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Changes in left ventricular structures and function have been reported in cardiomyopathies. No
prediction models have been established in this environment. This study established regression
models for prediction of left ventricular structures in normal subjects. A sample of normal subjects was
drawn from a large urban population. Echocardiographic end diastolic diameters, end systolic
diameters, posterior wall thicknesses in both systole and diastole, septal wall thicknesses in both
systole and diastole were used to calculate left ventricular mass, left ventricular mass index, relative
wall thickness and fractional shortening. Heights, weights, ages, and blood pressures of subjects were
obtained. Pearson’s correlation coefficients were computed. Tests were two tailed with P < 0.05
indicating statistical significance. Three hundred and twenty two normal subjects of Ibo descent were
enrolled in this study as volunteers between June, 2006 and April, 2007. Correlation coefficients
between measured left ventricular structures and functions, and some anthropometric variables were
computed. Linear regression models for the prediction of left ventricular structures were established.
Prediction models for left ventricular structures have been established and could be useful in
assessing morbidity in cardiomyopathies.
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INTRODUCTION
Quantitative echocardiography using M-mode provides
information on atrial, ventricular and great vessels
dimension and function. M-mode measurements continue
to be used, although the inherent limits of spatial orienttation may be problematic in some subjects. Excellent
temporal resolution is the strenght of M-mode. If M-mode
images using 2D guidance are obtained in a standard left
parasternal window, the measurements are usually
accurate.
Doppler-measured parameters such as Bernoulli’s
equation, pressure half time, and the continuity equation
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(based on hydrodynamic and hemodynamic principles)
have become an integral part of the echocardiography
examination (Waggoner, 2005). Some changes in ventricular functions and structures have been noted in
cardiomyopathies. Values for systolic left ventricular
function (M-mode fractional shortening) were reported to
be above normal in subjects with white coat hypertension
whereas diastolic filling and left atrial size were similar to
those in nor-motension (Muscholl et al., 1998). Left ventricular mass is dependent on values of end diastolic
diameter, septal wall thickness and postenor wall
thickness (Keil et al., 1988). In left ventricular hypertrophy, values of left ventricular mass are above normal
range of values. Relative wall thicknesses were increased in hypertensive subjects (Muscholl et al., 1998).
To the best of our knowledge, prediction models for left
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ventricular structure and function have not been established in any African population. Echocardiographic
evidence of left ventricular hypertrophy is an independent
predictor of overall mortality (Levy et al., 1990). This
study aimed at establishing linear regression models that
could be used in the prediction of clinical outcomes in
individuals with cardiomyopathies by comparing predicted
and measured values of ventricular structures.
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The body weights were measured on a bathroom scale: Model H
89 LT Blue, and height measured on a calibrated vertical wall. The
body mass index (BMI) was calculated as weight/height (Muscholl
et al., 1998). While the body surface area (BSA) was calculated
using the formula derived by DU bois and DU Bois (1916) as:
BSA = (Weight0.425 x Height0.725) x 0.007184
The blood pressure (BP) was measured with a sphygmomanometer and was standardized for cuff size and position. SBP and
DBP represent systolic and diastolic blood pressures.

MATERIALS AND METHODS
Subjects’ eligibility

Data analysis

Subjects with a history of cardiomyopathy were excluded. Also
excluded were subjects with obstructive airway disease, sickle cell
disease, pregnancy, immune suppression, and intra-abdominal
masses. Sportsmen involved in either isotonic or isometric sporting
activities were also excluded due to anatomical changes, which
could accompany those activities. Subjects had to be aware of the
nature of the study and willingly provide informed consent before
entering the study. Ethics board review and approval were
obtained at Ebonyi State University Teaching Hospital.

Data were not categorized according to gender, as a previous study
(Cavallini et al., 1995) reported no significant relationship between
left ventricular Mass Index (LVMI) and gender. It also reported that
no significant correlations exist between postenor wall thickness
(PWT) and demographic variables. SPSS 11.0 software was used
for correlation analysis and developing regression equations.
Pearson’s correlation coefficients were generated. P values < 0.05
were considered statistically significant.

