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Background: Several studies using two-dimensional speckle tracking echocardiography (2D-STE) have 
confirmed the presence of left ventricular (LV) systolic dysfunction in patients with diabetes mellitus (DM), 
but there is a paucity of studies on whether three-dimensional (3D)-STE is superior to 2D-STE. The aim 
of this study was to evaluate the clinical value of 3D-STE in assessing subclinical LV systolic dysfunction 
in prediabetic and diabetic patients with preserved LV ejection fraction (LVEF) and to investigate the 
independent risk factors for this medical disorder.
Methods: This study included 40 diabetic patients, 35 prediabetic patients, and 33 healthy volunteers. All 
participants underwent LV peak systolic strain analysis using 3D- and 2D-STE, and the receiver operating 
characteristic (ROC) curve was constructed to determine the clinical diagnostic value of strain parameters 
for evaluating subclinical LV dysfunction in patients with prediabetes and type 2 DM (T2DM). Regression 
models were established to analyze independent risk factors for subclinical LV systolic dysfunction in patients 
with prediabetes and diabetes.
Results: The results of the 3D-STE-based analysis showed that the global longitudinal strain (GLS) of 
the control, prediabetic, and diabetic groups were (18.64%±2.43%, 15.21%±1.49%, and 13.49%±2.36%, 
respectively), global circumferential strain (GCS) was (18.09%±2.37%, 14.62%±1.75%, and 12.95%±2.20%, 
respectively), global area strain (GAS) was (31.30%±3.88%, 27.51%±3.31%, and 24.80%±3.86%, respectively), 
and global radial strain (GRS) was (49.18%±5.91%, 39.17%±4.55%, and 35.72%±7.19%, respectively). All 
3D-STE global strain parameters gradually decreased from the controls, through the prediabetic group to the 
diabetic group, and there was statistical significance between the three groups (P<0.001). The area under the 
curve (AUC) of the 3D-STE global strain parameters (GLS, GCS, GAS, and GRS) were 0.898, 0.831, 0.863, 
and 0.868, respectively. The AUC of the 2D-STE global strain parameters (GLS and GCS) were 0.867 and 
0.636, respectively. Multivariate regression analysis identified increased glycosylated hemoglobin A1c (HbA1c) 
and body mass index (BMI) as independent risk factors for subclinical LV systolic dysfunction.
Conclusions: Prediabetic and diabetic patients with preserved LVEF are at risk of subclinical LV systolic 
dysfunction. 3D-STE is a reliable imaging technique for evaluating early damage to LV myocardial 
mechanics. Early control of blood glucose (Glu) levels and weight can effectively prevent heart failure in the 
prediabetic and diabetic populations.
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Introduction

Type 2 diabetes mellitus (T2DM) is an independent risk 
factor for cardiovascular diseases (1). The connection 
between diabetes and heart failure was observed more than 
100 years ago, and it was recognized that heart failure was 
a common and noteworthy complication of diabetes (2).  
Diabetic cardiomyopathy (DCM) was defined as a 
myocardial disease independent of coronary arteriosclerotic 
heart disease, hypertension, and valvular disease (3). 
Currently, the criteria for the diagnosis of DCM include left 
ventricular (LV) diastolic insufficiency and/or reduced LV 
ejection fraction (LVEF), pathological LV hypertrophy, and 
interstitial fibrosis (4).

