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ABSTRACT
Objective: The ambulatory arterial stiffness index has been proposed as an indicator of arterial stiffness. The aim of this study was to test the
hypothesis that increased ambulatory arterial stiffness index might be related with impaired left atrial function in hypertensive diabetic patients
with no previous history of cardiovascular disease.
Methods: Inclusion criteria included office systolic BP> 130 mm Hg or diastolic BP> 80 mm Hg and absence of secondary causes of HT, whereas exclusion criteria LV ejection fraction <50%, history of significant coronary artery disease, chronic renal failure, atrial fibrillation/ flutter, second
or third-degree atrioventricular block, moderate to severe valvular heart disease, history of cerebrovascular disease, non-dipper hypertensive
pattern and sleep apnea. The study was composed of 121 hypertensive diabetic patients. Twenty-four-hour ambulatory blood pressure monitoring
and echocardiography were performed in each patient. The relationship between ambulatory arterial stiffness index and left atrial functions was
analyzed. AASI was calculated as 1 minus the regression slope of diastolic BP plotted against systolic BP obtained through individual 24-h ABPM.
Results: The univariate analysis showed that ambulatory arterial stiffness index was positively correlated with age (r=:0.287, p=:0.001), hypertension duration (r=:0.388, p<0.001), fasting plasma glucose (r=:0.224, p=:0.014), HbA1c (r=:0.206, p=:0.023), LDL cholesterol (r=:0.254, p=:0.005),
and also overall pulse pressure (r=:0.195, p=:0.002), office- pulse pressure (r=:0.188, p=:0.039), carotid intima-media thickness (r=:0.198, p=:0.029),
E/E’ (r=:0.248, p=:0.006), and left atrial volume index (r=:0.237, p=:0.009). Moreover, ambulatory arterial stiffness index was negatively correlated
with eGFR (r=:(-) 0.242, p=:0.008), peak left atrial strain during ventricular systole [S-LAs (r=:(-) 0.654, p<0.001)], peak left atrial strain at early
diastole [S-LAe (r=:(-)0.215, p=:0.018)], and peak left atrial strain rate during ventricular systole [SR-LAs (r=:(-) 0.607, p<0.001)]. The multiple linear
regression analysis showed that ambulatory arterial stiffness index was independently associated with peak left atrial strain rate during ventricular systole (SR-LAs) (p<0.001).
Conclusion: In hypertensive diabetic patients, increased ambulatory arterial stiffness index is associated with impaired left atrial functions,
independent of left ventricular diastolic dysfunction. (Anatol J Cardiol 2015; 15: 807-13)
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Introduction
Recently, the ambulatory arterial stiffness index (AASI) has
been proposed as a novel indicator of arterial stiffness (1). It is
defined as 1 minus the regression slope of diastolic on systolic
blood pressure (BP) values obtained from a 24-h ambulatory blood
pressure monitoring (ABPM) recordings (2). So, AASI shows the
dynamic relationship between systolic and diastolic BP (3). It is
determined by established predictors of arterial stiffness but also

by ventriculo-arterial coupling factors (3). Although a strong correlation has been demonstrated between AASI and classic measures of arterial stiffness, such as pulse wave velocity (PWV) and
augmentation index (1), AASI has been shown to be a better
estimator of central arterial stiffness compared to other classical
indicators, such as pulse pressure (PP) (4). Furthermore, it could
predict stroke better than PWV (5). Recent studies demonstrated
that AASI predicts cardiovascular (CV) mortality and morbidity
and stroke, independent of other known risk factors (1).
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Arterial stiffness increases in patients with diabetes mellitus
(DM) and hypertension (HT), and it has been recognized as a key
mediator of CV events (6, 7) and stroke (8). Increased arterial
stiffness has an effect on left ventricular (LV) geometry and diastolic dysfunction (8). On the other hand, left atrial (LA) size has
been used as a biomarker of chronic LV diastolic dysfunction (9).
In addition, studies have shown that the association between
arterial stiffness and LA size or function is independent of LV
diastolic dysfunction grade-that is, LA-arterial coupling but not
LA-LV-arterial coupling (6)-although there are limited data in the
current literature.
Although LA functions can be analyzed using conventional
echocardiographic methods, recently introduced two-dimensional speckle-tracking echocardiography (2D-STE) allows
direct and angle-independent analysis of myocardial deformation and provides a better evaluation of LA functions (10-12).
Global LA longitudinal strain has been found as a strong and
independent predictor of CV events (including stroke) (13).
LA deformation mechanics are impaired in patients with HT
and DM with normal LA size, and the coexistence of both conditions further impairs LA performance in an additive fashion (10).
In this study, we investigated the association between AASI and
LA functions in hypertensive diabetic patients with no evidence
of CV disease with the use of 2D-STE. To our knowledge, this is
the first study evaluating this specific topic in the literature.

