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Abstract
Background—Hypertension is associated with cardiovascular stiffening and left ventricular
diastolic dysfunction, leading to comorbidities such as heart failure with preserved ejection
fraction (HFpEF). It is unknown whether sex and hypertension subtype affect haemodynamics and
left ventricular function in older individuals.

Methods—Ninety-five older patients with Stage 1 hypertension (ambulatory awake SBP135–159
mmHg) and 56 normotensive controls were enrolled. Patients were stratified prospectively into
isolated systolic hypertension (ISH, DBP <85 mmHg) or systolic-diastolic hypertension (SDH,
DBP ≥85 mmHg). Haemodynamics and Doppler variables including early filling (E) and averaged
mitral annular (E′mean) velocities were measured during supine rest.

Results—Ambulatory awake blood pressures (BPs) were the highest in SDH, whereas supine
SBP was similar in both hypertensive groups. No sex difference was observed in supine or
ambulatory awake BPs in all groups. Stroke volume was similar among groups within the same
sex, but smaller in women. Women exhibited faster E, slower E′mean and greater E/E′mean,
whereas no group difference was observed in E within the same sex. In women, E′mean was
significantly slower in SDH (5.9 ± 1.6 vs. 7.4 ± 1.1 cm/s, P < 0.01) and ISH (6.6 ± 1.6 cm/s, P =
0.07) than controls, resulting in the highest E/E′mean in SDH. In men, E′mean and E/E′mean were
similar among the three groups.

Conclusion—These results suggest that elderly hypertensive women may have left ventricular
early diastolic dysfunction and higher estimated filling pressure, consistent with their
susceptibility to HFpEF. Women with SDH seemed to have more left ventricular diastolic
dysfunction, which might be explained by the greater cumulative afterload when ambulatory.
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INTRODUCTION
Hypertension promotes cardiovascular stiffening and impairs left ventricular function [1,2],
resulting in increased risks for cardiovascular comorbidities such as heart failure with or
without preserved ejection fraction, myocardial infarction and stroke [3]. Isolated systolic
hypertension (ISH) is the most common form of hypertension in older individuals [4,5] and
is associated with widening pulse pressure due to central artery stiffening [6]. High
cardiovascular morbidity [4,7,8] and mortality [4] have been reported in individuals with
ISH compared with normotensive individuals. Increased cardiovascular morbidity [9] and
mortality [10] have also been observed in individuals with systolic-diastolic hypertension
(SDH).

The current JNC-VII HTN guidelines define Stage 1 systolic hypertension as an SBP of
140–159 mmHg in the office, or ambulatory awake SBP ≥135 mmHg [5]. Stage 1 systolic
hypertension is subdivided into ISH and SDH, which may be characterized by an increased
sympathetic nerve activity, especially in young and middle-aged patients with hypertension
[11]. A recent echocardiographic study [12] reported a reduction in left ventricular early
diastolic filling in Stage 1 hypertensive patients treated with medications compared with
normotensive controls. However, almost all types of antihypertensive drugs can affect the
cardiovascular system. It is unknown whether and how hypertension subtype affects
haemodynamics and left ventricular function in patients with Stage 1 hypertension.

Sexual dimorphism has been reported in haemodynamics, left ventricular geometry and
diastolic function [13,14]. In healthy older individuals, women have more impaired left
ventricular diastolic function, higher left atrial pressure and increased left ventricular
stiffness than similarly aged men [15,16]. In Stage 1 hypertension, the HyperGEN study
previously reported an enhanced left ventricular early filling in middle-aged women
compared with men [17]. However, little is known about sex differences in haemodynamics
or left ventricular early diastolic function in older individuals with Stage 1 hypertension.

On the basis of the results from the previous and recent studies, we hypothesized that older
individuals with Stage 1 hypertension, especially women, would have more impaired left
ventricular diastolic function than normotensive controls, and left ventricular diastolic
function may be more impaired in Stage 1 patients with ISH than those with SDH.