Numerous studies have confirmed that DCM leads 
to alterations in the LV structure and function (5,6), and 
early studies have considered LV diastolic dysfunction as 
the first marker of DCM, with advanced disease affecting 
systolic function (7). However, studies have shown that a 
reduction in LV systolic strain can be observed in diabetic 
patients without any obvious signs or symptoms of disease; 
therefore, researchers believe that a reduction in strain 
parameters representing changes in myocardial mechanics 
could be the preferred indicator and therapeutic target for 
LV systolic dysfunction in the early stages of DCM (8,9). 
Reports have shown that two-dimensional (2D) speckle 
tracking technology is a promising left LV evaluation 
technology (10,11). However, 2D speckle tracking 
echocardiography (2D-STE) is based on 2D planar tracking 
technology, which has limitations for out-of-plane cardiac 
motion. Moreover, 2D-STE methodology requires good 
image quality and optimization of frame rates, depends 
on the temporal stability of tracking patterns, and may be 
influenced by the anterior chest wall conformation (12,13). 
In recent years, with the rapid development of myocardial 
deformation imaging, three-dimensional (3D) speckle 
tracking technology has gradually moved from laboratory 
and animal research to clinical research, and is expected to 
become a new clinical diagnostic tool for the comprehensive 
and reliable evaluation of myocardial function. The 
tracking of myocardial spots by 3D-STE is extended from 
the original 2D space to the 3D space, which not only 
significantly increases the number of tracked myocardial 

spots, but can also obtain multidimensional space data 
in the same cardiac cycle, thus improving the accuracy, 
repeatability, and time efficiency of echocardiography in 
LV function analysis (14,15). In addition, 3D-STE can 
obtain new LV deformation parameters and provide more 
incremental information for mechanical changes of the left 
ventricle, such as area strain, cardiac twist, and torsion.

Theoretically, 3D-STE has potential applications in the 
diagnosis and treatment of any disease affecting myocardial 
deformation; however, there are few reports on whether 
3D-STE is superior to 2D-STE in the assessment of 
subclinical LV systolic dysfunction in prediabetes and T2DM. 
The purpose of this study was to investigate the clinical 
application of 3D-STE in the evaluation of LV myocardial 
mechanical changes in prediabetic and diabetic patients 
with preserved LVEF by comparing the corresponding LV 
strain parameters of 3D-STE and 2D-STE and to explore 
the independent risk factors for subclinical LV systolic 
dysfunction in the prediabetic and diabetic populations.

Methods

Study population

This observational study was conducted from January 
2021 to December 2022 and included 40 patients with 
T2DM, 35 prediabetic patients, and 33 healthy volunteers. 
All participants had blood pressure (BP) <140/90 mmHg 
and LVEF >52%. The diagnostic criteria for prediabetes 
and diabetes were in accordance with the 2020 guidelines 
of the American Diabetes Association and World Health 
Organization (16). The subgroups were as follows 
glycosylated hemoglobin A1c (HbA1c) ≥6.5% as the diabetic 
group, 5.7–6.4% as the prediabetic group, and <5.7% as the 
control group. The exclusion criteria were as follows: patients 
with coronary artery disease, hypertension, congenital heart 
disease, cardiomyopathy, and serious renal dysfunction 
(glomerular filtration rate <30 mL/min/1.73 m2). The study 
was conducted in accordance with the Declaration of 
Helsinki (revised in 2013), and was reviewed and approved by 
the Institutional Ethics Committee of the Second Affiliated 
Hospital of Nanchang University. All participants gave 
informed consent and signed an informed consent form.

Submitted Apr 22, 2023. Accepted for publication Sep 08, 2023. Published online Sep 28, 2023.

doi: 10.21037/qims-23-560

View this article at: https://dx.doi.org/10.21037/qims-23-560



Quantitative Imaging in Medicine and Surgery, Vol 13, No 12 December 2023 7755

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(12):7753-7764 | https://dx.doi.org/10.21037/qims-23-560

Echocardiography

Echocardiographic examinations were performed using 
a GE Healthcare Vivid E95 ultrasonic diagnostic system 
equipped with EchoPAC (version 201; GE Healthcare, 
Chicago, IL, USA) offline analysis software. Routine 
transthoracic echocardiography was performed with 
respiratory and rhythm stabil ization. Left atrium 
anteroposterior diameter (LAD), LV end-diastolic and 
end-systolic diameters (LVEDd and LVESd, respectively), 
interventricular septum (IVS), and LV posterior wall 
(LVPW) thickness in diastole were measured by M-mode 
echocardiography in LV long-axis views. LVEF was 
measured by biplane Simpson’s method. Peak E velocity and 
peak A velocity of the mitral orifice were calculated using 
pulsed Doppler in an apical 4-chamber view. Early peak 
diastolic velocity (e') of the mitral annulus was measured 
in an apical 4-chamber cardiac view using tissue Doppler 
imaging, and an average e' of the septal and lateral mitral 
annulus was computed. The E/A and E/e' values represent 
indices of LV filling pressure. All data were measured  
3 times and averaged. All parameters were recorded and 
taken by the guidelines of the United States Society of 
Echocardiography (17).

