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ABSTRACT 

 

Background: Left ventricular (LV) diastolic dysfunction is often observed in 

healthy older subjects without structural heart diseases. However, the exact 

mechanisms have not been established. A decrease in the aorto-septal angle (ASA), 

which represents an LV deformation due to aortic elongation, is also frequently seen 

in elderly subjects. The objective of this study was to evaluate whether a decrease in 

the ASA can contribute to LV diastolic dysfunction in healthy subjects. 

Method: Echocardiography was performed in 77 healthy subjects (42 males, mean 

age 43.2 ± 13.8 years) to measure the ASA and the LV mass index (LVMI). The LV 

peak early diastolic longitudinal strain rate (GSRE) was measured using a 

two-dimensional speckle tracking imaging technique. 

Result: Age, body mass index (BMI), ASA, and LVMI were significantly correlated 

with the GSRE, and the best correlation was observed between the ASA and the 

GSRE (r = 0.63, p < 0.001). A stepwise multivariate analysis revealed that ASA and 

BMI were independent predictors of GSRE, whereas age and LVMI were not. 

Conclusion: LV deformation associated with a reduced ASA is one of the significant 

causes of LV diastolic dysfunction independently of age in otherwise healthy 

subjects. 

 

Keywords: Aging, Aorto-septal angle, Left ventricular diastolic function, Left 

ventricular myocardial relaxation, Sigmoid septum 
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INTRODUCTION 

 

Left ventricular (LV) diastolic dysfunction is often observed in healthy older 

subjects.
1-6

 Recent large-scale, community-based studies have shown that the 

presence and the degree of LV diastolic dysfunction is closely related to the 

incidence of heart failure and increased mortality in community population without 

any history of heart disease.
7-9

 Therefore, in order to stratify the risk of heart failure, 

it is important to understand the mechanisms of LV diastolic dysfunction in subjects 

without any structural heart diseases. 

 

LV diastolic dysfunction in the elderly is due to abnormal myocardial cellular 

Ca
2+

-handling, myocardial fibrosis, and increased arterial stiffness.
10-15

 However, 

these mechanisms were not concretely proved in human subjects, and the exact 

mechanisms of senile LV diastolic dysfunction have not yet been established. LV 

deformation, represented by a decrease in the aorto-septal angle (ASA), is also 

frequently observed in healthy older subjects, usually recognized as a minor innocent 

finding.
16-20

 Moreover, the pathophysiological role of such an LV deformation in the 

development of diastolic dysfunction has not been studied. The objective of the 

present study was to evaluate whether a decrease in the ASA can contribute to LV 

diastolic dysfunction in otherwise healthy subjects. 

 

 

SUBJECTS AND METHODS 

 

Study Subjects 
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The present study examined 77 healthy subjects (42 men and 35 women, age 

43.2 ± 13.8 years) for whom good-quality echocardiographic images could be 

obtained. They consisted of 59 patients who underwent an echocardiographic 

examination in our laboratory and did not have any echocardiographic abnormalities 

or any history of cardiac or systemic diseases such as hypertension, diabetes mellitus 

or dyslipidemia, and 18 normal volunteers who agreed to participate in this study 

with written informed consent. This study was approved by both the Research Ethics 

Committee of Hokkaido University Hospital and the Ethics Committee of the 

Faculty of Health Sciences in Hokkaido University. 

 

Basic Echocardiographic Measurements 

Echocardiography was performed using a Vivid 7 or Vivid q echocardiographic 

machine (GE Healthcare UK, Buckinghamshire, England) equipped with an M4S 

transducer. The angle between the LV septal surface and the aorta (aorto-septal angle; 

ASA) was measured in the end-diastolic parasternal long-axis B-mode image 

(Fig. 1).
17

 The LV end-diastolic dimension (LVDd), the LV end-systolic dimension, 

and the left atrial end-systolic dimension were measured in the parasternal long-axis 

images. The thicknesses of the interventricular septum (IVST) and the LV posterior 

wall (PWT) were measured in the end-diastole parasternal short-axis images at the 

level of the chordae tendineae. The LV ejection fraction (LVEF) was calculated from 

the apical two-chamber and four-chamber images using the biplane disk-summation 

method along with the guidelines of the American Society of Echocardiography.
21

 LV 

mass was calculated using the following equation: 0.8 × {1.04 [(IVST + LVDd + 

PWT)
3
 − (LVDd)

3
]} + 0.6.

