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Abstract: Left Ventricular Hypertrophy (LVI) and Left Ventricular (LV) geometric pattern are known risk factors
for increased burden of cardiovascular morbidity and mortality in patients with hypertension, but the influence
of gender on these parameters remains unclear. Two-dimensional and M-mode echocardiograms were recorded
in 676 newly presenting hypertensive adults and 162 normal controls. Left ventricular mass was estimated using
M-mode echocardiography and mdexed by bedy surface area. Relative Wall Thickness (RWT) and Left
Ventricular Mass Index (LVMI) were used to classify LV geometric patterns according to gender. The left
ventricle of females had a greater fractional shortening (30.6+10.4 versus 26.4+11.6), smaller end diastolic
chamber size (48+9.0 versus 51.6+10.6) and higher ejection fraction (56.5+16.4 versus 53.7+17.7) than males.
Ninety (22.5%) hypertensive males agamst 68 (24.7%) females had normal LV geometry (p = 0.49). Incidence
of concentric remodelling was similar (p = 0.86) between females and males (23.3% versus 22.7%, respectively).
LVH occurred in 54.8% of males versus 52% of females, p = 0.46. Eccentric L VH was commoner (p =0.01) in
males but more (p = 0.04) females had concentric LVH. LVMI in the 2 groups, septal thickness in males, posterior

wall thickness and weight in females were predictors of L.V geometric pattern, respectively.
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INTRODUCTION

System Hypertension (SH) affects about 1 billion
people world-wide and it is a major cause of
cardiovascular morbidity and mortality in Black Africans
i whom the disease presents early and runs a rapid
course (Frazier et al., 2005; Rahman et al., 1997). Ttis a
common cause of heart failure, stroke and chronic kidney
failure in Nigerian populations (Kadiri, 2000). LVH as
determined by echocardiography has been shown to be
a strong predictor of adverse prognosis in patients with
cardiovascular diseases (Levy et al., 1990). LVH can be
characterized by geometric subtypes, based on LV mass
mndexed for body size and RWT which further refines
cardiovascular risk assessment (Muiesan et al., 2004,
Aje et al., 2006). Patients with increased RWT and TL.VMI
(concentric LVH) have been shown to have the worst
cardiovascular outcomes compared with other
subtypes of LV geometric patterns (Koren et al., 2002).
Epidemiological studies particularly in Caucasians and
Africans in Diaspora have suggested that gender may
mfluence compensatory changes m left ventricle in

response to chronic pressure overload (Villan ef af., 1995;
et al, 1993). Racial differences in LV
adaptation to hypertension have also been reported
(Koren et al, 1993). This study aimed at determining
the mfluence of gender on LV dimensions and patterns
of LV remodelling in Nigerian hypertensive subjects.

Krumholz

MATERIALS AND METHODS

Six hundred and seventy-six (401 males and
275 females) consecutive newly presenting adult
hypertensive patients referred for echocardiography at
our laboratory between May 2004 and May 2008 were
cross-sectionally studied. They were compared with
162 (81 males and 8l females) apparently healthy
normotensive individuals. Echocardiographic assessment
of cardiac function is 1 of the initial investigations in
hypertensive patients in our centre. All the subjects were
selected if they were 18 years and above, did not have
structural heart lesions such as congenital heart disease,
rheumatic valvular heart disease, intra-cardiac masses and
diabetes mellitus. The patients’ age, sex, anthropometric
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measurements such as weight, height, Body Mass Index
(BMI) and blood  pressure were recorded.
Echocardiograms were performed using Esaote Megas
CVX machine (2003 model) which has facilities for
2 Dimensional (2D), m-Mode and colour flow, pulsed and
continuous wave Doppler. A long Parasternal 2D-guided
m-Mode echocardiogram was obtained from each patient
and LV dimensions were taken according to the
recommendations of the American Society of
Echocardiography (ASE) (Schiller et al., 1989). Parameters
recorded included: LV Internal Dimension in diastole
(LVIDd), LV Internal Dimension In systole (LVIDs),
Interventricular Septal thickness in diastole (IVS3d),
Interventricular Septal thickness in systole (IVSs),
Posterior Wall thickness in diastole (PWd), Posterior Wall
thickness in systole (PWs), IV Ejection Fraction (EF) and
Fractional Shorteming (F3). Others include Right
Ventricular dimension in diastole (RVd), Aortic Dimension
(AOD) and Left Atrial Dimension (LAD). LY Mass (I. VM)
was calculated using the formula (Devereux et al., 1986):

