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Abstract
Background: Hypertension (HTA) is often associated with
other risk factors that play a role in etiology of HTA, or who
may have a role in early heart damage such as diastolic
dysfunction (DD).

Methods and Patients: The study included 419 patients
with HTA. Patients were examined clinical, laboratory and
echo cardiographic (ECHO): M-mode two-dimensional,
pulsed and tissue Doppler.

Results: We found that number of HTA patients with
EF<0.45 was 31 (7.4%), and number of HTA patients with
diastolic dysfunction (DD) of 1 stage was 147 (35.1%).
Number of HTA patients with >8 E/Ea and <15 was 112
(26.7%) and with E/Ea>15 was 15 (3.6%). The number of
patients with DD was significantly higher when they had a
BMI>25 kg/m² than when they had a BMI<25 kg/m²
(p<0.025). The HTA patients with DD were significantly older
(62.14 years vs. 52.57 years, p<0.001). The difference was
significant between the HTA patients with DD age 40-49
years and age 50-59 years, between age 40-49 and age
60-69 years (p<0.001, p<0.033 respectively). The differences
also exist between the number HTA patients with DD age
50-59 years and age 60-69 years (p<0.005). The differences
exist between HTA patients with DD of the duration of HTA
of 0-5 years and with more than 10 years of duration of HTA
(p<0.018). The HTA patients with a higher level of maximum
systolic BP had significantly frequently DD (190.66 vs.
183.27, p<0.005). In a multivariate analysis of paramount
influence on DD were age (p=0.001), higher level of
maximum systolic BP (p=0.006).

Conclusion: Left ventricular DD in hypertensive patients
could be prevented if the risk factors such as obesity and
maximum height of systolic BP could be controlled so to be
within normal limits.

Keywords: Echocardiography; Diastolic dysfunction;
Hypertension; Obesity; Age

Introduction
Hypertension (HTA) is a global worldwide problem and is at

the basis of many, primarily cardiac disease. The first changes
that hypertension causes on the heart are structural and
geometric adaptation changes [1].

These changes cause dilatation and/or hypertrophy of the left
ventricle (LV), that is remodelling LV, and they are accompanied
by differences in cardiac function and hemodynamics [2].
Compensatory mechanism for hemodynamic load is the increase
in mass due to the hypertrophy of existing myocytes rather than
hyperplasia as a result of increase in myocyte width for parallel
extensions sarcomeres which results in an increase in wall
thickness [3]. In hypertension, the extracellular space is the site
of an abnormal accumulation of fibrillar collagen and this
progressive interstitial and perivascular fibrosis accounts for
abnormal myocardial stiffness and ultimately ventricular
dysfunction and is likely a result of cardiac fibroblast growth and
enhanced collagen synthesis [4].

In addition to systolic function in myocardial work diastolic
function is significant also, that is, the ability of chambers to fill
with blood at low atrial pressure. Non-invasive measurement of
diastolic function is traditionally Doppler echocardiographic
measurement of mitral flow that reflects pressure gradient
between the LA and LV, so that the trans mitral velocity direct
reflection of the LA pressure (preload) and inversely and
independently related to LV relaxation [5]. Katz described the
importance of relaxation for filling LV, thus that LV not fill
passively but to play a role of suction pumps [6]. This is why
being tested and studied diastolic LV dysfunction in HTA, which
can exist without systolic dysfunction [7].

When there is an impaired relaxation it leads to reduction of
the E wave velocity and increase the speed of ‘A’ wave in order
to maintain normal LV volume and cardiac output [8]. E/A ratio
are considered to be commoner parameter which can get an
insight of diastolic function, which is related to the filling
pressure [9].
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Using the Doppler principle of high amplitude and low speed
signals shows the speed of myocardium at the place where they
put Doppler pattern [10]. The pulse wave is used to determine
the maximum speed of myocardium particularly along the
longitudinal axis as the longitudinal fibers are parallel to the
Doppler signal and the movement of the mitral annulus is a
good surrogate for measuring the total longitudinal myocardial
contraction and relaxation [10]. Visualization is obtained
movement in systole and reverse two-phase movement long
ossis toward apex in diastole and reverse biphase movement
during isovolumic period [11].

