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Background: Impaired left ventricular (LV) relaxation is indicative of grade I diastolic dysfunction, which is mainly assessed by late 
diastolic transmitral flow velocity (E/A ratio). Although the E/A ratio has important diagnostic and prognostic implications with 
cardiac outcomes, the causal link between abnormal E/A ratio and left ventricle remodeling (LV remodeling) remains unclear.
Methods: A longitudinal analysis of 869 eligible women aged ≥45 years, who had received echocardiography scans as well as 5-year 
follow-up assessments between 2015 and 2020. Women with pre-existing cardiac abnormalities including grade II/III diastolic 
dysfunction as diagnosed by echocardiography, or structural heart disease were excluded. E/A abnormality was defined as baseline 
E/A ratio <0.8. The classification of LV remodeling was based on the measurements of left ventricular mass index (LVMI) and relative 
wall thickness (RWT). Logistic and linear regression models were used.
Results: Among the 869 women (60.71±10.01 years), 164 (18.9%) had developed LV remodeling after the 5-year follow-up. The 
proportion of women with E/A abnormality versus non-abnormality was also significantly different (27.13% vs 16.59%, P=0.007). 
Multivariable-adjusted regression models showed that E/A abnormality (OR: 4.14, 95%Cl:1.80–9.20, P=0.009) was significantly 
associated with higher risk of concentric hypertrophy (CH) after follow-up. No such association was found in either concentric 
remodeling (CR) or eccentric hypertrophy (EH). Higher baseline E/A ratio was correlated with lower ΔRWT during the 5-year follow- 
up (β=−0.006 m/s, 95% CI: −0.012 to −0.002, P=0.025), which was independent of demographics and biological factors.
Conclusion: E/A abnormality is associated with a higher risk of CH. Higher baseline E/A ratio may be associated with decreased 
relative changes in RWT.
Keywords: diastolic dysfunction, middle-aged women, left ventricular remodeling, echocardiography, heart failure

Introduction
Left ventricular diastolic dysfunction (LVDD) describes abnormal diastolic properties of the left ventricle and is 
characterized by delayed myocardial relaxation and incomplete ventricular filling. Studies have reported that patients 
with impaired left ventricle (LV) relaxation have an increased risk of sudden cardiac death.1,2 Based on the current 
literature, the early to late diastolic transmitral flow velocity (E/A ratio) was the key marker for the assessment of LV 
relaxation impairment.3,4 E/A ratio <0.8 has been recognized as a simple but strong indicator of LVDD and related to the 
poor prognosis of heart failure (HF).5–7 Among middle-aged and elderly community dwellers, 20–25% can develop E/A 
abnormality, with prognostic implications and higher adverse cardiovascular outcome.8
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It is well established that adverse left ventricle remodeling (LV remodeling) and diastolic dysfunction are the main 
pathophysiological markers of patients with heart failure with preserved ejection fraction.9,10 Although the major risk 
factors of LV remodeling and diastolic dysfunction have been separately reported in many studies, the interactive role of 
diastolic dysfunction and LV remodeling in the general population is still unclear. In the conventional paradigm of the 
natural history of HF, the left ventricle may first develop structural abnormalities with a subsequent change in diastolic 
function impairment. Nevertheless, evidence from experimental animal models sheds light on the interactive relationship 
between LVDD and ventricular remodeling. By using a spontaneous hypertensive rat model, Dupont et al11 suggests that 
impaired LV relaxation is compromised before the onset of hypertension and left ventricular hypertrophy (LVH). These 
results have been subsequently confirmed by Di Bello et al.12 However, it is still difficult to consider impaired LV 
relaxation as an early event in the cascade of the development of LVH, due to the limited data in humans.

In this study, we hypothesized that an E/A ratio abnormality in middle-aged and elderly women may precede LV 
remodeling. The association between the E/A abnormality and the development of LV remodeling may vary across the 
subtypes of LV remodeling. This longitudinal study sought to determine, in a community-based population, whether 
a baseline E/A abnormality determined by the results of an echocardiographic test was associated with abnormal left 
ventricular structural changes over time in the absence of interval myocardial infarction.