STE

The 2D dynamic images of the LV apical 4-, 3-, and 
2-chamber views, and 3 short-axis views of the left ventricle 
in 3 consecutive cardiac cycles at a frame rate of 50–70 frames 
per second (fps) were stored. The stored dynamic images 
were transferred to the EchoPAC (version 201) workstation, 
automatic functional imaging (AFI) was initiated, and the 
LV long-axis and short-axis dynamic images were selected in 
sequence. The software automatically divides the left ventricle 
into 17 segments and tracks the myocardial 3-layer motion 
trajectory, manually adjusts the unsatisfactory segments, and 
the system automatically calculates the 2D global longitudinal 
strain (GLS) and GCS. LV 3D echocardiographic data were 
obtained from the apical 4-chamber view using a 4V-D 
cardiac 3D volume transducer. Acquisition was conducted 
at a frame rate of 25–50 fps [or greater than (heart rate ×  
40%) fps]. The image should include the entire LV chamber 
and subepicardial myocardium. After ensuring the best 
temporal and spatial resolutions, 3D images of three 
consecutive cardiac cycles were stored. The images were 
imported into Echo PAC and 4D Auto LVQ software was 
launched, which automatically tracks the endocardial and 
epicardial contours and covers the myocardial thickness of 

the entire LV wall with manual adjustments for unsatisfactory 
segments. The software automatically tracks the LV 
myocardial motion, and finally, the system automatically 
analyzes the LV volume, ejection fraction, LV mass index, 
strain curve, and bull’s eye map of 3D GLS, GCS, GAS, and 
GRS (Figure 1). Strain is negative since it is a measure of 
myocardial shortening, and all strains used in this paper are 
absolute values.

Reproducibility of 3D-STE

A total of 30 participants were selected using a simple 
random sampling method. To verify the reliability of inter-
observer repeatability, the 3D strain parameters of the 
left ventricle were obtained by two attending physicians 
with experience in analysis according to the above analysis 
method. The second observer analyzed the data without 
knowing the results of the first observer’s measurements. To 
verify intra-observer repeatability, a physician performed 
two data analyses at 1-week intervals.

Statistical methods

All statistical analyses were performed using IBM SPSS 
Statistics for Windows 22.0 (IBM Corp., Armonk, NY, 
USA). Continuous variables were expressed as mean ± 
standard deviation (SD) or median (interquartile range), and 
multiple variables were compared using one-way analysis 
of variance (ANOVA) and Bonferroni post hoc multiple 
comparisons. GLS and GCS were measured by 2D and 3D 
and were compared using paired t-tests. Categorical variables 
were compared using the chi-squared test. Correlation was 
determined using a bivariate, two-tailed Pearson correlation 
test. Intra- and inter-observer agreements were assessed 
using the Bland-Altman analysis. Receiver operating 
characteristic (ROC) curve was constructed to determine the 
clinical diagnostic value of 3D-STE in evaluating subclinical 
LV dysfunction in patients with prediabetes and T2DM. 
Univariate and multivariate regression models were used to 
analyze independent risk factors for LV subclinical systolic 
dysfunction in the prediabetic and T2DM populations. 
Statistical significance was considered when P<0.05.

