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Abstract 

Objectives: Arterial stiffness was supposed to be involved in the formation of left ventricular geometry, but the precise was 
not fully elucidated. The present study investigated the relationship between various left ventricular geometric patterns and 
the cardio ankle vascular index (CAVI) among patients with metabolic disorders. 

Methods: Patients (n=1046) with some of the risks like metabolic disorders such as diabetes mellitus, hypertension, and 
dyslipidemia were enrolled. Based on the relative wall thickness (RWT) and the left ventricular mass index (LVMI) by echo-
cardiography, the patients were divided into 4 patterns of left ventricular geometry: normal geometry (NG, n=157), concen-
tric remodeling (CR, n=435), concentric hypertrophy (CH, n=412) and eccentric hypertrophy (EH, n=42). Left ventricular 
ejection fraction (EF), early diastolic mitral annular velocity (e’) were examined by echocardiography. CAVI was measured 
using Vasela 1500.

Results: Gender, age, and body weight were almost equal in the 4 groups. Systolic and diastolic BP were significantly higher 
in the order of NG, CR and CH (127/76, 134/81 and 143/84mmHg, p<0.001, respectively). CAVI was higher in the order 
of NG, CR and CH (8.7, 9.3 and 9.4, p<0.001, p<0.05, respectively). In contrast, both BP and CAVI were not higher in EH 
compared to CH (131/78 to 143/84, p<0.001 and 8.8 to 9.4, p<0.05). EF was decreased slightly in CH and the lowest in EH.e’ 
was the lowest in CH. In the NG, CR and CH groups, CAVI was a significant factor for RWT independently of systolic blood 
pressure (β 0.152 P<0.001) and in the NG and EH groups, CAVI was the only contributing factor for RWT (β 0.187 P<0.01).

Conclusions: For the formation of left ventricular geometries, CR and CH could be influenced by BP and CAVI, whereas EH 
might be more related to myocardium dysfunction itself. 

Keywords: Left Ventricular Geometry; Left Ventricular Mass Index; Arterial Stiffness; Cardio Ankle Vascular Index; Hyper-
tension
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Introduction

	 Left ventricular hypertrophy (LVH) is well known as 
a risk for cardiovascular disease [1,2]. Currently, the formu-
la for chamber quantification of left ventricular (LV) geometry 
recommended by the American Society of Echocardiography 
(ASE) has been proposed [3,4]. LV geometry correlates the rel-
ative wall thickness (RWT) and the mass (hypertrophy), which 
explains the relationship between wall thickness and cavity size 
[5]. Using these two features, LV geometry could be classified 
as follows: normal geometry, concentric remodeling, concentric 
hypertrophy and eccentric hypertrophy [6,7]. Furthermore, the 
Framingham study reported that subjects with concentric hyper-
trophy have the worst prognosis, followed by eccentric hypertro-
phy, concentric remodeling and normal geometry [8]. As for the 
mechanism and contribution factors for LV geometry, the degree 
and the duration of hypertension are known to be very import-
ant factors; arterial stiffness is also thought to be important as 
an afterload of the heart. In the past, arterial stiffness had been 
measured using pulse wave velocity (PWV), such as carotid-fem-
oral pulse wave velocity (cfPWV). However, PWV is intrinsically 
dependent on blood pressure (BP) at the measuring time [9-11]. 
Therefore, it is difficult to evaluate the role of arterial stiffness 
measured with PWV in LV remodeling. 

	 Recently, the cardio-ankle vascular index (CAVI) was 
developed as an indicator of arterial stiffness from the origin of 
the aorta to the ankle [12]. The feature of CAVI is its indepen-
dency from blood pressure at the time of measurement [13, 14]. 
As a marker of arterial diastolic-to-systolic stiffening, CAVI may 
be suitable to assess the arterial stiffness. Several papers have re-
ported the importance of CAVI in the formation of left ventricle 
remodeling [11,15-17]. However, the precise role of CAVI in the 
formation of various types of LV geometry has not been fully 
clarified.