22
 LV mass was indexed for each subject's body surface 

area (LVMI). 
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Pulsed-Doppler echocardiography was performed to measure peak early- and 

late-diastolic transmitral flow velocities (E and A, respectively, m/s) and the 

early-diastolic wave deceleration time (DT, msec) of the transmitral flow, and to 

calculate the ratio of the early to late transmitral flow velocities (E/A). The LV 

isovolumic relaxation time (IRT, msec) was measured from an apical continuous-wave 

Doppler recording which depicted both LV inflow and outflow. Tissue Doppler 

imaging of the mitral annulus was performed in the apical four-chamber view, and the 

peak early-diastolic annular velocity (e) was measured at the interventricular septal 

annulus. 

 

Two-dimensional Speckle Tracking Imaging Analysis 

Digital cine loops of apical long-axis images were obtained under a breath-hold in 

shallow expiration and stored on the hard disk of the echocardiographic machine. They 

were transferred to a workstation (EchoPAC PC, GE Healthcare, UK) after the 

examination. The highest-quality digital image was selected for each speckle tracking 

analysis (Fig. 2), and the LV endocardial surface of the end-systolic frame was traced 

manually. The speckle tracking width was modified so as to cover the whole LV wall 

thickness to obtain a so-called ‘global’ strain rate curve. From that curve in the 

longitudinal direction, the peak early-diastolic longitudinal strain rate (GSRE, s
-1

) was 

measured as an index to directly reflect LV myocardial diastolic function.
23,24

 

 

Statistical Analysis 

The statistical analysis was performed using standard statistical software (Dr. SPSS II 

for Windows, SPSS Inc., Chicago, IL, USA). All numerical data are presented as 
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means ± SD. Relationships between two parameters were assessed by linear 

correlation and regression analysis. A stepwise multiple regressions analysis was 

performed to find the independent determinants of global LV diastolic function among 

multiple parameters. A p-value < 0.05 was considered significant. 

 

 

RESULTS 

 

Clinical and echocardiographic features of the study subjects 

As summarized in Table 1, the ASA values of our study subjects ranged from 95° to 

158° (134° ± 13°). The E values ranged from 0.42 to 1.22 (0.80 ± 0.19) m/s, the E/A 

values from 0.56 to 4.15 (1.47 ± 0.64) and the IRT values from 44 to 129 (77 ± 15) 

msec, showing that some portion of the subjects had LV diastolic dysfunction. The 

ASA was significantly negatively correlated with age (r = −0.64, p < 0.001), BMI 

(r = −0.38, p = 0.001) and LVMI (r = −0.29, p = 0.009). 

 

Relationship between ASA and age with GSRE 

ASA was significantly and well correlated with GSRE (r = 0.63, p < 0.001) (Fig. 3). As 

shown in Table 2, the subjects’ age, BMI and LVMI were also significantly correlated 

with GSRE (r = −0.49, p < 0.001, r = −0.50, p < 0.001 and r = −0.41, p < 0.001, 

respectively), but each correlation was relatively weaker than that between ASA and 

GSRE. The stepwise multivariate analysis among ASA, age, BMI and LVMI revealed 

that ASA and BMI were independent predictors of GSRE (Table 3). 

 

Relationship between GSRE with LV diastolic function 
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As illustrated in Figure 4, GSRE was significantly and well correlated with E (r = 0.68, 

p < 0.001). GSRE was also significantly correlated with e (r = 0.58, p < 0.001), IRT 

(r = −0.46, p < 0.001) and E/A (r = 0.53, p < 0.001), but not with DT. 