0.8% {1.04x [ (LVIDd +IVSd + Pwdy’-(LVIDAY] } + 0.6

Left Ventricular Mass Index (L VMI) was determined using
formula:
LVM/BSA

where:
BSA = The body surface area

Left Ventricular Hypertrophy (LVH) was considered
present if LVMI was >119.6 g m™ in females and
»168.8 g m ™~ in males (2 standard deviations above the
mean values for LVMI of control subjects). Relative Wall
Thickness (RWT) was calculated by the formula
(Savage et al., 1987):

2 x PWd/LVIDd

The pattern of 1.V remodelling was determined using
LVMI and RWT. Increased RWT was present if RWT
was >0.45 (Savage et al., 1987). LV geometric pattern was
classified using RWT and L.VMI as follows:

Normal geometry = Normal LVMI and RWT

Concentric remodelling = Normal LVMI and RWT
>0.45

Eccentric LV hyperttophy = Increased LVMI and
RWT<0.45

Concentric LV hypertrophy = Increased LVMI  and
RWT =0.45

Statistical analysis: Statistical analysis was performed
using the SPSS Version 15 and the numerical values were
presented as meandstandard deviation. Student t-test
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was used to compare means of continuous variables,
while chi-square test was used to compare means of
proportions. Test of correlation was done using the
Spearman’s Rank correlation method. Stepwise regression
analysis using 0.05 as entry probability and 0.10 as
removal probability was used to determine predictors of
LYV geometry. A statistically significant association was
taken at p<0.05.

RESULTS

The demographic and echocardiographic data of the
patients and control subjects are shown in Table 1.
Although, the mean age and height of the patients and
controls were similar, body weight of the patients was
significantly higher (p = 0.045) than that of the controls.
However, the mean BMI was not different between the
two groups. Mean Systolic Blood Pressure (SBP) and
Diastolic Blood Pressure (DBP) were significantly higher
in the patients when compared with the controls. LV
dimensions, PWd, IVSd, AOD, LAD and LVMI were
higher in the patients than in the controls. LVMI of the
female contrel subjects ranged from 58-135 gm > with a
mean of 89.4+15.1 g m™, while that of the male controls
ranged from 65-173 g m™ with mean of 109.8429.5 g m™.
The demographic and echocardiographic parameters of
hypertensive subjects by gender are presented in
Table 2. Mean ages of the male and female hypertensive
subjects were similar. Although, the mean body weights
were similar (p = 0.07) between the 2 groups, males were
taller (p = 0.02) but females had higher BMI (p=0.03). SBP
and DBP profiles were not different between the 2 groups.
LV cavity sizes (L VIDd and T.VIDs) were higher in males
and similarly the PWd was thicker in males than females.
However, the EF and FS were better in the females than

Table 1: Characteristics of the study group

Variable Patients Control p-value
Number 676 162

Age (vears) 55.0+12.9 52.8+11.5 0.23
Height (meters) 1.7+0.09 1.68+0.08 0.5
Weight (kg) 75.3+12.4 71.2+13.9 0.045*
BMI (kgm™2) 26.6+8.5 25.7+7.9 0.4
SBP (mmHg) 158+28.6 121+£19.2 0.001#
DBP (mmHg) 105.9+13.6 82.3+10.4 0.001#
LVDd (mm) 5014204 45.616 0.001#
LVDs (mm) 35.6+12.5 29.7+4.6 0.001*
PWd (mm) 11.243.8 9323 0.001*
TV8d (mm) 14.2+7 10.543.5 0.001*
EF (%) 54.0+17.2 64.848.8 0.001#
FS (®0) 29.8+11 35,547 0.001#
AOD (mm) 34.3£13 29.744.6 0.001#
LAD (mm) 37.5+15.4 31.5+4.7 0.001*
LVMI (g m™3) 167.8+81.2 09.2425.2 0.001*

