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Acute and chronic effects of oestradiol on left ventricular
diastolic function in hypertensive postmenopausal women
with left ventricular diastolic dysfunction
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Background: Left ventricular function changes in the postmenopausal state. However, there are conflicting
reports about the effects of oestrogen on left ventricular diastolic function in postmenopausal women.
Objective: To evaluate the acute and chronic effects of oestradiol in physiological doses on diastolic heart
function in hypertensive postmenopausal women with left ventricular diastolic dysfunction.
Methods: A prospective, randomised, double blind, placebo controlled study was used to evaluate the
effects of oestradiol in 34 hypertensive women with left ventricular dysfunction. The acute effects of a single
1 mg oral dose of oestradiol or placebo were determined after 90 minutes. The chronic effects of 1 mg
oestradiol orally/day or placebo were determined after 12 weeks. Diastolic functional indices (mitral flow
and pulmonary venous flow) were assessed by Doppler echocardiography.
Results: Though an appropriate serum concentration was achieved, no acute effect of oestradiol
administration on left ventricular diastolic function was identified. After 12 weeks of treatment the following
changes (mean (SD)) were identified in the oestradiol group: a decrease in isovolumic relaxation time from
127 (23) to 106 (16) ms (p , 0.001), and in the deceleration time of the mitral E wave from 260 (42) to
238 (20) ms (p , 0.05); and an increase in the E/A ratio from 0.8 (0.2) (basal) to 1.0 (0.2) after 12
weeks (p , 0.001).
Conclusions: Hypertensive postmenopausal women who had hormone replacement therapy over a period
of 12 weeks had significant improvement in left ventricular diastolic function. No changes were identified
following acute administration.

P
remenopausal women have a lower risk of coronary
heart disease than age matched men, whereas after the
menopause, when ovarian hormone deficiency becomes

evident, the incidence of coronary artery disease accelerates
more rapidly in women than in men.1 2 Hormone replacement
therapy (HRT) has often been used for relief of symptoms
related to the menopause, for the prevention and treatment
of osteoporosis, and for its possible cardiovascular benefit.3 4

However, despite extensive observational evidence that
oestrogens protect against coronary heart disease, recent
controlled clinical studies have failed to show a beneficial
effect of HRT on cardiovascular prognosis, and have sug-
gested that it may even increase cardiovascular events.5 6 On
this basis, the use HRT in the treatment and prevention of
coronary artery disease has been discouraged. Despite these
conflicting results, many women may still be candidates for
treatment with oestrogen alone or in combination with pro-
gestins to control menopausal symptoms and osteoporosis.
Oestrogen has potential cardioprotective effects through

its actions on the lipid profile, vascular reactivity, haemo-
dynamic variables, and fibrinolytic potential.7–9 However, the
possible cardioprotective role of oestradiol alone has not been
well studied in postmenopausal women.
The aging process is associated with cardiovascular

abnormalities. The incidence of diastolic functional abnorm-
alities is age related, and heart failure caused by diastolic
dysfunction increases dramatically with age, becoming more
prevalent in women than men.10 Diastolic dysfunction is also
associated with coronary heart disease, hypertension, hyper-
trophic and dilated cardiomyopathy, and valvar disease, and
it precedes systolic dysfunction in most cases. Left ventricular
dysfunction, whether from aging or from underlying disease,
is a strong predictor of mortality.11–13

It has been suggested in uncontrolled studies that
oestrogen replacement improves systolic and diastolic func-
tion and ventricular wall thickness within weeks of starting
treatment.9 14 15 However, there are conflicting reports about
the effects of oestrogen on left ventricular diastolic function
in postmenopausal women.
To our knowledge, there has been no study examining the

effect of physiological oestrogen replacement on cardiac
function. Our aim in this study was therefore to evaluate the
acute and chronic effects of physiological doses of oestradiol
on left ventricular diastolic function in hypertensive post-
menopausal women with documented diastolic dysfunction.