Methods

Subjects

	 In this retrospective observational study, patients 
(n=1046) with some of the risks like metabolic disorders (diabe-
tes mellitus (DM), hypertension (HT) and dyslipidemia (DL)), 
who visited our hospital from 2007 to 2017 were enrolled. DM 
was defined as glycated hemoglobin (HbA1c) concentration of 
≥6.5% (according to the National Glycohemoglobin Standard-
ization Program) or the presence of antidiabetic treatment. HT 
was defined as a systolic BP of ≥140 mm Hg and/or a diastolic 
BP of ≥90 mm Hg or presence of antihypertensive treatment. 

DL was defined as a low-density lipoprotein cholesterol level of 
≥140 mg/dL, a high-density lipoprotein cholesterol level of <40 
mg/dL or a triglyceride level of ≥150 mg/dL or the presence of 
antihyperlipidemic treatment. Exclusion criteria were as follows: 
acute myocardial infarction, acute myocarditis, open-heart sur-
gery, atrial fibrillation, severe obesity (body mass index >35), 
atherosclerosis obliterans (ankle-brachial index <0.9) and more 
than moderate valvular stenosis or regurgitation. There were 
159 (15%) subjects with cerebrovascular disease (CVD) and 
326 (31%) with coronary artery disease (CAD). Examination of 
CAVI and echocardiography were performed at the same time. 

Echocardiography measurement

	 The GE Vivid7, E9, S5 and S6 Ultrasound System 
(GE Healthcare, Boston, MA) were used for two-dimensional, 
M-mode, and color Doppler echocardiography. LV end-systol-
ic and diastolic dimensions (LVEDD), septal and posterior wall 
thickness, LV ejection fraction (EF), and diastolic function were 
measured according to the American Society of Echocardiogra-
phy (ASE) guidelines [3,4]. The average of the peak mitral annu-
lar systolic (s’) and early diastolic velocity (e’) at the medial and 
lateral walls was used to estimate LV systolic function and early 
diastolic relaxation using tissue Doppler imaging. The ratio of 
early transmitral flow filling velocity (E) to e’ (E/e’) was used to 
estimate LV filling. LV mass (LVM) was calculated from the sim-
plified cubed equation formula and indexed to body surface area. 
Relative wall thickness (RWT) was used as a surrogate of LV con-
centric geometry and calculated from the sum of LV septal and 
posterior wall thickness divided by LV internal dimension at the 
end of diastole.

	 LVM was calculated using the ASE formula: 0.8∙(1.04∙ 
((IVSD+LVEDD+PWTD)3-(LVEDD)3)) +0.6. The left ventric-
ular mass index (LVMI) was calculated as LVM/body surface 
area. LVH was defined as increased LVMI (≥96 g/m2 in females; 
≥116 g/m2 in males). Normal LVMI was defined as <96 g/m2 in 
females and <116 g/m2 in males. RWT was calculated using the 
ASE formula: RWT = 2∙ posterior wall thickness in diastole/left 
ventricular internal dimension in diastole. Increased RWT was 
defined as RWT >0.42, and normal RWT was defined as RWT 
≤0.42. Based on the measured values, all patients were classified 
into the following 4 groups according to the ASE guidelines: nor-
mal geometry (NG; normal LVMI and normal RWT), concentric 
remodeling (CR; normal LVMI and increased RWT), concentric 
hypertrophy (CH; increased LVMI and increased RWT) and ec-
centric hypertrophy (EH; increased LVMI and normal RWT). 
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All measurements were performed by trained sonographers and 
confirmed to these results by cardiologists.

CAVI Measurements

	 All measurements were conducted in a quiet room kept 
at a constant temperature. CAVI was measured using the vas-
cular screening system, VaSera1500 (Fukuda Denshi Co., Ltd., 
Tokyo, Japan). The methods were described previously [12,14]. 
Briefly, cuffs were applied to bilateral upper arms and ankles, 
with the subject supine and the head held in the midline posi-
tion. Examinations were performed after resting for 10 min. To 
detect brachial and ankle pulse waves with cuffs, a low cuff pres-
sure of 30–50 mmHg was used to ensure the minimal effect of 
cuff pressure on hemodynamics. BP was measured thereafter. 