BMI: Body Mass Index, SBP: Systolic Blood Pressure, DBP: Diastolic
Blood Pressure, LVDd: Left Ventricular Dimension in diastole, L'VDs: Left
Ventricular Dimension in systole, PWD: Posterior Wall in Diastole, IVSd;
Inter-Ventricular Septum in diastole, EF: Ejection Fraction, FS: Fractional
Shortening, AQOD: Aortic root Dimension, LAD: Left Atrial Dimension,
LVMI: Left Ventricular Mass Tndex; *Statistically significant.
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Table 2: Demographic and echocardiographic characteristics of hypertensive

subjects by gender
Variable Males Females p-value
Nurmber 401 275
Age (vears) 56.2+12 55.4+14 0.4
Height (m) 1.7420.09 1.63+0.07 0.02%
Weight (kg) 73.4413.6 76.1£12.9 0.07
BMI kg m™2) 24.7+4.4 27.9+3.8 0.03%
SBP (mmHg) 159£19.8 1574185 0.9
DBP (mmHg) 105.6212 103.3+15.9 0.8
LVDd (mm) 51.6+10,6 48.0£9.0 0.027%
LVDs (mim) 37.4+12.4 33.0=12 0.01%
PWd (mm) 11.6+4.2 10.73.2 0.01%
IVSd (mm) 14.5£6.5 13.8£7.6 0.3
EF (%%) 53.7+17.7 56.5+16.4 0.035%
FS (%6) 26.4+11.5 30.6+10.4 0.032%
AOD (mm) 35.3x160.3 29.3+3.5 0.001*
LAD (mm) 37.6+11.6 37.3£19.7 0.8
LVMI (gm™%) 182.2+88.2 148.6+£74.7 0.001*
RWT 0.45+0.14 0.48+0.19 0.04*

BMI: Body Mass Index, SBP: Systolic Blood Pressure, DBP: Diastolic
Blood Pressure, LVDd: Left Ventricular Dimension in diastole, LVDs: Left
Ventricular Dimension in systole, PWd: Posterior Wall in diastole, IVSd:
Inter-Ventricular Septum in diastole, EF: Fjection Fraction, FS: Fractional
Shortening, AOD: Aortic root Dimension, LAD: Left Atrial Dimension,
LVMI: Left Ventricular Mass Index, RWT: Relative Wall Thickness;
#Statistically significant

Table 3: Shows pattem of left ventricular geometry in male and female
hypertensive subjects

Males Females

frequency  frequency Total p-
Geometric pattern (%) (%) No. (%0) value
Normal 90(22.5)  68(24.7y 158(234) 049
Concentric rermodelling 91 (227 64 (23.3)  155(229)  0.86
Eccentric LV hypertrophy 139 (34.7) 69 (25.1)  208(30.8)  0.01*
Concentric LV hypertrophy 81(20.1) 74 (26.9)  155(22.9)  0.04*
Total 401 (100) 275 (100) 676 (100)

LV: Left Ventricle, *Statistically significant

males. Although, the L VMI was higher in males, the RWT
was significantly higher in females than male hypertensive
subjects. Mean LAD, which is a reflection of LV filling
pressure was not different between the 2 groups. Table 3
shows left ventricular geometric patterns i the male and
female hypertensive subjects. Ninety (22.5%) males
agamst 68 (24.7%) females had normal LV geometry
(p = 0.49). Incidence of concentric remodelling in female
and male patients (23.3% versus 22.7%, respectively) was
similar (p = 0.86) between the 2 groups. Although, the
prevalence of LVH was similar in the 2 groups (54.8% in
males versus 52% in females, p = 0.46), LV geometric
pattern differs between males and females with LVH.
Occurrence of eccentric LVH was significantly higher
(p=0.01)inmales than females. However, concentric LVH
was commoner (p = 0.04) in female patients.

Correlates of LV geometry are presented m Table 4.
LV geometric pattern showed significant positive
correlation with age, PWd, IV 3d, LVMI and RWT in both
males and females. However, significant negative
correlation was seen between LV geometric pattern and
EF only in male hypertensive subjects. On the other hand,
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Table 4: Correlates of left ventricular geometry

Males Females
Parameters R p-value R p-value
Age and LVG 0.158 0.012% 0.191 0.007*
Weight and LVG 0.167 0.01* 0.380 0.001*
Height and LVG 0.114 0.085 0.074 0.62
SBP and LVG 0.242 0.001* 0.231 0.001*
DBP and LVG 0.280 0.001* 0.230 0.01*
LVDd and LVG 0.119 0.053 0.037 0.598
LVDs and LVG 0.148 0.059 0.097 0.29
PWdand LVG 0.230 0.001* 0.350 0.0001*
IVSd and LVG 0.360 0.001* 0.270 0.01%
EF and LVG -0.131 0.034% -0.130 0.86
F8and LVG -0.116 0.065 -0.010 0.9
LVMI and LVG 0.414 0.0001* 0.488 0.0001*
LAD and LVG 0.056 0.38 0.181 0.12+#
RWT and LVG 0.330 0.001* 0.370 0.0001%