METHODS
Subjects
Nine hundred hypertensive postmenopausal women, aged
between 40–65 years, were evaluated between January 1998
and December 2001 in the Heart Institute (InCor) of the
University of São Paulo (HC-FMUSP). Among these, there
were 40 with left ventricular diastolic dysfunction and no
previous HRT use who were eligible for this study.
The postmenopausal state was defined as the presence of

amenorrhoea for at least 12 months, or a surgically induced

Abbreviations: A, peak velocity of late diastolic filling; ASE, American
Society of Echocardiography; D, peak velocity of diastolic pulmonary
venous flow; DTE, deceleration time of the E wave; E, peak velocity of
early diastolic filling; FSH, follicle stimulating hormone; HERS, heart and
estrogen/progestin replacement study; HRT, hormone replacement
therapy; IVRT, isovolumic relaxation time; JNC, Joint National
Committee on prevention, detection, evaluation, and treatment of high
blood pressure; S, peak velocity of systolic pulmonary venous flow; vel a,
atrial flow reversal; Vel A, peak velocity of mitral A wave; Vel E, peak
velocity of mitral E wave; WHI, women’s health initiative
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menopause, associated with serum follicle stimulating
hormone (FSH) concentrations of . 40 mIU/ml and serum
oestradiol , 20 pg/ml.16 Arterial hypertension was classified
by the JNC VI criteria.17 The patients included in this study
had hypertension stage 2 or 3.
All subjects underwent routine physical and gynaecological

examination. Blood tests, ECG exercise testing, and Doppler
echocardiography were done. A Papanicolaou smear, pelvic
and transvaginal ultrasonography, and mammography were
all normal.
Exclusion criteria were: proven or suspected coronary

artery disease; arrhythmias; heart failure functional class
> 3; valvar disease of moderate or severe degree; left
ventricular systolic dysfunction; thyroid dysfunction; renal
or hepatic failure; current smoking; use of selective oestrogen
receptor modulators or digoxin; and gynaecological cancers
or another known contraindication to oestrogen replacement
therapy. Of the 40 women evaluated, two did not have
confirmed left ventricular diastolic dysfunction, one had
systolic dysfunction, one had had moderate aortic regurgita-
tion, and two had a contraindication to HRT, leaving a final
study cohort of 34 women.
The study was undertaken after approval by the ethics

committee of the FMUSP, and informed written consent was
signed by all the patients.

Study protocol
The study was a prospective, randomised, double blind,
placebo controlled trial. The 34 women formed two groups:
17 treated with oestradiol and 17 with placebo. Demographic
and clinical characteristics of the two groups are given in
table 1.
A complete cross sectional and Doppler echocardiographic

examination, blood hormone concentrations, and systemic
blood pressure measurement were done before initiating
HRT, 90 minutes after a single dose of either oestradiol or
placebo, and 12 weeks after daily dosage of the same
treatment.
First, we evaluated the acute effects of a single 1 mg oral

dose of oestradiol on left ventricular diastolic function. At
baseline, a blood sample was drawn for oestradiol, FSH, and
luteinising hormone (LH) determinations, resting systemic
blood pressure was measured, and an echocardiographic
evaluation was carried out (ECHO 1). The women were then
randomised to receive a single oral dose of either oestradiol or
placebo. After a 90 minute rest period, there was a second
echocardiographic examination (ECHO 2), and the other
measurements were repeated.

To evaluate the chronic effects of HRT, the women
continued to receive a daily oral dose of either 1 mg
oestradiol or placebo for 12 weeks, at the end of which the
echocardiographic measurements (ECHO 3) and the other
investigations were carried out for a third time.
All personnel involved in the study were blind to the type

of treatment given.