Many studies are tested factors that affect LV systolic function
at HTA patients. Sex is a strong correlate of body size and left
ventricular mass (LVM) in HTA patients [12]. Studies have
registered to cardiac size is influenced by body size, and for any
given size, men have larger hearts than women, athletes have
larger hearts than non-athletes, and obese subjects have larger
hearts than non-obese subjects [13].

We are examined, in this study, known risk factors, according
to studies which influenced the left ventricular hypertrophy, to
identify risk factors the LV diastolic dysfunction (DD) in HTA that
affect early heart damage independently from the HTA.

Methods
The echocardiographic testing was done on the machine

Philips HD 11 probe 2.5 MHz. We used the parameters obtained
by M-mode and 2-Dimensional (2D) echocardiography and
Doppler echocardiography: End-Diastolic and End-Systolic
dimension of the left ventricle (LV), wall thickness of LV were
assessed M-mode, End-Diastolic (EDV), End-Systolic Volumes
(ESV) were assessed 2-D echocardiography and LV ejection
fraction (EF) according to Simpson' method.

Mitral flow was analysed by pulsed Doppler probe with 2.5
MHz we measured the maximum velocity of mitral flow,
determined by the maximum speed of the mitral rapid filling (E
wave) and the maximum rate of atrial contraction (A wave).
Diastolic dysfunction was defined according to the American
Society of Echocardiography the stages I of diastolic dysfunction
were defined as E/A<0.8 [14].

Tissue Doppler quantifies regional myocardial function
analysis of myocardial velocities at septal positions of the mitral
annulus. Registered as S (maximum speed of positive waves
registered in systole), Ea-wave maximum speed registered the
rapid charging LV and maximum speed at atrial contraction (Aa).
According's specifications echocardiographic Association of the
European Society of Cardiology normal value for Sa and Ea
waves is 8 cm/s (less than the average minus two standard
deviations), the average value of 12 ± 2 cm/s, depending on age.
Determined by the ratio of mitral E wave and Ea (E/Ea) for
normal value was considered to be value <8. A normal BNP was
0-25.1 pmol/L.

Statistical Analysis
In the statistical analysis, we used descriptive statistic, and

comparisons were performed for continuous variables by

Student's t-test, chi-square test for categorical variables. For the
calculation of the impacts of certain factors and
echocardiographic parameters of the diastolic dysfunction was
used one way Anova and Pearson´s or Spearman´s correlation.
Parametric and nonparametric correlations were used to
determine significant correlation between diastolic dysfunction
and factors that could affect the diastolic dysfunction.
Multivariate analysis was used to show the impact of risk factors
on the LV diastolic dysfunction.

Results
The study included 419 patients with hypertension (HTA).

Table 1 shows the baseline characteristics of patients, including
therapy.

The average age of patients was 59.13 ± 10.141, male was
present in 32%. Mean systolic blood pressure (BP) was 149.53 ±
21.846 and mean diastolic BP was 92.40 ± 11.399 (Stage 1),
mean duration of HTA was 10.53 ± 8.53 years. Body mass index
(BMI) showed that patients on average were overweight. The
largest number of patients took ACE inhibitors (65.3%), and then
beta blockers (BB) (53.6%), a combination of ACE inhibitors and
diuretics have received 58.2% patients. Much less of patients
were taking Ca blockers in 36.1% and angiotensin II receptors
blockers (ARBs) in 5.5% of patients. Only 23% of HTA patients
had dyspnoea. Mean BNP was in normal limits (Table 1).