LVG: Left Ventricular Geometry, LVDd: Left Ventricular Dimension in
diastole, LVDs: Left Ventricular Dimension in systole, PWd: Posterior
Wall in diastole, TVSd: Inter-Ventricular Septumn in diastole, FF: Fjection
Fraction, FS: Fractional Shortening, LAD: Left Atrial Dimension, LVMI:
Left Ventricular Mass Tndex, RWT: Relative Wall Thickness; *Statisticalty
significant

LV geometry correlated positively with LAD and body
weight m the female subjects. L'V dimensions (LVIDd and
LVIDs) did not show significant correlation with LV
geometry in both sexes. LVMI was an independent
predictor of LV geometric pattern in both sexes
(R*=0.379, F=66.5, p=0.0001 in females and R’ = 0.263,
F =517 p=00001 in males). While, TV3d predicted
(R’ =0.354, F = 39.4, p=0.0001) LV geometry in males,
Pwd and weight were predictors (R* = 0.518,F = 58.1,
p =0.0001 for PWd and R* = 0.557, F = 30.8, p= 0.003 for
weight) of LV geometry in females.

DISCUSSION

LV adaptation to chronic pressure overload is a
complex process and it is characterized by changes in
ventricular size, shape and function (Duprez, 2004).
Because of the prognostic mmportance of LVH, much
attention has been focused on its determinants. Recently,
there has been a renewed interest on the mfluence of
gender on LV geometric pattern and by extension
outcome of LV dysfunction m SH (Deschepper and
Llamas, 2007, Weinberg et al., 1999). The old belief that
pre-menopausal women have low risk of developing major
cardiovascular complication because of effects of
oestrogen which appears to have cardio-protective
effect has been challenged by current body of
evidence (Krumholz et al., 1993; Vriz et al, 1997,
Verdecchia et al., 1992). Some studies have shown that
the heart of men and women respond in different ways
to SH (Krumholz et al., 1993; Verdecchia et al., 1992).
Elderly women with isolated systolic hypertension have
been found to be more prone to concentric LVH and men
to eccentric LVH (Krumbholz ef al., 1993).
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Ow study showed that most clinical and
echocardiographic parameters were deranged in the
hypertensive subjects when compared with the controls
(Table 1). The differences between the subjects and the
controls may be due to compensatory structural changes
in left ventricle and neuro-hormonal alterations in SH
(Weber et al., 1994; Frohlich, 1999).

The results of our study also showed that LV
dimensions were higher in the males than females.
However, the females had greater EF and FS than males.
The pattern described above 1s consistent with available
literature on patients with chronic pressure overload
(Carroll et al, 1992, Awrigemma and Gaasch, 1995).
Although, LVMI was higher (p = 0.001) in males, RWT
was significantly higher (p = 0.04) in females (surrogate
for concentric LVH) than in men. L.V geometric pattern
associated with highest incidence of cardiovascular
complications {concentric L.VH) occurred more (p = 0.04)
in women than in men. Previous studies to determine the
role of gender on L'V geometric pattern gave mconsistent
results. Tt is known that concentric remodelling even in
the absence of TLVH confers an additional risk for poor
cardiovascular outcome (Koren ef af., 2002). Our findings
concur with that of Weinberg ez al. (1999) who observed
that hypertensive women had greater degree of increase
m LV wall thickness and concentric LVH. In the
Framingham Heart Study (Vasan et al., 2004), serum
aldosterone was positively associated with concentric
LVH in women but not in men. This finding suggests
possible interactions between signalling effects of
oestrogen and aldosterone receptor in the myocardium,
contributing to gender differences m LV remodelling.
Experimental study (Douglas et al., 1989) involving aortic
banding in rats had shown females having more
concentric L VH while males had eccentric LVH. On the
other hand, Kurata et al. (2005) reported association
between concentric LVH and serum uric acid (higher risk
profile) in male Japanese hypertensive subjects but not in
females.

Age correlated positively with 1.V geometric pattern
of our patients in both sexes. This concurs with results of
earlier studies, which associated abnormal LV structure
and function with ageing (Sumimoto et al, 1995;
Slotwiner et al., 2001). The effect of body weight on LV
remodelling appears to be more in females than males as
weight was a predictor of LV geometric pattern in our
subjects. However, m our patients, LVMI independently
predicted geometric pattern in both sexes. In the Losartan
Intervention For End Point Reduction in Hypertension
(LIFE) Study (Wachtell et al, 2002), antihypertensive
treatment reduces the prevalence of LVH and concentric
LVH. In that cohort, patients with concentric LVH at
baseline often had either eccentric LVH or normal
geometry after 1 year of treatment. This implies that early
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intervention with appropriate treatment of hypertensive
subjects will reduce LVH and abnormal LV geometric
patterns.