Echocardiographic evaluation
All echocardiographic examinations were undertaken after
20–30 minutes of rest with the patient breathing quietly and
lying in the partial left decubitus position, using Philips-ATL
HDI 3000 or 5000 echocardiographic equipment (Advanced
Technology Laboratories, Bothell, Washington, USA), with a
3-2 MHz or 4-2 MHz transducer. The findings were recorded
on videotape.
M mode echocardiography of the left ventricle was carried

out under two dimensional control. The left ventricular
internal dimension and interventricular septal and posterior
wall thickness were measured at end diastole and end
systole, following the American Society of Echocardiography
(ASE) recommendation.18 19 Left ventricular mass was calcu-
lated according to the Devereux Penn convention.20 Normal
left ventricular mass in women was defined as , 96 g/m2.21

Left ventricular systolic dysfunction was considered to be
present when the ejection fraction was less than 50%.
Pulsed Doppler measurements of left ventricular diastolic

inflow were obtained as reported previously.15 22 Briefly, the
left ventricular diastolic filling pattern was recorded from the
apical position with the sample volume situated between the
mitral leaflet tips. The peak velocities of early (E) and late (A)
diastolic filling, their ratio (E/A), and the deceleration time of
the E wave (DTE) were measured, following the ASE
recommendations. The isovolumic relaxation time (IVRT)
was measured from the closure spike of the aortic valve to the
onset of mitral inflow. Pulmonary venous flow was also
measured from the apical four chamber view, and colour
Doppler imaging was used to obtain a beam direction as
parallel as possible to the direction of the right or left upper
pulmonary vein flow. Peak velocities of systolic (S) and
diastolic (D) pulmonary venous flow, S/D ratio, and peak
velocity of atrial flow reversal (vel a) were measured.
Diastolic dysfunction was defined when the following were

present: abnormal left ventricular relaxation (E/A ratio , 1,
DTE . 220 ms, and IVRT . 100 ms) or pseudonormal filling
patterns (E/A ratio of 1–2, DTE of 150–200 ms, IVRT of
60–100 ms, S/D ratio , 1, and vel a > 35 cm/s).15

All measurements were taken by the same examiner, who
was blind to the type of drug given to the patient. Data were

Table 1 Demographic and clinical characteristics of the oestradiol and placebo groups

Variable Oestradiol (n = 17) Placebo (n = 17) p Value

Age (years) 57.7 (4.0) 59.5 (3.0) NS
Race
White 14 (82.4%) 3 (17.7%) NS
Black 14 (82.4%) 3 (17.7%) NS

Menopause age (years) 48.7 (4.6) 49.3 (2.4) NS
Menopause time (years) 8.59 (6.8) 10.18 (3.5) NS
Menopause type�
Natural 14 (82.4%) 12 (70.6%) NS
Surgical 3 (17.7%) 5 (29.4%) NS

Diabetes 4 (23.5%) 5 (29.4%) NS
Treatment
ACE inhibitor 13 (76.5%) 17 (100%) NS
Diuretic 14 (82.4%) 9 (52.9%) NS
a-Methyldopa 3 (17.7%) 4 (23.5%) NS

Systemic arterial hypertension time (years) 14 (9) 18 (6) NS

Values are mean (SD) or n (%).
ACE, angiotensin converting enzyme.
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the result of averaging three to five different measures on
repeated recordings.

Intraobserver variability
Intraobserver variability of the echocardiographic indices was
evaluated in 12 random examinations chosen four months
after the first interpretation. The IVRT, DTE, peak velocities of
E and A waves, E/A ratio, peak velocities of S and D
pulmonary venous flow, and the S/D ratio were analysed.

Statistical analysis
Quantitative variables are expressed as mean (SD), and
qualitative variables in absolute (n) and relative (%)
frequencies. The echocardiographic findings on placebo or
oestradiol treatment were compared using the Student–
Newman–Keul test. To evaluate an association between two
qualitative variables the x2 or Fisher’s test was used.
Evaluation of the group effects (placebo or oestradiol) and

the time points of the study (basal, 90 minutes, and 12
weeks) for each of the variables analysed was undertaken by
repeated measures analysis of variance (ANOVA) or the
Friedman test. The statistical analyses were done using SPSS/
PC+ software, and the level of significance was set at
p , 0.05.