 

Relationship between ASA and age with LV diastolic function 

Tables 4 and 5 provided the data regarding the relationship between ASA and age with 

the conventional indexes of LV diastolic function. ASA was significantly correlated 

with E (r = 0.54, p < 0.001), e (r = 0.57, p < 0.001), IRT (r = −0.41, p < 0.001) and 

E/A (r = 0.60, p < 0.001), but not with DT. Age was also significantly correlated with 

E (r = −0.45, p < 0.001), e (r = −0.59, p < 0.001), IRT (r = 0.40, p < 0.001), E/A 

(r = −0.64, p < 0.001) and DT (r = 0.27, p = 0.017) (Table 5). The stepwise 

multivariate analysis among ASA, age, BMI, and LVMI demonstrated that (1) ASA 

and BMI were independent predictors for E, (2) IRT, ASA, age and BMI were 

independent predictors for e, and (3) age and BMI were independent predictors for 

E/A. 

 

 

DISCUSSION 

 

In the present study, the subjects' ASA correlated more closely with GSRE, E, and e 

than their age. The stepwise multiple regression analysis revealed that ASA and BMI, 

but not age, were the significant independent determinants of the GSRE and E. These 

results suggest that LV deformation, represented by reduced ASA, is one of the 

significant causes of LV diastolic dysfunction—especially of early-diastolic 

myocardial relaxation abnormality in otherwise healthy subjects. An extreme decrease 
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in ASA can cause an intense deformation of the interventricular septum, the so-called 

"sigmoid septum"
16-20

, and LV outflow tract (LVOT) obstruction.
20,25−27

 However, 

none of our 77 subjects had such an advanced deformation or LVOT obstruction. Our 

results primarily show the pathological role of such a minor deformation of LV shape 

which, thus far, has been ignored or considered merely an innocent senile change. 

 

It has been reported that ascending aortic elongation progresses with advancing age 

and atherosclerosis,
28,29

 but sufficient evidence of this has not been documented. 

Redheuil et al.
30

 and Sugawara et al.
31

 reported the relationship between aging and 

aortic elongation using magnetic resonance imaging. A decrease in the ASA is a 

finding frequently seen in elderly subjects, and several investigators have proposed 

that the ascending aortic elongation compresses the LV, causing a decrease in the ASA 

and deformation of the interventricular septum.
16−18

 If this is correct, the LV should 

also be compressed by the diaphragm on the side opposite to the ascending aorta. Thus, 

not only the interventricular septum but also the entire LV myocardium should be 

compressed and deformed. These considerations may explain the relatively strong 

relationship between the ASA and the parameters of LV diastolic function seen in the 

present study. 

 

LV diastolic dysfunction is often observed in healthy older subjects. It has been 

suggested that age-related diastolic dysfunction may be caused by impaired active 

relaxation associated with abnormal Ca
2+

-handling or reduced Ca
2+

 reuptake, and it 

may also be caused by impaired passive relaxation associated with myocardial 

viscoelasticity due to increased myocardial collagen and collagen cross-linking.
2,11,12

 

Additionally, increased collagen and fibrous tissue in aged myocardium
12−15

 may 
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contribute to an increase in chamber stiffness, which is also an integral element of LV 

diastolic dysfunction. LV hypertrophy or concentric remodeling was reported to be 

observed in older subjects without hypertension or any other cardiovascular 

diseases,
32–34

 and may also play a role in the development of diastolic dysfunction in 

the elderly. In addition, some reports suggested that age-related loss of peripheral 

vascular elasticity may be associated with the deterioration of LV diastolic 

function.
35,36

 However, the exact mechanisms of age-related LV diastolic dysfunction 

are not yet clear. 

 

In the present study, BMI was also identified as an independent determinant of LV 

diastolic function by multivariate analysis. It is known that LV mass can increase with 

obesity
37

 and with aging even in healthy populations
32,33

, and increased LV mass has 

been reported to cause LV diastolic dysfunction.
38,39

 In the present study, LVMI was 

significantly correlated with GSRE, E, and E/A. However, these correlations were 

generally weak, and LVMI was not an independent determinant of LV diastolic 

function by the multivariate analysis. Therefore, although left ventricular hypertrophy 

might be associated with LV diastolic function, its influence might not be major in our 

study subjects. On the other hand, an increase in BMI is often associated with a 

diaphragmatic elevation, which may, in turn, compress the heart upward from the 

bottom. Thus, increased BMI may contribute to LV deformation and diastolic 

dysfunction. 