CONCLUSION

Gender differences exist in L.V geometric pattern of
hypertensive Nigerians with females having more of
concentric and males eccentric LVH. Future studies to
determine the prognostic significance of gender and LV
geometric patterns in Nigerian patients are warranted.

REFERENCES

Aje, A, A A Adebiyi, 0.0. Oladapo, A. Dada, O.5. Ogah,
D.B. Ogji and A.O. Falase, 2006. Left ventricular
geometric pattern in newly presenting Nigerian
hypertensives: An echocardiography study. BMC
Cardiovascular Disorder, 6: 4. DOIL: 10.1186/1471-
2261/6/4.

Aurnigemma, G.P. and W.H. Gaasch, 1995. Gender
differences i older patients with pressure-overload
hypertrophy of the left ventricle. Cardiology,
86: 310-317. INIST: 3807, 35400005168571.0070.

Carroll, ID., EP. Carroll, T. Feldman, D.M. Ward,
R.M. Lang and D. Mc Gaughey et al, 1992.
Sex-associated  differences i left ventricular
function m aortic stenosis of the elderly. Circulation,
86:1099-1107. PMID: 1394918,

Deschepper, C.F. and B. Llamas, 2007. Hypertensive
cardiac remodelling in males and females: From the
bench to the bedside. Hypertension, 49 (3): 401-407.
DOI: 10.1161/01. HYP.0000256279.49882.d8.

Devereux, RB., DR. Alenso, EM. Lutas, G.J. Gottlieb,
E. Campo and I. Sachs et al., 1986. Echocardiographic
assessment of left ventricular hypertrophy:
Comparison to necropsy findings. Am. J. Cardiol,,
57: 450-458. DOL: 10.1016/0002-9149(86)90771-x.

Douglas, P.5., SE. Katz, E.O. Weinberg, M.H. Chen,
3.P. Bishop and BH. Lorell, 1989. Hypertrophic
remodelling: Gender differences in the early response
left ventricular pressure overload. J. Am. Coll.
Cardiol., 32: 1118-1125. PMID: 9768741.

Duprez, DA, 2004. Is the female heart more sensitive to
aldosterone for early remodelling? Hypertension,
43: 936-937. DOL:10.1161/01 HYP.00001 2425398863 .86.

Frazier, C.G., S.H. Shah, P.W. Armstrong, M.V. Bhapkar,
DK. McGuire and Z. Sadowski er al, 2005.
Prevalence and management of hypertension in
acute coronary syndrome patients varies by sex:
Observations from the sibrafiban versus aspirin to
yield maximium protection from ischemic heart
events post acute coronary syndromes
(SYMPHONY) randomized climcal trials. Am. Heart T,
150 (6): 1260-1267. PMID: 16338269,



The Cardiol., 4 (2-4): 11-15, 2008

Frohlich, E.D., 1999. Risk mechanisms in hypertensive
heart disease. Hypertension, 34 (4): 782-789.
PMID: 10523361,

Kadin, 8., 2000. Management of hypertension with special
emphasis on Nigeria. Arch. Ibadan Med., 1 (1) 19-21.
http:/fwww.ajol. info/viewarticle. php?1d=21349.

Koren, M.J., G.A. Mensah, J. Blake, JH. Laragh and
R.B. Devereux, 1993. Comparison of left ventricular
mass and geometry in Black and White patients with
essential hypertension. Am. J. Hypertens., 6: 815-823.
INIST: 21579, 35400002634989.0010.

Koren, M.J., RJ. Ulin, A.'T. Koren, J.H. Laragh and
R.B. Devereux, 2002. Left ventricular mass change
during treatment and outcome m patients with
essential  hypertension. Am. J. Hypertens.,
15:1021-1028. DOL 10.1016/S0895-7061(02)03061 -3.

Krumholz, HM,, M. Larson and D. Levy, 1993. Sex
differences 1n cardiac adaptation to 1solated systolic
hypertension. J. Am. Coll. Cardiol., 72: 310-313.
DOL 10.1016/0002-91 4%93)90678-6. PMLD: 7884091,

Kurata, A., Y. Shigematsu and J. Higaki, 2005. Sex-
related differences in relations of uric to left
ventricular  hypertrophy  and remodelling in
Japanese hypertensive patients. Hypertens. Res.,
28 (2): 133-139. INIST: 27694, 3540001351 6456.0060.