Methods
Study population
From August 2012 to July 2013, we conducted a single-Ahi
Evren Chest and Cardiovascular Surgery Education and
Research Hospital, Department of Cardiology, Trabzon, Turkey
cross-sectional study including 141 consecutive patients with
HT and type-2 DM. All patients were receiving anti-hypertensive
and anti-diabetic treatment for at least 1 year. Inclusion criteria
included office systolic BP >130 mm Hg or diastolic BP >80 mm
Hg and the absence of secondary causes of HT, whereas the
exclusion criteria were echocardiographic evidence of either
regional or global wall motion abnormalities, LV ejection fraction
(LVEF) <50%, history of significant coronary artery disease,
angina pectoris, positive treadmill test or nuclear perfusion
stress test, ischemic electrocardiographic findings, chronic
renal failure, atrial fibrillation/flutter, second- or third-degree
atrioventricular block, moderate to severe valvular heart disease, history of cerebrovascular disease, non-dipper hypertensive pattern, and sleep apnea. Twenty patients who were found
to be noncompliant with the ABPM measurements and/or had a
poor echocardiographic window were also excluded from the
study. The remaining 121 patients constituted the study population.
Informed consent was obtained from the patients, and the
study was approved by the local Ethics Board. Baseline clinical
and demographic information was obtained from all patients.
Fasting blood glucose, HbA1c, lipid parameters, and creatinine
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values were measured. Estimated glomerular filtration rate
(eGFR) was calculated by the Modification of Diet in Renal
Disease (MDRD) study equation (14). Body mass index (BMI)
was calculated as weight (kg)/height (m2). The body surface
area was calculated according to the DuBois formula
[(weight0.425x height0.725) x 0.007184], and 24-hour ABPM and
echocardiography were carried out in all patients.
24-hour ABPM
First, 24-hour ABPM was performed using an Agilis-CDABPM (ELA Medical, France, 2002) device (15), a non-invasive
ambulatory BP monitoring instrument. BP readings were
obtained at 15-min intervals during the day and at 30-min intervals during the night. Of the total readings, ≥80% was considered valid. Furthermore, for the records valuable, at least 14
measurements during the daytime period or at least 7 measurements during the night or rest period were required (4). Individual
correction was made for the awake and sleeping hours reported
by the patient.
Ambulatory arterial stiffness index (AASI)
AASI was calculated as 1 minus the regression slope of diastolic BP plotted against systolic BP obtained through individual
24-h ABPM. The stiffer the arterial tree, the closer the regression
slope and AASI are to 0 and 1, respectively (16).
Assessment of carotid intima-media thickness (CIMT)
Carotid arteries were investigated in the longitudinal and
transverse projections with B-mode sonography (Mindray M7
DC7, 2012 Germany) using a 7 MHz linear probe. The intimamedia thickness of both carotid arteries was always measured
on the common carotid artery after the examination of a 10-mm
longitudinal section at a distance of 1 cm from the bifurcation,
outside the plaque, if any was present. Measurement of the right
and left carotid arteries was calculated by taking the average of
3 readings (1). Mean IMT was considered abnormal if it exceeded 0.9 mm or if there were atherosclerotic plaques with a diameter of over 1.5 mm or a focal increase of 0.5 mm or 50% of the
adjacent IMT (17).
Conventional echocardiography
The echocardiographic studies, including two-dimensional,
M-mode, pulsed Doppler, and pulsed tissue Doppler imaging
(TDI) examinations, were performed with the use of an echocardiography machine (VIVID S-5 General Electric Medical System