RESULTS AND DISCUSSION

Evaluation
Echocardiography studies were performed with SL I, siemens Medical system, USA Inc, ultrasound Group, Issaquah WA with a 3.5
MHZ sector transducer. Images were obtained in parasternal long
and short axis views with the patient either in supine or left postenor
oblique position (Reynolds, 1993). M-mode tracing was obtained in
the short axis view. To reduce inter observer variability (Muscholl et
al., 1998), all M-mode tracings were analyzed by a single imaging
scientist (CA). The following cardiac parameters were measured
using M-mode of 2D derived image of the heart: (1) left ventricular
internal diameter (LVID) in end systole (End systolic diameter –
EDD) and in end diastole (End diastolic diameter – EDD). (2) Interventricular septal wall thickness in systole (Septal wall thickness in
systoles -SWTS) and in diastole (septal wall thickness in diastole –
SWTD). (3) Posterior left ventricular wall thickness on systole
(Posterior wall thickness in systole – PWTS and Posterior wall
thickness in diastole – PWTD).
FS = [(EDD –ESD)/EDD] x 100

(Reynolds, 1993)

FS is the fractional shortening of the heart. Measurements of left
ventricular mass were taken just below the tips of the mitral valve
(Muscholl et al., 1998).
Relative wall thickness (RWT) was calculated at end diastole as:
RWT = 2 x (posterior wall thickness/end diastolic diameter)
(Muscholl et al., 1998).
Left ventricular mass was calculated according to the formula of
Penn as:
Left ventricular mass (g) = 1.0 4 (end diastolic diameter + septal
wall thickness + posterior wall thickness) – (end diastolic diameter)
– 13.6 g (Keil et al., 1988).
Left ventricular Mass was indexed to height in g/m (Levy et al.,
1987). This would possibly adjust variations in heat size due to
differences in body size.

Three hundred and twenty two normal subjects of Ibo
ethnic group were enrolled in this study as volunteers
between June, 2006 and April, 2007. Equal numbers of
men and women enrolled into the study (161 each).
Subject ages ranged from 18 to 73 years with a mean
age ± standard deviation of 40.59 ± 16 41 and 39. 39 ±
11.35 in men and women, respectively. Two subjects (a
man and of women) had blood pressure > 140/90 and
were classified hypertensive (Cavallini et al., 1995).
These two subjects were hence excluded from the study
and the characteristics of the remaining three hundred
and twenty subjects are shown in Table 1.
Table 1 shows Pearson correlation coefficients(r) and
their P – values between left ventricular parameters and
some anthropometric variables. The following linear
regression equations were established:
PWTD (mm) =
PWTS (mm) =
SWTS (mm) =
SWTS (mm) =
ESD (mm) =
EDD (mm) =
LVM (g)
=
LVMI (g/m) =

0.0378 Age + 7.875
0.038 Age + 0.0183 Weight + 8.31
0.03 Age + 7.08
0.0277 Age + 0.015 Weight + 5.06
0.12 Age + 0.36 BMI
+ 22.79
0.134 Age + 0.38 BMI
+ 34.85
1.7 Age
+ 2.8 BMI
+ 26.84
1.1 Age
+ 1.74 BMI
+ 16.27

Only significant predictors of cardiac parameters were
considered in the development of linear regression
models.
As a complement to imaging cardiac structure, quantification of cardiac size, function, and blood flow is an
integral part of echocardiography, M-mode, the first
echocardiography technique to provide quantitative data,
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Table 1. Pearson’s correlation coefficients (r) and P-values between lv parameters and some anthropometric variables.

LV
parameter
PWTD
PWTS
SWTS
SWTD
EDD
ESD
LVMI
LVM
RWT
SF

Age (years)
r=0.465
p=0.00(s)
r=0.470
p=0.0(s)
r=0.423
p=0.00(s)
r=419
p=0.00(s)
r=0.373
p=0.0(s)
r=0.358
p=0.0(s)
r=0.499
p=0.00(s)
r=0.48
p=0.00(s)
r=0.134
p=0.09(NS)
r=-0.093
p=24(NS)

Height (m)
r=0.014
p=0.86(NS)
r=0.025
p=0.86(NS)
r=0.074
p=0.35(NS)
r=0.10
p=0.21(NS)
r=0.204
p=0.10(s)
r=0.224
p=0.004(s)
r=0.018
p=0.82(NS)
r=0.161
p=0.04(NS)
r=0.155
p=0.05(NS)
r=-0.109
p=0.17(NS)