Results

Demographic and clinical characteristics

The body mass index (BMI) of the diabetic group was 
higher than that of the control group, and the difference 
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between the two groups was statistically significant 
(25.41±3.89 vs. 22.37±3.20 kg/m2, P=0.003). The heart rate, 
systolic BP (SBP), and diastolic BP (DBP) of the prediabetes 
and diabetes groups were significantly higher than those of 
the control group (P<0.05). Plasma glucose (Glu) levels in 
the T2DM group were higher than those in the prediabetes 
and control groups (P<0.05), but there was no statistical 
difference between the prediabetes and control groups. 
HbA1c increased sequentially in the control, prediabetes, 
and diabetes groups, and there were statistically significant 
differences between the three groups (P<0.001) (Table 1).

Comparison of conventional echocardiographic parameters

IVS and LVPW thickness in diastole were significantly 
higher in the diabetes group than in the control and 
prediabetes groups (P<0.05), but there was no statistical 
difference between the controls and the prediabetic group. 
Compared with the control group, the E value, and E/A  
value were significantly higher in the prediabetes and 
diabetes groups (P<0.05), but there was no statistical 
difference between the prediabetes and diabetes groups. 
The E/e value of the diabetic group was significantly higher 
than that of the control group (P<0.05), but there was no 

significant difference in E/e values in the prediabetic group 
compared with the other two groups (Table 2).

3D strain parameters

A total of 12 of the 1,836 segments were not used for strain 
calculation (1%) because the software was not satisfactory for 
myocardial tracking of the LV segments. 3D-STE analysis 
showed that GLS (18.64%±2.43% vs. 15.21%±1.49% vs. 
13.49%±2.36%), GCS (18.09%±2.37% vs. 14.62%±1.75% 
vs. 12.95%±2.20%), GAS (31.30%±3.88% vs. 27.51%±3.31% 
vs.  24.80%±3.86%), and GRS (49.18%±5.91% vs. 
39.17%±4.55% vs. 35.72%±7.19%) decreased in the 
controls, prediabetes patients, and the diabetes patients 
consecutively, and there was a statistical difference between 
the three groups (P <0.001) (Table 3, Figure 2). Paired t-test 
showed statistical differences in GLS and GCS between 
2D-STE and 3D-STE (GLS: 15.62±3.02 vs. 18.84±2.80, 
P<0.001; GCS: 15.06±2.99 vs. 17.79±3.11, P<0.001 for 
2D-STE and 3D-STE, respectively) (Table 4).

ROC analysis

According to the 2016 United States Echocardiography 
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Table 1 Demographic and clinical characteristics in the prediabetic, diabetic and control groups