Vingmed Ultrasound AS, Horten, Norway) equipped with a 3.6MHz transducer and TDI. Measurements were performed
according to the American Society of Echocardiography guidelines (18) by a cardiologist who was unaware of the results of
the AASI values. LV dimensions (end-diastolic and end-systolic)
and wall thickness (septum and posterior wall) were obtained
from the parasternal long axis. The LV end-diastolic volume
(EDV) and end-systolic volume (ESV) were calculated from the
apical two- and four-chamber views using a modified Simpson’s
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method. The LV-EF was calculated as LV-EF= (EDV-ESV)/EDV X
100 (18). LV mass was calculated according to the Devereux
formula =0.8[1.04[[(LV-end diastolic dimension+ interventricular
septum dimension + posterior wall dimension)3 - [LV-end diastolic dimension 3)]] + 0.6 (19) and was indexed to the body surface area. The relative wall thickness (RWT) was calculated as
the ratio [2x posterior wall thickness (PWT)/LV internal dimension at end-diastole (LVIDd)].
Mitral inflow velocities were evaluated by pulse wave
Doppler with the sample volume placed at the tip of the mitral
leaflets from the apical 4-chamber view. Using the average of
three beats, we measured diastolic peak early (E), peak late
transmitral flow velocity (A), E/A, and deceleration time of peak
E velocity (EDT). Mitral annulus velocity was acquired from the
septal and lateral sides of the annulus by TDI using the pulse
wave Doppler mode. Systolic tissue velocity (S’) and early diastolic tissue velocity (E’) were measured from averaging values.
To evaluate LV filling pressures, the ratio of E/E’ was calculated.
Left atrial volume was measured by using the area-length (L)
method using the apical 4-chamber view (A1) and apical
2-chamber view (A2) at ventricular end-systole. The information
was put into the formula 0.85 (A1 × A2) divided by L for the atrial
volume and indexed to body surface area (BSA), giving us the
left atrial volume index (LAVI) (20).
Two-dimensional speckle tracking analysis
Two-dimensional grayscale images of the LA were acquired
in the 2- and 4-chamber views at end-expiratory apnea during 5
cardiac cycles. Transthoracic images were processed for
assessing left atrial deformation through speckle tracking imaging using 2D strain software (EchoPAC 108.1.12, General Electric
Medical Systems, Horten, Norway, featuring software for speckle-tracking of the left ventricle) by two cardiologists who were
blinded to the AASI results.
The left atrium endocardial surface was manually traced
using a point-and-click approach, which allowed the automatic
definition of a region of interest. The region of interest was
divided into 6 segments by the software, and the resulting tracking quality for each segment was scored as either acceptable or
non-acceptable. Segments classified as “non-acceptable” were
rejected by the software and excluded from the analysis. In
subjects with adequate image quality, global LA strain and strain
rate parameters were assessed as the average of 6 segmental
values. The values of LA function parameters, including peak LA
strain and strain rate during ventricular systole (S-LAs and
SR-LAs, respectively), peak early diastolic LA strain and strain
rate (S-LAe and SR-LAe, respectively), and peak LA strain and
strain rate during atrial systole (S-LAa and SR-LAa, respectively), were obtained by averaging values obtained in the apical 4and 2-chamber views.
Statistical analysis
SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA)
was used for the statistical analysis. Continuous variables
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Table 1. General clinical and demographic characteristics of the study
population (n: 121)
Variables