Table 1: Basal characteristics [BMI-Body Mass Index; BP-Blood
Pressure; HTA-Hypertension; ACE-Angiotensin-Converting
Enzyme; ARBs-Angiotensin II Receptors Blockers; ECC-
Electrocardiogram; BNP-Braine Natriuretic Peptide]

Characteristics Number Percentage (%)

Age 59.13 ± 10.141  

Male 135 32.2

BMI 29.58 ± 4.94  

Mean Systolic BP 149.53 ± 21.846  

Mean Diastolic BP 92.40 ± 11.399  

Mean Duration of HTA 10.53 ± 8.53 years  

Beta blockers 224 53.6

ACE-inhibitors 273 65.3

ARBs 23 5.5

Ca blockers 151 36.1

Diuretics 23 5.5

ACE-inhibitors+diuretics 242 58.2

Dyspnea on effort 47 11.2

Dyspnea at rest 52 12.4

BNP 11.6031 ± 11.20071  

Echocardiographic characteristics are on Table 2. All
echocardiographic parameters were within normal limits.
Number of HTA patients with EF<0.45 was 31 (7.4%), and
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number of HTA patients with diastolic dysfunction (DD) of 1
stage was 147 (35.1%). Number of HTA patients with >8 E/Ea<15
was 112 (26.7%) and with E/Ea>15 was 15 (3.6%) (Table 2).

Table 2: Echocardiographic findings [EDD-End Diastolic
Dimension; ESD-End Systolic Dimension; EF-Ejection Fraction;
LA-Left Atrium Dimension; E wave-The Maximum Speed of the
Mitral Rapid Filling; A wave-The maximum Rate of Mitral Late
Filling; E/A ratio; Ea-Early Diastolic Mitral Annular Movement;
Aa-Late Diastolic Mitral Annular Movement; Sa-Systolic Mitral
Annular Movement; Index E/Ea-Relation the maximum speed of
the Mitral Rapid Filling vs. the maximum speed of the Early
Diastolic Mitral Annular Movement].

Characteristics Mean Std. Deviation

EDD 48.231 27.338

ESD 31.739 11.3724

Septum thickness 9.99 5.432

Posterior wall thickness 10.126 7.6555

EF 58.66 9.434

LA 38.59 17.611

E wave 0.7609 0.20333

A wave 0.8505 0.2128

E/A 0.9326 0.33171

Ea 0.165 0.16773

Aa 0.1655 0.14411

Sa 0.1596 0.19788

EF<0.45 31(7.4%)  

E/A<0.8 147 (35.1%)  

E/Ea 6.3484  

E/Ea>8-16 112 (26.7%)  

E/Ea>15 15 (3.6%)  

Figure 1 shows that the number of patients with diastolic
dysfunction was significantly higher when they had a BMI >25
kg/m² than when they had a BMI <25 kg/m² (p<0.025).

Diabetes mellitus had no significant effect on the occurrence
of LV diastolic dysfunction in hypertensive patients.

The hypertensive patients with diastolic dysfunction were
significantly older (62.14 years vs. 52.57 years, p<0.001). Results
showed that gender had no effect on LV diastolic dysfunction
(Figure 1).

Figure 1: The impact of BMI on diastolic dysfunction.

The difference is significant between the number of HTA
patients with diastolic dysfunction age 40-49 years and age
50-59 years, between age 40-49 and HTA patients age 60-69
years ( p<0.001, p<0.033 respectively).

The differences also exist between the number of HTA
patients with diastolic dysfunction age 50-59 years and age
60-69 years (p<0.005).

Most patients with hypertension aged 60-69 had a diastolic
dysfunction (72/152-47.4%) (Figure 2).

Figure 2: The impact of age on diastolic dysfunction.

The differences exist between the number of HTA patients
with diastolic dysfunction with 0-5 years of the duration of HTA
and >10 years of duration of HTA (p<0.018). The HTA patients
with a higher level of maximum systolic BP had significantly
frequently diastolic dysfunction (190.66 vs. 183.27, p<0.005)
(Figure 3).
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Figure 3: The impact of duration of HTA on diastolic
dysfunction.