 

There are some limitations to be acknowledged in the present study. First, the number 

of study subjects was limited mainly because we recruited subjects without cardiac or 

systemic diseases that can cause LV diastolic dysfunction such as hypertension, 
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diabetes mellitus, etc. As a result, our study subjects were not so old and did not 

include subjects with advanced septal deformation or typical "sigmoid septum." A 

study of subjects with more advanced LV deformation would have shown a clearer 

relationship between ASA, and LV diastolic function. Secondly, although a 

relationship between systemic arterial stiffness and LV diastolic dysfunction has been 

suggested, we could not assess the relationships among arterial stiffness, ASA, and LV 

diastolic dysfunction in this study. Further research is needed to clarify these 

relationships. 



Okada et al. Aorto-septal angle and LV diastolic function Page. 11 

 

REFERENCES 

 

1. Miyatake K, Okamoto M, Kinoshita N, et al. Augmentation of atrial contribution 

to left ventricular inflow with aging as assessed by intracardiac Doppler flowmetry. 

Am J Cardiol 1984;53:586. 

2. Prasad A, Okazaki K, Arbab-Zadeh A, et al. Abnormalities of Doppler measures of 

diastolic function in the healthy elderly are not related to alterations of left atrial 

pressure. Circulation 2005;111:1499. 

3. Yamada H, Oki T, Mishiro Y, et al. Effect of aging on diastolic left ventricular 

myocardial velocities measured by pulsed tissue Doppler imaging in healthy 

subjects. J Am Soc Echocardiogr 1999;12:574. 

4. Okura H, Takada Y, Yamabe A, et al. Age- and gender-specific changes in the left 

ventricular relaxation: a Doppler echocardiographic study in healthy individuals. 

Circ Cardiovasc Imaging 2009;2:41. 

5. Wierzbowska-Drabik K, Krzemińska-Pakuła M, Chrzanowski L, et al. 

Age-dependency of classic and new parameters of diastolic function. 

Echocardiography 2008;25:149. 

6. Swinne CJ, Shapiro EP, Lima SD, et al. Age-associated changes in left ventricular 

diastolic performance during isometric exercise in normal subjects. Am J Cardiol 

1992;69:823. 

7. Redfield MM, Jacobsen SJ, Burnett JC Jr, et al. Burden of systolic and diastolic 

ventricular dysfunction in the community: appreciating the scope of the heart 

failure epidemic. JAMA 2003;289:194. 

8. Bhatia RS, Tu JV, Lee DS, et al. Outcome of heart failure with preserved ejection 



Okada et al. Aorto-septal angle and LV diastolic function Page. 12 

 

fraction in a population-based study. N Engl J Med 2006;355:260. 

9. Hogg K, Swedberg K, McMurray J. Heart failure with preserved left ventricular 

systolic function; epidemiology, clinical characteristics, and prognosis. J Am Coll 

Cardiol 2004;43:317. 

10. Kane GC, Karon BL, Mahoney DW, et al. Progression of left ventricular diastolic 

dysfunction and risk of heart failure. JAMA 2011;306:856. 

11. Grossman W, McLaurin LP. Diastolic properties of the left ventricle. Ann Intern 

Med 1976;84:316. 

12. Lakatta EG. Arterial and cardiac aging: major shareholders in cardiovascular 

disease enterprises: Part III: Cellular and Molecular Clues to Heart and Arterial 

Aging. Circulation 2003;107:490. 

13. Nishimura RA, Tajik AJ. Evaluation of diastolic filling of left ventricle in health 

and disease: Doppler echocardiography is the clinician’s Rosetta Stone. J Am Coll 

Cardiol 1997;30:8. 

14. Kass DA, Bronzwaer GF, Paulus WJ. What mechanisms underlie diastolic 

dysfunction in heart failure? Circ Res 2004;94:1533. 

15. Templeton GH, Platt MR, Willerson JT, et al. Influence of aging on left ventricular 

hemodynamics and stiffness in beagles. Clin Res 1979;44:189. 