Materials and Methods
Study Population and Data Collection
The data in this study were obtained from a 5-year cohort in the Shanghai Zhangjiang community. At the baseline 
examination, all participants received a structured interview, physical examination, blood biochemical indexes’ tests and 
echocardiography scan at the baseline survey in 2015. Among 1,438 middle-aged and elderly women with no history of 
myocardial infarction (MI), HF, valvular heart disease (VHD) and echocardiography-based LV structural abnormality, 
934 participants had repeated echocardiography assessment in 2020. 869 participants who had echocardiography 
measures at both time-points in outpatient clinic and had no missing values in any covariates were included in the 
present study (Figure 1). Informed consent for this study was given by all participants and the Ethics Committee of 
Shanghai University of Traditional Chinese Medicine approved the study.

Demographic and medical information including age, body mass index (BMI), and history of diabetes/hypertension 
was obtained from medical records or the structured interview. Subjects with fasting blood glucose (FBG) ≥7.0 mmol/L 
were diagnosed with diabetes.13 Subjects with either systolic blood pressure (SBP) ≥140 mmHg or diastolic blood 
pressure (DBP)≥90 mmHg were considered as having hypertension.14

Blood samples were obtained after an overnight fast, and the brain natriuretic peptide (BNP), serum high-sensitivity 
C-reactive protein (hsCRP), and homocysteine (HCY) were obtained measured in a laboratory. The value of the brachial- 
ankle pulse wave analysis (BaPWV) was obtained from an automatic radial arterial pulse wave monitor (Colin Medical 
Technology, Komaki, Japan). Additionally, SBP and DBP were determined with a physical examination. Details 
regarding the process of blood sample collection and other data collection have been reported elsewhere.8,15

Echocardiographic Analysis
A two-dimensional (2D) echocardiographic evaluation was completed using a color Doppler ultrasonic device equipped 
with a 1.0–5.0 MHz transducer (GE Vivid 7; General Motors Corporation, NY, USA). One of two trained sonographers 
performed all echocardiograms. An experienced cardiologist, without prior knowledge of the patients, interpreted the 
results. Recorded measurements included: the left atrium diameter (LAD), left ventricular ejection fraction (LVEF), left 
ventricular internal diameter at end-diastole (LVIDd), left ventricular at end-systolic diastole (LVISd), posterior left 
ventricular wall thickness (PVWT), and interventricular septal thickness (IVST). Furthermore, the calculation of the left 
ventricular mass (LVM) was performed using the following formula:16 LVM (g) = 0.8 × {1.04 × [(LVI Dd + PVWT + 
IVST)3 - (LV I Dd)3 + 0.6 (g). The LVM index (LVMI) was generated by indexed body surface area. E (peak early 
diastolic flow velocity) and A (late diastolic transmitral flow velocity) were recorded by the transmittal inflow velocity 
signals at the mitral tip by color Doppler echocardiography in the apical way.
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The calculation of E/A ratio was the value of early diastolic flow velocity (E velocity) divided by late diastolic 
transmitral flow velocity (A velocity). The E/e’ ratio was calculated by the value of E velocity and mitral annulus early 
diastolic velocity (e’).

Definition of an E/A Abnormality
The American Society of Echocardiography17 suggested that patients with an E/A ratio ≤0.8 should be considered as having an 
early stage of LVDD. Recently, Jeong et al18 proposed a diagnosis of normal LV diastolic function including 0.75 < E/A ratio < 
1.5. Therefore, we defined E/A ratio abnormality as E/A ratio < 0.8, and normal E/A ratio as 0.8 ≤ E/A ratio < 1.5. The E/A ratio 
was calculated based on the data obtained using Doppler tissue imaging from a four-chamber view.

Classification of Left Ventricular Remodeling
Different LV remodeling types were determined according to the guidelines from the American Heart Association (AHA) and 
recent studies.16,19 The calculation of RWT was based on the following formula: (RWT) = (2 × PVWT)/ LVIDd. As shown in 
Figure S1, we classified patients into four types of LV remodeling: 1) normal geometry, 2) concentric remodeling (CR), 3) 
concentric hypertrophy (CH), and 4) eccentric hypertrophy (EH). Echocardiography measurements in different patterns of LV 
remodeling are presented in Table S1.