Values

Age, years

58.49±8.04

Male, n, %

51 (42.1%)

BMI, kg/m2

32.26±4.89

Hypertension-duration ,years

7 (range: 0.5-20), [5-10]

Diabetes mellitus-duration, years 6 (range: 0.5-12), [3-9]
Smokers, %

14 (11.6%)

ACE inhibitors, ARB %

103 (85.1%)

Beta-blockers %

48 (39.7%)

Calcium channel blockers %

38 (31.4%)

MDRD eGFR, mL/min

86.97±18.27

Fasting plasma glucose, mg/dL

134 (range: 63-392), [115.5-172.5]

Triglycerides, mg/dL

190.51±163.44

Total cholesterol, mg/dL

193.84±42.29

LDL cholesterol, mg/dL

127 (range: 65-251), [107.5-145]

HDL cholesterol, mg/dL

44.78±9.24

HbA1c, %

8.04±1.57

Overall systolic BP, mm Hg

139.98±15.59

Overall diastolic BP, mm Hg

78.28±9.28

Overall pulse pressure, mm Hg

61.69±11.04

Overall heart rate

70.69±8.64

Office systolic BP, mm Hg

149.31±12.09

Office diastolic BP, mm Hg

89.44±9.64

Office pulse pressure, mm Hg

59.88±8.88

Office heart rate

73.17±12.91

Carotid intima-media
thickness, mm

0.7 (range: 0.4-1.5), [0.6-0.9]

AASI

0.51±0.13

Data are expressed in numbers (percentages), mean±1 SD or median and [range, (25%
percentile-75% percentile)]. Percentages are rounded.
AASI - ambulatory artery stiffness index; ACE - angiotensin-converting enzyme;
ARB - angiotensin receptor blocker; BMI - body mass index; BP - blood pressure; eGFR
- estimated glomerular filtration fraction; HDL - high-density lipoprotein; LDL - lowdensity lipoprotein; MDRD - modification of diet in renal disease

were expressed as mean±standard deviation (SD) or median
and interquartile range, as appropriate. Categorical variables
were expressed as percentage. The Kolmogorov-Smirnov test
was used to test the normality of distribution of continuous
variables. Pearson and Spearman correlation analysis was
used for assessing the correlates of AASI. Logarithmic transformation was performed for non-normally distributed variables (LDL, S-LAe, carotid intima-media thickness, HT duration,
fasting plasma glucose).Variables that correlated with AASI in
the correlation analysis were entered into a multiple linear
regression analysis that evaluated the independent predictors
of AASI. A two-tailed p<0.05 was considered statistically significant.
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Table 2. Conventional and 2D-STE parameters of the study population
(n: 121)
Variables

Values

LV end-diastolic dimension, mm

48.82±5.18

LV end-systolic dimension, mm

29.38±4.03

LV ejection fraction, %

60.32±5.66

Septal wall thickness, mm

11.37±2.00

Posterior wall thickness, mm

10.81±1.90

LV mass index, g/m2

110.09±34.08

Relative wall thickness

0.45±0.08

E wave, m/s

0.79±0.18

A wave, m/s

0.91±0.24

E/A

0.95±0.30

Deceleration time, ms

182.64±34.40

S' (systolic tissue velocity), m/s

0.09±0.02

E' (early diastolic tissue velocity), m/s

0.11±0.03

E (early diastolic mitral inflow velocity)/E'

8.01±2.60

LAVI, mL/ m2

28.65±5.19

S-LAs, %

32.46±9.64

S-LAe, %

16.63 (8.51)

S-LAa, %

17.88±4.19

SR-LAs, s-1

1.45±0.39

SR-LAe, s-1

-1.46±0.48

SR-LAa, s

-2.37±0.60

-1

Data are expressed mean±SD. Percentages are rounded.
LV - left ventricle; LAVI - left atrial volume index; S-LAs -peak left atrial strain during
ventricular systole; S-LAe-peak left atrial strain at early diastole; S-LAa - peak left atrial
strain at atrial systole; SR-LAs - peak left atrial strain rate during ventricular systole;
SR-LAe - peak left atrial strain rate at early diastole; SR-LAa - peak left atrial strain rate
at atrial systole

Results

Table 3. The correlates of ambulatory arterial stiffness index (AASI)
Variables

R

P

Age, years

0.287

0.001

BMI, kg/m2

0.238

0.109

Hypertension duration, years

0.388

<0.001

Diabetes mellitus duration, years

0.169

0.063

MDRD eGFR, mL/min

-0.242

0.008

Fasting plasma glucose, mg/dL

0.224

0.014

Triglycerides, mg/dL

-0.086

0.350

Total cholesterol, mg/dL

-0.251

0.005

LDL cholesterol, mg/dL

0.254

0.005

HDL cholesterol, mg/dL

-0.031

0.735

HbA1c, %

0.206

0.023

Overall systolic BP, mm Hg

0.087

0.341

Overall diastolic BP, mm Hg

-0.086

0.349

Overall pulse pressure, mm Hg

0.195

0.002

Office systolic BP, mm Hg

0.155

0.090

Office diastolic BP, mm Hg

0.021

0.815

Office pulse pressure, mm Hg

0.188

0.039

Carotid intima-media thickness, mm

0.198

0.029

LV ejection fraction, %

0.107

0.244

LV mass index, g/m2

0.119

0.194

Relative wall thickness

0.052

0.559

S' (systolic tissue velocity), m/s

-0.038

0.676

E (early diastolic mitral inflow velocity)/E'