MATERIALS AND METHODS
Study participants

Individuals were recruited from the Dallas-Fort Worth area. We recruited individuals from
the Dallas Heart Study, a population-based, probability sample of 6101 individuals in the
Dallas community [18]. In addition, E-mail notices were sent throughout the Texas Health
System network informing participants of the study and requesting potential individuals to
contact our research team. Approved flyers were also posted in an advertisement format in
newspapers and within Dallas Area Rapid Transit locations; buses, light rail trains and
stations. Our research nurse performed initial individual contact over the phone and potential
individuals were invited to the laboratory for a screening visit. In total, 178 elderly
hypertensive patients were screened. Of these, 95 patients (52 women, aged 60–83 years)
with unmedicated Stage 1 hypertension (ambulatory awake SBP between 135 and 159
mmHg from 24-h ambulatory BP monitoring) met the inclusion criteria [5,19] and were
enrolled in the study. Fifty-six healthy normotensive individuals were also recruited from
the Dallas-Forth area as controls. Frequency matching (not 1 : 1 paired matching) for age,
BMI, sex and socioeconomic status was employed to achieve balance of these characteristics
across the groups. All the individuals were screened with a careful medical history, physical
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examination, 12-lead electrocardiogram, office (seated) BP measured by auscultation, 24-h
ambulatory BP monitoring (Suntech Oscar2; Suntech Medical Instruments, Raleigh, North
Carolina, USA) [20,21] and echocardiogram. After screening, patients with previous
antihypertensive medications were weaned progressively from these drugs at least for 3
weeks (wash-out period), which was followed by a 3-week run-in period. Twenty-four-hour
ambulatory BP measurements were repeated at the end of the run-in period in all the
individuals and used for group assignment.

Twenty-four-hour ambulatory blood pressure monitoring
The ambulatory BP monitoring device measured BP every 30 min during the awakening
period and every 30–60 min during the sleep period [20,21]. Individuals were instructed to
maintain a diary listing the times of retiring to bed at night and awakening in the morning.
On the basis of their bed time and awake time out of bed with transition periods surrounding
bed and rising times, ambulatory awake BP was determined and used to stratify patients into
ISH or SDH.

Individual stratification
Patients with Stage 1 hypertension were stratified into two groups: ISH (ambulatory awake
DBP <85 mmHg from 24-h ambulatory BP monitoring) or SDH (ambulatory awake DBP
≥85 mmHg). Exclusion criteria included any evidence of cardiopulmonary disease or
secondary hypertension by history or by physical examination, atrial fibrillation/flutter or
left bundle branch block, ambulatory awake SBP at least ≥160 mmHg and/or DBP ≥100
mmHg, stenotic mitral or aortic valve, moderate to severe valvular regurgitation, left
ventricular wall motion abnormality or impaired systolic function (ejection fraction <50%
by echocardiography), BMI ≥35 kg/m2, regular exercise training (>20 min, >3 days per
week), chronic kidney disease (serum creatinine >1.5 mg/dl), diabetes mellitus and current
smoker. Women taking hormone replacement therapy were excluded. All individuals signed
an informed consent form, which was approved by the institutional review boards of the
University of Texas Southwestern Medical Center and Texas Health Presbyterian Hospital
Dallas.

Study protocol
All the individuals were required to measure BP daily at home using Life Source devices (A
& D Engineering, Inc., San Jose, California, USA) [22] and come to our laboratory once a
week for a BP check by auscultation during the run-in period. At each visit, patients
received counselling and a pamphlet to maintain a healthy lifestyle as recommended by the
current JNC VII standard guidelines [5], including maintaining normal body weight;
adopting the Dietary Approaches to Stop Hypertension (DASH) eating plan (consume a diet
rich in fruits, vegetables and low-fat dairy products); dietary sodium reduction (≤ 6 g sodium
chloride per day); aerobic physical activity such as walking; and moderation of alcohol
consumption. Patients were excluded from the study and were asked to resume their
previous antihypertensive medications immediately if their SBP in the office was at least
≥160 mmHg and/or DBP was ≥100 mmHg. Healthy controls received the same counselling
and a pamphlet to maintain a healthy lifestyle during the run-in period.