Women participated in 2015 clinic
or questionnaire N=2436

Final study sample
N=869

Participated in 2015 in outpatient clinic
N=2056

Participated with no history of CAD, 
HF or VHD, N=1438

Participants with echocardiographic 
evaluation in either 2015 or 2020, N=934

Participants with no abnormal cardiac 
structure and E/A ratio ≥ 1.5 detected by 
echocardiographic evaluation, N=1223

Completed 2015 phase questionnaire 
only, did not attend clinic, N=380

No echocardiographic evaluation in 
either 2015 or 2020, N=289

Participants had missing value in one or 
more covariates, N=65

Participants with abnormal cardiac 
structure and E/A ratio ≥ 1.5 detected by 

echocardiographic evaluation, N=215

Age 45 years, N=423
History of CAD, HF or VHD, N=195

Figure 1 Flowchart. 
Abbreviations: CAD, coronary artery disease; HF, heart failure; VHD, valvular heart disease.
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Statistical Analysis
All data in this study were analyzed by SPSS software (SPSS 26.0, Chicago, IL, USA). Continuous data were expressed as mean ± 
standard deviation (SD). Independent sample t-test was used for normally distributed variables. Variables with a skewed 
distribution were analyzed by the Mann Whitney U-test. Categorical variables were assessed using a Chi-square test. The 
Wilcoxon rank sum test was utilized to compare the proportions of the E/A abnormality in four types of LV remodeling. Moreover, 
we analyzed whether the E/A abnormality is independently associated with LV remodeling by using multivariate logistic 
regression before and after adjusting for age, BMI, hsCRP, BNP, history of hypertension, and history of diabetes. In the 
consideration of non-independence of these repeated data, linear regression models were used to measure the effect of baseline 
E/A ratio on 5-year longitudinal change of LVMI and RWT respectively. We also adjusted for baseline RWT or baseline LVMI in 
all models. LVMI change, as well as RWT change, was represented by the difference between the two timepoint repeated 
measures. A P value < 0.05 was considered as being statistically significant.

Results
Baseline Characteristics
This study included a total of 869 subjects in total. Among them, 188 (21.6%) were diagnosed with an E/A abnormality 
at baseline. The average age of the E/A abnormality group was 62.19 ± 8.42 years. Table 1 summarized the demographic 
information and clinical features. The comparison between groups showed that the levels of BMI, peripheral blood 
pressure, HbA1C (Hemoglobin A1C), HCY and baPWV were significantly higher in subjects with E/A abnormality than 
in non-E/A abnormality group (all P < 0.05). The echocardiographic parameters of all subjects at baseline are shown in 
Table 2.

Table 1 Baseline Clinical Characteristics of Study Population According to E/A Ratio 
Abnormality

Characteristic E/A Ratio <0.8  
(n=188)

Normal E/A Ratio  
(n=681)

P-value

Age (years) 62.19±8.42 59.22±11.61 0.003

BMI (kg/m2) 25.55±3.41 23.96±3.69 <0.001
History of hypertension (%) 74 (39.3) 200 (29.4) 0.015

History of diabetes (%) 32 (17.0) 90 (13.1) 0.175

History of dyslipidemia (%) 53 (27.9) 153 (22.5) 0.142
SBP (mmHg) 138.22±20.60 134.16±23.16 0.002

DBP (mmHg) 78.57±12.19 74.83±11.17 <0.001

TC (mmol/l) 5.48±1.01 5.39±0.94 0.216
TG (mmol/l) 2.01±0.77 1.79±0.84 0.002

HDL-C (mmol/l) 1.31±0.30 1.37±0.31 0.024

LDL-C (mmol/l) 3.26±0.90 3.30±1.02 0.326
FPG (mmol/l) 5.61±1.05 5.454±1.13 0.101

HbA1C (%) 6.13±1.18 5.92±0.92 0.033

baPWV (m/s) 17.82 (14.98,19.87) 15.09 (13.26, 17.65) <0.001
BNP (pg/mL) 63.00 (38.00,99.00) 58.00 (32.00,88.25) 0.059