RESULTS
Effect of oestradiol on haemodynamic variables and
hormone outcome
There were no significant differences in heart rate between
the oestradiol or placebo groups at any of the time points
studied. However, the heart rate slowed significantly after 90
minutes and 12 weeks of treatment in both groups (data not
shown). There were also no significant effects on blood
pressure or body mass index (BMI) in either group at any of
the time points: mean (SD) systolic arterial blood pressure
was 153 (22), 150 (17), and 149 (16) mm Hg at baseline, 90
minutes, and 12 weeks, respectively, in the oestradiol group,
and 149 (16), 152 (15), and 149 (14) mm Hg in the placebo
group; mean diastolic pressure was 95 (12), 91 (10), and 93
(9) mm Hg in the oestradiol group, and 93 (10), 94 (9), and
94 (10) mm Hg in the placebo group; mean BMI was 28.9
(4), 28.9 (4), and 29.0 (4) kg/m2 in the oestradiol group, and
28.0 (4), 28.0 (4), and 28.0 (4) kg/m2 in the placebo group.
The oestradiol group had a significant decrease in FSH and

LH concentrations, from 67 (19) pmol/l and 20 (9) pmol/l at
baseline, respectively, to 33 (19) pmol/l and 12 (7) pmol/l

after 12 weeks of treatment (p , 0.001 for both). FSH and
LH values were unchanged on placebo. At baseline the
oestradiol concentration was similar in the two groups. As
expected, there were significant increases in the plasma
oestradiol concentrations in the treated group, from 20 (0)
pg/ml at baseline to 85 (50) pg/ml after 90 minutes, and
120 (74) pg/ml after 12 weeks; in the placebo group the
concentrations were unchanged over this time.

Effect of oestradiol on Doppler indices
Basal values of peak velocity of mitral E wave (Vel E), peak
velocity of mitral A wave (Vel A), E/A ratio, DTE, and IVRT
were not significantly different between the oestradiol and
placebo groups. Values of all Doppler indices remained
unchanged after 90 minutes of treatment in both groups.
Significant changes resulting from oestradiol treatment

were as follows: Vel A decreased in both groups at 12 weeks
(but with no significant difference between the groups); DTE
was reduced in the oestradiol group after 12 weeks of
treatment, and increased in the placebo group; the E/A ratio
in the oestradiol group increased after 12 weeks, with no
change in the placebo group; and IVRT decreased in the
oestradiol group after 12 weeks, to values below those in the
placebo group (table 2).
There were no significant differences in pulmonary venous

flow indices between the groups at any of the three time
points (table 3).

Intraobserver variability
There were significant linear association between the
echocardiographic measurements. Pearson’s correlation coef-
ficients for the E/A ratio, DTE, IVRT, and S/D ratio were
r = 0.909, 0.981, 0.977, and 0.966, respectively (p , 0.001
for all). The coefficients of variation of the E/A ratio, DTE,
IVRT, and S/D were of 0.072, 15 ms, 6.27 ms, and 0.12,
respectively (p , 0.001 for all).

DISCUSSION
To our knowledge, this is the first study to investigate the
acute and chronic effects of physiological doses of oestradiol
on left ventricular diastolic function in hypertensive post-
menopausal women. We found no significant acute effect of
a single dose of 1 mg oestradiol on indices of impaired left
ventricular diastolic filling, despite achieving an appropriate
serum concentration of oestradiol. On the other hand, a
significant improvement in diastolic function was observed

Table 2 Doppler echocardiographic diastolic indices of transmitral flow in the oestradiol
and placebo groups at baseline, 90 minutes, and 12 weeks

Variable Time point Oestradiol Placebo p Value

Vel E (cm/s) Baseline (T1) 66 (19) 63 (11) NS
90 minutes (T2) 68 (20) 61 (13) NS
12 weeks (T3) 74 (22) 61 (16) NS

Vel A (cm/s) Baseline (T1) 81 (21) 79 (14) NS
90 minutes (T2) 81 (21) 76 (11) NS
12 weeks (T3) 75 (23)* 73 (13)* NS

E/A ratio Baseline (T1) 0.8 (0.2) 0.8 (0.1) NS
90 minutes (T2) 0.9 (0.2) 0.8 (0.1) NS
12 weeks (T3) 1.0 (0.2)� 0.8 (0.2) 0.04