CAVI was determined by the following equation:

CAVI = a{(2p/∆P) × ln (Ps/Pd) PWV2} + b,

	 Where Ps and Pd are systolic and diastolic BP, respec-
tively, PWV is pulse wave velocity from the origin of the aorta 
to the junction of the tibial artery with the femoral artery, ΔP is 
Ps-Pd, p is blood density, and a and b are constants. The equation 
is derived from Bramwell-Hill’s equation and the stiffness pa-
rameter β, and CAVI was adjusted for BP based on the stiffness 
parameter β. We used the right CAVI value for this study.

BP and Heart Rate Measurements

	 BP and heart rate (HR) were measured at the time of 
CAVI measurement by VaSera1500.Examinations were per-
formed after resting for 10 min. We used the right upper arm 
blood pressure for this study.

Statistical Analyses

	 Continuous variables were expressed as mean ± stan-
dard deviation for normally distributed variables and median 
(IQR) for skewed distributed variables. The continuous vari-
ables were evaluated for statistical significance by ANOVA and 
post-hoc tests. Tukey-Kramer test was used for post-hoc analy-
sis. Categorical variables were assessed by the chi-squared test. 
The correlation between RWT or LVMI and each parameter was 
evaluated using Spearman`s correlations. Variables with p values 
<0.05 on univariate analysis were entered into a multiple regres-
sion analysis using a forward stepwise algorithm. All statistical 
analysis was double-sided. Statistical analysis was performed us-
ing the SPSS software package (PASW Statistics 18, Chicago, IL, 
USA). P-value of <0.05 was considered statistically significant. 

Ethics

	 This retrospective observational study was approved by 
the Ethics Committee of Toho University Sakura Medical Center 
(S17097). Informed consent was obtained in the form of opt-out 
on the website.

Results

Clinical features of the 4 groups of patients with various 
left ventricle geometric patterns

	 The patients (n=1046) were divided into four groups: 
normal geometry (NG, n=157), concentric remodeling (CR, 
n=435), concentric hypertrophy (CH, n=412) and eccentric hy-
pertrophy (EH, n=42).

	 Table 1 shows the backgrounds of patients. Gender, age, 
and body weight were almost equal and non-significant differ-
ences among the 4 groups.

NG

(n=157)

CR

(n=435)

CH

(n=412)

EH

(n=42) P value

Men (%) 102 (65) 313 (72) 274 (67) 31 (74) n.s.

Age (year)
64.0

(59.0, 69.0)

66.0

(59.0, 71.0)

66.0

(58.0, 73.8)

63.0

(57.0, 71.5)
n.s.

Height (cm) 163.6±8.7 163.3±8.7 162.1±9.3 164.2±8.1 n.s.

BW (kg) 64.1±12.0 66.2±13.4 66.6±13.1 68.3±12.1 n.s.

BMI (kg/m2)
23.6

(21.8, 25.5)

23.9

(22.1, 26.4)

25.0

(22.6, 27.6)

24.8

(21.8, 28.3)
**NG to CH
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HR (bpm)
64

(58, 71)

66

(60, 76)

67

(59, 77)

67

(62, 78)

*NG to CR

**NG to CH

Cre (mg/dl)
0.79

(0.67, 0.92)

0.82

(0.69, 0.96)

0.86

(0.71, 1.10)

0.88

(0.75, 1.11)

***NG to CH

***CR to CH

TC (mg/dl) 187±41 196±42 195±45 184±39 n.s.

TG (mg/dl) 144±130 150±110 144±125 120±64 n.s.