Individuals were given a constant diet consisting of 100 mEq sodium, which corresponds to
approximately 6 g of sodium chloride, 100 mEq potassium and 1000 mg calcium 3 days
prior to the haemodynamic study. The diet was provided by the Clinical and Translational
Research Center (CTRC) at University of Texas Southwestern Medical Center. On the day
of haemodynamic study, individuals had a light breakfast provided by the CTRC, and then
came to our laboratory for testing.
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Haemodynamic measurements
All experiments were performed in a quiet, environmentally controlled laboratory with an
ambient temperature of approximately 25°C. Individuals were relaxed in the supine position.
Arm cuff BP was measured by electrosphygmomanometry (model 4240; Suntech Medical
Instruments, Raleigh, North Carolina, USA) with a microphone placed over the right
brachial artery to detect Korotkoff sounds [23]. Heart rate was detected from lead II of the
electrocardiogram (Agilent, Munich, Germany). At least 30 min after the instrumentation,
cardiac output was measured by a modification of the acetylene rebreathing method [24,25].
Supine BPs and cardiac output were measured every 5 min at least three times and the
average value was recorded. Stroke volume was calculated from cardiac output divided by
heart rate. Total peripheral resistance was determined as 80 × mean BP divided by cardiac
output. Effective arterial elastance (Ea) was defined as brachial SBP × 0.9 divided by stroke
volume [26,27]. Total arterial compliance was calculated as stroke volume divided by pulse
pressure. All these variables were normalized by body surface area.

Assessment of left ventricular systolic function and morphology
After the measurements of haemodynamics, a transthoracic echocardiogram was obtained
using iE33 echocardiograph (Philips). Left ventricular end-diastolic and end-systolic
volumes were determined from the apical four-chamber view by the modified Simpson's
method of disks that was used in our previous studies [25]. The peak systolic mitral annular
velocity (S′mean) was measured in both septal and lateral sides of the mitral annulus, and the
values were averaged. Ejection fraction was assessed as (left ventricular end-diastolic
volume − end-systolic volume) divided by left ventricular end-diastolic volume. Left
ventricular posterior wall thickness was obtained in the parasternal long-axis view. The
within-individual typical error (expressed as coefficient variation) for left ventricular end-
diastolic volume measurements was 2.1% (95% confidence interval: 1.8–2.6), and the
between-individual typical error was 6.2% (95% confidence interval: 4.5–9.7) in our
laboratory.

Assessment of left ventricular diastolic function
Left ventricular early (E) and late (A) filling peak velocities were recorded and the ratio of
E/A was used to assess global left ventricular diastolic function [25,28]. The peak early
diastolic mitral annular velocity was measured in both septal and lateral sides of the mitral
annulus and values were averaged to obtain E′mean [28] and was used to estimate left atrial
pressure or left ventricular end-diastolic filling pressure (E/ E′mean) as previously reported
[29,30]. Colour M-mode Doppler was obtained and the mitral flow propagation velocity was
measured by the slope along the aliasing isovelocity line [25,28]. Isovolumic relaxation time
(IVRT) was also determined. To evaluate left ventricular late diastolic function or diastolic
stiffness, operant diastolic elastance (Ed) was estimated as E/E′mean divided by absolute left
ventricular end-diastolic volume measured by echocardiography [31]. Ed index was
estimated as Ed divided by body surface area. The within-individual and between-individual
typical errors for E′mean measurements were less than 1%.

Statistical analysis
Statistical analyses were performed using commercially available software. Data were
expressed as mean ± SD unless otherwise noted. Haemodynamics and echo data were
compared by two-way analysis of variance (ANOVA) with Tukey posthoc analysis and the
Kruskal–Wallis test was used for nonnormally distributed data. As age may affect variables
such as E′mean, E/E′mean and Ed, data were also compared using two-way analysis of
covariance (ANCOVA) with age as a covariate. Simple and multivariate linear regression
analyses with forward stepwise procedure (P < 0.10 for entry) were applied to assess the
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relationships between E′mean and clinical variables. A P value of less than 0.05 was
considered significant.