Anthropometric variables
Weight (kg)
SBP (mmkg)
DBP (mmHg)
r=0.132
r=0.427
r=0.389
P=0.10(NS)
P=0.00(S)
P=0.00(S)
r=0.158
r=0.490
r=0.404
P=0.046(s)
P=0.00(s)
P=0.00(s)
r=0.152
r=0.435
r=0.318
P=0.55(NS)
P=.0.0(s)
P=0.00(s)
r=0.16
r=0.453
r=0.374
P=0.045(s)
p=0.00(s)
p=0.00(s)
r=0.327
r=0.368
r=0.422
p=0.0(s)
p=0.00(s)
p=0.00(s)
r=0.336
r=0.295
r=0.323
p=0.00
p=0.00(s)
p=0.00(s)
r=0.185
r=0.0457
r=0.457
p=0.019(s)
p=0.00(s)
p=0.00(s)
r=0.267
r=0.488
r=0.481
p=0.001(s)
p=0.00(s)
p=0.00(s)
r=-0.155
r=0.102
r=0.02
p=0.052(NS)
p=0.197(NS)
p=0.81(NS)
r=-0.125
r=-0.017
r=-0.017
p=0.117(NS)
p=0.83(NS)
p=0.83(NS)

2

BMI (Kg/m )
r=0.141
p=0.075(NS)
r=0.170
p=0.031(s)
r=0.119
P=0.133(NS)
r=0.109
p=0.171(NS)
r=0.249
p=0.002(s)
r=0.25
p=0.001(s)
r=0.202
p=0.01(s)
r=0.201
p=0.11(s)
r=-0.083
p=30(NS)
r=-0.82
p=0.30(NS)

2

BSA (m )
r=0.101
P=0.202(NS)
r=0.126
p=0.112(NS)
r=0.138
P=0.112(NS)
r=0.154
P=0.051(NS)
r=0.322
p=0.00(s)
r=0.336
p=0.00(s)
r=0.144
p=0.07(NS)
r=0.258
p=0.001(s)
r=-0.176
p=0.026(s)
r=-0.133
p=0.093(NS)

NS = Not significant; S = significant.
Correlation is significant at the 0.05 level (2 –tailed).

continues to be used for a variety of measurements.
Echocardiography has been used as a gold standard in
the electrocardiography diagnosis of right ventricular
hypertrophy in children (Puchalaski et al., 2006).
The present study (Table 1) confirms previous findings that SBP is modestly related to LVMI (Savage et al.,
1979) and that BMI was a significant predictor of LVMI
(Sherwood et al., 2002). This study is also in agreement
with a previous study (Henry et al., 1978) which reported
that left ventricular mass varied linearly with the direct
measurement of body surface area and that percent
fractional shortening of the left ventricle is independent of
BSA. In the healthy young adults of CARDIA (coronary
artery risk development in young adults) cohort, LVM was
highly correlated with body weight, sub scapula skin fold
thickness, height, and systolic blood pressure across
.
race and sex subgroups (Gardin et al., 1995) Furthermore, after adjustment for anthropometrics, BP, and
other covariates, LVM remained higher in men than in
women and in blacks than in whites. This report partly
agrees with this present study, which shows that LVM did
not significantly correlate with height but significantly
correlated with weight and systolic blood pressure.
Julius et al. (1989) used hindquarter compression in
dogs to elicit transient sympathetically mediated increas-