LDL (mg/dl) 106±35 114±36 116±36 109±34 *NG to CH

HDL (mg/dl) 55±15 52±16 51±15 49±15 *NG to CH

BNP (pg/ml)
22.5

(9.9, 42.9)

28.5

(13.2, 51.0)

72.1

(30.6, 212.7)

144.0

(54.3, 717.6)

***NG to CH

***NG to EH

***CR to CH

***CR to EH

***CH to EH

HbA1c (%)
5.8

(5.4, 6.3)

5.8

(5.4, 6.8)

6.0

(5.6, 7.0)

5.7

(5.3, 6.4)
**NG to CH

Smoking (%) 20 (13) 62 (14) 86 (21) 7 (17) *CR to CH

CVD (%) 7 (4) 61 (14) 87 (21) 4 (10)
*NG to CR

**NG to CH

CAD (%) 48 (31) 125 (29) 136 (33) 17 (40) n.s.

HT (%) 84 (54) 314 (72) 359 (87) 25 (59)

***NG to CR

***NG to CH

***CR to CH

***CH to EH

DM (%) 45 (29) 182 (42) 183 (44) 13 (31)
*NG to CR

**NG to CH

DL (%) 96 (61) 315 (73) 297 (72) 28 (67) *NG to CR

Ca-b (%) 52 (33) 178 (41) 190 (46) 14 (33) *NG to CH
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ARB (%) 41 (26) 181 (42) 189 (46) 15 (36)
**NG to CR

***NG to CH

α-b (%) 2 (1) 3 (1) 17 (4) 4 (9)

*NG to EH

**CR to CH

**CR to EH

β- b (%) 19 (12) 66 (15) 117 (28) 13 (31)

***NG to CH

*NG to EH

***CR to CH

Diuretics (%)  7 (4) 26 (6) 79 (19) 12 (29)

***NG to CH

***NG to EH

***CR to CH

***CR to EH
Table 1. Clinical characteristics of subjects 

Values expressed as mean (SD) or number (%), and median (interquartile range).

p<0.05, **p<0.01,***p<0.001*

Abbreviations: NG, normal geometry; CR, concentric remodeling; CH, concentric hypertrophy; EH, eccentric hypertrophy; BW, body weight; BMI, 
body mass index; HR, heart rate; bpm, beats per minute; Cre, creatinine; TC, total cholesterol; TG, triglycerides; LDL,low-density lipoprotein choles-
terol; HDL, high-density lipoprotein cholesterol; BNP, plasma brain natriuretic peptide; CVD, cerebrovascular disease; CAD, coronary artery disease; 
HT, hypertension; DM, diabetes mellitus; DL, dyslipidemia; Ca-b, calcium channel blocker; ARB, angiotensin II receptor blocker; α-b, α blocker; β- b, 
βblocker.

	 Plasma brain natriuretic peptide (BNP) values were as 
follows; NG: 22.5pg/ml (9.9, 42.9), CR: 28.5pg/ml (13.2, 51.0), 
CH: 72.1pg/ml (30.6, 212.7), and EH: 144.0pg/ml (54.3, 717.6), 
respectively. Significant changes were not observed among NG 
and CR. CH was high compared to CR (p<0.001). EH was the 
highest among the four groups (NG to EH, P<0.001, CR to EH, 
P<0.001, CH to EH, P<0.001).

Blood pressure, CAVI, ejection fraction and e’ in 4 
groups of left ventricular geometries

	 As shown in Figure1, systolic BP (SBP) and diastolic 
BP (DBP) were significantly higher in the order of NG, CR, and 
CH, respectively. Arterial stiffness evaluated by CAVI was higher 
in CR and CH than in NG. In contrast, BP and CAVI were not 
higher in EH compared to CH (SBP; 131 to 143, p<0.001. DBP; 
78 to 84, p<0.001. CAVI; 8.8 to 9.4, p<0.05). These results sug-
gested that hypertension and high CAVI might be involved in 
the formation of CR and CH.

	 Next, cardiac functions were compared among the 4 
groups. As shown in Figure 2, the ejection fraction was main-
tained in NG and CR, but decreased significantly in CH, and 
decreased further in EH. On the other hand, é decreased signifi-
cantly in the order of NG, CR, and CH. However, this trend was 
not recognized in EH. These results suggested that CR and CH 
were related to heart failure with reduced ejection fraction and 
preserved ejection fraction, whereas, EH was mainly related to 
heart failure with reduced ejection fraction.