Parameters CON (n=33) TH1 (n=35) TH2 (n=40)
P value

TH1 vs. CON TH2 vs. CON TH1 vs. TH2

Age (years) 48.42±13.27 54.51±11.63 53.30±12.01 0.131 0.284 >0.999

Sex (male) 18 (54.54) 20 (57.14) 20 (50.00) 0.511 0.440 0.350

Duration (years) – 2.72±2.22 7.52±7.11 – – <0.001

BMI (kg/m²) 22.37±3.20 24.13±4.31 25.41±3.89 0.187 0.003 0.460

HR (bpm) 68.42±8.98 74.91±12.50 76.34±9.67 0.036 0.005 >0.999

SBP (mmHg) 117.45±12.20 125.65±8.76 124.87±11.88 0.009 0.016 >0.999

DBP (mmHg) 71.78±9.35 79.20±7.08 78.30±7.93 0.001 0.003 >0.999

Laboratory tests

Glu (mmol/L) 5.35±0.73 6.80±1.83 11.62±6.01 0.363 <0.001 <0.001

HbA1c (%) 5.06±0.48 6.11±0.94 9.20±2.27 0.016 <0.001 <0.001

TC (mmol/L) 5.00±2.07 5.37±1.97 4.84±1.11 >0.999 >0.999 0.584

TG (mmol/L) 1.48±0.66 2.57±2.34 2.26±1.43 0.021 0.135 >0.999

Cr (μmol/L) 57.78±14.88 69.45±27.47 68.76±26.51 0.141 0.160 >0.999

Urea (mmol/L) 5.20±1.57 6.29±3.53 5.62±1.52 0.187 >0.999 0.692

DM medication

Melbinum – – 10 (25.0) – – –

Sulfonylureas – – 10 (25.0) – – –

α-GSDI – – 8 (20.0) – – –

TZDs – – 5 (12.5) – – –

Insulin – – 4 (10.0) – – –

Diet treatment – – 3 (7.5) – – –

Data are expressed as mean ± SD or n (%). P<0.05 was considered statistically significant. CON, the control group; TH1, the prediabetes 
group; TH2, the diabetes group; BMI, body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; Glu, 
glucose; HbA1c, hemoglobin A1c; TC, total cholesterol; TG, triglyceride; Cr, creatinine; DM, diabetes mellitus; α-GSDI, α-glucosidase 
inhibitor; TZDs, thiazolidinedione drugs; SD, standard deviation.

and European Association of Cardiovascular Imaging 
recommendations for the echocardiographic assessment of 
LV diastolic dysfunction (17), patients with abnormal blood 
Glu levels were divided into a diastolic dysfunction group 
(n=51) and a normal diastolic function group (n=24). The 
ROC curve showed that the area under the curve (AUC) of 
3D-STE global strain parameters (GLS, GCS, GAS, GRS) 
was 0.898, 0.831, 0.863, and 0.868, respectively, and the 
AUC of 2D-STE global strain parameters (GLS, GCS) was 
0.867 and 0.636, respectively (Figure 3).

Independent risk factors for subclinical LV systolic 
dysfunction

Table 5 illustrates the risk factors for subclinical LV 
systolic dysfunction in the entire study population. 
Variables with a value of P<0.05 in the univariate analysis 
[i.e., BMI, duration, heart rate, SBP, DBP, Glu, HbA1c, 
and triglyceride (TG)] were included in the stepwise 
multivariate regression model. Multivariate regression 
analysis revealed that HbA1c (β=−0.588, P<0.001) and 



Wu et al. Myocardial strain in prediabetes and DM7758

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(12):7753-7764 | https://dx.doi.org/10.21037/qims-23-560

Table 2 Comparison of echocardiographic data in the prediabetic, diabetic, and control groups

Parameters CON (n=33) TH1 (n=35) TH2 (n=40)
P value

TH1 vs. CON TH2 vs. CON TH1 vs. TH2

LAD (mm) 32.21±4.14 32.54±4.08 33.73±2.99 >0.999 0.264 0.523

LVEDd (mm) 45.94±4.06 45.57±3.87 44.65±3.17 >0.999 0.421 0.849

LVESd (mm) 28.93±3.39 30.65±3.18 29.85±3.09 0.085 0.680 0.828

IVSd (mm) 8.85±1.06 9.22±1.19 10.05±1.11 0.497 <0.001 0.006

LVPWd (mm) 8.24±1.06 8.57±1.24 9.42±1.11 0.711 <0.001 0.005

2D-LVEF (%) 62.00±1.94 60.45±1.92 60.75±3.75 0.068 0.167 >0.999

E (cm/s) 86.91±20.33 65.61±16.30 69.28±15.07 <0.001 <0.001 >0.999

E/A 1.33±0.43 0.88±0.27 0.91±0.33 <0.001 <0.001 >0.999

E/e' 9.54±3.62 10.29±3.83 12.21±3.50 >0.999 0.007 0.075

LVEDV (mL) 86.32±18.68 83.22±19.30 84.43±19.10 >0.999 >0.999 >0.999

LVESV (mL) 33.03±10.36 34.71±10.95 34.85±9.47 0.999 >0.999 >0.999

3D-LVEF (%) 61.73±6.59 58.73±6.49 58.66±4.83 0.121 0.092 >0.999

Data are expressed as mean ± SD. P<0.05 was considered statistically significant. CON, control group; TH1, prediabetes group; TH2, 
diabetes group; LAD, left atrium anteroposterior diameter; LVEDd, left ventricular end-diastolic diameter; LVESd, left ventricular end-
systolic diameter; IVSd, interventricular septum thickness in diastole; LVPWd, left ventricular posterior wall end-diastolic dimension; 2D, 
two-dimensional; LVEF, left ventricular ejection fraction; E, early diastolic mitral inflow velocity; A, late diastolic mitral inflow velocity; e', 
early diastolic mitral annular tissue velocity; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; 3D, 
three-dimensional; SD, standard deviation.