RESULTS
Individual characteristics

There were 95 hypertensive patients (age: 69 ± 5 years) and 56 healthy normotensive
controls (age: 69 ± 6 years) in the present study. Antihypertensive medication was
previously prescribed in 50 patients. As shown in Table 1, there were no differences in age
or BMI among the six groups, while body surface area was larger in men than in women
(sex effect P < 0.01). No sex difference was observed in ambulatory awake BPs within the
normotensive, SDH or ISH group. However, ambulatory awake SBP was higher in SDH
than in ISH and controls in both men and women (P < 0.05).

Haemodynamic measurements during supine rest
As shown in Table 1, supine SBP was similar between men and women within the three
groups. Patients had higher supine SBP than controls. No difference was observed in supine
SBP between SDH and ISH. Supine pulse pressure was similar between ISH and SDH in
both sexes.

No differences were observed in cardiac or stroke volume indexes among the three groups
within the same sex. However, women had smaller cardiac and stroke volume indexes than
men (ANOVA P < 0.05), resulting in a tendency towards higher Ea, especially in
hypertensive women. Normotensive women had higher Ea and smaller total arterial
compliance indexes than normotensive men. In men, Ea was higher and total arterial
compliance was smaller in hypertensive patients than in controls. However, Ea was similar
among the groups in women.

Cardiac size and left ventricular systolic function
As shown in Table 2, women had smaller left ventricular end-diastolic volume and end-
systolic volume indexes than men (sex effect P < 0.05). No significant interaction effects
were observed in left ventricular end-diastolic volume or end-systolic volume indexes. S
′mean was lower in women (sex effect P < 0.01), whereas ejection fraction was similar
(around 70%) in all the six groups (sex effect P = 0.60).

Doppler measures of diastolic function
Women exhibited faster peak E wave and shorter IVRT than men (both sex effect P < 0.05,
Table 2). When age was adjusted, women also had faster E wave and shorter IVRT than
men (both sex effect P < 0.05). However, women had slower E′mean (sex effect P = 0.04),
suggesting more impaired left ventricular relaxation in women than in men. In women,
patients with SDH had slower E′mean than controls (5.9 ± 1.6 vs. 7.4 ± 1.1 cm/s, P < 0.01),
whereas those with ISH showed a tendency towards slower E′mean than controls (6.6 ± 1.6
cm/s, P = 0.07). E/E′mean was the highest in SDH (Fig. 1 and Table 2). In men, E, E′mean and
E/E′mean were similar among the three groups.

As shown in Fig. 2, Ed and Ed index suggested a stiffer left ventricle in hypertensive
patients than normotensive controls in women (P < 0.05), but not in men. After adjusting for
age, hypertensive women also had slower E′mean, higher E/E′mean and increased Ed
(interaction effect P < 0.05) than other groups.
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Correlations between left ventricular early diastolic function and arterial stiffness
As shown in Table 3, age and ambulatory awake SBP, but not supine BPs or arterial
stiffness, were independently correlated to left ventricular early diastolic dysfunction
assessed by E′mean in women. In men, a mild inverse correlation was observed between
supine mean BP and E′mean.

DISCUSSION
In the present study, we demonstrated in older patients with Stage 1 hypertension that
women appeared to have more impaired left ventricular diastolic function and higher
estimated filling pressure than men (both P < 0.01). These results suggest that women with
SDH seemed to exhibit more impaired left ventricular diastolic function than those with
ISH, which may be at least in part explained by the greater cumulative left ventricular
afterload when ambulatory.

Supine and 24-h ambulatory blood pressures in systolic-diastolic hypertension and
isolated systolic hypertension

ISH is characterized by central artery stiffness and is often observed in older individuals [6].
During supine rest, we observed similar SBP and total peripheral resistance in hypertensive
men and women with Stage 1 hypertension, although women had higher Ea index than men,
especially in ISH. These findings may suggest stiffer central arterial stiffness in women. In
addition to the higher ambulatory DBP by definition, a greater increase in DBP from the
supine to ambulatory measurements was observed in SDH compared with ISH in both sexes
(18 ± 6 vs. 9 ± 10 mmHg in women, P < 0.05, and 17 ± 7 vs. 12 ± 9 mmHg in men, P =
0.09).

