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Background: Systolic and diastolic blood pressure is associated with physiologic changes

of aortic wall and left ventricular structure. We aimed to evaluate aortic stiffness index and

distensibility, global longitudinal strain (GLS), post systolic index (PSI) in hypertensive

patients and compare these parameters with normotensive subjects.

Patients and Methods: Eighty-two patients (42 hypertensive compared with 40 normo-

tensive subjects) with preserved left ventricular ejection fraction and without significant

coronary artery disease were enrolled in the study. Systolic and diastolic blood pressure was

measured by automated BP measurement system. Aortic stiffness index and distensibility,

GLS and PSI were measured by transthoracic echocardiography and compared in both study

groups.

Results: Aortic stiffness index (0.097 vs 0.069) and E/e´ (8.16 vs 6.56) were significantly higher

in hypertensive patients, respectively (p<0.05). Aortic distensibility (cm2/dyn) (0.28 vs 0.42) and e´

(cm/s) (8.25 vs 9.52) were significantly lower in hypertensive patients than normotensive subjects

(p<0.05). PSI and GLS were not significantly different between both study groups. Aortic stiffness

index and distensibility had significant correlation with age in normotensive subjects while this

correlation was not statistically significant in hypertensive patients.

Conclusion: Hypertension is associated with diastolic dysfunction and abnormal aortic wall

compliance. Age-related aortic wall changes can present early in hypertensive patients.
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Introduction
Systolic and diastolic hypertension (HTN) is a well-known risk factor and the

leading cause of morbidity and mortality in patients with cardiovascular disease

(CVD). HTN is associated with several potentially fatal geometrical and structural

heart abnormalities such as Left Ventricle Hypertrophy (LVH), systolic and diasto-

lic dysfunction and also aortic stiffness, enlargement, and dissection.1,2 Aortic and

ventricular remodeling themselves play an essential pathophysiological role in the

development of heart failure (HF).3 HF similarly changes the great vessels archi-

tecture (in especially aortic stiffness and dilation which are one of the most

important predictors for CVD mortality). Moreover, Aortic stiffness has been

considered as a subclinical target organ damage with prognostic value in hyperten-

sive patients.3,4 A number of studies proposed that increased aortic stiffness is

associated with persistent hypertension in some subjects.5,6 This vicious circle

between HTN, aortic stiffness/distensibility and heart failure would be continued

without any intervention whereas, early detection and appropriate interventions can

reduce these complications.3,7
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Over recent years, speckle tracking global longitudinal

strain (GLS) was introduced as a quantitative method for

measurement of LV function.8,9

GLS can be employed to assess systolic and diastolic

dysfunction at initial stages of myofibril deformation before

this process could be defined by a 2-D echocardiogram.

Furthermore, GLS is more available and reproducible and

has comparable accuracy for myocardial viability assessment

to myocardial perfusion imaging (MPI) and cardiovascular

magnetic resonance (CMR) imaging.9,10

In this study, we aimed to compare aortic stiffness, dis-

tensibility, and longitudinal strain of LV in hypertensive and

normotensive subjects with preserved LVEF. Some studies

demonstrated that myocardial fibrosis has an associationwith

post-systolic index (PSI) and this correlation was attributed

to impaired LV relaxation and increased LV stiffness.11,12

Accordingly, in this study, we also aimed to determine

whether there is any association between PSI with aortic-

related variables and other echocardiographic findings.

Patients and Methods
This case–control study was conducted among patients

presented with angina or equivalent angina during

May 2018–Feb 2019 to Fatemeh Zahra Hospital, the aca-

demic heart training center in the sari, Mazandaran pro-

vince, in northern Iran. According to the Eren13 study

(µ1 = 18, µ2= 11, σ= 8) the study sample size was esti-

mated based on α= 0.05, β= 0.1and d= 0.8, 34 for each

case and control group by Gpower 3.1.7.

Study Population
The initial evaluation consisted of history taking and phy-

sical examination was done, and 12 lead standard

Electrocardiography (ECG) was obtained. Exercise ECG

test, stress echocardiography or single-photon emission

computed tomography (SPECT) was done according to

patients’ ability to exercise and ECG interpretability.

Patients with positive-mentioned noninvasive ischemic

test underwent coronary angiography (CAG).

In order to minimize the confounding effect of ischemia on

study results, we excluded all patients in whom coronary

angiography showed moderate or significant stenotic lesions

and those with up to mild CAD (less than 50% stenosis)

enrolled in the study. The study was according to the

Helsinki Declaration guidelines. From all participants, written

informed consent was obtained and the study was approved by

the ethics committee of Mazandaran University of Medical

Sciences (ethic number: IR.MAZUMS.REC.1397.1285).