	 Those results might suggest that CR and CH were ap-
parently the same series of LV remodeling, whereas EH was 
seemed to be another continuum as shown in Figures 1 and 2. 
Therefore, to determine the precise contributing factors for RWT 
and LVMI, the background factors in NG, CR, and CH groups 
and those in NG and EH groups were separately analyzed. Age, 
BMI, HR, SBP, DBP, Cre, TC, TG, LDL, HDL, and CAVI were 
investigated in the next.
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Figure 1. Blood pressure and CAVI in the 4 groups of left ventricular geometry 
patterns. 
Values are median (interquartile range).

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; CAVI, 
cardio-ankle vascular index; NG, normal geometry; CR, concentric remodeling; 
CH, concentric hypertrophy; EH, eccentric hypertrophy.

*p<0.05, **p<0.01, ***p<0.001. Tukey-Kramer test was used for post-hoc anal-
ysis.

Figure 2. Ejection fraction and e’ in the 4 groups of left ventricular geometry 
patterns. 
Values are median (interquartile range). 
Abbreviations: EF, ejection fraction. 
*p<0.05, ***p<0.001. Tukey-Kramer test was used for post-hoc analysis.

The correlations between RWT and various parameters 
in NG, CR and CH groups.	

	 (Table 2A) shows the correlations between RWT and 
various parameters in NG, CR, and CH groups. RWT had a pos-
itive correlation with age, BMI, HR, SBP, DBP, Cre, TG, LDL and 
CAVI. HDL had a negative correlation with RWT. By the multi-
ple regression analysis, HR, SBP, Cre, LDL, HDL, and CAVI were 
significant factors for RWT.

The correlations between RWT and various parameters 
in NG, and EH groups.

	 (Table 2B) showed that CAVI was a contributing factor 
for RWT among NG and EH groups. RWT had a positive cor-
relation with Age and CAVI. By the multiple regression analysis, 
CAVI was a significant factor for RWT. 
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The correlations between LVMI and various parameters 
in NG, CR and CH groups. 

	 (Table 3A) shows the correlations between LVMI and 
each parameter in NG, CR and CH groups. LVMI had a positive 
correlation with BMI, SBP, DBP, Cre, and CAVI. TC and HDL 
showed a negative correlation. By the multiple regression analy-
sis, SBP, Cre, HDL, and CAVI were significant factors for LVMI 
among NG, CR and CH groups.

Univariate Multivariate
Variables r Pvalue β Pvalue

Age 0.086 <0.01
BMI 0.116 <0.001
HR 0.207 <0.001 0.130 <0.001
SBP 0.309 <0.001 0.233 <0.001
DBP 0.269 <0.001
Cre 0.098 <0.01 0.085 <0.01
TC 0.032 n.s.
TG 0.114 <0.001

LDL 0.098 <0.01 0.069 <0.05

HDL -0.156 <0.001 -0.127 <0.001

CAVI 0.245 <0.001 0.152 <0.001

Table 2A. The correlations between RWT and each parameter in the NG, CR and CH groups

Age, BMI, HR, SBP, DBP, Cre, TC, TG, LDL, HDL and CAVI were investigated.

Abbreviations: RWT, relative wall thickness; NG, normal geometry; CR, concentric remodeling; CH, concentric hypertrophy; BMI, body mass 
index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; Cre, creatinine; LDL, low-density lipoprotein cholesterol; HDL, 
high-density lipoprotein cholesterol; CAVI, cardio ankle vascular index.

The correlations between LVMI and various parameters 
in NG and EH groups.

	 (Table 3B) shows the correlations between LVMI and 
various parameters in NG and EH groups. LVMI had a positive 
correlation with BMI, Cre, and TC. HDL had a negative correla-
tion. The multiple regression analysis showed that Cre and SBP 
were significant factors for LVMI in this group, but CAVI was 
not significant.

Univariate Multivariate
variables r Pvalue β Pvalue

Age 0.175 <0.05
BMI -0.096 n.s.
HR -0.079 n.s.
SBP 0.027 n.s.
DBP 0.025 n.s.
Cre -0.060 n.s.
TC -0.042 n.s.
TG 0.002 n.s.