Effects of sex on haemodynamics and left ventricular diastolic function
We observed greater arterial stiffness in normotensive women than in normotensive men,
although they had similar blood pressures (BPs) and total peripheral resistance. In men,
Stage 1 hypertension was significantly related to the increased arterial stiffness. Conversely,
this relationship was not observed in women. These findings suggest that the age-related
increase in arterial stiffness is more prominent in older women than in men, and that ageing
may have a greater impact on arterial stiffness than on BP in women.

In healthy older individuals, left ventricular diastolic function deteriorates more significantly
in women than in men. For example, a greater decline in long-axis velocities during diastole
[15], a slower left ventricular relaxation [32] and increased left ventricular stiffness [16]
have been reported in older women than in men with no cardiovascular diseases. However,
little is known about left ventricular diastolic function in patients with unmedicated Stage 1
hypertension. A few earlier studies in Stage 1 hypertension reported faster E wave in older
women (≥65 years) [8] or in middle-aged women than in similarly aged men (77±19 vs.
70±18 cm/s, P<0.001) [17]. As women had shorter isovolumic relaxation time than men
(81±17 vs. 85±18 ms, P<0.001), it was speculated that middle-aged women had brisk left
ventricular relaxation and more enhanced left ventricular early filling than men [17].

Consistent with previous studies, we observed faster E wave (sex effect P<0.01) and shorter
IVRT (sex effect P=0.01) in women than in men. When age was adjusted, the same findings
were observed in E wave and IVRT (both sex effect P<0.05). In normotensive individuals,
there was no difference in E′mean between men and women, whereas E′mean, which had not
been reported in the previous two studies [8,17], was significantly slower in hypertensive
women than in hypertensive men (sex effect P=0.04). Therefore, our Doppler results in
women with hypertension (faster E, shortened IVRT and slower E′mean) could result from an
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increase in left atrial driving pressure, but not likely from a decrease in left ventricular
minimal pressure due to an improvement in left ventricular relaxation. A higher value for E/
E′mean observed in older hypertensive women may support this speculation. A smaller mitral
annular size in women might be also related to the faster E wave in women [33].

In previous reports by others, a greater impairment in endothelial function was observed
only in women with Stage 1 hypertension [34]. An age-associated decline in E′mean was
observed in healthy women after the age of 65, but not in men [32]. In the present study,
echo Doppler variables such as S′mean and E′mean were significantly affected by
hypertension subtype in women, but not in men. No correlation was observed between
E′mean and age in men, although age was inversely correlated to E′mean in women. These
findings might partly explain the sex difference in the occurrence of HFpEF in older
individuals.

Effects of hypertension subtype on haemodynamics and left ventricular diastolic function
Women with hypertension had significantly impaired left ventricular early and late diastolic
function, especially in SDH. Ambulatory BP monitoring can track daily changes in BPs,
thus is a better predictor for cardiovascular mortality in hypertensive patients [35]. In the
present study, patients with SDH had higher ambulatory awake systolic, diastolic and mean
BPs than those with ISH, which appeared to be more affected by the sympathetic nervous
system with a larger increase in DBP when ambulatory.

A recent study reported that left ventricular diastolic dysfunction was modestly associated
with arterial stiffness measured during supine rest in older men and women [36]. In the
present study, we also observed that arterial stiffness was inversely correlated with E′mean by
a simple linear regression analysis in older women. However, by a multivariate analysis,
ambulatory awake SBP and age were the only independent determinants of impaired left
ventricular early diastolic function. In SDH, the aortic valve may open at a higher left
ventricular pressure when ambulatory. Thus, it may be possible that this cumulative
afterload when ambulatory is responsible for the impaired left ventricular diastolic function
obtained during supine rest. Preliminary data from our laboratory showed that older women
with Stage 1 SDH had the highest total peripheral resistance after 20 min of 60° upright tilt
among patients with different subtypes of hypertension.