Table 3 Comparison of 3D strain parameters in the prediabetic, diabetic, and control groups

Parameters CON (n=33) TH1 (n=35) TH2 (n=40)
P value

TH1 vs. CON TH2 vs. CON TH1 vs. TH2

GLS (%) 18.64±2.43 15.21±1.49 13.49±2.36 <0.001 <0.001 0.002

GCS (%) 18.09±2.37 14.62±1.75 12.95±2.20 <0.001 <0.001 0.003

GAS (%) 31.30±3.88 27.51±3.31 24.80±3.86 <0.001 <0.001 0.006

GRS (%) 49.18±5.91 39.17±4.55 35.72±7.19 <0.001 <0.001 0.046

Data are expressed as mean ± SD. P<0.05 was considered statistically significant. 3D, three-dimensional; CON, control group; TH1, 
prediabetes group; TH2, diabetes group; GLS, global longitudinal strain; GCS, global circumferential strain; GAS, global area strain; GRS, 
global radial strain; SD, standard deviation.

BMI (β=−0.215, P=0.001) were independent risk factors 
for subclinical LV systolic dysfunction in patients with 
prediabetes and T2DM.

Repeatability test of LV 3D strain parameters

There was good intra-and inter-observer agreement for 
the LV systolic 3D global strain parameters. Bland-Altman 
analysis showed that the intraclass correlation coefficient 

(ICC) in the GLS, GCS, GAS, and GRS groups ranged 
from 0.963 to 0.981 and from 0.956 to 0.985, respectively 
(Table 6, Figure 4).

Discussion

This study has three main findings: (I) patients with 
prediabetes and T2DM with preserved LVEF had 
subclinical LV systolic dysfunction, which was characterized 
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by a progressive decrease in global systolic strain with 
increasing blood Glu levels. (II) 3D-STE is a reliable clinical 
imaging technique for evaluating LV systolic function. 
GAS is a unique strain parameter of 3D-STE that may be 
a new sensitive index for the early detection of subclinical 
LV dysfunction. (III) Hb1Ac and BMI were independently 
associated with subclinical LV systolic dysfunction in 
prediabetic and diabetic patients with preserved LVEF.

Subclinical LV systolic dysfunction is characterized by 
LV diastolic dysfunction, and LVEF is often within the 
normal range. At present, several studies have found that 
there is a decrease in myocardial strain in LV subclinical 
systolic dysfunction, and some studies suggest that the 
early stage of LV systolic dysfunction is to maintain LVEF 
by the compensatory increase in radial or circumferential 
strain (18-20). Although conventional echocardiography 
cannot detect this change in the early stage of the disease, 
it is undeniable that myocardial mechanics have decreased. 
Due to the complex spiral motion of the three layers of 
myocardial fibers in the left ventricle to maintain LV 
function, the disruption of the 3D mechanical balance 
inevitably leads to discordant or ineffective LV contraction, 
resulting in LV dysfunction. Dogdus et al. (21) used 3D-STE 
to analyze the LV 3D global systolic strain parameters of 
120 patients who had positive stress tests or were scheduled 
for coronary angiography after myocardial imaging; the 
results showed that the 3D global strain parameters of 
the group with borderline coronary artery disease were 
significantly reduced compared with those of the group 
with nonborderline coronary artery disease, and the Gensini 
score was positively correlated with the 3D LV systolic 
strain parameters. The results of this study showed that 
3D GLS, GCS, GAS, and GRS were significantly reduced 
in prediabetic and diabetic patients with preserved LVEF, 
which is consistent with the results of a meta-analysis (22).  
Therefore, 3D-STE is a non-invasive and accurate imaging 
technique for detecting subclinical LV systolic dysfunction.