Grade of hypertension were not significantly affected diastolic
dysfunction Correlation diastolic dysfunction and parameters of
tissue Doppler (Ea wave) is significant at the p<0.01 level. Also
significant correlation exists between diastolic dysfunction and
Aa and Sa parameters of tissue Doppler (p<0.01, p<0.01
respectively).

Correlation diastolic dysfunction and age was found to
significant level (p<0.01), then with higher level of maximum
systolic BP (p<0.10) and with a ratio E/Ea (p<0.01).
Nonparametric correlations it is found that there is also a
significant correlation between diastolic dysfunction and left
atrium dimension (p<0.05).

In a multivariate analysis, also of paramount influence on
diastolic dysfunction were age (p=0.001) and higher level of
maximum systolic BP (p=0.006) (Figure 4).

Figure 4: The impact of grade of HTA on diastolic dysfunction.

Discussion
According to data from the Cardiovascular Health Study (CHS)

among participants of the study age ≥ 65 years is showed that
subclinical cardiovascular disease (CVD) is very prevalent among
older persons, substantially increases the risk of CVD among
participants with hypertension or diabetes mellitus [15,16].
Therefore, we wanted to examine one of the functions of the
heart- diastolic function of the heart in HTA patients.

HTA patients in our study were predominantly women (68%),
mean BMI showed that they were overweight and the middle
systolic/diastolic blood pressure was 149/92. These patients had
average HTA 10 years, they had not well-regulated blood
pressure (BP) and more than half were treated with combination
therapy (ACE inhibitors+diuretics).

In addition to hypertrophy of the left ventricle (LV) which is
one of the target organs that are damaged in HTA, HTA impairs
diastolic function earlier and systolic function in the later stage
of hypertensive heart disease [1]. Of our patients, only 7.4% had
EF <0.45 and 35.1% diastolic dysfunction of 1 grade. The
maximum speed of the mitral E wave determines trans mitral
pressure gradient in early diastole When there is a prolonged LV
relaxation and normal pressure in the LA, than there is a
decrease in early mitral filling and E/A ratio <l [17]. Also, can be
used tissue Doppler which measures of mitral annular velocity,
systolic (S) and early (Ea) and late (Aa) velocity. The positive
(above the zero line) systolic velocity of mitral annular motion
registered by the apex and negative diastolic velocity that
register movement along the longitudinal axis back to the lung
veins Ea and Aa velocity representing LV filling [18]. In our study
the average velocity of tissue Doppler parameters: Sa, Ea and Aa
were in the normal range

However, therapy can influence the improvement of the
Doppler parameters [19]. Antihypertensive therapy resulted in
an increase in the prevalence of normal trans-mitral flow pattern
from 28% to 46% of patients [19].

Our patients are in most cases treated with ACE inhibitors as
monotherapy in 65.3% or as combination therapy with diuretics
in 58.2% and perhaps this is one of the reasons that left
ventricular hypertrophy was not represented to a greater extent
and that diastolic dysfunction was present in only 1/3rd of
patients.

In HTA patients, it was showed the value of E/Ea ratio,
because that the 2013 ESC/ESH guidelines on arterial
hypertension promote the use of E/Ea ratio in the detection of
cardiac target organ damage in HTA [1,20,21]. In our study HTA
patients had E/Ea ratio >8<15 in 26.7%, and >15 in 3.6%, but
there was no correlation with symptoms of dyspnea and braine
natriuretic peptide (BNP).

Diastolic Dysfunction
In addition to measuring the dimensions and volume and

calculating EF, Doppler measurements are needed to determine
hemodynamic state [22]. Mitral inflow measurements and tissue
Doppler measurement in HTA patients can show delayed
relaxation if there is diastolic dysfunction. Many studies are
examined, also, the impact of factors such as obesity, age,
gender and etc. on LV function in hypertensive patients.