The ICARE study enrolled Stage 2 hypertensive patients and observed greater arterial
stiffness and left ventricular hypertrophy in ISH than in SDH [37]. In this previous study,
supine pulse pressure was significantly higher in ISH than in SDH (87± vs. 65±14mmHg,
P<0.001), suggesting the stiffer central artery in Stage 2 ISH than SDH. To our knowledge,
there is no report evaluating haemodynamics in ISH and SDH in Stage 1 hypertension. In
contrast to previous studies, we observed no differences in SBP, pulse pressure, Ea or total
peripheral resistance during the haemodynamic study at supine rest between ISH and SDH.
It is possible that some of these variables may be different between hypertension subtypes
during ambulatory or during upright posture. SBP continuously increases along with ageing,
while DBP increases during middle-age and then begins to decrease during senior years.
Therefore, ISH with Stage 1 hypertension may consist of patients with different stages of
cardiovascular stiffening. This heterogeneity in ISH with Stage 1 hypertension might be
related to our finding of similar or less cardiovascular stiffening in ISH compared with SDH.

Clinical relevance
Our findings that women with Stage 1 SDH had more impaired left ventricular diastolic
function and higher estimated left ventricular filling pressure than women with ISH may
provide a rationale for the treatment of Stage 1 SDH as well as ISH, especially in older
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women. In patients with Stage 1 hypertension, thiazide-type diuretics have been used as the
basis of antihypertensive treatment [5]. However, thiazide-type diuretics cause exaggerated
sympathetic activation [38]. Persistent sympathetic activation may cause left ventricular
hypertrophy and end-organ damage. The renin–angiotensin–aldosterone system inhibitors
have favourable effects on arterial compliance [39] and left ventricular diastolic function
[40], resulting in better clinical outcomes than thiazide monotherapy in patients at lower
cardiovascular risks [41]. Moreover, combination therapies of angiotensin receptor blockers
and thiazide-type diuretics [39,42], or calcium channel blockers and angiotensin-converting
enzyme inhibitors [43] were reported to have more beneficial effects on cardiovascular
morbidities [39,42] and outcomes [42,43] in older hypertensive patients. Thus, combined
drug treatment might also be recommended for older Stage 1 hypertensive patients,
especially women with SDH.

Limitations
There are some limitations in this study. First, our results may reflect a different prevalence
of hypertension subtypes between Stage 1 and Stage 2 hypertension in the community. If we
follow these ISH patients over time, some patients may experience increases in their BPs,
and be categorized as ISH with Stage 2 hypertension [4] or SDH [44]. Second, due to the
relatively small sample size and the number of tests carried out, there might be a probability
of false positives in our results. Therefore, future studies are required to confirm our
findings. Third, the left ventricular filling pressure was estimated by use of E/E′mean. We
also used an indirect measure of left ventricular stiffness, although invasive left ventricular
pressure–volume loop is the gold standard for assessing left ventricular stiffness. Fourth, we
evaluated arterial function by stroke volume and brachial cuff pressures, but not by
calibrated central blood pressures using tonometry. Lastly, about a half of our hypertensive
patients were previously on antihypertensive medications. All antihypertensive medications
significantly affect haemodynamics. However, all patients with previous medications had
been free of them at least 3 weeks before the haemodynamic study.

In conclusion, our results suggest that older women with hypertension may have greater left
ventricular diastolic dysfunction with higher left ventricular filling pressure and increased
left ventricular stiffness than older men. Furthermore, women with Stage 1 SDH appeared to
have more impaired left ventricular early diastolic function than women with ISH, which
may be due in part to the greater cumulative left ventricular afterload when ambulatory.
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Abbreviations

E′mean averaged mitral annulus velocity

Ea effective arterial elastance

Ed operant diastolic elastance

ISH isolated systolic hypertension

S′mean averaged peak systolic mitral annular velocity

SDH systolic-diastolic hypertension
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FIGURE 1.
Peak E wave, E′mean and E/E′mean during the haemodynamic study. ISH, isolated systolic
hypertension; NT, normotensive; SDH, systolic-diastolic hypertension.
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FIGURE 2.
Operant diastolic elastance (Ed) and Ed index during the haemodynamic study. Ed was
significantly greater in women with SDH and ISH than in controls. ISH, isolated systolic
hypertension; NT, normotensive; SDH, systolic-diastolic hypertension.
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TABLE 2