Area strain is a new 3D-STE strain parameter that 
refers to the percentage of endocardial surface area 
reduction during LV cardiac deformation in end-systole 
and end-diastole (23). It can be considered a combination 
of longitudinal and circumferential strains and reflects 
the dynamic changes in the LV myocardium in multiple 
directions (24). The findings of the present study showed 
that area strain was significantly lower in patients with 
prediabetes and T2DM than in control cases, confirming 
the sensitivity of area strain in the assessment of subclinical 
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Data are expressed as mean ± SD. P<0.05 was considered 
statistically significant. 3D, three-dimensional; 2D, two-
dimensional; STE, speckle tracking echocardiography; GLS, 
global longitudinal strain; GCS, global circumferential strain; SD, 
standard deviation.
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the curve; ROC, receiver operating characteristic.
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LV dysfunction. Our results are consistent with the 
findings of Huang et al. (25), who concluded that GAS is a 
reliable new parameter for identifying early abnormalities 
of myocardial function in patients with systemic lupus 
erythematosus with normal LVEF. Yu et al. (26) applied 
ROC curve analysis to show that, compared with other 3D 
strain parameters and LVEF, 3D GAS had the highest AUC 
for diagnosing children with Duchenne muscular dystrophy. 
Yu et al. reported that area strain has significant advantages 
in predicting severe adverse cardiovascular events and 
could be a good indicator for assessing cardiac function and 

monitoring prognosis (27).
Although 2D-STE is one of the most commonly 

used imaging modalities for diagnosing subclinical LV 
dysfunction, it has certain limitations. It requires more 
time to acquire 2D images of different cardiac cycles and 
from different views to obtain strain parameters, whereas 
3D-STE allows simultaneous tracking of myocardial 
motion trajectories in 3D space and real-time acquisition 
of full-volume LV data, thus allowing a more accurate and 
comprehensive evaluation of changes in cardiac mechanics. 
In this study, we found that the global longitudinal and 
circumferential strain values of the left ventricle on 3D-STE 
were significantly lower than 2D strain values, and this 
difference may be because 2D-STE only tracks myocardial 
motion in the 2D plane and ignores the shortening, 
thickening, and torsional motion of the left ventricle from 
the apical to the basal segments (28), and the difference in 
thickness measured in short-axis sections is thought to be 
responsible for the apparent variability between 2D and 
3D GCS (29). Thus, 3D-STE can provide more reliable 
LV deformation data than 2D-STE (30). In this study, the 
diagnostic value of 3D-STE and 2D-STE for subclinical 
LV dysfunction was evaluated using the ROC curve. The 
results showed that the global 3D-STE and 2D-STE strain 
parameters had good diagnostic values; however, the global 
3D-STE strain parameters were generally superior to the 

Table 5 Independent risk factors for subclinical LV systolic dysfunction

Parameters
Univariate Multivariate

β t value P value β t value P value

BMI (kg/m2) −0.292 −4.340 0.011 −0.215 −3.513 0.001

Duration (years)

<1 −4.243 −6.875 <0.001 – – –

1–5 −3.650 −6.154 <0.001 – – –

6–10 −4.496 −7.062 <0.001 – – –

>10 −5.824 −7.566 <0.001 – – –

Heart rate (bpm) −0.076 −2.962 0.004 – – –

SBP (mmHg) −0.06 −2.411 0.018 – – –

DBP (mmHg) −0.114 −3.587 0.001 – – –

Glu (mmol/L) −0.214 −3.617 <0.001 – – –

HbA1c (%) −0.665 −6.182 <0.001 −0.588 −3.513 <0.001

TG (mmol/L) −0.537 −3.232 0.002 – – –

LV, left ventricular; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Glu, glucose; HbA1c, hemoglobin 
A1c; TG, triglyceride.