Levy, D., RJ. Gamison, D.D. Savage, W.B. Kannel and
W.P. CasteelliM, 1990. Prognostic implications of
echocardiographically determined left ventricular
mass in the Framingham Heart Study. N. Engl. J.
Med., 322: 1561-1566. PMID: 2139921,

Muiesan, M.L., M. Salvetti, C. Monteduro, B. Bonzi,
A. Painmi and S. Viola et al., 2004. Left ventricular
geometry during treatment adversely affects
cardiovascular prognosis in hypertensive patients.
Hypertension, 43: 731-738. DOL: 10.1161/01 HYP.0GO
0121223.44837 .de.

Rahman, M., 1.G. Douglas and I.T. Wnght, 1997.
Pathophysiology and treatment implications of
hypertension i African American population.
Endocrmol. Metab. Clin. North Am., 26: 125-144.
DOL 10,101 6/S0889-852H05)70237-1. PMID: 9074856,

Savage, D.D., R.I. Gamison, W.B. Kannel, D. Levy,
S.I. Anderson and J. Stokes ef af, 1987. The
spectrum of left ventricular hypertrophy in a general
population sample: The Framingham Study.
Circulation, 75: 126-133. PMID: 2947749,

Schiller, N.B., P.M. Shah and M. Crawford, 1989.
Recommendations for quantification of the left
ventricle by 2-dimensional echocardiography:
American Society of Echocardiography Committee
on Standards, Subcommittee on Quantification of
2-dimensional echocardiogram. J. Am. Soc.
Echocardiogram, pp: 358-367. PMID: 2698218.

15

Slotwmer, D.J., RB. Devereux, JE. Schwartz,
T.G. Pickering, G. De Simeon and M.J. Roman, 2001.
Relation of age to left ventricular function and
systemic hemodynamics in uncomplicated mild
hypertension. Hypertension, 37 (6): 1404-1409.
PMID: 11408385,

Sumimeoeto, T., M. Mukai, E. Murakami, T. Kokubu,
M. Lin and Y. Shigematsu et af., 1995. Effect of
age on left ventricular geometric patterns in
hypertensive patients. J. Hypertens., 13: 1813-1817.
PMID: 8903658.

Vasan, R.S., J.C. Evans, EJ. Bemamin, D. Levy,
M.J. Larsen and T, Sundstrom ef al., 2004.
Relations of serum aldosterone to cardiac structure:
Gender-related differences in the Framingham Heart
study. Hypertension, 43: 957-962 DOL: 10.1161/01.
HYP.0000124251.06056.8e.

Verdecchia, P., G. Schillaci, F. Boldrini, M. Guerrieri and
C. Porcellats, 1992. Sex, cardiac hypertrophy and
diurnal BP variations m essential hypertension. J.
Hypertens., 10: 683-692. PMID: 8296754,

Villan,, B., S.E. Campbell, J. Schneider, G. Vassalli,
M. Chiariello, O.M. Hess, 1995, Sex-dependent

left
structure in chronic pressure overload Eur. Heart T.,
16 (10): 1410-1419. PMID: 8746910,

Vnz, ©., H Lu, P. Visentin, L. Nicelosi, L. Mos and

differences 1n ventricular function and

P. Palatini, 1997. Gender differences in the
relationship between left ventricular size and
ambulatory  blood  pressure  in  borderline

hypertension: The HARVEST Study. Eur. Heart T,
18: 664-670. DOL 0195-668x%/97/040664+07$18.00/0.

Wachtell, K., B. Dahlof, I. Rokkedal, V. Papademetriou,
M.S. Nieminen and G. Smith ef al., 2002. Change of
left ventricular geometric pattern after 1 year of

treatment: The  Losartan
Intervention For Endpoint reduction in hypertension
(LIFE) Study. Am. Heart I, 144 (6): 1057-1064.
INIST: 2057, 35400010571835.0140.

Weber, K.T., Y. Sun and E. Guarda, 1994. Structural
remodelling mn hypertensive heart disease and the
role of hormones. Hypertension, 23: 869-877.
PMID: 8206620.

Wemberg, E.O., CD. Thienelt, SE. Katz, J. Bartunek,
M. Tajima and S. Rohrbach et «l, 1999
Gender differences in molecular remodelling in
pressure overload hypertrophy. J. Am. Coll. Cardiol.,
34 (1) 264-273. INIST: 20098, 3540000856-2580.0330.

antthypertensive