HCY (umol/l) 12.5 (11.0,15.5) 11.0 (10.0,14.0) 0.009

hsCRP (mg/l) 1.21 (0.74,2.04) 1.13 (0.56,1.98) 0.022

Notes: Continuous variables were represented as the mean±SD. Categorical variables were represented as 
number of patients (column percentage). Variables with a skewed distribution (containing baPWV, BNP, HCY, 
hsCRP) were presented as median (inter-quartile range). P values were obtained by univariate analysis between 
E/A abnormality and non-E/A abnormality groups. 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, trigly-
ceride; HDL-C, high density lipid-cholesterol; LDL-C, low density lipid-cholesterol; FPG, fasting plasma glucose; 
HbA1C, Hemoglobin A1C; baPWV, brachial-ankle pulse wave analysis; BNP, brain natriuretic peptide; HCY, 
homocysteine; hsCRP, serum high-sensitivity C-reactive protein.
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5-Year Longitudinal Incidence of LV Remodeling and Its Subtypes Based on Baseline E/ 
A State
Over the five years follow-up period, a total of 164 (18.9%) subjects developed LV remodeling. According to the 
classification of LV remodeling, the most frequent subtype was EH (46.3%), followed by CR (41.5%) after 5 years’ follow- 
up (Table S1). During 5 years’ follow-up, participants with EH or CH had significant differences in multiple echocardio-
graphic measures. LVMI, RWT and PVWT were significantly different in participants with CH. Significant changes in E/e’ 
ratio, LVIDd and LAD were found in EH group. Only the E/A ratio was significantly different in both the EH and CH 
groups after 5 years’ follow-up. (Table S2). The proportion of LV remodeling in group of E/A abnormality was significantly 
higher than that in normal E/A group (27.13% vs 16.59%, P=0.007) (Table 3, Figure 2). Among all subjects with different 
types of LV remodeling, subjects with an E/A abnormality had the highest proportion of CH (P < 0.001) (Table 3, Figure 2).

Effect of Baseline E/A Ratio on the Development of LV Remodeling
In multi-variable adjusted models, no independent correlation was observed between E/A abnormality and EH 
(OR:1.24, 95%Cl: 0.99–1.78, P=0.177) (Table 4). However, E/A abnormality was independently predicted CH 
(OR:4.14, 95%Cl: 1.80–9.20, P=0.009) (Table 5). BMI and BNP>100pg/mL were correlated with higher risks of 
both EH and CH (Table 4, Table 5). Linear regression models were used to measure the effect of E/A on 5-year 
longitudinal change of LVMI and RWT respectively. As shown in Table 6, there was significant association between 

Table 3 The Longitudinal Observed Incidence of LV Remodeling Based on 
Baseline E/A States

Longitudinal Outcomes E/A Ratio <0.8  
(n=188)

Normal E/A Ratio  
(n=681)

P-value

LV remodeling (n=164) 51 (27.13) 113 (16.59) 0.007

Subtype CR (n=68) 17 (9.04) 51 (7.48) 0.641

Subtype EH (n=76) 22 (11.70) 54 (8.37) 0.012
Subtype CH (n=20) 12 (6.38) 8 (1.17) 0.001

Abbreviations: CR, concentric remodeling; EH, eccentric hypertrophy; CH, concentric hypertrophy.

Table 2 Baseline Echocardiographic Characteristics of Study Population 
According to E/A Ratio Abnormality

Characteristic E/A Ratio <0.8  
(n=188)

Normal E/A Ratio  
(n=681)