16. Goor D, Lillehei CW, Edwards JE. The "sigmoid septum," variation in the 

contour of the left ventricular outlet. Am J Roentgenol 1969;107:366. 

17. Krasnow N. Subaortic septal bulge simulates hypertrophic cardiomyopathy by 

angulation of the septum with age, independent of focal hypertrophy. An 

echocardiographic study. J Am Soc Echocardiogr 1997;10:545. 



Okada et al. Aorto-septal angle and LV diastolic function Page. 13 

 

18. Swinne CJ, Shapiro EP, Jamart J, et al. Age-associated changes in left ventricular 

outflow tract geometry in normal subjects. Am J Cardiol 1996;78:1070. 

19. Fowles RE, Martin RP, Popp RL. Apparent asymmetric septal hypertrophy due to 

angled interventricular septum. Am J Cardiol 1980;46:386. 

20. Dalldorf FG, Willis PW. Angled aorta ("sigmoid septum") as a cause of 

hypertrophic subaortic stenosis. Hum Pathol 1985;16:457. 

21. Lang RM, Bierig M, Devereux RB, et al. Recommendations for chamber 

quantification: a report from the American Society of Echocardiography’s 

guidelines and standards committee and the chamber quantification writing group, 

developed in conjunction with the European Association of Echocardiography, a 

branch of the European Society of Cardiology. J Am Soc Echocardiogr 

2005;18:1440. 

22. Devereux RB, Alonso DR, Lutas EM, et al. Echocardiographic assessment of left 

ventricular hypertrophy: comparison to necropsy findings. Am J Cardiol 

1986;57:450. 

23. Langeland S, D'hooge J, Wouters PF, et al. Experimental validation of a new 

ultrasound method for the simultaneous assessment of radial and longitudinal 

myocardial deformation independent of insonation angle. Circulation 

2005;112:2157. 

24. Korinek J, Wang J, Sengupta PP, et al. Two-dimensional strain-a 

Doppler-independent ultrasound method for quantitation of regional deformation: 

validation in vitro and in vivo. J Am Soc Echocardiogr 2005;18:1247. 

25. Iida K, Sugishita Y, Ajisaka R, et al. Sigmoid septum causing left ventricular 

outflow tract obstruction: a case report. J Cardiogr 1986;16:237. 



Okada et al. Aorto-septal angle and LV diastolic function Page. 14 

 

26. Ozaki K, Sakuma I, Mitsuma K, et al.. Effect of cibenzoline and atenolol 

administration on dynamic left ventricular obstruction due to sigmoid-shaped 

septum. Circ J 2008;72:2087. 

27. Sato Y, Matsumoto N, Kunimasa T, et al. Sigmoid-shaped ventricular septum 

causing mid-ventricular obstruction: report of 2 cases. Int J Cardiol 2009;132:e97. 

28. Wenn CM, Newman DL. Arterial tortuosity. Australas Phys Eng Sci Med 

1990;13:67. 

29. Waller BF. The old-age heart: normal aging changes which can produce or mimic 

cardiac disease. Clin Cardiol 1988;11:513. 

30. Redheuil A, Yu WC, Mousseaux E, et al. Age-related changes in aortic arch 

geometry: relationship with proximal aortic function and left ventricular mass and 

remodeling. J Am Coll Cardiol 2011;58:1262. 

31. Sugawara J, Hayashi K, Yokoi T, et al. Age-associated elongation of the ascending 

aorta in adults. JACC Cardiovasc Imaging 2008;1:739. 

32. Gerstenblith G, Frederiksen J, Yin FC, et al. Echocardiographic assessment of a 

normal adult aging population. Circulation 1977;56:273. 

33. Daimon M, Watanabe H, Abe Y, et al. Normal values of echocardiographic 

parameters in relation to age in a healthy Japanese population: the JAMP study. 

Circ J 2008;72:1859. 

34. Kaku K, Takeuchi M, Otani K, et al. Age- and gender-dependency of left 

ventricular geometry assessed with real-time three-dimensional transthoracic 

echocardiography. J Am Soc Echocardiogr 2011;24:541. 