Table 6 Intra- and inter-observer reproducibility analysis of the 
global 3D strain parameters of the left ventricle

Parameters
Intra-observer variability Inter-observer variability

ICC 95% CI ICC 95% CI

GLS (%) 0.981 0.907–0.991 0.985 0.918–0.993

GCS (%) 0.970 0.881–0.972 0.956 0.831–0.959

GAS (%) 0.963 0.857–0.966 0.962 0.851–0.964

GRS (%) 0.970 0.883–0.972 0.966 0.865–0.968

3D, three-dimensional; ICC, intraclass correlation coefficient; CI, 
confidence interval; GLS, global longitudinal strain; GCS, global 
circumferential strain; GAS, global area strain; GRS, global radial 
strain.
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Figure 4 Bland-Altman analysis of intra-and inter-observer variability in LV 3D strain parameters. ICC, intraclass correlation coefficient; 
SD, standard deviation; GLS, global longitudinal strain; GCS, global circumferential strain; GAS, global area strain; GRS, global radial 
strain; LV, left ventricular; 3D, three-dimensional.

2D-STE parameters. The ROC curve area of 3D GLS was 
the largest among all strain parameters, consistent with 
the anatomical feature that the left ventricle myocardium 
consists mainly of longitudinal myocardium responsible for 
systolic function.

From the comparison of the general clinical data among 
the three groups, we observed that there were no significant 

differences in BP levels and lipid profiles. However, the BP 
and lipid levels were higher in the prediabetes group than 
in the control and diabetic groups. It could be speculated 
that the decrease in GLS, GCS, GAS, and GRS in the 
prediabetes group compared with the control group may 
be partly attributed to more severe metabolic disturbances 
in the prediabetes group. Meanwhile, the diabetic group 
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had relatively lower BP and lipid profiles, which may 
be attributed to the positive effects of diet control and 
medication during treatment.

Regression analysis in this study showed that HbA1c 
level and BMI were independent risk factors for subclinical 
LV systolic dysfunction. Diabetes is a known risk factor 
for heart failure, and HbA1c is an essential predictor of 
new-onset heart failure. Each 1% increase in HbA1c 
levels increases the risk of heart failure by 8–36% (31). 
Hyperglycemia combined with heart failure is biologically 
plausible: firstly, hyperglycemia leads to an increase in 
reactive oxygen species and oxidative stress, which directly 
damages proteins and DNA and induces apoptosis in 
cardiomyocytes, leading to cardiac insufficiency (32); 
secondly, hyperglycemia also activates DNA reparative 
enzymes and affects glycolytic pathways, which can 
induce cellular damage and negatively affects myocardial 
contraction and relaxation (33). Similarly, overweight/obesity 
is a risk factor for the development of heart failure, and over 
80% of heart failure patients with preserved ejection fraction 
are overweight/obese (34,35), Ho et al. (36) showed that 
higher circulating leptin concentrations were associated 
with worse GLS, suggesting that circulating adipokines 
may play a role in obesity-related LV injury. In addition, 
obesity leads to the release of pro-inflammatory cytokines 
and fibrotic factors, leading to cardiac remodeling and 
exacerbation of the risk of heart failure (37). Therefore, 
we believe that controlling blood Glu levels as well as 
reducing body weight can effectively prevent heart failure 
progression of heart failure.

There were several limitations in our study. First, the 
sample size was small, which inevitably led to bias in the 
results. We will conduct a study with a larger sample in the 
future, which we expect will avoid the effects of the small 
sample size. Second, no comparison with cardiovascular 
magnetic resonance imaging was performed in this study. 
This will be amended soon as our team progresses, and 
more results will be presented.

Conclusions

This study confirms that the application of 3D-STE can 
sensitively provide evidence of subclinical LV systolic 
dysfunction in prediabetic and diabetic patients with 
preserved ejection fraction, and provides a theoretical basis 
for proactive strategies to prevent progression to heart 
failure in a population with abnormally elevated blood Glu.
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