P-value

LVMI (g/h2.71) 37.67±6.34 34.14±7.35 <0.001

LVEF (%) 63.14±3.24 64.11±2.91 0.026
RWT 0.36±0.06 0.34±0.04 <0.001

E/e’ ratio 6.0 (5.5,7.0) 6.0 (5.0,7.5) 0.577

E/A ratio 0.63±0.12 1.10±0.22 <0.001
LAD (mm) 34.59±5.56 33.26±4.48 <0.001

LVIDd (mm) 46.89±3.67 45.21±3.93 0.025
LVISd (mm) 28.79±3.66 27.35±3.93 0.115

PVWT (mm) 8.19±1.18 7.77±0.97 <0.001

IVST (mm) 8.58±1.42 8.21±1.14 0.008

Notes: The variables with skewed distribution were described as median (inter-quartile range), 
whereas others with normal distribution were expressed as the mean±SD. P values were obtained by 
univariate analysis between case-control groups. 
Abbreviations: LVMI, left ventricle mass index; LVEF, left ventricular ejection fraction; RWT, 
relative wall thickness; E/e’ ratio, peak early diastolic flow velocity/ e’, mitral annulus early 
diastolic velocity; E/A ratio, early to late diastolic transmitral flow velocity; LAD, left atrium 
diameter; LVIDd, left ventricular internal diameter at end-diastole; LVISd, left ventricular at 
end-systolic diastole; PVWT, posterior left ventricular wall thickness; IVST, interventricular 
septal thickness.
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baseline E/A and RWT difference (β=−0.006 m/s, 95% CI:−0.012 to −0.002, P=0.025) (Table 6), independent of age, 
gender, BMI, hypertension, diabetes, and levels of BNP and hsCRP. However, no such association was found in LVMI 
change (β=−0.268 g/m2, 95% CI: −1.013 to 0.478, P=0.482) (Table 6). In addition, stratified analyses were performed 
to assess the risk of LV remodeling in participants with different grade degree of E/A abnormality. As shown in Table 
S3, the group of E/A ratio ≤0.6 had the highest risk of LV remodeling (OR:2.113, 95%Cl: 1.500–5.986, P=0.036).

Discussion
In this study, we presented insights into the contribution of E/A abnormality to the development of LV remodeling in 
population level. By analyzing the 5 years longitudinal data of middle-aged and elderly women, we demonstrated that E/ 
A abnormality independently predicted the incidence of concentric hypertrophy. Higher baseline E/A ratio may correlate 
with subsequent change in RWT.

Our results contribute to ongoing efforts to unravel the causal link between impaired LV relaxation and cardiac 
remodeling.

In this study, LV remodeling was divided into three subtypes based on the diagnostic criteria from AHA.16,19 After 
five years’ follow-up, CR had the highest proportion in three types of LV remodeling, followed by ER. Moreover, we 
found that the proportion of LV remodeling was significantly higher in patients with E/A abnormality. In order to further 

Figure 2 The subtypes of LV remodeling based on baseline E/A states. 
Abbreviations: LVR, left ventricle remodeling; CR, concentric remodeling; EH, eccentric hypertrophy; CH, concentric hypertrophy.

Table 4 Predictors of 5-Year Incidence of Eccentric Hypertrophy

Variable Eccentric Hypertrophy Unadjusted OR  
(95% CI)

P-value Adjusted OR  
(95% CI)

P-value

Yes (n=76) No (n=793)

Age (years) 62.63±9.49 58.71±12.25 1.03 (1.00–1.05) 0.001 1.01(1.00–1.02) 0.075

BMI (kg/m2) 26.12±3.69 23.81±3.25 1.29 (1.22–1.36) 0.000 1.23 (1.16–1.32) 0.000
hsCRP (mg/l) 1.76(0.85, 3.36) 1.15(0.69, 2.47) 1.07 (1.02–1.13) 0.010 1.03 (0.94–1.08) 0.255

BNP>100 (pg/mL) 29 (38.20) 156 (19.60) 2.44 (1.56–3.82) 0.000 2.10 (1.39–3.41) 0.000

History of hypertension (%) 37(48.50) 259 (32.60) 2.98 (2.00–4.44) 0.000 1.75 (1.13–2.70) 0.012
History of diabetes (%) 11 (14.70) 64(8.10) 1.75 (1.17–3.33) 0.012 1.19 (0.72–2.27) 0.304

E/A ratio<0.8 (%) 27 (35.30) 158 (19.90) 1.77 (1.19–2.64) 0.005 1.24 (0.99–1.78) 0.177