es in BP for 6 h per day. After 9 weeks of this manipulation, there was no persistent elevation in BP, but a
28% increase in LVM was observed. For patients with
hypertension, higher ambulatory BP variability has been
found to be associated with increased LVM, independent
of mean ambulatory BP levels (Parati et al., 1987). These
observations are consistent with the findings of this study
which showed significant positive correlations between
BP parameters (in both diastole and systole), and LVM.
Similar to a previous study (Sherwood et al., 2002),
posterior wall thickness in this study correlated with BP.
In this study, no significant correlation was recorded
between relative wall thickness (RWT) and BP unlike it is
with LVM and LVMI. Based on the fact that RWT is
increased in hypertensive groups (Muscholl et al., 1998),
it may be more potent than LVM and LVMI in the assessment of morbidity in hypertension. Fractional shortening
was enhanced in subjects with white coat hypertension
(Muscholl et al., 1998). No significant correlation identified in this study (normal subjects) between fractional
shortening and BP could also be a pointer to high
sensitivity of fractional shortening in the assessment of
morbidity in hypertensive cardiopathy. The positive
relationship between septal wall thicknesses and BP in
this study agrees with a previous study (Muscholl et al.,
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1998), which showed an increase in left ventricular septal
wall thickness in white coat hypertension. The internal
dimensions of the ventricle (EDD and ESD) correlated
significantly with body surface area. This is similar to a
previous study (Henry et al., 1978), which showed that
internal dimensions of left ventricle varied in a linear
relation to the cube root of the body surface area.
To the best of our knowledge, this is the first time
prediction equations for the estimation of cardiac parameters are being established in this locality. Longitudinal
studies are necessary to delineate the possible role of
anthropometric variables in the genesis of LV hypertrophy. Replication of this study in a larger samples, age
and gender categorized samples in other ethnic/racial
groups within Africa and beyond is suggested. In this
study, all the measurements were taken by one imaging
scientist (CA). This was done to avoid possible interobserver errors as it has not been previously investigated
that these measurements could be collected and reported
equally as consistent between scientists. This study has
established prediction formulas for cardiac structures
upon which comparisons of measured values could be
made in the assessment of cardiomyopathies.
ACKNOWLEDGEMENTS
The authors are grateful to Dr. Obeka, N. and members
of staff of radiology department for their support of this
research program.
REFERENCES
Cavallini MC, Roman M, Pickering T, Schwartz J, Pini R, Deverex RB
(1995). Is white cat hypertension associated with artenal disease or
left ventricular hypertrophy? Hypertension 26: 413-419.
DU Bois D, DU Bois EF (1916). A formula to estimate the approximate
surface area if height and weight be known. Arch. Int. Med. 17: 863871.
Gardin JM, Wagenknecht LE, Anton – culver H, Flack J, Gidding S,
Kurocaki T, Wong ND, Manolio TA (1995). Relationship of cardiovascular risk factors to echocardiographic left ventricular mass in
healthy young black and white adult men and women: The cardia
study. Circulation 91: 380-387.
Henry WL, Ware J, Gardin JM, Hepner JM, Mckay J, Weiner M (1978).
Echocardiographic measurements in normal subjects. Growthrebated changes that occur between infancy and early adulthood.
Circulation 57: 278-285.
Julius S, Li Y, Brant D, Krause L, Buda AJ (1989). Neurogenic pressor
episodes fail to cause hypertension, but do induce cardiac hyperrophy. Hypertension 13: 422-429.

2115

Keil U, stieber J, Doring A, Chambless L, Hartel U, Filipiak B (1988).
The cardiovascular risk factor profile in the study area of Augsburg.
Results from the first MONICA Survey 1984/85. Acta. Med. Scand.
(Suppl 728): 119-128.
Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP (1990).
Prognostic implications of echocardiographically determined left ventricular mass in the Framingham Heart study. N. Engl. J. Med. 323:
1706-1707.
Levy D, Savage DD, Garrison RJ, Anderson KM, Kannel WB, Castelli
WP (1987). Echocardiographic criteria for left ventricular hypertrophy.
The Framingham Heart study. Am. J. Cardiol. 59: 956-960.
Muscholl MW, Hense H, Brockel U, Doring A, Riegger GAJ, Schunkert
H (1998). Changes in left ventricular structure and function in patients
with white coat hypertension: cross sectional survey. BMJ 317: 565570.
Parati G, Pomidossi G, Albini F, Malaspina D, Manci G (1987). Relationship of 24- hour blood pressure mean and variability to severity of
target-organ damage in hypertension. J. Hypertens. 5: 93-98.
Puchalaski MD, Lozier JS, Bradley DJ, Minich L, Tani LY (2006).
Electrocardiography in the diagnosis of right ventricular hypertrophy
in children. Pediatric 118(3): 1052-1055.
Reynolds T (1993). M- mode numbers at a glance. The Echocardiograhers pocket reference: Arizona Heart Institute foundation, Phonix
Anzona, pp. 58-59.
Savage DD, Drayer JI, Henry WL, Mathews EC Jr, ware JH, Gardin JM,
Cohen ER, Epstein SE, Laragh JH (1979). Echocardiographic
assessment of cardiac amatory and function in hypertensive subjects.
Circulation 59: 623-632.
Sherwood A, Gullette ECD, Hinderliter AL, Georgiades A, Babyak
Michael, Waugh RA, Blumenthal JA (2002). Relationship of clinic,
ambulatory, and laboratory stress Blood pressure to left ventricular
Mass in overweight men and women with High Blood pressure.
Psychosomatic Med. 64: 247-257.
Waggoner AD (2005). Quantitative echocardiography. J. Diagn. Med.
Sonogr. 21: 464-470.