DTE (ms) Baseline (T1) 260 (42) 254 (22) NS
90 minutes (T2) 248 (40) 245 (20) NS
12 weeks (T3) 238 (20)* 274 (42)* 0.01

IVRT (ms) Baseline (T1) 127 (23) 121 (15) NS
90 minutes (T2) 121 (17) 120 (16) NS
12 weeks (T3) 106 (16)� 121 (16) 0.01

The values are expressed as mean (SD).
*p,0.05 (T1 v T3) in the same group.
�p,0.001 (T1 v T3) in the same group.
DTE, deceleration time of mitral E wave; E/A, the ratio between the peak velocity of mitral E and A wave; IVRT,
isovolumic relaxation time; Vel A, peak velocity of mitral A wave; Vel E, peak velocity of mitral E wave.
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after 12 weeks of oestradiol replacement, with a reduction in
IVRT and DTE and an increase in the E/A ratio. Thus our
results show that oestradiol alone produces a significant
improvement in diastolic ventricular function in postmeno-
pausal women with hypertension and impaired left ventri-
cular diastolic filling.
Left ventricular diastolic function seems to be affected in

the postmenopausal state. For example, postmenopausal
women have greater left ventricular wall thickness and lower
peak E velocities and E/A ratios on Doppler echocardiography
than premenopausal women.9 14 Moreover, diastolic dysfunc-
tion is common in patients with hypertension and also seems
to deteriorate with age.13

Doppler filling indices are highly dependent on conditions
such as age, loading status, heart rate, inotropic state, left
atrial size, and ventricular pressure.15 18 21–23 At baseline in our
study, the two groups of women were homogeneously
distributed with regard to age, body mass index, left
ventricular mass index, and left atrial size, and these indices
remained unchanged during the period of study. Heart rate
was reduced after 12 weeks of treatment in both groups, but
without significant differences between the groups. Our
results thus show that the improvement in diastolic function
observed after 12 weeks of oestradiol replacement was
independent of heart rate, body mass index, left ventricular
mass index, or left atrial size.
We also found no differences in the length of time over

which the hypertension had been present, the degree of left
ventricle hypertrophy, or antihypertensive drug use in the
two groups, ruling out the possibility that these variables
could have influenced the Doppler indices of left ventricle
filling. Moreover, oestradiol did not affect either systolic or
diastolic blood pressure, supporting previous work showing
that HRT may not be harmful in hypertensive postmenopau-
sal women.24

The role of HRT in diastolic dysfunction remains unclear.
Recent studies have shown conflicting results, but these
discrepancies may be explained by differences in methodol-
ogy, biological variables, and the types of hormone prepara-
tions used.25–28

Consistent with our findings, Voutilainen and colleagues
showed that chronic HRT improved indices of diastolic flow
in healthy postmenopausal women in comparison with a
control group not taking HRT,27 while no differences in the
left ventricular mass, systemic blood pressure, heart rate, or
body mass index were found between the groups. However,
that study differed from ours in that it was non-randomised,
the serum oestradiol levels were not assessed, several
different oral preparations were employed, and pretreatment
Doppler values were not reported. Snabes and colleagues, on
the other hand, found no changes in systolic or diastolic
echocardiographic variables, heart rate, or left ventricular
mass in normotensive postmenopausal women.26 Their
results were not surprising as they were analysing healthy
women with normal cardiac function at baseline.
Fak and colleagues used a single dose of oral oestrogen and

found a significant improvement in left ventricular diastolic
filling in hypertensive postmenopausal women with diastolic
dysfunction, in contrast to our 90 minute results.28 This
discrepancy might be explained by the fact that they used a
higher dose of conjugated equine oestrogen in their study.
Furthermore, only IVRT was shown to be improved, and not
the other variables.
We wish to emphasise that our study evaluated the effects

of a natural oestrogen—oestradiol—at a physiological dose,
in contrast to conjugated equine oestrogen which contains
several subtypes of equine steroids with important differ-
ences in their pharmacological properties.3