Notes: The baseline variables were selected into the logistic regression model for assessment of predictors correlated with eccentric hypertrophy. BNP was 
divided into two categories according to European Society of Cardiology Guidelines for the diagnosis and treatment of acute and chronic heart failure 2018. 
Abbreviations: hsCRP, serum high-sensitivity C-reactive protein; BNP, brain natriuretic peptide; E/A ratio, early to late diastolic transmitral flow velocity.
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confirm which types of LV remodeling could be better predicted by E/A abnormality, we performed a regression analysis 
on the three pathological subtypes of LV remodeling. The regression models showed that the baseline E/A abnormality 
significantly increased the risk of developing CH. However, E/A abnormality was not significantly associated with EH 
and CR after multivariable adjustment. Masugata20 reported that CH is more associated with LVDD than EH. In line with 
this, our study found E/A abnormality, as the key marker of LVDD diagnosis, is also correlated with higher risk of CH. 
CH commonly occurs with increased left ventricular afterload. This remodeling process maintains the systolic function, 
but yields a substrate for LVDD. Iyengar21 reported that subjects with CH had more adverse cardiovascular events and 
higher mortality than subjects with other types of LV remodeling. A recent study22 found that not all cardiac hypertrophy 
leads to adverse cardiac events. Actually, cardiac wall stress and cardiac output can be normalized and preserved at 
certain condition called physiological cardiac hypertrophy. Therefore, some EH might appear during the process of 
physiological cardiac hypertrophy. But there is still no evidence proving that E/A ratio is not related to eccentric 
hypertrophy. Combined with our findings in this study, we assume that E/A abnormality is one of the early clinical 
features of CH. However, our findings warrant further studies based on a larger sample size needed to explore the 
associations between them.

It has been established that the enlargement of LVMI and RWT indicate geometric remodeling, that can predict 
cardiac events in the population. By using linear regression models, we found that women with an E/A measure lower 
than 0.8 have a greater risk of LV enlargement, which was indicated by RWT. Of note, changes of this marker persisted to 
be statistically significant after adjustment for demographic and clinical factors. It is reported that LV relaxation 
impairment was preserved in a number of middle-aged and elderly women, especially in newly diagnosed untreated 
hypertension. De Marchi et al23 found a correlation between RWT and E/A ratio in both hypertrophic cardiomyopathy 
and hypertensive heart disease. There was limited evidence of this association in a general population. Our findings 

Table 5 Predictors of 5-Year Incidence of Concentric Hypertrophy

Variable Concentric Hypertrophy Unadjusted OR  
(95% CI)

P-value Adjusted OR  
(95% CI)

P-value

Yes (n=20) No (n=849)

Age (years) 63.36±8.65 58.55±12.10 1.01 (1.00–1.02) 0.123 1.01 (0.99–1.03) 0.168

BMI (kg/m2) 26.20±3.82 24.04±3.39 1.18 (1.07–1.30) 0.001 1.10 (1.12–1.26) 0.044
hsCRP (mg/l) 1.97(0.94, 4.06) 1.25 (0.71, 2.63) 1.05 (1.00–1.11) 0.042 1.04 (0.98–1.10) 0.237

BNP>100 (pg/mL) 8 (37.10) 180 (21.20) 1.97 (1.68–4.05) 0.019 2.18 (1.73–4.27) 0.034

History of hypertension (%) 10(50.00) 286 (33.60) 1.89 (0.87–4.11) 0.109 1.32 (0.69–4.20) 0.348
History of diabetes (%) 6 (27.70) 67 (7.90) 2.72 (1.26–6.49) 0.006 1.95 (0.82–7.50) 0.228

E/A ratio<0.8 (%) 9 (44.40) 177 (20.80) 4.81 (2.02–10.07) 0.005 4.14 (1.80–9.20) 0.009

Notes: The baseline variables were selected into the logistic regression model for assessment of predictors correlated with concentric hypertrophy. BNP was 
divided into two categories according to European Society of Cardiology Guidelines for the diagnosis and treatment of acute and chronic heart failure 2018. 
Abbreviations: hsCRP, serum high-sensitivity C-reactive protein; BNP, brain natriuretic peptide; E/A ratio, early to late diastolic transmitral flow velocity.