35. Kawaguchi M, Hay I, Fetics B, et al. Combined ventricular systolic and arterial 



Okada et al. Aorto-septal angle and LV diastolic function Page. 15 

 

stiffening in patients with heart failure and preserved ejection fraction: 

implications for systolic and diastolic reserve limitations. Circulation 

2003;107:714. 

36. Lam CS, Roger VL, Rodeheffer RJ, et al. Cardiac structure and 

ventricular-vascular function in persons with heart failure and preserved ejection 

fraction from Olmsted County, Minnesota. Circulation 2007;115:1982. 

37. Hammond IW, Devereux RB, Alderman MH, et al. Relation of blood pressure and 

body build to left ventricular mass in normotensive and hypertensive employed 

adults. J Am Coll Cardiol 1988;12:996. 

38. Bountioukos M, Schinkel AF, Bax JJ, et al. The impact of hypertension on systolic 

and diastolic left ventricular function. A tissue Doppler echocardiographic study. 

Am Heart J 2006;151:1323. 

39. Kim H, Cho HO, Cho YK, et al. Relationship between early diastolic strain rate 

imaging and left ventricular geometric patterns in hypertensive patients. Heart 

Vessels 2008;23:271. 



Okada et al. Aorto-septal angle and LV diastolic function Page. 16 

 

FIGURE LEGENDS 

 

Fig. 1. Measurement of the aorto-septal angle. 

The angle between the right ventricular surface of the interventricular septum and the 

anterior wall of the aorta, i.e., the aorto-septal angle (ASA), was measured from the 

parasternal long-axis view at end-diastole. An example of the image with wide ASA 

(141°) obtained from a 52-year-old man (left panel) and that with narrower ASA (95°) 

from a 54-year-old woman (right panel) are shown. 

 

Fig. 2. Measurement of the myocardial strain rate using two-dimensional speckle 

tracking imaging. 

A region of interest (ROI) for the speckle tracking analysis was set on the entire left 

ventricular myocardium in the apical long-axis view (left panel). The peak 

early-diastolic myocardial global strain rate (GSRE) was measured (right panel). 

 

Fig. 3. Correlations between aorto-septal angle, age and body mass index with 

peak early-diastolic myocardial global strain rate from 77 subjects. 

ASA, aorto-septal angle; BMI, body mass index; GSRE, peak early-diastolic global 

longitudinal strain rate. 

 

Fig. 4. Correlations between peak early-diastolic transmitral flow velocity, peak 

early-diastolic mitral annular velocity and left ventricular isovolumic relaxation 

time with peak early-diastolic myocardial global strain rate from 77 subjects. 

E, peak early-diastolic transmitral flow velocity; e, peak early-diastolic mitral annulus 

velocity at the interventricular septum; GSRE, peak early-diastolic longitudinal global 
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strain rate; IRT, LV isovolumic relaxation time. 
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Table 1. Clinical characteristics and echocardiographic features 

Variable Mean ± SD (n=77) Range 

Age (year) 43.2 ± 13.8 20–67 

Aorto-septal angle (° ) 134 ± 13 95–158 

Body surface area (cm
2
) 1.66 ± 0.18 1.35–2.10 

Body mass index (kg/m
2
) 22.1 ± 2.7 16.8–28.4 

Heart rate (bpm) 65.1 ± 11.8 43–104 

LV end-diastolic dimension (mm) 47.0 ± 3.7 38–55 

LV end-systolic dimension (mm) 29.1 ± 3.4 19–39 

LA end-systolic dimension (mm) 33.6 ± 4.6 23–44 

Interventricular septal thickness (mm) 8.9 ± 1.2 6–11 

LV posterior wall thickness (mm) 8.5 ± 1.1 6–10 

LV mass index (g/m
2
) 83.4 ± 15.6 53–115 

LV ejection fraction (%) 65.2 ± 5.0 55–77 

E (m/s) 0.80 ± 0.19 0.42–1.22 

E/A 1.47 ± 0.64 0.56–4.15 

DT (msec) 207 ± 45 107–423 

IRT(msec) 76.5 ± 15.3 44–129 

e (cm/s) 11.3 ± 3.2 5.2–17.3 

E/e 7.4 ± 2.1 3.9–14.0 

GSRE (s
-1

) 1.33 ± 0.32 0.62–2.17 

DT, deceleration time of early-diastolic transmitral flow velocity; E, peak 

early-diastolic transmitral flow velocity; e, peak early-diastolic mitral annulus 

