMI 293 .003**
SBP .189 .06
DBP .086 39
PP 168 .09
HR -.059 .56
TC -.107 29
HDL -.088 38
TGA .036 72
LDL -.118 24
FBS .041 .68
Hb .094 35
SV -.15 12

** Correlation significant at p<.05 level

Table 4: Results of bivariate and stepwise multivariate regression analysis

Variables Unadjusted regression coefficient (95% CI) Adjusted regression coefficient(95% CI)
Beta 95%CI p-value Beta 95%CI p-value

BMI 7.6 (2.6,12.5) 0.003 7.8 (3.0,12.7) 0.002

SBP 1.0 (-0.4,2.12) 0.06 1.1 (0.09,2.16) 0.03

PP 1.03 (-0.18,2.23) 0.09 - - -

SV -0.54 (-1.2,0.14) 0.12 - - -

R Square (coefficient of determination) = 13%

Discussion

Previous studies have shown greater left ventricular
mass in men than woman®*2'>2, However it is uncertain
whether these differences in left ventricular mass
represent an independent effect of gender or due to
greater lean body weight in men accounting for greater
left ventricular mass in men than in women?'. Overall,
the effect of gender on left ventricle mass seems to be
minor taking total body weight into account®*?"?* In our
study,mean left ventricular mass in men was greater than
woman (215.03£71.6 and 195.7+110.5 respectively).
But mean left ventricular mass index was almost equal
in both sexes confirming the hypothesis that difference
in left ventricular is more due to difference in height
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and weight in males and females. Armario et al and
Devereux et al”2* showed that that the difference in the
mean left ventricular mass and left ventricular mass
index when divided according to age group was not
significant and neither age was a significant determinant
of left ventricular mass.But Schillaci et al® showed that
age was a potential determinant of left ventricular mass
in women and men. In our study the difference between
mean of left ventricular mass and left ventricular mass
index when divided by age less than or greater than 40
was significant (p<.05) but the correlation of age with
left ventricular mass was not significant.The possible
cause of significant difference found in left ventricular



mass and left ventricular mass index when divided by
age category was may be due to large difference in
number of subjects in both group, 87 in age >40 and
only 13 in age less than equal to 40.

Left ventricular mass and left ventricular mass index
were greater in subjects with greater body mass index
and with multiple linear regression analysis body
mass index came as an independent predictor of left
ventricular mass in our study. This result was similar
with previous studies™ .

Previous studies have shown both office blood pressure
and average 24 hour blood pressure to be significantly
correlated with left ventricular mass®’*. Correlation
coefficient for 24 hour blood pressure is found to be
higher than office blood pressure’. In our study left
ventricular mass and left ventricular mass index
increased with increasing clinic systolic and diastolic
blood pressure. Systolic blood pressure correlated
significantly with left ventricular mass in univariate
analysis and was an independent predictor of left
ventricular mass in multivariate regression analysis.
However clinic diastolic blood pressure was not
significantly associated with left ventricular mass. We
did not look for the correlation of average 24 hour blood
pressure with left ventricular mass in this study.

In summary, various previous studies have shown
height, weight, body mass index, office and 24 hour
blood pressure, stroke volume, heart rate, high density
cholesterol, low density cholesterol, total cholesterol
to be independent predictors of left ventricular mass
and these factors could explain left ventricular mass
variability ranging from 21% to 48% in different
studies™?*?2, Our study showed body mass index
and clinic systolic blood pressure to be independent
predictors of left ventricular mass and could explain
13% of left ventricular mass variability. This difference
in result could be due to difference in number of
study population. Maximum of the studies had study
population ranging from 1200 to 1800. In our study
subjects were only 100.

Various other factors like insulin resistance, subscapular
skin fold thickness, cardiac contractility, aortic root
diameter, plasma epinephrine, urinary sodium excretion
are found to be determinants of left ventricular
mass’2222627 We could not study these variables in this
study.

Limitations

The sample size in this study was small which could
be a reason that we got only two factors as independent
determinants of left ventricular mass in multivariate
regression analysis twenty four hour blood pressure

177

has been found to be more significantly correlated with
left ventricular mass than office blood pressure, which
could not be done in this study.

Conclusion

In untreated patients with hypertension patient’s body
mass index and systolic blood pressure are independent
predictors of left ventricular mass after adjustment
for other haemodynamic and metabolic factors. They
explain a maximum of 13% of left ventricular mass
variability. More knowledge is needed about factors
that may alter cardiac morphology in the evolution of
hypertensive patients.
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