0.248

0.006

LAVI, mL/m

0.237

0.009

S-LAs, %

-0.654

<0.001

S-LAe, %

-0.215

0.018

S-LAa, %

-0.093

0.311

-0.607

<0.001

2

SR-LAs, s

-1

The clinical and demographic characteristics of the study
population are presented in Table 1. The study consisted of 121
patients (70 females). The mean age of the patients was
58.49±8.04 years. The office systolic BP and diastolic BP was
149.31±12.09 (mm Hg) and 89.44±9.64 (mm Hg), respectively. The
overall systolic BP and diastolic BP was 139.98±15.59 (mm Hg)
and 78.28±9.28 (mm Hg), respectively. The mean AASI was
0.51±0.13.
Conventional echocardiographic and 2D-STE parameters of
the patients are presented in Table 2. The main findings were
shown.
The univariate analysis showed that AASI was positively
correlated with age (r=:0.287, p=:0.001), HT duration (year)
(r=:0.388, p=:<0.001), fasting plasma glucose (mg/dL) (r=:0.224,
p=:0.014), HbA1c (%) (r=:0.206, p=:0.023), LDL cholesterol (mg/dL)
(r=:0.254, p=:0.005), and also overall PP (mm Hg) (r=:0.195,
p=:0.002), office PP (mm Hg) (r=:0.188, p=:0.039), CIMT (mm)
(r=:0.198, p=:0.029), E/E’ (r=:0.248, p=:0.006), and LAVI (mL/m2)

-1

SR-LAe, s

-0.072

0.431

SR-LAa, s-1

-0.052

0.571

BMI - body mass index; BP - blood pressure; eGFR - estimated glomerular filtration
fraction; HDL - high-density lipoprotein; LDL - low-density lipoprotein; LV - left ventricle;
LAVI - left atrial volume index; MDRD - modification of diet in renal disease; S-LAs peak left atrial strain during ventricular systole; S-LAe - peak left atrial strain at early
diastole; S-LAa - peak left atrial strain at atrial systole; SR-LAs - peak left atrial strain
rate during ventricular systole; SR-LAe - peak left atrial strain rate at early diastole;
SR-LAa - peak left atrial strain rate at atrial systole. Pearson and Spearman correlation
analysis was used for assessing the correlates of AASI

(r=:0.237, p=:0.009). Moreover, AASI was negatively correlated
with GFR (mL/min) (r=:(-) 0.242, p=:0.008), S-LAs (%) (r=:(-) 0.654,
p<0.001), S-LAe (%) (r=:(-) 0.215, p=:0.018), and SR-LAs (s-1)
(r=:(-) 0.607, p<0.001) (Table 3).
A multiple linear regression model was built to find the independent determinants of AASI. Significant correlates of AASI, including
age, overall PP, HT duration, fasting plasma glucose, eGFR, LDL cholesterol, E/E’, LAVI, SR-LAs, S-LAe, and CIMT, were included in the
model. The multiple linear regression analysis showed that AASI was
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Table 4. Independent predictors of AASI (ambulatory artery stiffness
index)
B

P

CI 95%

Age, years

0.001

0.390

-0.001-0.004

Overall pulse pressure, mm Hg

0.001

0.268

-0.001-0.003

LOG10 Hypertension duration, years

0.045

0.149

-0.016-0.107

LOG10 Fasting plasma glucose, mg/dL 0.054

0.342

-0.058-0.165

MDRD eGFR, mL/min

-0.001

0.109

-0.002-0.000

LOG10 LDL cholesterol, mg/dL

0.154

0.074

-0.323-0.015

E (early diastolic mitral inflow
velocity)/E'