velocity at the interventricular septum; E/A, ratio of E to peak late-diastolic 

transmitral flow velocity; GSRE, peak early-diastolic longitudinal global strain rate; 
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IRT, left ventricular isovolumic relaxation time; LV, left ventricle
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Table 2. Correlations between clinical and echocardiographic variables with GSRE. 

 GSRE 

Variable R p-value 

Age −0.49 < 0.001 

Body mass index −0.50 < 0.001 

LV end-diastolic dimension −0.17 n.s. 

LV end-systolic dimension −0.09 n.s. 

LV ejection fraction −0.06 n.s. 

LV mass index −0.41 < 0.001 

Aorto-septal angle  0.63 < 0.001 

Abbreviations are as in Table 1. 
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Table 3. Stepwise multiple regression analysis for the predictors of GSRE. 

Variable 

Standard coefficient 

(β) 

p-value 

Aorto-septal angle 0.508 < 0.001 

Body mass Index −0.309 0.001 

Corrected R
2
 was 0.459, p < 0.001 for the model. 

Explanatory variables: Aorto-septal angle, Age, Body mass index, and LV mass index. 
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Table 4. Correlations between clinical and echocardiographic variables with LV diastolic function. 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations are as in Table 1. 

 E E/A DT IRT e 

Variable R p-value R p-value R p-value R p-value R p-value 

Age −0.45 < 0.001 −0.64 < 0.001 0.27 0.017 0.40 < 0.001 −0.59 < 0.001 

Aorto-septal angle 0.54 < 0.001 0.60 < 0.001 −0.07 n.s. −0.41 < 0.001 0.57 < 0.001 

Body mass index −0.39 < 0.001 −0.45 < 0.001 0.14 n.s. −0.14 n.s. −0.37 0.001 

LV mass index −0.27 0.017 −0.34 0.002 −0.05 n.s. 0.36 0.001 −0.41 < 0.001 

LV end-diastolic 

dimension 
−0.12 n.s. −0.03 n.s. −0.17 n.s. 0.04 n.s. −0.01 n.s. 

LV ejection fraction 0.22 n.s. 0.11 n.s. −0.14 n.s. 0.01 n.s. −0.05 n.s. 

GSRE 0.68 < 0.001 0.53 < 0.001 −0.14 n.s. −0.46 < 0.001 0.58 < 0.001 
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Table 5. Stepwise multivariate analysis for the predictors of LV diastolic function. 

 

 

 

 

 

 

 

Corrected R
2
 were 0.310, p<0.001 for E, 0.493, p<0.001 for E/A, 0.074, p=0.017 for DT, 0.212, p<0.001 for IRT and 0.450, p<0.001 for e. 

Explanatory variables: Aorto-septal angle, Age, Body mass index, and LV mass index. Abbreviations are as in Table 1. 

 

 

 E E/A DT IRT e 

Variables β p-value β p-value β p-value β p-value β p-value 

Age   −0.56 < 0.001 0.27 0.017   −0.35 0.003 

Aorto-septal angle 0.45 < 0.001     −0.34 0.002 0.28 0.016 

Body mass index −0.22 0.038 −0.33 < 0.001   0.26 0.017   

LV mass index         −0.25 0.009 
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Figure 4 

0.0

0.5

1.0

1.5

0.0 1.0 2.0 3.0

E (m/s) 

GSRE (s−1) 

0

5

10

15

20

0.0 1.0 2.0 3.0

e' (cm/s) 

n = 77 

r = 0.68 

p < 0.001 

n = 77 

r = 0.58 

p < 0.001 
0

30

60

90

120

150

0.0 1.0 2.0 3.0

IRT (msec) 

n = 77 

r = −0.46 

p < 0.001 

GSRE (s−1) GSRE (s−1) 