After 8–10 hrs fasting blood samples were analyzed for

measurement of fasting blood sugar, triglyceride (TG),

Cholesterol, low-density lipoprotein (LDL), high-density lipo-

protein (HDL), blood urea nitrogen (BUN) and creatinine (Cr)

Patients with a history of HTN and under treatment

with anti-hypertensive agents during admission categor-

ized as case group. And those without HTN and with

constant systolic and diastolic blood pressure (BP) less

than 140/90 mmHg during hospitalization period, consid-

ered as control subjects.

Patients’ demographic variables including age, gender,

previous medical and drug history were recorded. Height

(cm) and weight (kg) were measured and body mass index

(BMI) (kg/m2) was calculated for each patient.

After CAG and before patient’s discharge, systolic and

diastolic BP and pulse pressure (PP) was measured again (in

order to reduce the probable effect of stressors on blood

pressure before CAG at arrival time, we measured BP

again before echocardiography) after 5 min resting in sitting

position, with the left arm at the heart level by an automated

BP measurement system. Patients were advised to avoid

consuming tea, coffee, cigarettes smoking or have vigorous

physical activity at least 30 min before BP measurement.

Patients with known history of CAD (CABG or PCI),

severe systolic or diastolic heart failure (HF), constant

atrial or ventricular arrhythmia, conductive heart abnorm-

alities such as bundle branch blocks, autoimmune disease,

connective tissue disorders, significant valvular heart

regurgitation, moderate or severe valvular stenosis, con-

genital heart disease, previous open-heart surgery or trans-

catheter heart interventions, dilated and restrictive

cardiomyopathies, constrictive pericarditis, peripheral

artery disease, pulmonary HTN, chronic obstructive pul-

monary disease (COPD), chronic kidney disease (CKD),

history of cancer and anti-cancer or chemotherapeutic

agents consumption, and those with poor echocardio-

graphic visualization were excluded from the study.

Echocardiographic Measurement
TTE was performed at rest in left lateral decubitus for all

subjects by a fellowship of echocardiography that was not

informed about the patients’ data by using an ACUSON

SC2000 with a 4V1c transducer (Siemens Medical

Solutions USA Inc., Mountain View, CA) position.

Grayscale images were obtained in standard views

(Apical 2, 3 and 4 chamber parasternal long axis and

short axis views). The peak longitudinal strain was mea-

sured by an average of epicardial and endocardial tracing
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of all 18 myocardial segment borders in various standard

views by using semi-automated analysis software.

Left ventricular ejection fraction (LVEF) was deter-

mined by modified Simpson’s technique from apical 2

and 4 chamber views using the following equation:

LVEF ¼ LVEDV� LVESVð Þ=LVEDV
Pulse wave (PW) Doppler echocardiography and tissue

doppler imaging (TDI) was used to determining myocar-

dial diastolic function according to 2016 European

Cardiology Society (ESC) guideline for heart failure.14

The diameter of ascending aorta was measured by two-

dimensional M-mode echocardiogram in parasternal long-

axis view, 3 cm above the aortic valve level between the

trailing edge and leading edge of the anterior and posterior

aorta, respectively. The aortic strain was defined by aortic

systolic (AoS) diameter (max aortic valve opening) and

Aortic diastolic (AoD) diameter (peak of QRS complex)

from the formula:15,16 AoS _ AoD/AoD

Aortic distensibility was measured according to below

formula:15,16

Aortic Distensibility (cm2/dyn) = (2×aortic strain)/(a.

systolic pressure − diastolic pressure). (Aortic strain was

measured by echo and systolic and diastolic pressure was

measured by automated BP system).

Aortic stiffness index was also measured using para-

sternal long-axis view 3–4 cm above the aortic valve level

by TTE and defined according to the subsequent

equation:16

Arterial stiffness index β=Ln (SBP/DBP)/strain (Ln:

natural logarithm)

PSI was calculated according to the below equation:12

PSI ¼ ½ðmaximum strain in the cardiac cycle� the peak

systolic strainÞ=ðmaximum strain in thecardiac cycleÞ�x100
Interventricular septal thickness and left atrial (LA) dia-

meter were measured at end-diastole and peak systole,

respectively, from parasternal long-axis view. Valvular

regurgitation severity (defined as no, mild, moderate and

severe) and pulmonary arterial pressure was determined

based on the guidelines of the American Society of

Echocardiography (ASE).17,18

Statistical Analysis
Data were analyzed by SPSS25 and MedCalc19.1.