Table 6 Association of the 5-Year Differences of LV Remodeling 
Indicators with Baseline E/A Ratio

β 95% CI P-value

LVMI difference (y1)

Model 1 −0.282 (−0.830 to 0.006) 0.061
Model 2 −0.268 (−1.013 to 0.478) 0.482

RWT difference (y2)

Model 1 −0.007 (−0.013 to −0.001) 0.027
Model 2 −0.006 (−0.012 to −0.002) 0.025

Notes: Model 1 is adjusted for age and BMI. Model 2 is adjusted as in Model 1+history of 
hypertension, history of diabetes, hsCRP (mg/l) and BNP>100 (pg/mL). 
Abbreviations: LVMI, left ventricle mass index; RWT, relative wall thickness.
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corroborate, from different population perspectives, the link between regional extent of hypertrophy and abnormalities of 
relaxation.

The predictors of LV remodeling in this population included BNP and BMI, which is consistent with the result of 
a previous study.8 The BMI is independently associated with EH according to our study. This finding is consistent with 
the outcome described in Cuspidi et al’s report,24 which pointed out that EH was more frequent among obese patients 
than CH. Previous studies25,26 reported that BNP is closely associated with the cardiac pump function and LV 
remodeling. The current study further found that BNP is more related to EH. Age is one of the major risk factors 
associated with cardiovascular disease;27 however, our regression model showed that age is not related to either kind of 
LV remodeling. One reason may be that the ages of participants in our study were too close to identify the effect of 
age. Patients with different demographic information are needed in future studies to explore the influence of other 
factors.

This was a community-based longitudinal study, based on widespread, well-defined and validated echocardio-
graphic acquisition techniques. A potential limitation may derive from the use of M-mode and 2D echo, when gold 
standard (three-dimensional echocardiography; magnetic resonance imaging) have been introduced and validated. 
Although we excluded subjects with clinically confirmed cardiac disease at baseline, there might be a subset of 
individuals with underlying cardiac structural and functional abnormalities. Additionally, data on assessing the effect 
of E/A abnormality on different period of LV remodeling in this 5 years’ longitudinal study were not available. 
Therefore, more studies aiming to define which point is the best timing to prevent LV remodeling on E/A abnormality 
patients are needed. This study only included middle-aged women in People’s Republic of China, so the outcome of 
this study may not be the same with different groups such as male or younger female groups. A recent study28 

indicated that estrogen plays a critical role in the process of LV remodeling development, especially in postmenopausal 
women, but we were unable to analyze these female-specific variables. Future studies will be needed to determine how 
these potential factors affect the process of LV remodeling. Other values such as LA volume, septal and lateral e’ 
values and pulmonary venous flow assessment, Valsalva maneuver, tricuspid regurgitation velocity should also be 
reported because it is valuable in assessing LVDD, further studies are needed to clarify the association between these 
values and LV remodeling.

The results from this longitudinal study suggested that E/A abnormality is associated with the higher risk of 
concentric hypertrophy (CH) in a population of middle-aged women. In a community setting, the incidence of LV 
remodeling was 18.9% during 5 years of follow-up. An E/A abnormality indicated by cardiac ultrasound was indepen-
dently related to CH incidence. Future studies with more comprehensive assessments are warranted to confirm our 
findings.

Abbreviations
HF, heart failure; LVEF, left ventricle ejection fraction; LV remodeling, left ventricle remodeling; LVDD, left ventricular 
diastolic dysfunction; LVEF, left ventricular ejection fraction; AHA, American Heart Association; E/A ratio, early to late 
diastolic transmitral flow velocity; LVH, left ventricular hypertrophy; BMI, body mass index; FBG, fasting blood 
glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; BNP, brain natriuretic peptide; hsCRP, serum 
high, sensitivity C, reactive protein; HCY, homocysteine; BaPWV, brachial, ankle pulse wave analysis; LAD, left atrium 
diameter; LVIDd, left ventricular internal diameter at end, diastole; LVISd, left ventricular at end, systolic diastole; 
PVWT, posterior left ventricular wall thickness; IVST, interventricular septal thickness; LV Mass, left ventricular mass; 
LVMI, left ventricle mass index; E/ e’, E:peak early diastolic flow velocity/ e’, mitral annulus early diastolic velocity; 
LVMI, left ventricle mass index; RWT, relative wall thickness; CR, concentric remodeling; CH, concentric hypertrophy; 
EH, eccentric hypertrophy; HbA1C, Hemoglobin A1C.
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