Echocardiographic parameters

Women Men
Sex effect Group effect Interaction effect

Variables Normotensive SDH ISH Normotensive SDH ISH

LVEDV index (ml/m2) 43.9±6.5 46.4±8.7 41.6±7.3 48.1±7.5*** 49.6±6.2 47.1±9.6*** <0.01 0.09 0.77

LVESV index (ml/m2) 13.1±4.0 14.1±4.1 12.6±3.9 15.3±3.4*** 14.9±3.4 14.3±4.8 0.02 0.42 0.71

LV ejection fraction
(%) 71±6 70±6 70±7 68±5 70±6 70±6 0.60 0.84 0.45

LV wall thickness
(mm) 8.6±0.9 9.6±1.4* 9.7±1.1* 8.7±1.2 9.6±1.1* 9.8±1.1* 0.61 <0.01 0.95

Peak E wave (cm/s) 73±16 76±12 76±18 64±12*** 60±11*** 65±14*** <0.01 0.61 0.55

Peak A wave (cm/s) 78±22 92±23* 80±15 65±16*** 71±15*** 71±17*** <0.01 0.04 0.35

E/A ratio 0.97±0.25 0.86±0.18 0.97±0.25 1.03±0.27 0.88±0.27 0.95±0.23 0.65 0.06 0.78

S′mean (cm/s) 7.3±0.8 6.8±0.7* 7.2±1.1 8.0±1.1*** 8.3±1.1*** 8.6±1.3*** <0.01 0.23 0.14

E′mean (cm/s) 7.4±1.1 5.9±1.6* 6.7±1.6 7.3±1.2 7.2±1.7*** 7.1±1.6 0.04 0.05 0.07

IVRT (ms) 113±24 129±25* 111±17** 123±17 134±19 122±18*** 0.01 <0.01 0.82

Vp (cm/s) 45±13 48±15 49±17 43±12 42±10 49±13 0.26 0.07 0.58

Values are mean±SD. E′mean, average of the peak early velocities of septal and lateral mitral annulus; ESV, end-systolic volume; ISH, isolated

systolic hypertension; IVRT, isovolumic relaxation time; LVEDV, left ventricular end-diastolic volume; S′mean, average of the peak systolic

velocities of septal and lateral mitral annulus; SDH, systolic-diastolic hypertension; Vp, mitral inflow propagation velocity.

*
P<0.05 vs. normotensive individuals within the same sex.

**
P<0.05 vs. patients with SDH within the same sex.

***
P<0.05 for men vs. women within the same BP group.
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TABLE 3

Correlations between haemodynamics and left ventricular early diastolic function (E′mean) stratified by sex

Women Men

Simple regression Multiple regression Simple regression Multiple regression

P r P β P r P β

Age (years) 0.01 −0.27 <0.01 −0.31 0.11 −0.20 – –

Supine heart rate (bpm) 0.99 −0.001 – – 0.40 −0.11 – –

Ambulatory awake SBP (mmHg) <0.01 −0.35 <0.01 −0.38 0.49 −0.09 – –

Ambulatory awake MBP (mmHg) 0.03 −0.33 0.26 −0.13 0.83 −0.03 – –

Ambulatory awake PP (mmHg) 0.04 −0.22 0.22 0.14 0.25 −0.14 – –

Supine SBP (mmHg) 0.051 −0.22 0.74 0.04 0.17 −0.17 – –

Supine MBP (mmHg) 0.04 −0.23 0.73 −0.04 0.046 −0.24 0.046 −0.24

Supine PP (mmHg) 0.35 −0.10 – – 0.81 −0.03 – –

Ea index (mmHg/ml per m2) <0.01 −0.29 0.22 −0.14 0.09 −0.21 0.34 −0.12

TPR index (dyne•s/cm5•m2) <0.01 −0.30 0.09 −0.19 0.13 −0.19 – –

TAC index (ml/mmHg•m2) 0.06 0.21 0.72 0.04 0.67 0.05 – –

Values are mean±SD. Correlation coefficients of simple (r) and multiple (β) regression analysis and P values are displayed. E′mean, average of the

peak early velocities of septal and lateral mitral annulus; Ea, effective arterial elastance; PP, pulse pressure; TAC, total arterial compliance; TPR,
total peripheral resistance.
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