0.006

0.115

-0.001-0.013

LAVI, mL/ m2

0.003

0.151

0.001-0.006

SR-LAs, s-1

-0.175 <0.001 -0.225- -0.126

LOG10 S-LAe, %

-0.011

0.861

-0.138-0.116

LOG10 Carotid intima-media
thickness, mm

-0.011

0.882

-0.151-0.130

E' - early diastolic tissue velocity; eGFR - estimated glomerular filtration fraction;
LAVI - left atrial volume index; LDL - low-density lipoprotein; MDRD - modification of diet
in renal disease; SR-LAs - peak left atrial strain rate during ventricular systole;
S-LAe - peak left atrial strain at early diastole
The independent predictors of AASI were evaluated with multiple linear regression
analysis

independently associated with SR-LAs (β=:-0.175, p<0.001) (Table 4).
The correlation between AASI and SR-LAs is shown in Figure 1.
A partial correlation analysis was performed to determine
the partial correlation between LA strain parameters and AASI,
adjusted for fasting plasma glucose, LDL cholesterol, HDL cholesterol, triglyceride, age, and LV mass index. We found that
AASI was negatively correlated with SR-LAs (p<0.001, r=-0. 584)
and S-LAs (p<0.001, r=-0.642) but not with S-LAe (p=0.177,
r=-0.127).

Discussion
The results of the present study demonstrated that increased
AASI is associated with impaired LA functions, independent of
LV diastolic dysfunction, in hypertensive diabetic patients who
are under medical treatment and have no history of CV disease.
Patients with type 2 DM are at high risk of developing CV disease (21). In addition, the clinical and morphologic features of CV
disease are more severe in hypertensive diabetic patients compared to lone hypertensive or diabetic patients (22). Therapies
during the early stages of CV structural changes in these patients
can potentially delay or impede the progression of more permanent stages (22, 23). Clinical markers may be helpful in the early
stages in the identification of patients who are at high CV risk.
Several authors suggested that AASI can be considered not
as a marker of arterial stiffness but rather as a composite index
reflecting cardiovascular properties (3). The Dublin study, which
enrolled 11.291 hypertensive patients with a median follow-up of
5.3 years, showed that AASI could predict CV mortality beyond
classical risk factors (24).

0.80

0.60

AASI

Variables

0.40

0.20

R2 Linear = 0.369

0.50

1.00

1.50

2.00

2.50

3.00

SR-LAs (s-1)

Figure 1. The correlation between AASI and SR-LAs

Multiple linear regression analysis showed that AASI was independently associated with
SR-LAs