Several studies have already shown that Doppler echocar-
diography has good sensitivity and specificity when analysing
transvalvar mitral flow and flow in the lung veins.13 15 22 23 29

Among four different patterns of left ventricular relaxation
identified, the ‘‘pseudonormal’’ pattern in particular can
simulate an improvement in left ventricular diastolic func-
tion. In our study, we observed two patients in the oestradiol
group who presented with this pattern at baseline, and in
whom the diastolic filling indices improved after treatment.
As most studies have assessed diastolic function only through
analyses of transvalvar mitral flow without examining lung
vein flow, we suggest that the negative results may reflect

Table 3 Doppler echocardiographic diastolic variables of pulmonary venous flow, left
ventricular mass index per unit body surface area, and size of left atrium in the oestradiol
and placebo groups at the three time points

Variable Time point Oestradiol Placebo p Value

S (cm/s) Baseline (T1) 64 (16) 59 (12) NS
90 minutes (T2) 61 (13) 59 (11) NS
12 weeks (T3) 61 (10) 60 (7) NS

D (cm/s) Baseline (T1) 41 (10) 37 (7) NS
90 minutes (T2) 39 (8) 37 (6) NS
12 weeks (T3) 40 (8) 41 (12) NS

S/D ratio Baseline (T1) 1.6 (0.3) 1.6 (0.2) NS
90 minutes (T2) 1.6 (0.3) 1.6 (0.2) NS
12 weeks (T3) 1.5 (0.2) 1.5 (0.2) NS

Vel a (cm/s) Baseline (T1) 31 (4) 30 (3) NS
90 minutes (T2) 29 (3)* 28 (4)* NS
12 weeks (T3) 27 (3)� 29 (2)� NS

LVM/BSA (g/m2) Baseline (T1) 113 (29) 107 (28) NS
90 minutes (T2) 109 (29) 108 (26) NS
12 weeks (T3) 103 (20) 113 (28) NS

LA size (cm) Baseline (T1) 3.7 (0.4) 3.6 (0.4) NS
90 minutes (T2) 3.7 (0.4) 3.6 (0.4) NS
12 weeks (T3) 3.7 (0.4) 3.6 (0.3) NS

The values are expressed as mean (SD).
*p= 0.02 (T1 v T2) in the same group.
�p =0.001 (T1 v T3) in the same group.
D, peak velocity of pulmonary diastolic wave; LA, left atrium; LVM/BSA, left ventricular mass indexed by body
surface area; S, peak velocity of pulmonary systolic wave; S/D ratio, the ratio between the peak velocity of
pulmonary S and D wave; Vel a, peak velocity of pulmonary a wave.
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failure to identify whether diastolic function is normal or
pseudonormal.
The use of HRT to reduce cardiovascular risk in post-

menopausal women has been questioned since the results of
the HERS and WHI studies were published. These appeared
widely divergent from the results of earlier observational
studies.5 6 However, the therapeutic regimen used in those
studies involved conjugated equine oestrogen, either alone or
in combination with medroxyprogesterone, in contrast to
most of the observational studies, which involved the use of
oestrogen alone. Despite uncertainties in the published
evidence, we believe that some postmenopausal women
may derive cardiovascular benefit from hormone therapy.
In addition, many women on oestrogen replacement may

have hypertension and diastolic dysfunction. In this setting,
our work adds information showing that oestrogen improves
diastolic function under such circumstances. Our results do
not suggest that oestrogen treatment is indicated for
hypertensive women with diastolic dysfunction in order to
improve their cardiovascular prognosis; we did not test that
hypothesis. Currently, on the basis of recommendations
made by cardiology societies throughout the world, oestrogen
replacement therapy should be short term and for those
women who have menopausal symptoms. Nevertheless, the
ability of oestradiol to improve diastolic dysfunction in
hypertensive postmenopausal women during a 12 week
course of treatment cannot be dismissed. We believe that
oestradiol in physiological dosage may be of value in women
with clinical conditions where diastolic dysfunction plays a
major role and who also need HRT for symptoms of ovarian
insufficiency.
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