LDL -0.126 n.s.

HDL 0.045 n.s.

CAVI 0.141 <0.05 0.187 <0.01
Table 2B. The correlations between RWT and each parameter in the NG and EH groups

Age, BMI, HR, SBP, DBP, Cre, TC, TG, LDL, HDL and CAVI were investigated.

Abbreviations: RWT, relative wall thickness; NG, normal geometry; EH, eccentric hypertrophy; TC, total cholesterol; LDL, low-density lipopro-
tein cholesterol; CAVI, cardio ankle vascular index.
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Univariate Multivariate
variables r Pvalue β Pvalue

Age 0.059 n.s.
BMI 0.127 <0.001
HR -0.024 n.s.
SBP 0.281 <0.001 0.278 <0.001
DBP 0.183 <0.001
Cre 0.253 <0.001 0.170 <0.001
TC -0.082 <0.05
TG 0.016 n.s.

LDL -0.015 n.s.
HDL -0.157 <0.001 -0.073 <0.05
CAVI 0.171 <0.001 0.068 <0.05

Table 3A. The correlations between LVMI and each parameter in the NG, CR and CH groups

Age, BMI, HR, SBP, DBP, Cre, TC, TG, LDL, HDL and CAVI were investigated.

Abbreviations:LVMI, left ventricular mass index; NG, normal geometry; CR, concentric remodeling; CH, concentric hypertrophy; BMI, body 
mass index;SBP, systolic blood pressure; DBP, diastolic blood pressure; Cre, creatinine; HDL, high-density lipoprotein cholesterol; CAVI, cardio 
ankle vascular index.

Univariate Multivariate
variables r Pvalue β Pvalue

Age 0.053 n.s.
BMI 0.142 <0.05 0.139 <0.05
HR 0.067 n.s.
SBP 0.099 n.s.
DBP 0.037 n.s.
Cre 0.298 <0.001 0.347 <0.001
TC -0.168 <0.05
TG 0.025 n.s.

LDL -0.132 n.s.
HDL -0.195 <0.01
CAVI 0.125 n.s.

Table 3B. The correlations between LVMI and each parameter in the NG and EH groups

Age, BMI, HR, SBP, DBP, Cre, TC, TG, LDL, HDL and CAVI were investigated.

Abbreviations:LVMI, left ventricular mass index; NG, normal geometry; EH, eccentric hypertrophy; BMI, body mass index; HR, heart rate; SBP, 
systolic blood pressure; Cre, creatinine.

Discussion

	 The cardiac geometry has been classified into four sec-
tions according to the relative wall thickness (RWT) and the left 
ventricular mass index (LVMI) [3,4]. In the present study, pa-
tients (n=1046) with some of the risks like metabolic disorders 
such as diabetes mellitus, hypertension, and dyslipidemia were 
enrolled. Based on RWT and LVMI, the patients were divided 
into 4 patterns of left ventricular geometry: normal geometry 
(NG, n=157), concentric remodeling (CR, n=435), concen-
tric hypertrophy (CH, n=412) and eccentric hypertrophy (EH, 
n=42). Gender, age, and body weight were almost equal in the 
4 groups. As shown in Figures 1 and 2, systolic and diastolic BP 

were significantly higher in the order of NG, CR, and CH. CAVI 
was higher in the order of NG, CR, and CH. In contrast, both 
BP and CAVI were not higher in EH compared to CH. EF was 
decreased slightly in CH and the lowest in EH. e' was the lowest 
in CH. From these results, as shown in figure 3, we hypothesized 
that CR and CH were the same series of LV remodeling, whereas 
EH was seemed to be another continuum. Furthermore, to de-
termine the precise contributing factors for RWT and LVMI, the 
background factors in NG, CR, and CH groups and those in NG 
and EH groups were separately analyzed. The reason why NG 
was included in both groups, the significances of various con-
tributing factors for CR, CH and EH would become much clear 
by including NG group. 
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	 Whereas EH was affected less by blood pressure and ar-
terial stiffness measured as CAVI, RWT in EH was related with 
CAVI, but LVMI in EH was not related with CAVI. These results 
suggested that EH formation was not influenced by afterload 
for the left ventricle. BNP in EH was the highest among 4 ge-
ometries. One of the causes of low CAVI might be attributed to 
high BNP, because BNP is known to decrease vascular resistance, 
causing arterial dilation and leading to reduced blood pressure 
and ventricular afterload [20,21]. BNP also has relaxing effects 
on the myocardium [22,23]. 