Vascular and structural changes increase during normal
aging (6). Furthermore, the presence of HT and DM accelerates
these changes, and it is increasingly being recognized that arterial stiffness is one of the most significant hemodynamic factors
contributing to the development of CV complications (2, 25). It
was considered that functional changes occur before structural
changes. The arterial wave reflection returns during early diastole in compliant arteries, whereas it returns during late systole
in individuals with stiffer arteries (6). The increase in late systolic load prolongs the systolic interval, resulting in delayed
onset of LV relaxation (26). On the other hand, decreased distensibility of the arterial wall increases systolic BP and decreases
diastolic BP, leading to increased LV afterload and impairment of
myocardial blood flow because of decreased coronary perfusion pressure. These abnormalities cause a predominant
decrease of blood supply in the subendocardial myocardium,
resulting in a closer relationship between LV relaxation and
arterial stiffness (6).
An increase in LA afterload through the development of
LV-impaired relaxation and elevated filling pressure has previously been considered the main underlying mechanism of LA
dysfunction. However, several studies showed that LA stiffness
is already increased, even when LV filling pressure in not elevated (10, 12). Mondillo et al. (10) found in their study that hypertensive diabetic patients with normal values of LAVI had impaired
LA deformation mechanics compared to a healthy control group,
independent of LV diastolic dysfunction. Although our study did
not include healthy controls, the study subjects had normal LAVI
values, and we found that AASI is associated with impaired left
atrial mechanical functions, independent of LV filling pressure.
Moreover, after the adjustments for potential confounders (fasting plasma glucose, LDL cholesterol, HDL cholesterol, triglyceride, age, and LV mass index) were maintained, AASI remained
significantly associated with LA mechanical functions. Miyoshi
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et al. (6) suggested that in preclinical patients (E/A>1), carotid
arterial stiffness correlates with LAVI and LA strain variables,
but only SR-LAs was an independent predictor related to carotid
arterial stiffness. Our results are also in concordance with this
study, but we evaluated arterial stiffness by AASI, which was
found to be associated with CIMT. Oishi et al. (12) examined
preclinical patients with CV risk factors and no elevation in LV
filling pressure using 2D-STE, and in consistent with the findings
of our study, they demonstrated that abdominal aortic stiffness is
associated with LA stiffness during systole and LV relaxation in
the longitudinal direction. Kuppahally et al. (27) found an inverse
relationship between LA strain and percentage of fibrosis in the
LA wall by delayed enhancement magnetic resonance imaging.
Therefore, it is speculated that elevated LV filling pressure may
not fully explain LA dysfunction and that LA myocardial fibrosis
may play a key role in LA systolic and diastolic dysfunction (12).
The development of a stiffer LA secondary to an LA subendocardial fibrotic process, in parallel with fibrotic alterations of the LV
subendocardial layer (28) and medial degeneration, which leads
to progressive stiffening of the large elastic arteries (29), could
also occur in the earlier setting as a result of comorbid conditions,
such as HT and DM (12). These findings could explain the normal
or intermediate E/E’ ratios in our study population, suggesting that
LA functions are decreased, even when LV filling pressure is not
elevated. We found that E/E’ and LAVI were positively correlated
with AASI, but the multiple analysis showed that only SR-LAs was
an independent predictor of AASI. The decreased systolic LA
strain and strain rate and increased AASI in our study may indicate an early form of abnormal LA-arterial coupling in hypertensive diabetic patients.
Recently, LA deformation analyses using 2D-STE have been
proven to be superior to conventional echocardiography in detecting
subtle changes in LA function (28). Several studies suggested that
SR-LAs correlated inversely with age and LA diameter in healthy
individuals, SR-LAs decreased before the development of LA
enlargement and LV hypertrophy in hypertensive patients, and LA
wall fibrosis was inversely related with SR-LAs and S-LAs (30). So,
we preferred to perform 2D-STE for the assessment of LA functions.
It has been shown that AASI predicts stroke independently
of other known risk factors and is superior to PWV (2). Stroke
risk is highly dependent on BP but also on arterial stiffness.
Aortic stiffness and the subsequent increase in central PP are
associated with CIMT, atheroma formation, and plaque rupture,
providing a pathophysiological link between vascular mechanisms and cerebrovascular events (8). Gómez-Marcos et al. (16)
examined the relationship between CIMT and arterial stiffness
with PWV and AASI in diabetic and non-diabetic patients. They
suggested that CIMT showed a positive correlation with PWV
and AASI. However, when adjusting for age, gender, and heart
rate, the association to PWV was lost in diabetic patients; so,
this evidence may explain the superiority of AASI to PWV in
predicting stroke. In this study, we showed that 24-h PP and
CIMT were correlated with AASI. But, only SR-LAs was found to
be an independent predictor of AASI. Decreased LA strain was
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found to be related with atrial fibrillation in previous studies (6).
Therefore, we can speculate that the mechanism between AASI
and stroke might be related with PP, CIMT, and also increased
atrial fibrillation risk in these patients. In patients with type-2 DM
and obesity, the fibrotic processes of the LV have been mainly
related to perivascular fibrosis and increased collagen deposition in the LV, which was evaluated with E/E’ in our study. Also,
the relationship between AASI and BMI is controversial (2) in
studies and we did not found any correlation.

Study limitations
The sample size of subjects is relatively small to generalize our findings. Because dedicated software for LA strain
has not yet been released, we used the current software for
LV analysis to study LA strain. Another limitation was the lack
of hemodynamic data about LV filling pressures. Nonetheless,
several studies have demonstrated the high sensitivity, specificity, and accuracy of mitral E/E’ ratio in determining LV filling pressures.

Conclusion
In hypertensive diabetic patients, increased AASI is associated with impaired LA functions, independent of LV diastolic
dysfunction. This can be an early sign of LV diastolic dysfunction. AASI could be used as a useful parameter for CV risk
assessment.
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