Continues variables with normal distribution were

expressed as mean ± standard deviation (SD) and analyzed

by independent Student’s t-test. Categorical variables were

compared between groups using chi-square tests and

Fisher’s exact tests. Association between continuous nor-

mally distributed variables was analyzed using the Pearson

correlation test. A p value less than .05 was considered

statistically significant.

Result
The study population included 82 patients, 29 males

(35.4%) and 53 females (64.6%) who were considered

for coronary angiography because of the evidence of

ischemia on non-invasive studies with no significant ste-

nosis on coronary angiography between 2018 and 2019.

Patients were divided into two groups: hypertensive (n=

42) and normotensive (n=40). The mean age of patients

was 55.82 ± 10.28 years (range 35–76 years) and 12

patients (14.6%) had DM. The mean BMI was 28.80±

4.81 kg/m2 and the mean systolic blood pressure (SBP),

diastolic blood pressure (DBP) and pulse pressure (PP)

were 123.68± 18.28, 76.33± 10.44 and 47.35± 13.99

mmHg, respectively. Demographics and laboratory char-

acteristics of the study population are presented in Table 1.

As shown in Table 1, the hypertensive group were

older (P =.018) and they had higher SBP, DBP and PP

(P <.001) than the patients in the normotensive group.

Furthermore, body mass index (BMI) in the hypertensive

group was higher than normotensive patients (P =.013).

Table 1 Demographic and Measures of Common Cardiovascular

Risk Factors of the Study Population Categorized as Having or

Not Having Hypertension

Normotensive

(n= 40)

Hypertensive

(n= 42)

P value

Age (years) 52.94±10.38 58.47±9.57 0.018

Sex (N/%) 0.187

Male 17 (42.5%) 12 (28.6%)

Female 23 (57.5%) 30 (71.4%)

Diabetes mellitus 4 (10%) 8 (19%) 0.247

FBS (fasting blood glucose) 102.81±27.08 111.08±38.64 0.284

TG (triglyceride) 134.93±100.71 168.75±126.23 0.193

Cholesterol 165.27±49.11 169.52±49.30 0.702

LDL (low-density lipoprotein) 90.63±28.28 89.80±31.58 0.903

HDL (high-density lipoprotein) 43.08±9.45 40.32±8.70 0.182

Hemoglobin 12.08±1.48 12.04±1.45 0.909

BUN (blood urea nitrogen) 13.92±4.89 15.05±3.63 0.250

Cr (creatinine) 0.96±0.17 1.41±2.89 0.322

SBP (systolic blood pressure) 113.63±11.05 133.00±18.80 <0.001

DBP (diastolic blood pressure) 71.95±8.51 80.39±10.50 <0.001

Pulse pressure 41.68±7.08 52.61±16.63 <0.001

BMI (body mass index) 27.48±4.17 30.09±5.08 0.013
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The echocardiographic characteristics of the study popula-

tion are presented in Table 2.

Among echocardiographic variables, IVS was thicker

(P <0.001) and LA diameter was larger (P = 0.037) in

hypertensive patients and they had lower e’ velocity (P =

0.015) and higher E/e’ ratio (P <0.001) than normotensive

group. Also, hypertensive patients had a higher prevalence of

MR (P = 0.01) and diastolic dysfunction (P <0.001) compared

to normotensive patients. There was no statistically significant

difference for the aortic strain, GLS, and PSI between two

study groups (P = 0.33, 0.44 and 0.94, respectively).

However, aortic distensibility was lower (P = 0.008) and

aortic stiffness index was higher (P = 0.039) among hyperten-

sive patients compared with the normotensive group.

We used the Pearson correlation coefficient to assess

the association between the different echocardiographic

parameters and age for each group, separately. Tables 3

and 4 show correlations between echocardiographic vari-

ables and age among two study groups with details.

The study results showed, there was a direct correlation

between age and aortic stiffness index and an inverse

correlation between age and aortic distensibility in the

normotensive group (P <0.001 and r = 0.611 and P <

0.001 and r = −0.567), respectively. Nevertheless, the

hypertensive group did not show any significant correla-

tion between age neither with aortic stiffness index nor to

aortic distensibility.