	 From these results, it was speculated that formations 
of myocardial geometries could be divided into two types: one 
is associated with high BP and high CAVI (indicating a high 
afterload), accompanied by atherosclerosis risk factors such as 
obesity [24,25], HT [26,27], chronic kidney disease [28,29] and 
low HDL [30]. The other type is caused by myocardium disorder 
itself associated with relatively low BP and low CAVI. Consider-
ing those results, EH formation might not be far advanced form 
from CH, but, it might be formed due to cardiovascular dysfunc-
tion itself. Another hypothesis was mentioned as follows; EH 
would be far beyond the CH, accompanying decreased ejection 
fraction. And this decreased ejection fraction might induce a de-
crease of arterial stiffness as compensation of decreased ejection 
fraction by accompanying with secreting BNP. But there was not 
enough evidence to support the later hypothesis. Further studies 
were required to clarify the process and mechanism of how four 
geometries were formed.

Study limitations

	 First, this study is a cross-sectional survey, and there-
fore, a longitudinal investigation is necessary to prove factors 
affecting the change of LVMI. Second, the numbers of EH pa-
tients were very small compared to CR and CH patients. Precise 
observations are needed in the clinical course of the EH patient. 
Thirds, this study was performed by only a single center. Fourth, 
the examination was performed under regular daily medications.

Conclusion

	 It is suggested that the additional assessment of CAVI 
to LV geometric patterns using echocardiographic studies would 
facilitate differentiation of the geometries and contribute a deep 
understanding of cardiovascular diseases. BP and CAVI might 
be involved in the formation of CR and CH, whereas EH might 
be caused by the myocardium disorder itself. Further studies 
were required to clarify the mechanism of how four geometries 
were formed. 

	 In a multiple regression analysis, CAVI was a signifi-
cant factor for RWT in the NG, CR and CH groups (β 0.152, 
P<0.001) in addition to HR, SBP, Cre, LDL, and HDL. In NG 
and EH groups, CAVI was the only significant factor (β 0.187, 
P<0.01).As for LVMI, multiple regression analysis showed that 
CAVI was the significant factor in the NG, CR and CH groups (β 
0.068, P<0.05), but was not in the NG and EH groups.

	 These results supported the idea that CR and CH were 
apparently the same series of LV remodeling associating with 
RWT and LVMI mainly affected by systolic blood pressure and 
arterial stiffness measured as CAVI. CAVI reflected the arteri-
al stiffness from the origin of the aorta to the ankle and might 
work as afterload for the left ventricle. In the case of heart fail-
ure, Ohira reported that CAVI was negatively correlated with 
left ventricular ejection fraction (EF) in patients with heart fail-
ure [18]. And, after treatment of heart failure, improvement of 
EF was correlated significantly with a decrease in CAVI. These 
results might be consistent with the idea that CAVI could play 
an afterload for the left ventricle, and adversely affect EF during 
heart failure. This observation is essentially consistent with our 
findings that CAVI is high and EF is low in CH comparing with 
those in NG. Furthermore, recently, left atrial reservoir func-
tion has been reported to be inversely correlated with CAVI in a 
community-based cohort [19]. Since reduced left atrial reservoir 
function was brought by left ventricle overload which was also 
affected by CAVI as afterload of the left ventricle. Thus, an in-
verse correlation between left atrial reservoir function and CAVI 
might be also consistent with high CAVI observed in CR and CH 
in our present study. 

Figure 3.The two continuums in the left ventricular geometries 
Abbreviations: RWT, relative wall thickness; LVMI, left ventricular mass index.
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