Obesity
One study indicates a high prevalence of LVH in a cohort of

obese women [13]. Based on the echocardiographic findings in
the Framingham Heart Study it was concluded that there is an
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association between obesity and an increase in left ventricular
mass [23].

Explanations for left ventricular hypertrophy in obesity are
that obese individuals have an increase in intravascular volume
and cardiac output, an increase in salt intake and a greater
sympathetic activity also [24,25]. In our study the number of
patients with diastolic dysfunction was higher when patients
had a BMI>25 kg/m² than when they had a BMI<25 kg/m².

Results of the study, which examined the diastolic function in
obese patients showed that the E/A was lower in obese subjects
than in normal weight subjects and the risk of diastolic
dysfunction was significantly higher in overweight subjects
compared to normal weight subjects [26]. The Hypertension
Genetic Epidemiology Network (HyperGEN) Study found the
evidence of the strong association between increased fat-free
mass and enhanced flow output, there is reason to suspect that
the excess of fat mass might also contribute to the

Hemodynamic changes underlying both the development of
arterial hypertension and the magnitude of LV mass at least in
the context of obesity [26]. In moderate to severe cases of
obesity, this may lead to left ventricular dilation, increased left
ventricular wall stress [27]. The increase in cardiac output with
obesity is caused by stroke volume, although because of
increased sympathetic activation, heart rate is mildly increased
as well [28].

In the study of Cesar et al, who investigated diastolic
dysfunction in obese patients found that increased BMI was
associated with worse LV diastolic function [29]. According to a
cross-sectional population-based study of Millen et al assessing
the impact of blood pressure and obesity on left-ventricular
diastolic function, as assessed by conventional and tissue
Doppler imaging (TDI) parameters it was concluded that if
weight loss programmes fail to produce sustainable target body
weights, rigorous BP management to lower than normal
thresholds may be sufficient to prevent LV diastolic dysfunction
[30].

Gender and age
Many studies indicate that men have greater LV volume and

higher LVM than women [31]. Our results showed that gender
had no effect on LV diastolic dysfunction.

The incidence of diastolic heart failure increases with age,
50% of older patients with heart failure may have isolated
diastolic dysfunction [32]. Also, studies have registered to
advanced years, in addition to sex, were significantly associated
with a higher risk of LV remodelling [35]. The study examined
risk factors for LV diastolic dysfunction that occurs over time in
HTA, starting from the fact that the changes in LV function occur
before symptoms is found that there was a significant decline in
the E/A ratio with age and that the E/Ea ratio significantly
increased with age [33].

There are explanations for the increase of LV wall thicknesses
and LV cardiac diameters with advanced age, this is happening
only in women because gender-specific hormones and the LV
walls thickening without increasing the diameter LV could be the

primary cause for LV mass increase in men with aging [34]. Our
results showed that there is also a higher incidence of diastolic
dysfunction in HTA patients with increasing age.

The duration and grade HTA
Studies that have examined the risk factors for LV diastolic

dysfunction have found that the risk factor is systolic blood
pressure (SBP) [35]. One study also found that the grade of
diastolic dysfunction was significantly associated with increasing
age and hypertension [36]. In our study there was a significant
difference between diastolic dysfunction in hypertension
patients who had hypertension >10 years duration in
comparison to the HTA patients whose HTA last of the 5 years.
The HTA patients with a higher level of maximum systolic BP had
significantly frequently diastolic dysfunction.

However, grade of hypertension were not significantly
affected diastolic dysfunction. In a multivariate analysis are also
of paramount influence on diastolic dysfunction were age and
higher level of maximum systolic BP. Traditional risk factors such
as, obesity, age, hypertension has been associated with a higher
frequency of diastolic dysfunction in HTA. Hence, it is essential
aggressive modification of risk factors, particularly blood
pressure control, weight loss to prevent or postponed LV
diastolic dysfunction.

Conclusion
Left ventricular diastolic dysfunction in hypertensive patients

could be prevented if the risk factors such as obesity and
maximum height of systolic BP could be controlled so as to be
within normal limits.
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