PSI had direct correlation with age (P value = 0.012, r =

0.409) and GLS (P = 0.020, r = 0.367) in normotensive

individuals while, PSI in hypertensive patients was not sig-

nificant correlated with age and GLS. These correlations are

demonstrated well by the scatter plot in Figures 1 and 2.

The study results also showed, there was an inverse

correlation between aortic stiffness index and e’ velocity

and a direct correlation between aortic distensibility and e’

velocity in the normotensive patients (P =.001 and r= -.531

and P <.001 and r=.563). While the hypertensive group did

not show any significant correlation between e’ velocity

neither with aortic stiffness index and nor with aortic disten-

sibility (Figures 3 and 4).

Table 2 Echocardiographic Variables of the Study Population

Categorized as Having or Not Having Hypertension

Normotensive

(n= 40)

Hypertensive

(n= 42)

P value

LVEF (%) 55.07±4.77 54.69±5.63 0.740

Aortic distensibility (cm2/dyn) 0.425±0.235 0.283±0.227 0.008

Aortic strain (%) 8.37±4.56 7.02±7.39 0.330

Aortic stiffness index (SI) 0.069±0.043 0.097±0.069 0.039

GLS (%) −17.84±2.89 −17.31±3.28 0.449

LVESD (cm) 2.92±0.38 2.82±0.42 0.269

LVEDD (cm) 4.98±0.35 4.96±0.42 0.812

IVS (cm) 0.88±0.14 1.12±0.21 <0.001

LA (cm) 3.83±0.36 4.03±0.49 0.037

TRG (mmHg) 22.55±4.52 24.68±6.18 0.086

No MR 13 (32.5%) 4 (9.5%) 0.01

Mild MR 25 (62.5%) 32 (76.2%) 0.178

Moderate MR 2 (5%) 6 (14.3%) 0.157

No diastolic dysfunction 27 (67.5%) 13 (31%) 0.001

Mild diastolic dysfunction 8 (20%) 24 (57.1%) 0.001

Moderate diastolic dysfunction 5 (12.5%) 3 (7.1%) 0.477

No AR 30 (75%) 29 (69%) 0.549

Mild AR 10 (25%) 12 (28.6%) 0.715

Moderate AR 0 (0%) 1 (2.4%) 1.000

PSI (%) 53.34±37.23 53.91±41.30 0.948

Deceleration timeof Ewave (ms) 240.21±58.00 243.08±62.50 0.836

E/e´ 6.56±1.71 8.16±1.81 <0.001

e´ (cm/s) 9.52±2.34 8.25±2.28 0.015

Abbreviations: LVEF, left ventricular ejection fraction; GLS, global longitudinal

strain; LVESD, left ventricular end-systolic diameter; LVEDD, left ventricular end-

diastolic diameter; IVS, interventricular septum; E/e´, transmitral early to late

diastolic flow velocity; e´, early diastolic tissue velocity.

Table 3 Correlation Between Different Echocardiographic Variables and Age in Patients with Hypertension

Age GLS LVEF Aortic

Strain

Aortic

Distensibility

Aortic

Stiffness Index

PSI e’ DT E/e’

Age 1

GLS 0.14 1

LVEF 0.18 −.46* 1

Aortic strain 0.18 0.20 0.12 1

Aortic distensibility −.11 0.15 0.04 0.83* 1

Aortic stiffness index 0.15 0.12 −.07 −.55* −.75* 1

PSI −.05 0.21 −.25 −.11 −.11 0.18 1

e’ −.28 −.32* 0.10 −.07 −.09 0.21 −.18 1

DT 0.37* 0.35* 0.14 −.05 −.13 0.04 0.35* −.51* 1

E/e’ −.06 −.26 0.22 0.03 −.04 −.13 0.14 −.33* −.02 1

Note: *P value<.05.

Abbreviation: DT, deceleration time.
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Discussion
Our study showed GLS had a significant inverse and direct

correlation, respectively, with early diastolic tissue velo-

city (e’) and deceleration time (DT) in the hypertensive

group. Our findings were consistent with the study

reported by others.19–21

Our study results showed that mild diastolic dysfunc-

tion and E/e’ ratio was significantly higher and e’ was

meaningfully lower in hypertensive patients compared to

the control group. Our finding was concordant with the

reported findings by Mottram et al.22 They evaluated arter-

ial stiffness in hypertensive patients and their relation to

diastolic heart failure. Their result showed mild diastolic

dysfunction and arterial compliance were significantly

higher and lower, respectively, in hypertensive patients

and these variables progressed with increasing age. They

also found that decreased aortic compliance in hyperten-

sive patients associated with increased aortic SBP and

decreased aortic DBP.22

Our study showed hypertensive patients had lower

aortic distensibility and higher aortic stiffness index than

those without HTN. This finding is consistent with the

previous studies.22,23 Functional and structural changes

of the aortic wall can decrease aortic compliance and

present as an initial detectable manifestation of target

organ damage in hypertensive patients.24,25

In a study by Asmar et al, they evaluated the aortic

distensibility in treated hypertensive patients and com-

pared them with the normotensive population. Their

study showed although decreasing blood pressure can

reduce arterial alterations, but cannot reverse this change

completely.26 Their results were similar to our finding. In

our study, all hypertensive patients were already under

treatment with antihypertensive drugs whoever, BP was

not completely controlled for all patients. Our findings

showed, despite antihypertensive medication, aortic stiff-

ness and distensibility remained impaired among hyper-

tensive patients.

Table 4 Correlation Between Different Echocardiographic Variables and Age in Normotensive Patients

Age GLS LVEF Aortic

Strain

Aortic

Distensibility

Aortic

Stiffness Index

PSI e’ DT E/e’

Age 1

GLS 0.04 1

LVEF 0.00 −.49* 1

Aortic strain −.49* 0.04 0.04 1

Aortic distensibility −.56* 0.08 0.94* 0.94* 1

Aortic stiffness index 0.61* −.16 −.82* −.85* −.85* 1

PSI 0.40* −.08 −.14 −.22 0.30 0.30 1

e’ −.49* 0.09 0.21 0.56* −.53 −.23 −.23 1

DT 0.25 −.09 −.18 −.25 0.23 0.01 −.18 −.18 1

E/e’ 0.29 −.03 −.11 −.27 0.27 0.23 −.60* −.38* −.38* 1

Note: *P<.05.

Figure 1 Scatter plots of the correlation between aortic stiffness index and age in

hypertensive and normotensive groups.

Figure 2 Scatter plots of the correlation between aortic distensibility and age in

hypertensive and normotensive groups.
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Our study also showed aortic stiffness index had a direct

correlation and aortic distensibility had an inverse correlation

with age in normotensive individuals. However, patients with

HTN did not show any correlation between these variables

and age. This also can be due to the direct remodeling effect

of HTN on aortic wall irrespective of age. Indeed, increased

aortic stiffness and reduced aortic distensibility can be due to

extracellular matrix changes of the aortic wall which happen

early in hypertensive patients.

Our study showed several echocardiographic variables in

normotensive patients had a significant correlation with age

including diastolic dysfunction, and aortic compliance. These

variables impaired in normotensive patients due to physiolo-

gical aging. Whereas age was significantly correlated only

with diastolic dysfunction but not with PSI and aortic com-

pliance in the hypertensive group. This also can be due to the

direct effect of HTN on LV structure which presents early in

hypertensive disease irrespective of the aging process.

As a consequence, normotensive individuals may have

normal aortic compliance and diastolic function until seni-

lity while hypertensive patients are susceptible to

decreased aortic compliance, impaired PSI and diastolic

dysfunction at an earlier age. It seems that blood pressure

effects on the arterial and ventricular structure may be

higher than age-related changes.

Our results showed that both case and control groups

had similar LVEF and mildly impaired GLS. These find-

ings are particularly important in this regard that we

enrolled individuals with positive noninvasive ischemia

detection test and without significant CAD. But in this

study, we did not exclude coronary microvasculature dis-

ease for participants and this may be the probable cause of

mildly impaired GLS in both study groups. Choosing

patients with negative non-invasive tests as a control

group, instead of a positive noninvasive test with normal

CAG, may give more attractive results.

Limitations
This single-center study was limited by its small sample

size and another limitation may be the fact that we just

enrolled individuals with preserved LVEF and those with

concomitant structural heart diseases such as severe LV

dysfunction and severe valvular regurgitation and atrial or

ventricular arrhythmia were excluded from the study

whereas these abnormalities may be induced by HTN

and can affect the study results. Thereby, these findings

may not be completely extended to all hypertensive

patients. Thus, future studies with considering larger sam-

ple size and concomitant diseases, which cannot be attrib-

uted to other causes except HTN are recommended.

Conclusion
Aortic stiffness index and distensibility and also LV filling

pressure and relaxation in hypertensive patients were sig-

nificantly impaired compared to normotensive individuals.

Also, aortic wall changes, PSI and diastolic dysfunction

which are seen physiologically with increasing age in the

normal population may be presented early in hypertensive

patients.
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